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Guarding Our Water: Climate Challenges and 
Why Pipeline Upgrades Matter

As climate change continues to affect 

our environment, water pipelines are 

encountering increasing challenges. 

A report by the American Society of 

Civil Engineers (ASCE) reveals that 

extreme weather events like hurricanes, 

floods, and droughts have become 30% 

more frequent and intense in recent 

decades.¹ These events can speed up 

the corrosion of water pipelines, posing 

significant risks to their integrity.

Moreover, the National Association of 
Corrosion Engineers (NACE) reports a 40% 
increase in the corrosion rate of metal 
pipelines over the last decade due to rising 
temperatures.² It is therefore crucial for 
designers to consider the impact of climate 
change on pipeline materials, as well as 
construction methods to ensure the long-
term safety and reliability of water distribution 
systems. This involves using corrosion-
resistant materials and advanced protective 
coatings, as well as designing infrastructure to 
withstand extreme weather, which ultimately 
ensures access to clean water for communities 
across the country.

The significance of water pipeline 
infrastructure in the United States cannot 
be overstated. These networks are vital for 
delivering clean water for drinking, sanitation, 
and industrial use, making them essential for 
public health, economic development, and 
overall societal well-being. The deterioration of 
water pipeline infrastructure can have serious 
consequences for safety and health, impacting 
communities across the U.S.

According to a study by the Environmental 
Protection Agency (EPA), aging and 
deteriorating water pipelines lead to 
approximately 240,000 water main breaks 
annually, resulting in the loss of over two 
trillion gallons of treated drinking water.³ 
These breaks not only disrupt essential 
services but also pose health risks due to 
potential water contamination. For instance, 
in 2018, a corroded water pipeline in Flint, 
Michigan, caused lead contamination in the 
city’s drinking water, affecting the health of 
thousands of residents.4

Additionally, ASCE has highlighted an 
investment gap of over $80 billion in water 
infrastructure, emphasizing the urgent need 
to address aging infrastructure to mitigate 
these risks.5 Corrosion and the deterioration of 
pipelines can also result in pressure loss and 
catastrophic failures, endangering public safety 
and causing significant disruptions to essential 
services.

It is crucial for stakeholders to prioritize the 
rehabilitation and modernization of water 
pipeline infrastructure to ensure the delivery of 
safe and reliable water to communities while 
safeguarding public health and well-being.
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The Vital Role of NSF Standards 
in Fighting Corrosion

In the ongoing fight against corrosion in water pipelines, National Sanitation 

Foundation (NSF) standards play a crucial role in ensuring that water treatment 

systems are reliable.6 Corrosion is a persistent problem for water quality and the 

durability of infrastructure, influenced by both environmental factors and the 

materials used in pipeline construction.

NSF standards address this issue by setting 
strict criteria for the safety, performance, 
and reliability of key components in water 
treatment systems. These components—like 
construction materials, filtration mechanisms, 
and technologies that resist corrosion—go 
through thorough testing to check how well 
they work in preventing corrosion and reducing 
harmful substances.

One such example is NSF Standard 61,7 
which covers “specific materials or products 
that come into contact with drinking water, 
drinking water treatment chemicals or both.” 

This includes protective barriers, mechanical 
devices, and joining and sealing materials. 
It is therefore extremely important to select 
coatings, gaskets, filters, etc. that meet all the 
criteria associated with NSF health effects 
testing, certification, and production facility 
inspections.

Following NSF standards gives certification to 
water treatment systems, assuring consumers 
that these products meet high standards for 
effectiveness and durability in the ongoing 
battle against corrosion in water pipelines.
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Government Projects and Corrosion Solutions: 
Opportunities in the Water Pipe Industry

The water pipe industry is poised for significant opportunities amid the pervasive 

challenge of corrosion, driven by several key factors:

●	 First, unprecedented levels of 
government investment in water 
infrastructure present a golden 
opportunity for the industry to address 
and mitigate corrosion issues.8 As 
governments allocate substantial 
funds to enhance water systems, 
there is a growing need for corrosion-
resistant technologies and materials to 
ensure the longevity and effectiveness 
of these investments.

●	 Second, public concern over the impact 
of drought and the imperative for clean 
drinking water amplifies the demand 
for corrosion-resistant solutions. 
The industry can respond by offering 
innovative technologies that safeguard 
water quality and infrastructure 
integrity.

●	 Third, the anticipated boom in 
water projects across the U.S. in the 
coming years—driven by the urgent 
response to climate change challenges 
and the need to upgrade outdated 
infrastructure—creates a favorable 
landscape for the water pipe industry.

Embracing corrosion-resistant advancements 
will be crucial in meeting these challenges 
head-on and ensuring the sustainability and 
reliability of water systems nationwide.
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Components, Assembly, and Testing in Water 
Pipeline Infrastructure

Water pipeline infrastructure consists 

of a wide range of components, each 

playing a vital role in the efficient and 

safe transportation of water from its 

source to end users. For example, the 

American Water Works Association 

(AWWA) notes that there are over one 

million miles of water mains in the U.S. 

constructed using various materials.9 

Valves and fittings—such as gate valves, 

butterfly valves, and couplings—are 

crucial for controlling water flow and 

facilitating maintenance.

Moreover, protective coatings like epoxy and 
polyurethane coatings are applied to pipes to 
prevent corrosion and prolong their life span. 
The careful selection and integration of these 
components are essential for establishing a 
strong and dependable pipeline system. For 
instance, in 2018, the failure of a corroded 
valve in a major water transmission line in 
Los Angeles led to a water outage affecting 
thousands of residents. This highlights the 
significance of proper component selection 
and integration in ensuring the resilience and 
functionality of water pipeline infrastructure.10

Designers need to consider the specific 
operational and environmental conditions 
of each project to choose and integrate 
components that collectively contribute to 
the long-term performance and safety of the 
pipeline system. The proper assembly of water 
pipeline components requires careful attention 
to detail and strict adherence to industry 
standards and best practices.

According to the Pipeline and Hazardous 
Materials Safety Administration (PHMSA), 
about 20% of all pipeline failures in the United 
States are due to improper welding and 
jointing practices.¹¹ Therefore, using correct 
welding, sealing, and jointing techniques is also 
crucial to prevent leaks, structural weaknesses, 
and premature deterioration.

Quality control during assembly is essential 
for the long-term performance of the pipeline. 
For instance, implementing non-destructive 
testing methods like ultrasonic testing and 
radiographic inspection can help identify 
welding defects and ensure the integrity of 
pipeline joints. By adhering to rigorous quality 
control measures during assembly, designers 
and construction teams can reduce the 
risk of component failure and enhance the 
overall reliability and safety of water pipeline 
infrastructure.

Critical water pipeline components—such as 
high-strength steel pipes, corrosion-resistant 
coatings, and durable gaskets—are essential 
for maintaining the structural integrity 
and longevity of the infrastructure. These 
components must be carefully selected 
based on the specific environmental and 
operational conditions they will encounter. 
Water pipeline components undergo thorough 
testing and certification processes to ensure 
they meet industry standards and regulatory 
requirements.
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According to the AWWA, pipe materials are 
extensively tested to evaluate their tensile 
strength, impact resistance, and corrosion 
resistance.¹² Similarly, protective coatings 
undergo accelerated corrosion tests and 
adhesion assessments to confirm their 
performance under harsh environmental 
conditions. Additionally, valves and fittings are 
tested for pressure ratings, flow characteristics, 
and operational reliability to ensure their 
suitability for water distribution systems.

Material strength, corrosion resistance, and 
hydraulic performance are among the key 
parameters evaluated during testing to 
guarantee the reliability and safety of the 
components. In 2020, a leading manufacturer 
of pipeline valves conducted a comprehensive 
testing program, resulting in the development 
of a new corrosion-resistant valve series that 
enhances the resilience of water distribution 
networks.¹³

By subjecting components to rigorous testing 
and certification processes, manufacturers 
and suppliers can provide assurance of quality 
and performance, ultimately contributing 
to the integrity and safety of water pipeline 
infrastructure.
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Factors Affecting Water Pipeline Degradation

Several operational factors—such 

as water pressure, flow velocity, and 

temperature variations—significantly 

influence the degradation of water 

pipeline infrastructure over time.

As noted by the AWWA, excessive water 
pressure (typically exceeding 80 psi) can 
accelerate wear and tear on pipeline materials, 
increasing the risk of corrosion and structural 
failure.14 In a recent case study, a water main 
break in a suburban area was attributed to high 
water pressure, resulting in extensive property 
damage and service disruptions.15

Elevated flow velocities can also cause erosion 
and corrosion of pipe interiors, leading to 
reduced service life and compromised hydraulic 
efficiency. In a metropolitan water distribution 
network, the impact of high-flow velocities 
was evident in the accelerated deterioration 
of pipeline materials, requiring premature 
replacement and maintenance interventions.16

Furthermore, temperature variations, especially 
in regions experiencing extreme weather events, 
can worsen the expansion and contraction of 
pipeline materials. For instance, temperature 
differentials exceeding 30oF within a short 
period can exert significant stress on pipeline 
joints and materials, potentially causing leaks 
and structural weaknesses.

Understanding and managing these operational 
factors are crucial for maintaining the long-term 
performance and safety of the pipeline system, 
under a proper pipeline integrity management 
(PIM). By implementing pressure regulation 
systems, flow control measures, and thermal 
insulation solutions, operators can effectively 
mitigate the impact of these factors, ultimately 
enhancing the resilience and longevity of water 
pipeline infrastructure.

Various factors related to water pipeline 
components significantly influence the 
degradation of pipeline infrastructure. Material 
compatibility is a crucial consideration, as 
incompatible materials can lead to galvanic 
corrosion. A study by NACE found that the 
interaction between dissimilar metals (such as 
copper and steel) in a water distribution system 
resulted in accelerated corrosion, leading to 
leaks and service disruptions.17 Designers must 
carefully evaluate the compatibility of materials 
to mitigate such risks.

Issues such as water absorption, water 
permeation, and leaking can lead to the swelling 
and increased weight of pipeline materials, 
affect their strength and durability, decrease 
their electrical properties, lower their isolation 
properties, and affect chemical compatibility. 
These effects can be minimized or even avoided 
by selecting the right products for pipeline 
infrastructure.

Environmental exposure is another critical 
factor. For instance, in coastal areas with high 
salinity, the corrosion of metallic components 
can be accelerated. According to a study in the 
International Journal of Corrosion, exposure 
to high levels of chloride ions in coastal 
environments can significantly reduce the 
service life of steel pipes, leading to premature 
deterioration.18 Designers must account for 
these environmental conditions when selecting 
materials and protective coatings to ensure 
long-term performance.
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Mechanical stresses, including pressure 
fluctuations and ground movement, can 
also impact the integrity of water pipeline 
components. In a case study of a water 
distribution network in a seismic zone, the 
mechanical stresses induced by ground 
movements during an earthquake led to pipe 
fractures and joint failures.19 Designers must 
consider the structural resilience of components 
to withstand such stresses and minimize the 
risk of damage.

By carefully evaluating material compatibility, 
environmental exposure, and mechanical 
stresses, designers can select and integrate 
components that minimize the risk of 
premature deterioration, ultimately enhancing 
the reliability and longevity of water pipeline 
infrastructure.

Design factors play a crucial role in the 
degradation of water pipeline infrastructure. 
Inadequate corrosion protection is a significant 
concern, as evidenced by a study on the 
corrosion of pipelines in urban water systems.20 
Furthermore, improper material selection can 

lead to accelerated deterioration, increased 
maintenance costs, compromised structural 
integrity, and potentially hazardous conditions. 
This is why the selection of materials is a critical 
design factor that demands thorough evaluation 
and attention. Additionally, another recent case 
study noted that the use of non-corrosion-
resistant materials in a wastewater pipeline led 
to rapid deterioration, resulting in costly repairs 
and service disruptions.²¹

Insufficient maintenance planning can also 
exacerbate the impact of corrosion and material 
degradation. A report by ASCE highlighted that 
the lack of proactive maintenance strategies 
contributed to a 25% increase in pipeline failures 
over the past decade.²² Addressing these design 
considerations is crucial for enhancing the 
resilience and longevity of pipeline systems. 
By implementing robust corrosion protection 
measures, selecting appropriate materials, 
and establishing comprehensive maintenance 
plans, designers can mitigate the impact of 
these design factors, ultimately improving the 
reliability and performance of water pipeline 
infrastructure.
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Managing Water Pipeline Challenges:  
Impacts, Monitoring, and Prevention

The deteriorating infrastructure of water 

pipelines can lead to various problems, 

each with significant implications for 

communities and the environment. 

Leaks in aging pipelines can result in 

the loss of treated water; while reduced 

flow capacity, often caused by the 

accumulation of sediment and corrosion, 

can lead to inadequate water supply, 

impacting residential, commercial, and 

industrial users.

Water quality issues, such as discoloration and 
contamination from corroded pipes, pose health 
risks and can necessitate costly water treatment 
measures. Additionally, structural failures—
including pipe bursts and collapses—can result 
in service disruptions, property damage, and 
potential safety hazards. These problems not 
only lead to increased maintenance costs for 
water utilities but also pose potential health and 
environmental hazards.

The urgency of proactive maintenance 
programs, rehabilitation initiatives, and 
infrastructure modernization projects is 
underscored by the need to address these 
issues before they escalate. By implementing 
these programs, initiatives, and projects, 
stakeholders can mitigate the risks 
associated with deteriorating water pipeline 
infrastructure, ensuring the continued delivery 
of safe and reliable water to communities 
while safeguarding public health and the 
environment.

Detecting and monitoring the problems arising 
from the deteriorating infrastructure of water 
pipelines requires a combination of advanced 
inspection technologies and methodologies. 
Pipeline inspection gauges (PIGs) equipped with 
sensors and imaging capabilities can provide 
detailed assessments of pipeline conditions, 
detecting anomalies such as corrosion, cracks, 
and deformations.

Acoustic sensors are also valuable tools for 
identifying leaks and structural weaknesses by 
analyzing the acoustic signatures of pipeline 
components. Furthermore, corrosion monitoring 
systems, including electrochemical sensors and 
ultrasonic thickness gauges, enable continuous 
monitoring of corrosion rates and material 
degradation. Regular inspections and condition 
assessments are essential for identifying 
potential issues and prioritizing maintenance 
interventions.

By conducting comprehensive inspections 
using advanced technologies, operators can 
proactively identify areas of concern, assess the 
severity of degradation, and develop targeted 
maintenance and rehabilitation plans. This 
proactive approach not only helps in addressing 
existing issues but also in preventing potential 
failures, ensuring the continued integrity and 
functionality of water pipeline infrastructure.

Preventing the problems caused by the 
deteriorating infrastructure of water pipelines 
requires a comprehensive approach that 
includes proactive maintenance, corrosion 
control measures, and asset management 
strategies. Implementing preventive 
maintenance programs involves regular 
inspections, cleaning, and repair activities to 
address potential issues before they escalate.
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Cathodic protection systems are another crucial 
component of corrosion control measures. By 
applying impressed current or sacrificial anode 
systems, utilities can mitigate the corrosion of 
metallic pipelines, extending their service life. 
For instance, a study by NACE found that the 
implementation of cathodic protection systems 
reduced corrosion-related failures by up to 65% 
in certain pipeline networks.²³

Lastly, rehabilitation techniques, such as pipe 
lining and structural repairs, play a vital role in 
extending the service life of aging pipelines. 
In a case study of a municipal water utility, 
the rehabilitation of deteriorating pipelines 
using trenchless technologies resulted in a 
50% increase in the remaining useful life of the 
rehabilitated segments.24
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Large-Diameter Water Pipelines:  
Critical Considerations in Design and  
Gasket Selection

When it comes to the design of larger pipes, 
careful consideration of pipe design and gasket 
selection is crucial to prevent leaks and ensure 
long-term integrity. Factors such as material 
compatibility, joint design, and installation 
methods must be carefully evaluated to 
mitigate the risk of leakage in large-diameter 
water pipelines.

In a case study conducted by a municipal water 
authority, the selection of gaskets with high 
water absorption and permeation resistance 
was found to be critical in preventing leaks 
in a newly installed large diameter pipeline.25 
The use of gaskets with inadequate water 
absorption properties had led to water seepage 
and subsequent soil erosion around the 
pipeline, necessitating costly repairs and service 
disruptions.

On the other hand, identifying and using 
the correct gaskets can lead to a successful 
outcome, as was in the case of a Texas-based 
water authority. Their large-scale project 
spanning nearly 80 miles of pipeline—
with multiple diameters ranging from 4 to 
120 inches—required an isolation kit that 
offered a zero-leakage solution. After careful 
consideration, they chose gaskets that fully seal 
flanges in pipes carrying potable water and that 
are suitable for both extreme temperatures and 
high pressure ratings. The project ran smoothly 
and on time because they settled on a product 
that had undergone superior manufacturing 
processes and therefore provided the assurance 
needed.26

In yet another study completed by a civil 
engineering research institute, the joint design 
and installation methods of large-diameter 
pipelines were identified as crucial factors 
in preventing leaks.27 Improper joint design 
and installation had resulted in increased 
stress concentrations and reduced sealing 
effectiveness, leading to leaks in several sections 
of a large-diameter water pipeline. The study 
emphasized the importance of meticulous joint 
design and proper installation techniques to 
ensure leak-free performance in large-diameter 
pipelines.

Moreover, according to industry data, the 
careful evaluation of material compatibility 
in large-diameter water pipelines is essential 
to prevent leaks.28 In a specific case, the use 
of incompatible materials in a large diameter 
pipeline had led to accelerated corrosion 
and deterioration at the joints, resulting in 
leaks and compromised structural integrity.29 

This underscores the significance of material 
compatibility assessments in the design phase 
to prevent potential leakage issues in large-
diameter water pipelines.
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How Different Rules by States  
and Cities Affect Projects

Differences in rules between state and 

local governments can also significantly 

impact water pipe systems. For instance, 

in a study conducted in California, 

conflicting rules about what materials 

could be used for water pipes caused 

delays and uncertainty for a city’s water 

system project.30 The state wanted one 

type of pipe, but the city had its own set 

of rules, prolonging project approval and 

increasing the budget. The disagreement 

not only caused project delays, but also 

created concerns among stakeholders 

regarding the long-term viability of the 

materials and components selected.

Furthermore, when rules are not consistently 
enforced, challenges are created downstream for 
water companies. In a study of water systems in 
an area with numerous municipal jurisdictions, 
inconsistent water quality and maintenance 
rule enforcement led to discrepancies in water 
system performance.³¹ The knock-on effects 
were of course greater management difficulties 
for water companies involved in multiple cities, 
and safety risks for the water system as a whole. 
The solution for these issues is alignment 
between state and local governments, leading 
to consistent maintenance plans, efficient 
approval processes, and safer water systems 
over the long term.
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Balancing Costs and Longevity  
in Water Infrastructure

Of critical importance is striking a 

balance between saving money and 

long-term infrastructure viability while 

understanding the inherent value of 

associated costs. Failure to do so can 

lead to a range of issues, including, 

ironically, higher costs.

In many infrastructure projects, the selection of 
cheaper pipeline materials could be considered 
as a cost-saving measure. However, over time, 
these materials could corrode and deteriorate at 
a faster rate, leading to an increased occurrence 
of leaks and breaks, necessitating higher funding 
for rehabilitation and contributing to water 
quality issues. This highlights the need to select 
and use quality products that have undergone 
rigorous testing and that comply with regulatory 
standards.

Similarly, lower-cost contractors or irregular 
maintenance can lead to reliability issues. In a 
case study comparing different maintenance 
plans, pipeline integrity was jeopardized 
when one water company decided to halt 
regular maintenance procedures.17 While the 
procurement process presents a separate set 
of challenges, this brief example serves as a 
cautionary tale to illustrate the significance of 
diligently weighing cost savings and pipeline 
integrity.
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Building Strong 
and Durable Water 
Pipes for Everyone

In order for water pipeline designers to strive for 
long-term performance, it is essential to deeply 
understand the greater ecosystem, including but 
not limited to: climate factors, the regulatory 
environment, budgetary needs, materials used, 
maintenance schedules, and—of course—
stakeholder needs.

14



References

1.	 Smith, P. J. (2007). Climate change, mass migration and the military response. Orbis, 51(4), 617–633. 
https://doi.org/10.1016/j.orbis.2007.08.006

2.	 Mazzella, J., Hayden, T., Krissa, L., & Tsaprailis, H. (2019). Estimating Corrosion Growth Rate for 
Underground Pipeline: A Machine Learning Based Approach. NACE. Paper presented at CORROSION 
2019, Nashville, Tennessee, USA, March 2019.

3.	 Baird, G. M. (2018). Fixing the O&M budget with asset management to create more capital debt capacity 
for Pipe Projects. Pipelines 2018, 43–52. https://doi.org/10.1061/9780784481660.006

4.	 Flint Water Crisis: Everything You Need to Know. NRDC. (2018, November 8). https://www.nrdc.org/
stories/flint-water-crisis-everything-you-need-know

5.	 Roy, S., & Edwards, M. A. (2019). Preventing another lead (PB) in drinking water crisis: Lessons from the 
Washington D.C. and flint mi contamination events. Current Opinion in Environmental Science & Health, 
7, 34–44. https://doi.org/10.1016/j.coesh.2018.10.002

6.	 NSF standards for Water Treatment Systems. NSF. (2023). https://www.nsf.org/consumer-resources/
articles/standards-water-treatment-systems

7.	 NSF/ANSI 61: Drinking Water System Components – Health Effects. NSF. (2016). https://www.nsf.org/
knowledge-library/nsf-ansi-standard-61-drinking-water-system-components-health-effects

8.	 USDOT Announces Bipartisan PIPES Act Proposal to Modernize Decades-Old Pipeline Leak Detection 
Rules, Invests in Critical American Infrastructure, Create Good-Paying Jobs, and Improve Safety. PHMSA. 
(May 5, 2023). https://www.phmsa.dot.gov/news/usdot-announces-bipartisan-pipes-act-proposal-
modernize-decades-old-pipeline-leak-detection

9.	 Beach, B. (2021). Water Infrastructure and Health in U.S. cities. Regional Science and Urban Economics, 
94, 103674. https://doi.org/10.3386/w28563

10.	 Taiwo, R., Shaban, I. A., & Zayed, T. (2023). Development of sustainable water infrastructure: A proper 
understanding of water pipe failure. Journal of Cleaner Production, 398, 136653.  
https://doi.org/10.1016/j.jclepro.2023.136653 

11.	 Vetter, C. P., Kuebel, L. A., Natarajan, D., & Mentzer, R. A. (2019). Review of failure trends in the US Natural 
Gas Pipeline Industry: An in-depth analysis of transmission and distribution system incidents. Journal of 
Loss Prevention in the Process Industries, 60, 317–333. https://doi.org/10.1016/j.jlp.2019.04.014

12.	 Nguyen, K. Q., Mwiseneza, C., Mohamed, K., Cousin, P., Robert, M., & Benmokrane, B. (2021). Long-
term testing methods for HDPE pipe - advantages and disadvantages: A Review. Engineering Fracture 
Mechanics, 246, 107629. https://doi.org/10.1016/j.engfracmech.2021.107629

13.	 Sotoodeh, K. (2022). Pipeline Valve Technology: A Practical Guide. CRC Press.

14.	 Rushd, S., & Ismail, M. eds. (2023). Pipeline Engineering: Design, Failure, and Management. BoD–Books 
on Demand.

15.	 Wheater, H., & Evans, E. (2009). Land use, water management and future Flood Risk. Land Use Policy, 
26, 251–256. https://doi.org/10.1016/j.landusepol.2009.08.019

16.	 Roy, S., Coyne, J. M., Novak, J. A., & Edwards, M. A. (2018). Flow-induced failure mechanisms of copper 
pipe in potable water systems. Corrosion Reviews, 36(5), 449–481. https://doi.org/10.1515

15

https://www.nrdc.org/stories/flint-water-crisis-everything-you-need-know
https://www.nrdc.org/stories/flint-water-crisis-everything-you-need-know
https://www.nsf.org/consumer-resources/articles/standards-water-treatment-systems
https://www.nsf.org/consumer-resources/articles/standards-water-treatment-systems
https://www.nsf.org/knowledge-library/nsf-ansi-standard-61-drinking-water-system-components-health-effects
https://www.nsf.org/knowledge-library/nsf-ansi-standard-61-drinking-water-system-components-health-effects
https://www.phmsa.dot.gov/news/usdot-announces-bipartisan-pipes-act-proposal-modernize-decades-old-pipeline-leak-detection
https://www.phmsa.dot.gov/news/usdot-announces-bipartisan-pipes-act-proposal-modernize-decades-old-pipeline-leak-detection
https://www.sciencedirect.com/science/article/abs/pii/S0959652623008119?via%3Dihub
https://doi.org/10.1515/corrrev-2017-0120


17.	 Roberge, P, R. (2007). Corrosion inspection and monitoring. John Wiley & Sons.

18.	 Khan, M. U., Ahmad, S., & Al-Gahtani, H. J. (2017). Chloride-induced corrosion of steel in concrete: An 
overview on chloride diffusion and prediction of Corrosion Initiation Time. International Journal of 
Corrosion, 2017, 1–9. https://doi.org/10.1155/2017/5819202

19.	 Fragiadakis, M., Christodoulou, S. E., & Vamvatsikos, D. (2013). Reliability assessment of urban water 
distribution networks under seismic loads. Water Resources Management, 27(10), 3739–3764. https://
doi.org/10.1007/s11269-013-0378-0

20.	 Zhong, H., Tang, Y., Yan, H., Zhang, Y., Dong, L., & Wang, B. (2023). Corrosion of pipelines in urban water 
systems: Current Research Status and future trends based on bibliometric analysis. Journal of Water 
Process Engineering, 56, 104288. https://doi.org/10.1016/j.jwpe.2023.104288

21.	 Scott, D. (2000). Advanced Materials for Water Handling: Composites and Thermoplastics. Elsevier.

22.	 Xiao, R., Zayed, T., Meguid, M. A., & Sushama, L. (2023). Understanding the factors and consequences of 
pipeline incidents: An analysis of gas transmission pipelines in the US. Engineering Failure Analysis, 152, 
107498. https://doi.org/10.1016/j.engfailanal.2023.107498

23.	 Romer, A, E. (2004). External corrosion and corrosion control of buried water mains. American Water 
Works Association.

24.	 Najafi, M. (2011). Pipeline Rehabilitation Systems for Service Life Extension. Service Life Estimation and 
Extension of Civil Engineering Structures, 262–289. https://doi.org/10.1533/9780857090928.2.262

25.	 Abraham, D. M., & Ali Gillani, S. (1999). Innovations in materials for sewer system rehabilitation. 
Tunnelling and Underground Space Technology, 14, 43–56.  
https://doi.org/10.1016/s0886-7798(99)00003-6

26.	 Case Study: Large Diameter Water Pipeline Project. GPT Industries. https://www.gptindustries.com/
downloads/case-study-large-diameter-water-pipeline-project

27.	 Abdulshaheed, A., Mustapha, F., & Ghavamian, A. (2017). A pressure-based method for monitoring 
leaks in a pipe distribution system: A Review. Renewable and Sustainable Energy Reviews, 69, 902–911. 
https://doi.org/10.1016/j.rser.2016.08.024

28.	 Hussein Farh, H., Ben Seghier, M., Taiwo, R., & Zayed, T. (2023). Analysis and ranking of corrosion causes 
for water pipelines: A critical review. Npj Clean Water, 6(1), 65. https://doi.org/10.1038/s41545-023-
00275-5

29.	 Barton, N. A., Farewell, T. S., Hallett, S. H., & Acland, T. F. (2019). Improving pipe failure predictions: 
Factors affecting pipe failure in drinking water networks. Water Research, 164, 114926.  
https://doi.org/10.1016/j.watres.2019.114926

30.	 Hallegatte, S. (2009). Strategies to adapt to an uncertain climate change. Global Environmental Change, 
19(2), 240–247. https://doi.org/10.1016/j.gloenvcha.2008.12.003

31.	 McFarlane, K., & Harris, L. M. (2018). Small systems, big challenges: Review of Small Drinking Water 
System Governance. Environmental Reviews, 26(4), 378–395. https://doi.org/10.1139/er-2018-0033

16

https://www.sciencedirect.com/science/article/abs/pii/S0886779899000036?via%3Dihub
https://www.gptindustries.com/downloads/case-study-large-diameter-water-pipeline-project/
https://www.gptindustries.com/downloads/case-study-large-diameter-water-pipeline-project/
https://www.sciencedirect.com/science/article/abs/pii/S0043135419307006?via%3Dihub


https://www.gptindustries.com/

