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Guarding Our Water: Climate Challenges and
Why Pipeline Upgrades Matter

water pipelines are

encountering increasing challenges

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.? 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.?
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.*

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.®> 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 coommunities while
safeguarding public health and well-being.
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The Vital Role of NSF Standards
in Fighting Corrosion

gaskets

preventing corrosion
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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.® 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

gate valves

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.”®

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." 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.'” 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."

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

flow velocity

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. 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.”

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.'®

Furthermore, temperature variations, especially
in regions experiencing extreme weather events,
can worsen the expansion and contraction of
pipeline materials. For instance, temperature
differentials exceeding 30°F 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.” 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.”® 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.” 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.?°
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.?'

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.?? 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.



Managing Water Pipeline Challenges:
Impacts, Monitoring, and Prevention

Leaks in aging pipelines

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.?*

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.?*
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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.”
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.?®

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.?” 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.?® 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.?
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

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.® 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.” 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.
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