
E very day, you face 
numerous financial, 
operational, and safety 
issues across your  

hydropower facility. It’s a lot to 
manage, requiring you to continually 
assess what issues are most critical  
to keeping the facility running 
smoothly—and profitable—today 
and in the coming years. So, it is 
understandable that many facility 
owners, managers, and engineers 
underestimate the importance of 
penstock maintenance, prioritizing it 
well below more immediate issues. 
After all, while penstocks are key 
facility components, they are typically 
viewed as a constant: unchanging, 
longstanding structures with no 
moving parts and low risk of failure.  
It is time for priorities to change.

Many of today’s penstocks were 
built in the early 1900s using design 
methods, materials, and construction 
techniques far different from those 
used today. Further, facilities now 
operate in a manner that has increased 
the physical pressures imposed 
on aging penstocks. For instance, 
current trends are requiring facilities 
to increase unit flows and unit stops/
starts, and growing environmental 
impacts are amplifying overall system 
fatigue. Meanwhile, regular penstock 
inspections and maintenance are 
no longer commonplace, often 
replaced by remote monitoring and 
unaddressed deterioration.

AS A RESULT, MORE AND 
MORE FACILITIES ARE 
UNKNOWINGLY AT RISK OF  
A PENSTOCK FAILURE—A 
POTENTIALLY CATASTROPHIC 
EVENT WITH DEEP FINANCIAL 
AND OPERATIONAL 
CONSEQUENCES.

Preventing Failure: Penstock 
Maintenance Best Practices
With the many modes and consequences 
of penstock failure, combined with the  
deterioration common at aging penstocks  
across North America, it is crucial 
that facilities develop and employ 
a comprehensive Penstock Safety 
Program. This process entails:

Establishing baseline conditions, 
including the primary risks and 
corresponding factors of safety;

Creating an inspection, monitoring, 
and documentation plan to 
consistently evaluate metrics key  
to the primary risks;

Implementing a documented 
maintenance and repair program; 
and

Confirming the validity of the 
program and observations via 
periodic, comprehensive reviews 
of the penstock’s condition by 
independent professionals

As part of your facility’s program, 
penstocks should undergo exterior 

visual observations at weekly to 
monthly intervals, regardless of the 
structure’s age. These inspections 
should consist of an operator walking 
the length of the penstock, even if 
below grade, to look for changes 
in conditions or abnormalities while 
the pipe is pressurized. Cursory 
inspections should also be conducted 
after atypical operations, such as 
an emergency unit trip, an extreme 
weather event, or seismic event.

Due to the extent of safety concerns 
around aging penstocks, the engineers 
performing the inspection must 
understand the design basis and actual 
condition of the penstock. Therefore, 
the recommendation is that they should 
have at least 10 years of experience 
and 10 completed inspections, or as 
required by your governing agency.

In addition, while the inspection 
frequency and scope will vary based 
on factors such as age, material, 
configuration, risk factors, and history 
of repairs, at a minimum it should 
include an up-close visual inspection 
of the penstock’s interior and exterior. 
If there is any concern with the 
results of an NDT inspection, such 
as noticeable weld deterioration, wall 
thinning, extensive concrete cracking, 
or other signs of corrosion, a similarly 
qualified engineer should review 
and confirm the results. Then, any 
deficiencies can be resolved by repair, 
rehabilitation, or replacement.
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“Check Dam” 
Is your

light on?

The average age of dams in Canada is 40+ years.  Like classic cars, aging dams require repairs 
and restoration to maintain safe and reliable operation and meet current standards.  Our dam 

engineers might remind you of your favorite, trusted mechanic and can help you 
“check under the hood” of your dam to provide practical, cost-effective solutions for  

your  complex dam issues.  

Contact us  if your Check Dam light is on.   

solutions@kleinschmidtgroup.com kleinschmidtgroup.com
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Qualities of a  
Penstock Inspection  
and Design Partner
A penstock inspection is only as 
useful as the professionals who 
conduct it. Given the wide range 
of technologies, complexities, and 
site-specific factors involved in 
penstock inspections—combined 
with the potential consequences 
of inadequate maintenance and 
design—it is critical to engage the 
right partner. Namely, it is essential 
to identify an inspection and 
design firm with three key traits:

1DEEP EXPERIENCE  
AND SENIOR-LEVEL 
EXPERTISE ADDRESSING  
PENSTOCK ISSUES

When initially reviewing potential 
partners, ensure you will work with 
professionals who have inspected, 
evaluated, and designed 
numerous penstocks with various 
site specific conditions. This 
insight is critical, giving them a 
practical, detailed understanding 
of the long-term behavior and 
characteristics of your aging 
penstock. Further, because each 
penstock is so unique, it can be 
difficult to pinpoint one specific 
sign as an indicator of potential 
penstock failure. Therefore, ensure 
the firm has senior level, seasoned 
engineers with knowledge of 
not only the materials available 
in today’s market, but also the 
characteristics of your penstock 
(e.g., buried vs. exposed, methods 
for safe access).

2VARIOUS PENSTOCK-
SPECIFIC CERTIFICATIONS 
AND INDUSTRY THOUGHT 
LEADERSHIP

In addition to experience, 
look for proof that they have 
the knowledge to safely and 
economically maximize your 
penstock’s service life. The most 
common signs of this knowledge 
are industry certifications, 
technology-specific capabilities, 
and industry thought leadership. 
For example, because of the 
intricacies involved in properly 
inspecting and designing 
penstocks, ensure the team has 
a combination of training and 
certifications from key industry 
associations.

3 COMPREHENSIVE, 
FORWARD-THINKING 
APPROACH TO  
SERVICE

Finally, the team you partner with 
should focus on not only the 
inspection at hand, but also how 
design and construction can be 
optimized to reduce risks and 
costs, if a repair or replacement is 
warranted. To do this, they should 
employ a systematic, analytical 
approach that considers all 
conditions and helps you identify 
cost-effective strategies for 
rehabilitation, replacement, or 
ongoing maintenance.

In Summary
Ask yourself these questions - When 
was the last time I took stock of my 
penstock? What potential dangers 
lurk that have been overlooked or 
unprioritized? More importantly, 
what steps can I take now to prevent 
operational delays, excessive repair 
costs, or worse?

Ultimately, navigating the maintenance 
of a massive, aging penstock can  
be a challenging task, especially  
when balancing it with other facility 
issues and responsibilities. But, with  
a proactive approach, commitment  
to inspections, and guidance from  
a tenured partner, you can save time 
and frustration while ensuring the  
safety and reliability of one of your 
firm’s most essential structures.

For More Information
To learn more about penstock 
inspections, design, and maintenance, 
as well as how to address the 
challenges specific to your hydro 
facility, please contact Project and Risk 
Management Division Section Manager 
Jillian Davis at (888) 224-5942 or  
Jillian.Davis@kleinschmidtgroup.com.

Link to here: https://www.
kleinschmidtgroup.com/taking-stock-
of-your-penstock-the-underrated-
importance-of-maintaining-a-key-
facility-structure/
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