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Storm surge barriers and nature based solutions combined are increasingly becoming a major
component part of flood risk management solutions worldwide. The presentation covers two main topics.
The first is to understand the growing awareness in the Netherlands and worldwide to embrace the
lessons learned in the coherence of nature based solutions and fixed constructions like dams, levees
and storm surge barriers. And secondly the search to form conceptual guidelines for those looking to
design new barriers to ensure they take account of the learning from those existing barriers which have
been in operation for decades. The maintenance and management challenge of existing barriers will
only increase with climate change as it looks to increase operations resulting in reduced time for
maintenance. We need to start thinking differently now for existing barriers and make sure this thinking
is incorporated now into any future designs.

Sea-level rise and changes in storminess, together with population growth and coastward migration, are
increasing the risks of coastal flooding. The impacts are amplified in coastal cities due to the high
concentration of inhabitants, infrastructure and services in low lying areas. Many coastal cities are
located in estuaries, and storm surge barriers are often constructed to provide flood protection in these
areas with long exposed coastlines. These complex, unique and costly structures have life spans in the
order of 100 years. Due to their intricate nature, they require specialist management, maintenance and
operation (MMO).

The unique structure of storm surge barriers presents challenges

One of the most important things to take into account when building or rebuilding movable storm surge
barriers is their specific characteristics, as these have a major impact on the MMO of the barrier during
its usually intended lifetime. Recognizing and incorporating this aspect could, for example, substantially
reduce future maintenance budgets and increase safety and reliability in the long term.

Awareness of these specific characteristics is often low, as storm surge barriers are still rare and tend
to be managed by organizations that mainly manage standard flood defense fixed walls and pumping
station structures and are set up accordingly. Unique structures, such as barriers, are not part of the
standard systems and their specific characteristics then become easily overlooked. Exploring some of
the most important characteristics and highlighting their implications for MMO, can increase recognition
of this important aspect and thereby help to ensure the storm surge barriers continued reliable operation.
Broadly speaking, each major movable storm surge barrier can be considered a prototype, a unique
structure.

On the one hand, this is because every barrier system as a whole is unique when looking at the
combination of the specific physical environment, specific requirements, and the specific type of barrier.
For example a storm surge barrier type will vary dependent on the tidal range / surge magnitude width
of opening and frequency of operation. On the other hand, it's because of the unique application of parts:
either the use of parts which are custom made - and thus unique per definition or standard parts being
used in a non-standard way thus unique in application.

For MMO, the uniqueness of the components and system firstly creates a need for very specific expert
knowledge and an elaborate training program. Secondly, incorporating unique components in the design
means that in MMO many different spare parts have to be available since these parts cannot be bought
‘off the shelf. Thirdly, when ‘off the shelf’ parts are used differently from what they were designed for, it
can cause issues. Water pumps are a common example. They are designed for continuous submerged
use, but at barriers, they are mostly used infrequently in an alternating wet and mostly dry environment.
This will affect their reliability and maintenance requirements as against what they were originally
designed for. Fourth, political decisions on infrastructure usually do not take into account the uniqueness
of storm surge barriers; they are focused on the generic situation of common infrastructure such as locks
and bridges which occur in much greater numbers than storm surge barriers. Finally, the fact that
barriers contain unique components has an impact on the relationship between the designer—often a
market party—and the commissioner—often a government agency. These projects are often not very
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lucrative projects for the market, as design, construction, and MMO cannot rely on cost-saving and
knowledge acquired from repetitive production.

Capturing Lessons Learned to be used worldwide

In 2006 recognizing the unique nature of Storm Surge Barriers Marc Walraven and Andy Batchelor
(from the Environement Agency in England) founded I-STORM. |I-STORM (www.i-storm.org@) is an
international knowledge sharing network for all those who have a role in achieving reliable storm surge
barriers. It looks to facilitate knowledge exchange and collaboration between members to help them
deal with common challenges at an international level and enable continuous improvement in storm
surge barrier design, operation and management.

I-STORM now has many members worldwide. Within the Netherlands and England organizations such
as Rijkswaterstaat and the Environment Agency have more than 50 years of experience on
Management, Maintenance and Operations of these complex storm surge barrier structures.

Many unforeseen challenges have appeared as; on occasion components didn’t achieve their expected
requirements; design considerations weren’t always being archived; environmental circumstances
changed with a demand to adapt (parts of) a barrier and organizational changes did have more impact
on the reliability of a storm surge barrier than was expected. These are just some of the examples of
many that arise when talking with staff involved.

Recently the I-STORM community has started capturing all of these examples. This with the aim to
discover a way to categorize them and to define what kind of lessons can be learned out of them.
1. Lessons to be implemented and practiced within established organizations such as
Rijkswaterstaat and the Environment Agency in how it can best educate existing and new staff.
2. To provide those that worldwide start to consider designing new storm surge barriers, to be
able to incorporate these lessons learned from others into their new design.
3. Or those that may want to adjust their existing storm surge barriers to enhance their life by
again implementing these lessons.
4. And last but not least, to provide this collected experienced knowledge to students, the next
generation that faces the challenges of designing adaptable structures under changing climate
circumstances.

Conclusive remarks

I-STORM looks to share knowledge within its membership but needs ways to increase awareness
outside of its existing specialists. The World Conference for Tokyo Resilience in May is an excellent
opportunity to share first examples of lessons learned at storm surge barriers in the Netherlands since
storm surge barriers are in combination with nature based solutions increasingly becoming the major
component part of flood risk management solutions. It is hoped by sharing these examples of lessons
learned in the Netherlands a conversation can be started amongst Japanese and Dutch specialists to
learn from and with each other.
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