CAVI – Convening for Action on Vancouver Island
Leadership in Water Sustainability
Shared Responsibility and the Regional Team Approach

Convening for Action in the Comox Valley:
A Regional Response to Infrastructure Liability

2011 Comox Valley Learning Lunch Seminar Series:
A Regional Response to Infrastructure Liability
Water is finite. People are not.

Seminar #1
(“Managing Water = Managing Growth = Managing Infrastructure”)
Understand Consequences of ‘Infrastructure Liability’
Strive for ‘Sustainable Service Delivery’
Recognize Benefits of Green Infrastructure
Regional Collaboration 

Seminar #2 (“Too Little Water”)

Seminar #3 (“Too Much Water”)

Climate Change = Droughts
So, Design with Nature
Make Level of Service Choices

Climate Change = Floods
So, Respect Power of Nature
Make Level of Service Choices

Adaptation 

Risk Management 

Green infrastructure will make a difference over time!

A Short History on Dutch Flood Control
(The Good the Bad and the Ugly)
• The Netherlands has a long history of
responding to flooding.
• While the ongoing battle against the Sea gets
most of the attention, the effects of river
flooding poses an equally great concern.
• Approximately 60% of the Netherlands is at risk
of one form of flooding or another.

Geography
•The Netherlands is essentially
an alluvial plain formed by the
build up of sediments from a
series of major rivers (Rhine,
Maas and Ijssel) and the tidal
actions of the sea.
•Areas in blue are prone to
flooding while areas in red
represent “Uplands”.
•Much of the lowlands were in
the form of Peat bogs or swamp
lands.

Original Settlement
• Beginning in the period of 500 BC, settlement began in the
highlands (seen in red). This original pattern was inline with
the natural setting evident at this time.
• As the demand for additional lands for settlement and
agriculture grew, movement into the lowlands (seen in blue)
began.
• Originally settlement of the lowlands was short lived and
simply took advantage of unusually dry periods.
• Around 700 AD settlement into the lowlands began to take on
a permanent nature and the first rudimentary dikes were
constructed.

Alteration of the Landform
• Originally the rivers and tidal zones would
inundate the lowlands leading to a build up in
elevation through deposition of sands and silts.
• Introduction of dikes interrupted this pattern and
lead to one of two major effects that would place
the Dutch at major risk.
• Beginning in 1000 AD these series of smaller
dikes began to be connected forcing the
deposition process to be concentrated within the
lands encompassed by the dikes.

Introduction of
the River Dikes
•The second of these slides
demonstrates a typical configuration of
dikes on the rivers.
•Originally the “Forelands” were used
for summer grazing, but was ultimately
allowed to become forested, thus
reducing conveyance capacity.
•Deposition was concentrated within
this limited area effectively raising the
river above the adjoining lands.
•In response, the dikes were raised
repeatedly, allowing hydrostatic
pressure to build up at the base of the
dike which only lead to more frequent
and severe failures.

Land Subsidence
• A second major risk factor is that posed by
subsidence in the peat bogs.
• In the period beginning in 1000 AD, one way
valves on streams and rivers were introduced
restricting flows to a single seaward direction.
• In the 1500’s pumping by wind mills resulted in a
further reduction of the ground water table and
thus increased the process of subsidence.
• Increases to this process through the use of
steam, diesel and electric pumps has dramatically
enhanced the effects of subsidence.

Out of the Frying Pan
• The loss of deposition accumulation and the
significant drop in elevation created by
subsidence changed the nature of flooding.
• Prior to the introduction of these engineering
solutions, flooding may have taken place
frequently, but took the form of a short lived
nuisance events.
• Now flooding became an infrequent event of
catastrophic nature.

And into the
Fire
•The risk of catastrophic flooding
became evident during the 1700’s
when ice dams brought on by the
“Little Ice Age” often lead to
major breaches in the dike
systems.
•In response to the loss of life,
reduced agricultural yields and
economic hardships, a new way
of addressing flooding was
sought.

Land Use Solutions
(Round One)
• During the late 18th Century, the Dutch began
to set aside large areas of lands to address
flooding in a different manner.
• Dormant river channels and lowlands acted to
divert high flows to points downstream that
could better accommodate these volumes.
• Large tracts of farm land acted as detention
storage, further alleviating the effects on the
downstream channels.

The Best of Both Worlds?
• While this system of land-use based solutions
worked well, inundation of lands could last for
several months.
• Once again there was a call for engineering
solutions to provide ultimate protection while
sparing the effects of planed flooding on
adjoining lands.

The “New” response!
•
•
•
•

Spill ways were closed.
Dikes were raised and reinforced.
River channels were straightened and dredged.
These works culminated with the “Deltaworks”
mega project that primarily addressed marine
flooding, but also involved substantial upgrades
to the river dike system reaching far inland.
• With the belief that the engineering solutions
had solved “all problems”, intensive agriculture
and urbanisation moved into these overflow
lands.

So much for the “New”
Response
• In 1993 and again in 1995 the Netherlands was hit with
two major flooding events.
• At one point during the 1995 event, in excess of
200,000 people were evacuated resulting in a
significant level of disruption and enormous economic
loss.
• Reasons for these events ranged from deforestation in
the upper watershed to climate change.
• Little thought was given to the effects urbanisation and
intensive agriculture within the overflow lands had
played.

Between a Rock and a Hard Place
• Climate change is expected to have a major
effect on both the river and marine flood
defenses.
• Current models predict that the Netherlands
must be prepared for a rise in sea levels of 65
to 130cm by 2100.
• Storm surges and a general increase in the
severity of precipitation will only make this
problem more pronounced.

Land Use Solutions
(Round Two)
• While Engineering solutions will remain a major
means of addressing flooding, land use and
development patterns are once again being
scrutinized.
• The Public has made it clear that the ever
increasing size in the dikes is seen as a “blight” on
the historic and visual nature of their country.
• In response, some level of risk and inconvenience
to the general public is considered a worthy
compromise.

Diversions and Detention
• Once again spill ways and flood diversions will be
introduced.
• Detention storage within the lowlands will be
implemented and improved by large scale regrading programs.
• While the scale of these solutions will never
match that lost in the early 20th century, it is a
valuable part of the overall answer.
• These are seen as long term solutions that may
take as long a 100 years to fully implement.

New Urban Forms
• Floating Buildings that only rise during flood
events are already in place. This includes single
family homes, apartment blocks and
greenhouses.
• Simpler solutions such as the use of the lower
floors for parking, storage and recreation also are
in use.
• “Flood Hills” which place housing above
surrounding lands through the creation of
artificial hills are also utilized.

Flood Mapping
• Necessary to prepare and plan for the inevitable
flooding event.
• All Local Governments must be involved with the
development of these plans and demonstrate the
ability to implement.
• Details areas at risk.
• Depth of flooding (varies with event scenario).
• Potential environmental damage (including sources of
contamination).
• Potential casualties.
• Evacuation Plans.

Continuous Modeling
• A “safety norm” involving one chance of
flooding in high density areas of 1:10,000
years is used for modeling all defenses and
emergency plans. In less populated areas this
can be reduced to 1:4000 years.
• This simulation takes place at minimum of
once every 5 years.
• Currently 800 of a total of 3200kms of dikes
are found to not meet this “norm”.

Conclusion
• The original patterns of settlement proved the
most robust and cost effective means of
addressing flooding.
• However, this solution is no longer available and a
compromise between land use, engineering and
risk management must be implemented.
• The Comox Valley is entering a phase where it too
must begin to derive a balance between land use,
engineering and risk management.

