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The Netherlands

Let us first take a look at the situation in the Netherlands.

In the early stages of human habitation of the country its western part consisted largely of extensive marsh lands separated from the sea by a strip of dunes, interrupted by river mouths, with the people living on sand mounds or ridges, left there by rivers in a distant past.

The first dikes were built in the 7th and 8th century, the first polders came into being in the 11th century. With the dikes came the dike breaches, with the polders the polder flooding.

As a result, the Netherlands has a centuries long history of continual struggle with water and, in the course of time, the sea has been both a good ally as well as a ruthless enemy. The sea made the Netherlands an affluent sea faring nation with, in its heydays, settlements all over the globe, from New Amsterdam (now called New York) to Kaapstad (now called Cape Town) and from Brazil to the Middle East, the Indies and Japan. But the sea also killed tens of thousands of its inhabitants and caused great material losses. It is not strange, therefore, that the heraldic device of the coat of arms of the province of Zeeland, in the very South West, 

– a lion rising up from the sea- reads: “Luctor et Emergo”, I wrestle and emerge.

In 1421 the St. Elisabeth Flood, which by the way devastated coastal areas all around the North Sea, swallowed a considerable part of land in the Rhine/Meuse delta, including some complete mediaeval cities. They were never seen again, as the technology was not yet available to close dike breaches with deep scour gullies and high current velocities, closures which would have been and will always be a pre-requisite for recovery of the lost land.  

In recent times, on 1 February, 1953, a new disaster struck.

A very heavy gale, coming in from the North Atlantic, causing a wind and wave set up along the coast of some 3 m., coincided with spring-HW. Many dike breaches occurred in the SW of the country, often initiated by simple overflowing.

Some 2,000 sq.km of mostly rich agricultural land was flooded, over 1800 people drowned 

–1% of the population of the flooded area-  and the material losses were extensive. The so called “golden triangle”, the densely populated and heavily industrialized area between Amsterdam, the Hague and Rotterdam, made a very narrow escape.

Later studies showed that a flood of this magnitude had an ARP (average return period ) in the order of 1/500 yrs. As early as 1939 high level civil servants of the Rijkswaterstaat (somewhat comparable to the US Corps of Engineers) had warned the government seriously and repeatedly that the dikes were not high enough and not strong enough, but to no avail. The politicians, as so often occurs, had other and –to them- more important things on mind. “Après nous le déluge( … and the “déluge” came. 

The only excuse was that shortly after 1939 the country, as most of Europe, was confronted with the 2nd World War and in the years after was still in a process of recovery of that war and of the loss of its colonies. In other words, there were so many things to worry about.

The 1953 disaster stirred the nation into activity. Available hydraulic engineering and construction resources were mobilized to reclaim the flooded land, all of it, as a matter of principle. 

Many dike breaches had to be repaired, several of them hundreds of meters wide, with scour gullies 30 to 40m deep and with  very  high tidal current velocities going in the breaches.

Nevertheless, the last breach was closed in November 1953, about 10 months after the flood. Extensive use was made of concrete caissons, partly made locally, but the larger ones being towed from the UK, the so-called “Phoenix” caissons. They had been  built during the war to make an instant-harbour in Normandy immediately after the invasion, but not all of them had been used. 

Very shortly after the flood an in-depth study was started how and to what extent to improve the safety of the dikes. The study’s conclusions and recommendations resulted in the Delta Law, which passed Parliament in 1956 and which covered an extensive programme of dike heightening and strengthening and of closing of sea arms in the Rhine/Meuse/Scheldt estuary, some by permanent dams, others by closing/opening storm surge barriers. The execution of the overall programme took some 30 years and the cost, translated into present day dollars, amounted to some US$ 50 billion.

The current sea defences, in accordance with the Delta Law, are designed to survive storm surges with the following ARP’s  (in a somewhat simplified form):

· The main dikes and other sea defences for the densely populated and industrialized  part of the country: 1/10,000 yrs. 

-    The dikes of the lower (tidal) river reaches : 1/4,000 yrs

· The dikes of the upper river reaches: 1/1,250 yrs.

The storm surges are all caused by gales in the North Atlantic and North Sea (meteorological tides) in conjunction with the normal astronomical tides. Although tsunamis could also occur, for example as the result of sea bed movements on the Mid-Atlantic Rift, they will never reach threatening heights on the Dutch coast because of the relative shallow waters of the North Sea .

At the time, the above acceptable ARP’s were determined  mainly on basis of  a cost-benefit analysis, but with population density and possibilities and limitations of an early evacuation taken along in a qualitative sense. They, the ARP’s, are under reconsideration now and in the near future may well be changed to, for example, 1/15,000 yrs for the main sea defences because of the relatively much greater economic value of the polders (compared to the early fifties),  because of the greater population density  and because of the undeniable climate change and the not-unlikely associated greater and more frequent storm surges.

In addition to the passive defences, an advanced early warning system has been installed and has been upgraded regularly. Much attention has been paid and is still being paid to disaster management in case flooding would occur notwithstanding the precautions, to fail-safe communication systems and to the exclusion of human error in critical decision-taking processes. For instance, the decision whether or not, and when, to close the storm surge barrier near Rotterdam (the so called Maeslant Kering) and when to lift it, and the closing and opening mechanics themselves, are fully computerized. There is still an operator present, but his presence is rather symbolic and he can not interfere without well-protected authorization.

The for outsiders seemingly excessive concern with the safety of our polders can be understood if one realizes that about 1/3 of the Netherlands and about 1/2 of its population are living under MSL (mean sea level). Worse, in case of a storm surge the SWL will be several meters above MSL and in the improbable case that a dramatic and overall flood would occur, 2/3 of the country would be under water. 

In such a case, and not withstanding all precautions and mitigating measures, there would be many casualties, as with the present road system it is impossible to evacuate some 7 million people from a small area in 2 or 3 days at best.

Finally, regarding the main theme of this seminar, in my personal opinion, one must remain realistic about the not-unlimited possibility and desirability of community involvement.

I am satisfied that, after the 1953 flood, the population has been quite well informed and is being kept informed on the risk they incur by living in the SW of the Netherlands, on the measures and projects undertaken to diminish this risk and on the status of implementation of these measures and projects.

The population as such, as has become clear from a variety of inquires, has a good deal of confidence, may be too great a confidence, in the effectiveness of the measures taken, trust in the authorities  involved, and have very few worries about the safety of the polders.

Although virtually everyone is well aware of living way-below sea level, in all my years 

I have never heard of anyone leaving this part of the country for fear of getting their feet wet.

However, involving the community in decision taking processes re new defences or defensive measures and involving them in disaster exercises, takes only place on a regional and sub-regional level and not on a national and even not on a provincial scale. It is not really possible and would not make much sense either.

Louisiana

What happened in 1953 in the Netherlands happened weeks ago in Louisiana and Mississippi with the hurricanes Katrina and Rita. Whatever information I have is mostly from articles in the press, which is not necessarily very reliable.

Loss of human life appears to be over 1,000 and economic losses are provisionally estimated at over US$ 100 billion.

My understanding is, that the flooding occurred as the result of a hurricane with ARP of 100 or a few 100 years. I also understand, again from press reports, that the response from public authorities and services to the emergency was late and insufficient. In this respect there is quite a similarity between the events in the Netherlands and the one in the US.

However, the first one occurred in 1953, the other in 2005, which means half a century of time difference. During those 50 odd years disaster awareness, safety consciousness and the techniques to analyse and mitigate risks have grown considerably.  

Therefore, it is hard to appreciate from the outside world, and probably hard to digest by those who lost family, friends and/or their belongings, why in a rich and developed country such an event with such consequences could take place in the light of its high level of probability.

No doubt many harsh discussions will follow. 

Yet, in view of the resilience of the American people, there is little doubt that New Orleans and its surroundings will be reinstated in a very short time.

The COLM  polders

Are there any lessons to be learned from the above cases which are of relevance to the COLM polders and dikes?

First of all, and in general terms, it has become clear once again how important it is that there are disaster scenarios readily available and accessible, that there is a clear command structure and that there is a hazard-proof communication system.

Furthermore, if one wants to solicit public support and community participation in risk reduction programmes, one will first have to convince the public that the authorities on their part  have taken the necessary measures to assure that the risk level as such is low and consistent with what society is willing to accept.

As concerns physical threats to the safety of the polders, so far the attention has been very much focussed on earthquakes as a potential cause of dike failure and polder flooding. This is quite understandable and justified because of the high level of seismicity of the area, the poor quality of the foundation soils of the dikes and the sad history of earthquake disasters of the entire country. After due consideration it was decided to define the design criterion of the 

dikes in probabilistic terms and to fix it at the 1/3,000 event, i.e. the dikes should maintain their basic water retaining function after an earthquake with an ARP of 3000 yrs. Top expertise from different corners of the world has been mobilized and consulted to translate this step by step into practical engineering terms. The present dikes reflect all this work and all this expertise and may be considered as to comply with the above design criterion, although further improvements are still under consideration or in execution.

With regard to threats to the integrity of the dikes from a hydraulic nature, the design criteria are based on wind, wave  and water level data available from shortly after the start of the oil activities in the area. As under normal circumstances high wind speeds do not occur over the Lake and as there is hardly any tide, the design wind speed Vw = 8.1m/s, the fetch F = 73 km, the resulting significant wave height Hs = 1.4m and wind set up (w = 0.5m. For a rubble upstream revetment in a 1:3 gradient, the wave run-up was found to be 1.8m. 

This resulted in a design crest height of  ( 2.3m above lake level and in specific weight requirements for the rubble revetment.

However, if one should logically apply the 1/3,000yrs event criterion to all potential threats to the dike, the legitimate question arises whether with that low frequency of occurrence quite other meteorological/hydraulic phenomena will have to be taken into account.

Firstly seiches, but these can be excluded. The lake with natural periods of oscillation in the order of magnitude of an hour or more will not respond to earthquake waves with a period in the order of magnitude of a second. Furthermore, the entrance to the Lake is too narrow for transmission to a noticeable extent of sea level oscillations generated in open sea.

Tsunami’s do not pose a threat either. A large vertical surface displacement in the Lake’s bed along one of the existing faults could in principle cause  tsunami-like phenomena, but due to the very limited depth of the Lake tsunami waves with a height that would endanger the integrity of the dikes cannot occur.

However, the situation may well be different with regard to the possibility of  a hurricane or heavy tropical storm passing over or near the Lake, because these could generate water levels and waves way beyond the present design criteria. An in-depth study into the possibility, and if affirmative: probability-density, of such an event  therefore appears highly desirable.

In this respect it should also be born in mind that with the changing climate, hurricanes appear to become fiercer and to veer more from their traditional path .

A first study with regard to the above was made by PDVSA/INTEVEP in 2002. 

It investigated the paths of 155 tropical storms and hurricanes in the Caribbean area between 1886 and 1999 and assumed them to have a normal distribution around a mid-value to predict the probability of such an event over Lake Maracaibo. The result is rather alarming: the probability for the northern part of the Lake was estimated, in round numbers, at 1/40 yrs and for the southern part at 1/200yrs. For a hurricane of Cat. 1, with wind speeds Vw = 120 – 150 km/h, the surge at the location of the dikes was calculated at 1.2 – 1.5m, the wave height Hs = 3.4m and wave run up at 6.8m. 

Of course, this concerns a first attempt of a quantitative assessment and different comments can be made: for example, it is questionable whether a normal distribution may be used to predict the extreme events, it is still to be assessed how much energy a hurricane is likely to lose by travelling a significant distance over land, and a wave run up of 2 x Hs only applies to completely smooth surfaces, but is far less for a rubble revetment.

In the prediction of surge levels and wave heights from a given wind velocity, duration and fetch, the water depth, lake bottom topography and lake geometry play an important role, which can best be analysed and incorporated by means of a state-of-the-art mathematical model.

Nevertheless, for typical Cat. 1 hurricane conditions, a wind set up of (w = 1 –1.5m, a maximum wave set up of (max = 0.5 – 1m and significant wave heights of Hs = 3.5 – 4m are quite well imaginable at the location of the dikes, be it that these wave heights can only occur at the deepest part of the dikes; elsewhere the wave height will be depth limited. Waves and surge levels of this magnitude would have significant implications for the crest height and upstream revetment of the dikes. 

The above gives cause for concern, but it does not imply that in case of a hurricane the dikes will be swept away immediately; they are massive, well built embankments with an average downstream slope of  1:10 which provides a definite erosion reserve in case of overflowing and overtopping.  In other words, there is no reason for panic, but there is due reason for serious further study, involving all available hurricane data banks and hurricane expertise, as well as hydraulic engineering expertise for the translation into water levels waves and mitigation measures for the dikes, if such measures do turn out to be necessary indeed.  

Gouda, October 2005  
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