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Safety assessment of flood defences in the Netherlands, an ongoing concern
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1. Ministry of Transport, Public Works and Water Management, Rijkswaterstaat, The National Water Service in Lelystad, the Netherlands
Abstract: The Flood Defence Act states that the safety of the primary flood defences has to be assessed and reported every 5 years by the flood defence manager (usually a district water board). The second report on the safety of the primary flood defences was presented to the Parliament in September 2006. It showed that approximately 44% (this was 50% in  the first report of Oktober 2001) of the flood defences met the legal standard. Approximately 24% (19% in the first report) did not and for the remaining 32% (41% in the first report) it was not possible to reach a conclusion, mainly due to lack of data. The increase of the percentage flood defences that didn't meat the standard is mainly caused by the increase of the discharge of the River Rhine and the increase of the wave energy on the North Sea. To compensate the higher discharge of the River Rhine a programme that costs approximately 2 billion Euro's was already launched to reduce the water levels by giving the river more room. To strengthen the weak links in the Dutch coastline a programme that costs approximately 750 million Euro's is initiated. All other necessary reinforcements cost approxiametely 2 billion Euro's.
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1. Flood defence in the netherlands 
The Netherlands has become prosperous due to its favourable position in the delta of several large rivers. But without strong flood defences two-thirds of the country would be under water. Nine million people live in this vulnerable area of the Netherlands where 65% of the gross national product is earned. Monitoring the condition of the flood defences is therefore absolutely vital. The condition of the “primary flood defences” is particularly crucial. They protect the land from water from the sea, the major rivers and from the IJsselmeer and the Markermeer lakes (see figure 1).
1.1 Safety assessement
Flood defence in the Netherlands is organised in 53 dike ring areas, which protect the enclosed land against water levels with frequencies of exceedence between 1/250 (upriver) and 1/10,000 (coast) per year. The total length of these primary flood defences is approximately 3,500 km (dikes, dams and dunes) and includes over 800 structures. The vital importance of these defences is, since 1996, reflected by the existence of a Flood Defence Act, which prescribes the safety standard per dike ring area and arranges for the distribution of tasks and responsibilities between authorities. The Flood Defence Act states that the safety of the primary flood defences has to be assessed and reported every 5 years by the flood defence manager. Flood defences that don’t meet the standards have to be strengthened.
1.2 Directives for safety assessment

Before each cycle of safety assessments, the ministry of Public Works publishes two directives. The "Hydraulic Boundary Conditions for the Safety Assessment of Primary Flood Defences" describes the normative circumstances such as the waterlevels and waves. Because normative water levels and waves can change over the course of time due to new insights and changes in the natural circumstances, such as average discharges and more storms, this data is revised every five years. The “Directive on Safety Assessment of Primary Flood Defences” providing uniform calculation methods and criteria for the strength of the flood defences. Criteria are given for all types of flood defences and for all relevant failure mechanisms.
2. Results of the second safety assessment

The results of the assessment provide insight into the condition of the primary water defences in the Netherlands. On the basis of this, measures can be taken where necessary for the purpose of either further investigation or to make improvements. In some cases, for example, based on the initial assessment, it has been known for some time that improvements were necessary and measures are already in preparation.

The results of this second assessment further underlined the necessity for these measures. This applies, for example, to parts of the rivers region and the ‘weak links’ along the coast. For a few other flood defences it was only further to this assessment that it became apparent that they do not (or no longer) meet the statutory standards.

2.1 Results

Figure 1 shows the assessment results for the dikes and dunes, which provide direct protection against flooding from the North Sea, the major rivers and the IJsselmeer and Markermeer lakes. The results for the assessment of 2006 and compared with the assessment of 2001, can be summarised as follows:

· 1264 km meets the statutory standard. The percentage, which ‘meets’ the standard, is therefore 44%; in the previous assessment in 2001 this was 40%.

· 680 km does not meet the statutory standard. The percentage, which ‘does not meet’, is therefore 24%; in the previous assessment this was 19%.

· 931 km was labelled ‘no judgement’. The ‘no judgement’ percentage is now 32% and was 41%.
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Figure 1: Results of second safety assessment
The number of flood defences labelled ‘no judgement’ declined by 9% in the assessment period. Nevertheless for 32% of the flood defences it is still not known whether they are adequate or not. This can be explained mainly by the lack of data of the flood defences. 

During the assessment period a number of improvements were made. These included more stone revetments and improvements further to the fifirst assessment. Despite this, the percentage of inadequate flood defences has risen from 19% to 24%. 
During the assessment period, the managing authorities were able to make more progress with the assessment. The percentage of flood defences, which meet the standard, has risen from 40 to 44%.

2.2 Results of special interest

2.2.1 Coastal Weak Links

In the first National Assessment Report all the primary flood defences along the coast were deemed to ‘meet’ the standard. The hydraulic boundary conditions used for the second assessment of the coast matches those, which were used to undertake the first assessment. While the second assessment was being carried out, a better understanding was gained in 2003 with regard to heavier wave loads. In close consultation with the managers, provincial authorities and central government, the consequences of this were determined with the aid of the managing authorities’ own assessments. From this it became clear that a number of sites along the North Sea coast would not be able to withstand these heavier loads. This resulted in a list of ‘weak links’.

2.2.2 The Maeslant storm surge barrier

In the design of the Maeslant storm surge barrier the criterion applied was that the probability of failure per closure should be no more than 1:1000. Further to extensive analysis it appears that this requirement is not met. This means that higher water levels can occur behind the Maeslant storm surge barrier. The Safety Assessment Regulations prescribe that the managing authority must undertake a hinterland study if a storm surge barrier ‘does not meet’ the standard. This study must show what the consequences of the greater probability of failure would be for all the primary flood defences affected by it. The hinterland study for the Maeslant storm surge barrier wasn’t finished when the results of the second safety assessment was reported to the parliament in the autumn of 2006. The Maeslant storm surge barrier was therefore designated as ‘no judgement’. The managing authority has already taken advance measures to make the probability of failure as small as possible. 
After the formal report to the parliament it became clear that the higher water levels behind the storm surge barrier caused by the greater probability of failure lead to a larger number of dikes in the hinterland that don’t meet the standard. 

2.2.3 Afsluitdijk

The almost 75-year-old Afsluitdijk ‘does not meet’ the standard. The dike is not high enough and the grass cover on the crown and the inner slope is insuffificiently able to withstand erosion. The sluices in the Afsluitdijk no longer meet the standard because they have insuffificient height and stability. If the Afsluitdijk fails the water level in the IJsselmeer lake could rise by several decimetres. Following this discovery the managing authority conducted a hinterland study to investigate the consequences and how the primary water defences around the IJsselmeer would be affected by these higher water levels. The conclusion of this study was that if the Afsluitdijk was to fail these flood defences would not meet the set standards. The final judgement for the Afsluitdijk was therefore ‘does not meet’ the set standard. The managing authority will be taking steps to reduce the probability of failure.
3. Measures

3.1 Flood Protection Program

Flood defences that don’t meet the standard must be strengthened. This is arranged in the so-called Flood Protection Program; a large program to improve the safety against flooding. The Flood Protection Program contains over 100 strengthening projects and costs more than 2 billion euro. According to the planning almost the whole program will be completed in 2015. All primary flood defences in the Netherlands will then meet the standards.
3.2 Room for Rivers

Besides the Flood Protection Program the Dutch Cabinet has created a package of measures called the Spatial Planning Key Decision ‘Room for the River’. The main objective is to reduce the water levels of the River Rhine under normative circumstances. This will lead to a safe river system in 2015. Another goal of this program is to improve the overall environmental  quality of the river basin region. 

A similar program is carried out for the River Meuse.
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