Brief Outline of Dutch Flood Control 

Most of the Dutch coastal flood protection consists of natural dunes. To compensate the yearly erosion of the beaches the Ministry of Transport, Public Works and Water Management nourish the beaches and/or the foreshore using 6 million m3 of sand per year. This keeps the low water line more or less at the position of 1990 (the year our present coastal management policy was adopted). However, further studies into the morphological behavior of the Dutch coast showed that we were losing sand in the foreshore (down to the level of 20 meters below MSL. This would in the long run (50-200 years) threaten the safety of the Dutch coast and hinterland. Therefore we nourish the coastal system with an additional volume of 6 million m3 of sand per year for long-term safety. 

A cost-benefit analysis is required to facilitate decision-making for Corps projects.  In order for the Corps to participate in a construction project, the benefits must be equal to or greater than the cost of the project, unless there is a directive that is project specific.  The project cost determines the hurricane category that the project is designed for, or the safety standard.

A key issue in the functional design stage is to derive a safety standard. The safety standard can be determined by the maximum hurricane category that a hurricane barrier provides protection from, or can also be stated in terms of the probabilistic occurrence interval of a hurricane category.  Higher category hurricanes, or storms are represented by larger occurrence intervals, since theoretically the hurricane barrier will not be overtopped during the occurrence interval.  Suppose that the benefits for a given project equal the project cost for a hurricane levee that offer protection from a Category 3 hurricane and that this category hurricane has an occurrence rate of one in 100 years.  The Dutch represent this by a safety standard of 1/100 per year.  Dutch safety standards are explained in the next paragraph and a map for the various zones is presented later in the document.  A safety standard of 10-4 per year represents a storm occurrence interval of one storm every 10,000 years.  It is clearly evident that the Dutch safety standards are orders of magnitude higher than what can be constructed using the cost-benefit analysis that is used in the United States.   The Dutch also rely on multiple levels of flood protection, as seen on the map with the various zones.

The Netherlands is very vulnerable to flooding. Expected damages in case of a flood add up to billions of dollars and especially in the coastal area a flooding is also likely to cause many victims (order of magnitude 1000 people). Based on a cost-benefit analysis dating from 1956 (following the catastrophic flood of 1953) the present safety standards were derived. For the most densely populated coastal areas the legally required safety standard ranges from 10-4 per year to 2,5*10-4 per year. For the river area the safety standard ranges from 5*10-4 per year to 8*10-3 per year. Using a people at risk approach the most vulnerable Dutch polders shows a figure of 3 million people at risk in a 10-4 region. In the less vulnerable river area this figure will drop to 100,000 to 250,000 in an 8*10-3 region. 

[image: image1.wmf]For comparison only: the process of maintaining water defenses, which is applicable for the Dutch situation, is presented in the figure to the left. In the Netherlands safety standards are laid down in the so-called Flood Protection Act issued in 1996. According to this act local water boards have to carry out a full safety assessment of their defenses every 5 years (lower circle). The results have to be reported to the province. The provinces have to report the safety for each flood prone area to the Minister, who informs the Parliament on the overall safety of the water defenses in the Netherlands. The safety assessments are carried out with hydraulic boundary conditions (e.g. water level, wave height, wave period) and technical design rules, which are set and provided by the central government. If the safety standards according to the Flood Protection act are not met, reinforcement or maintenance of the water defenses has to be carried out.

The upper circle stands for the evaluation of the safety standards as such. This is not a common practice yet in our country, but at the moment initial steps are being taken to evaluate the present safety standards, which date from 1956. The evaluation is based on a risk assessment.

Elaboration on Dutch flood protection standards

The Flood Protection Act (1996) prescribes legal safety standards for the primary flood defenses. The flood prone area of the Netherlands can be divided into area surround and protected by a system of embankments, dunes and/or barriers. Each section is to with​stand the hydraulic loads associated to the design frequency mentioned in the law. The figure below shows the different safety standards for the various areas (polders). 

Polder nr. 14 in the southwest is the most important polder if potential damages and casualties are considered. Based on a cost-benefit analysis (done in 1956) a safety level of 10-4 per year was derived. The safety standards for the other polders are derived based on comparing the economical damages with the potential damages in polder nr. 14.
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Elaboration on safety assessment procedure
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INTRODUCTION

With the Flood Protection Act of 1996 (FPA) a new era in flood defense management in the Netherlands has started. The purpose of this Act is to provide and to maintain long‑term safety against flooding. This year the program on extensive reinforcement of the sea‑ and river defense system will be completed, nearly half a century after the beginning of the works which were initiated by the 1953 flood. The central government wants to consolidate the safety level as achieved at the time of completion. The management of the flood defenses is crucial for the long-term maintenance of the safety-level achieved. For this reason managers are obliged (by FPA) to check the technical state of the flood defenses every five years against the current safety specifications. This concept of how to maintain the achieved safety-level of the water retaining structures is new in the Netherlands. To facilitate the safety assessment a technical guideline was introduced. The main topic of this paper is the safety assessment in relation to the technical guideline and the impact on management and maintenance.

ORGANIZATION / THE FLOOD PROTECTION ACT

The low‑lying regions of the Netherlands are divided into 53 so‑called "dike ring areas”. Such an area is protected against flooding by a linked chain of various types of flood defense structures: dikes, sluices, locks, dunes, etc. Each dike ring area has an acceptable level of risk (safety standard). These safety levels are laid down in the FPA and have to be maintained by the managing Local Administrations. The day‑to‑day management of flood defenses is not primarily the responsibility of the Central Government, but of the 41 district Water Boards (Local Administrations). The Provinces perform a supervisory function, with the Central Government acting as chief supervisor.

The FPA gives rules for:

· the supervision of the Local Administration by the Regional Authority (Province), 

· the supervision of Provinces by the National Authority (Ministry of Transport, Public Works and Water Management),

· the provision of (technical) guidelines for safety assessment, design and management

· the contents of data‑bank registers, to be set up by the local administration, 

· the hydraulic boundary conditions to be used for safety assessment and design, 

· the procedure to be followed by the Local Administration and by the Province for the justification reports,

· the responsibilities regarding maintaining the (sandy) coastline,

· the training of personnel, volunteers “(dike army") and material for operation under extreme near‑failure conditions,

· the grants for management and maintenance and for new defense works.

MANAGEMENT AND MAINTENANCE

The management of a flood defense can be characterized by the total of the activities, required to guarantee that the functions of the flood defense structures are up to predefined standards. The standard for the safety function is that the manager is responsible for a long lasting maintenance of the safety level as has been laid down in the FPA. By means of an adequate maintenance and control system of the flood defense structures the manager aims to secure that the actual quality of the relevant condition parameters does not decrease to a level lower than the acceptable failure limit.

One of the managers' obligations of the FPA is to make a data base register of the flood defenses. In this the actual state as well as the as‑built state has to be described. This database facilitates not only the five-year safety check but also the day‑to‑day management. The database register contains all physical qualities of the administered objects and related aspects inside the influence zone of the flood defense.

BASICS OF THE ASSESSMENT OF SAFETY AGAINST FLOODING

The above mentioned failure limit of a flood defense structure is a measure for the actual

safety and depends on three elements:

a)
the safety standard, as accepted by society,

b)
the way of modelling the (hydraulic) boundary conditions (loads) and

c)
the way of modelling of the strength of the structure.

These elements followed, and still follow, a development process. This means that assessment of safety against flooding is not a static event, but a continuing process.

The safety standard at this moment varies from 1/1,250 to 1/10,000 per year, being the

probability of occurrence of the design flood. The flood defenses must be able to withstand the load related to this design flood.

The hydraulic boundary conditions (water level, waves, and wind) are directly related to the safety standard (design flood). The following aspects also influence the loads:

•
recession of the coastline and/or lowering of the foreshore,

•
sea‑level rise,

•
local land subsidence due to lowering of polder water levels and mining of oil, gas and salt,

•
more advanced calculation methods.

In order to avoid confusion and different local interpretations, the Minister of Transport, Public Works and Water Management has translated the safety standard into hydraulic boundary conditions in 1996 for all the flood defense sections of a dike ring area. This report will be updated every five years. The next update is due November 2001.

The strength of the structure and therefore the water retaining function can be endangered in many ways. The most important failure mechanisms are overflowing, wave‑overtopping, sliding of the inner slope, erosion of the outer slope, sliding of the outer slope, sliding of the foreshore, liquefaction of the foreshore and piping. These mechanisms have been modeled in calculation methods and have been laid down in guidelines for design, produced by the Dutch Technical Advisory Committee on Water Retaining Structures (TAW). The technical methods for calculating structural safety in these guidelines are existing, proven methods.

On the foundation of this knowledge and these methods the TAW also has developed the appropriate tool to enable the manager to carry out the safety assessment in the context of the Flood Protection Act. This method for the assessment of the safety of flood defenses has been laid down in a technical guideline, to be updated every five years. The technical guideline shows resemblance with the UK guideline on “floods and reservoir safety".

The guideline works with four functional quality scores: 'good', 'sufficient', 'doubtful' and 'insufficient'. The score 'good' means that the structure has the strength to withstand the design load. But even below design quality often the strength is sufficient to guarantee a condition that can be labeled as 'not unsafe' (figure 1). These situations have been carefully investigated. The criterion 'start of failure' marks the situation of an unacceptable risk for the structure. Below this a functional quality improvement or renewal of the structure is necessary. If it is impossible to determine the quality with the available information, the preliminary score is 'doubtful'; in that case the manager has to make further investigations into the condition of the structure.
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FIGURE 1
FAIL ROUTE AND ASSESSMENT SCORES

TECHNICAL ASSESSMENT OF SAFETY AGAINST FLOODING

The technical safety assessment can be carried out per section of the flood defense with the use of the managers’ database and the technical guideline. It has to be performed for the set of flood defense structures that surround a dike ring. Four independent assessment tracks have been established in the guideline: ‘Height’, Stability’, ‘Gates’ for sluices, locks and storm surge barriers, and the ‘Critical Profile’ for dunes.

In order to save time the assessment calculations have three levels of complexity  (fig. 2):

- general: use of the preliminary simple assessment method from the guidelines,

- detailed: use of the secondary assessment method from the guidelines,

- advanced: use of numerical models with the help of specialists.

General assessment is always used first because it is the easiest to apply and requires the least information about the structure. Detailed assessment is only used if no preconceived opinions can be expressed about the structure. The assessment tracks have been laid down in flow diagrams. These have to be followed in order to come to a score. In this way all the assessment tracks have to be followed, leading to a final score for the section.
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FIGURE 2
ASSESSMENT LEVELS

IMPLEMENTATION OF THE ASSESSMENT METHOD

The first round of safety assessment had to be completed in January 2001, five years after the Flood Protection Act has come into force. In the ideal situation this means that the flood defense manager will fill his database register and will make the assessment, using the technical guideline. In practice however, most managers have not realized a full assessment yet due to, for instance the following circumstances:

•
the finishing of the initial reinforcement program is very time consuming and takes all the managers’ attention,

•
the filling of the data base register cannot be completed due to a limited number of geotechnical surveyors.

Therefore, the first check turned out to be a global one. The assessment is carried out with the data available at present. This means that for the vast majority of the defenses the assessment track ‘Height’ was carried out, while the track ‘Stability’ needs further investigations. Meanwhile the technical guideline has proven its applicability. Nevertheless a number of suggestions for improvement of the guideline have reached the guideline’s Helpdesk. This will result in a new version of the guideline by 2002. This improved guideline, new hydraulic boundary conditions and an adequately filled data base register will be the foundation of a second safety assessment of the Dutch flood defenses to be completed in 2006.
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