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It’s in the eye of the inspector – Overview of visual inspection methods in four countries and lessons learned
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Abstract: Visual inspection is still a vital source of information on flood defence performance, despite the ongoing technological advances. Inspections are a regular health check. If carried out by competent staff who know their ‘patients’, and backed up by specialists for more thorough diagnosis, inspections can contribute to a long and healthy asset life cycle. There is a long and worldwide tradition in visual inspection, dating back at least to the first Dutch water boards almost a millennium ago. In those days visual inspection was the only means of assessing performance, while nowadays it is one component in a package of asset management tools. Modern visual inspection methods need to focus on what they specifically can add. This development to optimise the role of visual inspections is currently happening in England, but also in the Netherlands. Although the starting points are different, an important element in both countries is the drive to better relate inspections to failure modes and hence performance. This paper reports on a Dutch research project to analyse visual inspection methods in England, France, Germany and the Netherlands, placed in the Flood Risk Management context in each country. The conclusions will focus on lessons learned, and how these can apply to different countries.
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1. introduction
During the warm and dry Summer of 2003 a number of small peat embankments breached in the Netherlands, in the towns of Wilnis and Terbregge. The direct consequences of these breaches were economic only and they did not result in any casualties. However, they did act as an important trigger for a research programme into the improvement of flood defence inspections (‘Verbetering Inspecties Waterkeringen VIW’). This programme started in 2004 and is run by STOWA (Foundation for applied research in water management, a collaboration of Dutch public water management organizations) and Rijkswaterstaat’s Hydraulic engineering department DWW (the agency that coordinates flood risk management research at a national level). The envisaged end product is a manual for inspection of flood defences, containing guidance for the organization and execution of inspections. The manual will be structured along the sub processes capture, diagnosis, prognosis and response, including quality assurance. More information on programme VIW can be found on www.inspectiewaterkeringen.nl (STOWA / DWW, 2005).
The research programme needed to make best use of existing knowledge abroad. However, it was realised that any lessons learned can only be interpreted and applied if they are analysed against the background of flood defence asset management practice in the respective countries. This was the starting point for an analysis that Royal Haskoning carried out of current practice of visual flood defence inspection in England, France and Germany, using a combination of direct knowledge, literature study and interviews.

This paper gives an overall description of the methods for visual inspection in each of the countries and compares these to the Dutch situation. 

2. Structured analysis
We have carried out the analysis of the methods from two perspectives: on the one hand the stakeholders involved in inspection, on the other hand the various steps in the inspection process. These two perspectives have been used throughout the research programme, which facilitates the application of the findings.

The stakeholders are all the organizations, departments and persons that are directly or indirectly involved in inspection: policy makers, organisational managers, asset managers and inspectors. In the Netherlands, where local, democratically structured water boards are responsible for flood defence asset management, this applies as follows:

· Policy makers are the democratically elected members of the water board’s council;

· Organisational management are directors or heads of departments;

· Asset management is the department or persons directly responsible for management of the assets, carrying out the related technical tasks;

· Inspectors are the people carrying out the actual inspections in the field.

The analysis from a process perspective distinguishes four steps in the inspection process:

· Capture: identification, collation and registration of flood defence characteristics that could be related to the state and performance of the flood defence;

· Diagnosis: processing of registered results to attribute a value to the current state of the flood defence;

· Prognosis: determining the expected developments compared to the current state of the flood defence;

· Response: definition, preparation and registration of measures resulting from inspection. After this the new inspection cycle starts again with sub-process Perception.
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Figure 2: Process model: the four steps in the inspection process
3. Inspection in different countries

3.1 The Netherlands

The starting point for the analysis of overseas inspection practice was the description of the situation in the Netherlands that the Research Programme established at the start of its work. The Netherlands has a long history of flood defences, and visual inspection has always been an important part of flood defence asset management. However, as defences were raised and strengthened (often in response to events) and as the role of quantitative safety assessment increased (since 1996 mandatory by law), visual inspection gradually became less central to asset management. The independent flood defence management organizations (water boards and regional departments of Rijkswaterstaat) typically have their own ways of doing inspections, often developed over time and with limited standardization. In practice, the main role of visual inspections is the identification and direct repair of smaller defects, with limited links to diagnosis and prognosis that could feed into strategic asset management. It is important to note that the projects in the Research Programme are largely carried out by water boards themselves, and this in itself is starting to lead to improvements.

3.2 England and Wales

The Environment Agency (EA) manages all water courses and flood defences with a significant flood risk, plus all coastal defences with a flood risk management function. Since the 1990s they use a very structured and uniform method for visual inspections, described in the Condition Assessment Manual (Environment Agency, 2006). The CAM contains photos and textual descriptions that the inspector can use to determine a Condition Grade for each asset. The Condition Grade ranges from 1 (pristine, design quality) to 5 (no longer performing). Figure 3 is a typical page from the CAM, with the textual description and photo for Condition Grade 1 for asset type embankments. The inspections are carried out by typical ‘field staff’ that have successfully completed the national training programme. The frequency of the inspections varies from 6-monthly to once every two years, based on a simple risk based classification. 
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Figure 3: Example page from the Condition Assessment Manual (Environment Agency, 2006)
The resulting condition grades have a very important role in flood defence asset management. At a local level, the asset managers define their performance specifications in terms of the Condition Grade, again using a risk based method to set targets. At a national level, one of the main performance indicators of the Environment Agency as an organization is the percentage of flood defence assets that meets its target Condition Grade, as illustrated in the National Audit Office’s report in June 2007 (National Audit Office, 2007). 
Note that the inspection according to this method combines the process steps of capture and diagnosis. In fact, the primary outcome is the diagnosis; the capture of factual findings can be done as ‘comments’, but this is optional. To back up its important role in asset management, there are currently developments to establish explicit links with defence performance through failure modes.

3.3 France

In France, a number of flood events in the 1990s have triggered a number of developments in flood defence management, leading to increased professionalisation. Flood defence assets are managed by a wide range of very different organizations, varying from land owners to dedicated organizations. The Ministry of Ecology and Sustainable Development (Ministère de l’Ecologie et du Développement Durable, MEDD) has a supervisory role; based on this they have developed guidelines for flood defence asset management: the Guide pratique à l’usage des propriétaires et des gestionnaires (‘Guide pratique’, Cémagref, 2004). Visual inspection is one of the elements discussed in the Guide Pratique. 

The inspection method is focused on deviations compared to the last inspection, not so much on a characterization of the overall state. The method consists of a list of possible failure indicators on inner and outer slope and crest, for embankments and for walls, plus an associated inspection form. These failure indicators are explicitly linked to failure modes. The Guide Pratique contains qualitative recommendations for the inspection frequency. There is specific attention for flood defences that have never been inspected yet (establishing a baseline). In addition, the Guide Pratique contains a separate but related method for asset inspection during events. 

Not all asset managers in France have reached a point where they are doing inspections, but those that do use the method of the Guide Pratique, even though it is not mandatory. The level of expertise of the inspectors varies widely: in some cases they are professionals, but if the asset management organization is a small local authority (which can be very small in France), the field inspector could even be the mayor himself. The Ministry organises inspection training programmes.

The inspection results are directly used as input for a structural assessment process (diagnosis), along with geometrical and (if available) geotechnical data.

3.4 Germany

In Germany, flood risk management is a responsibility of the Länder. However, the flood defences are owned by a range of organizations (in principle whoever owns the land or took the initiative to construct the defence); these owners are responsible for flood defence asset management. One of the largest asset managers is the Bundesministerium für Verkehr, Bau und Stadtentwicklung (BMVBS), which manages all the large rivers and navigable canals. Our research has focused on these Federal water courses. These are inspected according to a national directive: Verwaltungsvorschrift nr. 2301: Damminspektion (Bundesministerium für Verkehr, 1981).

The method contains a very structured description of the procedure and responsibilities, including a system of forms in different colours to indicate the author. There are three players: the field inspector (Dammbeobachter), the field officer (Aussenbeamte) and the asset manager (Wasser- und Schiffahrtamt). Asset inspection is in principle a full time job for the field inspector, who also needs to possess specific qualifications. 

The method is focused on identification of defects; if any are found, they are classified in three categories. In case of limited damage, the field inspector is allowed to organise the appropriate response himself, only informing the two higher levels. In more serious cases, the higher levels (field officer and asset manager) get more directly involved in diagnosis and response, based on a structured protocol. The damage categories that govern this response are determined in advance for each asset by the asset managers, using quantitative threshold values and specific triggers for failure indicators.

The directive contains a simple matrix to establish inspection frequencies, based on potential consequences and on the current state of the defence. The inspection method is primarily focused on embankments that permanently hold water; these are inspected much more often and more rigorously than embankments that are only rarely tested. In addition, the method describes a separate approach for old defences with a lack of information.

3.5 Each country its own method…

The analysis has demonstrated that each country has an inspection method that relates to its own ways of managing flood defence assets. The nature and extent of flood risk is a contributing factor, but there are certainly also cultural and historic aspects. 

The Netherlands has a centuries long tradition of flood defence management including visual inspections. However, the extremely high safety standards of the primary defences seem to have led to a situation where visual inspection is not well linked to the performance of the defences; developments are currently ongoing to improve this situation.

In contrast, visual inspection is a vital element of flood defence asset management in England and Wales. This can partly be explained by the reality that there is a lack of geometrical, geotechnical and structural information for quantitative performance assessment, while there is a need for such an assessment following increased attention for flood risk management since the late 1990s. At the same time, the uniform and structured approach probably fits well with the relatively procedural English culture.

The German method for the federal water courses is well organized and has a strongly hierarchical nature. It has to be noted that this fits the importance of the federal water courses and their flood defences, both in terms of economy and potential casualties. 

In France there is no history of professional flood defence asset management; this seems to have provided the opportunity to start from scratch and develop a balanced method for visual asset inspection that can be fully integrated in overall asset management.

4. Improvement of inspection methods in the Netherlands

Research programme VIW aims to develop inspection methods that are appropriate to the Dutch situation, which can be characterized as follows:

· Flood defence management is essential to the country;

· There is a Flood Defence Act with high safety standards and an established organisational structure;

· Flood defences are managed by regional organizations that are largely independent and highly professional;

· A lot of information is available on structure and performance of the flood defences, as a result of the legally required five-yearly safety assessment. 

Table 1 provides an overview of the current situation in the Netherlands compared to the three other countries. 
Table 1: Summary overview of inspection characteristics
	Aspect (baseline 1-1-2007) 
	England
	France
	Germany
	The Netherlands

	Legal arrangements for flood risk management
	Y
	Y
	Y
	Y

	Legal safety standards
	N
	N
	N
	Y

	Asset management procedures
	Y
	Y
	Y
	Y

	National data management system
	Y
	N
	N
	N

	National inspection training
	Y
	Y
	Y
	N

	National service centre for inspections
	N
	Y
	Y
	N

	National guide for visual inspections
	Y
	Y
	Y
	N

	Guidance for inspection frequency 
	Y
	Y
	Y
	N

	Procedures for inspection during events
	N
	Y
	Y
	N

	Standards for recording of inspection results
	Y
	Y
	Y
	N

	Guidance for diagnosis
	Y
	N
	Y
	N

	Guidance for prognosis
	N
	N
	N
	N

	Guidance for response
	N
	N
	Y
	N


The table confirms the conclusions in 2004 that gave rise to the VIW research programme: despite the immense importance of flood defences in the Netherlands and the availability of a strong asset management framework, inspections have a relatively weak position. A fully uniform and hierarchical system would not be appropriate for the Dutch situation as this would not allow the regional asset management organizations to develop methods that suit their situation. Similarly, there is no need for a system in which visual inspection is used as a direct indicator of performance, without links to the thorough diagnosis that is already available through the five-yearly safety assessment. However, there is a need for better embedding of inspection in asset management, and in addition there is a need for tools and guidance, and for a certain level of national support and coordination. 

5. Recommendations

The analysis has led to two sets of recommendations for the Netherlands: one set for the field inspectors and asset managers who are directly involved in the inspections (1-7), and another set for the organisational managers and policy makers (A-E). Each recommendation is linked to the VIW research programme (in italics).

1. Make inspections more performance based, improving the link with the primary flood defence function of the asset. This would allow better links with the five-yearly safety assessment. The VIW programme has taken this up by developing a method to link practical results of inspections to safety assessment.
2. Relate content and frequency of inspections to flood risk. The overseas methods are simple, and for the Netherlands there would be no need to make it more complicated. In theory, as in Germany, this should not only relate to the consequences (and hence to the safety standard) but also to the state of the defence (as inspection is probably more needed for weaker defences). The results of the safety assessments could be a useful indicator. This recommendation will be reviewed and considered for the inspection manual that the VIW programme is producing. 

3. Use diagrams in addition to photos, as there is a risk that photos are too specific while diagrams can be designed to bring out the essence. This recommendation will be reviewed and considered for the inspection manual that the VIW programme is producing.  
4. Ensure that all available information is used. For example, in the German example the asset manager uses his knowledge and overview to provide the field inspector with an asset specific inspection dossier. In Dutch practice, it is the asset managers’ own responsibility that all relevant asset information is available for the inspectors. The VIW programme does carry out projects that will facilitate standardized recording of inspection results.
5. Provide support for diagnostic assessments. The field inspector may be able to make decisions to some level, but in more complex or serious cases he has to be able to involve experts. The VIW programme’s manual will be based on an approach with separate explicit diagnosis. Field inspectors should provide objective records of their inspection. The subsequent process step Diagnosis should be organized in a clear and transparent manner. 
6. Make use of overseas experience regarding digital recording of inspection results, for example the application of PDAs. The VIW programme has developed a method and associated specifications for digital recording of inspection results. 
7. Ensure that there are links between regular inspection and inspection during events. The situation and the type of observations will partly be different, so the contents should be different to some extent. However, in hectic situations such as flood events it is easier for everyone involved to be able to work with a familiar structure. For now the VIW programme’s scope is limited to regular inspections, but the generic approach should allow for extension of the methods to other applications.
A. Make arrangements for a national training programme for visual inspection. This will improve the quality and consistency of the inspections, but it will also provide an opportunity to exchange knowledge and experiences. The VIW programme aims to develop such a training programme. 
B. Consider a special approach for unknown assets. In the Netherlands this is not relevant for primary flood defences, but it may be relevant for certain smaller ‘regional’ flood defences. This is currently outside the scope of the VIW programme, but the methods allow for different approaches for defences of different importance.
C. Consider a separate approach for defences that are permanently tested, such as canal dikes or defences in front of deep polders (e.g. more frequent and rigorous inspection such as in the German example). This recommendation will be reviewed and considered for the inspection manual that the VIW programme is producing. 
D. Consider establishing an organisation that can provide assistance with inspections. The VIW programme aims to organise support for inspections through the existing national ‘Service Centre for flood defences’.
E. Improve cooperation between field inspector and asset manager: the asset manager needs to inform the inspector about issues that are critical for performance, while the inspectors results should be used appropriately in safety assessment. The VIW programme aims to improve this link by promoting better embedding of inspections within asset management, for example through improved interaction with data management systems and involvement in management decisions. 
6. Conclusions

Despite the essential importance of flood defences to the Netherlands and the availability of a strong asset management framework, visual inspections are relatively little developed in terms of guidance, methods and tools. Still, there is a clear need to make better use of this vital source of information, for example by better integration with the legally required five-yearly safety assessment which is strongly focused on quantitative data and extreme design circumstances. The international analysis has confirmed the need for the research programme that started in 2004 and has provided a number of ideas that will be taken forward within the programme, to be incorporated in the Inspection manual that will be produced in 2008. This will include a certain level of standardization that is appropriate to the Dutch situation, development of methods and tools, plus the organization of training and a national organization for support and coordination of inspections.
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