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1. Objectives

The thematic network EVANET-HYDRA was aimed at assessing the state-of-the-art of models and computerised Decision Support Systems (DSS) for the off-site management of fresh water and coastal ecosystems contaminated by radionuclides following nuclear emergencies.

Such an overall objective was achieved by 
· The critical evaluation and assessment of the components of DSSs by experts from the scientific community;
· The wide exchange and dissemination of expert knowledge and end user experiences;
· Supporting and harmonising the customisation and application activities as performed by the user community;

· Supplying recommendations for DSSs rationale and improvements from the experiences gained and the lesson learnt.

2. Brief description of the research performed and methods/approach adopted

The classification of the approaches of the various components of CDSSs, the determination of their essential features, the identification of similarities and differences among them and the definition of their application domains are essential for the harmonisation of the existing CDSSs with a view to their wide application throughout Europe.

The appropriate management of fresh water ecosystems contaminated by radionuclides requires the assessment of the costs and the benefits of countermeasure and restoration strategies aimed at reducing doses to man. Any environmental intervention may cause, indeed, non-desirable effects of ecological, economic and social nature that should be carefully evaluated.

Computerised Decision Support Systems (CDSS) aimed at assisting experts to assess the appropriateness of suitable strategies for the management of aquatic ecosystems contaminated by radionuclides are essentially based on:

· Models for predicting the time behaviour of radionuclides in the fresh water environment, the effects of the interventions (countermeasures and restoration actions), as well as the ecological, the social and the economical impacts of such interventions;

· Methodologies for ranking the different feasible interventions accounting for the mentioned impacts;

· Software components realising the above models and methodologies, joining all the DSS components into the unit system and supporting the system with a user-friendly interface;

· Data storage and analysis tools (GIS and data bases).

Analyses of existing environmental models demonstrated that most of the accepted conceptual approaches can be integrated in a general, harmonised perspective supported by a variety of experimental evidence. Important lessons can be learnt from the model assessments and exercises performed during the project. The wise application and use of predictive environmental models require that end-users are aware of model performance, mainly in relation to the output uncertainty levels and how these should be taken account of in the decision making process.
The network was also aimed at assessing the techniques used for the evaluation of the effectiveness of the strategies for the management of contaminated water bodies and the features of the DSS software in view of the expectations of potential users. Among the different methodologies used to assess the effectiveness of management policies, Multi-Attribute Analysis (MAA) is, probably, the most appropriate technique to consider multiple objectives together with the decision maker’s preferences. DSSs based on MAA structure the decision process helping a critical analysis of the available information for making decision makers more aware of the implications of the selected options. 

Among the examined DSSs, MOIRA is the only one that assesses the effectiveness of countermeasures by a full application of Decision Analysis Methodologies.

An evaluation of the effectiveness of countermeasures for the management, or restoration, of a contaminated aquatic ecosystem, should be based on well accepted measures of the ecological, social and economic impacts:

· Ecological impact

In principle, a quantitative assessment of the ecological impact can be difficult. MOIRA’s Ecosystem Index (EI) seems to be the only quantitative methodology to measure the ecological impact of countermeasures on aquatic ecosystems. EI is a tool providing a holistic account for the environmental (and not just radiological) consequences of chemical remedial measures (water and wet land liming, potash treatment and lake fertilisation) carried out to reduce radionuclide levels in water, sediments and biota.

Another attribute related to the ecological impact can be the radiation dose to biota living in the freshwater ecosystems. Currently the only system of the network that considers this attribute is MOIRA, which contains a model to assess doses to fish.

· Social impact

The social impact of countermeasures can be broadly linked to the health impact as well as to the alteration of normal living conditions of the population. Obviously, dose assessment to man is a necessary component of any DSS, since this is the direct measure of the impact of the radionuclides. On the other hand, less specific stress and reassurance-related effects that can result from the accident itself and from the application of countermeasures, can be considered in a subjective, qualitative way. However, for those countermeasures implying restrictions in normal living conditions, appropriate parameters to measure the social impact could be the number of persons and the surface of the area affected by restrictions together with the duration of such restrictions.

· Economic impact

Models for assessing the direct economic impact are basically straightforward. Standard methods for costing the different cost components of the application of countermeasures are usually employed. There exist a number of specific factors that could help to characterise the economic impact of a given countermeasure. They will be normally measured per unit of element affected (e.g. tons of chemical product to be distributed, volume or surface of sediments removed, production lost, etc.). Among these factors, some can be evaluated in terms of economic cost (man-power, equipment needed, consumables, cost of management and disposal of wastes generated, etc).

The methods to calculate the direct costs caused by the application of the countermeasures are rather simple, and their accuracy will basically depend on the use of accurate unit cost values, based on past experience or on future experimental work. In this sense, one specific result obtained from the network is a database with more that twenty data sheets on the practical aspects of countermeasures for the aquatic pathways, including the main components of their economic cost. 

However, some economic impacts may have not a direct monetary translation, and may be more related to the recreational or sport use of the environment or to the consumer’s rejection of supposedly contaminated food. Since they are less objectively  quantified, they could be taken into account through subjective attributes, like the “cost of image” considered in MOIRA.
An assessment of the features of the software of the examined DSSs in relation to the expectations of potential end-users was carried out. Feedback was obtained to plan improvements of the software architecture of the existing DSSs. Such improvements are relevant to the upgrading and customisation of user-friendly methods in order to facilitate critical assessment procedures for the selection of appropriate management strategies and to the development of software procedures that enable enhanced exchange of data and information among different DSSs.

The assessment of the applicability of the software in order to solve practical tasks of decision-making is of particular importance. For each software product it is necessary to:

· Identify the “application domain” and potential users of each software product;

· Identify if the software provides all information required for the decision making support in this “application domain”;

· Identify if the presentation of the information and input of new information with user interface satisfies the requirements of decision makers and operators;

· Identify if data, cost and manpower resources required for the software implementation and customisation of the software to the site-specific conditions correspond to the end-user’s opportunities;

· Identify if documentation and support currently provided are sufficient for the end-users;

· Evaluate if software includes the features corresponding current state-of-art and expected by end-users as standard

The assessment suggested several improvements of the existing DSSs: 
•  
Increase help in the decision support via implementation of modules for built-in uncertainty and sensitivity analysis of the results;

· Increase volume of information presented by DSS to the users;

· Optimisation of the time required for the DSS site-specific and scenario-specific data implementation and of the time and costs required for the DSS setting-up installation; 

· Increasing of the speed performance of the models;

· Development of the common basis for easy communication between different DSSs both on local computers and via networks;

· Providing documentation and constant internet-based support for the users.

Three of the twelve project meetings were devoted to the dissemination of expertise and to exercises with DSSs. These meetings were intended to create a user communion, in which, by means of presentations, the end-users were able to give information about their customisation progress and supplied feedback to model developers from an end-users point of view. The developers were asked to give presentations on the different models within the developed DSSs to inform end-users or potential end-users about the model features. The end-users themselves were stimulated to give presentations of their national projects concerning the customisation of some specific DSS such as RODOS-HDM and MOIRA. DSS and model application exercises were carried out during these meetings. Benchmarking was performed to give the end-users clear information about the use and the specific characteristics of the different models.

The project activities have clearly demonstrated the need for a sustaining co-operation among modellers, DSS developers and potential end-users within the frame of a network of experts. Such a network could be effectively exploited for the management of environmental emergencies caused by nuclear accidents. The complexity of any fresh water management problem, the novelty inherent to any potential environmental emergency, the need of a proper and enlightened usage of DSSs in view of the many difficulties encountered by their applications in real circumstances to complex ecosystems, the many subjective elements proper of the decision making process and the uncertainties that affect any prediction, strongly support the belief that the proper management of any emergency should be primarily based on a flexible and effective response from the expert community. It is quite obvious that such expertise should be retained and properly transferred to new generations. In this respect human expertise and experience should be considered vital and the very value that deserve to be preserved. It seems clear that DSSs can properly assist a rational decision process only if they are used for critical evaluations and when their results are analytically assessed and compared within the frame of the community of experts.

3. Main achievements

The achieved results were relevant to the rationalisation of the existing DSSs and of the methodologies and models used by DSSs. Links between DSS users and model developers have been strengthened to assure that the aims and objectives of state-of-the-art DSSs comply with needs and expectations, at a European level, both from an environmental and a social point of view. DSS users from several countries have been involved in the network. This was an important result as it has been recognised that the management of contaminated environment must be carried out at a multinational level.

The network experiences and activities contributed to: a) the harmonisation, at a European level, of methodological approaches for the management of fresh water ecosystems and coastal areas contaminated following the accidental introduction of radioactive contaminants in the environment; b) the maintenance and improvement of expertise in DSS development and usage and, c) set up and strengthen co-operative links between several European Institutions involved, at different levels, in the activities relevant to nuclear emergency management.

The network has contributed to increase the dissemination of knowledge, and improved expertise in GIS technology and environmental modelling and restoration.

4. Exploitation and dissemination

The assessments and the CDSS exercises carried out during the network activities offered the possibility of planning a number of improvements of the models and the software products developed to support the Decision Making for the management of fresh water systems contaminated by radionuclides.

Consequently, suitable plans for the improvement of DSSs in view of the needs of the users’ communities were developed. Information about existing DSSs was widely disseminated through the communities of potential users.

During the meetings several demonstrations of DSSs were supplied. Progresses in the implementation and customisation of these DSSs were presented by users. 

The project contributed to strengthen the co-operation links among DSS developers and potential end-users and to create an international network of experts that can be promptly and effectively exploited for supporting the management of future environmental emergencies in Europe.

Appropriate actions have been implemented for the dissemination of the network results. The network results are available on the web site http://info.casaccia.enea.it/evanet-hydra. Selected papers have been published in international journals to attain a broader dissemination of the network results.
The partners in the project network have also submitted presentations of the project results to several international symposia.

