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Abstract

 Decision-making in environmental projects can be complex principally due to the inherent existence of tradeoffs between sociopolitical, environmental and economic factors. This is why the MEDAWARE project (www.uest.gr/medaware/) has focused its aims on the development of a software tool able to apply a scoring system for existing wastewater facilities based on the potential safe reuse of the final effluent and to guide the responsible authorities in the development and operation of a wastewater treatment facility, where the final effluent will be safely reused, taking into account the geographical, economical and social barriers of the specific area.

The scope of this work is to present a multi-criteria analysis user friendly software that can guide the responsible authorities to the most efficient solutions in terms of health and safety for the agricultural reuse of the produced effluent as well as sustainability of the facility. Therefore, the input data for the specific model will be quite simple and easily collected (data concerning the population served by the facility, the possibilities for agricultural reuse of the water in the area, specific requirements or preferences on cultural, economical, technological or social issues, etc.), while the outcome will be the ranking of the alternative scenarios and the suggestion of specific facilities. 
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1. Introduction

Recycled water can satisfy most water demands, as long as it is adequately treated to ensure water quality appropriate for the use. In addition to providing a locally-controlled water supply, water recycling provides tremendous environmental benefits. By providing an additional source of water, water recycling can help to decrease the diversion of water from sensitive ecosystems. Other benefits include decreasing wastewater discharges and reducing and preventing pollution. 

Still in some countries the institutional and legal framework is weak, not existent or only referring to international standards (guidelines or laws) which are very general and most of the times demand very cost intensive solutions (Kretschmer et al., 2002). An integrated planning approach is therefore necessary in case of reuse of wastewater, becoming a management alternative in a water stressed basin. Here the technological, economical and health aspect as well as the legal framework have to be considered.

As for any water source that is not properly treated, health problems could arise from drinking, being exposed or consuming products irrigated with recycled water if it contains disease-causing organisms or other pollutants. This is the reason why every drop of wastewater to be reuse has to undergo previously a complete and appropriate treatment depending on the final use.

Focusing on agricultural reuse, the options for sustainable reuse projects are related to the quality of the effluent and the environmental risk associated with land application for a variety of crops and activities. This is why, in a culture where standardized treatment solutions are the norm, it is hard to remember the necessity of paying primary attention to the context in order to develop the most adequate treatment and reuse schemes.

The Mediterranean context is characterized by a severe imbalance in water demand versus supply, due mainly to the relatively and uneven distribution of this element. Despite this fact, agriculture in Mediterranean countries offers immense opportunities, at the same time it is subject to major constraints. Opportunities are given through important comparative advantages in fruits and vegetables, activities where production and exportation reserves exist. Constraints stem from the fact that agriculture depends generally on the rain, that there is no supplementary irrigation capacities. They also depend on the size of farms, age of farmers (usually old and illiterate), on lack of equipment and, in general, to inadequate technological skill (fertilizers, seeds, varieties, quality and sanitary control, etc). Such shortcomings render Mediterranean countries to be very dependent (these are their comparative disadvantages) on grain production, meat and milk. These productions are vital for these countries to the extent that they settle rural populations and allow significant self-consumption. Significant progress in productivity can be achieved though a better management of water resources and technologies (Radwan and Reiffers, 2003).
The design of water treatment and reuse schemes should take into consideration not only technical aspects but also the special characteristics of the area where the reclamation system will be located. Social, political, economical, legislative and even meteorological features of the area could be critical and determine the success or failure of the project.

Accurate and rapid preliminary design and cost estimating tools for wastewater treatment plant construction is a priority to face reuse projects. Spread sheet model are commonly used to provide planning or design level cost estimations, but these models are relatively inflexible and time consuming to modify. On the other hand existing commercial design software only usually consider wastewater characteristics and economic aspects when designing, forgetting important issues as materials or equipments availability, personnel qualifications required, final destination of the treated water and so on. 

The multi-criteria analysis user friendly software presented here, not only takes into consideration technology and cost information for the selection of the most appropriate treatment system, but also considers the weight of other indicators as land availability, type of crops cultivated in the area and their water requirements, meteorological conditions, legislative requirements, and others.

This paper shows the activities carried out up to now during the development of this decision-making tool for analyzing indicator data. The specifications of the tool, including the structure of the input and output data of the tool, the structure of the databases, the criteria that will be taken into account in order to rank the wastewater treatment technologies and the expected performances of the suggested plants will be also described. The development of the tool has been based on information concerning water policy and legislation, the technical specifications concerning treatment technologies and their cost, the agronomic specifications for wastewater utilization and the guidelines for sustainable and safe operation of a wastewater treatment unit.

An affordable core set of domains for measuring sustainability and assessing options have been fixed: legislation, meteorological and environmental conditions, costs, type of soil, type of crop, socio-cultural and political impacts. Also a limited group of indicators has been defined for each domain. The software is based on a series of relational databases, gathering information on different countries.

The software will provide the competent authorities a practical and easy-to-use software tool that will facilitate them to absorb technology transfer and adapt appropriate feasible solutions, and user-oriented decision support system software tool, based on multi-criteria optimization for water treatment and reuse analysis. 

Summarizing, the software will be able:

- to apply a scoring system for existing wastewater facilities based on the potential of safe reuse of the final effluent

- to guide the responsible authorities in the development and operation of a wastewater treatment facility, where the final effluent will be safely reused, taking into account the geographical, economical and social barriers of the specific area.

This work has been carried out in the frame of the MEDAWARE project (www.uest.gr/ medaware) funded by the Euro-Mediterranean partnership and more specifically by its Regional Program for Local Water Management whose main objectives are the development of the appropriate tools for the effective control and monitoring of the operation of the wastewater treatment plants and the development of relevant guidelines to ensure the safe operation of the wastewater treatment plants and also the safe reuse of the effluent.

2. Multi-criteria tool : Databases

The main aim of the multi-criteria software tool developed in the frame of the MEDAWARE project is to give public and private planners, design consultants, plants managers and construction companies the ability to quickly evaluate design alternatives, taking in mind the foreseen final reuse of the water treated. This tool helps in designing for compliance with water treatment and reuse related government regulations.

The software calculates the design of each unit process based on the influent to the system and the quality requirements for a branch of possible final uses, then costs the designs and compares them in order to show a ranking of possible solutions to a specific problem.
This multi-step approach gives the user the option to review the produced designs and select the one that fits better with the real current necessities in the area, due to the software allows prioritizing the selection using different decision criteria: economic, institutional and political, sociocultural, land availability / properties, environmental, climatic and other local ones (Figure 1). 

Typical design defaults have been used for each unit process to increase the acceptability of the calculated designs and make the software easier to use for planners that require a planning level cost estimate of a new facility or an upgrade to an existing one.
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Figure 1. Considerations when screening alternative treatment processes (adapted from Tsagarakis et al., 2001).

The software is based on well accepted design algorithms and works with an open relational database which gives the possibility of being completed with new entrances in order to be continuously updated, bearing in mind that changes can arise in legislation, economy and society. A database can be understood as a collection of related files. This relational database is a database structured in accordance with a relational model. The term refers to a specific collection of data and it is employed together with the software used to manage that collection of data. . The relational database model allows files to be related by means of a common field.

There is an initial choice of over 35 treatment processes covering the entire municipal wastewater treatment plant, including preliminary treatment (screening, grid removal, fats and oils removal, equalization), primary treatment (metals precipitation, flotation), secondary treatment (lagoons, activated sludge, trickling filter, rotating biological contactor, membrane bio-reactor), tertiary treatment (nutrients removal, disinfection), advanced treatment (refractory organics removal, membrane filtration) and sludge treatment (conditioning, thickening, stabilization, disinfection, drying). All these processes are characterized in a database that includes typical information about the yield in pollutants removal as a function of the flow treated. Furthermore, the user will have the option of using these data or creating their own database, using real data proceeding from treatment systems currently operating. 

An equipment cost database, that the user can customize  to reflect different geographic locations, is also provided. Cost such as labor, amortization, land concrete, pumps, pipes, power, chemicals and design fees are all included. The user can also create its own cost databases or apply published cost indices.

The software also includes a legislation database. Legislation will fix the threshold of effluent quality in the design process, that it is to say, only processes able to reach legislative quality requirements will be consider for a specific wastewater and a specific final use of the effluent produced. In terms of health hazards, treated effluent with a high microbiological quality is necessary for the irrigation of certain crops, especially vegetable crops eaten raw, but a lower quality is acceptable for other selected crops, where there is no exposure to the public.

As there not a common water reuse legislation in the world, the databases will include standards stated in some Mediterranean countries (Figure 2). The designer could choose to apply the WHO quality guidelines (1989) for wastewater use in agriculture if its country does not have specific legislation in the matter or include its own database if the legislative requirement of its country are not referred in the original database.

 Traditionally, irrigation water is grouped into various quality classes in order to guide the user to the potential advantages as well as problems associated with its use and to achieve optimum crop production. The water quality classifications are only indicative guidelines and their application will have to be adjusted to conditions that prevail in the field. Farm practices, such as the type of crop to be grown, irrigation method and agronomic practices, will determine to a great extent the quality suitability of irrigation.
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Figure 2. Revised standards of water reuse in Jordan (Government of Jordan, 2003).

Typical irrigation water quality requirements from the point of view of crop production (tolerances) are gathered in another database. The figures presented are indicative and will have to be adjusted depending on the climatic conditions, physical and chemical properties of the soil, the salt tolerance of the crop grown and the management practices. These factors will have to be introduced as inputs in the design process by the user, under requirement of the software tool. 
Under normal conditions, the type of irrigation method selected will depend on water supply conditions, climate, soil, crops to be grown, cost of irrigation method and the ability of the farmer to manage the system. However, when using wastewater as the source of irrigation other factors, such as contamination of plants and harvested product, farm workers, the environment and salinity and toxicity hazards, will need to be considered (Figure 3). There is considerable scope for reducing the undesirable effects of wastewater use in irrigation through selection of appropriate irrigation methods.
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5.4 Selection of irrigation methods

The diferent types of irigation methods have been introduced in Section 5.1 4. Under normal conditians, the type of imigation method selected will depend
on water supply canditions, climate, sail, crops to be grown, cost of imigation methad and the ahilty of the farmer to manage the systern. However, when
using wastewater as the source of imigation other factors, such as contarmination of plants and harvested praduct, farm workers, and the environment, and
salinity and toxicity hazards, will need to be considered. There is considerable scope for reducing the undesirable effects of wastewater se in irigation
through selection of appropriate irrigation methods

The chaice of irrigatian method in using wastewater is gaverned by the following techrical factors:

- the choice of crops,
- the wetting of foliage, fuits and aerial parts,

- the distributian of water, salts and contaminants in the sl

- the ease with which high soil water potential could be maintained,
- the efficiency of applicatian, and

- the potential to contaminate farm workers and the environment.

Table 26 presents an analysis of these factors in relation to four widely practised irigation methads, namely border, furraw, sprinkler and drip irrigation

Tahle 26: EVALUATION OF COMMON IRRIGATION METHODS IN RELATION TO THE USE OF TREATED WASTEWATER

Parameters of evaluation Furrow i Border irrigation Sprinkler irrigation

1 Foliar wetting and No folar injury as the crop is | Some bottom leaves may be |Severe leaf damage can occur No foliar injury occurs under this
consequent leaf damage  planted on the ridge affected but the damage is not so resulting in significant yield  method of iigation
resuting in poor yield serious as to reduce yield loss

2 Salt accumulation in the | Salts tend to accumulate in the Salts move vertically downwards | [Salt movement is downwards |Salt moverent is radial along the
oot zone with repeated ridge which could harm the crop  and are not likely to accumulate in and root zone is not likely to  (direction of water movement. A salt
applications fthe root zone accumulate salts wedge s formed between drip points

/3 Ability to maintain high soil | Plants may be subject to stress | [Plants may be subject . to water |Not possible to maintain high |Possible to maintain high soil water
water potential between irigations stress between irfgations soil water potential throughout |potential throughout the growing
the growing season season and minimize the effect of
salinity

4 Suiabilty to handle Fair to medium. With good Fair to medium. Good inigation  [Poor to fair. Most crops suffer | Excellent to good. Almost all crops
brackish wastewater without | management and drainage and drainage practices can from leaf damage and yield is |can be grown with very litle reduction
significant yield loss jacceptable yields are possible |produce acceptable levels of yield |low in yield

Source: Kandiah (1290b)

A border (and basin ar any flood irigation) system involves complete caverage of the soil surface with treated effluent and is normally not an efficient
method of irfigation. This system will also cantaminate vegetahle craps growing near the ground and raat crops and wil expose farm workers to the effluent
mare than any other method. Thus, from bath the health and water conservation points of view, border irigation with wastewater s nat satisfactory.

Furrow irrigation, on the other hand, does not wet the entire sail surface. This method can reduce crop contamination, since plants are grown on the ridges,
but complete health protection cannot be guaranteed. Contamination of farm workers is potentially medium to high, depending an autormation. If the effluent
is transported through pipes and delivered into individual furrows by means of gated pipes, risk to imigation workers will be minimurm

The efficiency of surface irigation methads in general, borders, basins, and furrows, is not greatly affected by water qualty, athough the heath risk
inherent in these systems is mast certainly of cancern. Some problems might arise if the effluent cantains large quantiies of suspended salids and these
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Figure 3: Evaluation of common irrigation methods in relation to the use of treated wastewater (Kandiah,1990).

The choice of irrigation method in using wastewater is governed by the following technical factors (Pescod, 1992): 

· the choice of crops,

· the wetting of foliage, fruits and aerial parts,

· the distribution of water, salts and contaminants in the soil, 

· the ease with which high soil water potential could be maintained,

· the efficiency of application, and

· the potential to contaminate farm workers and the environment.
These parameters will be include in a database and will act as decision criterion in order to recommend or not an specific use for the water after the treatment proposed.

Also tables with typical meteorological conditions (rainfall, temperature, humidity, wind speed, wind direction, evaporation rate) in different Mediterranean countries and typical irrigation water quality requirements depending on the type of soil will be stored in the system. 

The impact of reuse water on human health and environment (damages to human health express as DALY and to ecosystem quality) will be foreseen using a series of eco-indicators in order to rank the treatments proposed by transforming the concentration of pollutants in the water after each treatment into damage scores which can be aggregated.
3. Multi-criteria tool : Input data
Together with the information gathered in the relational database, required unit process dimensions and equipment will be calculated automatically after the introduction in the software of the following inputs (through the corresponding screens):

- Wastewater characterization: the influent wastewater must be characterized based on key parameters having in mind an agricultural final use of the effluent. This is why special attention is paid to microbiological parameters (Fecal coliform, pathogens, helminth eggs), salinity (SAR, conductivity), specific ions that could affect sensitive crops (Sodium, Chloride, Boron) or those parameters having an important influence on the selection of an irrigation method (total solids, Sodium, Chloride, alkalinity).

- Input flow characteristics: in order to design correctly the treatment system it is necessary to include as inputs the total flow (m3/d) of wastewater to be treated, the total volume generated (total m3 available in 1 year and total m3 available in growing season), type of delivery (continuous, intermittent, on demand) and the availability of storage facilities. 

The following step will be to select the area (country) in which the treatment system will be located. Selecting the name of the country/region, the user is selecting a common field for several tables in the relational database (legislation, meteorology). 

Other inputs to introduce as data in the software will be the following: 

- Treated water destination: ground water recharge, impoundments, dilution with fresh water for irrigation (dilution percentage: 0%, 25%, 50%, 75%),

- Type of crop to be irrigated: vegetable crops, fruits and nut crops, fodder, fiber, seed crops, orchards, pasture for milking animals, golf courses, greenbelt, parks, others.

- Type of soil to be irrigated: using the classification appearing in Soil Textural Triangle (Figure 4).
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Figure 4. Soil Textural Triangle.

- Characteristics of the area to be irrigated: extension, soil slope in the cultivated area, meteorological conditions in the area during the growing season (only if they are different to the ones stored in the meteorological database for the country specified previously), others.

Using the previous information, together with the information stored in the relational database, the software tool developed will suggest a range of solutions to be matched to the range of contexts using common sense (Figure 5).
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Figure 5. Flow-Information system.

4.Conclusions 
Environmental management is essentially conflict analysis characterized by technical, socio-economic, environmental and political value judgments. Therefore, in an environmental planning process it is very difficult to arrive at straightforward and unambiguous solutions. This implies that such a multi-related planning process will always be characterized by the search for acceptable compromise solutions.

The most general principle of municipal water system design is that there are no general principles. All appropriate technologies are context specific (that is part of what makes them appropriate) however municipal water reuse is extremely context specific.

The design process is complicated because of the great number of alternatives that can be generated and evaluated against criteria such as cost, safety, environmental constrains, technical and social factors. Many factors need to be considered to predict future wastewater facility flows and loadings in a manner that will ensure a cost-effective design and facility service life.

This paper has presented a systematic design methodology for urban wastewater treatment plants that combines a decision process with the information gathered in a relational database. This development takes into consideration the requirements linked to a final use in agriculture of the water treated.

The scope of this work has not been the development of a highly sophisticated model for the design of wastewater treatment systems that can be used only by qualified engineers, but the development of a multi-criteria analysis user friendly software that can guide the responsible authorities to the most efficient solutions.

The design of the treatment plant starts with a established flowsheet structure and the decision process is applied to the selection of the different units that constitute the flowsheet structure.

This tool carries out a systematic evaluation of the different alternative designs with respect to a set of criteria that acts fixing a quality objective (depending on the final use foreseen for the treated water).

The first step of the design methodology is, then, to define objectives. The following step is to select the alternatives to solve each issue and the criteria to evaluate the design alternatives. These criteria are specific to each decision. Different weighting factors are assigned to determinate importance of each criterion. 

Once the alternatives and criteria are selected, the evaluation of alternatives can be carried out. Finally, the alternatives are ranked according to the score obtained from the evaluation. 

The output of the system is a list of treatments (consisting of several unit processes),  satisfying the objectives previously fixed. This list of treatments will be ranked by cost, total impact of the final effluent and other criteria. The alternative with highest score for each criterion (economic, environmental,…) will be the one recommended by the process design, but the final decision will rest on the process designer.
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