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Abstract


The aim of this paper is to review acquired research experience, to assess urban water management practices in the greater Athens area and finally to point out actual research topics of interest. Τhe responsible authority for urban water management in Athens is the Water Supply, Wastewater and Stormwater Corporation (EYDAP), a state owned SA which is currently under the process of privatization. Strong pressures on urban water managers have been exercised due to rush urbanization, recent draughts and floods, as well as, to sea water pollution. The Athens Water supply system includes three reservoirs and one lake of a total storage capacity of 1,1 billion m3, a number of pumping wells and transmission works of 265 km, serving 4 500 000 consumers through a network of 7 000 km. The Department of Water Resources (DWR) of the National Technical University of Athens, (NTUA) has provided scientific support to EYDAP through a number of research projects, such as: 


a. Design of a sample representative of water supply consumers


b. Modeling the Athens water supply system


c. “National databank of hydrological and meteorological information”, a distributed data base system for raw and processed hydrometeorological data.


Potential topics of actual research interest in this area are:


a. Cathodic protection of steel water supply network


b. Water demand during 2004 Olympic Games


c. Supervising and management of EYDAP water resources.


Furthermore, EYDAP is responsible for a separate sewage network and two treatment plants. Recent research projects conducted at the DWR are: 


a. Wastewater network inspection and maintenance


b. Sludge disposal


Concerning pollution control, a potential project may refer to the control of the industrial effluents.


Finally, EYDAP has the responsibility of the protection of the Athens area from heavy and hazardous rainstorms. An important research project related to the stormwater system has been the adaptation of the Wallingford procedure to the Greek conditions.


Potential research topics in this area may concern:


a. The design of retention structures


b. An integrated rainfall and flash-flood estimation and forecasting based on radar rainfall measurements. 





1. Introduction


Athens is the capital of Greece and its greater metropolitan area stretches over 500 km2. Starting with 1 500 000 inhabitants in the post war decade, the area has experienced a rush urbanization. Currently the capital seems to stabilize at 4 500 000, that is at 45% of the country’s population, a European record, certainly not a brilliant one. It is understandable that the case of Athens represents an urban water management issue of special interest.





2. EYDAP’s profile


Responsible authority for the management of urban water in greater Athens area is EYDAP. EYDAP has been until now a state owned S.A., with a staff of 4800 persons and an annual turnover of 240 M Euro. The company has a sound economic situation that permits annual investments of 45 M Euro. In the last five years EYDAP has executed projects upgrading its external transmission works at a value of 300 M Euro, co-financed by the European Community, at a rate of 85%. EYDAP is now under a privatization procedure through the Athens Stock- Market.





2.1. Water Supply System


Two axis of water supply are available. The first includes the reservoirs of Evinos and Mornos with a total storage capacity of 950 000 000 m3. The estimated average annual inflow volume amounts to 500 000 000 m3. Transmission works consist of succession of open channels, tunnels and siphons of 200 km, with a nominal discharge capacity of 23 m3/sec, at gravity flow.
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The second axis includes a set of 116 pumping wells with an annual yield of 300 000 000 m3, the lake of Iliki with a capacity of 150 000 000 m3 and the Marathon reservoir with 45 000 000 m3. Water is transmitted at a head of 250 m by an aqueduct of 65 km and nominal discharge capacity of 7 m3/sec.





Surface water undergoes treatment in four interlinked water treatment plants by means of sedimentation, filtration and chlorination with a total capacity of 1 900 000 m3/day.





The distribution network extends over 7000 km of pipes, serving 4 500 000 inhabitants by means of 1 600 000 meters. Average daily consumption amounts to 1 000 000 m3/day with a peak of 1 300 000 m3/day for July and a minimum of     700 000 m3/day for January.
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2.2. Wastewater system


Wastewater network extends over 3000 km. Sewage is treated in two treatment plants. Metamorfosi’s treatment plant treats biologically 8000 m3/day of septic tank effluents and 13000 m3/day of urban wastewater.





Psitalia treatment plant is designed with a maximum capacity of 1 000 000 m3/day dry weather flow. It provides actually primary treatment, while the biological stage, plus phosphorus and azote removal, is under construction. A 2000 m outfall discharges treated effluents into the sea at a depth of 65 m. Dewatered sludge goes actually to the solid waste landfield.








2.3. Stormwater system


The Stormwater protection network is about 1200 km. It is estimated that the area needs a network of a total length of 300 km. Natural streams flowing through the area have a total length of 120 km. Most important of them is Kifisos river, 22 km long, out of which 13 km cross an urbanized area. Kifisos catchment has a surface of 380 km2. The estimated maximum discharge of the river for a return period of 50 years amounts to 1400 m3/sec. Second most important river is the Ilisos river with a catchment area of 52 km2 and an estimated discharge of 270 m3/sec.





3. Athens urban water system in crisis


In the past two decades EYDAP has faced serious crisis situations. Concerning water supply, EYDAP experienced a severe drought period between 1985 - 1993. Available water quantities in the reservoirs reached an absolute minimum and special measures of consumption control had to be taken. In that period, the DWR supported scientifically EYDAP’s water management decisions through a series of research projects. The application of an integrated plan of water use and water consumption control, combined with the decision for the construction of an additional reservoir in Evinos and pumping wells, has allowed EYDAP to overcome the crisis and at the end of the drought period in 1994, to secure available water resources in its reservoirs, estimated today to be 1 billion m3.
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In the sector of wastewater network the situation in the early 80’s has been explosive, provoking social unrest, as 40% of greater Athens area population was still using septic tanks. At the same time, water quality in the Saronic Golf reached a critical point, since 500 000 m3/day of untreated wastewater were directly disposed into the sea in the strait of Salamis. An accelerated construction of the lacking network has been achieved through a plan of decentralized action, involving all municipalities in the greater Athens area. 


In Metamorfosis a sewage treatment plant, designed to treat the effluents of septic tanks, started its operation in 1985. A phased construction of a sewage treatment plant in the island of Psitalia, started at 1982, permitting the primary treatment of the total volume of wastewater produced in Athens. Decisions for network design, maintenance, management and treatment procedures have been scientifically supported by the DWR.





In the past years, a number of hazardous flash-flood events has been recorded at several areas of the greater Athens area. Local interventions are under construction but the question of an integrated stormwater protection of greater Athens area still remains.





4. Related research


In the following paragraphs we review research topics that have arisen from the needs related to the above mentioned situations of crisis, categorized in the sectors of water supply, wastewater and stormwater management. Additionally, potential topics of research interest are examined.





The purpose of this paper is twofold. First, to inform Euraqua participants about the experience accumulated by the researchers of the DWR and second, to communicate our actual issues of research interest and invite other Euraqua participants that have faced similar problems in order to look for joint solutions.





4.1. Research related to the water supply system





A. Executed projects





a. Design of a sample, representative of the behavior of water supply network consumers of Athens


In 1992, the DWR executed research related to the behavior of water supply network consumers [1]. The possibility of obtaining information about the behavior of common water supply network consumers, was examined by means of monitoring continuously a limited but representative sample. The sample was derived based on statistics water supply measurement data [2]. Dealing with a population with a high degree of differentiation, it seemed appropriate to choose a method of stratified sampling. The method of optimal allocation, more precise than the analogic one, was applied, since the standard deviation of each stratum may be calculated from available measurement data. The method guarantees the minimum cost for a given amount of information. The proposed methodology has been tested on the water supply network of EYDAP which financed the corresponding research project. Variance analysis confirmed the geographic grouping of consumers areas with comparable social, economic and urban features. At a confidence level of 95% and a sample size not bigger than one per thousand, the expected accuracy was found to be at the order of �SYMBOOL 177 \f "Symbol" \s 12�±�4% .  





b. Modeling the Athens Water Supply System


Under the pressure of the drought period 1985-93, EYDAP and the Ministry of Public Works have awarded to the DWR a research project with the target to obtain a tool for water supply policy and the design of additional reservoirs [3].


The Athens water supply system was studied using a simulation technique [4] involving two-step hydrological simulation and a detailed representation of the system operation. Multivariate stochastic models were applied to generate synthetic time series with a length up to 5000 years [5]. In the operation modeling, several important features and uncertainties of the system such as, reservoir operating rules, safety issues, modeling of reservoir leakage losses especially for the karstic lake Iliki, were addressed. The main objective was to optimize the system reliability-yield relationship in connection to demand evolution [6]. 





c. National Data Bank of Hydrological and Meteorological Information: A distributed database system for hydrometeorological data


The National Data Bank of Hydrological and Meteorological Information consists of a distributed database, which includes raw and processed hydrological, meteorological and hydrogeological data for a period of 100 years. Data were processed in terms of filling the timeseries, homogeneity, idf curves, water balance, stage-discharge rating curves, groundwater modeling etc. The entire system is supported by advanced GIS techniques. The project also includes a study of a National network of hydrometeorological and hydrometric stations and for the greater Athens area, which houses almost half of the Greek population, a telemetric network of stations is foreseen. This project has a total budget of about 1.5 billion GRD and was funded 85% by the cohesion fund and 15% by the Ministry of Environment, Planning and Public Works. For the implementation of the project, the Department of Water Resources collaborated with the following participating sectors: Public Power Corporation, National Meteorological Service, National Observatory of Athens, Ministry of Development, Ministry of Agriculture and Ministry of Environment, Planning and Public Works. The project is expected to end in April 2001.   





B. Projects of current interest





a. Cathodic protection of steel water supply network


EYDAP’s Water Supply Network includes 2500 km of steel pipes of a diameter of 300 mm up to 1800 mm. Only one third of this length is equipped with cathodic protection. Recent installation of natural gas distribution network, subway and tramway projects under construction, increase the risk of galvanic corrosion of the whole length of 2500 km of water steel pipes. Cathodic protection practices are based on routine measurements of soil resistivity. However, protecting 2500 km of steel pipes spread over an area of 500 km2 with geological variations, humidity differences, external electric influences, etc., at a budget exceeding 10 M Euro, constitutes a major research topic. Monitoring and assessing pipe quality of the protected and non-protected part of the burried steel pipes represents also a demanding research operation.





b. 2004 Olympic Games and water demand


Athens has been selected to host the Olympic Games at August 2004. Additional athletic installations, Olympic Village and hotels are to be added to the existing infrastructure. It is estimated that almost half a million people will visit Athens at this occasion. With the Olympic Games, it is expected that an important part of inhabitants, that otherwise would leave the town for summer vacations, will remain in town to watch the Games. Taking into account sociocultural characteristics of Athens population, maintaining strong links with their place of origin, it may be expected that an important internal movement of spectators will be privately hosted in Athens beyond the capacity of hotels, causing an extra increase of water demand. 


Normally, in August, due to summer vacations, the town’s population goes down to 50%. Water consumption amounts to 1 150 000 m3/day, while the maximum July consumption is 1 300 000 m3/day. August’s demand remains relatively high, although 50% of the population is not in town, due to increased specific consumption figures and as a result of extended application of automatic systems of irrigation. External and internal spectators arrivals, together with a lower summer absence superimposed to      1 150 000 m3/day, with certainty will rise consumption  demand much above the system capacity and will menace with a breakdown. An applicated research project to face this issue would be certainly supported by the experience of other towns, like Barcelona, Rome, Paris that have hosted in the recent past, major athletic events like the Olympic Games, Mundial, etc.





c. Research project aiming to the supervising and management of EYDAP’s water resources


EYDAP recently awarded to DWR a resarch project that contains:


Development of a GIS for the mapping and supervision of the external water supply system of EYDAP.


The design of an integrated telemetric measurement network for the monitoring of meteorologic, hydrologic, stage and discharge parameters.


Development of a system for estimation and forecast of available water resources, used for water supply of the greater Athens area, including reservoir and aquifer modeling.








4.2. Research related to the wastewater system





A. Executed projects





a. Wastewater network inspection and maintenance


After an accelerated construction program of wastewater collectors and tertiary network, EYDAP has showed special interest to develop its capacity for the inspection and maintenance of the network. The DWR has elaborated a project [7] that included:


Typology analysis of symptoms and causes of failure in wastewater pipes


On site inspection results


Data analysis with the use of a data bank, categorizing information and producing diagrams and pathology indexes per type of failure, pipe, intervention method.


The above analysis has permitted the illustration of black points of the network. A direct relation between failure frequency and age of the network allows the forecast of network’s behavior in the future. In its final phase, the program proceeded to the proposal of measures for preventive maintenance, introduction of data banks, planning of inspection, cleaning and repair works, applying modern technology for inspection and maintenance.





b.Sludge disposal


Psitalia together with Metamorfosis wastewater treatment plant produce every day almost 800 tons of dewatered sludge at 28% dry solids (d.s.). Until now, dewatered sludge is deposited together with urban solid waste in a landfill. Increasing disposal cost and environmental considerations lead EYDAP to examine alternative solutions, for sludge disposal. A research project [8], undertaken by the DWR has proceeded to an extensive sampling and analysis of wastewater and sludge characteristics: BOD, COD, PH, conductivity, SS, heavy metal content, microbiological content, etc. 


Biological stage sludge is not yet available, as the biological phase of the Psitalia plan is under construction and for this reason laboratory simulation of biological sludge has been necessary [9]. 


Alternative disposal possibilities of landfill, agricultural validation, reforestation, rehabilitation of quarries, combustion for energy production, production of organic fertilizers, thermal drying, incineration, and combustion in cement kilns have been examined from the environmental, economic and social aspect [10]. In conclusion, thermal drying at 90% d.s. seems to be a necessary step, permitting alternative subsequent possibilities of sludge validation. Cogeneration and thermal energy validation resulting from biogas and natural gas combustion, for the production of electric energy, has been a major issue of the examined solutions.











B. Projects of current interest





a. Heavy metal control in wastewater effluents


Analysis of heavy metal concentration in dewatered wastewater sludge of Psitalia and the comparison of obtained results [11] with European and other national standards, permitting agricultural use, is given into Tables 1 and 2. Obtained results show relatively high values for Ni, Zn, Cr, although a comparison with selected national standards would give red figures for all measured values. The margins for ameliorating measured values are rather large, since at present there is practically no control at the source. EYDAP has expressed its serious intention to proceed to a strategic plan for heavy metal control at the source, combined with a development of a specialized industrial sludge treatment plant.





Heavy metal


�
Average concentration of heavy metals in Psitalia sludge�
�
[mg / kg ds]


�
Primary sludge�
Secondary sludge�
Primary and secondary sludge�
�



Cu


Zn


Cr


Pb


Ni


Cd


Hg


�



302


2752


886


283


67


1,6


4,1�



274


4371


837


186


314


1,3


8,0�



327


4140


981


264


228


1,6


7,0�
�
Table 1: Average concentration of heavy metals in Psitalia sludge








Heavy metal�
E.U.�
Germany�
Sweden�
Holland�
Denmark�
USA�
Psitalia�
�



Cd


Cu


Ni


Pb


Zn


Hg


Cr


�



20 – 40


1000 – 1750


300 – 400


750 – 1200


2500 – 4000


16 – 25


-�



5 – 10


800


200


1000


2000


6 – 10


900�



4


1200


50


200


800


5


100�



1,25


75


38


225


300


0,75


75�



0,8


1000


30


120


4000


0,8


100�



39


1500


420


300


2800


17


1200�



1,6


327


228


264


4140


7


981�
�
Table 2: Maximum European and national allowed concentration of heavy metals for agricultural use of sludge











4.3. Research related to the stormwater system





A. Executed projects





a. Adaptation of the Wallingford Procedure to the Greek conditions


The rapid expansion of Athens during the last four decades and the inadequacy of the stormwater drainage planning has lead the Division of Water Resources to examine the conditions for the adaptation and application in Greek urban drainage networks of a model [12]. This could permit the optimal design of diameters and gradients of new pipe systems, the performance of existing systems and the evaluation of alternative drainage systems. The model that was applied was the Wallingford procedure, initially developed for the United Kingdom, a method [13] of approach to drainage design and analysis using a mathematical modeling tool, that can deal with combined and separate drainage systems, modeling flow as well as quality parameters. 


To this purpose, the Argyroupolis pilot area situated at the SE of the greater Athens has been selected and equipped with rain and flow recording gauges. The mathematical model has been built taking into account the catchment characteristics and the data of the existing separate rain network belonging to the Athens Water and Wastewater Company (EYDAP). The calibration of the model has been based upon field measurements. Its verification has been tested by means of subsequent rain events. The above research has been realized in the frame of the communautary Sprint project, the Greek participation being covered by EYDAP.


An overall good agreement has been assessed between simulated and recorded flow values concerning the peaks and the total volume of the flooding events.





B. Projects of current interest





a. Retention structures


The greater Athens area, before the urbanization, was drained by a dense network of small currents and torrents, leading to Kifisos and Ilisos. Rush urbanization and a deliberate policy to cover natural streams and transform them to avenues is leading stormwater network design to an impasse. Flow peaks, increasing continuously even for lower return intervals, overpass collectors capacity causing every year severe flood events. The introduction of retention structures, eventually combined with permeable pavements and individual house stormwater collection structures start to be examined as potential solutions to the problem.


 


b. An integrated rainfall and flash-flood forecasting system based on radar rainfall measurement


The DWR has a vast experience on rainfall- runoff modeling, as well as, on short- term rainfall and flash-flood estimation and forecasting by using weather radar data combined with raingage rainfall information measured on the ground [14], [15], [16]. This experience was obtained in the framework of a series of EU funded research projects applied to the Pinios River catchment in central Greece, using a WSR-74 S-band radar located at Larisa military airport. On the basis of this experience, the Department is formulating a research proposal with subject a modern system of flood forecasting in urban environment [17], [18] and most specifically in the greater Athens area. The basic components of this project are:


automatic collection, transmission and processing of hydrometeorological data


qualitative weather forecast using meteorological models


application of short-term rainfall forecasting methods


use of modern methods estimating rainfall (satellites, meteorological radar)


time space evolution of flow


immediate information of responsible administration authorities


warning of the public.





5. Conclusions


In this paper review of acquired research experience, assessment of urban water management practices in the greater Athens area and research topics of interest were examined. Τhe responsible authority for urban water management in Athens is the Water Supply, Wastewater and Stormwater Corporation (EYDAP), a state owned SA which is currently under the process of privatization. Strong pressures on urban water managers has been exercised due to rush urbanization, recent draughts and floods, as well as, to sea water pollution. The Department of Water Resources (DWR) of the National Technical University of Athens, (NTUA) has provided scientific support to EYDAP through a number of research projects concerning the design and modeling of the Athens water supply system and the sewage network and treatment plants. Also a series of potential projects may concern the design of retention structures and the full rainfall and flash-flood forecasting based on radar rainfall measurements for the protection of the Athens area due to heavy and hazardous rainstorms.
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