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Sommario

Questo rapporto presenta le attività svolte nel corso della terza fase (fase conclusiva) del progetto:

Studio Preliminare dello Stato di Degradazione dei Suoli e degli Acquiferi Derivante da

Intrusione Marina nelle Aree Costiere della Tunisia, del Marocco e della Sardegna

finanziato dalla Regione Autonoma della Sardegna nell’ambito del Programma "Cooperazione con i paesi in via di sviluppo e collaborazione internazionale" (L.R. 19/96). Si rimanda ai rapporti presentati nel Novembre 1999 e Novembre 2000 per una descrizione dettagliata delle attività svolte nelle prime due fasi di questo progetto, iniziata nel Novembre 1998. 

I partner che hanno partecipato al progetto sono:

EAF (Ente Autonomo Flumendosa), Italia;

CRS4 (Centro di Ricerca, Sviluppo e Studi Superiori in Sardegna), Italia;

DGGR (Direction Générale du Génie Rural), Tunisia;

DGRE (Direction Générale des Ressources en Eau), Tunisia;
INAT (Institut National Agronomique de Tunisie), Tunisia;

DRHT (Direction de la Région Hydraulique du Tensift, Ministère de l'Equipement), Marocco; 

EMI (Ecole Mohammedia d'Ingénieurs, Mohamed V University), Marocco. 

Il DGRE è stato aggiunto al progetto quale partner nel corso della terza fase.

Il progetto ha cercato, con successo, di creare un dialogo fra i partner “ricerca” (CRS4, INAT, EMI) ed i partner “end-user” (EAF, DGGR, DGRE, DRHT), nonché fra istituti nei 3 paesi partecipanti, in linea con l’obiettivo del progetto: di promuovere da parte degli istituti partecipanti l’acquisizione delle conoscenze sullo stato dell’arte e lo scambio di esperienze sulla gestione e pianificazione delle risorse idriche, ed in particolare sul fenomeno dell’intrusione marina, il quale è molto sentito in questi paesi semiaridi del bacino del  Mediterraneo. Gli obiettivi sono stati perseguiti attraverso: 

· Organizzazione di workshop del progetto: Due workshop si sono tenuti a Cagliari e Marrakech durante la prima fase ed un terzo workshop si è tenuto in Tunisia durante la seconda fase. Un quarto workshop è stato organizzato in coincidenza della conferenza SWICA (vedi sotto) a Essaouira, Marocco in Aprile 2001. I partecipanti al progetto presenti alla conferenza si sono riuniti per pianificare le attività da svolgere durante l’anno (stages e corso su GIS e modellistica) e per discutere di possibili linee per futuri collaborazioni e strategie per il finanziamento di queste collaborazioni (es, proposta UE INCO).

· Scambi di visite e stages per studenti e giovani ricercatori:
· Uno stage di 10 mesi al CRS4 di Ihsen Khlaifi, studente post-laurea dell’INAT, è stato svolto durante la prima fase del progetto, mentre nella seconda fase si sono svolti stage di due ricercatori del Marocco, Mohamed Hilali (studente PhD dell’EMI, stage di 10 mesi al CRS4) e Brahim Berjamy (ingegnere del DRHT, stage di un mese al CRS4). 

· Nella terza fase l’Ing. Habib Chaieb del DGRE (e dottorando all’INAT) ha svolto uno stage di un mese al CRS4 nel periodo Luglio-Agosto 2001 (Allegato A). L’obiettivo del lavoro durante questo stage é stato l’apprendimento di basi per l’utilizzo di strumenti informatici GIS (geographic information systems) e DBMS (database management systems) e del modello CODESA-3D (COupled variable DEnsity and SAturation 3D finite element model) finalizzato alla loro applicazione ad uno studio di intrusione marina nella zona del Cap-Bon in Tunisia. In parallelo allo stage dell’Ing. Chaieb, era stato pianificato un’altro stage di un mese, dell’Ing. Abdelkrim Aharmouch (professore all’Università di Fez e dottorando all’EMI), ma a quest’ultimo non è stato concesso il visto dall’Ambasciata Italiana a Casablanca, nonostante numerosi tentativi da parte dell’Ing. Aharmouch, dell’EMI, e del CRS4 di contattare l’Ambasciata, fornendo tutti i documenti richiesti.

· Nel corso del 2001 l’EAF ha promosso la realizzazione di uno stage per un laureato in Scienze Geologiche. Sulla base del Decreto del Ministero del Lavoro e della previdenza Sociale n. 142/98 (in attuazione della Legge 196/97 art. 18), l’EAF ha attivato una convenzione con l’Università di Cagliari che ha permesso la realizzazione di un Tirocinio di Formazione ed Orientamento della durata di tre mesi. A questo ha fatto seguito la stipula di un ulteriore convenzione con la regione Autonoma della Sardegna – Assessorato del Lavoro – Agenzia Regionale del Lavoro, che ha permesso di proseguire il Tirocinio per altri sei mesi. Ciò ha consentito alla Dott.ssa Nella Franca Crobu (laureata in Scienze Geologiche) di occuparsi dello: “Studio dello stato di degradazione dei suoli e degli acquiferi derivante da intrusione marina nelle aree costiere della Tunisia, del Marocco e della Sardegna”. In particolare la Dott.ssa Crobu ha predisposto un archivio informatizzato contenente le informazioni geologiche dell’acquifero costiero di Muravera, tramite l’elaborazione di circa 100 litostratigrafie derivanti da sondaggi geognostici superficiali e profondi. Sono stati svolti anche numerosi sopralluoghi nell’area per la verifica delle informazioni ricavate dai sondaggi e per la predisposizione della cartografia tematica informatizzata.

· Nel periodo Ottobre 2000-Gennaio 2001 Il CRS4 ha ospitato, nell’ambito del programma di tirocinio coordinato dall’Università di Cagliari, l’Ing. Alessandro Cadeddu (laureato in ingegneria ambientale). Nel quadro dei tre mesi di attività, focalizzata sull’apprendimento delle nozioni di base per lo sviluppo di sistemi informativi territoriali, l’Ing. Cadeddu ha dato un contributo all’analisi della qualità dei dati del sito Muravera e all’organizzazione degli stessi.

· Nel periodo 1-6 Ottobre 2001 il CRS4 ha condotto, in francese, un short course su GIS e modellistica idrologica all’EMI a Rabat e all’INAT a Tunisi (Allegato B). Il corso, indirizzato a ricercatori, ingegneri e dottorandi, è stato strutturato con una parte teorica ed un parte pratica, dando la possibilità ai partecipanti di vedere e provare applicazioni di questi strumenti informatici e modelli. Inoltre è stato rilasciato all’INAT e all’EMI una copia, su CD-ROM, del modello CODESA insieme alla documentazione ed un dataset per due casi di studio.

· Coordinamento della ricerca in atto in tre siti di studio:
· All’inizio del progetto sono stati selezionati come siti di studio per il lavoro svolto durante le visite di scambio tre acquiferi costieri nei quali si è verificata intrusione marina. I siti sono: l’acquifero del Sahel in Marocco, l’acquifero di Korba in Tunisia, e l’acquifero di Muravera in Italia alla foce del fiume Flumendosa. Il progetto mette insieme ricerche su questi siti effettuate in passato ed in corso di realizzazione e incoraggia l’adozione di metodologie GIS e modellistiche comuni per l’organizzazione e l’analisi dei dati e dei risultati. Lo stato dei lavori condotti su questi tre siti nell’ambito del progetto è stato presentato alla conferenza SWICA (vedi sotto).

· Sul sito di Muravera l’EAF ha inoltre proceduto all’elaborazione dati dati relativi al censimento e al campionamento di circa 120 pozzi superficiali e profondi, realizzato tramite una convenzione con il Dipartimento di Ingengeria del Territorio del Università di Cagliari. Nel corso del 2001 sono stati monitorati quattro punti ritenuti particolarmente significativi per studiare il fenomeno in varie condizioni idrogeologiche. E’ stato inoltre acquisito lo “Studio sullo stato di salinizzazione dei suoli nella piana di Muravera – Villaputzu “ realizzato dal Centro Regionale Agrario Sperimentale di Cagliari tramite una campagna  di rilievi sul campo che ha comportato il campionamento dei suoli in 198 punti (Allegato C).

· Al fine di promuovere l’utilizzo di tecnologie web per la gestione in rete dei dati relativi ai vari siti considerati nel progetto, nell’ambito dello studio il CRS4 ha progettato e implementato a livello prototipale un sito web dinamico, sul quale i ricercatori attivi sui tre acquiferi presi in esame hanno potuto caricare dati esemplificativi e risultati di elaborazioni consultabili secondo modalità integrate e altamente personalizzabili (pagine multilingue, possibilità di differenziazione dei contenuti in funzione del profilo dell’utente, ecc.) (Allegato D). Il prototipo è accessibile in rete, all’indirizzo http://www.crs4.it/gislab/falcos, previa autorizzazione da parte dei gestori del sistema.

· Ulteriori lavori su i tre siti di studio proseguiranno nel corso della ricerca dell’Ing. Chaieb ed altri dottorandi.

· Partecipazione ad iniziative internazionali:
· La ricerca congiunta dell’INAT e del CRS4 sul sito del Korba è stata pubblicata nella rivista internazionale Transport in Porous Media (V. 43, N. 1, pp. 3-28, 2001) (Allegato E).

· Alla First International Conference on SaltWater Intrusion and Coastal Aquifers (SWICA) tenutasi dal 22 al 26 Aprile 2001 ad Essaouira, Marocco hanno partecipato, a cura del progetto, 11 ricercatori e ingegneri dei vari partners nel progetto, e sono stati presentati, in forma orale o come posters, 4 interventi sui lavori svolti negli acquiferi del Sahel, Korba e Muravera. Nell’Allegato F riportiamo i nominativi degli 11 partecipanti al SWICA, nell’Allegato G gli abstracts delle presentazioni e nell’Allegato H il programma della conferenza.

· Allo scopo di attingere a nuovi finanziamenti per future collaborazioni tra i partners del progetto ed anche altri istituti, è stato presentato a Settembre 2001 al Programma INCO-MED (International Cooperation with Mediterranean Countries) del Quinto Programma Quadro della UE una proposta dal titolo “Sustainable water management in Mediterranean coastal aquifers: Recharge assessment and modeling issues (SWIMED)”. La proposta è focalizzata all’analisi e alla modellizzazione dell’intrusione marina in acquiferi costieri della Sardegna, del Marocco, della Tunisia, della Spagna e della striscia di Gaza, e alla valutazione di strategie di bonifica quali la ricarica artificiale utilizzando acque reflue. Un riassunto della proposta con l’elenco dei partners è riportato nell’Allegato I.

· Infine, è stato presentato all’inizio dell’anno, nell’ambito degli Accordi Bilaterali fra la Tunisia e l’Italia, una proposta elaborata dal CRS4 e dall’INAT dal titolo “Méthodologies informatiques avancées pour l'aide à la gestion durable des nappes cotières”, (Allegato J) nel quale si prevede l’organizzazione di corsi approfonditi su GIS e la modellistica ambientale nonché di ricerca congiunta e di trasferimento tecnologico tra la Tunisia e la Sardegna, coinvolgendo il CRS4, l’INAT, la DGRE, l’EAF ed altri istituti, su argomenti legati alla gestione sostenibile delle risorse idriche in queste regioni semiaride. In particolare si propone lo studio non solo del fenomeno dell’intrusione salina ma del bilancio idrologico in generale delle zone costiere, includendo anche l’interazione fra acque sotterranee e superficiali ed un integrazione più rigorosa tra dati e modelli.

Summary

This report presents the activities conducted during the course of the third (and final) phase of the project

Preliminary Study of Soil and Aquifer Degradation from Seawater Intrusion

in the Coastal Areas of Tunisia, Morocco, and Sardinia

financed by the Sardinia Regional Authorities under the Programme "International Cooperation for Development" (L.R. 19/96). For a detailed description of the activities undertaken during the first two phases of this project, which began in November 1998, the reader is referred to the reports submitted in November 1999 and November 2000.

The partners involved in the project are:

EAF (Ente Autonomo Flumendosa), Italy;

CRS4 (Centro di Ricerca, Sviluppo e Studi Superiori in Sardegna), Italy;

DGGR (Direction Générale du Génie Rural), Tunisia;

DGRE (Direction Générale des Ressources en Eau), Tunisia;
INAT (Institut National Agronomique de Tunisie), Tunisia;

DRHT (Direction de la Région Hydraulique du Tensift, Ministère de l'Equipement), Morocco; 

EMI (Ecole Mohammedia d'Ingénieurs, Mohamed V University), Morocco. 

Partner DGRE joined the project during the third phase.

The project has been successful in creating a dialogue between “research” partners (CRS4, INAT, EMI) and “end-user” partners (EAF, DGGR, DGRE, DRHT), as well as between institutes from the 3 participating countries, in line with the objective of the project: to promote between the participating institutes the acquisition of state-of-the-art knowledge, the sharing of experiences, and the exchange of expertise on the general topic of water resources management and planning, and more specifically on the phenomenon of seawater intrusion which is intensely felt in these semi-arid countries of the Mediterranean basin. The objectives have been achieved via:

· Organization of project workshops: Two workshops were held in Cagliari and Marrakech during the first phase and a third workshop was held in Tunisia during the second phase. A fourth workshop was organized to coincide with the SWICA conference (see below) in Essaouira, Morocco in April 2001. The participants from the project partners present at the conference held meetings to plan the activities for the current year of the project (stages and a short course on GIS and modeling) and to discuss possible themes for future collaborations, as well as strategies for funding these collaborations (eg, EU INCO proposal).

· Exchange visits and stages for students and young researchers:
· A stage of 10 months at CRS4 of a postgraduate student from INAT, Ihsen Khlaifi, took place during the first phase of the project, while the second phase provided for the stages of 2 researchers from Morocco, Mohamed Hilali (PhD student from EMI, 10-month stage at CRS4) and Brahim Berjamy (engineer from DRHT, 1-month stage at CRS4).

· During the third phase Habib Chaieb, an engineer at the DGRE and a PhD student at INAT, undertook a stage of one month at CRS4 during the period July-August 2001 (Appendix A). The objective of Mr. Chaieb’s work during this stage was the acquisition of basic know-how regarding the use of IT instruments such as GIS (geographic information systems) and DBMS (database management systems) and the simulation model CODESA-3D (COupled variable DEnsity and SAturation 3D finite element model), with the aim of applying these tools to a study of saltwater intrusion in the Cap-Bon region of Tunisia. In parallel to this stage of Mr. Chaieb, another 1-month stage was planned for Abdelkrim Aharmouch, an assistant professor at the University of Fez and a PhD candidate at EMI. Unfortunately, and notwithstanding repeated efforts on the part of Mr. Aharmouch, CRS4, and EMI to overcome the bureaucratic obstacles, a work visa for Mr. Aharmouch’s stage was denied by the Italian Embassy in Casablanca.

· During the past year EAF promoted the realization of a 3-month stage, in collaboration with the  University of Cagliari, for an undergraduate student in geological sciences, Nella Franca Crobu. By virtue of an additional convention with the regional labour agency, the stage of Ms. Crobu was extended by 6 months and she was able to work within the framework of the project “Preliminary Study of Soil and Aquifer Degradation from Seawater Intrusion in the Coastal Areas of Tunisia, Morocco, and Sardinia”. In particular Ms. Crobu prepared a digital archive containing the geological data for the coastal aquifer of Muravera obtained via elaboration of about 100 lithostratigraphies derived from deep and superficial geognostic soundings. Moreover during the stage numerous field trips to the study site were undertaken to verify the geognostic data for the purposes of the preparation of a digital cartographic map.

· At the end of 2000 a 3-month stage has been held at CRS4 for Alessandro Cadeddu, a young MSc graduate from the University of Cagliari, in the framework of an internship programme coordinated by the University. The stage has been focused on basic notions for the design and development of geographic information systems (GIS), and with relevance to this project Mr. Cadeddu has participated in data organization and quality assessment activities for data pertaining to the Muravera site.

· During the period 1-6 October 2001 CRS4 conducted, in French, a short course on GIS and hydrological modeling at EMI in Rabat and at INAT in Tunis (Appendix B). The course, aimed at researchers, engineers, and PhD students, was structured in the form of lectures and hands-on tutorials, thereby giving the participants the possiblity to see and try firsthand some applications of these IT and modelling tools. Moreover, at the end of the course CRS4 gave INAT and EMI a copy of the CODESA code on CD-ROM, together with documentation and the data for two test cases.

· Coordination of ongoing research on three study sites:
· Three coastal aquifer study sites where seawater intrusion has been verified were selected at the start of the project as the focus of the work undertaken during the exchange visits. The sites are the Sahel aquifer in Morocco, the Korba aquifer in Tunisia, and the Muravera aquifer in Italy at the mouth of the Flumendosa river. The project brings together previous and ongoing research on these sites and encourages the adoption of common GIS methodologies and modeling approaches for the organization and analysis of data and results. The status of the research conducted on these 3 sites within the framework of the project was presented at the SWICA conference (see below).

· Additionally, for the Muravera site EAF has proceeded with data analysis of a monitoring campaign, conducted via a convention with the Dept. of Territorial Engineering of the University of Cagliari, on 120 shallow and deep wells. During 2001 four points, considered to be particularly relevant for studying the phenomena under varying hydrogeological conditions, were monitored. Moreover EAF acquired a study entitled “Studio sullo stato di salinizzazione dei suoli nella piana di Muravera – Villaputzu“ conducted by the Centro Regionale Agrario Sperimentale of Cagliari describing a soil monitoring campaign on 198 points (Appendix C).

· In order to promote the adoption of web-based technologies for the on-line management of information on the various sites studied in the project, CRS4 has designed and implemented, as a prototype, a dynamic web site which has been made available to the researchers working on the aquifer data for the presentation of sample data and results of their analyses (Appendix D). The web site allows a highly integrated access to data and provides highly customized content (e.g., multi-language pages, sensitivty to user profile etc.). The prototype may be accessed by the working group at the URL http://www.crs4.it/gislab/falcos (the site administrator must be contacted to register new users).

· Future work on the three study sites will continue as part of the PhD research of Mr. Chaieb and other students.

· Participation in international intitiatives:
· The joint research by INAT and CRS4 on the Korba site has been published in the journal Transport in Porous Media (V. 43, N. 1, pp. 3-28, 2001) (Appendix E).

· At the First International Conference on SaltWater Intrusion and Coastal Aquifers (SWICA) held from 22 to 26 April 2001 in Essaouira, Morocco, the participation of 11 researchers and engineers from various partner institutes was made possible by the project. Four presentations relative to the research conducted within the framework of the project on the Korba, Sahel, and Muravera sites were given at the SWICA conference, in oral or poster form. Appendix F gives a list of the 11 SWICA participants, Appendix G provides the four abstracts, and Appendix H presents the programme of the conference.

· With the aim of accessing new sources of funding for future collaborations between the project partners as well as other institutes, in September 2001 a proposal entitled “Sustainable water management in Mediterranean coastal aquifers: Recharge assessment and modeling issues (SWIMED)” was presented to the INCO-MED Programme (International Cooperation with Mediterranean Countries) of the EU Fifth Framework RTD Programme. The proposal is focused on the analysis and modeling of seawater intrusion in coastal aquifers of Sardinia, Morocco, Tunisia, Spain, and Gaza, and on the assessment of remediation strategies such as artificial aquifer recharge using treated wastewater. A summary of the proposal together with a list of partners is provided in Appendix I.

· Finally, at the beginning of the year CRS4 and INAT presented a proposal entitled “Méthodologies informatiques avancées pour l'aide à la gestion durable des nappes cotières” (Appendix J) within the framework of the Bilateral Agreement between Italy and Tunisia. This proposal is aimed at the organization of detailed courses on GIS and environmental modeling as well as on joint research and technology transfer between Tunisia and Sardinia, involving CRS4, INAT, DGRE, EAF, and other institutes, on topics related to the sustainable management of water resources in semi-arid regions. In particular, the project, if approved, intends to focus not only on the phenomenon of seawater intrusion but more generally on problems of water balance in coastal regions, including also the study of interactions between surface and subsurface waters and the optimal use and integration of simulation models and observation data.

Allegati / Appendix

A. Stage dell’Ing. Habib Chaieb al CRS4, 16/7/01 – 9/8/01

B. Short course on GIS and Modeling, Rabat and Tunis, 1-6/10/01 (A. Giacomelli and C. Paniconi)

C. Attività dell’EAF sull’acquifero della piana costiera del fiume Flumendosa:

1. L’intrusione salina della piana costiera del Flumendosa: le conoscenze geologiche e litostratigrafiche attraverso recenti sondaggi (M.R. Lai e N.L. Crobu)

2. Analisi chimico-fisiche dell’acquifero superficiale della piana del Flumendosa: stato della salinizzazione di alcuni pozzi campione (M.R. Lai e P. Pin)

D. Analisi dei dati per il sito della piana di Muravera e note sul sito web “Falcos” (A. Giacomelli e E. Lorrai)

E. Lavoro pubblicato nella rivista Transport in Porous Media (Paniconi, Khlaifi, Lecca, Giacomelli, Tarhouni; V. 43, N. 1, pp. 3-28, 2001)

F. Partecipanti del progetto alla conferenza SWICA (First International Conference on SaltWater Intrusion and Coastal Aquifers), 22-26/4/01, Essaouira, Marocco

G. Abstracts dei 4 lavori presentati alla conferenza SWICA

H. Programma della conferenza SWICA

I. Descrizione della proposta UE INCO-MED “Sustainable water management in Mediterranean coastal aquifers: Recharge assessment and modeling issues (SWIMED)”
J. Proposta Accordo Bilaterale Italia-Tunisia “Méthodologies informatiques avancées pour l'aide à la gestion durable des nappes cotières”
Allegato A / Appendix A

Stage dell’Ing. Habib Chaieb al CRS4, 16/7/01 – 9/8/01

Rapport de stage / Habib Chaieb (Tunisia)

CRS4 – Cagliari, ITALY

15/07 – 09/08/2001

I. Introduction

Le stage rentre dans le cadre du projet ‘EAF Falde – Costiere IIIº Studio Preliminare dello Stato di Degradazione dei Suoli e degli acquiferi derivante da intrusione marina nelle aree Costiere di Tunisia, Marocco e Sardegna’. Il consiste en une formation d’un mois sur :

1- les logiciels de gestion de bases de données et les Systèmes d’Informations Géographiques (SIG) : Access, ArcView.

2- le logiciel de simulation de l’intrusion marine dans les nappes côtières : CODESA.

II. Déroulement du stage

1ère semaine :

· Documentation et Introduction à Microsoft Access,

· Utilisation du Tutorial d’Access,

·  Exercices sur Access :

· Créer des tableaux, des relations,

· Faire des requêtes utilisants QBE (Query By Exemple), SQL (Structured Query Language).

2ème semaine :

· Applications spécifiques sur Access : créer des tableaux et faire les requêtes nécessaires pour la mise en place d’une banque de données pour le suivi de la recharge artificielle des nappes : exemple : le réseau de surveillance de la recharge artificielle de la nappe de Kairouan (Tunisie centrale).

· Documentation et Introduction à ArcView.

3ème semaine :

· Utilisation du Tutorial d’ArcView,

· Editer et imprimer les cartes (Afrique, Monde, USA, …),

· Recherche par thème,

· Exercices sur ArcView :

· Création de nouvelles cartes,

· Ajout de nouvelles informations à une carte,

· Création de tableaux par ArcView,

· Liaison tableau-attribut,

· Importation de tableaux à partir d’Access, Excel et Word,

· Initiation sur le systeme d’exploitation UNIX.

4ème semaine :

· Documentation sur le logiciel de simulation CODESA,

· Les sous progammes de CODESA,

· Utilisation de CODESA,

· Exercice d’application :  simulation d’un cas simplifié.

III. Conclusion

Au terme de ce stage, j’ai bénéficié d’une formation très satisfaisante sur les SGBD (Access) et les SIG (ArcView), qui m’a permis de mieux connaître, apprendre et maîtiser l’utilisation des arguments essentiels de ces logiciels, qui s’avèrent actuellement, indispensables dans la vie professionnelle. 

Le modèle CODESA qui est conçu au CRS4, est très intéressant à utiliser pour le traitement des problèmes d’intrusion marine dans les aquifères côtiers. La période qui lui a été réservée a été trop courte pour me permettre d’entrer en détaille dans la conception du programme. L’application à un cas réel, semble être la meilleure façon pour une bonne maîtrise de ce logiciel.

Enfin, j’adresse mes remerciements aux responsables du CRS4 qui m’ont accueilli dans les locaux du centre et aux chercheurs qui m’ont encadre en locurence Claudio Paniconi, Andrea Giacomelli, Eva Lorrai et les autres.

Cagliari, le 08/08/2001

Habib Chaieb.

Allegato B / Appendix B

Short course on GIS and Modeling, Rabat and Tunis, 1-6/10/01

(A. Giacomelli and C. Paniconi)

Short Course on "Groundwater and Hydrological Modeling"

Claudio Paniconi, CRS4

Ecole Mohammadia d'Ingénieurs (EMI), Rabat, Morocco

October 1-2, 2001

Institut National Agronomique de Tunisie (INAT), Tunis, Tunisia

October 4-5, 2001

Course outline:

1. Introduction

· Presentation of the course

· Presentation of the RAS L.R. 19/96 project "Preliminary study of soil and aquifer degradation from seawater intrusion in the coastal areas of Tunisia, Morocco, and Sardinia"
2. Some fundamentals and basic concepts

· Hydrology, groundwater, what is modeling?

· Numerical calculus (finite difference and finite element techniques, linearization methods, solution of linear systems)

3. Flow and transport modeling

· Richards equation and its numerical solution

· Advection-dispersion-reaction equation and its numerical solution

4. The CODESA-3D model for coupled density-dependent flow and transport

· Description of the model and its application to seawater intrusion problems (material prepared by G. Lecca)
· An application to the Korba coastal aquifer in Tunisia (material from a journal paper by C. Paniconi, G. Lecca, A. Giacomelli, I. Khlaifi, and J. Tarhouni)
· Demonstration of the CODESA-3D model (tutorial on laptop and external monitor)
5. The CATHY model for catchment-scale coupled surface and subsurface flow

· Description of the model (material from a conference presentation by C. Paniconi, M. Putti, and A. C. Bixio)
· Demonstration of the CATHY model (tutorial on laptop and external monitor)
6. Other topics in hydrological modeling

· Remote sensing and data assimilation in hydrology

· Hillslope-storage models for catchment applications

· Demonstration of the hillslope-storage Boussinesq (hsB) model

Course participants:

Modeling course in Tunis:

· Jamila Tarhouni – professor, Institut National Agronomique de Tunisie (INAT)

· Ibrahim Abdoul Nasser – DEA (Master's) student, INAT
· Mohamed Benassi – Societé Nationale d'Exploitation et de Distribution des Eaux (SONEDE) and DEA (Master's) student, INAT
· Sihem Benabdallah – Centre International des Technologies de l'Environnement de Tunis (CITET)

· Yousra Ben Salah – Direction Générale des Ressources en Eau (DGRE)
· Habib Chaieb – Direction Générale des Ressources en Eau (DGRE)
· Rachida Bouhlila – professor, Ecole Nationale d'Ingénieurs de Tunis (ENIT)
Modeling course in Rabat:

· Abdelkader Larabi – professor, Ecole Mohammadia d'Ingénieurs (EMI)
· Najoua Aboulmahassine – Master's student, EMI (Dept. of Environmental Sciences - LIMEN)
· Boutaina Bouzouf – PhD student, EMI (Dept. of Civil Engineering - LASH)
· Mohamed Hilali – PhD student, EMI (Dept. of Environmental Sciences - LIMEN)
· Saadia Naiha – PhD student, EMI (Dept. of Environmental Sciences - LIMEN)

· Latifa Lakfifi – Direction Générale Hydraulique (DGH)
· Abdelkrim Aharmouch – professor, Université de Fez and PhD student, EMI (Dept. of Environmental Sciences - LIMEN)
Short Course on "Geographic Information Systems (GIS)"

Andrea Giacomelli, CRS4

Institut National Agronomique de Tunisie (INAT), Tunis, Tunisia

October 1-3, 2001

Ecole Mohammadia d'Ingénieurs (EMI), Rabat, Morocco

October 4-5, 2001

Course outline:

1. Introduction: what is a GIS?

· Infrastructure

· Data sources

· Analysis

· Applications

2. Skills and human resources required to develop a complex GIS project

3. Introduction to metadata for GIS

4. Overview of GIS software

· Functional classification of GIS software tools

· Market overview

· Commercial and "open source" solutions and their comparison

5. Exercise 1

· (INAT) Conversion of well data originally stored in MS Excel to MS Access format, and integration of the new data with a GIS package interface

· (EMI) Use of data from two case studies developed by EMI for the demonstration of various visualization and analysis functions available in a GIS application

6. Exercise 2

· (INAT) Import and analysis via GIS of data for Tunisia extracted from the NIMA place name gazetteer

· (EMI) Development of a simple GIS application for piezometric data monitoring: needs assessment; functional analysis; data modelling; implementation. The participants were divided into two groups working independently on the preparation of the geographic and alphanumeric parts of the database, and these were subsequently integrated into a single interface.

Note: The presentation material was delivered in Powerpoint, while for the exercises MS Access and ODBC connectivity were used. The GIS data and interfaces were processed with the ArcView package, although as was noted during the course, the functionality options demonstrated are absolutely application-independent.

Course participants:

GIS course in Tunis:

· Jamila Tarhouni – professor, Institut National Agronomique de Tunisie (INAT)
· Anis Sifi – student, INAT
· Lamia Bah – student, INAT
· Lili Zohra Chabaane – student, INAT
· Ihsen Amri – student, INAT
· Ben Hassine Henda – student, INAT
· Ibrahim Abdoul Nasser – DEA (Master's) student, INAT
· Mohamed Benassi – Societé Nationale d'Exploitation et de Distribution des Eaux (SONEDE) and DEA (Master's) student, INAT
· Fethi Ben Hammouda – Centre International des Technologies de l'Environnement de Tunis (CITET)

· Mustafa Saadouli – Direction Générale des Ressources en Eau (DGRE)
· Yousra Ben Salah – Direction Générale des Ressources en Eau (DGRE)
· Habib Chaieb – Direction Générale des Ressources en Eau (DGRE)
GIS course in Rabat:

· Abdelkader Larabi – professor, Ecole Mohammadia d'Ingénieurs (EMI)
· Najoua Aboulmahassine – Master's student, EMI (Dept. of Environmental Sciences - LIMEN)
· Karima Ait El Cadi – student, EMI (Dept. of Environmental Sciences - LIMEN)
· Asmae Bachir – student, EMI (Dept. of Civil Engineering - LASH)
· Nadia Ben Mansor – student, EMI (Dept. of Civil Engineering - LASH)
· Boutaina Bouzouf – PhD student, EMI (Dept. of Civil Engineering - LASH)
· Mounia Hda – PhD student, EMI (Dept. of Environmental Sciences - LIMEN)
· Mohamed Hilali – PhD student, EMI (Dept. of Environmental Sciences - LIMEN)
· Mokhtar Kanti – student, EMI (Dept. of Environmental Sciences - LIMEN)
· Mohamed Lahssini – student, EMI (Dept. of Environmental Sciences - LIMEN)
· Saadia Naiha – PhD student, EMI (Dept. of Environmental Sciences - LIMEN)
· Ilhame Skouri – student, EMI (Dept. of Civil Engineering - LASH)
· Mohamed Taqi Talbi – student, EMI (Dept. of Environmental Sciences - LIMEN)
· Latifa Lakfifi – Direction Générale Hydraulique (DGH)
· Abdelkrim Aharmouch – professor, Université de Fez and PhD student, EMI (Dept. of Environmental Sciences - LIMEN)

Allegato C / Appendix C

Attività dell’EAF sull’acquifero della piana costiera del fiume Flumendosa:

1. L’intrusione salina della piana costiera del Flumendosa:

le conoscenze geologiche e litostratigrafiche attraverso

recenti sondaggi (M.R. Lai e N.L. Crobu)

2. Analisi chimico-fisiche dell’acquifero superficiale della
piana del Flumendosa: stato della salinizzazione di

alcuni pozzi campione (M.R. Lai e P. Pin)
Allegato D / Appendix D

Analisi dei dati per il sito della piana di Muravera e note sul

sito web “Falcos” (A. Giacomelli e E. Lorrai)

Allegato E / Appendix E

Lavoro pubblicato nella rivista Transport in Porous Media (Paniconi, Khlaifi, Lecca, Giacomelli, Tarhouni; V. 43, N. 1, pp. 3-28, 2001)

Allegato F / Appendix F

Partecipanti del progetto alla conferenza SWICA (First International Conference on SaltWater Intrusion and Coastal Aquifers), 22-26/4/01, Essaouira, Marocco

Partecipanti del progetto alla conferenza SWICA

First International Conference on SaltWater Intrusion and Coastal Aquifers
April 22-26, 2001

Essaouira, Marocco 

	Claudio Paniconi
	CRS4, Italy



	Andrea Giacomelli
	CRS4, Italy



	Eva Lorrai
	CRS4, Italy



	Mario Carboni
	CRS4, Italy



	Abdelkader Larabi
	EMI-Rabat, Morocco



	Mohamed Hilali
	EMI-Rabat, Morocco



	Mohamed Chtioui
	DRHT-Marrakech, Morocco



	Brahim Berjamy
	DRHT-Marrakech, Morocco



	Jamila Tarhouni
	INAT, Tunisia



	Youssef Oueslati
	Arrondissement des Ressources en Eau - Nabeul, Tunisia



	Habib Chaieb
	DGRE, Tunisia




Allegato G / Appendix G

Abstracts dei 4 lavori presentati alla conferenza SWICA

Setup of a GIS database for the study of saltwater intrusion in the Sahel aquifer system (Morocco)
M. Hilali1, E. Lorrai2, A. Larabi1 and A. Giacomelli2
1 Mohammadia School of Engineers,

Rabat Morocco
2 Centre for Advanced Study, Research and Development in Sardinia (CRS4)

Cagliari, Italy

In the Moroccan Sahel water resources for agricultural, industrial and drinking use, are obtained almost exclusively by groundwater supply. Due to a high density of pumping wells, mainly located near the sea and characterised by a consistent exploitation for agricultural use, the Sahel aquifer system has been progressively affected by an increasing saltwater encroachment. The stress induced in the aquifer by the high pumping rates from the wells adds to a situation of natural saltwater intrusion, determined by the high permeability of the coastal aquifer, the thickness of the saturated zone and substratum.

The study area, with a surface of approximately 3100 km2, is part of a series of sub-atlantic plains in the coastal Méséta of Morocco (Ferré 1975). The area is delimited to the North by the oued (ephemeral stream) Oum Er Rbia, to the West by the Atlantic Ocean, and to the South-East by the Abda et Doukkala region (Figure 1). Agriculture represents the main economic activity in all the coastal zone of the Sahel. The region is characterized by a maritime climate, with an average annual rainfall of 350mm. Temperatures are relatively moderate, varying between 12 and 25°C. Infiltration is estimated around 7% on the yearly rainfall average; however we find this value rising to or above 15% in some of the zones characterized by karst structures (DRHT, 1994). Hydrologically, the Sahel may be classified as an endoreic area, with no oueds draining the internal part of the region and the limestone plateaus of Safi and El Jadida.

A geographic information system (GIS) provides functionality to store, display and analyze data of different nature, and to integrate such data for cartographic or modelling purposes. In order to provide an enhanced characterization of the aquifer, it was decided to organize the available set of data in a GIS framework. The data may be summarized as:

· Location and main characteristics of pumping and monitoring wells

· Three-dimensional representation of the aquifer

· Time series concerning variables such as piezometry, salinity, and other chemical parameters;

· Distribution of the hydraulic and hydro-chemical parameters;

· Description of different conditions of aquifer recharge and depletion;

· Representation of different hydraulic structures (or activities) directly or indirectly related to the aquifer system, such as xxperimètres irrigués.

These data, originally deriving from different sources and provided on different media, have been processed and organized in a common directory-based repository. The access to the different sets of information, represented by a group of geographic layers and a database for the storage of all alphanumeric data, has been based on the ArcView package, with the construction of a set of "projects" (i.e. user interfaces) reflecting the logical organization of the data by grouping the geographic layers and relating to each of these the relevant alphanumeric information. Namely, the main layers include monitoring and exploitation wells, geology, elevation, transmissivity. Salinity and piezometry maps for different time periods have also been derived. Figure 2 provides a sample display from one of the ArcView projects created, showing the distribution of the monitoring wells and of the exploitation wells which have been recorded during a recent survey on the coastal part of the Sahel.
Following the setup of the database and the characterization of the aquifer system obtained by the analysis of the geographic data and the available time series, the database will be used to support a set of hydrologic simulations based on the CODESA-3D model, thus complementing other studies undertaken within the same project both in the Sahel area and in other sites in the Mediterranean area (Paniconi, 2000).
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Figure 1. Location of the study site
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Numerical modeling of seawater intrusion in the Sahel region of the Atlantic coast of Morocco
G. Lecca1, B. Berjamy2, C. Paniconi1 and A. El Hebil2
1 Centre for Advanced Study, Research and Development in Sardinia (CRS4)

  Cagliari, Italy

2 Direction de la Region Hydraulique du Tensift (DRHT)

  Marrakech, Morocco

A numerical study is being undertaken to investigate the occurrence and to assess the importance of saltwater intrusion in the Sahel region along the Atlantic coast of Morocco. The zone, which extends from the cities of Safi and el Jadida for about 100 km in length, is an important agricultural plain where groundwater is heavily used as an irrigation supply. In 1994 a study [DRHT, 1994] conducted by DRHT in collaboration with FAO was completed to evaluate the impact of pumping on the salinization of the aquifers and to define a proper exploitation scheme. A database was built up containing hydrogeological site characterization, monitoring and exploitation data from a network of 30 wells, and geophysical estimates of the saltwater-freshwater interface depth. These data were used to implement a two-dimensional groundwater flow model using MODFLOW software [McDonald and Harbaugh, 1988]. The major hydrodynamic features of the site were adequately captured in these simulations, but because a static saltwater-freshwater interface was assumed, coinciding with the aquifer bottom, the freshwater outflow to the sea was over-estimated.

To overcome some of the limitations of this earlier study, simulations using a three-dimensional density-dependent coupled variably saturated flow and transport model [Gambolati et al., 1999, Lecca 2000] are currently being conducted. The study on the Sahel region is integrated in a research framework of similar studies which are being (or have been) undertaken in two other sites in Muravera, Sardinia (Italy) and the Korba region (Tunisia) [Paniconi et al., 2000]. The model implementation will allow a more realistic representation of the hydrodynamics of the aquifer system, considering also the presence of a mixing zone between the freshwater and the seawater, and will benefit from the characterization and calibration of the flow processes that resulted from the prior study. This contribution will describe simulations being conducted on a series of cross-sections perpendicular to the coast, each of about 5 km in length and with an average (though spatially variable) aquifer thickness of 100 m. These first simulations, covering the period 1950-1992, will be calibrated to the water table levels and to the observation data of the interface depth that have already been characterized from monitoring data and flow simulations. Figure 1 shows the comparison between the measured water table level and the steady state computed freshwater equivalent pressure head isocontours in 1950. The Darcy velocity field is also shown, which denotes at the ocean side on the left boundary of the domain an upper outlet of freshwater into the sea and, correspondingly, a lower inlet of seawater into the aquifer. The dense computational grid, with an average space interval of about 20 m, being used in these cross-sectional simulations will allow investigation of dispersion effects and the influence of the coastal boundary treatment. In particular, Figures 2 and 3 compare the “measured” saltwater-freshwater interface with the computed relative concentration isocontours of a 42-year transient coupled flow and transport simulation, using two different sets of isotropic dispersivities of 10 and 100 m, respectively. These Figures show that, although in both simulations the zero isocontour line spans the same distance (of about 2000 m) from the left boundary, different intrusion patterns are calculated by using different dispersivity values, with the lower dispersity simulations being more accurate in tracking the 1992 “measured” interface.

As the aquifer is also known to be fractured, these effects will also be examined by varying the hydraulic conductivity in designated zones or strips within the study domain. Finally, by piecing together the cross-section simulations, a three-dimensional picture can be constructed that will, in future work, be compared against computationally-intensive fully three-dimensional simulations of the entire study area. This will help assess the importance of transversal flow in the aquifer, hypothesized for this site to be marginal in comparison with the longitudinal (perpendicular to the coast) flow and transport processes. 
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Figure 1: Comparison between observed water table level (black dashed line) and computed equivalent freshwater pressure head isocontours in 1950 for the first section of the study. The Darcy velocity field is also shown.
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Figure 2: Comparison between “measured” saltwater-freshwater interface (black line) and computed relative concentration isocontours in 1992 for the first section of the study using isotropic dispersivities of 10 m.
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Figure 3: Comparison between “measured” saltwater-freshwater interface (black line) and computed relative concentration isocontours in 1992 for the first section of the study, using isotropic dispersivities of 100 m.
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Saltwater intrusion in the Muravera plain (Italy)
E. Lorrai1, G. Lecca1, M.R. Lai2 , A. Cadeddu1 and A. Giacomelli1
1 Centre for Advanced Study, Research and Development in Sardinia (CRS4)

  Cagliari, Italy
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  Cagliari, Italy

The Muravera plain is located in the South-Eastern part of Sardinia, Italy's second largest island, at the mouth of the Flumendosa river, and covers an extension of about 130 km2. The three main centers of the plain (Muravera, Villaputzu and San Vito) comprise a population of circa 13000. The main economic activities in this area are farming, citrus fruit growing, sheep and goat grazing, and tourism. Climate is Mediterranean subtropical, characterized by a strongly variable rainfall regime with annual precipitation fluctuating between 200 and 700 mm.

Saltwater encroachment in the coastal aquifer and salinization of the soils was first observed in the 1970s, attributed to a lowering of the groundwater table due to both natural (recurrent droughts, presence of salty geological formations) and anthropogenic (overpumping, engineering works, fish-farming) factors. Currently both the phreatic and confined aquifers are contaminated with saltwater. Remedial measures being considered by the Ente Autonomo del Flumendosa (EAF), one of the subjects responsible for the management of water resources in the area, include artificial groundwater recharge, creation of hydrodynamic barriers, and establishment of a district irrigation network. In order to improve the understanding of the dynamics of the degradation of the aquifer and to support these remediation strategies, a research study for the simulation of the saltwater intrusion process by means of physical-mathematical flow and transport model is necessary.

This study is being undertaken within an international cooperation project including research work from similar studies which are being (or have been) undertaken at two other sites in Tunisia and Morocco (Paniconi, 2000).
Prior to initiating the simulations, the work undertaken has consisted in an integrated overview of diverse types of data made available by EAF. The scope of this evaluation was to assess the quality and quantity of the information, with respect to the data requirements both for an integrated GIS-based characterization of the site and for the simulation model.The available data may be classified in four distinct groups: (1) base cartography, (2) hydrometeorological data, (3) well survey and monitoring records, and (4) well information deriving from an administrative census archive.

The cartographic data (originally in CAD format) has been used to derive a basic set of geographic layers, such as contour lines, river network, and administrative boundaries, to be used either as a backdrop for the visualization of well data or as input to subsequent processing. An example of this is the derivation of the digital elevation model (DEM), obtained by first processing a triangulated irregular network (TIN) from the CAD point elevation data, and then resampling the TIN to a 50x50 m2 grid. The DEM has in turn been processed via a custom-developed utility based on the ArcView package to derive the stream network for the area and the corresponding catchments (together with other relevant hydrologic coverages).

Concerning hydrometeorological data, an EAF database which comprises time series for the 1960-1992 period has been used to analyze the measurements recorded at four representative stations within the Flumendosa basin. The analysis of monthly average rainfall and annual distribution of precipitation has allowed to highlight two significant periods of drought in the years 1973-1981 and 1986-1991.

The well survey and monitoring data actually includes a rather heterogeneous set of information. The core of the data set is represented by a survey performed in the summer of 1999 for 123 wells. However, only for two of these wells time series of piezometric level and salinity have been provided. Sparse additional records for these parameters can be retrieved from other archives concerning chemical analyses and borehole data, spanning a period from the late Fifties onwards. A number of charts and maps have been derived, proposing different representations of indicators related to the exploitation of the aquifer and to the degradation of its conditions. For example, Figure 2 shows a plot of well depth versus the year of its drilling, which can be reasonably related to an increase in the demand of water and/or to a deterioration in the conditions of the upper aquifer. Figure 3 displays the distribution of electric conductivity in the 123 observation wells, distinguishing the deep ones (reaching the confined aquifer) from the near-surface ones. The colour coding of the wells is based on the maximum admissible values considered by the Italian law for electric conductivity for drinking water ((400 (S/cm) and for irrigation water ((400 (S/cm and ( 2500 (S/cm) and clearly highlights the different condition of the two aquifers.

Given the strong uncertainty in the distribution of pumping wells and estimation of aquifer exploitation rates reported by EAF, the well census archive – collected by the local government for administrative purposes and requiring the declaration by well owners of its location and usage – was proposed as a source of information to be considered in the study. Of the three communes covering the plain, Villaputzu was chosen in order to evaluate the actual content of the archive. While the well files provide an exhaustive list of the owners, the extraction of other  information (such as piezometric level, pumping rates or type of usage) from this source needs to be addressed with extreme caution. This is due to the fact that many well files have. For example, well depth information is provided in 96% of the well files examined, but pumping rates appear in only 50% of the sample.

Another substantial problem with the well census files is the lack of accurate positioning information on the wells in terms of geographic coordinates (even though this information is actually required in a well file). To bypass this problem, alternative geocoding schemes have been tested. These include the positioning of the wells by reference to the "place name" of the site where they are located, which is de facto the most used geographic attribute in the archive, following an approach typically used for indirect geospatial referencing through gazetteer data (Hill et al., 1999). Yet another alternative may be the reference to cadastral sheet codes. While it is clear that these approaches to geocoding well data incorporate a degree of spatial uncertainty which may not be deemed suitable for a detailed mapping of these resources, the availability of a complete and validated place name coverage and/or a cadastral base map linked to the full well census archive could provide an extremely fast data integration strategy. The estimates and indications thus derived would surely be of interest to the modellers for an improved description of boundary conditions, and  could provide an interesting reference also for the water resource managers.

The work undertaken so far has allowed to perform an extensive quality assessment of the data, and to provide a first set of reports on the characterization of the area. From the point of view of data requirements for the simulation models, the current data sets will be used to setup a preliminary set of one-dimensional simulations. At the same time, additional data are gradually being added to the initial core and will further enrich the description of the site. Finally, it should be mentioned that the framework provided by the international cooperation project has also stimulated the development of tools to facilitate the comparison of the analyses performed by the different study groups, in the form of a web site enabling an integrated access to information dynamically provided by different members of the working groups.
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Figure 1. Location of the study area 
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Figure 2. Plot of the depth of the observation wells surveyed in 1999 (in m a.s.l.) versus year of drilling
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Figure 3. Map displaying distribution of electric conductivity in the 123 observation wells, sampled in July 1999 by the Dipartimento di Ingegneria del Territorio of the University of Cagliari on the basis of a contract with EAF.

 The colour coding of the wells is based on the maximum admissible values considered by the Italian law for electric conductivity for drinking water ((400 (S/cm) and by suggested guidelines for irrigation water ((400 (S/cm and ( 2500 (S/cm).

Modeling and analysis of seawater intrusion in the coastal

aquifer of eastern Cap-Bon, Tunisia
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Abstract

A numerical model that treats density-dependent variably saturated flow and miscible salt transport is used to investigate the occurrence of seawater intrusion in the “Korba” aquifer of the eastern coast of Cap-Bon in northern Tunisia. We examine the interplay between pumping regimes and recharge scenarios and its effect on the saline water distribution. More localized simulations are used to examine, in vertical cross sections, the effects of well location and soil type and the role of the vadose zone in possible remediation actions. The exploratory simulations suggest interesting interactions between the unsaturated zone and the saltwater--freshwater interface with possible implications for groundwater exploitation from shallow unconfined coastal aquifers, involving in one case feedback between seawater intrusion and the high pressure head gradients around the pumping-induced drawdown cone and in another case threshold-like interface displacement for tight soils such as clays. The data processing steps undertaken in this GIS and modeling study are described in some detail, and a critical assessment is given of the data availability and of the requirements for successful monitoring and modeling of seawater intrusion risks in heavily exploited coastal aquifers such as those found in the semi-arid regions of the Mediterranean basin. It is shown how, with the aid of GIS, reasonably reliable information can be assembled from maps, surveys, and other sources of geospatial and hydrogeological data, an approach that is necessary in the many regions of the world with acute water resource problems but with limited means for undertaking systematic data acquisition and environmental monitoring actions. Nonetheless the need for more concerted monitoring of relevant parameters and processes and of closer coordination between monitoring and modeling is stressed. An idea of the extent of over-exploitation of the Korba aquifer is obtained by examining the pumping and rainfall/infiltration data, and the simulation results support groundwater pumping as the mechanism for and seawater intrusion as the origin of the salt contamination observed in the soils and subsurface waters of the Korba plain. 

Allegato H / Appendix H

Programma della conferenza SWICA

Allegato I / Appendix I

Descrizione della proposta UE INCO-MED “Sustainable water management in Mediterranean coastal aquifers: Recharge assessment and modeling issues (SWIMED)”
European Commission Fifth Framework Programme

INCO-MED proposal (International Cooperation between Mediterranean countries)

SUSTAINABLE WATER MANAGEMENT IN MEDITERRANEAN COASTAL AQUIFERS : Recharge Assessment and Modelling Issues 

(SWIMED)

Partners

University of Granada (Spain), University of Barcelona (Spain), CRS4 (Italy), EAF (Italy), IMFT-Toulouse (France), University of Neuchatel (Switzerland), Ecole Mohammadia d’Ingénieurs (Morocco), University of Gaza (Palestine), Institut National Agronomique de Tunisie (Tunisia)
Objectives

The Maghreb and most Mediterranean countries are characterised by water shortage (semi-arid to arid climates) on one hand and by rapid agricultural and industrial development on the other, especially in coastal areas which are often densely populated and where water demand is seasonally highly variable as a result of tourist activities during the summer. Good quality water is generally scarce due to the fact that surface water may be highly polluted and groundwater in coastal aquifers is intensively exploited making it very vulnerable to seawater intrusion. In some coastal Mediterranean areas, land has been abandoned due to salt groundwater abstraction and soil salinization. This is observed in the Middle East and in the Maghreb as well as in southern European Mediterranean countries. In these arid areas, reuse of treated wastewater for irrigation activities and for artificial recharge into coastal aquifers may provide solutions to water resources management (quantity and quality). In this way, two environmental problems may be simultaneously solved: storage of groundwater in coastal aquifers as a strategy for seawater intrusion control on the one hand and alleviation of water scarcity and sewage pollution on the other. Such an integrated approach will enable sustainable water management in coastal areas. However, the conditions under which artificial recharge is to be carried out in coastal aquifers for saltwater intrusion control have to be well-studied and have to be well-adapted to a given site in order to allow an efficient impact on the groundwater system and to guarantee sustainable water management. Hence, it is necessary to find the optimal conditions for artificial recharge and aquifer water management. 

Scarce water resources in the Mediterranean coastal areas require utmost protection and careful water quality management, with attention to the following components:

· Data collection and organisation including geographic location, aquifer data, pumping rates, etc

· Efficient and accurate simulation codes of the movement of the saltwater front

· Interpretation and visualisation of results for various scenarios

· Optimisation of the monitoring network

· Optimisation for rational exploitation of the aquifer

· Parameter identification due to incomplete or lack of basic data

· Scenario analysis and simulations.

This proposal is an attempt to assess all the technical and scientific requirements within an integrated saltwater intrusion management and monitoring framework, comprising data collection and organisation, monitoring, mathematical modelling, simulation and associated computer tools, and optimisation of artificial recharge and aquifer exploitation conditions under seawater intrusion constraints. The general objectives of this project are:

1. Development of an integrated approach coupling simulation models to GIS, including optimisation aspects, for studying the effects and implications of artificial recharge and seawater intrusion on sustainable water resources management practices in coastal groundwater systems

2. Assessment of the optimal conditions for artificial recharge and aquifer management under seawater intrusion stress, with application to selected sites in some coastal Mediterranean areas

3. Research capacity building and strengthening scientific and technological co-operation of the partner institutions in northern and southern Mediterranean countries. 
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Proposta Accordo Bilaterale Italia-Tunisia “Méthodologies informatiques avancées pour l'aide à la gestion durable des nappes cotières”
� EMBED Excel.Sheet.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���











PAGE  

[image: image10.jpg]


[image: image11.wmf][image: image12.wmf]N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

M

U

R

A

V

E

R

A

S

A

N

 

V

I

T

O

V

I

L

L

A

P

U

T

Z

U

U

r

b

a

n

 

a

r

e

a

s

E

l

e

c

t

r

i

c

 

c

o

n

d

u

c

t

i

v

i

t

y

 

(

n

e

a

r

-

s

u

r

f

a

c

e

 

w

e

l

l

s

)

N

0

 

-

 

4

0

0

N

4

0

0

 

-

 

2

5

0

0

N

>

 

2

5

0

0

E

l

e

c

t

r

i

c

 

c

o

n

d

u

c

t

i

v

i

t

y

 

(

d

e

e

p

 

w

e

l

l

s

)

Ñ

0

 

-

 

4

0

0

Ñ

4

0

0

 

-

 

2

5

0

0

Ñ

>

 

2

5

0

0

R

i

v

e

r

 

n

e

t

w

o

r

k

 

(

d

e

r

i

v

e

d

)

1

0

1

2

K

i

l

o

m

e

t

e

r

s

[image: image13.wmf]-100

-80

-60

-40

-20

0

20

40

1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

[image: image14.wmf] 

#

 

#

 

#

 

_1038210069.xls
Quota_fondo_anno

		1958

		-0.32

		-1.39

		-0.56

		-0.83

		-0.31

		-0.43

		-1.23

		-2.03

		-1.48

		1963

		0

		1970

		1.09

		1950

		1960

		1970

		1920

		1960

		1970

		1.2

		-3.09

		0.13

		3.8

		2.22

		1970

		1945

		1960

		1.42

		2.6

		1960

		1978

		3.15

		1960

		3.9

		1970

		3.1

		4.5

		3.5

		9.4

		1900

		0.94

		6.05

		1960

		1960

		1.6

		-0.6

		1955

		-0.05

		1980

		1925

		0.15

		-0.15

		0.6

		0.5

		0.5

		0.65

		1985

		-0.27

		-2.12

		1970

		1989

		-1.5

		9.05

		1960

		8.5

		1974

		1982

		-0.04

		-3.58

		1979

		1970

		1990

		-3.64

		1990

		1990

		1985

		1985

		1994

		1989

		1989

		1994

		1980

		1980

		1989

		1992

		-19.6

		-14.2

		-13.25

		-19.9

		1987

		1973

		1953

		-0.88

		-1.13

		1963

		1973

		1956

		1958

		-1.97

		-0.74

		1970

		-39.12

		1977

		1975

		-13.5

		1979

		-6.5

		1989

		1980

		1985

		-33.9

		-24.67

		1995

		1995

		-31.5

		-14.46

		1970

		1994

		1994

		1989

		-3.13



ANNO_COSTRUZ

-2.12

-1.48

2.94

-0.48

0

3.21

2.82

4.3

-1.06

3.53

2.5

4.48

0.97

27.2

4.2

-0.1

2.62

2.31

-0.09

0.5

0.2

0.35

1.4

-1.2

-0.85

0.8

14.3

-0.26

-1.09

-0.84

1.43

-2.31

0.22

-3.8

-85

-11.5

-20

-7.7

-4.4

1.1

0.5

-4.4

-42

-15.2

-1.04

-1.55

-1.05

-0.56

-5.09

-1.85

-1.64

-23.88

-18.43

-6.2

-15.2

-66

-30.14

-24.89

-24.24

-29.98

-14.58

-18

-20



Query1

		QUOTA_FONDO		ANNO_COSTRUZ		PROFOND

		-2.12		1958		3.81

		-0.32				3.88

		-1.39				3.84

		-0.56				2.57

		-0.83				3.56

		-0.31				2.64

		-0.43				2.81

		-1.23				3.25

		-2.03				5.2

		-1.48				4.55

		-1.48		1963		3.6

		0				2.06

		2.94		1970		8.56

		1.09				3.91

		-0.48		1950		5.08

		0		1960		5.3

		3.21		1970		4.79

		2.82		1920		4.18

		4.3		1960		3.7

		-1.06		1970		3.06

		1.2				0.8

		-3.09				5.09

		0.13				1.87

		3.8				7

		2.22				9.78

		3.53		1970		7.47

		2.5		1945		8

		4.48		1960		6.52

		1.42				8.28

		2.6				7.4

		0.97		1960		7.83

		27.2		1978		8.8

		3.15				5.75

		4.2		1960		5.3

		3.9				5.6

		-0.1		1970		6.1

		3.1				5.8

		4.5				5

		3.5				6.1

		9.4				4.6

		2.62		1900		8.98

		0.94				6.06

		6.05				5.95

		2.31		1960		7.69

		-0.09		1960		5.09

		1.6				2.4

		-0.6				5.6

		0.5		1955		2.7

		-0.05				2.75

		0.2		1980		3.3

		0.35		1925		4.15

		0.15				4.35

		-0.15				4.85

		0.6				4.4

		0.5				5.3

		0.5				5.5

		0.65				4.75

		1.4		1985		4

		-0.27				4.77

		-2.12				6.12

		-1.2		1970		4.3

		-0.85		1989		5.85

		-1.5				8.5

		9.05				5.95

		0.8		1960		7.2

		8.5				15.5

		14.3		1974		5.7

		-0.26		1982		4.86

		-0.04				3.44

		-3.58				6.08

		-1.09		1979		5.09

		-0.84		1970		4.84

		1.43		1990		9.57

		-3.64				14.44

		-2.31		1990		13.31

		0.22		1990		10.78

		-3.8		1985		15.8

		-85		1985		120

		-11.5		1994		21.5

		-20		1989		50

		-7.7		1989		13.7

		-4.4		1994		12.3

		1.1		1980		21.9

		0.5		1980		13.5

		-4.4		1989		14.4

		-42		1992		60

		-19.6				28.6

		-14.2				24.2

		-13.25				16.05

		-19.9				21.9

		-15.2		1987		22.2

		-1.04		1973		3.12

		-1.55		1953		3.43

		-0.88				1.98

		-1.13				3.06		1695

		-1.05		1963		3.66

		-0.56		1973		2.58

		-5.09		1956		7.1

		-1.85		1958		3.23

		-1.97				4.74

		-0.74				3.5

		-1.64		1970		5

		-39.12				60

		-23.88		1977		32.88

		-18.43		1975		22.63

		-13.5				15.7

		-6.2		1979		15.7

		-6.5				14.5

		-15.2		1989		34.2

		-66		1980		80

		-30.14		1985		34.74

		-33.9				37.9

		-24.67				26.75

		-24.89		1995		27

		-24.24		1995		26.75

		-31.5				33.7

		-14.46				19.76

		-29.98		1970		33.4

		-14.58		1994		17.6

		-18		1994		23

		-20		1989		28

		-3.13				5.19



&A

Page &P



Query1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



PROFOND

PROFONDITA' DEL POZZO DAL PIANO DI CAMPAGNA (m)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1065258631.doc


#







#







#












_1038067571.doc
[image: image1.png]2000

T
23000

T
4000

5000

cll

100
080
070
00
050
040
030
020
010
020








