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		Abstract

		A simple method to delineate the recharge areas of a series of springs draining a fractured aquifer is presented. Instead of solving the flow and transport equations, the delineation is reformulated as a mass balance problem assigning arable land in proportion to the pesticide mass discharged annually in a spring at minimum total transport cost. The approach was applied to the Luxembourg Sandstone, a fractured-rock aquifer supplying half of the drinking water for Luxembourg, using the herbicide atrazine. Predictions of the recharge areas were most robust in situations of strong competition by neighbouring springs while the catchment boundaries for isolated springs were extremely sensitive to the parameter controlling flow direction. Validation using a different pesticide showed the best agreement with the simplest model used, whereas using historical crop-rotation data and spatially distributed soil-leaching data did not improve predictions. The whole approach presents the advantage of integrating objectively information on land use and pesticide concentration in spring water into the delineation of groundwater recharge zones in a fractured-rock aquifer. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Spring Protection Zones, Atrazine, Luxembourg, Fractured Rock, Groundwater Pollution

	
	

	
    

    
	

	
	
		JEL Classification: Q5, Q53

	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Farlin,  Julien and Drouet,  Laurent and Gallé,  Tom and Pittois,  Denis and Bayerle,  Michael and Braun,  Christian and Maloszewski,  P. and Vanderborght,  J. and Elsner,  Martin and Kies,  Antoine, Delineating Spring Recharge Areas in a Fractured Sandstone Aquifer (Luxembourg) Based on Pesticide Mass Balance (September 12, 2014). FEEM Working Paper No. 76.2014,  Available at SSRN: https://ssrn.com/abstract=2495308 or http://dx.doi.org/10.2139/ssrn.2495308 
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Julien Farlin (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Luxembourg Institute of Science and Technology (LIST)  ( email )

			

			
			
				
				
				
					29, avenue John F.Kennedy
Luxembourg, L-1855
Luxembourg

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Laurent Drouet

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Fondazione Eni Enrico Mattei (FEEM)  ( email )

			

			
			
				
				
				
					C.so Magenta 63
Milano, 20123
Italy

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tom Gallé

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Luxembourg Institute of Science and Technology (LIST)  ( email )

			

			
			
				
				
				
					29, avenue John F.Kennedy
Luxembourg, L-1855
Luxembourg

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Denis Pittois

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Luxembourg Institute of Science and Technology (LIST)  ( email )

			

			
			
				
				
				
					29, avenue John F.Kennedy
Luxembourg, L-1855
Luxembourg

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Michael Bayerle

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Luxembourg Institute of Science and Technology (LIST)  ( email )

			

			
			
				
				
				
					29, avenue John F.Kennedy
Luxembourg, L-1855
Luxembourg

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Christian Braun 

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Luxembourg Institute of Science and Technology (LIST)  ( email )

			

			
			
				
				
				
					29, avenue John F.Kennedy
Luxembourg, L-1855
Luxembourg

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						P.  Maloszewski

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				German Research Center for Environmental Health - Helmholtz Center Munich  ( email )

			

			
			
				
				
				
					Institute for Bioinformatics and Systems Biology
Ingolstaedter Landstrasse 1
Neuherberg, 85764
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						J.   Vanderborght

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				German Research Center for Environmental Health - Helmholtz Center Munich  ( email )

			

			
			
				
				
				
					Institute for Bioinformatics and Systems Biology
Ingolstaedter Landstrasse 1
Neuherberg, 85764
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Martin Elsner

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Helmholtz Zentrum, Institute for Groundwater Ecology  ( email )

			

			
			
				
				
				
					Munich, DE
Germany

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Antoine Kies 

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Universite du Luxembourg  ( email )

			

			
			
				
				
				
					L-1511 Luxembourg
Luxembourg

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research you’d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       51

			

		
		
		
			Abstract Views

			      913

		

		
		 
		
			Rank

			  690,830

		

		
	


	

	
		
			
				       35 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					

    
        
            Related eJournals

        	
                    FEEM Working Paper Series

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                FEEM Working Paper Series

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            8,220

                                    

                                    
                                        PAPERS

                                            2,318

                                    

                                

                                
                            

                        

                    

                
	
                    European Economics: Agriculture, Natural Resources & Environmental Studies eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                European Economics: Agriculture, Natural Resources & Environmental Studies eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,060

                                    

                                    
                                        PAPERS

                                            4,531

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Marco Da Rin at Tilburg University, Department of Finance, Francesco Giavazzi at University of Bocconi - Innocenzo Gasparini Institute for Economic Research (IGIER)National Bureau of Economic Research (NBER)

                                    

                                
                            

                        

                    

                


            

            
                
                

                	
                    Built Environment eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Built Environment eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              979

                                    

                                    
                                        PAPERS

                                           13,710

                                    

                                

                                
                            

                        

                    

                
	
                    Food Industry eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Food Industry eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              619

                                    

                                    
                                        PAPERS

                                            7,990

                                    

                                

                                
                            

                        

                    

                
	
                    Water Sustainability eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Water Sustainability eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              611

                                    

                                    
                                        PAPERS

                                            6,664

                                    

                                

                                
                            

                        

                    

                
	
                    Pollution eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Pollution eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              545

                                    

                                    
                                        PAPERS

                                            6,277

                                    

                                

                                
                            

                        

                    

                
	
                    Political Economy - Development: Public Service Delivery eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Political Economy - Development: Public Service Delivery eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               58

                                    

                                    
                                        PAPERS

                                           25,348

                                    

                                

                                
                            

                        

                    

                
	
                    Applied & Engineering Geology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Applied & Engineering Geology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               41

                                    

                                    
                                        PAPERS

                                            2,649

                                    

                                

                                
                            

                        

                    

                
	
                    Hydrology & Ocean Sciences eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Hydrology & Ocean Sciences eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               37

                                    

                                    
                                        PAPERS

                                            2,305

                                    

                                

                                
                            

                        

                    

                
	
                    Agricultural Food Science & Food Groups eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Agricultural Food Science & Food Groups eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               30

                                    

                                    
                                        PAPERS

                                            8,597

                                    

                                

                                
                            

                        

                    

                
	
                    Physical Geography & Biogeography eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Physical Geography & Biogeography eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               30

                                    

                                    
                                        PAPERS

                                            2,492

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		














	
		
			
				
                    

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit a Paper
                    
                        
                    
                
            

        
    
        
    
					Section 508 Text Only Pages
				

			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.140 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		

		
		
		
		
		
		
		
		
		
		
	
