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Introduction 
 Managed Aquifer Recharge (MAR) is a promising set of techniques to improve IWRM and 

cope a variety of water management-related issues.  

 Regarding groundwater quality, one of the gaps for MAR implementation is the lack of clear 

regulations addressing MAR in many countries. 

 Early-MAR countries usually adopt the WHO guidelines when developing new MAR 

activities. 

 In this presentation some consideration about the binomial GW quality-MAR is addressed 

within the context of the SAT-MAR project EARSAC, considering also IT aspects and the 

MAR legal framework. 

2 MAR in an irrigation crop-land 

INTENTIONAL 



MAR regulations. Analyses and comparisons 

18 countries which have or are developing 

legislation on MAR water quality, either at the 

regional or national level 
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Number of parameters per legislation with 

water quality standards analysed 

Maximum allowable Concentrations or MACs 

MAR water quality. International background 

5/18 countries have specific SAT-MAR regulations 

The total number of parameters included in the ten reported water quality standards is 255 



 The main target is the setting and study of an INTEGRATED SYSTEM combining 
crops, soils and aquifers irrigated with water from different systems, specially 
reclaimed water 

EARSAC project´s objectives and lines of action 

1. Effects on plants physiology, production and quality (irrigated 

with reclaimed water) 

2. Effect on the soil 

3. Groundwater characterization and study of the evolution for the 

groundwater-reclaimed water system 

4. Evolution of the water stored in irrigation dams Vs in the aquifer 

5. Water quality variations during disinfection and filtration actions 

and evolution, etc. 
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 136.000 elements grid  

      (including hydraulic parameters) 

-Van Genuchten empirical model (COMSOL  APP) (Van Genuchten, 1980).  

-Richards equation (retention curves relating water content and 

hydraulic properties 

Methodology 
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Using super-computing centers to study  

water quality evolution 
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Saving time in calculations… and money 



Boundary 

conditions for GW 

flow simulation 

3D isolines and 2D 

profile + results in 

steady-state regime. 

 

Superficial aquifer (60-

100 m interval) and 

deep aquifer (55-10 m 

interval) 

Characterization and GW quantity results 
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Chlorides spatial distribution 

2 years 5 years 

Organic content (TOC) 

evolution and distribution 

 GW quality results 
Chlorides and DOC evolution for two time horizons 
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Nitrates evolution 

Nitrates evolution in 

different water points for 

2-5 year simulation 

period. 

 

 

 

 

Measured data and 

simulated results´s 

congruency 

/convergence 

2 years 5 years 



Sulphates evolution 

5 years 

Sulphates concentration´s evolution in 

different water points for 5 year 

simulation period. 
  

 -Points: direct measures 

 -Continuous line: simulation 
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EVERY multi-barrier and multi-level approach should be “aquifer-wide”  and consider: 

Hydrogeochemical criteria 

water sources (e.g. river, rainwater…) 

MAR technologies (basin, flooding, wells, boreholes, 

combinations…) 

The final use (irrigation, drinking water…)  

and its feasibility in economic and politic terms 

Concrete monitoring guidelines, considering the cost of 

the analyses, the sampling frequency & the exact point/s 

for each aliquot. 

Conclusions and recommendations 
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25 MAR technologies:  
https://www.ismar10.net/wp-content/uploads/2020/09/D1-05-02-

inventario-25-EN.pdf 
https://www.ismar10.net/wp-content/uploads/2020/09/D1-07-conditioning-factors_EN.pdf 

IT aspects and super-computing systems are an asset 

for SAT-MAR, considering the vast amount of emerging 

compounds interacting with synergistic effects 

https://www.ismar10.net/wp-content/uploads/2020/09/D1-05-02-inventario-25-EN.pdf
https://www.ismar10.net/wp-content/uploads/2020/09/D1-05-02-inventario-25-EN.pdf


To broaden this info: 

https://www.acquesotterranee.net/index.

php/acque/article/view/462 
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Modeling and supercomputing centers are 

improving decision making basement for wiser 

MAR designs and regulations 

https://bit.ly/3gLaiTs 

https://www.acquesotterranee.net/index.php/acque/article/view/462


IAH-MAR or Managing Aquifer Recharge Commission 

https://recharge.iah.org/ 
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