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Clasification

 The one by Ian Gale & Peter Dillon (2005) describes a total of 15
devices for MAR grouped in 5 classes:
– Distribution methods

– Modifications inside canals

– Recharge by wells, tunnels, boreholes

– Induced bank filtration

– Rainwater harvesting

 This proposal was increased by
DINA-MAR with 9 new davices
(2010) and MARSOL including one
more (2014) resulting a
classification of 25 devices in six
systems
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 Permeable geological formations

 Big terrain surface

1. Dispersion systems

DISPERSIÓN

 Recharge water infiltrates into the aquifer by
gravity

 General improvement of the water quality

– Filtered across the Unsaturated Zone

– Filtered across the aquifer
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 Infiltration canals

 Infiltration ponds

1. Dispersion systems



BALSA DE INFILTRACIÓN

CARRACILLO 

(GOMEZSERRACÍN)

LOS ARENALES, SPAIN

BALSA DE INFILTRACIÓN

SANTIUSTE (SEGOVIA)



BALSA DE INFILTRACIÓN

ATLANTIS (S.A.)



CANAL DE INFILTRACIÓN 

SANTIUSTE  (SEGOVIA)

CANAL DE INFILTRACIÓN
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(NARROS DE CUÉLLAR)

INFILTRATION DITCHES

HIDANGO (CHILE.2005) 



SAT  (Soil and aquifer Treatment Techniques)

1. Dispersion systems

FURROWS AT THE BOTTOM OF AN 
INFILTRATION POND 

(CALIFORNIA, USA)



Infiltration fields

INFILTRATION FIELD 

OMDEL RIVER (NAMIBIA)

CONTROLLED FLOODING 
SCHEMES

1. Dispersion systems



Accidental recharge by irrigation returns

VEGA DEL GUADIANA 
RICE CROP FIELD

E.g. Stimation for the water volume 
employed to irrigate rice…

(Fuente: Instituto Internacional de Gestión  del Agua , 2002)

 ± 60%             plant

 40%              groundwater

1. Dispersion systems



2. In-channel modification systems
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Dyke typologies



PERMEABLE DYKES AND 
SAND DAMS

BARRANCO DE LAS OVEJAS 

(ALICANTE)

BARRANCO PAJCHA

(BOLIVIA)



PERFORATED DYKE 

SANTA CRUZ DE LA ZARZA (TOLEDO)

RETENTION DYKE

(ALICANTE)



(Source: Smart Water Harvesting Solutions.)

SUBSURFACE DYKE 

KITUI (KENYA)

SUBSURFACE DYKE SCHEME
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2. In-channel modification systems

California, USA



RIVERBED SCARIFICATION

LLOBREGAT RIVER

(BARCELONA, SPAIN)



LEVEES, SANTA ANA RIVER, CALIFORNIA (USA)



3. Wells, shafts and boreholes recharge
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DOLINES & COLAPSeS

 Scarce terrain availability

 Low transmisivity aquifers

 Alternation of permeable and impermeable levels

 Outcrops of low permeability superficial layers

½ RECHARGE WATER QUALITY IMPROVEMENT

ZNS



3. Wells, shafts and boreholes recharge. Qanats & 
dolines

 Qanats (underground galleries)

 Dolines, colapses…

QANAT, CARBONERO EL MAYOR

(SEGOVIA)DOLINE FOR MAR 

(ALICANTE)



3. Wells, shafts and boreholes recharge. Wells

 Infiltration opened wells

 Deep wells



INFILTRATION OPENED WELLS

ARIZONA (USA)

DEEP WELL  

(THE NETHERLANDS)



WATER ES INJECTED INTO THE AQUIFER BY INVERSE PUMPING 
OR OTHER ACTIVE TECHNIQUES

3. Wells, shafts and boreholes recharge. Boreholes, ASR & ASTR

 Injection boreholes

Injected water flows according to hydraulic gradient

 ASR (Aquifer Storage Recovery). Water es injected and recovered
in a borehole alone

 ASTR (Aquifer Storage Transfer and Recovery). Water es injected
in a well different of the one where es recovered later, which es 
usually several kms away.



CORNELLÁ (BARCELONA)ALICANTE

INJECTION BOREHOLE 
SCHEME



ASR

Aquifer Storage & Recovery

ASTR 

Aquifer Storage Transfer and Recovery

(with transport)



ADELAIDE (AUSTRALIA)

ARIZONA (USA)

ASR EXAMPLES 

MADRID, SPAIN
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4. Filtration systems

Devices based on the increase of the soil
infiltration rate

 Combat seawater intrusion

 Improve the water quality in coastal aquifers

 Creation of wetlands, deep wet areas and artificial water
tables (phreatic level)



FILTRATION WELL DRILLED IN THE 
RIVER PATHWAY (ALLUVIAL). ERITREA

INDUCED INFILTRATION IN THE 
DANUBIO RIVER BANK 

(BUDAPEST)

RBF schemes

(River Bank Filtration)



INTERDUNE INFILTRATION 
SYSTEM

AMSTERDAM

(THE NETHERLANDS)



5. Rainwater harvesting systems

AR Sistem
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 Erosion control method

 Floods control method

 Total Suspended Solids es reduced
along the pathway to the network

+

RAINWATER IN SEMIARID ZONES

15-30% PLANTS 30-50% EVAPORATION 

10-25% RUNOFF 10-20% GROUNDWATER

(Source: van Leeuwen & Beernaerts, 2002).
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6. SUSTAINABLE URBAN DRAINAGE SYSTEMS (SUDS)

 Unintended recharge from
conductions, piping, sewer leakage… 

 SUSTAINABLE URBAN DRAINAGE 
SYSTEMS (SUDS)
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https://dinamar.tragsa.es/pdf/GIAE%20English.pdf



PARQUE GOMEZNARRO 

(MADRID)

PERMEABLE PARKING

(GIJÓN)

PERMEABLE PAVING AND 
SUDS CELLS

(MADRID)

https://dinamar.tragsa.es/pdf/GIAE%20English.pdf

https://dinamar.tragsa.es/pdf/GIAE English.pdf


GREEN ROOF EXAMPLES



https://www.mdpi.com/2073-4441/14/21/3405#

https://www.mdpi.com/2073-4441/14/21/3405


https://dinamar.tragsa.es/pdf/dina-mar-2007-2011-libro.pdf

https://dinamar.tragsa.es/pdf/dina-mar-2007-2011-libro.pdf


Conclusions

 There is a large number of artificial recharge devices 
adaptable to very different environments and 
situations

 MAR has become a first row water management 
technology used worldwide

 We must be ready for climate change combat

https://www.mdpi.com/207

3-4441/14/21/3405

(2022)

https://dinamar.tragsa.es/file.axd?file=/PDFS/marsol_d13-1_technical-solutions_01062015.pdf

https://dinamar.tragsa.es/file.axd?file=/PDFS/marsol_d13-3_mar-design-criteria.pdf

https://www.mdpi.com/2073-4441/14/21/3405
https://dinamar.tragsa.es/file.axd?file=/PDFS/marsol_d13-1_technical-solutions_01062015.pdf
https://dinamar.tragsa.es/file.axd?file=/PDFS/marsol_d13-3_mar-design-criteria.pdf

