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-Selected Spanish MAR sites have been 
studied, tracking some indicators´ evolution… 
to check whether or not MAR is a key element
for human wellbeing, socio-economic 
development, …, food safety and public health

-The next selected areas have included MAR in 
their IWRM schemes to increase their 
resilience & to improve their governance.

Introduction

-Socio-economic success is dependent on 
water availability, water preservation and MAR 
(to a certain extent)



Climates in Spain

https://www.aemet.es/documentos/es/conocermas/recursos_en_linea/publicaciones_y_est
udios/publicaciones/Atlas-climatologico/Atlas.pdf

ATLANTIC

CONTINENTAL

TROPICAL

Mediterranean: 
Palmer Index (2100):
-4 (extreme drought)



IWRM in Spain

Spain is the 5th country all over the

World in daming (IUCN, 2010).

Damed volume over 53.000 hm3 (2015).

Groundwater consumption is about 6.000 

hm3/year. 80 % for irrigation.

Water comsumption in Spain: 
>28.000 MMC/year

Volume of wastewater treated: 
4.450 hm3/year (2008).

4th country in desalinated water production: from 
0.01 to 0.25 hm3/day.
765 operative desalination plants > 550 hm3/year

MAR in Spain: 
50-60 (1994, LBAS)
350 (2000, LBAE)
380 (2008, DINA-MAR)(hm3 /year)

Including (un)Intentional MAR: 
about 800 hm3/year

POTENTIAL GROUNDWATER RESOURCES 

ABOUT 111.000 hm3/year

Organizational units



MAR devices in Spain

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

https://dinamar.tragsa.es/post/documentacion-tecnicanoticias

32 MAR sites (2011)
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1- Water security in urban cities. CYII, Madrid

2- Water security related to water quality evolution and measures for 
preservation (Valladolid)

3- MAR is used to decrease the flood´s devastation effect on crops and 
food production (Valencia)

4- MAR to reduce the disturbing presence of water in agricultural areas 
with drainage problems affecting food production (Salamanca).

1
24
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-MAR guarantees environmental water security
-MAR is a climate change adaptation measure
-MAR in an irrigation area > contributes to food safety 

MAR as an IWRM component:

MAR (Intentional)



Deep MAR by boreholes. CYII. Madrid

• 5 well fields
• Only for emergency situations
• Deep boreholes (until 650 m)
• Dual systems
• Advanced sensors
• Specific designs

1- MAR to increase water supply guarantee. Madrid
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A- Urban supply water security



Medio receptor. Madrid sedimentary basin

• Tertiary aquitard
• Injection (high energy consumption)
• Permanent watching

Guarantee excedes 95% during drought periods

1- MAR to increase water supply guarantee. Madrid
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Título de la diapositiva, letra Calibri 20

Alcazarén

Pedrajas

Íscar

Villaverde

Olmedo

Aquifer area: 23 x 2.5 km2

PROBLEM: Intensive GW exploitation. 
GW table declined 15 m in 30 years

SOLUTION: 2012 NEW (SAT-)MAR experience to guarantee
the aquifer sustainability, irrigation and agroindustry

Acuífero

colgado

ÁREA DE EXPLOTACIÓN

Extracciones subterráneas muy bajas

FLUJO SUBTSE - Noroeste

Manantial de descarga

Manantial de descarga

2-Water quality variations depending on the wise mixture of different origin 
water resources, with stakeholders´ intervention (Co-MAR)

Alcazarén-Pedrajas SAT-MAR  (Los Arenales) Valladolid
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Título de la diapositiva, letra Calibri 20

Canal 1

H. A. 1

Canal 3
Canal 2

HYDROGEOLOGICAL SCHEME 

N.B.S.

POZOS

RECUPERACIÓN
x
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Alcazarén-Pedrajas SAT-MAR  (Los Arenales)



Título de la diapositiva, letra Calibri 20

Alcazarén

Pedrajas

Íscar

Villaverde

Olmedo

Novelty:  Three different water sources for MAR

PIRÓN RIVER PEDRAJAS VILLAGE RUNOFF 
ROOF-TOP WATER > 

> MAR CHANNEL

ADVANCED SECONDARY WWTP

- Operativity independent from surpluses and allowances

- “Dilution as a solution to pollution”

- Post-treatment actions (interactive filters)

- Nature Based Solutions (aquifer as purification element)

- Natural, passive and economic actions

- Reuse of water with security (circular economy)

- TOC increase > disinfection actions

- Long term applicable technologies.

Water sources diversification
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(UTM 685744/4391256) 
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- MAR flow rate during a flood (>100 l /s) 
- Flood peak reduction 
- Devastation reduction  (divide et impera)

3- MAR to decrease the flood´s devastation effect on crops 

and food production, Lliria (Valencia)

INDICATOR: Amount of water detracted from a flood and 
rapidly converted into groundwater (~ 0.05 MCM/event)

3
Deep MAR borehole from an irrigation pond (flood MAR and water security)
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Leyenda

Geological context

MAR to decrease the flood´s devastation effect on crops and food production 

(Valencia)
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-Natural situation and MAR as a complementary technology for aquifer storage using a 
fraction of "nuisance" surface water
-Food production is resulting increased 
-Nitrates impact

Arabayona, Salamanca, Spain
4- MAR to reduce the disturbing presence of water in agricultural areas 

with drainage problems affecting food production
4

Indicator: balance surface water-GW storage
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Superficial water level

Food production is resulting increased 
Arabayona, Salamanca, Spain

"nuisance" surface water



https://dinamar.tragsa.es/file.axd?file=/PDFS/P-ISMAR-11.pdf

Location: https://www.google.es/maps/@41.0291389,-5.3322165,6573m/data=!3m1!1e3

MAR in the neighbor “aquifer”

https://dinamar.tragsa.es/file.axd?file=/PDFS/P-ISMAR-11.pdf


Integración de los distintos componentes del concepto MIR o
Monitoring Intentional Recharge.

1. WATER SOURCES

2. (HYDRO)GEOLOGICAL AND

ENVIRONMENTAL CONDITIONS

3. MAR TECHNOLOGY

4. SENSORIC FOR MAR

5. MONITORING 

GUIDELINES

6. END USE

7. ANALYTICAL ASPECTS

8. RISK ASSESSMENT

Integration of the different components of the MIR or Monitoring & 
Intentional Recharge concept



https://www.mdpi.com/2073-4441/14/21/3405
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MIR CONCEPT. GENERAL APPROACH

WS + MIR integration ∑∑





In general, the application of MAR technique in the selected  IWRM schemes are:

1- Water supply security over 95%

2- The reuse of water is key for food production (MAR & NBS are improving water 
quality in, at least, 17 parameters and GW availability)

3- The amount of water detracted from floods is about 0.05 MMC in each event

4- Drainage areas with MAR present high nitrates concentration but food production 
is increased.

5- Water security requires guidelines which redaction might be based on the “MIR” 
concept

Results



Conclusions
1. MAR in IWRM schemes should prioritize urban water supply as main water security

objective

2. Intermittent MAR systems cannot guarantee a permanent application of MAR, 
therefore water security has a higher degree of uncertainty

3. SAT-MAR cases (24-7 MAR) increase water security, but water quality evolution must 
be permanently monitored 
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4. Water security very often depends on (or is jeopardized by) economic interests

5. Regulation barriers and conflicts of interest hamper MAR

6. Multi-level governance, bottom-up DSSs, Co-Managed Aquifer Recharge (Co-MAR), 

People Public Private Partnerships (PPPP) and Monitoring Intentional Recharge (MIR) are 
improving IWRM, water security, food safety and public health.



IAH-MAR Managing Aquifer Recharge Commission

https://recharge.iah.org/

Technical Forum

Sinergies
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