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Introduction

-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

-Socio-economic success is dependent on

water availability, water preservation and MAR
(to a certain extent)

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

T

Adequate legal regimes,

WaterSecurity?

“The capacity of a population to safeguard sustainable access to adequate
quantities of acceptable quality water for sustaining livelihoods, human
well-being, and socio-economic development, for ensuring protection against
water-borne pollution and water-related disasters, and for preserving
ecosystems in a dimate of peace and political stability.”

Working definition, UN-Water, 2013
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Sovereign states discuss and
coordinate their actions to meet
the varied and sometimes

competing interests
for mutual benefit.

DRINKING WATER AND
HUMAN WELL-BEING

Populations have acoess to safe,
sufficient and affordable water to meet
basic naads for &inkin?, sanitation
and hygiene, to safeguard
health and well-being,
and to fulfill basic

institutions,
infrastructure
and capacity
are in place.
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The negative effects of conflicts are

avoided, including reduced water quality

andfar quantity, compromised water infrastructure,

human resources, related governance, and social or pelitical systems.

human rights.

ECOSYSTEMS

Ecosystems are preserved and can
deliver their services, on which
both nature and pecple rely,
including the provision
of freshwater.

Innovative sources of
financing complement funding by the
public sector, including investments

from the private sector and
micro-financing schemes.
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: : Water comsumption in Spain:
IWRM in Spain >28.000 MMClyear

Ca .abrlco Cantabrigo

Spain is the 5" country all over the
World in daming (IUCN, 2010).
Damed volume over 53.000 hm3 (2015).

India- 4 291
(%) Japiin - 2675
Estadas Unidos- 6575 (65%)

(14%)

" 0 P [N
o . o o3 ¥/ Organizational units
Groundwater consumption is about 6.000 P T RS
hms/year. 80 % for irrigation. POTENTIAL GROUNDWATER RESOURCES

ABOUT 111.000 hm3/year
Volume of wastewater treated:
4.450 hm3/year (2008).

4t country in desalinated water production: from

0.01 to 0.25 hm?3/day.
765 operative desalination plants > 550 hm3/year

~ 50-60 (1994, LBAS) pr ;
MAR in Spain: 350 (2000, LBAE) Including (un)Intentional MAR:

(hm3 /year) 380 (2008, DINA-MAR) about 800 hm3/year



MAR devices in Spain

32 MAR sites (2011)

LEYENDA

o 50 100 150 km

Pozos

8
'<>‘ Sondeo Profundo
\ 4

ASR
Dique retenciéon

Canales y zanjas

Acequias de careo

Escarificacién

==
CE——
W Balsas

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

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



Water security and MAR

Environmental .

Industrial
water security

AND CLIMATE
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Acuifero

(MAR as an IWRM component:
-MAR guarantees environmental water security
-MAR is a climate change adaptation measure

\-MAR in an irrigation area > contributes to food safety y

\

1- Water security in urban cities. CYIl, 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).




A- Urban supply water security

1- MAR to increase water supply guarantee. Madrid

Deep MAR by boreholes. CYIl. 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
Medio receptor. Madrid sedimentary basin
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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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Extracciones subterraneas muy bajas

FLUJO SUBTSE - Noroeste

(" PROBLEM: Intensive GW exploitation. )
GW table declined 15 min 30 years

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

Aquifer area: 23 x 2.5 km?



Alcazarén-Pedrajas SAT-MAR (Los Arenales)

j RECUPERAGION.

X
POZOS

HYDROGEOLOGICAL SCHEME




Water sources diversification

Novelty: Three different water sources for MAR

PIRON RIVER PEDRAJAS VILLAGE RUNOFF _

ROOF-TOP WATER >

> MAR CHANNEL

- 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

- Longterm applicable technologies.
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3- MAR to decrease the flood’s devastation effect on crops
and food production, Lliria (Valencia)

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

- MAR flow rate during a flood (>100 | /s)
- Flood peak reduction ¥ ol
- Devastation reduction (divide et impera) B LT
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INDICATOR: Amount of water detracted from a flood and
rapidly converted into groundwater (~ 0.05 MCM/event)




MAR to decrease the flood’s devastation effect on crops and food production
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Arabayona, Salamanca, Spain

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

HOLOCENO
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- =] 21 Arenas cuarciticas con limos y gravas. Fondo de valle.
20 Arenas, cantos y gravas. Conos de deyeccion.

19 _Arenas, limos y cantos. Coluviones.

CUATERNARIO

PLEISTOCENO

18 Qimos grises, arenas finas y materia orgénica. Fondos endorréicos.
16 [lrenas y limos con cantos y gravas. Aluvial - Coluvial
15 yfi7 Arenas iticas sueltas bien

Dunas parabdlicas y mantos eélicos.

INFERIOR

NEOGENO
MIOCENO

, gravas, limos y arcillas. Glacs.

3478 13 Arenas gruesas feldespaticas, con gravas de cuarzo y cuarcita.
(i 12 Fangos arcésicos y arcosas con predomino de tonos pardos.
11 Arcosas y fangos arcésicos gris verdosos y pardos

TERCIARIO

9 con niveles de arcosas gruesas.
~==1 10 Arcosas y fangos arcésicos gris verdosos con niveles
7 de gravas de cuarzo y cuarcita.

9 Gravas de cuarcita y lidita con matriz arcillo-arenosa roja.
8 Alteracién (rubefaccién y encostramiento) bajo la superficie de Guarefa.

PALEOGENO

EQCENO

— 5 Ingos grises minoritarios.
3

7 Conglomerados, gravas, areniscas y arenas de matriz roja.
6 Areniscas y conglomerados rojos.
5 nas amarilientas, con niveles de gravas de cuarzo y cuarcita.

fraction of "nuisance" surface water
-Food production is resulting increased
-Nitrates impact

2 4 Reniscasy y limos bl
bancos potentes.
3 ras ferruginosas.
2 Areniscas arcésicas, y limos bi:
en bancos mds delgados.

1 Areniscas de grano fino y limolitas de color rojo. Conglomerados minoritarios.

-Natural situation and MAR as a complementary technology for aquifer storage using a

Indicator: balance surface water-GW storage




Arabayona, Salamanca, Spain

Food production is resulting increased

Superficial water level

"nuisance" surface water




MAR in the neighbor “aquifer”

PDFS/P-ISMAR-11.pdf


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

Integration of the different components of the MIR or Monitoring &

Intentional Recharge concept

T es9

Standard Guidelines for
Managed Aquifer
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. WATER SOURCES
. (HYDRO)GEOLOGICAL AND

ENVIRONMENTAL CONDITIONS

. MAR TECHNOLOGY
. SENSORIC FOR MAR
. MONITORING

GUIDELINES

. END USE
. ANALYTICAL ASPECTS
. RISK ASSESSMENT

7- ANALYTICAL ISSUES

6- FINAL USE

MAR water source

Receiving medium

Implementation feasibility

2- (HYDRO)GEOLOGICAL AND
ENVIRONMENTAL CONDITIONS

3- MAR TECHNOLOGY

Monitoring Intentional Recharge

4- MAR SENSORS

5- MONITORING GUIDELINES
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MONITORING INTENTIONAL RECHARGE (MIR)
SOIL, AQUIFER AND WATER

ENVIRONMENTAL

CONDITIONS
Wet
Dry MAR
TECHNOLOGIES

Basins
Wells

CHANNEL

IS
IMPERMEABLE
SUBSTRATE

RISK
MONITORING ASSESSMENT
Design and construction
MAR Legal requirements Operation
SENSORS Guidelines
FINAL USE
Humidity
Capilar tension ANALYTICAL
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https://www.mdpi.com/2073-4441/14/21/3405




MIR CONCEPT. GENERAL APPROACH

Methodological approach and recommendations to achieve a "Monitored and Intentional Recharge” (MIR)

WATER SOURCES:

* River

Rainwater

Urban runoff

Waste Water Treatment
Plant

Wetland
Inter-dunar site
Desalination plant
Water supply excess
Irrigation return
Drainages

Others (...)

*Managed Aquifer Recharge (MAR)

*Sustainable Urban Drainage Systems (SUDS)

*River Bank Filtration (RBF)

ENVIRONMENTAL
CONDITIONS:
* Drysite
* Arid site
= Wet site
= Soil. Type and
thickness
= Vegetal coverage
= Detriticaquifer
= Karstaquifer
= Hard rocks “aquifer”
= Self-purification
capacity
-Unsaturated zone
-Saturated zone

MAR TECHNOLOGIES:

* Infiltration basins

* Canals

In-channel
modifications
Flooding

Dykes

Wells (injection/
percolation)
Boreholes

Drainages
Underground irrigation
Combinations
Leakages from
pipelines (anti-MAR)*
River Bank Filtration
(RBF)*

Urban drainage and
SUDs*

MAR TECHNOLOGY:

1. Water spreading
systems

2. Associated with
rivers and canals

3. Targeted recharge:
wells-boreholes
percolation-injection

4, Filtration and
infiltration

5. Runoff (SUDS)

6. Accidental recharge
(unmanaged)

MAR SENSORS:

Water level

Physical par .

FINAL USE:
* Irrigation
* Industrial water supply

soil/water

-Soil humidity
-Capilar
tension/water
potential
-Dielectric
permittivity
-Vapor pressure
-Conductivity
-Temperature
.pH

-ORP
Hydrochemical
parameters
-Salinity

-TOD
-TDS/turbidity
Flow rates
Infiltration rates
Meteo

* Urban water supply

* streetcleaning &
sweeping

* Strategicreservoirs (SR)

MAR SYSTEM

1. WATER SPREADING SYSTEMS

MONITORING GUIDELINES :

* Legal imperatives

* Preliminary guidelines

* Controls for prior

authorisation

* Exact point/s for monitoring:

1-Discharge point
-Unsaturated zone
-Saturated zone

2-On site MAR piezometers
3-Recovery point
4-Post-treatment in itinere
5-Post-treatment deposit
6-End-use point (tap)

* Sampling frequency

* Data gathering:
-Remote
-On site
-Real-time

* Energetic monitoring

MARSoIuT ==

Managed Aquifer Recharge ITN

2. ASSOCIATED WITH RIVERS AND CANALS: DETENTION-
INFILTRATION AND RETENTION-INFILTRATION
3. TARGETED RECHARGE: WELLS-BOREHOLES

PERCOLATION-INJECTION

4. FILTRATION AND INFILTRATION

5. RUNOFF (SUDS)

6. ACCIDENTAL RECHARGE (UNMANAGED)

\ZWS + MIR Integration

‘ ANALYTICAL ISSUES:

* Parametersto be analyzed
-Unsaturated zone
-Saturated zone

-Unstable parameters
-Stable parameters

* Emergent pollutants”

indicators

* Cost of the analyses

+ Stakeholders participation

RISK MANAGEMENT/ASSESSMENT
& WATER SECURITY:
* Designand construction
1-Non-technical constraints*
-Legal constraints
-Economic constraints
-Social unacceptance
-Governance
2-Technical constraints
-Source water availabilityand
right of access

What is
Water Security?

-Water scarcity
-Hydrogeological assessment
-Lack of infrastructures
* Operation

1-Non-technical constraints
*Idem

2-Technical constraints
-Structural damage
-Not enough water recharged
-Water scarcity
-Clogging
-Unacceptable quality of water
at sensitive location
-Specific targets (operator level)
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MONITORING GUIDELINES

1.- MAR source

2.- Pre-treatment

3.- Soil Aquifer Treatment (SAT)
4.- Direct extraction

5.- SAT (sampler)

6.- In itinere treatment

7.-In itinere treatment (end)
8.- Post-treatment

9.- Storage cell

10.- Final use (tap)
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Results

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
qguality 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

o — ——

Permt:;;b-illidad

Zonificacion del medio receptor por

3 Ensayos hidraulicos
Unidades homogéneas
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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

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.

2016.07."8



IAH-MAR Managing Aquifer Recharge Commission

|AH Commission on ETY®T) International

Association of

Managing Aquifer Recharge SEEF  Hydrogeologists

WELCOME ABOUT THE COMMISSION SYMPOSIA AND WORKSHOPS WORKING GROUPS COMMUNITIES COLLABORATIONS RESOURCES

Welcome CURRENT PROJECTS THAT YOU CAN
JOIN

* New working group: MAR in
Conferences. Coordinator:
Daniela Benedicto van Dalen

* New working group: Urban MAR.
Coordinator: Niels Hartog

+ LatinMAR Community of Practice
— a new initiative to advance
MAR in Latin America.
Coordinator: Adriana Palma

Attendees at ISMAR10, Madrid, May 2019 — the latest fnennial symposium of [AH-MAR, UNESCO and ASCE

«  MAR Suitability Mapping Working

. . . . o . . Group. Coordinator: Jose Bonilla
Welcome to the website of the International Association of Hydrogecologists Commission on Managing Aquifer

Recharge (|JAH-MAR). Here you can discover what our working groups are deing and contribute to their current + Contributions to a seF:ond
projects, you can download resources on MAR, connect with people, get information on symposia coming up, and monog_raph on clogging-
join our email list to stay informed of latest news. We also have sister sites in Spanish and Chinese. focussing on its management —

Clogging Werking Group.
Coordinator: Russell Martin

Managed Aquifer Recharge .

Groundwater Solutions Initiative
for Policy and Practice (GRIPP) —
a Collaborative International
Project, Coordinator: Karen

Managed aquifer recharge, also called groundwater replenishment, water banking and artificial recharge, is the
purposeful recharge of water to aguifers for subsequent recovery or environmental benefit. It embraces methods
such as riverbank filtration, stream bed weirs, infiltration ponds and injection wells, and uses natural water

: : Villholth
sources and appropriately treated urban stormwater, sewage and other waste waters to increase groundwater
storage, protect and improve water quality,and secure drought and emergency supplies. Its growing scientific base
supports its rapidly increasing use as a vital management tool in the sustainable use of the world's water resources.
JOIN OUR MAILING LIST

Latest News

Register with our large email group
to share information, ideas and news

TeC h n i C al FO r u m co.ncerning recharg.e enhance.menl.
. . Join I1AH-MAR. email community
Sinergies

https://recharge.iah.org/ 73
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DIPARTIMENTO DI SCIENZE DELLA TERRA,
UNIVERSITA’ DI TORINO

ORDINE DEI GEOLOGI DELLA
REGIONE PIEMONTE

A aa Y ‘
Architetfi & (R
il o RETE — = FEpERAZIONE ORDINI _*
A 1 {0 d A ©
Chimicie Fsici » PROFESSIONI — DEI DOTTORT AGRONOMI

GGQ:&K:;?!: ® TECNICHE L DEI DOTTORT FORESTALI
Pstilaibe e PIEMONTE - VALLE IPAOSTA —_—
PerliAgror + W ERA RS >
Periti Industriali ® W e evoNTE

Ministero della Giustisia

Italian Chapter
£

VERBANO CUSIO OSSOLA DELLA PROVINCIA DI 74
TORINO -

N F
PROVINC |A INGEGNERI i i

ordine

architetti C@* ITATO REGIONALE

S DEI'COLLEGI GEOMETRI
% GEOMETRI LAUREATI DEL

PIEMONTE

PROVINCIA
| DI BIELLA




