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Mediterranean countries: the example of

Managed Aquifer Recharge - Principles

Precipitation natural variation in

Portugal
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Climate change impact  Model HadrRM2S92a

Average surface runoff: Average yearly recharge:
100 mml/yr 245 mmlyr

87,6 % SR 1979-2009 83,4 % Rec 1979-2009

Percentage of water reuse

Australian guidelines for Water recycling, 24:
Managed Aquifer Recharge (2009)
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Climate change impacts on the behaviour of aquifers and consequently
on Groundwater Dependent Ecosystems

> Groundwater levels change due to groundwater recharge decrease

EDAS

EDAS

1) Groundwater levels today

3) Groundwater level in 2050

> Consequences of aquifer behaviour change:
e Modifications in groundwater recharges amounts and
periods
e Modification in groundwater flow directions
e Modification in the amount of groundwater reaching
GW dependent ecosystems

e Modification on the behaviour of GW dependant

2) Groundwater levels change between )
ecosystems (eventually at risk)

today's values and those of 2050



MARSOL

Demonstrating Managed Aquifer Recharge as a
Solution to Water Scarcity and Drought (FP7-Env-2013-Water-Inno-Demo)
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MARSOL

Demonstration sites activities...
...treated waste water, river water, desalinated water,
rainwater harvesting ...
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“Technical Solutions” (T.S) are not related to Managed Aquifer Recharge (MAR)
technique as if it was the problem to solve. They are, to a large extent, the group of

activities to increase MAR effectiveness, being MAR the solution to many related
water management dysfunctions.

DEL 13.1 MAR TECHNICAL SOLUTIONS

Q . How to increase the effectiveness of the
. devices and the infiltration rate?

Adoption of Soil and Aquifer Treatments (SATs) and other
A: complementary techniques, such as design and
management improvements applicable to existing devices

MARSOL demo sites: Experiences in 8
Mediterranean demo sites:

1- Lavrion

2- Algarve & Alentejo
3- Arenales

4- Llobregat

5- Brenta

6- Serchio

7- Menashe

8- Malta South




WP12 “Modelling”

https://www.researchgate.net/publication/314 Contents
957907_White_book_on_MAR_modelling_Sele CHAPTER 1 — MARSOL WP12 MODELLING ACTIVITIES AND DEMO-SITES INTRODUCTION ._.ooooee.ee.. 21
cted_results_from_MARSOL_PROJECT 1 MARSOLWPL12 MODELLING ACTIVITIES .. e 21
1.1 CEIECTIVES AMD DETAILS OF TASKS L et e et e e o et o st n e 21
111 ©On Task 12 1- Methods evaluation (month -8 . 22
1.1.2 On Task 12 7:- Water budget and conceprual modelling (month 1-12) 22
1.1 On Task 12 3: Climate change impact (month S-L2) e 22
1.1.4 On Task 12 4: Hydrogeclogical modelling {momth §-20) e 23
1.1.5 ©On Task 12.5: Physical models at LMEC {month 28-33 ) i =]

1.1.6 On Task 12.&: Guide lines for best practices (month 27-36)

117 On Task 12.7: Visualization ................ e bt e e 23

12 SIGHIFICANT RESULTS e ——————— S, 24

2 MARSOL WP 12 DEMO-SITES INTRODUCTION ... e e e o e e 25
2.1 DEMO SITE 1: LAVRION TECHNOLOGICAL & CULTURAL PARE, LAVRION, GREECE ... 25

2.2 DEMO SITE 2: ALGARVE AND ALEMTEIC, SOUTH PORTUGAL i 26

2.3 DEMO SITE 3: LOS AREMALES AQUIFER, CASTILLE AMD LEOM, SPAIM ... 28

24 DEMOSITE 5: RIVER BRENTA CATCHMENT, WICENZA, ITALY 29

2.5 DEMO SITE 7: MEMASHE INFILTRATION BASIN, HADERA  ISRAEL . 30

2.6 DEMOSITE 8: 50UTH MALTA ODASTAL ACUIFER, MALTA e 31

2.7 WISUALSATION AND INTERACTIOM WITH MMARSOL WP e eemeeee 32

3 MARSOL WP 12 MODELLING PUBLICATIOMS ... e e e o e e 34

CHAPTER 2 — STATE OF THE ART AMD LITERATURE REVIEW IMN MAMNAGED AQUIFER RECHARGE
MODELLIMG - s e bt e e Er)

4 INTRODUCTION TO THE STATE OF THE ART AND LITERATURE REVIEW IN MAMNAGED
AQUIFER RECHARGE MODELLING ... e bt e e Er)

=1 FLOW AMD TRANSFORT MODELUMNG MAR. . e e e e e

51 FLOW AND TRANSPORT NURMERICAL MODELS OWERWIEW e

5.1.1 CODE_BRIGHT e e B

Insnlrlng cnange 5.1.2  COMSESOL Multiphysics..




Facilities inventory

DEL 13.1 MAR TECHNICAL SOLUTIONS
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WP4: DEMO SITE 2 - PORTUGAL

PT2 6 Algarve, Séo Bartolomeu de Messines
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Sources for the artificial recharge
. Quantity

Dam Hydrological year | Depth  discharge | Surface discharge | Total discharge
(*10° m3) (*10° m3) (*103 m3)
/
ARADE | 2000/2001 37 499.20 19 256.70 \56 755.90]
Dam Hydrological Depth  discharge | Surface discharge | Total discharge
year (*10° m?) (*10° m?) (*10° m?)
1995/96 0 81 255.39 81 255.39
ARADE | 1996/97 0 42 599.62 42 599.62
1997/98 8 556.65 113 762.30 122 318.97
TOTAL (*10° m?) 246 173.98

© LNEC 2006
33 |GC, Lillestram, Norway, 9t August, 200«



© LNEC 2006

During the extreme drought of

2004/2005

Volume of withdrawal Percentage
water (*¥10 ¢ m %)
Agriculture 23.79 47.31%
Urban supply of the Aguas do Algarve 14.25 28.34%
regional system of Algarve
Urban supply of the local 12.25 24.36%
municipalities
Private users Not Available -
Total 50.29 100%

Municipalties
Water lines

331 |GC, Lillestram, Norway, 9t August, 20



WP4: DEMO SITE 2 - PORTUGAL PT2_6 Algarve, Cerro do Bardo

= Experiment goal: assess Cerro do Bardo MAR site infiltration

capacity and groundwater flow path April 2016
= Recharge experiment: infiltration of 47 L/s (~170 m3/h) of water in

Cerro do Bardo dug well and natural sinkholes during 90 hours

(coming from a AdA well located ~1,4 km distance)
= Tracer: 1000 kg NaCl

This MAR infiltration and tracer test

allowed confirming that the DEMO

Site:

= |s an adequate area to infiltrate
water coming from the three
dams, with the surplus from wet

. years

: /”\\ — ... «:* Theareahas aminimum

fouad \ — i — infiltration capacity of 4060 m3/d
3 - N =t (170 m3/h, compared with 35
— = »>  m3/h in Campina well..., but it

Oo e‘ 4!)0 | st‘m | 12‘00 | 15‘00 | 20000 depends On headwater---)

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL




Finite element regional fow model of the Querenca Silves Aquifer System m

- SW-FW interface Scenario drought 2004-2005 simulation with diferente injection the international
scenarios water association

Evolution of
Seawater intrusion
estimated at
Bottom slice

Evolution of
Seawater intrusion
at cross-section
view

Evolution of
Seawater intrusion
plume at 3D view




Results from continuous monitoring
(groundwater and surface water) in Rio Seco
artificial recharge basins during winter time
(Out.2007/Mar.2008) Carreiros test site
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—_— e~ —
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Continuous monitoring in three piezometers
Curva de chegada do tragador ao piezometro LNEC1 durante o ensaio realizado em Maio
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Artificial recharge experiments

v Electrical resistivity assessment May 2007

© LNEC 2006




Rainwater harvesting (interception of precipitation in greenhouses) in
Campina de Faro, Algarve

Aerial view of a greenhouse complex and
picture showing it’s actual drainage system.

- The area is flat and is characterised by low

ISa serious problems in this area.

|4

recharge rates. In this conditions drainage

CNES/Airbus DS, USDA, USGS, AEX,

Source: Esri, DigitalGlobe, GeoEye, i-
cubed, Earthstar Geographics,
Getmapping, Aerogrid, IGN, IGP,

swisstopo, and the GIS User Community
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Malta MAR: reusing WWTP to prevent saltwater intrusion

the international
water association
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DEMO SITE ARENALES, SPAIN (WP 5, TRAGSA) Arenales (DINA-MAR/TRAGSA)

LABORATORIO NACIONAL 1st MARSOL WP 12 Modelling Workshop
DE ENGENHARIA CIVIE Lisbon, LNEC, July 14th and 15th 2014



DEMO SITE BRENTA, ITALY (WP 7, SGI) & DEMO SITE SERCHIO, ITALY

LABORATORIO NACIONAL 1st MARSOL WP 12 Modelling Workshop
DE ENGENHARIA CIVIE Lisbon, LNEC, July 14th and 15th 2014



Brenta Sites Introduction

SCHIAVON Forested Infiltration Area

“SCHIAVON?” FIA Brenta River

The watering of the pilot F.I.A. area takes place
generally during non-irrigation periods,

using the existing irrigation water conveyance
system (ditches, underground pipelines).

MARSOL Final Meeting — 17-19 October 2016, Leipzig, Germany

*Approx. 2 hectares

Water infiltration rate: 20-50
I/sec/hectare

*Fast growing tree species
*GW level: around -3 m b.g.l.
-Undifferentiated aquifer with
high/medium permeability

WPT7: Brenta, Italy
SGI, AAWA, UFZ, ICCS

Y0



http://www.marsol.eu/ https://www.youtube.com/

results?search query=MAR PT
SOL+Demo+sites u\'ﬂllTll hE‘

https://vimeo.com/channels/marsol

Do visit us in EIP Water Exhibition Booth 108 !

spiring change Thank you !
Obrigado !
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