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Increasing number and intensity of

dry periods (paimer Drought Severity Index*)
Temporal variation
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MARSOL

Demonstrating Managed Aquifer Recharge as a
Solution to Water Scarcity and Drought (Fp7-Env-2013-Water-Inno-Demo)

Start: 12.2013 Duration: 3 years EU Contribution: 5.2 Mio €

Attenuation zone Concentration that meets
L relevant environmental values

Hazard concentration

Recharge zone Observation well Recovery well

Distance

—————————————— - ~ P ——— S
Subsurface storage ‘\,I |,/
Ambient Unconfined aquifer
«/ Australian guidelines for

groundwater Water recycling, 24:
4/ Managed Aquifer

Recharge (2009)
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MARSOL Consortium

21 partners 7 countries 8 field sites

Public (Research) yniversities (6) Industry (4) SMEs (6)
Institutions (5)
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MARSOL ‘SO

Worpackage structure

| Activity Line 1: WP 1 WP 2

MARSOL . Paragon
HO"ZOntﬂl TUD Dissemination, Exploitation

Work package Activities Project Management & Training
Structure

WP 4 WP 5 WP 6 WP 8 WP 9 WP 10

LNEC Tragsa UpPC S55A Mekorot MRA E
Algarve Arenales Llobregat Serchio Menashe Malta South
Portugal Spain Spain Israel 2

WP 13
WP 12 Tragsa WP 14 sGl UPC MRA
LNEC Technical IwWw Economic Technology Legal Issues,
Modelling Solutions & Water Quality Feasibility & Assessment Policy &
Benchmarking Benefits ! and Risk Governance

WP 11
ICCS
Investigation
& Monitoring

Advantages of using Numerical Modeling in Water Resources - 4 st
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MARSOL Field sites SoL [

Various water sources and qualities - various technologies - various objectives

EUROPEAN COMMISSION

7th Framework Programme for
Research, technological
Development and Demonstration

¥

)

Algavre— Portugal
3.  Arenales — Spain

4. Llobregat — Spain

5. Brenta- ltaly . . .

6= Sarchio= ltaly Infiltration of desalinated seawater
7.

Menashe — Israel

N

8. South Malta - Malta

Advantages of using Numerical Modeling in Water Resources — 3 st
Management and Managed Aquifer Recharge schemes Pisa, April 215t 2015
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MARSOL

Desa"natEd Sead Water - |Srae| (Daniel Kurtzman, Yossi Guttman et al.)

RECHARGE
SOLUTIONS

3 desalination plants currently operating, by 2015 two more will start operation

* Desalination plants built under build-operate-transfer (BOT) contracts
* Less dry periods during the last years

- Production of an increasing amount of excess water.

Water authorities aim at seasonal
storage as well as aquifer storage
recovery (ASR) of large volumes of
these surpluses in the adjacent
coastal aquifer via artificial recharge.

Techniques include infiltration ponds
and injection wells

Advantages of using Numerical Modeling in Water Resources
Management and Managed Aquifer Recharge schemes

Pisa, April 21st 2015



Nachalei Menashe Watershed

 watershed ~200 km?
* 4 main ephemeral streams

200000 210000

720000
1
+

* stormwater collection
since 1966

* 4 dams/ diversion points

* 16 km diversion channel

* 1 settlement basin

* 3infiltration ponds

T
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Setup of the field site oL s

Vadose zone
monitoring

Desalinated water
recharge.inlet

Menashe site, well PB Coordinates: 193445/707950 Menashe site, well PA Coordinates: 193455/707950 concrete ring
Surface elevation: 28.34 m Surface elevation: 28.30 m
Sample # |Lithology | Depth | Technical profile Sample # |Lithology | Depth | Technical profile }
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(m) — Metal housing — Metal housing 0 gl'Ound level
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PB7 sand | 14 PA%a water content,
PAgD 250 A ® temperature
PB8 kurkar M 1g PA10
rm PA11a, PA11D ili bid:
m 17.6m PA12 L 18m i silicon carbide
P9 . . PA(3 I 300 L4 o sampling cup
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ISUAEL NATIONAL WATEL CO.
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m__/L

Water chemistry

RECHARGE
SOLUTIONS

-ﬂ

01/06/14  Groundwater production well H7
01/06/14  Groundwater production well M24
01/06/14  Groundwater production well M6
01/06/14  Groundwater production well M9
01/06/14  Groundwater production well M21
01/06/14  Groundwater production well M22
01/06/14  Groundwater production well M26
01/06/14  Groundwater production well M27
01/06/14 Desalinated (Reservoir)

24/02/14 Desalinated (MAR event)

05/10/14  Shallow groundwater below pond PA
02/10/14  Shallow groundwater below pond PB

Advantages of using Numerical Modeling in Water Resources

79 2.0 11.1 205 0.03
54 25 1.0 60 11.7 186 22 23 0.01
74 36 16 100 119 267 35 37 0.03
70 33 14 93 9.7 253 34 23 0.03
61 40 1.8 99 112 254 32 24 0.03
80 34 11 81 134 230 29 25 0.02
67 33 16 88 144 246 28 28 0.02
86 43 2.0 96 16.7 249 25 31 0.02
10 11 05 40 0.1 107 8 <0.3 0.24
20 19 05 27 <1 97 17 <0.3

15 23 08 48 36 202 16 0.5

13 24 08 51 3.7 215 16 0.8

Management and Managed Aquifer Recharge schemes

CaCOy + CO, + H,0 «> Ca2* + 2HCOy

Assuming remineralization through MAR will lead to
concentrations similar to the production wells and an
operational cost of 0.03 EUR/m?3 for discharging and
pumping, we can get remineralization at 0.01 EUR/m?3
and get a little Mg?* as a bonus.

b NEROROT

ISRAEL NATIONAL WATER €O,

Pisa, April 21st 2015



MARSOL Field sites oL

Various water sources and qualities - various technologies - various objectives

EUROPEAN COMMISSION

7th Framework Programme for
Research, technological
Development and Demonstration

. Algavi ,: Portligal
-enales — Spain Infiltration of river water '
4. Llobregat— Spain {
5. Brenta- ltaly L
6. Serchio - ltaly

7. Menashe — Israel

8. South Malta - Malta

Advantages of using Numerical Modeling in Water Resources — 3 st
Management and Managed Aquifer Recharge schemes Pisa, April 215t 2015
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MARSOL ‘SoL st
Dive rtEd river Water - Spain (Albert Folch, Xavier Sanches-Villa et al.)

Artificial aquifer recharge through infiltration ponds. The site includes a
sedimentation and an infiltration pond. Water for recharge is diverted from the
Llobregat River. Recovery is done by extraction wells downgradient.

Major goals

(i) increase the strategic groundwater po
reserves in the Llobregat aquifer in
order to supply water to Barcelona :

(ii) improve the groundwater quality

WETLAND INFILTRATION POND
(about 0.5 ha)

UNIVERSITAT POLITECNICA
‘ S l ‘ DE CATALUNYA
CONSESD SUPERICR DE NVESTICAS ONES CIENTIFICAS BARC E LONATECH



RECHARGE

LN
O
Infiltration of water from Llobregat river =5

An active layer located at the bottom of
an infiltration pond to enhance the , ’

degradation of certain contaminants.

!

&

4 5cm LOCAL SAND AND GRAVELS

60 cm REACTIVE LAYER: —
30 cm sand mixed with

30 cm vegetal compost

MIVELL DE L'AIGUA

im
- s
i
———————————————————————————————————————————————————————————————————————— - 26m

15m

J DIRECCIO DE FLUX
EE DE L' AIGLUA SUBTERRANIA \.

UNIVERSITAT POLITECNICA
‘ S l ‘ DE CATALUNYA
CONSESD SUPERICR DE NVESTICAS ONES CIENTIFICAS BARC E LONATECH



Work in progress — Infiltration dynamics S

Change of the infiltration rates

Infiltration rate
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UNIVERSITAT POLITECNICA
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BARCELONATECH

CONSED SUPERIGR DE INVESTIGAS SNES CIENTIFICAS



E 4

0

Work in progress - microbyology SoL e

Degradation processes

What kind of bacteria we
f Biodegradation  find and where?

How are they affected by
N (Bio)clogging environmental

conditions (T, sal, ...)?

Sampling
(with Microbiologists) In the Future Biotrap

with local material =>
Fixed biomass

UNIVERSITAT POLITECNICA
‘ S l ‘ DE CATALUNYA
CONSESD SUPERICR DE NVESTICAS ONES CIENTIFICAS BARC E LONATECH



Work in progress - denitrification

8"®0no3 (%00)

Induced denitrification during MAR

In collaboration with MAIMA group (University of Barcelona) with the project WADISMAR

22 e \|a@nure nitrification e Fertilizers NH4+ nitrification 180 —e—Batch1 - Fresh compost
Fertilizers NO3 e S0il NO3 160 —O— Batch2 - Fresh compost
20 | eN/eO = 2.1 eN=4 eN/eO = 1.3, eN=4 140 - ——Batch1l - Old reactive layer
/00 =2.1, 6N =22 a—h/e0=13, eN=-22 River 120 - —{0—Batch2- Old reactive layer
18 - ® Dry recharge pond ® \Wet recharge pond ‘ é“ 100 1
‘ BSV-2 2 4
¢ River
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16 -
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14 4 Z
0 ; ; ;
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z
2 Batch experiments indicate that the
10 A ]
5 reactive layer can induce denitrification
51 = even three years after installation
A J
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ver »
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8""Nnos (%o0)

UNIVERSITAT POLITECNICA
‘ s l ‘ DE CATALUNYA
CONSELD SUPERICR DE [NVESTIGAS SNES CIENTIFICAS. BARCELONATECH



Work in progress — Pollutant degradation=m::

= How to enhance natural attenuation of emerging pollutants in MAR
applying engineering injection-extraction—> Montecarlo simulations.

= Understanding degradation mechanism of antibiotics: sulfamethoxazole and
diclofenac.

= Evaluating change of hydraulic properties in different materials of reactive
layers in MAR (Univ. Barcelona, WADISMAR).

S. > /
o ; ; A NH&)\ + HNO, —= [ : " + OH 4+ H0
B, HN N=N
* } Sulfameth Diazonium
g oxazole salt_,
'E‘ N—O O\\S//O /
i SO | o /</L + HNO (j/ TNHT NS +N, + W
H ~ 2
ey IS e
ra c N=N 0
o1 [-te-Y,
\ okt } ::h‘::;;;___':ﬂ;gl Diazonium salt 4-nitro
__‘_Wﬁ ‘ i sulfamethox
o m : site —
°  en 5 10 15 20 25 30 azole
Time [days]
Modeling organic matter degradation of Mechanism degradation of SMX under
reactive layer during MAR denitrifying conditions

UNIVERSITAT POLITECNICA
‘ s l ‘ DE CATALUNYA
CONSESD SUPERICR DE NVESTICAS ONES CIENTIFICAS BARCELONATECH



MARSOL ::f:::::z:

Worpackage structure

| Activity Line 1: WP 1 WP 2

MARSOL . Paragon
HO"ZOntﬂl TUD Dissemination, Exploitation

Work package Activities Project Management & Training
Structure

WP 4 WP 5 WP 6 WP 8 WP 9 WP 10

LNEC Tragsa UpPC S55A Mekorot MRA E
Algarve Arenales Llobregat Serchio Menashe Malta South
Portugal Spain Spain Italy Israel Malta 2

WP 13 WP 15 WP 16 WP 17
WP 12 Tragsa WP 14 sGl UPC MRA
LNEC Technical IwWw Economic Technology Legal Issues,
Modelling Solutions & Water Quality Feasibility & Assessment Policy &
Benchmarking Benefits ! and Risk Governance

WP 11
ICCS
Investigation
& Monitoring

Advantages of using Numerical Modeling in Water Resources - 4 st
Management and Managed Aquifer Recharge schemes Pisa, April 215t 2015



Wate r q u a I |ty (Axel Bergmann, Christine Kiibeck)

* Water constituents (Task 14.1, IWW)

RECHARGE
SOLUTIONS

— Identification of anthropogenic substances in the
infiltrated waters and percolates at the DEMO sites

» Create a consistent data base ,
Time schedule
= Human pharmaceuticals (Diclofenac, Ibuprofen...) month
= Antibiotics (Doxycycline, Sulfamethazole...) i | | |

= Beta blocker (Bisoprolol, Satalol...)
= X-ray contrast agents (lomeprole...)
= Surfactants

= Complexing agents (EDTA)

= Sweetener (Acesulfam...)

= Nonylphenole

= Xenobiotics (Atracine, DET...)

" |norganic parameter (tww: COD, BOD etc.)

> . o UNIVERSITAT
- - 3 Dslglsse“u RG
. A ° Oy
< .

o

e Open-Minded
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Wate r q ud I lty (Axel Bergmann, Christine Kiibeck) | B SOL

* Accompanying column experiments

RECHARGE
SOLUTIONS

Demo site AlM Conditions Status
Campina de Wastewater . . . g » saturated, steady .
Soil capacity for retaining specific First exp.
Faro, LNEC un-/treated T flow ished
Portugal (enrich EC) P finishe
» saturated, steady st
iR finished
»_un-/saturated, flush 7 "~
> ;/c;t:/rated, steady s @7
finished
» saturated, steady Planned
flow
» saturated, steady
flow Started

> un-/saturated, flush

DEUS | SSEBNU REG

Open-Minded



MAR to MARKET :zf::::::s:

Action Group, European Innovation Partnership (EIP)

The aim is to speed up innovations that contribute to solving societal challenges, enhance Europe's competitiveness
and contribute to job creation and economic growth. EIPs help to pool expertise and resources by bringing together
public and private actors at EU, national and regional level, combining supply- and demand-side measures.

Coordinated by LNEC and TRAGSA (Joao-Paulo, Enrique), 36 Partners

EU water policy | Contact | Register | Login

EIP Water

Matchmaking for water innovation
Search

Home = Working Groups > MAR Solutions - Managed Aquifer Recharge Strategies and Actions (AG128)

ABOUT EVENTS SHOWCASE RESOURCES WORKING GROUPS GLOSSARY PRESS ROOM o

« back

NEWS OF THIS GROUP

17th Movember 2014

m Members MARAFARM. Workshops

on MAR for the "general

MAR Solutions - Managed Aquifer m n population” in rural

Recharge Strategies and Actions - -R- areas. An experimental
dissemination activi

(AG128) i

. , , TO ) for the MtoM branch:

Managed Aguifer Recharge technigue, or simply MAR, has { it g &

become, perhaps, the best technique within the Integrated mn R_k{t agroindustry

Water Resources Management (IWRM) framework, to palliate Within the broad scope of industry

Flirmags Chames sAdvimeee fFeets Ar mmeme iemmmebe s heramebae that BAAD o BAAD L8 1o

Advantages of using Numerical Modeling in Water Resources
Management and Managed Aquifer Recharge schemes
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MARSOL Webpage

www.marsol.eu Info: marsol@tu-darmstadt.de
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Demonstrating Managed Aquifer Recharge as a

Solution to Water Scarcity and Drought
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Advantages of using Numerical Modeling in Water Resources
Management and Managed Aquifer Recharge schemes

An Environment 2013 Cooperation Project funded by
the European Commission

How can the increasingly scarce resource called water be exploited and used
intelligently? The joint project MARSOL is aiming to demonstrate that Managed
Aquifer Recharge techniques are able to secure 'excess' water and store it in the
soil. The EU is funding the MARSOL project with 5.2 million Euros over 3 years
under the WATER-INNO-DEMO scheme.

It is estimated that due to climatic changes only about 50 percent of today’s amount of
water will be available in the Mediterranean region by 2100 — while the population continues
to grow. The lack of water will result in drought and crop losses.

The project consortium will demonstrate that Managed Aquifer Recharge is a viable
approach to address the predicted water shortages over the long term. The basic idea is
simple: Collect water when there is too much of it and store it for dry times in aquifers. This
subsurface storage works even under deserts. Managed Aquifer Recharge can also be
utilised to combat sea water intrusion in coastal areas and to give pre-treated waste water a
final clean-up.

MARSOI deals with snme of the overriding auestions concernina the method such as risks.

L . e

MARSOL

Demonstrating Managed
Aquifer Recharge as a
Solution to Water Scarcity
and Drought

An EU FP7 Project

Coordination & Contact:
Prof. Dr. Christoph Schith

Darmstadt Technical University
Institute of Applied Geosciences
Schnittspahnstr. 9

64287 Darmstadt

Germany

=R.l  compis n M®

EIP Water IR

Matchmaking fur water inacvation
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