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Howto anticipatethe adverseeffectsof climatechangeandactingto preventor to minimise

damage®
How to move from generalisecadaptationstrategiesto adaptationlocal and regionalplans

andactions?
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NEXUS-NESS

Reuse of (treated) wastewater

(indirect/direct)
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PRIMA ManagedAquifer Recharge €h

Intentional recharge of an aquifer
A process to intentionally increase the volume ordinarily stored underground soil

surface

Techniguesnimicking enhancinghatural processes

(or, Bower (2002: the main objectiveof artificial rechargetechniquesare to increasethe

availablegroundwaterresourcesandto improvegroundwaterquality)
- Ty

This recharge is intentional (managed) in order to
assure an adequate protection of human health
and the environment.

The management makes this recharge different from

non intentional recharge (i.e. excess irrigation),
which may pose threath to the above.
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ManagedAquifer Recharge €H

NEXUS-NESS

PRIMA
T onRAAN A

Not a novelty!
Highlydevelopedfrom 1950.
(In ltaly: Marid/ | Y | @adlet@Geologia Tecnica, 1927

Geoengineering schemes Video resource

Potential use and objectives: Managed Aquifer Recharge
(CSIRO T Australia)

Increase groundwater availability and Replenishment against overdrafting;

Compensate diminishing recharge due to human activities; https://www.youtube.com/wat
ch?v=9HyeGKYulwo

- Control of subsidence phenomena,;

- Combat seawater intrusion;

- Sustain groundwater-dependant ecosystems;

Improving groundwater quality.


https://www.youtube.com/watch?v=9HyeGKYulwo
https://www.youtube.com/watch?v=9HyeGKYulwo
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NEXUS-NESS

PRIMA
NI MIDITCRRANLAN ARCA

1) Source (1] (2] (5] (6] 7]
Capture zone Pre-treatment Recovery Post treavment  End we
2) (if needed pre-treatment

L l N PP AP Y PP, .-.'.‘i». .-i. LIPS T LI A LGOS PN PP

Permeable soil
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5) Pumpingsystem

6) Posttreatment

7) Finalusers

Scientificesource

From: AUSTRALIAN GUIDELINES FOR WATER RECYCLING: MANAGING HEALTH AND ENVIRONMENTAL RISKS (PHASE 2)
ManagedAquiferRecharge

(Natural Resource ManagemeMtinisterial Councik Environment Protection and Heritage Council +National Health and Medical Research Council 2009)
https://www.waterquality.gov.au/sites/default/files/documents/waterecyclingguidelinesfull-21 .pdf
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Rainwater harvesting

Da: AUSTRALIAN GUIDELINES FOR WATER RECYCLING: MANAGING HEALTH AND ENVIRONMENTAL RISKS (PHASE 2)
Managed Aquifer Recharge
(Natural Resource Management Ministerial Council + Environment Protection and Heritage Council +National Health and Medical Research Council 2009)
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NEXUS-NESS
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Soil Aquifer Treatment
Sewerage freatment

Da: AUSTRALIAN GUIDELINES FOR WATER RECYCLING: MANAGING HEALTH AND ENVIRONMENTAL RISKS (PHASE 2)
Managed Aquifer Recharge
(Natural Resource Management Ministerial Council + Environment Protection and Heritage Council +National Health and Medical Research Council 2009)
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- Aquifer Storage and Recovery eB

NEXUS-NESS

Video resource
https://www.youtube.com/watch?v=YDFx0GR 0e4

| A\D\”“’\ % Courtesy of:

R. David G. Pyne, P.E.
ASR Systems LLC
Gainesville, Florida

dpyne@asrsystems.ws
dpyne@asrwell.com
WWW.asrsystems.ws

W W

Storage of water through a well in a suitable aquifer during times when the water is available, and
recovery of the stored water from the same well when needed


mailto:dpyne@asrsystems.ws
https://www.youtube.com/watch?v=YDFx0GR_0e4

Amsterdandune systemNetherlands)

85 hausing40 infiltration channelsandbasins
Infiltration capacity 55 hn?/ year
Objectivesprovidedrinking watergecosystemmaintenancecombatseawaternntrusion
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NEXUS-NESS

Courtesy of
TRAGSA, 2015




Santiuste(Spair)
(so far up to 850 Harigated¢ 12 hn?/yearmax)

Diversionat the VoltoyaRiver




- Soll aquifer treatment systerr@lsrael)eg

N EXUS NESS

The Shafdan reclamation scheme is collecting the effluents of Tel-
Aviv Metropolitan, treats it and afterward recharges it into the
Quaternary sandstone aquifer by series of infiltration ponds.

The plant is one of the biggest reclamation sites applying SAT, where |
the method has ever since adapted to changing conditions (Cikurel
2006).

The rechargei reclamation operation is based on intermittent flooding
and drying of spreading basins, controlled passage of the effluents
through the unsaturated zone, and subsequent pumping of the
reclaimed water by means of production wells surrounding the
spreading basins.

About 150 hm 3/year!!!



- Useof desalinisedwater (Israel)
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Deriving optimal operational policies for off-stream man-made ;)

Chask far

reservoir considering conjunctive use of surface- and groundwater |%&=
at the Bar dam reservoir (Iran)

Ata Joodavi®”, Azizallah Izady™‘, Mohammad Taghi Karbasi Maroof”,
Maysam Majidi®<, Rudy Rossetto’*
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MAR in Italy ¢

NEXUS-NESS

PRIMA

Some projects on aquifer recharge were co -financed by the European Commission mainly through the LIFE
program.

-  TRUST(Tool for regional - scale assessment of groundwater storage improvement in adaptation to climate change LIFEQ7
ENV/IT/000475; Marsala 2014);

- AQUOR (Implementation of a water saving and artificial recharging participated strategy for the quantitative groundwater layer
rebalance of the upper Vicenza's plain- LIFE 2010 ENV/IT/380;Mezzalira et al. 2014);

- WARBO (Water re-born - artificial recharge: innovative technologies for the sustainable management of water resources, LIFE10
ENV/IT/000394; 2014).

- EU FP7 MARSOL (Demonstrating Managed Aquifer Recharge as a Solution to Water Scarcity and Drough2014/2017)

5 ? 4 - / (//‘//

Lago Incal System :
Superficie 15 ha
Proprieta Comune di Rimini
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RECHARGE IN ITALY

ARTIFICIAL
AQUIFER




MAR In ITALY/2

In 2014 the RegionalAuthority of EmiliaRomagnastarted a MAR pilot on the Marecchia
Riverfan usinga rechargebasin(old quarry) to alleviatewater scarcityin the Riminiareaas
resultsof droughtperiods(Severiet al. 2014).

500 mt

About 2 Mm3 recharged during the
experimentalphase

Lesghan 100k € investment

FromRegioneEmiliaRomagna
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Moving from an agriculture only impacting the water resources to the provision of NEXUS-NESS
agroecosystem services
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Norme

A Laricarica in condizioni controllate & normata in ltalia dal Settembre 2013, misura
supplementare nei Piani di Tutela delle Acque

Dlgs 152/2006 Art 104 Scarichi nel sottosuolo e nelle acque sotterranee comma 4bis

Fermo restando il divieto di cui al comma 1, l'autorita competente, al fine del raggiungimento
dell'obiettivo di qualita dei corpi idrici sotterranei, puo autorizzare il ravvenamento o l'accrescimento
artificiale dei corpi sotterranei , nel rispetto dei criteri stabiliti con decreto del Ministero dellambiente

e della tutela del territorio e del mare.

L'acqua impiegata puo essere di provenienza superficiale o sotterranea, a condizione che l'impiego
della fonte non comprometta la realizzazione degli obiettivi ambientali fissati per la fonte o per |l
corpo idrico sotterraneo oggetto di ravvenamento 0 accrescimento .




DM 100/2016

Regolamentarecantecriteri per il rilascioR S £ £ QI dzii al Ndvénhnehtdo? ¢ § QI O O NaBifici@IddéiS
corpiidrici sotterranei al fine del raggiungimentoR S £ f Q 2 di qu&liih, @iseddR S f 1@ -codmad-bis, del
decretolegislativo3 aprile 2006 n. 152 e successivenodificazioni

13-6-2016 Gazzerta UFFICIALE DELLA REPUBBLICA [TALIANA Serie generale - n. 136

LEGGI ED ALTRI ATTI NORMATIVI

MINISTERO DELL’AMBIENTE
E DELLATUTELA DEL TERRITORIO
E DEL MARE

DECRETO 2 maggio 2016, n. 100.

Regolamento recante criteri per il rilascio dell’autoriz-

zazione al ravvenamento o all’accrescimento artificiale dei

corpi idrici sotterranei al fine del raggiungimento dell "o biet-

tivo di qualita, ai sensi dell’articoloe 104, comma 4-bis, del

decreto legislativo 3 aprile 2006, n. 152,

IL MINISTRO DELL'AMBIENTE
E DELLA TUTELA DEL TERRITORIO
E DEL MARE

Acgquisita I'intesa della Conferenza permanente per 1
rapporti tra lo Stato, le Region e le Province Autonome
di Trento ¢ Bolzano repertorio n. 232/CSR nella seduta

del 17 dicembre 2015;

Udito 1] parere del Consigho di Stato n. 388/2016
espresso dalla Sezione consultiva per gh atti normativi
nell’adunanza del 28 gennaio 2016;

Vista la comunicazione al Presidente del Consiglio dex
ministri, ai senst dell’articolo 17, comma 3, della leg-
ge 23 agosto 1988, n. 400, effettuata con nota 7680 del
v aprile 2016;

ADOTTA
il seguente regolamento:



Key points of DM 100/2016:
Annex 1

Annex 1 lists criteria to be respected for granting authorization to set up a MAR scheme.

The authorization is granted upon presentation of:
- a preliminary project (large area hydrological and hydrogeological characterization of the
groundwater body and MAR type, source of water)
- an executive project (detailed area characterisation, type of MAR scheme, hydraulic and
hydrochemical and socio-economic assessments).

The following must then be provided before full operation starts:
- management plan
- monitoring plan
- emergency plan




Key points of DM 100/2016:

Annex 1
A A dedicated monitoring system is required:

- discrete monthly monitoring for hydrodynamics and hydrochemistry
during the design phase

- operational monitoring, to evaluate:

I. effectiveness of the scheme, and
li. detect potential deterioration
-_high frequency or continuous first alert monitoring

- at the upstream recharge point,

- to halt the recharge flow in case of source contamination events




Norme/2

Legge 191/2024 conversione DL 17 ottobre 2024, n. 153:. Disposizioni urgenti per la tutela
ambientale del Paese (cd. "Decreto Ambiente") - Economia circolare, rifiuti, valutazione di
impatto ambientale, autorizzazione integrata ambientale, energie rinnovabili, tutela delle
acque, bonifiche

modifica il comma 4 bis dell'articolo 104 del 152/2006 che diventa :

4-bis. Fermo restando il divieto di cui al comma 1, 'Autorita competente, al fine del raggiungimento dell'obiettivo di qualita dei
corpi idrici sotterranei nonché nei casi di crisi idrica, puo autorizzare il ravvenamento 0 l'accrescimento artificiale dei corpi
sotterranei , nel rispetto dei criteri stabiliti con decreto del Ministero dellambiente e della tutela del territorio e del mare.

L'acqua impiegata puO0 essere di provenienza superficiale o sotterranea, ivi incluse,
compatibilmente  con la normativa eurounitaria , le acque affinate di cui all'articolo 74, comma
1, lettera i-bis), a condizione che limpiego della fonte non comprometta l|a realizzazione deqgli
obiettivi ambientali fissati per la fonte o per il corpo idrico sotterraneo oggetto di ravvenamento o

accrescimento .




EUGuIdanceon
ManagedAquifer
Recharge

Managed Aquifer Recharge (MAR)

Guidance n.39

Common Implementation Strategy for the

Water Framework Directive and the Floods Directive
Technical document:

- toincrease the understanding of the general principles of
Managed Aquifer Recharge a/IAR), and

to outline the re%\uirements of EU legislation with respect to the
application of MAR techniques

Guide 136 pages, 6M March 2025

Managed aquifer recharge

(MAR) - Common

implementation strategy for the
water framework directive and the
floods directive

This guidance has been drafted in response to a mandate from the CIS Working
Group on Groundwater. This mandate required the development of a technical
document to increase the understanding of the general principles of Managed
Aquifer Recharge (MAR) and outline the requirements of EU legislation with
respect to the application of MAR techniques. The EU Water Framework
Directive (WFD) establishes a framework for the protection of water bodies
which inter alia is intended to promote sustainable water use based on a long-
term protection of availa

Source: op.europa.eu



https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive
https://euagenda.eu/publications/managed-aquifer-recharge-mar-common-implementation-strategy-for-the-water-framework-directive-and-the-floods-directive

Ricaricandotta di SubalveodF. Serchio
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pozziverticalied unatraversain alvea
Capacita 15 Mn¥/anno

Fornisceisorsaidropotabilea Pisa, Lucca,
Livorno.
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Table1.
Investment cost and asset value (modified after Balzarini and Furlanis, 2016)[11].

Facility Unit Unitary Cost | Investment m
€/Unit €

eddanella ditch

Serchio river

Piezometers 20,000 20,000 20,000

Wireless Sensor Network Sum 50,000 50,000 -

River Weir m 140 20,682 2,895,480 2,895,480

2300 mm Well No. 5 150,000 750,000 415,000

2500 mm Well No. 7 250,000 1,750,000 1,155,000
e DSS Development and Sum 1 250,000 250,000

Testing




s The LIFE REWAT MAR scheme (“:B
Suvereto(IT)

Two -stage infiltration basin
Expected results

A Increase aquifer storage from 0.3 to 2
Mm3/y (depending on meteo-climatic conditions)

A Environmental purposes
ACost of about 500

A From preliminary design to operation:
24 months
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