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Precipitation natural variation in Mediterranean countries:
the example of Portugal
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Climate change impacts on the behaviour of aquifers and @ LABORATORIO NACIONAL
H v
consequently on Groundwater Dependent Ecosystems

> Groundwater levels change due to groundwater recharge decrease
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3) Groundwater level in 2050
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> 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 ecosystems (eventually at risk)
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Sources for the artificial recharge
Quantity
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Dam Hydrological year | Depth  discharge | Surface discharge | Total discharge
(*10° m3) (*10° m3) (*10° m3)
/
ARADE | 2000/2001 37 499.20 19 256.70 \56 755.90]
Dam Hydrological Depth  discharge | Surface discharge | Total discharge
year (*10° m3) (*10° m3) (*10° m3)
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
Rib. de Ddelouca
Rib, dodAndo
V. =433 hm
CHO \_« 41380
-
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During the extreme drought of @
2004/2005

Volume of withdrawal Percentage
water (*¥10 ¢ m 3)
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%
Electrical
Conducti

Municipalties a1 Az a3 o=a3 3.2 Km
Water ines  ——

O LNEC 2006 .
33 |GC, Lillestram, Norway, 9t August, 2008
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Simplified Recharge-pumping scheme

Recove Observation _ To Supplv Network
Wellry Well Recharge Basin o Supply Network
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Can we use
the treated

effluent?
Can we have

cleaner seas?

Can we face
the floods
that threaten
our cities?

Can we clean
the polluted
groundwater?
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ARTIFICIAL AQUIFER RECHARGE EXPERIMENTS IN THE PORTUGUESE CAMPINA DE

FARO CASE-STUDY AREA, DEVELOPED IN THE FRAMEWORK OF GABARDINE PROJECT (A G
. . - L . DE ENGENHARIA CIVIL
*Flow and transport groundwater modeling for different artificial recharge scenarios in Campina de Faro
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AREAL GORDO INFILTRATION BASINS@ PN
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Infiltration test in several layers
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Results from continuous

monitoring
(groundwater and surface water) in Rio Seco
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artificial recharge basins during winter time Winter Mg

(Out.2007/Mar.2008) Carreiros test

site
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Main Results/Conclusions |

e Methodology to identify preliminary candidate areas to
implement artificial recharge (GABA-IFI Index) '

—
e Artificial recharge infiltration and tracer tests in Campina de Faro L

1) Areal Gordo test site
3 Infiltration basins

2A) Areal Gordo test
site

Injection tests in large
diameter well “nora”
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Correlation infiltration rates vs hydraulic head and soil types

Test site Algarve Infiltration rate (m3/d) Hydraulic Head (m) | Soil type
Nora 1/1 (5 m diameter) 0.27 3.85|yellow sand
Nora 1/2 (5 m diameter) 270 9.88|yellow sand
Nora 1/3 (5 m diameter) 480 16.19]yellow sand
LNEC 6/1 (0.5 diameter) 208 15]yellow sand
LNEC 6/2 (0.5 diameter) 50 8|yellow sand
bacia 1 (1000 m2) 40 0.6|red sand
bacia 2 (80 m2) 37 1|brown sand
bacia 3 (60 m2) 60 1.025|yellow sand
bacia do leito do rio (80 m2) 120 4|yellow sand
Infiltration rate vs hydraulic head ® Noral/l
Nora 1/2
600 Nora 1/3
LNEC 6 (furo de injecgéo)/1
g 500 / ® |LNEC 6 (furo de injec¢&o)/2
E 400 + bacia 1 (1000 m2)
% = bacia 2 (80 m2)
x
s / bacia 3 (60 m2)
o
< 200 . B bacia do leito do rio
= Inec6
: m / /
)\/ / nora
+ -
0 ] : : : Linear (Inec6)
0 5 10 15 20 Linear (nora)
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Main Results/Conclusions (cont.)

T

e Seasonal monitoring of piezometry and
groundwater quality.

e Flow and transport groundwater modeling for
different artificial recharge scenarios in Campina de
Faro

e DSS application based on a multicriteria analysis
considering environmental and economical aspects
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ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA)

the international
MER MEDI

ociation
TIERRANEE
e G- do Tunis g
! v v

= Introduction and justification

Coastal aquifers in Tunisia suffer from over-
exploitation causing:

= Problems in the quantity
(piezometric level varies between 0 and 5 m)

» sy
l Grand Erg

OQriental

= Problems in the quality
(salinity varies between 5 and 8 g/I) ALGERIE

f :

= Serious salt water intrusion problems

@ wEsie™  INRGREF

Coastal aquifers boundar



ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA)

the international
water association

= [ntroduction and justification

Cap Bon Peninsula

- - —r .
,‘é';l -A:’_l,'l. ’

LT A u 3"{‘
ot 587 “Hammamet

= More than 21000 wells for water supply (3000 abandoned)
@ wesst™  INRGREF




ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA) e W

=  MAR site; WWTP water, since 2008, 3 basins with 400 m?2,

* MAR experiments aprox. 1500 m3/d of recharge

Piezometer Recl?arge N\ie
site

Ksar§aada'd|scharge <% . DischalBepite
y station - sepl

)' - .

Lt

KorbaWastewater p
T"rreé:t Plant /5
X ‘

@ s INRGREF

inspiring change 19



ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA)

= Results and conclusions

vevena
"

the international
water association

Conceptual model; Modflow

Wells — constant
level

Area =57,3km?
i
Average depth for

abstraction =20 m 4
Legenda

Furos

—— hydro_phréa
i1 { | Satkhats il
: | Zona de estudo Costa Oriental
B 5aagens i1 05030 10300Vews 1
[ 3 — o —aar— o — —— —|
5000 Meters
(Data from I.N.R.G.R.E.F.)
Mediterranean sea — constant level
= Existing material: limestone and marl = Average annual recharge = 56 mm
= Constant hydraulic conductivity = 3 m/d = Abstractions = 6200 m3/d

@ weeesi st INRGREF




ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA)

= Results and conclusions
= Transient state modelling — 3000 m3/d of MAR in 3 different locations (9000 m3/d)

the international
water association

*Terceiro, A., Oliveira,
L.G.S., Lobo Ferreira,
J.P., Miguel, G., Gaaloul,
N., Rocha, E. (2010) -

"Modelagdo matematica
em aquiferos costeiros.
Aplicagéo a dois casos
de estudo em paises
africanos: Angola e
Tunisia". 10.°
Congresso da Agua,
Hotel Pestana Alvor
Praia, Algarve.

' e ® Thank you
@m&m INRGREF Muito Obrigado

inspiring change 21



ARTIFICIAL RECHARGE ENHANCEMENT TO PREVENT m
SEAWATER INTRUSION, KORBA (TUNISIA)

the international
water association

= Results and conclusions

= To solve locally the salt water intrusion question, the existing MAR site facility should
duplicate its volume of recharge (i.e. 3000 m3/d)

= At a regional scale, two other MAR facilities should be constructed along the coast,
each one with a recharge rate of 3000 m3/d to avoid salt water intrusion

= Aclear increase of the piezometric level can be observed in the regional aquifer
piezometers surrounding the MAR basins

= An improvement in the groundwater EC was observed in the well near to the MAR
(1-3 g/L). Still, their values continue to be very high due to the insufficient treatment
of the WWTP

= Wastewater treatments need to be greatly g
improved before recharge to prevent degradation -
of groundwater quality

= The site played the role of a hydraulic barrier to i,
mitigate the problem of marine intrusion and to limit = 4
its geographical extension

LABORATORIO NACIONAL »
@ DE ENGENHARIA OVIL I N RG R E F
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Groundwater Atrtificial recharge based on Altranative sources of water :
aDvanced INtegrated technologies and managEment (GABARDINE )
Dr ABDEL RAHMAN TAMIMI
Palestinian Hydrology Group for water and environmental resources
Development
Gottingen. December 2005

© LNEC 2006
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Gaza strip

The GAZA Strip covers an area of 360
KM2

( 30 KM long and 12 KM width)
With a population of about 1.2 million and

a population growth of about 4% per
annual.

The population is expected to reach 2.5
million in the next decade.

Having a weak infrastructure and a
shortage in natural resources such as
water, the Gaza Strip faces a crisis in T X2
meeting an increasing demand for
water.

Gazs District
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Water Balance In the northern part of
Gaza (Aquifer System)

Natural
Recharge 42.8

Domestic Mcmlyr Agricultural
Abstraction Abstraction
48.7 Mcmlyr 40.8 Mcmlyr

Year 2006 &

Domestic
Abstraction
58.7 Mcmlyr

Year 2025

~_ -

Deficit: 46.7
Mcmlyr

Reference Year: 2006

© LNEC 2006
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S.A.T- Soil Aquifer Treatment DEENGENHARACIVI

and Simultaneous freshwater production and
wastewater reclamation in Israel Coastal Aquifer

Dr. Joseph Guttman, Mekorot

S

Thanks to Dr. Joseph Guttman of the Mekorot water company, Israel

© LNEC 2006



Recharge Basin and the wells fields
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Flow chart of the Dan sewage plan

BARD,
T
& ?)
RECHARGE
5 BASINS
SOREQ
RECHARGE

BASING
I, YAVNE 1 j
BIOLOGICAL

REACTORS

B

B




MAR Solutions - Managed Aquifer Recharge Strategies and
Actions (AG128)

TO

d drougt

Develop and demonstrate solutions, based on Managed Aquifer Recharge
(MAR) in nine case studies, with inclusion of ecological modelling, economic
incentives and risk aspects.

MAR-ke

rp-7env [

EIP Water

Matchmakin

g for water innovation

A
SOL

RECHARGE
SOLUTIONS

MARSOL: Demonstrating Vianaged Aquifer Recharge
as a Solution to Water Scarcity and Drought

The Mediterranean region is suffering from increasing water scarcity, which is further exacerbated by climate change, high population density, and high water consumption by agricultural, industrial, and urban uses. Not
only quantity but also quality is of increasing importance, ¢.g. due to intensive use of fertilizers and seawater intrusion, Meanwhile, large water quantities are lost to the Mediterranean Sea as surface runoff, river
discharge, discharge of treated and untreated wastewater, and as discharge of excess water from varous sources during periods of low demand, This water can be used in principle for the controlled (re-)filling of

explohed aquifers by artificial infiltration, referred to as Manaaed Aquifer Redlame (MAR).
1. Lavrion Technological & Cultural Park, Greece

ST Demonstration Sites

For the progect eight demonstration
sites have been selected to ropresent
different MAR purposes and

hydrological settngs.

o Development and ingplementation

= ey =
=

OF 3w anCOd e nOr

: * Treated savtewater sffivents
| * Inftaration hasing

|'* Regtumshment of explosed |

| saaiter =

| * Combating weawaster intrasion !
Sofl Aquiter Treatmant |

MARSOL follows an holistie approach,
which considers different

* Recharge water
sources

* Recharge techniques
* MAR objectives

|
| 2. Algarve and Alentejo, Portugal
wo oty water wAlTtiON 31 twrge sites

|+ Surface wate

| * indieation hasim

| * ol

| * improving the scolugeal
00 hamical status of the
sautter

4. Uobregat River, Catalonia, Spain

» Mrver wder mfiltration basin

| 3, Arenales, Castile and Leon, Spain
| == Mier wwter mAltation in two catchments
* Surfece water

* Treated wavtewater etfiuent
Iedinration poeds, anificel
wetiands, drasinage diiches
Neglessahment of sxgioted

| squiter

Sail Aquiter Trestment

| The Project
| » 21 Partners
| * 36 months, starting 12/2013
* Total budget ~ 8.0 million EUR
* EU contribution ~ 5.2 million EUR

" A .
| 2 o @

CRPR,
g v [l

Surface water

irfiration baain
Repwrahirment of cxploned
ngutler

Impr owtng The exologial
ard cramical ytatus of e
agutfor

MARSOI. Pro;ect-—Mam Objectlves

* Demonstrate at 8 field sites that MAR is a soend, safe, and sustainable
strategy 10 ecrwase the availability of freshwates under conditions of
water scaroity

improve the state of MAR spplcation to snabie low-<ost, high-
efficency MAR solutions that wil create market opportunities for
Loropean Industry and SMLs (IMAR to Macket)

Promote the advarntages of MAR by tailored traiming and dasemination
programs 1o enable and acceberate market penetration

Daliver a dny technology 16 face the challenge of increasing water
scarcity in the Meditermansan regon of southern furope and other
regians of the world

WA

..f.

| 8. South Malta Coastal Aquifer, Malta
o Crraly & waweler IMrusoNn barrher ot 2 oIVt watowater
estmant planmt

'mmm Oraeeratintt - Cattrmry

Inbregat

Trestesd musiaipal sewape
vifiuent

Ingection burehokes

Comaating yeswatur
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- ‘ ‘ 7. Menashe Infiltration Basin, Hadera, Israel
1 Lawron [

‘.ﬂ South Mﬁn

Angisder werage of wirplin warter Som the Hadors desrsnaticn plant
-

Desalinated waber

e

-

W hasin

Seasonal seocage sed
Fquifer orage retiveery
' ol surstus devsloated
wrler

| 6. Serchio River el Field, Tuscany, italy

* Rreer bank »

5. River Brenta Catchment, Vicenza, Italy
w Agritaitursl srvs seith 2 nertwork of Sitches sfiltration with an sctvanced Sanvturning setwirk

Sorface winer

Formted Infitration arge
Replenritment uf eeploite
anuter

Surface watey
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rgr Owing gruunrSwater
quantity ane uality
Commuout mostor g and
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)
...

mpreving the eucfogrcal
and chemical statim of the
aguater

Tools;o Reach the Objectives

Data collection

Monitoring (enpronemant of sensoes, rew sensors)
Improvement of MAR devices (plannwng, design. and maintenance)
Modelling {to simulste the impact of MAR on aquiles bydeology and
wdrogoochamistry)

Scenanio analysis

Developmant of a Dacision Support System

Definibon of guidelines and policies

Iecrease of publc participation within Public Private Partnership
{PPP} schemmes

Macket analysis on the potestia!d market exploftaton sobsions
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MARSOL. TALLERES INFORMATIVOS EN LA CUBETA DE SANTIUSTE Y EL CARRACILLO
SN

LA RECARGA GESTIONADA DEL ACUIFERO
DE LA CUBETA DE SANTIUSTE

JORNADA TECNICA INFORMATIVA “MAR4FARM”

SOLUTIONS

Exmo. Ayto. de Santiuste de San Juan Bautista (Segovia)
Miércoles, 29 de octubre de 2014. 17 h.
Jornada dirigida a los usuarios del acuifero.

Entrada lbre

— L
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MARSOL. TALLERES INFORMATIVOS EN LA CUBETA DE SANTIUSTE Y EL CARRACILLO

MARJFARM

qumlﬁZmpnmlnMdommM&muhmddndkmdom
Aronales, como “obra de interés general para la nacion”, se han Nevado a cabo i de recarga
gestionacla a cargo de la comunidad de regantes con ol soporte, do lo han requerido, de los
técnicos involucrados en la elaboracion de los estudios y ejecucion de las obras,

Pasada una década, se han publicado varios articulos y Nbros, dirlgidos especiaimente a técni y
cientificos, pero todavia gran parte de los regantes y usuarios ignoran detalles de esta actuacion. En
mcmmummmm«mmmm:ﬁmmnmm«b
mmpdrvclpabsmu-mdoﬂnwsmznm”,. y
solucionar fas dudas que pudi tener (evitando o lenguaje muy técnico) sobre tales como:
Jpara qué se hizo esta obra? ,qué bomncbsnporhn un agricultor?, ;cémo rundomelncullew?
gqu‘dobonnb« sobre gestion del agua a escala de usuario?. Estas preguntas y todas las que

pudieran surgir seran contempladas por los técnicos que han panidpadot en los proyectos, obm.

gos de la C idad de Regontes y de los Exmos. Aytos, | , té de la Confed
HndrogriﬁcadalOuuoydolaJunhdoCasuIlayLoén.com gentes mas invol dos junto con los
g protagonistas de esta historia.
PROGRAMA PRELIMINAR
17:00 « 17:15 | Bienvenida, D Octavio Esteban Ferndndez. Presidente de ia CCRR de a Cubeta de Santiuste

17:15 - 17:35

Aspectos generales sobre Ia recarga gestionada (antes Hamada recarga antificial)
e Dr ing Jodo Paulo Lobo Ferreira Ingemero ol (LNEC, Portugal)

17:35 - 17:55

La actividad vista desde ta Confederacion Hidrografica del Duero. Estudios y trabajos previes
o D Viclor de! Barrio Beato. Hidregediogo (Canfederacidn Hidrografica del Duero)

17:55 - 18:15

Regadio con agua reg ada, La experiencia de Alcazarén
e D José Luis Sevila Portilla ingervern Agrénomo (Junia de Castila y Ledn)

16:15 - 18:40

Pausa, café

16:40 - 19:00

Funcionamiento del acuifero
o [r Enrque Fermandez Escalante Hdrogedloge (TRAGSA)

19:00 -~ 19:20

Descripcion de las obras
¢ D Roberto Ferndndez Garcla Ingeniero Agroromo (TRAGSA)

19:20 - 19:40

Medio ambiente y recarga gestionada. Impacto ambiental de la actuacion
e [Ox Jon San Sebastian Sauto Bdiogo (TRAGSATEC)

19:40 - 20:00

Técnicas de gestion hidrica a a de rio, R daci
Presentacion del Ebook: 2002.2012 una década de recargs gestionada Acuifero de la Cubela ge
Santiuste, Castila y Ledn nip e aNGXSAS

¢ Or Enngue Fermdndez Escalante Hdrogedloge (TRAGSA)

20:00 - 20:20

Técnicas para la eficiencia energética y uso de energlas alternativas para ol regadio en los
Arenales (Castilla y Leén). Bomibeo mediante energis solar Tolovoltaica y ahorro energético en el
rego por aspersian

o José Manuel Omara Alvarez Ingeniero Agronomo {AIMCRA-Pan 2020)

Debate abierto

e ot s SoMtonto ¥
Scercty ecn Dmugtt (WS wih tte wpsart of the Tusspesn Camescion mnmmmmala-w‘ aned Bve Comvresnen can

20:20 - 20:40 o Reistor D Lus Seyalero Ingeniero lécnico agricota Téonioo de i CCRR de Santiuste
20:40 Clausura. Sr. D Juan Martin Gémez. Alcalde de Santiuste de San Juan Bautista
Esto programa, aprobado en un pnincipo, puede sufrr aigunas modihcaciones
Organizs
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MARSOL. TALLERES INFORMATIVOS EN LA CUBETA DE SANTIUSTE Y EL CARRACILLO MARSOL. TALLERES INFORMATIVOS EN LA CUBETA DE SANTIUSTE Y EL CARRACILLO

MARJFARM

“ ﬁ Desde que en 2002 empezaran las actlvidades de recarga gestionada en este sector del acuifero de Jos
RECHARGE '.- GrLijTragsa . Arenales, como “obra de interés general para la nacion”, se han llevado a cabo acciones de recarga y

mantenimiento a cargo de fa comunidad de regantes con el soporte, cuando fo han requerido, de los
SOLUTIONS E técnicos involucrados en la slaboraciGn de los estudios y ejecucion de las obras,

. Pasada una década, se han publicad vios articulos, dirigidos, especialm a té y
LA RECARGA GESTIONADA DEL ACUIFERO S i s ey
DEL CARRACILLO la zona, como principales usuarios do sus aguas sublorrdneas. £n este so protondo dar informacion y

solucionar las dudas que pudieran toner (evitando eof lenguaje fécnico) sobro aspectos, tales como:

I Jpam qué se hizo esta obra? ,qué beneficios reporta a un agricultor?, jcomo funciona el acuifero?,

JORNADA TECNICA INFORMATIVA “"MAR4FARM* 2qué deben saber sobre gestion del agua a escala de usuario?. Estas preguntas y todas fas que

pudieran surgir, serdn contempladas por los técnicos que han participados en los proyectos, obras,

cargos de la Comunidad de Regantes y de los Exmos. Aytos. implicados, técnicos de la Confederacion

Hidrografica del Duero y de la Junta de Castiila y Ledn, como agentes mas involucrados junto con los
regantes, verdaderos protagonistas de esta historia.

PROGRAMA PRELIMINAR

10:00 - 10:15 | Bienvenida. O Ennque Herranz Garcla ITA Presidente de ia CCRR ool Carracilio

Aspectos generales sobre la recarga gestionada (antes Il da recarga artificial)

T
eI e Or ing Jo@o Paun Lobo Ferreira Ingeniern ovil (LNEC, Portugal)
10:35 - 10:55 La actividad vista desde la Confed n Hidrografica del Duero
: RS ¢ D Victor gel Basrio Beato. Hidrogedloge (Confederacion Hidrografics oel Duero)
= T —— — — —
10:55 -~ 11:1 | THNOTIPSIoN G lon y trabajos previos y y prop——

o [* Camnen Maclas Artequera. Gedloga el Dpto. de hidrogeologla (TRAGSATEC)

11:15 - 11:40 | Pausa, café

Descripcion de la obra

11:40 - 12:00 pe . FET A sAE A
¢ O Robero Femancez Garcla ingemero Agranomo (TRAGSA)
12:00 - 12:20 Impact biental de la ion, en especial sobre las masas forestales
i x « Or Jon San Senastidn Sauto. Bdiogo (TRAGSATEC)
12:20 - 12-40 Recomendaciones de gestion hidrica a escala del usuano de Los Arenales
Sk S o DOr Enrdue Femdndez Escatante. Hidrogedingo (TRAGSA)
124 13:00 Modelos para prever la evolucion del agua del acuifero en cantidad y calldad

o Dr Xavier Sarchez Vila Ingenioro de caminos | (LFC)

MARJFARM. Jueves, 30 de octubre de 2014. 10 h. YT y
Centro “ " & -~ |Regadio con agua regenerada. La exp de
cultural “Las Fuenteclies”, C/ Alta, o 21 -23. 6 zserracin (Segoviaj = o D José Luis Sevilla Portilie. ingervero Agranomo (Junta de Castdla y Ledn)

Jomada dirigida a los usuarios del acuifero
Entrada libre Técnicas para la eficienci gética y uso de energlas alternativas para el regadio an los
Arenales (Castilla y Ledn), Bombeo mediarte energla solar fotovolaca y shoro energdtoo en

X 13:20 - 13:40
Colaboran: ol Hego por Espersidn
e n o José Manuel Omafa Alvarez Ingeniero Agranomo (AIMCRA-Fan 2020)
t pa— - At dw
e _ = - Caniia y Lot Debate abierto
3:40 - 14:0
‘s wea > u i ¢ Relator * Secretaria oe la CCRR del Caracitio
W 5 -
020 AmCHA manser —_— ?E—z- . -",1' 14:00 Clausura, Sra O Laura del Rio Arrane Alcaldess de Gomezserracin
Este prograrma, aprobedo en un princips, puede sulre algunas rodificaciones
Frrves 2pus o Iendianm b S hwe Bomtote Ciuresswrvacn *Pardients de oan:!;mumn
Qrganga
Thn etiabve tonis phate i De bavawork of “FRTEN.2013 MARSOL 1G4 82 1200 Demomsivateg Maseged Aguler Suchinw w1 & SoMon o ¥ t:ﬂ
Szarcly a0 Deowgtt (WPE with Be seppon of the Eusepsss Commrssion haweve 1 1080t 1he wews oy of B shors and Me Commmion can i b o ry
hedd retgonaRie of sy use which may S rade of (e Itfmaton contared Deen . LOAAME
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