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J.P. Carcomo Lobo Ferreira

Doktor-Ingenieur em Engenharia Civil pela Technische Universitct Berlin. Investigador-Coordenador com
Habilitacdo do Laboratério Nacional de Engenharia Civil (LNEC). Chefe do Nucleo de Aguas Subterraneas do
LNEC. Presidente da APRH (1992-1994). Primeiro Prémio de “Trabalhos de Investigagcdo no Dominio do
Ambiente” da Secretaria de Estado do Ambiente e Recursos Naturais (1986).

Jodo Paulo C Lobo Ferreira
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Ver Curriculum

Situacéao Profissional
Coordenador da Assessoria para as Relagdes Internacionais

Graus Académicos e Cientificos

e Licenciatura em Engenharia Civil pelo Instituto Superior Técnico, Universidade Técnica de Lisboa, em
julho de 1975.

e Equivaléncia ao grau de "Diplom-Ingenieur (Dipl.-Ing.)" pela Universidade Técnica de Berlim, Alemanha,
em outubro de 1978.

¢ "Especialista” pelo Laboratério Nacional de Engenharia Civil, Lisboa, em maio de 1986.

¢ "Doktor-Ingenieur (Dr-Ing.)" pela Technische Universitat Berlin, Alemanha, em outubro de 1986.

e Equivaléncia ao grau de "Doutor em Engenharia Civil" pelo Instituto Superior Técnico, Universidade
Técnica de Lisboa, em abril de 1989.

» "Habilitado para o exercicio de fungbes de coordenacgao cientifica" pelo LNEC, em fevereiro de 2000.

Funcgdes e Cargos Publicos Relevantes
Areas de Investigacdo / Interesse
Dominios de Especializagao
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¢ Hidrogeologia e modelagdo matematica de aguas subterraneas;

¢ Hidrologia estocastica (avaliagdo de parametros de aquiferos em situagéo de incerteza, incluindo a
avaliagao da recarga de aquiferos);

¢ Avaliacao da vulnerabilidade de formagdes aquiferas a poluicao;

¢ Avaliagcdo de recarga de aquiferos (modelagdo sequencial do balango hidrico);

¢ Desenvolvimento, comparacao e aplicacdo de modelos matematicos do escoamento e do transporte de
massa em meios porosos e fraturados.

Areas de interesse

¢ Hidrogeologia e modelagdo matematica de aguas subterraneas;

e Caracterizacao de parametros de aquiferos;

¢ Avaliagdo da vulnerabilidade de formagdes aquiferas a polui¢ao;

¢ Avaliagao de recarga de aquiferos;

¢ Desenvolvimento, comparagao e aplicagdo de modelos matematicos do escoamento e transporte de
massa em meios porosos e fraturados.

Linguas

e Dominio oral e escrito da lingua inglesa, alema e francesa. Entendimento escrito e oral das linguas
espanhola e italiana.
e Lingua mae: Portugués.

Publicacdes Relevantes

o 2 teses ("Doktor-Ingenieur" pela Universidade Técnica de Berlim e para "Especialista” do LNEC);

¢ 1 Programa de Investigagao para obtencdo do Titulo de Habilitado para o exercicio de fungdes de
coordenacao cientifica;

e 2 livros (coeditor);

¢ 8 Memorias do LNEC;

¢ 2 Informagdes Técnicas de Hidraulica do LNEC;

¢ 4 Anais de Simpédsios e Seminarios;

¢ Mais de 100 Comunicagdes a encontros cientificos;

e Mais de 100 Relatérios do LNEC;

¢ 2 Relatérios do TechWare;

¢ 1 artigo publicado no Journal of Hydrology e 1 artigo publicado no Journal of Contaminant Hydrology.

e Foram atribuidos os seguintes prémios a Tese para Especialista do LNEC "A Disperséo de Poluentes
em Aguas Subterraneas"

¢ "Primeiro Prémio de Trabalhos de Investigagdo no Dominio do Ambiente", da Secretaria de Estado do
Ambiente e Recursos Naturais, em 1986;

¢ "Prémio Manuel Rocha", do Laboratério Nacional de Engenharia Civil, em 1987 e "Prémio da
Associagao Portuguesa de Recursos Hidricos", sec¢do "Engenharias”, em 1987.
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Subject Congratulations on your 400th Mention! Are you the “J. Lobo-Ferreira” mentioned in Groundwater flow papers?

ACADEMIA

Dear Jodo,

Congratulations on your 400th Mention!

The name “J. Lobo-Ferreira” was mentioned in a Groundwater flow paper
recently discovered by Academia.



Repositorio DSpace at LNEC 15 de nhovembro de 2023 Lobo Ferreira, J. P. C.

Repositorio DSpace at LNEC: Percorrer o repositério dos 306 resultados disponiveis em
https://repositorio.lnec.pt/ na pesquisa de

https://repositorio.lnec.pt/simple-
search?query=_&filter field 1=author&filter type 1=authority&filter value 1=206&sort by=dc.

date.issued dt&order=desc&rpp=100&etal=0&start=300

Data Titulo Autor(es)

Mar-2021 Large scale physical model experiments to Leitdo, T. E.; Martins, T.; Henriques,
improve water quality using soil-aquifer- M. J. A.; Lobo Ferreira, J. P. C.
treatment (SAT-MAR)

2-Nov-2020 EXPERIENCIA DO LNEC NAS BACIAS DO Lobo Ferreira, J. P. C.

CUNENE E CUVELAI AVALIACAO E
MODELACAO DE AGUAS SUPERFICIAIS E
SUBTERRANEAS

18-Mai-2020 How to control groundwater quality degradation Lobo Ferreira, J. P. C.
in coastal zones using MAR optimized by
GALDIT Vulnerability Assessment to Saltwater
Intrusion and GABA-IFI models

Mai-2020 Large Scale Soil-Aquifer-Treatment (SAT- Leitdo, T. E.; Martins, T.; Henriques,
MAR) Physical Model Experiments to Improve M. J. A.; Lobo Ferreira, J. P. C.
Water Quality

Set-2019 Estudos sobre a reutilizacdo de aguas Leitdo, T. E.; Martins, T.; Mesquita,
residuais tratadas para gestao da recarga de E.; Henriques, M. J. A.; Carvalho,
aquiferos T.; Rosa, M. J.; Lobo Ferreira, J. P. C.

20-Mai-2019  10th International Symposium on Managed Lobo Ferreira, J. P. C.; Escalante , E.
Aquifer Recharge Abstract Book

Mai-2019 Large scale soil-aquifer-treatment (SAT-MAR) Leitdo, T. E.; Martins, T.; Henriques,
physical model experiments to remove rice M. J. A.; Lobo Ferreira, J. P.
paddy field contaminants C.; Rogeiro, J.; llie, A. M. C.

17-Dez-2018 Application of the GALDIT method combined Lobo Ferreira, J. P. C.

with geostatistics at the Bouteldja aquifer

(Algeria)
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8-Jun-2018

7-Mar-2018

7-Mar-2018

Set-2017

Set-2017

Jun-2017

Mai-2017

2-Mar-2017

Mar-2017

A risk assessment methodology to evaluate the

Sanchez-Vila, X.; Lobo Ferreira, J. P.

risk failure of managed aquifer recharge in the
Mediterranean Basin

MARSOL White Book on the state of the art in

C.; Rossetto, R.; Escalante ,
E.; Sapiano, M.; Schiith , C.

Lobo Ferreira, J. P. C.; Martins, T.

Managed Aquifer Recharge Modelling. A
Literature Review.

The Strategic Research and Innovation Agenda

Lobo Ferreira, J. P. C.

of the H2020 Piano Project.

Estudos sobre a disponibilidade e
vulnerabilidade dos recursos hidricos
subterrdneos da Regido Metropolitana do

Recife (Brasil)

Livro branco da gestéo da recarga de
aquiferos: Selecdo de contribuicdes
portuguesas para o projecto Marsol sobre
mitigacdo da escassez de agua e de secas

Estudos sobre a disponibilidade e
vulnerabilidade dos recursos hidricos
subterrdneos da Regido Metropolitana do
Recife. Relatério da atividade 10 — Relatdrio
Final

Soil-Aquifer Treatment as a passive solution to

Oliveira, M. M.; Leitao, T. E.; Martins,

T.; Duarte Costa, W.; Albuquerque,
M.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitao, T.

E.; Martins, T.; Oliveira, M. M.; Mota,
R.; Henriques, M.; Monteiro, J.

P.; Hugman, R.; Costa, L.; Carvalho,
T.; Agostinho, R.; Sousa, R.

Leitdo, T. E.; Duarte Costa,

W.; Oliveira, M. M.; Novo, M.

E.; Martins, T.; Henriques, M. J.

A.; Charneca, N.; Lobo Ferreira, J. P.

C.; Viseu, T.; Santos, M.A.V.; Cabral,

J J.; Freitas, A.

Leitdo, T. E.; Martins, T.; Mesquita,

enhance treated wastewater quality

Combinacdo do método da resistividade
elétrica com registos continuos de
condutividade elétrica e de nivel piezométrico
num ensaio de recarga de aquifero

Tratamento solo-aquifero como solucdo
passiva para melhorar a qualidade de aquas
residuais tratadas antes da sua utilizacdo para

E.; Henriques, M. J. A.; Rogeiro,
J.; Carvalho, T.; Rosa, M. J.; Lobo
Ferreira, J. P. C.

Mota, R.; Oliveira, M. M.; Leitao, T.
E.; Lobo Ferreira, J. P. C.

Leitao, T. E.; Martins, T.; Mesquita,
E.; Henriques, M. J. A.; Rogeiro,
J.; Carvalho, T.; Rosa, M. J.; Lobo

recarga de aquiferos

Ferreira, J. P. C.
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2015

Set-2014
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Abr-2014

Fev-2014

2014

Jun-2013

New test of the Gabardine infiltration basin for

Oliveira, M. M.; Lobo Ferreira, J. P.

mar in rio Seco (Campina da Faro aquifer
system, Algarve)

Interpretation of an injection test in a large
diameter well in south Portugal and contribution

to the understanding of the local hydrogeology

Modelling Contributions of the Local and
Reqional Groundwater Flow of Managed
Aquifer Recharge Activities at Querenca-Silves

Aquifer System

Artificial recharge enhancement to prevent
seawater intrusion in the coastal aquifer of
Korba-Mida (Tunisia)

Demonstrating managed aquifer recharge as a

C.; Leitao, T. E.; Costa, L. R.
D.; Carvalho, T.; Agostinho,
R.; Monteiro, J. P.

Costa, L. R. D.; Monteiro, J.
P.; Oliveira, M. M.; Lobo Ferreira, J. P.

C.; Leitao, T. E.; Carvalho,
T.; Carvalho, J.M.; Agostinho, R.

Costa, L.; Monteiro, J. P.; Oliveira, M.
M.; Mota, R.; Lobo Ferreira, J. P.

C.; Carvalho, J.M.; Carvalho,

T.; Agostinho, R.; Hugman, R.

Gaaloul, N.; Leitdo, T. E.; Lobo
Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitdo, T. E.

solution for climate change adaptation: results
from Gabardine project and asemwaterNet
coordination action in the Algarve reqgion

(Portugal)

Combined Use of Electrical Resistivity
Tomography and Hydrochemical Data to
Assess Anthropogenic Impacts on Water
Quallity of a Karstic Region: A Case Study from
Querenca-Silves, South Portugal

Projeto de investigacdo programada
“Alteracdes climaticas e aquas subterrdneas” -
Relatdrio final de apresentacdo de resultados

Portugal’s river basin management plans:
groundwater innovative methodologies,
diagnosis, and objectives

Combined use of geophysical methods and
water information to assess human activities
impacts on karst groundwater quality

Leitdo, T. E.; Mota, R.; Novo, M.
E.; Lobo Ferreira, J. P. C.

Novo, M. E.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitdo, T.
E.; Oliveira, M. M.

Leitao, T. E.; Mota, R.; Novo, M.
E.; Lobo Ferreira, J. P. C.
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Mai-2013

Mai-2013
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7-Mar-2013

7-Mar-2013

7-Mar-2013

Mar-2013

Artificial recharge effects in a coastal aquifer

Leitdo, T. E.; Gaaloul, N.; Lobo

located in the semi-arid environment of Korba-

Ferreira, J. P. C.

Mida, Cap-Bon Peninsula, Tunisia

Analise da contribuicdo das fontes poluentes

Lobo Ferreira, J. P. C.; Novo, M.

para a carga total de nitratos e fosfatos que
afluem a Lagoa de Melides por transporte
subterrdneo

Metodologia para a definicdo de medidas de

E.; Oliveira, L. G. S.

Novo, M. E.; Oliveira, L. G. S.; Leitao,

intervencéo para a recuperacéo do estado
“Bom” do meio hidrico superficial e
subterraneo: o caso de estudo da bacia
hidrografica de Melides

Metodologia para a definicdo das areas
prioritarias para aplicacdo de medidas com
vista a recuperacdo do estado “Bom” do meio
hidrico superficial e subterrdneo: o caso de
estudo da bacia hidrografica de Melides (litoral
Alentejano — Portugal)

Variabilidade climatica, recursos hidricos
subterrdneos e ecossistemas dependentes de
aguas subterraneas

Andlise da contribuicdo das fontes poluentes

T. E.; Lobo Ferreira, J. P. C.; Oliveira,

M. M.

Novo, M. E.; Lobo Ferreira, J. P.

C.; Henriques, M. J. A.; Oliveira, L. G.

S.

Lobo Ferreira, J. P. C.; Leitao, T.
E.; Martins, T.; Oliveira, M.
M.; Monteiro, J. P.; Novo, M. E.

Lobo Ferreira, J. P. C.; Novo, M.

para a carga total de nitratos e fosfatos que
afluem a Lagoa de Melides por transporte
subterrdneo

Evolucdo da qualidade das aquas
subterrdneas na zona envolvente ao complexo

quimico de estarreja. Perspetivas futuras

Uma experiéncia de investigacdo em aquas
subterrdneas: adaptacdo a um mundo em

mudanca

Estudo da viabilidade de utilizacdo das aguas

E.; Oliveira, L. G. S.

Leitdo, T. E.; Lobo Ferreira, J. P.
C.; Matrtins, T.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Henriques, M.

subterrdneas do campus do LNEC,
nomeadamente para abastecimento aos
modelos fisicos do pavilhdo de hidraulica
maritima - Relatdrio final

J. A.; Martins, T.; Leitdo, T. E.; Novo,
M. E.; Oliveira, M. M.; Oliveira, L. G.
S.; Pope, L.
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Jun-2012

Jun-2012

Jun-2012

Jun-2012

Jun-2012

Combined use of geophysical methods and
water information to assess human activities
impacts on karst groundwater quality

Componente do Nucleo de Aguas
Subterraneas para o enquadramento das
medidas de mitigacdo em Melides — Projecto
PROWATERMAN

Environmental Situation in the Surrounding
Area of Lajes Field Airport, Azores

Plano de gestdo da Bacia Hidrografica do Tejo

Leitao, T. E.; Mota, R.; Novo, M.
E.; Lobo Ferreira, J. P. C.

Oliveira, L. G. S.; Novo, M. E.; Lobo
Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitao, T.
E.; Novo, M. E.; Oliveira, L. G.

S.; Oliveira, M. M.; Mota,

R.; Henriques, M. J. A.; Matrtins, T.

Lobo Ferreira, J. P. C.; Monteiro, J.

- Modelacéo do sistema aquifero de Monforte-
Alter do Ché&o e analise dos impactos das
alteracOes climaticas nos ecossistemas
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relatorio tematico — Saidas de campo do

primeiro semestre de 2011, resultados
quantitativos e qualitativos das campanhas,
balanco hidrico e vulnerabilidade WRASTIC

Plano de gestdo da Regido Hidrografica do
Tejo - Lote 2: Recursos Hidricos Subterraneos
(Versao de Agosto de 2011)

Caracterizacdo da vulnerabilidade a intruséo

Lobo Ferreira, J. P. C.; Leitdo, T.

E.; Oliveira, M. M.; Novo, M.

E.; Henriques, M. J. A.; Oliveira, L. G.
S.; Martins, T.

Martins, T.; Henriques, M. J. A.; Lobo

marinha dos sistemas aquiferos da Regido
Hidrografica do Centro

Plano das bacias hidrograficas das Ribeiras do

Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitdo, T.

Qeste - Lote 2: Recursos Hidricos
Subterraneos (Versao de Agosto de 2011)

Plano das Bacias Hidrograficas das Ribeiras

E.; Oliveira, M. M.; Novo, M.
E.; Henriques, M. J. A.; Oliveira, L. G.
S.; Martins, T.

Lobo Ferreira, J. P. C.; Pinto, .

do Oeste. Lote 2: Recursos Hidricos
Subterraneos - Sintese para Consulta Publica
do PBH Oeste

Plano de Gestdo da Reqido Hidrografica do
Tejo. Lote 2: Recursos Hidricos Subterraneos -
Sintese para Consulta Publica do PGRH Tejo

Report on Eu Mission to the Yellow River
Basin. Doncument

Estudo do efeito da maré na qualidade das
aguas subterrdneas. Um caso de estudo em
Alcantara

V.; Monteiro, J. P.; Oliveira, M.

M.; Leitdo, T. E.; Nunes, L. M.; Novo,
M. E.; Salvador, N.; Pombo, S.; Silva,
M. F.; Igreja, A.; Nunes, J.

F.; Henriques, M. J. A.; Silva,

D.; Oliveira, L. G. S.; Martins,

R.; Monte, M.; Martins, J.; Braceiro,
A.; Henriques, R. S.; Quaresma, M.

Lobo Ferreira, J. P. C.; Pinto, |.

V.; Monteiro, J. P.; Oliveira, M.

M.; Leitdo, T. E.; Nunes, L. M.; Novo,
M. E.; Salvador, N.; Nunes, J.

F.; Pombo, S.; Silva, M. F.; Igreja,
A.; Henriques, M. J. A.; Silva,

D.; Oliveira, L. G. S.; Martins,

T.; Martins, J.; Braceiro,

A.; Henriques, R. S.; Martins, R.

Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P.
C.; Henriques, M. J. A.
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10-Mar-2011

31-Jan-2011

31-Jan-2011

Persistent Scatterers Interferometry detects
and measures ground subsidence in Lisbon

SUBSIn — Utilizacdo do INSAR na Deteccédo e

Heleno, S.; Oliveira, L. G.

S.; Henriques, M. J.; Falcao, A.

P.; Lima, J. N.; Cooksley, G.; Ferretti,
A.; Fonseca, A. M.; Lobo Ferreira, J.
P. C.; Fonseca, J.

Heleno, S.; Henriques, M. J.; Falcao,

Caracterizacdo de Subsidéncia na Regido de

A. P.; Lima, J. N.; Lobo Ferreira, J. P.

Lisboa

Persistent Scatterers Interferometry detects
and measures ground subsidence in Lisbon

Efeitos da maré na piezometria e drendncia
entre as formacdes suspensas e o aquifero
basal das formacdes aquiferas do concelho de
Praia da Vitéria, Acores

Avaliacdo da Vulnerabilidade a Intrusdo
Marinha da Zona de Influéncia de Maré da
Guiné Bissau

Plano das Bacias Hidrograficas das Ribeiras

C.

Heleno, S.; Oliveira, L. G.

S.; Henriques, M. J.; Falc&o, A.

P.; Lima, J. N.; Cooksley, G.; Ferretti,
A.; Fonseca, A. M.; Lobo Ferreira, J.
P. C.; Fonseca, J.

Lobo Ferreira, J. P. C.; Oliveira, L. G.
S.

Lobo Ferreira, J. P. C.; Terceiro,
A.; Oliveira, L. G. S.; Baldé, |.

Lobo Ferreira, J. P. C.; Pinto, I.

do Oeste.Sequnda versdo dos contetuidos do
PBH Oeste.Versdo 1

Plano das Bacias Hidrograficas das Ribeiras

V.; Monteiro, J. P.; Oliveira, M.

M.; Leitdo, T. E.; Nunes, L. M.; Novo,
M. E.; Salvador, N.; Pombo, S.; Silva,
M. F.; Igreja, A.; Nunes, J.

F.; Henriques, M. J. A.; Silva,

D.; Oliveira, L. G. S.; Martins,

R.; Monte, M.; Martins, J.; Braceiro,
A.; Henriques, R. S.; Quaresma, M.

Lobo Ferreira, J. P. C.; Pinto, I.

do Oeste. Sequndo Relatorio Intercalar do PBH

Qeste. Verséo 1

V.; Monteiro, J. P.; Oliveira, M.

M.; Leitdo, T. E.; Nunes, L. M.; Novo,
M. E.; Salvador, N.; Pombo, S.; Silva,
M. F.; Igreja, A.; Nunes, J.

F.; Henriques, M. J. A.; Silva,

D.; Oliveira, L. G. S.; Martins,

R.; Monte, M.; Martins, J.; Braceiro,
A.; Henriques, R. S.; Quaresma, M.
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Plano de Gestdo da Regido Hidrografico do
Tejo. Segunda versio dos contelidos do
PGRH Tejo. Verséo 1

Groundwater Artificial Recharge Solutions for

Lobo Ferreira, J. P. C.; Pinto, |.

V.; Monteiro, J. P.; Oliveira, M.

M.; Leitdo, T. E.; Nunes, L. M.; Novo,
M. E.; Salvador, N.; Nunes, J.

F.; Pombo, S.; Silva, M. F.; Igreja,
A.; Henriques, M. J. A.; Silva,

D.; Oliveira, L. G. S.; Martins,

T.; Martins, J.; Braceiro,

A.; Henriques, R. S.; Martins, R.

Lobo Ferreira, J. P. C.; Diamantino,

Integrated Management of Watersheds and
Aquifer Systems under Extreme Drought
Scenarios

Agua, ecossistemas aquaticos e actividade
humana - Uma abordagem integrada e
participativa na definicdo de estratégias
inovadoras e prospectivas de gestao integrada
de recursos hidricos no Sul de Portugal —
Prowaterman referéncia do projecto n.°
PTDC/AAC-AMB/105061/2008 Segundo
relatério tematico — Recarga artificial de
aquiferos e vulnerabilidade das aguas
subterrineas as alteracdes climaticas

Cooperacéo Internacional em aguas
subterrneas — CIAS - Projecto de Cooperacéo
Cientifica e Tecnoldgica entre o LNEC
(Portugal), o IPT (Brasil), o Ministério dos
Recursos Naturais e Ambiente da Guiné-
Bissau e a Universidade Agostinho Neto
(Angola) com suporte financeiro da FCT
(Portugal) e do Ministério de Ciéncia e
Tecnologia, Fundo Sectorial de Recursos
Hidricos — CTHIDRO, do Brasil

Modelacdo matematica em aquiferos costeiros.

C.; Henriques, M. J. A.

Oliveira, L. G. S.; Novo, M.
E.; Terceiro, A.; Lobo Ferreira, J. P. C.

Terceiro, A.; Lobo Ferreira, J. P. C.

Terceiro, A.; Oliveira, L. G. S.; Lobo

Aplicacdo a dois casos de estudo em paises

Ferreira, J. P. C.; Miquel, G.; Gaaloul,

africanos: Angola e Tunisia

Proteccdo das origens superficiais e
subterrdneas nos sistemas de abastecimento

de agua

N.; Oliveira, E.

Lobo Ferreira, J. P. C.; Rocha, J.
S.; Leitdo, T. E.; Barbosa, A.
E.; Oliveira, M. M.

16


https://repositorio.lnec.pt/handle/123456789/1002320
https://repositorio.lnec.pt/handle/123456789/1002320
https://repositorio.lnec.pt/handle/123456789/1002320
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1050&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1050&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1059&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1054&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1058&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1052&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1052&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1061&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1057&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1048&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1048&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=232&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1049&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1049&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=860&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=933&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=933&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1051&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1047&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1047&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1060&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=317&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/1002152
https://repositorio.lnec.pt/handle/123456789/1002152
https://repositorio.lnec.pt/handle/123456789/1002152
https://repositorio.lnec.pt/handle/123456789/1002152
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=232&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/handle/123456789/1000744
https://repositorio.lnec.pt/browse?type=author&authority=860&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=166&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/browse?type=author&authority=166&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/browse?type=author&authority=166&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=860&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2322&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1579&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1579&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1101&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=203&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=203&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=163&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=163&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR

Jan-2010

Jan-2010

Out-2009

Out-2009

20-Out-2010

Set-2010

Ago-2010

9.° Simpdsio de Hidraulica e Recursos Hidricos

Lobo Ferreira, J. P. C.

dos Paises de Lingua Oficial Portuguesa - 9.°
Silusba

SUBSIn — Utilizacdo do InSAR na deteccdo e

Oliveira, L.; Lobo Ferreira, J. P.

caracterizacdo de subsidéncia e deslizamentos
do solo na regido de Lisboa: Componente
aguas subterraneas - Referéncia do projecto
n.° PTDC/CTE-GEX/65261/2006 segundo
relatério de progresso referente a analise
DPSIR (Driving Forces- -Pressures-State-
Impact-Responses) e @ modelacdo de
subsidéncia do caso de estudo em Vialonga

Groundwater Artificial Recharge Solutions for

C.; Silva, S. I.

Lobo Ferreira, J. P. C.; Diamantino,

Integrated Management of Watersheds and
Aquifer Systems under Extreme Drought
Scenarios

Groundwater Artificial Recharge Solutions for

C.; Henriques, M. J. A.

Lobo Ferreira, J. P. C.; Diamantino,

Integrated Management of Watersheds and
Aquifer Systems under Extreme Drought
Scenarios

Groundwater Artificial Recharge Solutions for

C.; Henriques, M. J. A.

Lobo Ferreira, J. P. C.; Diamantino,

Integrated Management of Watersheds and
Aquifer Systems under Extreme Drought
Scenarios

Aqua, ecossistemas aquaticos e actividade
humana - Uma abordagem integrada e
participativa na definicdo de estratégias
inovadoras e prospectivas de gestdo integrada
de recursos hidricos no Sul de Portugal —
Prowaterman referéncia do projecto n.°
PTDC/AAC-AMB/105061/2008 Segundo
relatério tematico — Recarga artificial de
aquiferos e vulnerabilidade das aguas
subterrdneas as alteracdes climaticas

Cooperacéo Internacional em aguas
subterrdneas — CIAS - Projecto de Cooperacéo
Cientifica e Tecnoldgica entre o LNEC
(Portugal), o IPT (Brasil), o Ministério dos
Recursos Naturais e Ambiente da Guiné-
Bissau e a Universidade Agostinho Neto
(Angola) com suporte financeiro da FCT

C.; Henriques, M. J. A.

Oliveira, L. G. S.; Novo, M.

E.; Terceiro, A.; Lobo Ferreira, J. P. C.

Terceiro, A.; Lobo Ferreira, J. P. C.
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Mar-2010

Jan-2010

Jan-2010

Out-2009

Out-2009

Out-2009

Out-2009

(Portugal) e do Ministério de Ciéncia e
Tecnologia, Fundo Sectorial de Recursos
Hidricos — CTHIDRO, do Brasil

Modelacdo matematica em aquiferos costeiros.

Terceiro, A.; Oliveira, L. G. S.; Lobo

Aplicacdo a dois casos de estudo em paises

Ferreira, J. P. C.; Miguel, G.; Gaaloul,

africanos: Angola e Tunisia

Proteccdo das origens superficiais e
subterrdneas nos sistemas de abastecimento

de agua

9.° Simpdsio de Hidraulica e Recursos Hidricos

N.; Oliveira, E.

Lobo Ferreira, J. P. C.; Rocha, J.
S.; Leitdo, T. E.; Barbosa, A.
E.; Oliveira, M. M.

Lobo Ferreira, J. P. C.

dos Paises de Lingua Oficial Portuguesa - 9.°
Silusba

SUBSIn — Utilizacdo do InSAR na deteccdo e

Oliveira, L.; Lobo Ferreira, J. P.

caracterizacdo de subsidéncia e deslizamentos
do solo na regido de Lisboa: Componente
aguas subterraneas - Referéncia do projecto
n.° PTDC/CTE-GEX/65261/2006 segundo
relatério de progresso referente a analise
DPSIR (Driving Forces- -Pressures-State-
Impact-Responses) e a modelacéo de
subsidéncia do caso de estudo em Vialonga

Groundwater Artificial Recharge Solutions for

C.; Silva, S. I.

Lobo Ferreira, J. P. C.; Diamantino,

Integrated Management of Watersheds and
Aquifer Systems under Extreme Drought
Scenarios

Planeamento e Gestdo do Uso do Solo
Agricola para uma Proteccdo Sustentavel das

C.; Henriques, M. J. A.

Leitdo, T. E.; Oliveira, L. G. S.; Lobo
Ferreira, J. P. C.; Laranjeira, I.

Aguas Subterraneas - Um Caso de Estudo em
Portugal

Efeitos da Infiltracdo de Agqua num Canal de

Ferreira da Silva, J.; Lobo Ferreira, J.

Recarga no Controlo da Intrusdo Salina e nas

P. C.; Lima, A. S.; Garcez Moreira, J.

Extraccoes de Aquiferos Costeiros

POCI/AGR/59180/2004 — Avaliacao do impacte

Lobo Ferreira, J. P. C.; Novo, M.

de fogos florestais nos recursos hidricos
subterréneos - Relatério final de execucao
material

E.; Oliveira, M. M.; Laranjeira,
L; Leitdo, T. E.; Henriques, M. J.
A.; Martinho, N.

18


https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/1000743
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/handle/123456789/17909
https://repositorio.lnec.pt/browse?type=author&authority=166&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=860&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2322&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1579&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1579&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1101&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/handle/123456789/17908
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=203&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=203&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=163&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=163&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/1001467
https://repositorio.lnec.pt/handle/123456789/1001467
https://repositorio.lnec.pt/handle/123456789/1001467
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/handle/123456789/17829
https://repositorio.lnec.pt/browse?type=author&value=Oliveira%2C+L.&value_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&value=Silva%2C+S.+I.&value_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17060
https://repositorio.lnec.pt/handle/123456789/17060
https://repositorio.lnec.pt/handle/123456789/17060
https://repositorio.lnec.pt/handle/123456789/17060
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=232&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17048
https://repositorio.lnec.pt/handle/123456789/17048
https://repositorio.lnec.pt/handle/123456789/17048
https://repositorio.lnec.pt/handle/123456789/17048
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=860&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1000&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17042
https://repositorio.lnec.pt/handle/123456789/17042
https://repositorio.lnec.pt/handle/123456789/17042
https://repositorio.lnec.pt/browse?type=author&authority=2232&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2226&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2233&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/17398
https://repositorio.lnec.pt/handle/123456789/17398
https://repositorio.lnec.pt/handle/123456789/17398
https://repositorio.lnec.pt/handle/123456789/17398
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1844&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1000&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=1000&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=232&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=232&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&value=Martinho%2C+N.&value_lang=pt_BR

Set-2009

Abr-2009
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Abr-2008

Abr-2008

Abr-2008

Jul-2007

Metodologias para um melhor planeamento e

Leitdo, T. E.; Laranjeira, I.; Oliveira,

gestdo do uso do solo agricola atendendo a
vulnerabilidade dos aquiferos a poluicdo difusa
- Relatério final - Referéncia do projecto n.°
POCI/AGR/57719/2004

On Methods for Regional Ground- And Surface

L.; Paralta, E.; Lobo Ferreira, J. P.
C.; Cunha, M. C.; Terceiro, P.

Lobo Ferreira, J. P. C.; Yuanyuan,

Water Protection And Zoning: Application To
The Zhangji Case Study Area (China)

Modelo matematico do escoamento
subterrdneo no vale de Alcantara - Relatério
das Tarefas 1,2 e 3.1

An integrated framework for sustainable
agriculture land use and production practices

ECOMANAGE — INTEGRATED ECOLOGICAL

M.; Rui, F.

Oliveira, M. M.; Lobo Ferreira, J. P.
C.; Mancuso, M. A.; Novo, M.
E.; Henriques, M. J. A.

Leitdo, T. E.; Cunha, M.C.; Laranjeira,
I.; Lobo Ferreira, J. P. C.; Paralta, E.

Oliveira, M. M.; Limbozzi, F.; Carrica,

COASTAL ZONE MANAGEMENT SYSTEM -

J.; Albouy, E.; Lobo Ferreira, J. P. C.

Deliverables 2.6 & 2.8 - Argentina: D2.6 - SIG
mapping of hydrogeologic parameters,
including groundwater recharge asessment and

vulnerability to pollution, D2.8 - Groundwater
flow and transport components of the global
estuary model (2nd Part: Bahia Blanca estuary)

Ensaios de recarga artificial e aplicacdo de
métodos geofisicos no leito do Rio Seco
(Projecto GABARDINE)

Alteracdes climaticas e seus impactos em
recursos hidricos subterrdneos de zonas
insulares - metodologias de vulnerabilidade as
alteracdes climaticas

Alteracoes climaticas e seus impactos em
recursos hidricos subterraneos de zonas
insulares - recarga de aquiferos

ECOMANAGE - Integrated Ecological Coastal

Diamantino, C.; Lobo Ferreira, J. P.
C.; Mota, R.

Novo, M. E.; Lobo Ferreira, J. P. C.

Novo, M. E.; Lobo Ferreira, J. P. C.

Mancuso, M. A.; Lobo Ferreira, J. P.

Zone Managment System Deliverable 2.8.
Groundwater modeling of the sedimentary
aquifer on santos estuary basin using GIS
mapping of hydrogeologic parameters

C.
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2007
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2006

2006

2005

2005

2005

(Deliverable 2.8 - 1st Part: Santos Estuary -
Quantity)

ECOMANAGE Integrated Ecological Coastal

Mancuso, M. A.; Lobo Ferreira, J. P.

Zone Management System Deliverable 2.8
Groundwater modeling of the sedimentary
aquifer on Santos Estuary basin using GIS
mapping of hydrogeologic parameters

Base de Dados Publicacoes, No Servidor
Caliban. As publicacées do NAS em Julho de
2007

First year achievements of Gabardine project in

C.

Rodriques, M.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Portugal

Artificial aquifer recarge experiments in the
Portuguese Campina de Faro Case-study area

Metodologias de Avaliacdo do risco dos meios

Diamantino, C.; Lobo Ferreira, J. P.
C.; Leitdo, T. E.

Diamantino, C.; Henriques, M. J.

hidricos a poluicdo e sua aplicacdo a um caso
de estudo na China

Reservas Subterraneas O recurso alternativo

A.; Oliveira, M. M.; Lobo Ferreira, J. P.
C.

Oliveira, M. M.; Moinante, M. J.; Lobo

Definicdo de perimetros de proteccdo em
captacoes de agua subterrinea localizadas na
area de estudo de Zhangji (China)

regional surface water protection and zoning:

Ferreira, J. P. C.

Moinante, M. J.; Lobo Ferreira, J. P.
C.

Lobo Ferreira, J. P. C.; Moinante, M.

application to the Zhangji case study

Models to Predict The Impact of The Climate

J.; Diamantino, C.; Henriques, M. J.
A.; Oliveira, M. M.

Oliveira, M. M.; Novo, M. E.; Lobo

Changes on Aquifer Recharge. Comunicacioa

Ferreira, J. P. C.

apresentada no 4° Intercéltico "Water in Celtic
Countries: Quantity, Quality and Climate
Variability", Guimarades de 11 a 14 de Julho de
2005

Assessing Aquifer Vulnerability to Sea-Water

Chachadi, A. G.; Lobo Ferreira, J. P.

Intrusion Using GAIDIT Method: Part 2 -
GALDIT Indicators Description. Comunicacao

C.
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On Wellhead Protection Assessment methods

Moinante, M. J.; Lobo Ferreira, J. P.

and a Case-Study Application in Montemor-O-
Novo, Portugal. Comunicacao apresentada no
4° Intercéltico "Water in Celtic Countries:
Quantity, Quality and Climate Variability",
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Regional groundwater protection and zoning:
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application to the Zhangji case study

Methodologies for Pollution Risk Assessment

J.; Diamantino, C.; Henriques, M. J.
A.; Oliveira, M. M.
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of Water Resources Systems. Comunicacéo
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Assessing Aquifer Vulnerability to Sea-Water

A.; Oliveira, M. M.; Lobo Ferreira, J. P.
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Lobo Ferreira, J. P. C.; Chachadi, A.

Intrusion Using Galdit Method: Part 1 -
Application to the Portuguese Aquifer of Monte
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Quantity, Quality and Climate
Variability",Guimaraes, 11 a 14 de Julho de
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Critérios para definir a sustentabilidade de
exploracdo de aguas subterrdneas

Valorizacdo e Proteccdo da Zona Costeira
Portuguesa: Aspectos tematicos relativos a
componente Aguas Subterréneas

Groundwater vulnerability assessment in
Portugal

Estimation of surface runoff and groundwater

G.; Diamantino, C.; Henriques, M. J.
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Oliveira, M. M.; Moinante, M. J.; Lobo
Ferreira, J. P. C.; Almeida, M. C.

Lobo Ferreira, J. P. C.; Diamantino,
C.; Leitdo, T. E.; Oliveira, M.
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Chachadi, A. G.; Choudri, B.

recharge in Goa mining area using daily
sequential water balance model - BALSEQ
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Assessing the Impacts of Sea-Level Rise on

Chachadi, A. G.; Lobo Ferreira, J. P.

Salt Water Intrusion in Coastal Aquifers using
GALDIT model

Qualidade das Aguas Subterraneas das Areas

C.; Noronha, L.; Choudri, B. S.

Leitdo, T. E.; Moinante, M. J.; Lobo

Envolventes do Estuario do Rio Guadiana e
Zonas Adjacentes

Analise de Sensibilidade da Aplicacéo de
Métodos Indexados de Avaliacdo da
Vulnerabilidade & Poluicdo de Aguas
Subterraneas

Ground Water Availability in Low Precipitation

Ferreira, J. P. C.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

Areas (Highlighting Porto Santo Island Case
Study - Portugal)

Estimativa do Volume e da Qualidade em
Nitratos da Aqua Subterranea que Escoa para

Diamantino, C.; Oliveira, M. M.; Lobo
Ferreira, J. P. C.

0 Estuario do Rio Guadiana, na Zona do Sapal

de Castro Marim

On the Experience of Groundwater
Vulnerability Assessment in Portugal

Poluicdo de Aguas Subterraneas: Principais

Lobo Ferreira, J. P. C.; Oliveira, M. M.

Leitdo, T. E.; Lobo Ferreira, J. P.

Problemas, Processos de Prevencao e de
Reabilitacdo

Modelacdo da Intrusdo Salina com o Modelo

C.; Oliveira, M. M.; Moinante, M. J.

Diamantino, C.; Lobo Ferreira, J. P. C.

Matematico FEFLOW - Fundamentos Tedricos.

Formulacdo para um caso real de
estudo.Comunicacdo apresentada no 6°
Congresso da Agua: A agua é d’ouro,
organizado pela Associacdo Portuguesa dos
Recursos Hidricos (APRH), realizado no
Centro de Congressos da Alfandega, Porto, 18

a 22 de Marco de 2002.

A Qualidade das Aguas Subterraneas em
Portugal: O Cumprimento dos Objectivos da
Directiva-Quadro da Agua sera conseguido,
em Portugal, a bem ou a mal

Lobo Ferreira, J. P. C.

22


https://repositorio.lnec.pt/handle/123456789/5255
https://repositorio.lnec.pt/handle/123456789/5255
https://repositorio.lnec.pt/handle/123456789/5255
https://repositorio.lnec.pt/browse?type=author&authority=2199&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2201&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=2200&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5278
https://repositorio.lnec.pt/handle/123456789/5278
https://repositorio.lnec.pt/handle/123456789/5278
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=765&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5239
https://repositorio.lnec.pt/handle/123456789/5239
https://repositorio.lnec.pt/handle/123456789/5239
https://repositorio.lnec.pt/handle/123456789/5239
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5160
https://repositorio.lnec.pt/handle/123456789/5160
https://repositorio.lnec.pt/handle/123456789/5160
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5109
https://repositorio.lnec.pt/handle/123456789/5109
https://repositorio.lnec.pt/handle/123456789/5109
https://repositorio.lnec.pt/handle/123456789/5109
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5259
https://repositorio.lnec.pt/handle/123456789/5259
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5290
https://repositorio.lnec.pt/handle/123456789/5290
https://repositorio.lnec.pt/handle/123456789/5290
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=222&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=765&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/handle/123456789/5272
https://repositorio.lnec.pt/browse?type=author&authority=179&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5799
https://repositorio.lnec.pt/handle/123456789/5799
https://repositorio.lnec.pt/handle/123456789/5799
https://repositorio.lnec.pt/handle/123456789/5799
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR

2002

2002

2002

2002

2001

2001

2000

2000

2000

2000

2000

Portuguese working paper on water issues:
The water cycle dimension for coastal zone
water managment

Proposta de uma Metodologia para a Definicdo

Lobo Ferreira, J. P. C.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

de Areas de Infiltracdo Maxima.Comunicacdo
apresentada no 6° Congresso da Agua: A agua
€ d’ouro, organizado pela Associacao
Portuguesa dos Recursos Hidricos (APRH),
realizado no Centro de Congressos da
Alfandega, Porto, 18 a 22 de Marco de 2002.

Assessing the Impact of Sea-Level Rise on Salt

Chachadi, A. G.; Lobo Ferreira, J. P.

Water Intrusion in Coastal Aquifers using
GALDIT model

Proposta de uma Metodologia para a Definicdo

C.; Noronha, L.; Choudri, B. S.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

de Areas de Infiltracdo Maxima

Gestédo integrada de aguas superficiais e
subterréneas.

Sea water intrusion vulnerability mapping of
aquifers using the GALDIT method

Aquifer Recharge and Evaluation of
Groundwater Vulnerability to Pollution.

Monitorizacdo da Poluicédo das Aguas do
Aquifero Superficial de Estarreja (Portugal).
Estratégias para a sua Reabilitacido

GIS and Mathematical Modelling for the
Assessment of Groundwater Vulnerability to
Pollution: Application to Two Chinese Case-

Study Areas.

Aquifer recharge and evaluation of
groundwater vulnerability to pollution

Estudo da Recarga de Aguas Subterraneas em

Lobo Ferreira, J. P. C.

Chachadi, A. G.; Lobo Ferreira, J. P.
C.

Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Oliveira, M. M.

Areas do Macico Antigo do Norte de Portugal
Continental.
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2000 GIS and Mathematical Modelling for the Lobo Ferreira, J. P. C.
Assessment of Groundwater Vulnerability to
Pollution: Application to Two Chinese Case-
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2000 On leqislation and concepts concerning Lobo Ferreira, J. P. C.
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2000 On Legislation and Concepts Concerning Lobo Ferreira, J. P. C.
Geographical Zoning for Groundwater
Protection.

2000 Inventariando, Monitorizando e Gerindo de Lobo Ferreira, J. P. C.

Forma Sustentavel Recursos Hidricos
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2000 Inventariando, Monitorizando e Gerindo de Lobo Ferreira, J. P. C.
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Celtic Region.

2000 Inventariando, Monitorizando e Gerindo de Lobo Ferreira, J. P. C.
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Landfill Areas.

The European Experience in Groundwater
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Pollution of Groundwater and Soils by Road
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Areas de Interesse Hidrogeoldgico e
Vulnerabilidade & Poluicdo das Aguas
Subterraneas no Plano de Bacia Hidrografica
do Rio Minho.

Inventariando, Monitorizando e Gerindo de
Forma Sustentavel Recursos Hidricos
Subterraneos. A Situacao Portuguesa, 0s
Desafios da Unido Europeia e a Globalizac&o.

Cartografia Automatica da Vulnerabilidade de

Lobo Ferreira, J. P. C.

Novo, M. E.; Lobo Ferreira, J. P.
C.; Oliveira, M. M.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Oliveira, M. M.

Aquiferos com Base na Aplicacdo do Método
DRASTIC.

Relato do Tema 5 do 4° Congresso da Agua da

Lobo Ferreira, J. P. C.

APRH: "Aguas Subterraneas

Vulnerabilidade & Poluicdo de Aguas
Subterraneas: Fundamentos e Conceitos para
uma melhor Gestao e Proteccao dos Aquiferos

de Portugal.

Relato do Tema 5 do 4° Congresso da Agua da

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

APRH: Aquas Subterraneas.

Assessment of Groundwater Vulnerability to
Pollution Using the Drastic Method. Application
to the Alqueva Area.

Cartografia Automatica da Vulnerabilidade de

Lobo Ferreira, J. P. C.; Oliveira, M. M.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

Aquiferos com Base na Aplicacdo do Método
DRASTIC

DRASTIC Groundwater Vulnerability Mapping

Lobo Ferreira, J. P. C.; Oliveira, M. M.
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Avaliacdo de Reservas Hidricas Subterrdneas

Lobo Ferreira, J. P. C.; Novo, M. E.

dos Sistemas Aquiferos do Kalahari e
Quaternario em Angola.
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Determinacdo da recarga de aguas
subterrdneas a partir da analise de
hidrogramas de escoamento.

GIS and Mathematical Modelling for the
Assessment of Vulnerability and Geographical
Zoning for Groundwater Management and
Protection.

Assessing Groundwater Reserves of the
Quaternarian and Kalahari Aquifer System in

Angola.

Groundwater Flow and Stochastic Inverse
Modelling: The Case-Study of Bagueixe
Fractured Aquifer, in Portugal, In
"Groundwater: An Endangered Resource".

GIS and Mathematical Modelling for the
Assessment of Vulnerability and Geographical
Zoning for Groundwater Management and
Protection.

Proteccdo e Reabilitacdo de Aquiferos

Efluentes de Suinicultura: Potenciais Efeitos de

Oliveira, M. M.; Moinante, M. J.; Lobo
Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Novo, M. E.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitdo, T. E.

Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P.

Poluicdo nas Aguas Subterraneas.

Avaliacdo da Vulnerabilidade a Poluicdo dos

C.; Oliveira, M. M.

Oliveira, M. M.; Lobo Ferreira, J. P.

Aquiferos Superficiais da Faixa Costeira de
Portugal Continental Utilizando o Método
DRASTIC: Caracterizacao dos Pardmetros
DRASTIC.

Applicability of Stochastic Inverse Modelling,

C.; Moinante, M. J.

Lobo Ferreira, J. P. C.

Aquifer Vulnerability Assessment, Groundwater
Flow and Mass Transport Modelling in the
Fractured Semi Confined Aquifer of Bagueixe,

in Portugal

A Interaccio entre Aquas Superficiais e
Subterraneas: O Caso do Paul do Boquilobo.

Novo, M. E.; Lobo Ferreira, J. P. C.
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Set-1995
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Caracterizacao da Intrusdo Salina na Faixa
Costeira de Portugal Continental

Assessment of Legislation Concerning
Geographical Zoning for Groundwater
Protection. Application to a Portuguese Case-

Study.

On The Application of Stochastic Inverse
Modelling to the Fractured Semi-Confined
Aquifer of Bagueixe, Portugal.

Draft report on the evaluation of the costs of
groundwater inspection in the Member States.

Diamantino, C.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Moinante, M.

J.; Zabel, T.; Clark, L.; Buckland,

Literature review of unsaturated soil modelling,

J.; France, S.; Vogel, W.; Vogel,
W.; Grath, J.; Schwaiger,

K.; Gravesen, P.; Niggard,

E.; Koreimann, C.

Theves, T.; Lobo Ferreira, J. P. C.

and conceptual considerations for the lagamine

model.

Evaluate representativeness of existing
monitoring networks. Groundwater Quantity.

Ribeiro, L.; Almeida, C. A.; Lobo
Ferreira, J. P. C.

Requirements for density, sampling frequency,

Lobo Ferreira, J. P. C.; Ribeiro,

data storage and estimate costs of
groundwater quantity monitoring.

Identify gaps in current national and
international monitoring networks -
groundwater quantity.

Design of a fresh water monitoring network for
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1994

1994

1994

1994

1994

Jan-1994

Ago-1993

1993

1993

1993

Caracterizacao geral, com incidéncia no meio

Lobo Ferreira, J. P. C.; Moinante, M.

subterrdneo, da faixa litoral de Portugal
Continental. 2.° Relatorio de Progresso.

As Possiveis Implicacoes do Plano Hidrolégico

J.; Oliveira, M. M.

Lobo Ferreira, J. P. C.

Nacional de Espanha nos Recursos Hidricos
de Portugal.

Desenvolvimento de um inventario das aguas

Moinante, M. J.; Oliveira, M. M.; Lobo

subterrdneas de Portugal. Caracterizacdo dos

Ferreira, J. P. C.

sistemas hidrogeoldgicos de Portugal
Continental e avaliacdo das suas reservas
hidricas.

A influéncia das Aquas Interiores Superficiais e

Lobo Ferreira, J. P. C.; Rocha, J.

Subterraneas na Qualidade das Aguas
Costeiras.

Caracterizacdo do estado das aguas
subterrdneas em relacdo a poluicdo causada

por nitratos.

Caracterizacdo geral com incidéncia no meio

Lobo Ferreira, J. P. C.; Oliveira, M.
M.; Moinante, M. J.

Oliveira, M. M.; Lobo Ferreira, J. P. C.

subterréneo da faixa costeira litoral de Portugal

Continental.1.° Relatério de Progresso.

Assessoria a apreciacao e seleccio de
propostas para adjudicacdo do "Plano director
de desenvolvimento do sistema de
abastecimento da EPAL".

Estudo da Caracterizacdo dos Aquiferos e dos

Alegre, H.; Marecos do Monte, M.
H.; Lobo Ferreira, J. P. C.; Rocha, J.
S.

Oliveira, M. M.; Moinante, M. J.; Lobo

Consumos de Agua na Peninsula de Setubal.

Ferreira, J. P. C.

On Groundwater Pollution Modelling and
Control.

Recursos Hidricos Componente Fundamental

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

do Desenvolvimento.

Aguas Subterraneas

Lobo Ferreira, J. P. C.
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1993

1993

1993

1993

1993

1993

1993

1993

1993

Metodologias para a recuperacdo de aguas
subterrdneas e solos contaminados. Partes C,
D, E e F. 2.° Relatério de Progresso.

Recursos Hidricos Subterraneos de Portugal,

Leitao, T. E.; Lobo Ferreira, J. P.
C.; Inacio, M. M.

Lobo Ferreira, J. P. C.

Componente Fundamental do
Desenvolvimento. Sua Caracterizacéo
Quantitativa e Qualitativa.

Development of an Inventory of the
Groundwater Resources of Portugal.
Characterization of Groundwater Resources
and DRASTIC Vulnerability Mapping of the
Aquifers of Portugal. Executive Summary of the

Final Report.

Desenvolvimento de um inventario das aguas

Lobo Ferreira, J. P. C.; Oliveira, M. M.

Lobo Ferreira, J. P. C.; Oliveira, M. M.

subterréneas de Portugal. Caracterizacdo dos
recursos hidricos subterrdneos e mapeamento
DRASTIC da vulnerabilidade dos aquiferos de

Portugal.

Avaliacdo dos recursos hidricos subterraneos

Novo, M. E.; Leitdo, T. E.; Tore,

da llha da Madeira

Indicadores do estado do ambiente para aquas

C.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

subterrdneas.

Metodologias para a recuperacdo de aguas
subterrdneas e solos contaminados. Partes C,
D, E e F. 1.° Relatério de Progresso.

Metodologias para a recuperacdo de aguas
subterrdneas e solos contaminados. Partes C,
D, E e F. 3.° Relatorio de Progresso.

Desenvolvimento de um inventario das aquas

Leitdo, T. E.; Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P.
C.; Inacio, M. M.

Lobo Ferreira, J. P. C.; Oliveira, M. M.

subterrdneas de Portugal. Caracterizacdo dos
recursos hidricos subterraneos e mapeamento
DRASTIC da vulnerabilidade dos aquiferos de

Portugal.
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Set-1992

Set-1992

Set-1992

Set-1992

1992

1992

1992

1992

1992

1992

On the concept of geographical zoning for
groundwater protection. Relatério IEA, Instituto

Europeu da Agua.

Freshwater demand and use. Project N.° 6:
Research and technological development for
the supply and use of fresh water resources

Preparation of a network on monitoring. EC
groundwater action plan. Coordinated
groundwater monitoring. Relatoério Final,
Instituto Europeu da Agua (IEA).

Report of the Specific Session A: Science and

Lobo Ferreira, J. P. C.

Siccardi, F.; Lobo Ferreira, J. P. C.

Ganoulis, J.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Reiniger,

Technology in Memorandum on the Outcome
of the European Workshop on RTD for
Freshwater Resources Management in the

Community.

La Pollution des Eaux Souterraines des Zones

P.; Carvalho, M. M.

Lobo Ferreira, J. P. C.

Agricoles: Concepts et Exemple d'un Modéle
Mathématique d'Evaluation, in Concilier
I'Agriculture et I'Environment.

On the Concept of Geographical Zoning for
Groundwater Protection.

Aplicacdo de Modelos de Transporte Reactivo

Lobo Ferreira, J. P. C.

Leitdo, T. E.; Lobo Ferreira, J. P. C.

ao Aquifero de Rio Maior.

La pollution des eaux souterraines des zones

Lobo Ferreira, J. P. C.

agricoles: Concepts et exemples d un modéle
mathématique d evaluation

La Pollution des Eaux Souterraines des Zones

Lobo Ferreira, J. P. C.

Agricoles: Concepts et Exemple d'un Modéle
Mathématique d'Evaluation.

New sources and better use of existing
sources. Project N.° 6: Research and
technological development for the supply and
use of fresh water resources.

Peters, J. J.; Lobo Ferreira, J. P. C.

34


https://repositorio.lnec.pt/handle/123456789/14826
https://repositorio.lnec.pt/handle/123456789/14826
https://repositorio.lnec.pt/handle/123456789/14826
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/14831
https://repositorio.lnec.pt/handle/123456789/14831
https://repositorio.lnec.pt/handle/123456789/14831
https://repositorio.lnec.pt/browse?type=author&authority=1993&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/14822
https://repositorio.lnec.pt/handle/123456789/14822
https://repositorio.lnec.pt/handle/123456789/14822
https://repositorio.lnec.pt/handle/123456789/14822
https://repositorio.lnec.pt/browse?type=author&value=Ganoulis%2C+J.&value_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/14828
https://repositorio.lnec.pt/handle/123456789/14828
https://repositorio.lnec.pt/handle/123456789/14828
https://repositorio.lnec.pt/handle/123456789/14828
https://repositorio.lnec.pt/handle/123456789/14828
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&value=Reiniger%2C+P.&value_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&value=Reiniger%2C+P.&value_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&value=Carvalho%2C+M.+M.&value_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5241
https://repositorio.lnec.pt/handle/123456789/5241
https://repositorio.lnec.pt/handle/123456789/5241
https://repositorio.lnec.pt/handle/123456789/5241
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5283
https://repositorio.lnec.pt/handle/123456789/5283
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5287
https://repositorio.lnec.pt/handle/123456789/5287
https://repositorio.lnec.pt/browse?type=author&authority=260&authority_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5173
https://repositorio.lnec.pt/handle/123456789/5173
https://repositorio.lnec.pt/handle/123456789/5173
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/5268
https://repositorio.lnec.pt/handle/123456789/5268
https://repositorio.lnec.pt/handle/123456789/5268
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR
https://repositorio.lnec.pt/handle/123456789/14830
https://repositorio.lnec.pt/handle/123456789/14830
https://repositorio.lnec.pt/handle/123456789/14830
https://repositorio.lnec.pt/handle/123456789/14830
https://repositorio.lnec.pt/browse?type=author&value=Peters%2C+J.+J.&value_lang=pt_BR
https://repositorio.lnec.pt/browse?type=author&authority=206&authority_lang=pt_BR

1992

1992

1992

1991

1991

1991

1991

1991

1991

1991

1991

1991

Intrusdo salina. Metodologia de abordagem do

Tore, C.; Lobo Ferreira, J. P. C.

problema e aplicacdo a reqgido Norte

La pollution des eaux souterraines des zones

Lobo Ferreira, J. P. C.

agricoles: Concepts et exemple d'un modéle
mathématique d'évaluation.

Modelacdo dos recursos hidricos subterraneos

Lobo Ferreira, J. P. C.; Leitdo, T.

da reqido de Valada

Ground Water in Western and Central Europe -

E.; Tore, C.; Aresu, A.

Lobo Ferreira, J. P. C.

Cap. Xll: Portugal.

Aplicacdo de Modelos de Transporte Reactivo

Leitdo, T. E.; Lobo Ferreira, J. P. C.

ao Aquifero de Rio Maior.

Avaliacdo da Recarga dos Aquiferos da Ilha de

Lobo Ferreira, J. P. C.

S. Miguel.

Inventario dos recursos hidricos subterraneos.

Novo, M. E.; Roque, A.; Cabral,

Caracterizacdo da qualidade das aguas e
vulnerabilidade dos aquiferos da Regido
Centro.

Aplicacdo da Modelacdo Estocastica Inversa e

M.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Leitdo, T. E.

de um Modelo de Escoamento e de Transporte
de Poluentes em Meios Fracturados a Regido

de Bagueixe.

Plano para a gestdo dos recursos hidricos da

Lobo Ferreira, J. P. C.

Ilha de S. Miguel - Acores. Avaliacdo da
recarga dos aquiferos da llha de S. Miguel.

Avaliacdo da vulnerabilidade a poluicdo e
qualidade das aguas subterraneas de Portugal.

Novo, M. E.; Cabral, M.; Lobo
Ferreira, J. P. C.

Parte B: Regido Centro.

Estudo da infiltracdo de aguas numa das caves

Leitdo, T. E.; Lobo Ferreira, J. P. C.

do edificio-sede da EPAC.

Ground-water pollution modelling and control

Lobo Ferreira, J. P. C.
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Plano para a gestéo dos recursos hidricos da

Rocha, F.; Rocha, J. S.; Lobo Ferreira,

Ilha de S. Miguel, Acores - 1.° Relatério:
caracterizacao geral da llha de S. Miguel.

Concepts and an exemple of a mathematical

J. P. C.; Rodriques, J. D.; Jorge, C.

Lobo Ferreira, J. P. C.

model for the assessment of groundwater
pollution from agricultural areas.

Report of the Mission to Venice of Jodo Paulo

Lobo Ferreira, J. P. C.

C. Lobo Ferreira.

Modelacdo do transporte de poluentes de
origem agricola em meios ndo saturados.
Introducdo ao modelo Gleams.

Analise da vulnerabilidade a poluicdo de zona

Novo, M. E.; Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Coelho, A.

de deposicdo de cinzas e carvoes da central
termoeléctrica do Pego.

Inventario dos recursos hidricos subterrdneos.

G.; Novo, M. E.

Lobo Ferreira, J. P. C.

Caracterizacdo da qualidade das aguas e
vulnerabilidade dos aquiferos da Regido
Centro.

Modelos de simulacdo do escoamento e do
transporte de massa em meios fracturados.
Aplicacdo da modelacao estocastica inversa e
do modelo TRAFRAP-WT a reqgido de

Bagueixe.

Proposta de aplicacdo do modelo Gleams a
Regido de Aveiro para a modelacéo do
transporte de poluentes de origem agricola em
meios ndo-saturados.

Computacao grafica. Alguns programas
disponiveis no LNEC para o VAX8700.

On groundwater pollution modelling and control

Leitdo, T. E.; Lobo Ferreira, J. P. C.

Novo, M. E.; Lobo Ferreira, J. P. C.

Moura Cruz, M. P. Q.; Lobo Ferreira,
J. P. C.

Lobo Ferreira, J. P. C.

An effective single well injection/detection
technique for the evaluation of the local scale
dispersivity of Rio Maior Aquifer, Portugal

Lobo Ferreira, J. P. C.
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Jan-1982

A groundwater pollution case-study: Rio Maior,

Lobo Ferreira, J. P. C.

Portugal

Modelos de simulacido do transporte de massa

Leitdo, T. E.; Lobo Ferreira, J. P. C.

em meios fracturados. Apreciacao critica de
modelos de solucdes analiticas.

Heat and mass transport in fractured rocks.

Avaliacdo da vulnerabilidade a poluicdo e
qualidade das aguas subterrdneas de Portugal.

Parte A: Algarve e Alentejo.

Modelacdo matematica da qualidade das
aguas subterraneas. A experiéncia do LNEC

A Dispersdo de Poluentes em Aguas
Subterraneas. Analise custo-eficacia de
modelos matematicos e ensaios de tracadores
para a realizacdo de estudos de impacto
ambiental.Volume | e |l.

Estudo do transporte de poluentes em aguas

Bear, J.; Marsily, G.; Tsang, C.; Lobo
Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Calado, F.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Moura Cruz,

subterrdneas. Programas para a visualizacdo

M. P. Q.

grafica de resultados numéricos obtidos por
modelos de calculo automatico.

Aplicacdo da equacéo universal de perda de

MAIA, M. B.; Lobo Ferreira, J. P.

solo (Férmula de Wischmeier) para o calculo
da erosdo hidrica da ilha do Porto Santo.

Estudo da erosdo do solo na ilha do Porto
Santo.

Problemas de recursos hidricos em ilhas e
zonas costeiras. Seminario 258.

Caracterizacao e gestdo de recursos hidricos

C.; Rocha, J. S.

Lobo Ferreira, J. P. C.

Lobo Ferreira, J. P. C.; Melo Baptista,

J. P.; Cunha, L. V.

Lobo Ferreira, J. P. C.; Melo Baptista,

em ilhas vulcanicas. Seminario 287.

Actualizacdo do estudo hidrolégico da bacia

J. P.; Cunha, L. V.

Lobo Ferreira, J. P. C.

hidrografica do rio Maior.
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1982

Dez-1981

Dez-1981

Set-1980

Mai-1976

Técnicas para o controle da erosado do solo.

Estudo global dos recursos hidricos da ilha do

Lobo Ferreira, J. P. C.; Huertas, C.

Lobo Ferreira, J. P. C.; Melo Baptista,

Porto Santo.

INMG - Estudo climo-hidrolégico da ilha do
Porto Santo. Anexo do estudo global dos
recursos hidricos da ilha do Porto Santo.

Participacdo na 11.2 sessdo do curso superior

J. P.; Rodrigues, J. D.; Cunha, L. V.

Lobo Ferreira, J. P. C.; Melo Baptista,

J. P.; Rodrigues, J. D.; Cunha, L. V.

Lobo Ferreira, J. P. C.

internacional de hidrologia da universidade de
Moscovo e missdo a Berlim, Holanda e

Inglaterra.

Estruturas compactas para dissipacao de
energia por ressalto.

Lemos, F. O.; Lobo Ferreira, J. P. C.
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Artigos

Angola (1)

- Modelagcao matematica em aquiferos costeiros. Aplicagao
dois casos de estudo em paises africanos: Angola e
Tunisia

a

Patricia Terceiro; Luis G. S. Oliveira; Joao PauloLoboFerreira; Gabriel

Luis Miguel; Noureddine Gaaloul; Erika da Justa Teixeira Rocha2010

Brasil (2)
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o A experiéncia do Inec nas bacias do Cunene e cuvelai avaliacao e
modelacao de aguas superficiais e subterraneas: solucoes para
mitigacao de cheias e secas, balseq e gaba-ifi

Joao PauloLoboFerreira2022

o Uma visdo dos objetivos e temas dos silusbas do século xxi

Joao PauloLoboFerreira2022

Portugal (65)

- Managed aquifer recharge: a solution to mitigate water
scarcity also in Portugal

Teresa E. Leitao; J.P.LoboFerreira; Tiago N. Martins; Manuel M.
Oliveira; Marcel Horovitz2022

o New developments and applications of galdit method:
bouteldja aquifer (algeria) case-study assessing galdit
parameters with geostatistics

Joao PauloLoboFerreira; Dahbia Djoudar Hallal2022

o Aguas subterraneas e ambiente

J. Lopo de Mendonca; Teresa Eira Leitdo; Luis Ribeiro; J.P.
CarcomoLoboFerreira1993
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J.P. CarcomoLoboFerreira1993

As possiveis implicacoes do PHNE nos recursos hidricos de
Portugal

J.P. CarcomoLoboFerreira1994

"Quando é preciso transportar o piano..."

J.P. CarcomoLoboFerreira1994

A qualidade das aguas subterraneas em Portugal: o cumprimento
dos objectivos da Directiva Quadro da Agua sera consequido, em
Portugal, a bem ou a mal?

J.P. CarcomoLoboFerreira2001

Recursos hidricos subterraneos em Portugal, componente
fundamental do desenvolvimento. Introducao a sua
caracterizagao quantitativa e qualitativa

J.P. CarcomoLoboFerreira1993

Reabilitacao de aquiferos contaminados. Metodologias de
abordagem

Teresa Eira Leitdo; E. Zungailia; J.P. CarcomoLoboFerreira1993
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Avaliacao da recarga de aquiferos usando a modelacao
estocastica inversa. Aplicacao ao aquifero de rio Maior

J.P. CarcomoLoboFerreira1995

Contribuicao para uma gestao optimizada das aguas
subterraneas: fundamentos e aplicacao a um caso de
estudo em Portugal

J.P. CarcomoLoboFerreira; Emanuele Migliari2001

Proposta de uma metodologia para a definicao de areas de
infiltracao maxima

Manuel Mendes de Oliveira; J.P. CarcomoLoboFerreira2002

A erosao e o transporte soélido na bacia do rio Guadiana

Jodo S. Rocha; J.P. CarcomoLoboFerreira1979

O assoreamento da albufeira de Alqueva

Jodo S. Rocha; J.P. CarcomoLoboFerreira1979

O contributo da cooperacao cientifica na inovacao em recursos
hidricos na origem

Joao PauloLoboFerreira2019
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Trabalhando as variaveis do método GALDIT de vulnerabilidade a
intrusao salina no curso inferior do rio Bacanga, Maranhao, Brasil

Bruno Martins; Jodo PauloLoboFerreira; Ediléa Dutra Pereira; Renata
Maria Sousa Castro2019

Estudos sobre a reutilizacao de aquas residuais tratadas para
gestao da recarga de aquiferos

Teresa E. Leitdo; Tiago Martins; Elsa Mesquita; Maria José Henriques;
Tiago Carvalho; Maria Jodo Rosa; J.P.LoboFerreira2019

Trabalhando as variaveis do método GALDIT de vulnerabilidade a
intrusao salina no curso inferior do rio Bacanga, Maranhao, Brasil

Bruno Martins; Jodao PauloLoboFerreira; Ediléa Dutra Pereira; Renata
Maria Sousa Castro2019

Como controlar a degradacao da qualidade de aguas
subterraneas em zonas costeiras usando a gestao da recarga de
aquiferos otimizada pela avaliacao da vulnerabilidade a intrusao
marinha com os modelos GALDIT e GABA-IFI

Joao PauloLoboFerreira2019

Selecao de resultados do projecto POCI/AGR — Avaliagao
do impacto dos fogos florestais nos Recursos Hidricos
Subterraneos: aspectos quantitativos

J.P.LoboFerreira2018
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MARSOL white book on the state of the art in managed
aquifer recharge modelling. A Literature Review

Tiago Martins; Jodo PauloLoboFerreira2018

Protecao e reabilitacao de aquiferos

Joao PauloLoboFerreira2024

Organigramas para selec¢cao de métodos para zonamento e
proteccao de recursos hidricos subterraneos e de
superficie

Jodo PauloLoboFerreira; Manuel Mendes Oliveira; Catarina
Diamantino; Maria Amilia Novo; Maria Joao Moinante; Mao
Yoanyuan2006

Definicao de perimetros de proteccao em captagoes de
agua subterranea localizadas na area de estudo de Zhangji
(China)

Maria Joao Moinante; Jodo PauloLoboFerreira2006

Metodologias de avaliagao do risco dos meios hidricos a
poluicao e sua aplicagao a um caso de estudo na R.P. da
China

Catarina Diamantino; Maria José Henriques; Manuel M. Oliveira; Jodo
PauloLoboFerreira2006
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Transferéncia de aquas entre bacias hidrograficas: principios
essenciais

J. P. CarcomoLoboFerreira2025

O estado qlobal'das aquas subterraneas nos 30 anos do
Seminario das Aquas Subterraneas (SAS, 1993 — 2024)

Joao PauloLoboFerreira2025

A dispersao de poluentes em aguas subterraneas. Analise custo-
eficacia de modelos matematicos e ensaios de tracadores para a
realizacao de estudos de impacto ambiental

J.P. CarcomoLoboFerreira2025

Metodologias para a reabilitacao de aquiferos poluidos

Teresa Barbosa Eira Leitao deLoboFerreira2025

Duas décadas do prémio empreendimentos hidraulicos da APRH
(1999 a 2023)

J. P. CarcomoLoboFerreira; Joaquim Evaristo da Silva; Anténio
Carmona Rodrigues; José Vieira da Costa2025

Testemunho de J.P. Carcomo Lobo Ferreira

J.P. CarcomoLoboFerreira2025
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Combinacao do método da resistividade elétrica com reqistos
continuos de condutividade elétrica e de nivel piezométrico num
ensaio de recarga de aquifero

Rogério Mota; Manuel Oliveira; Teresa E. Leitdo; Jodo
PauloLoboFerreira2017

Tratamento solo-aquifero como solucao passiva para melhorar a
qualidade de aquas residuais tratadas antes da sua utilizacao
para recarga de aquiferos

Teresa E. Leitdo; Tiago Martins; Elsa Mesquita; Maria José Henriques;
Joao Rogeiro; Tiago Carvalho; Maria Joao Rosa;
J.P.LoboFerreira2017

Demonstrating managed aquifer recharge as a solution to water
scarcity and drought: description of MARSOL project demo sites

in Portugal

Teresa E. Leitdo; J.P.LoboFerreira; Tiago Carvalho; José Paulo
Monteiro; Manuel M. Oliveira; Rui Agostinho; Luis R.D. Costa; Maria
José Henriques; Tiago Martins; José Martins de Carvalho2015

Interpretation of an injection test in a large diameter well in south
Portugal and contribution to the understanding of the local
hydrogeology

Luis R.D. Costa; José Paulo Monteiro; Manuel M. Oliveira; Jodo
PauloLoboFerreira; Teresa E. Leitdo; Tiago Carvalho; José Martins de
Carvalho; Rui Agostinho2015

New test of the Gabardine infiltration basin for mar in Rio Seco
(Campina da Faro aquifer system, Algarve)
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Manuel M. Oliveira; Joao PauloLoboFerreira; Teresa E. Leitdo; Luis
R.D. Costa; Tiago Carvalho; Rui Agostinho; José Paulo Monteiro2015

Evolucao da qualidade das aguas subterraneas na zona
envolvente ao complexo quimico de Estarreja. Perspetivas
futuras

Teresa E. Leitao; Jodo PauloLoboFerreira; Tiago Martins2013

Analise da contribuicao das fontes poluentes para a carga
total de nitratos e fosfatos que afluem a lagoa de Melides
por transporte subterraneo

Jodo PauloLoboFerreira; Maria Emilia Novo; Luis Oliveira2013

Variabilidade climatica, recursos hidricos subterraneos e
ecossistemas dependentes de aguas subterraneas

Joao PauloLoboFerreira; Teresa E. Leitdo; Tiago Martins; Manuel M.
Oliveira; José Paulo Monteiro; Maria Emilia Novo2013

Uma experiéncia de investigagao em aguas subterraneas:
adaptagcao a um mundo em mudancga

J. P.LoboFerreira2013

Desenvolvimento de uma metodologia para avaliagao de
impactos qualitativos dos fogos nas aguas subterraneas:
aplicacao aos casos de estudo do Vale de Manteigas e de
Macao
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Joao PauloLoboFerreira; Maria Emilia Novo; Maria Helena Lopes;
Luis Quinta-nova; Paulo Fernandez; Teresa Leitdo; Isabel Laranjeira;
Manuel Mendes Oliveira; Eduardo Paralta2010

Subsidéncia de terrenos por extrac¢cao de agua
subterranea: aplicagao ao caso de estudo da zona
industrial de Vialonga

Luis G. S. Oliveira; Joao PauloLoboFerreira; Jaime Cabral; Albino
Medeiros; Sandra Heleno2010

Proteccao das origens superficiais e subterraneas nos
sistemas de abastecimento de agua

Joao PauloLoboFerreira; Jodo Soromenho Rocha; Teresa E. Leitao;
Ana Estela Barbosa; Manuel Mendes Oliveira2010

Efeitos da infiltracao de agua num canal de recarga no
controlo da intrusao salina e nas extrac¢coes de aquiferos
costeiros

Julio F.Ferreirada Silva; Joao Paulo C.LoboFerreira; Alberto da Silva
Lima; Jodo Garcez Moreira2009

Avaliacao da vulnerabilidade a contaminagao da faixa
oriental do sistema aquifero Quelo — Luanda a partir do
indice D.R.A.S.T.I.C.

Adriano Gaspar Adao; Gabriel Luis Miguel; Jodo
PauloLoboFerreira2009
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Avaliacao da vulnerabilidade a intrusao marinha do
aquifero costeiro Quelo-Luanda usando o método GALDIT

Patricia Terceiro; Jodo PauloLoboFerreira; Gabriel Luis Miguel;
Adriano Adao2009

indice de suporte a escolha de areas favoraveis a recarga
artificial (GABA - IFl): analise das componentes ambientais,
sociais e economicas

Jodo PauloLoboFerreira; Luis Oliveira; Erika da Justa Teixeira Rocha;
Noureddine Gaaloul2009

Planeamento e gestao do uso do solo agricola para uma
proteccao sustentavel das aguas subterraneas. Um caso
de estudo em Portugal

Teresa E. Leitdo; Luis G. S. Oliveira; Jodo PauloLoboFerreira; Isabel
Laranjeira2009

Estimativa da recarga natural no sistema aquifero de Querenca-
Silves (Algarve) pela aplicacido do modelo BALSEQ MOD

Manuel Mendes Oliveira; Luis Oliveira; Joao PauloLoboFerreira2008

indice de suporte a escolha de areas favoraveis a recarga artificial
(GABA - IFl) e aplicacao a zona oeste do sistema aquifero de
Querenca-Silves

Luis Oliveira; Manuel Mendes Oliveira; Joao PauloLoboFerreira2008
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Contributo das aquas interiores na gestao de zonas costeiras. Os
casos de estudo do projecto EcoManage

Jodo PauloLoboFerreira; Teresa E. Leitao; Manuel Mendes Oliveira;
Malva A. Mancuso; Fabiana Limbozzi; Matthew Yarrow2008

Analise da qualidade da agua e questoes de governancia na
albufeira de Algueva

Patricia Terceiro; Jodao PauloLoboFerreira; Teresa E. Leitdo2008

Alteracoes climaticas e seus impactos em recursos hidricos
subterraneos de zonas insulares — recarga de aquiferos

Maria Emilia Novo; Jodo Paulo CarcomolLoboFerreira2008

Alteracoes climaticas e seus impactos em recursos hidricos
subterraneos de zonas insulares — metodologias de
vulnerabilidade as alteracoes climaticas

Maria Emilia Novo; Joao Paulo CarcomoLoboFerreira2008

A accao de coordenacao ASEMWATERNet e a aplicacao ao
Algarve de técnicas aquifer storage and recovery

Luis Oliveira; Joao PauloLoboFerreira2008

Reflexoes para uma melhor proteccao de recursos hidricos de
superficie e subterrdneos
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J. P. CarcomoLoboFerreira2008

Alteracoes climaticas e seus impactos em recursos hidricos
subterraneos de zonas insulares — recarga de aquiferos

Maria Emilia Novo; Joao PauloLoboFerreira2007

Avaliacao da vulnerabilidade da contaminacao da faixa oriental do
sistema aquifero Quelo — Luanda a partir do indice D.R.A.S.T.l.C.

Joao PauloLoboFerreira, Adriano Gaspar Adao, Gabriel Luis Miguel
O presente trabalho teve como meta tragar a cartografia da
vulnerabilidade a contaminacgao da faixa Oriental do aquifero Quelo —
Luanda, sendo a mesma o objecto de estudo e que, que
coincidentemente esta localizado a oriente da Cidade de Luanda. Isto
foi feito por formas a complementar estudos anteriores que nao
abrangeram a area. Trata-se de um sistema aquifero multicamadas,
cujas formagdes aquiferas sdo nomeadamente, Luanda e Quelo. Este
trabalho iniciou com uma caracterizagao geoldgica e hidrogeoldgica do
sistema aquifero. Esta caracterizacao incluiu e desenvolveu aspectos
relacionados com a analise de parametros hidrogeoldgicos e
morfolégicos, bem associados a outras formas de parametrizagao das
caracteristicas intrinsecas ao aquifero, permitindo assim a adopcao de
um determinado valor para o indice D.R.A.S.T.I.C. que levou a
definicdo da vulnerabilidade a contaminag¢ao da faixa em estudo.
Nesta comunicagao apresenta-se os resultados obtidos com a
aplicacao deste indice ao aquifero para avaliacdo da sua
vulnerabilidade a contaminagao.

indice de suporte a escolha de areas favoraveis a recarga artificial
(GABA - IFl): Analise das componentes ambientais, sociais e
economicas

Jodo PauloLoboFerreira, Luis Oliveira, Erika da Justa Teixeira Rocha,
Noureddine Gaaloul2007
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A recarga artificial de sistemas aquiferos € uma boa resposta para
resolver problemas de escassez de agua ou de poluicido de aguas
subterraneas. Para definir as areas mais adequadas a realizacao da
recarga artificial, desenvolveu-se uma metodologia que resulta na
criacdo de um indice designado de GABA-IFI. Este indice € composto
por trés subindices: GABA-IF| € para a parte econdémica; GABA-
IFI_Soc relacionado com a parte social; e GABA-IFI_N relacionado
com as caracteristicas naturais do meio. O GABA-IFI foi aplicado a um
caso de estudo no sistema aquifero da Costa Oriental de Cap Bon
(Tunisia). Cap Bon encontra-se com problemas de sobreexploracao de
aquiferos, muito devido ao uso agricola, resultando num rebaixamento
significativo do nivel piezométrico e na consequente deterioracéo da
agua doce devido a intrusdo marinha. Estdo a ser implementadas
medidas para a mitigagado do problema, salientando-se a recarga
artificial de sistemas aquiferos com agua residual tratada. Este artigo,
desenvolvido no ambito do Projecto de Cooperagao Portugal — Tunisia
(LNEC - I.N.R.G.R.E.F., Institut National de Recherches en Genie
Rural, Eaux et Forets), visa analisar a viabilidade quantitativa da actual
estacao, perto da cidade de Korba, que se encontra em funcionamento
desde 2007. Como medida complementar e de resolugao do problema
actual de intrusdo marinha é apresentada uma alternativa que passa
pela insercdo de duas novas estagdes de recarga artificial. Verificou-se
gue a metodologia desenvolvida permitiu identificar os locais
preferenciais e quantificar as necessidades hidricas da zona em
estudo de forma a colmatar o problema de intrusdo marinha na zona
de Cap Bon.

Relato do Tema 5 — ‘Aquas Subterraneas’

J. P.LoboFerreira1996

Apresenta-se o Relato do Tema 5 ‘Aguas Subterraneas’ do 4
Congresso da Agua da APRH. Extraem-se e sintetizam-se os aspectos
considerados mais relevantes, inovadores e actuais da mais de meia
centena de comunicagdes apresentadas sobre aguas subterraneas,
nos dominios da investigacao aplicada, do ensino, do projecto e
exploracao de captagdes e de analise de legislagdo. Foi com muito
agrado que se procedeu a esta tarefa. Tal permitiu a analise do vasto
trabalho em desenvolvimento em todas as regides do Pais, desde 0 3
Congresso da Agua, realizado em Abril de 1996. Realca-se a
profundidade de analise das muitas areas em que se pode desdobrar
a componente cientifica das Aguas Subterraneas e a enorme
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capacidade de trabalho demonstrada pelos nossos especialistas em
Aguas Subterraneas. Salienta-se a importancia e o nimero das
comunicagdes (quinze) referentes ao Estudo dos Recursos Hidricos
Subterréaneos do Alentejo (ERHSA), que se desenvolve desde o ultimo
trimestre de 1996 e se estendera até ao ano de 1999. A concretizacao
da Sessao Especial (Tema 5) sobre Aguas Subterraneas, vem
também coroar o trabalho desenvolvido nos ultimos quinze anos pela
Comiss&o Especializada de Aguas Subterraneas da APRH,
nomeadamente organizando e fomentando a apresentacéo de
comunicacdes aos Seminarios bienais sobre Aguas Subterraneas, que
se tém realizado com antecedéncia de alguns meses em relagéo aos
Congressos da Agua da APRH.

Models to predict the impact of the climate changes on aquifer
recharge

J. P.LoboFerreira, Manuel Mendes Oliveira, Maria Emilia Novo
Oliveira

Climate change is a statistically significant alteration of the climate
variables in terms of their distribution both on time and in space. These
changes will have a direct impact on the hydrologic system and an
indirect impact on the quality of the surface and ground water
resources. This paper deals with the impact of climate changes on
groundwater recharge. Several models to estimate recharge are
presented, among which the daily sequential water balance model
reveals to be the most appropriate to attain this goal. Climate changes
may be predicted using climate models. Average precipitation and
temperature values are outputs of these models. For a case study area
of north Portugal, theoretical forecasted precipitation and reference
evapotranspiration series are used to study the impact of precipitation
change in groundwater recharge. For a scenario of 70 % of actual
precipitation, recharge would lower to 45% of the estimated actual
recharge.

Assessing aquifer vulnerability to seawater intrusion using
GALDIT method: Part 1 — Application to the Portuguese Aquifer of
Monte Gordo
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J. P.LoboFerreira, Catarina Diamantino, A. G. Chachadi, M. J.
Henriques2005

This paper is divided in two parts. Part 1 presents the first application in
Europe of an index developed in the framework of the EU-India INCO-
DEV COASTIN project aiming the assessment of aquifer vulnerability
to sea-water intrusion in coastal aquifers. The most important factors
controlling seawater intrusion were found to be the following:
Groundwater occurrence (aquifer type; unconfined, confined and leaky
confined); Aquifer hydraulic conductivity; Depth to groundwater Level
above the sea; Distance from the shore (distance inland perpendicular
from shoreline); Impact of existing status of sea water intrusion in the
area; and Thickness of the aquifer, which is being mapped. The
acronym GALDIT is formed from the highlighted letters of the
parameters for ease of reference. These factors, in combination, are
determined to include the basic requirements needed to assess the
general seawater intrusion potential of each hydrogeologic setting.
GALDIT factors represent measurable parameters for which data are
generally available from a variety of sources without detailed
examination. A numerical ranking system to assess seawater intrusion
potential in hydrogeologic settings has been devised using GALDIT
factors. The application of the method is exemplified in the paper for
the assessment of aquifer vulnerability to seawater intrusion in Portugal
(Monte Gordo aquifer in the Portuguese Southern Algarve region). The
system contains three significant parts: weights, ranges, and ratings.
Each GALDIT factor has been evaluated with respect to the other to
determine the relative importance of each factor. Part 2 of the paper is
available in the Proceedings of this 4th Interceltic Colloquium as
CHACHADI and LOBO-FERREIRA (2005). In the second part of the
paper the method for assessing GALDIT index parameters is fully
explained and an application to a costal aquifer located in Goa, not
only for today’s conditions but also considering a 0.5 m sea level rise
are presented.

Assessing aquifer vulnerability to sea-water intrusion using
GALDIT method: Part 2 — GALDIT Indicators Description

J. P.LoboFerreira, A. G. Chachadi2005

This paper is Part 2 of the paper submitted to this 4th Interceltic
Colloquium as LOBO-FERREIRA et al. (2005). In this second part of
the paper the method for assessing GALDIT index parameters is fully
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explained. The original development of GALDIT index was done in the
framework of the EU-India INCO-DEV COASTIN project aiming the
assessment of aquifer vulnerability to sea-water intrusion in coastal
aquifers. The most important factors controlling seawater intrusion
were found to be the following: Groundwater occurrence (aquifer type;
unconfined, confined and leaky confined); Aquifer hydraulic
conductivity; Depth to groundwater Level above the sea; Distance from
the shore (distance inland perpendicular from shoreline); Impact of
existing status of sea water intrusion in the area; and Thickness of the
aquifer, which is being mapped. The acronym GALDIT is formed from
the highlighted letters of the parameters for ease of reference. These
factors, in combination, are determined to include the basic
requirements needed to assess the general seawater intrusion
potential of each hydrogeologic setting. GALDIT factors represent
measurable parameters for which data are generally available from a
variety of sources without detailed examination. A numerical ranking
system to assess seawater intrusion potential in hydrogeologic settings
has been devised using GALDIT factors. The system contains three
significant parts: weights, ranges, and ratings. Each GALDIT factor has
been evaluated with respect to the other to determine the relative
importance of each factor. In this part we also present the first
applications of the method developed for the Bardez aquifer in Goa,
India.

On wellhead protection assessment methods and a case-study
application in Montemor-o-Novo, Portugal

J. P.LoboFerreira, Maria Joao Moinante

Groundwater is vulnerable to several kinds of pollution usually related
to the development of anthropogenic activities. Nowadays, the
wellhead protection areas and their corresponding restrictions are the
most widely used instruments for protecting aquifers. After the
description of the wellhead protection area and the presentation of
Portuguese regulations that govern wellhead protection areas, a review
of the methods applied to define wellhead protection areas in the case
study area is presented. The study area is briefly described, including
the wells used for public water supply, and the analytical methods for
wellhead protection zones definition are applied, including the one
suggested by the Portuguese legislation, as well as the ASMWIN
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numerical model. Finally, some conclusions were made, based on the
achieved results.

o Methodologies for pollution risk assessment of water resources
systems

J. P.LoboFerreira, Catarina Diamantino, Manuel M. Oliveira, Maria
José Henriques

Water resources systems (both surface water and groundwater
resources) are subject to different anthropogenic pollution impacts.
Their intrinsic characteristics to better support pollution impacts or on
the other hand their intrinsic vulnerability to pollution may or may not
allow them to resist pollution accidents of different types. The

Realcam-se 3 documentos de 1973-1983:

1a) Estruturas compactas para dissipag¢ao de energia por ressalto.
Authors: Lemos, F. O.

Lobo Ferreira, J. P. C.

Issue Date: May-1976

1b) Estruturas compactas para dissipagao de energia por ressalto
Authors: Lemos, F. O.

Lobo Ferreira, J. P. C.

Issue Date: 1978

Publisher: LNEC

Series/Report no.: Memoria N° 502

Abstract: Os autores efectuaram um estudo comparativo da eficacia de dois tipos de estruturas
de dissipagao de energia por ressalto ambos providos de blocos dissipadores. Um ¢ o tipo BRI,
desenvolvido pelo Bureau of Reclamation e largamente utilizado nos EUA; o outro é o de Kumin,
desenvolvido no Instituto Hidrotécnico Vedeneev e utilizado na URSS.

2) Title: Introdugéo a contaminagdo de aguas subterraneas.
Authors: Lobo Ferreira, J. P. C.

Issue Date: 1983
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Publisher: LNEC
Series/Report no.: ITH 2

Abstract: Apresenta-se uma introducao a problematica da contaminacao de aguas subterraneas,
relacionada com a evacuagéo de excreta. Recordam-se conceitos gerais de hidrogeologia
necessarios ao desenvolvimento posterior de alguns aspectos basicos da poluicdo de aguas
subterrdneas . Reflecte-se e responde-se a questdes relacionadas com direcgdes, velocidades e
concentracdes de poluentes em aguas subterraneas. Termina-se com a apresentagdo de um método
pratico para a delimitagdo de zonas de protecgéo de captagdes para o abastecimento de agua.

3) Title: The finite element method in water resources engineering.
Authors: Lobo Ferreira, J. P. C.

Issue Date: 1983

Publisher: LNEC

Series/Report no.: ITH4

Abstract: This paper is divided in two main parts: 1st PART: A simple theoretical introduction to
the Finite Element Method (FEM), is presented and is complemented by a comparison of the FEM
with other methods that can also be used to solve differential equations. In this part we will present
some differential equations which allow the application of the FEM to several problems in water
resources engineering. 2nd PART: In this part we will introduce a practical work recently done at the
Technical University of Berlin (FRG) on FEM. This work has two parts: a) The first one is the Manual
of Operating of a Computer Program; b) The second one is concerned with the theoretical background
of the approach used. This part is intended to give an overall idea of the relationship between theory
and its applications. The 2nd part ends with some conclusions and a list of bibliographic references.
This paper is directed to people not acquainted with the FEM, who intended, however, to be
introduced to some new techniques and theoretical methods which may be applied in the Water
Resources Engineering field.

Selecao de Documentos no DSPACE com link para pdfs:

4) Titulo: How to control groundwater quality degradation in coastal zones using MAR
optimized by GALDIT Vulnerability Assessment to Saltwater Intrusion and GABA-IFI models

Autor: Lobo Ferreira, J. P. C.
Palavras-chave: Salt water intrusion, GABA-IFI; mathematical models; GALDIT; GABA-IFI
Data: 18-Mai-2020

Editora: IAH — International Association of Hydrogeologists (iah.org) e pela IAPG —
International Association for Promoting Geoethics (geoethics.org).
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Relatorio da Série N.°: Congresso Internacional "GEOETHICS & GROUNDWATER
MANAGEMENT: THEORY AND PRACTICE FOR A SUSTAINABLE DEVELOPMENT" —
GEOETH&GWM’20;

Resumo: To counteract harmful, eventually with catastrophic consequences, today and
future groundwater quality degradation due to saltwater intrusion into coastal aquifers,
Managed Artificial Recharge (MAR) is considered the best solution, a sound, safe and
sustainable solution. MAR, in coastal areas, depends on the availability of water including
waste water appropriately treated. How to control saltwater intrusion in coastal zones
implementing a MAR facility? The parameters required to answer that question, include the
selection of the most appropriate technology and the best location for MAR. The appropriate
location must have good infiltration rates; enough space to store underground the recharged
water; guarantee that the travel time of the recharged water in the aquifer is long enough,
compatible with the expected frequency of drought periods; economic efficiency
maximization; availability of areas for MAR; and, positive impacts on the society. GABA-IFI
model addresses those parameters allowing the selection of the most appropriate area for the
location of MAR. Complementary, mathematical models are available to quantify MAR water
injection rates required to recover groundwater depleted levels. Where should the injection be
located? GALDIT is probably, today, the most used model worldwide to assess the
vulnerability of saltwater intrusion in costal aquifers by a numerical calculation.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012683/1/GEOETH %20JPLoboFerr
eira revised.pdf

5) Titulo: The Strategic Research and Innovation Agenda of the H2020 Piano Project.

Outros titulos: PIANO Project: Policies, Innovation, And Network for enhancing
Opportunities for China - Europe Water Cooperation

Autor: GIUSTA, E.
Lobo Ferreira, J. P. C.

Palavras-chave: Strategic Research and Innovation Agenda;Technological Water
Innovations;China-Europe Water Platform;H2020 PIANO project

Data: Mai-2018
Editora: University of Natural Resources and Life Sciences (BOKU) Vienna , Austria

Resumo: Relations between the EU and China have developed rapidly since the first
diplomatic ties were established in 1975. Since 1998, EU-China summits have been held
almost every year. The creation of the EU-China Comprehensive Strategic partnership in
2003 has deepened and broadened collaboration in a wide range of areas. The EU-China
2020 Strategic Agenda for cooperation, jointly signed and adopted in 2013, provides strategic
guidance for the relations between these two regions of the world on many topics, including
science, technology and innovation. In fact, both the EU and China need to foster science,
technology and innovation (STI) development to address the economic, social and
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sustainability challenges they encounter. Interactions between the two regions have also
been growing across themes such as environment, energy, climate issues and many others.
Within the field of environment, water is a priority for the cooperation with China. An EU-China
water platform (CEWP) was established in 2012 to promote policy dialogue, joint research
and business development in the water sector. The European partners of the PIANO project
(Policies, Innovation, And Network for enhancing Opportunities for China-Europe water
cooperation) have worked on the development of this Strategic Research and Innovation
Agenda (SRIA) in close cooperation with the representatives of the Chinese institutions, who
signed a letter of intent to be involved in the project activities at the time the proposal was
presented to the European Commission for its funding by the programme Horizon 2020.
Then, in 2015, the EU-China Research and Innovation Co-funding mechanism was not yet in
place and Chinese researchers could not be proper partners in the PIANO project activities.
Nevertheless, they have provided a very relevant and effective contribution to this SRIA. This
Strategic Research and Innovation Agenda is conceived to be a forward-looking document
that sets out the direction of future collaborative EU-China research and innovation activities
in the water sector, with a special attention to the thematic areas identified and focused on by
the PIANO project. This document builds on strategic agendas of European and international
actors in water management and internal and external consultations among experts and
relevant stakeholders of both areas of cooperation. The PIANO SRIA aims to support the
activities of the China-Europe Water Platform in its research pillar being the reference
document for the implementation of further initiatives of joint international cooperation
between Europe and China in water innovation, a sector which offers increasing opportunities
to all interested actors, in particular European small and medium enterprises (SMEs) able to
produce advanced technological solutions. This SRIA identifies needs and priorities in the
EU-China cooperation in water innovation. It also highlights the main opportunities for the
development of further collaborative actions engaging public and private partnerships based
on the sharing of knowledge and good practices. In this way, strategic long-term agreements
involving multi-stakeholders in research and innovation applied to water management will be
fostered. Researchers, governmental agencies, innovative enterprises and private
stakeholders should combine synergies to strengthen innovation capacity and promote social
and economic cooperation in both regions of the world. Moreover, the PIANO SRIA intends to
contribute to the achievement of the United Nations’ Sustainable Development Goals.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012686/1/The-PIANO-SRIA.pdf

6) Titulo: Como Controlar A Degradacdo Da Qualidade De Aguas Subterraneas Em
Zonas Costeiras Usando A Gestao Da Recarga De Aquiferos (MAR) Otimizada Pela
Avaliagao Da Vulnerabilidade A Intrusdo Marinha Com Os Modelos GALDIT e Gaba-IFI
Autor: Lobo Ferreira, J. P. C.

Palavras-chave: Gestao da Recarga de Aquiferos;Intrusdo Marinha;Aquiferos
Costeiros;Modelos de otimizacao

Data: 16-Set-2019
Editora: Associagao Portuguesa dos Recursos Hidricos APRH
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Relatorio da Série N.°: 14.° SILUSBA, Praia, 16-20 de setembro de 2019;

Resumo: Uma das melhores solu¢des para fazer face a variabilidade climatica, que se
teme aumente nas préximas décadas também para as zonas costeiras, é a Gestao da
Recarga de Aquiferos (MAR). A sua aplicagdo depende da disponibilidade de agua para
recarga, e inclui as aguas residuais apropriadamente tratadas. Como controlar a intrusao
marinha em zonas costeiras com MAR? Sabemos que os locais mais apropriados devem ter
boas taxas de infiltracdo, capacidade de armazenamento no subsolo, o tempo de percurso
da agua de recarga no aquifero suficientemente longo e compativel com a frequéncia
esperada dos periodos de seca. Deve ainda maximizar-se a eficiéncia econdémica, garantir a
disponibilidade de areas para o MAR. Finalmente, devem serem avaliados os impactes
positivos, tanto para a sociedade como nos ecossistemas. O indice GABA-IFI, que se
apresenta na comunicagao, avalia parametros para a selecdo das areas mais adequadas
para a localizagao das técnicas MAR. Além disso, temos hoje bons modelos matematicos
para calcular os efeitos benéficos da injecdo de agua no escoamento subterréaneo, visando a
recuperacao dos niveis aquiferos esgotados, e na qualidade das aguas subterraneas, por
exemplo em zonas agricolas vulneraveis contaminadas por nitratos. Mas o GABA-IFI por si
s6 nao é suficiente para responder as questdes relativas ao esperado aumento do nivel do
mar nas zonas costeiras. Nesses casos, temos que saber avaliar as zonas mais vulneraveis
a intrusdo marinha para melhor controlar a degradagao da qualidade da agua via MAR. O
indice GALDIT é hoje, provavelmente, o mais utilizado a nivel mundial para tal fim. O
GALDIT utiliza parametros hidrogeolégicos, como a condutividade hidraulica, o nivel
piezométrico de agua subterranea, a distancia ao litoral e o historial da intrusdo marinha,
para mapear indices de vulnerabilidade a intrusdo no aquifero. O GALDIT atribui um peso a
cada um dos parametros referidos e prioriza os parametros através de um processo de
tomada de decisdo. Em seguida, avalia a possibilidade da intrusdo marinha por meio de um
calculo numérico. Na comunicagao serao apresentados exemplos.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012687/1/JPLF%2014SILUSBA V4.
pdf

7) Titulo: Trabalhando as variaveis do método GALDIT de vulnerabilidade a intrusao
salina no curso inferior do rio Bacanga, Maranhao, Brasil

Autor: Lobo Ferreira, J. P. C.

Palavras-chave: Intrusdo marinha;método GALDIT;Rio Bacanga, Marnhao,
Brasil;aquiferos costeiros

Data: 16-Set-2019
Editora: Associagao Portuguesa dos Recursos Hidricos APRH

Resumo: A agua é uma fonte imprescindivel para o abastecimento humano e através dos
tempos a busca por este recurso, tem se intensificado pela elevada procura por agua de boa
qualidade. A bacia do rio Bacanga, localizada inteiramente dentro dos limites do municipio de
Sao Luis, mais precisamente na porcéo noroeste da Ilha do Maranhdo, Maranhao, Brasil,
demarcada pelos pares de coordenadas geograficas: 2°31'50,85”S a 2°34’34,11”’S e
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44°18°14,22"W a 44°28'92,00” W, possui papel singular no abastecimento publico de agua do
municipio de Sao Luis. Neste sentido, investiga-se a relagédo entre a perfuragdo de pogos
tubulares e a alta explotagdo das aguas subterraneas no curso inferior da bacia do rio
Bacanga, fato este que podera proporcionar a intrusao da cunha salina nos aquiferos do
Grupo Barreiras e Itapecuru. Para isso, se utiliza o método GALDIT proposto Chachadi e
Lobo Ferreira (2001), utilizado em diversas partes do mundo, que analisa dados
hidrodinamicos de pog¢os tubulares, para a avaliagdo do grau da vulnerabilidade a intrusao
salina. Nesta pesquisa se descreve as atividades desenvolvidas no periodo de agosto de
2016 a 2018 para o emprego do Método Galdit onde foram reunidos o levantamento de
banco de dados das variaveis empregada no método tais como: G — Ocorréncia do aquifero,
A — Condutividade Hidraulica; L — Nivel piezométrico; D — Distancia da Linha de Costa; | —
Estado atual da intrusdo salina no aquifero (Bicarbonatos/Cloretos); e T — a espessura do
aquifero do curso inferior da bacia do rio Bacanga, tabulacdo, tratamento e analise dos
dados.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012685/1/14SILUSBA 67.pdf

8) Titulo: EXPERI,ENCIA DO LNEC NAS BACIAS DO CUNENE E CUVELAI AVALIAGAO
E MODELAGAO DE AGUAS SUPERFICIAIS E SUBTERRANEAS

Outros titulos: SOLUGOES PARA MITIGAGAO DE CHEIAS E SECAS, BALSEQE
GABA-IFI

Autor: Lobo Ferreira, J. P. C.

Palavras-chave: Cooperacao LNEC - Universidade Agostinho Neto; modelagao de aguas
subterraneas; gestdo da recarga de aquiferos; vulnerabilidade a poluigdo de aquiferos;
mitigacao das cheias na bacia do Cuvelai

Data: 2-Nov-2020
Editora: Universidade Agostinho Neto

Resumo: Saudo calorosamente os participantes desta sessdo comemorativa da
Universidade Agostinho Neto para apresentar a experiéncia do LNEC nas bacias do Cunene
e Cuvelai nomeadamente sobre a avaliagdo e modelagao de aguas superficiais e
subterraneas, solugdes para mitigacao de cheias e secas e os modelos BALSEQ e GABA-
IFI1. Saliento a boa cooperagao desenvolvida por Portugal e Angola com os nossos Paises
Irmaos da CPLP nos SILUSBASs, os Simpdsios de Hidraulica e Recursos Hidricos dos Paises
de Lingua Oficial Portuguesa. Realgo o 9° SILUSBA realizado em Benguela em 2009.
Passaram 25 anos desde que, em Abril de 1994, a Comisséao Diretiva da Associacao
Portuguesa dos Recursos Hidricos (APRH), a que tive a honra de presidir, e a Associagao
Brasileira de Recursos Hidricos (ABRH), langaram o bem sucedido desafio de incorporar os
novos Paises da CPLP na organizac&o dos SILUSBAs. Em 2019, como Presidente da
Comissao Organizadora Internacional no 14° SILUSBA em Cabo Verde, escolhi o tema
"SILUSBA 25 anos construindo a Comunidade da Agua da CPLP”. Realco que os SILUSBAs
tém como objectivos principais promover o avango do conhecimento nos dominios da
Hidraulica e dos Recursos Hidricos; promover o intercambio de ideias e de experiéncias nos

61


http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012685/1/14SILUSBA_67.pdf

dominios da Hidraulica e dos Recursos Hidricos; e estimular ac¢des de formacéao, de
investigacao e de desenvolvimento de interesse comum. E esse o espirito desta minha
apresentacao de hoje.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1013073/1/Resumo%20Univ%20Agos
tinh0%20Net0%202020%20 %20JPLoboFerreira2.pdf

9) Titulo: 10th International Symposium on Managed Aquifer Recharge Abstract Book
Outros titulos: Lobo Ferreira, J. P. C. Participation

Autor: Lobo Ferreira, J. P. C.

Escalante , E.

Palavras-chave: Managed Aquifer Recharge; Gestdo da Recarga de Aquiferos

Data: 20-Mai-2019

Editora: ISMAR 10 Grupo Tragsa

Resumo: How to control saltwater intrusion in coastal zones implementing an
appropriated MAR facility? The parameters required to answer that question, include the
selection of the most appropriate MAR technology and the best location for MAR having (1)
good infiltration rates; (2) enough space to store underground the recharged water; (3)
guarantee that the travel time of the recharged water in the aquifer is long enough, compatible
with the expected frequency of drought periods; (4) economic efficiency maximization; (5)
availability of areas for MAR; and, (6) positive impacts on the society. GABA-IFI model
addresses those parameters allowing the selection of the most appropriate place for the
location of MAR. Examples will be presented in the paper. Nevertheless, GABA-IFI is not
sufficient regarding coastal zones and the expected increase in sea levels worldwide. We
have to assess the most vulnerable zones to control groundwater quality degradation
assessing vulnerability to saltwater intrusion. GALDIT method is an appropriate toll to assess
vulnerability to saltwater intrusion, and today, probably, the most used model towards that aim
worldwide. Examples will be presented in the paper. GALDIT uses the hydrogeological
parameters such as aquifer properties, hydraulic conductivity, groundwater level, distance
from the coastline, current severity of saltwater intrusion, and aquifer thickness to make
saltwater intrusion vulnerability indices. The GALDIT gives a weight to each of the indices,
and prioritize the indices through a decision-making process, and then assess the possibility
of saltwater intrusion by a numerical calculation. GALDIT spatial mapping is acquired using
GIS techniques to show the intrinsic vulnerability to saltwater intrusion quantitatively.
Worldwide application of GALDIT allow us to assess today and future expected seawater
intrusion vulnerability in many coastal regions of the five continents, by applying different sea
water level rise scenarios. To counteract the expect harmful eventually catastrophic
consequences of saltwater intrusion into coastal aquifers and their groundwater quality
Managed Aquifer Recharge is the best NBS and a precious toll, i.e. a sound, safe and
sustainable, scientific based, solution. MAR in coastal areas depends on the availability of
water including waste water appropriately treated. The optimization of MAR is the aim of the
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paper, taking advantage of Vulnerability Assessment of saltwater Intrusion using GALDIT
model. This will allow the selection of the most vulnerable areas affected or expected to be
affected by seawater intrusion optimizing MAR water needs in scenarios of sea level rise due
to climate change.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1013470/1/JP%20Lobo%20Ferrreira%
20ISMAR%2010%20Madrid%202019.pdf

10) Titulo:  Application of the GALDIT method combined with geostatistics at the Bouteldja
aquifer (Algeria)

Autor: Lobo Ferreira, J. P. C.

Palavras-chave: GALDIT;Sea water intrusion;Vulnerability;Bouteldja ,Algerie
Data: 17-Dez-2018

Editora: Springer-Verlag GmbH , part of Springer Nature 2019

Citagao: https://doi.org/10.1007/s12665-018-8005-2

Resumo: This paper aims to spatially characterize the marine intrusion in the case of the
Bouteldja main aquifer using the GALDIT method coupled with a geostatistical approach. The
latter was used to compensate the weakness of GALDIT method for not considering the
spatial variability of the studied variables. Using a field data set of the Bouteldja aquifer, the
semi-variograms of four continuous important variables (hydraulic conductivity A, groundwater
level L, thickness T and sea water intrusion |) were studied and modeled. The obtained
structures were mainly composed of spherical models with a small nugget effect, except the |
variable which has shown a perfectly continuous Gaussian model with zero nugget effect,
arguing that the marine intrusion is seriously present and continuous. These individual results
were also mapped by kriging and the intrusion easily shown on the field. However, the
GALDIT computation and mapping did not confirm the found intrusion. It has merely shown a
medium to low vulnerability in narrow and parallel bands close to the shore area. This work
has shown that the GALDIT method used solely, without a geostatistical approach, would
lead to a misinterpretation of the vulnerability of a main aquifer to saline intrusion. Keywords -
Shore aquifer - Bouteldja - Vulnerability - - Pollution - Salinity

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012684/1/Applicationofthe GALDITme
thod.pdf

11) Titulo: A risk assessment methodology to evaluate the risk failure of managed aquifer
recharge in the Mediterranean Basin

Autor: Sanchez-Vila, X.
Lobo Ferreira, J. P. C.

Rossetto, R.
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Escalante , E.

Sapiano, M.

Schith , C.

Palavras-chave: Managed aquifer recharge (MAR);risk assessment

Data: 8-Jun-2018

Editora: Published by Copernicus Publications

Citacao: Hydrol. Earth Syst. Sci., 22, 3213-3227, 2018

Relatorio da Série N.°: Hydrol. Earth Syst.;https://doi.org/10.5194/hess-22-3213-2018

Resumo: Managed aquifer recharge (MAR) can be affected by many risks. Those risks
are related to different technical and non-technical aspects of recharge, like water availability,
water quality, legislation, social issues, etc. Many other works have acknowledged risks of
this nature theoretically; however, their quantification and definition has not been developed.
In this study, the risk definition and quantification has been performed by means of “fault
trees” and probabilistic risk assessment (PRA). We defined a fault tree with 65 basic events
applicable to the operation phase. After that, we have applied this methodology to six different
managed aquifer recharge sites located in the Mediterranean Basin (Portugal, Spain, Italy,
Malta, and Israel). The probabilities of the basic events were defined by expert criteria, based
on the knowledge of the different managers of the facilities. From that, we conclude that in all
sites, the perception of the expert criteria of the non-technical aspects were as much or even
more important than the technical aspects. Regarding the risk results, we observe that the
total risk in three of the six sites was equal to or above 0.90. That would mean that the MAR
facilities have a risk of failure equal to or higher than 90% in the period of 2-6 years. The
other three sites presented lower risks (75, 29, and 18% for Malta, Menashe, and Serchio,
respectively).

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012682/1/hess-22-3213-2018.pdf

12) Titulo:  MARSOL White Book on the state of the art in Managed Aquifer Recharge
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Resumo: In the context of Managed Aquifer Recharge (MAR) numerical modelling, an
important process with many applications such as the prediction of rise of groundwater
mounds, to determine where groundwater must eventually be pumped, to understand quality
changes in infiltration water and aquifer water, to predict the success of treatment induced by
MAR methodologies or to calculate the necessary injected volumes to counter a saltwater
intrusion problem. It is essential, as a state of the art overview, to compile several applications
in different demo-areas and scales, where modelling was essential to refine artificial recharge
strategies and to help understanding the main impacts of a MAR project. The main objective
of the EU INNO-DEMO FP7 project MARSOL was to demonstrate that MAR is a sound, safe
and sustainable strategy that can be applied with great confidence. With this, MARSOL aimed
to stimulate the use of reclaimed water and other alternative water sources in MAR and to
optimize Water Resources Management through storage of excess water to be recovered in
times of shortage. MARSOL operated 8 demonstration sites in 6 countries around the
Mediterranean (Portugal, Spain, Italy, Greece, Malta, Israel) applying various technologies i.e.
infiltration ponds, river bed infiltration, direct injection wells, river bank filtration, to infiltrate
various water sources, i.e. river water, surface runoff, treated waste water, desalinated sea-
water. More information can be found in www.marsol.eu and in Costa et al (2015)
(https://www.researchgate.net/publication/275716406_Modelling_Contributions_of the Local
_and_Regional_Groundwater_Flow_of Managed
_Aquifer_Recharge_Activities_at_Querenca-Silves_Aquifer_System), regarding Querenca-
Silves aquifer system in Portugal. One of the outputs of MARSOL project was the “White book
on MAR modelling: Selected results from MARSOL PROJECT”, cf. Lobo-Ferreira et al (2016)
available in

https://www.researchgate.net/publication/314957907_White_book on_MAR_modelling_Selec
ted results from_ MARSOL_ PROJECT. This oral presentation will address the state of the art
of modelling methodologies and tools in Managed Aquifer Recharge, both in flow and
transport model applications. Following MARSOL literature review for MAR modelling, the
main conclusion, considering that for every model there is a different set of input data
required, so one of the most important factor in selecting the appropriate model to a specific
area/study is to verify what data is available/obtainable in order to feed it as much as possible
allowing it to produce reliable results. Used models vary, but finite difference MODFLOW
base software seems to be by far more frequently used, both due to be easily available and
well documented, there are several programs adapted to specific problems. Due to its
complexity finite elements are not so abundantly used, although the FEM grid is far more
adjustable to complex limits of study areas. On the other hand, FEM HYDRUS was commonly
selected for simulations in vadose zone. In hydrogeochemical studies related to MAR,
PHREEQC based software was the most used, mostly due to its very wide set of capabilities
concerning not only speciation simulation but also transport. Aquifer and local (small area of
the aquifer) seems to be the most common scales studied. Small scale models (infiltration
basin or aquifer sandbox model recreation) are scarce. MAR modelling, at a large scale, has
been used as a decision support tool as basis to decide the suitability of MAR methodologies,
most effective measures of environmental problem containment and to explore scarcity
scenarios. Local scale modelling efforts have been developed during MARSOL project in
order to determine the infiltration capacity of the injection well, the aquifer’s local hydraulic
properties and the direction and residence time of the injected water. At a local scale event,
local hydraulic parameters are determined with the support of analytical methods, such as
conventional pumping test analysis techniques. To support the local scale analysis and
modelling of the well injection tests, resistivity profiles using dipole-dipole array were
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performed before, during and up to 4 days after an injection test with salty water as a tracer
with the goal of gathering more information regarding water pathways in the area with the
time lapse evolution of the resistivity, though a low variation of resistivity with time was
achieved. Also in de numerical modelling context, MARSOL Deliverable 12.2 “GIS database
of the MARSOL DEMO Sites” aimed to prepare GIS layers of information for conceptual
modelling for selected MARSOL sites. This activity was developed to produce the structure of
a GIS database that is able to accommodate main available information of the Demo sites,
concerning background information as the conceptual groundwater flow model, water budgets
under actual and climate change projected situations, vulnerability indexes, infiltration
indexes, field tests, already existing data concerning geology, soil, land cover, aquifer
information, river basins, streams, natural and artificial reservoirs, etc. Besides information for
conceptual modelling the GIS database was also structured to contain the MAR facilities,
infrastructures and also some related monitoring information. Besides the information
available in the MARSOL website and https://www.eip-water.eu/MAR_Solutions further
reasoning on Modelling in Water Resources and on MAR is in
https://www.southasiawaterinitiative.org/sites/sawi/files/WRS%20SAWI%20reportjune8.pdf#p
age=57.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012679/1/14CA White Book on MA
R Modelling Oral Presentation v2.pdf
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Resumo: The Strategic Research and Innovation Agenda of the H2020 PIANO project is
conceived to be a forward-looking document that sets out the direction of future collaborative
EU-China research and innovation activities in the water sector with a special attention to the
thematic areas identified and focused by the PIANO project: agricultural, municipal, industrial
water management, river basin management, water for energy. This Strategic Research and
Innovation Agenda (SRIA) builds on strategic agendas of European and international actors in
water management and internal and external consultations among experts and relevant
stakeholders of both areas of cooperation. The SRIA elaborated by the PIANO project
partners aims to support the activities of the China-Europe Water Platform in its research
pillar being the reference document for the implementation of further initiatives of joint
international cooperation between Europe and China in water innovation, a sector which
offers increasing opportunities to all interested actors, in particular European small and
medium enterprises able to produce advanced technological solutions. Researchers,
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governmental agencies, innovative enterprises and private stakeholders should combine
synergies to strengthen innovation capacity and promote social and economic cooperation in
both areas of the world. The PIANO SRIA identifies needs and priorities in the EU-China
cooperation in water innovation. It also highlights the main opportunities for the development
of further collaborative actions engaging public and private partnerships based on the sharing
of knowledge and good practices. In this way strategic long-term agreements involving multi-
stakeholders in research and innovation applied to water management will be fostered.
Moreover, the PIANO SRIA intends to contribute to the achievement of the United Nations
Sustainable Development Goals

http://dspace?2.Inec.pt:8080/jspui/bitstream/123456789/1012680/1/14CA 125.pdf

14) Titulo:  Perimetros de protegéo as captagdes de agua — fundamentais para a qualidade
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Autor: Lobo Ferreira, J. P. C.

Palavras-chave: Perimetros de protecédo de captagdes de aguas subterraneas;Modelos
matematicos;Qualidade da agua

Data: 31-Mai-2016

Editora: Entidade Reguladora dos Servicos de Aguas e Residuos dos Agores
(ERSARA)
Resumo: A delimitagao de perimetros de proteg¢ao de origens de agua tem sido

reconhecida como uma das principais ferramentas para garantir a qualidade dessas origens
enquanto componentes de sistemas de abastecimento de agua para consumo humano. A
sua importancia veio a materializar-se na legislagdo comunitaria e nacional, que estabelece a
obrigacao de delimitacdo de perimetros de protecéo previamente a atribuigdo de titulos de
utilizacao de recursos hidricos para abastecimento publico. Esta €, contudo, uma tarefa
complexa e exigente, pelo que o Instituto Regulador de Aguas e Residuos (IRAR) e o
Laboratério Nacional de Engenharia Civil (LNEC) entenderam, em 2009, publicar em parceria
o Guia Técnico N° 11 sobre Protecédo das Origens Superficiais e Subterraneas nos Sistemas
de Abastecimento de Agua, de autoria de JP Lobo Ferreira, Teresa E Leitdao, Manuel M
Oliveira, Jodo Soromenho Rocha e Ana Estela Barbosa (cf. Lobo-Ferreira et al., 2009)1.
Esse Guia Técnico tem um caracter essencialmente pratico e visa apoiar as entidades
gestoras na delimitagdo adequada dos perimetros de prote¢gao e no cumprimento das
respetivas obrigacoes legais, promovendo simultaneamente uma maior fiabilidade do servigo
publico de abastecimento de 4gua bem como a salvaguarda da saude publica. O texto que
se apresenta nesta comunicagéo foi adaptado de Lobo-Ferreira et al. (2009). Apresentam-se
os aspetos relacionados com a protecao de origens de aguas subterraneas, descrevem-se
os critérios e metodologias para delimitagdo de perimetros de prote¢cao de captagdes de
aguas subterraneas e as restricdes a utilizagado do solo no interior dos perimetros de
protecao. Inclui-se uma descrigao da utilizacdo de modelos numéricos de escoamento e
transporte de massa em aguas subterraneas. Complementa-se a comunicagao com as agdes
a desenvolver para uma adequada gestao dos perimetros de protegédo apds a sua
delimitacdo, nomeadamente, inventariagao de fontes potenciais de poluicdo, implementacao
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de redes de monitorizag&o, definicdo de planos de contingéncia e informacgao e participagao
do publico.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012582/1/Lobo%20Ferreira PROTE
C%C3%87%c3%830%20DE%200RIGENS%20DE %20%c3%81GUAS%20SUBTERR%c3%
82NEASx.pdf

15) Titulo:  Policies, Innovations and Networks for enhancing Opportunities for China
Europe Water Cooperation

Outros titulos: LNEC Progress report August 2016 - Sharing of Technological solutions:
Key lessons learned from the Portuguese participation in H2020 PIANO project

Autor: Lobo Ferreira, J. P. C.

Lamas, L.

Leitdo, T. E.

Melo, J.

Palavras-chave: Technological solutions;China Europe Water Cooperation
Data: Ago-2016

Editora: LNEC

Resumo: This document presents the developments in the first 18 months of activity of
LNEC in PIANO project (Policies, Innovation, and Network for Enhancing Opportunities for
China-Europe Water Cooperation) financed by the European Union (Horizon 2020) and the
Chinese Secretariat of China Water Platform Europe (China-Europe Water Platform, CEWP,
http://cewp.org/), as key lessons learned from the Portuguese participation, led by Laboratério
Nacional de Engenharia Civil (LNEC). PIANO project aims to strengthen cooperation in the
field of water between Europe and China, promoting the creation of networks of enterprises
(including SMEs), entrepreneurs, NGOs, policy makers, regulators and funding agencies to
create social opportunities and business. The PIANO project objectives are (1) strengthening
and expanding the existing network of the China Europe Water Platform (CEWP) to cover all
relevant actors for water research and innovation relevant for China Europe water
cooperation; (2) identification of European technological water innovations and areas for joint
development of technological solutions that have a potential for implementation in China;
(3)identification of drivers and barriers and elaborating strategies for overcoming such barriers
and taking advantage of drivers for implementation and replication of technological water
innovations; (4) promotion of knowledge exchange and policy dialogue to build an enabling
environment for the uptake of technological water innovations with a great potential for
implementation, further replication and market uptake in China; (5) consolidation of a shared
strategic research and innovation agenda between Europe and China in the water domain;
and, (6) effective dissemination and mainstreaming of the project results within China, Europe
and worldwide to various target audiences. The priority research areas focus on societal
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challenges related to Agricultural water management (WP2_1.a), to Municipal water
management (WP2_1.b), to Industrial water management (WP2_1.c), to river basin
management highlighting the problem of floods (WP2_1.d) and to the Water for energy nexus
(WP2_1.e). The project consortium is composed of nine partners of which eight are located in
eight different EU Member States and one is based in China. The consortium encompasses
partners from high level academic institutions and experienced research institutes to non for
profit organizations, from European umbrella associations to a commercial SME and a large
international company. The PIANO partners are supported in their activities by many Chinese
institutes and research centres. LNEC leads the development of tasks (WP2_1d) and
(WP2_1.e). In the case of the task "Water for Energy" LNEC has the support of EDP /
Labelec. Within the activities led by LNEC an inventory of about 50 technological water
innovative solutions (TWI) was developed in the thematic areas WP2_1.d and WP2_1.e.
Later, following several prioritization criteria, 20 TWIs of each of both thematic areas were
ranked in descending order of suitability and potential deployment opportunities in China.
They are presented for discussion.

http://dspace?2.Inec.pt:8080/jspui/bitstream/123456789/1012581/1/Piano LNEC%20Progress
%20Report%20 Auqust2016x.pdf
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Resumo: O Laboratério Nacional de Engenharia Civil (LNEC) prop0s a Parceria Europeia
para a Inovagdo na Agua, EIP Water, a candidatura MARtoMARKket que veio a ser
selecionada para integrar o restrito grupo das 34 EIP Water Action Groups ( cf.
http://www.eip-water.eu/actiongroups ) a nivel de toda a Unido Europeia, como EIP Water
Action Group 128 MARtoMARKet http://www.eip-water.eu/MAR _Solutions. A selecao desta
tematica pela EIP Water deve-se ao facto de que a Gestao da Recarga de Aquiferos (GRA),
comummente designada por Recarga Artificial de Aquiferos (RAA),se ter tornado, quando
utilizavel, numa das melhores solugdes técnica para uma moderna gestéo integrada dos
Recursos Hidricos (GIRH), visando a mitigagdo dos impactos negativos das Alteracoes
Climaticas. Como a variabilidade e alguns impactos negativos das Alteragdes Climaticas
estdo aumentando rapidamente, tanto em escala como em intensidade, torna-se cada vez
mais importante fomentar a "inovagao na agao agua”, incorporando "solug¢des tecnoldgicas"
permanentes e apropriadas as condi¢des hidrogeoldgicas e climatéricas regionais. Nesta
comunicacao, pretende-se tirar partido das potencialidades do desenvolvimento do novo
projeto FP7 INNO-DEMO MARSOL, financiado pelo Programa-Quadro de Investigacao
Cientifica da Unido Europeia, em ligagdo com o Grupo de Acgéo “EIP AG 128 MARtoMARKket”.
O projeto MARSOL conta com oito casos de estudo e demonstragao, sendo um deles
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localizado no Sul de Portugal, na regido do Algarve. Nesta regido desenvolveu-se ja um outro
projeto comunitario sobre a tematica GRA, o projeto GABARDINE (cf.
http://www.acquesotterranee.it/sites/default/files/AS10040.pdf). Na conferéncia da EIP Water
realizada em Barcelona, Espanha, em novembro de 2014, o AG MARtoMARKET organizou
uma reunido aberta sobre a tematica “Demonstrating the feasibility and efficiency of MAR in
combating future water scarcity threats in the CircumMediterranean area”. Sendo a tematica
‘escassez de agua” uma das mais importantes para os paises da CPLP, membros do
SILUSBA, propde-se partilhar as discussdes havidas em Barcelona e os resultados
alcangados no desenvolvimento da EIP AG 128 MARtoMARKket com os participantes do 12°
SILUSBA. Tal insere-se no ambito das atividades que visam fomentar a disseminacao de
solugdes técnicas, por exemplo, para reutilizagdo de aguas residuais apos tratamento no
solo, ou para converter aquiferos carsticos em grandes reservatorios de armazenamento de
agua e ainda a “Transferéncia de conhecimento e tecnologia para se passar cientificamente
baseados a acao”.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012580/1/12SILUSBA VF MartoMar
ket JPLF PTx.pdf
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Data: 2015
Editora: EGU
Resumo: The Querenca-Silves (QS) aquifer system is one of the most important natural groundwater

reservoirs in the Algarve region of southern Portugal. With a surface area of 324 km2, this karst aquifer system
is the main source of supply for irrigation as well as an important source of water for the urban supply. Due to
the importance given to QS aquifer system by both governmental actors and end users, ongoing research
during the last two decades at the University of Algarve has attempted to provide a better understanding of
the hydrogeology and hydraulic behavior, which has resulted in the development of regional scale numerical
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models. The most recent hydrogeologicaldatahasbeenacquiredduringtheongoingMARSOLproject(MARSOL-GA-
2013-619120)whichaimsto demonstrate that Managed Aquifer Recharge (MAR) is a sound, safe and
sustainable strategy that can be applied with great confidence in finding solutions to water scarcity in Southern
Europe. Within the scope of the project large diameter well injection tests (with and without tracers) as well as
geophysical surveys have been carried out in order to determine the infiltration capacity and aquifer
properties. The results of which allowed the use of analytical methods to determine local scale values of
hydraulic parameters (e.g. hydraulic conductivity and storage coefficient). These values will be compared with
results from pre-existing numerical flow and transport models in order to obtain complementary solutions to
the problem at local and regional scales. This analysis will contribute to the selection of the most appropriate
methods to interpret, reproduce and model the impacts of MAR activities planned within the scope of the
MARSOL project. Subsequent to the planned injection tests and, with the support of modelling efforts, the
capacity of infiltration of rejected water from water treatment plants or surface storage dams in the large
diameter well will be assessed.

http://dspace?.lnec.pt:8080/jspui/bitstream/123456789/1012563/1/EGU2015-11930.pdf
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Resumo: The Campina de Faro (CF) aquifer system, located on the south coast of Portugal, is an

important source of groundwater, mostly used for agriculture purposes. In some areas, this multi-layered
aquifer is contaminated with high concentration of nitrates, possibly arising from excessive usage of fertilizers,
reaching to values as high as 300 mg/L. In order to tackle this problem, Managed Aquifer Recharge (MAR)
techniques are being applied at demonstration scale to improve groundwater quality through aquifer recharge,
in both infiltration basins at the river bed of ephemeral river Rio Seco and existing traditional large diameter
wells located in this aquifer. In order to assess the infiltration capacity of the existing infrastructures, in
particular infiltration basins and large diameter wells at CF aquifer, infiltration tests were performed, indicating
a high infiltration capacity of the existing infrastructures. Concerning the sources of water for recharge,
harvested rainwater at greenhouses was identified in CF aquifer area as one of the main potential sources for
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aquifer recharge, once there is a large surface area occupied by these infrastructures at the demo site. This
potential source of water could, in some cases, be redirected to the large diameter wells or to the infiltration
basins at the riverbed of Rio Seco. Estimates of rainwater harvested at greenhouses were calculated based on a
32 year average rainfall model and on the location of the greenhouses and their surface areas, the latter based
on aerial photograph. Potential estimated annual rainwater intercepted by greenhouses at CF aquifer accounts
an average of 1.63 hm3/year. Nonetheless it is unlikely that the totality of this amount can be harvested,
collected and redirected to aquifer recharge infrastructures, for several reasons, such as the lack of appropriate
greenhouse infrastructures, conduits or a close location between greenhouses and large diameter wells and
infiltration basins. Anyway, this value is a good indication of the total amount of the harvested rainfall that
could be considered for future MAR solutions. Given the estimates on the greenhouse harvested rainwater and
the infiltration capacity of the infiltration basins and large diameter wells, it is intended to develop
groundwater flow models in order to assess the nitrate washing rate in the CF aquifer. This work is being
developed under the scope of MARSOL Project (MARSOL-GA-2013-619120), in which Campina de Faro aquifer
system is one of the several case studies. This project aims to demonstrate that MAR is a sound, safe and
sustainable strategy that can be applied with great confidence in finding solutions to water scarcity in Southern
Europe.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012558/1/Estimating%20harvested%20rainwater%?2
0at%20greenhouses%20in%20south%20Portugal%20aquifer%20Campina%20de%20Faro%20for%20potential%
20infiltration%20in%20Managed%20Aquifer%20Recharge.%20-%20NASA ADS.pdf
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Resumo: Apresentam-se os desenvolvimentos do primeiro ano de atividade do projeto comunitario
PIANO (Policies, Innovation, and Network for Enhancing Opportunities for China-Europe Water Cooperation),
financiado pela Unido Europeia (PQ Horizonte 2020) e pelo Secretariado Chinés da Plataforma da Agua China-
Europa (China-Europe Water Platform, CEWP, http://cewp.org/), na vertente liderada pelo LNEC. O projeto
PIANO visa reforcar a cooperacdo, no dominio da agua, entre a Europa e a China, promovendo a criacdo de
redes de empresas (incluindo PMEs), empresarios, ONGs, decisores politicos, reguladores e agéncias de
financiamento, para criar oportunidades sociais e de negdcios. Os objetivos do projeto PIANO s3o (1) o
fortalecimento e expansdo da rede existente da Plataforma da Agua China-Europa (CEWP) para cobrir todos os
atores relevantes para a cooperacgao entre a China e a Europa em dominios de investiga¢do e inovagao da agua,
(2) a identificacdo de inovagdes tecnoldgicas europeias no dominio da Agua para o desenvolvimento conjunto
de solugbes tecnoldgicas inovadoras (Technology Water Innovations, TWI) com potencial de implementacéo na
China, (3) a identificacdo dos drivers e barreiras relativos a esta cooperagdo e elaboracgdo de estratégias para as
superar, nomeadamente, aproveitando os drivers para a sua implementacgao e replicacao de inovagdes
tecnoldgicas de dgua na China, a promogao do intercambio de conhecimento e politica de didlogo para
construir um ambiente propicio para a absorg¢do de inovagGes tecnolégicas de dgua, e também a replicagao e
penetracdo no mercado na China, (4) a consolidacdo de uma agenda estratégica partilhada de investigacdo e
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inovacgdo (SRIA) entre a Europa e a China no dominio da Agua, e (5) uma eficaz divulgagdo e generalizagdo dos
resultados do projeto. As areas de investigacdo prioritarias concentram-se nos desafios societais relacionados
com a gestdo da dgua na agricultura (WP2_1.a), em circuito urbano (WP2_1.b), em circuito Industrial
(WP2_1.c), por bacias hidrograficas realcando a problematica das cheias (WP2_1.d) e com o nexus Agua-
Energia (WP2_1.e). O consdrcio do projeto é composto por nove parceiros, localizados em oito
Estadosmembros da UE e um na China. O consdrcio engloba parceiros de instituicdes académicas e institutos
de pesquisa e organiza¢des sem fins lucrativos, associa¢des europeias, uma PME comercial e uma grande
empresa internacional. O LNEC lidera o desenvolvimento das tarefas (WP2_1d) e (WP2_1.e). No caso da tarefa
“Agua para Energia” o LNEC conta com o apoio da EDP/Labelec. No &mbito da atividade liderada pelo LNEC
foram analisadas e inventariadas cerca de 50 solugdes tecnoldgicas inovadoras (Technology Water Innovations,
TWI) nas areas tematicas WP2_1.d e WP2_1.e. Posteriormente, em funcdo de varios critérios de priorizacdo, 20
TWIs de cada uma das areas tematicas referidas foram ordenados por ordem decrescente de adequabilidade e
oportunidade potencial de implementag¢do na China. Apresentam-se para discussao e divulgacdo os
ordenamentos referidos, apenas da responsabilidade do LNEC.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012579/1/13CA%20LoboFerreira PIANO VF 15ppx.
pdf

20) Titulo: 20 anos da Histéria da Agua em Portugal

Outros titulos: Volume |

Autor: Lobo Ferreira, J. P. C.

Palavras-chave: Histdria da Agua em Portugal;Recursos Hidricos Subterraneos

Data: 8-Ago-2015

Editora: Conselho Nacional da Agua

Citacao:
http://conselhonacionaldaagua.weebly.com/uploads/1/3/8/6/13869103/livro_cna_voll_2015.08.08.p

df

Resumo: E com muito gosto que partilho uma sele¢do de memérias relacionadas com a minha atividade

junto do CNA desde 1994, tanto a associativa (enquanto APRH) como a de Investigacdo (enquanto LNEC), sobre
Recursos Hidricos. Sintetizei a selegdo de memoarias e a relagdo com o CNA em trés periodos: (1) o da fase de
langamento do CNA (desde 1992, como Presidente da Comissdo Diretiva da APRH), (2) o das atividades
relacionadas com a Investigacdo Cientifica e o desenvolvimento da ultima geracdo de Planos de Bacia
Hidrografica (PBHs), anteriores a implementacdo da Diretiva-Quadro da Agua (DQA) em finais da décadas de
90, incluindo a elaboragdo de pareceres para o CNA (como Chefe do Nucleo de Aguas Subterraneas do LNEC) e,
(3) mais recentemente desde fevereiro de 2009, como Vogal do CNA. Inclui reflexdes resultantes da atividade
de coordenacgdo de equipas que elaboraram algumas das componentes subterraneas da 12 Gera¢do de Planos
de Gestdo de Recursos Hidricos (PGRH) no ambito da DQA.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012557/1/CNA%2020%20An0s%20da%20Historia%2
0da%20%c3%81gua%20em%20Portugal%20contributo%20JPLF%20LNEC.pdf

21) Titulo: Agua, ecossistemas aquaticos e actividade humana - PROWATERMAN

Autor: Lourencgo, N.
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Lobo Ferreira, J. P. C.
Palavras-chave: Agua, ecossistemas aquaticos e actividade humana;Projeto PROWATERMAN
Data: 30-Abr-2013
Editora: LNEC

Resumo: O sul de Portugal é uma regido onde a escassez de dgua e as condig¢des climaticas extremas
(com uma longa estacdo quente e seca e um volume limitado e variavel de recursos hidricos) produzem uma
forte vulnerabilidade ambiental. A procura crescente de recursos hidricos causada pelo crescimento
populacional e econémico, especialmente do turismo, e as condi¢Ges climaticas contribuem para uma
crescente escassez de agua, bem como para a degradacao da sua qualidade. Nesta regidao, a diminuicao da
disponibilidade de dgua pode ter efeitos negativos exponenciais no bem-estar da popula¢cdo humana e no
funcionamento dos ecossistemas aquaticos, transformando a gestao dos recursos hidricos num desafio
significativo para o desenvolvimento das populacdes locais. O objetivo global do projeto PROWATERMAN foi,
nas areas selecionadas do sul de Portugal (Alentejo Litoral e Algarve), analisar e compreender as dimensoes
ambientais, socioecondmicas e institucionais da sustentabilidade da agua, para garantir a qualidade desse
recurso e aumentar a eficiéncia e equidade no seu uso através de uma abordagem integrada da gestdo dos
recursos hidricos. Assim, neste projeto foram identificadas estratégias locais inovadoras para a gestao
sustentdvel da dgua e formular um conjunto de orientacGes de boas praticas para a conservacao da qualidade
e quantidade da agua. Isto foi feito através de uma abordagem integrada do contexto socioeconémico e
ecoldgico-ambiental da gestdo dos recursos hidricos. O projeto contribuiu para a andlise das complexas
interacdes dos sistemas sociais ecoldgicos que sustentaram a identificacdao participativa de estratégias de
gestdo sustentdvel da dgua no sul de Portugal.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/1012541/1/P1.1%20-
%20Descri%c3%a7%c3%a30%20conceptual%20do%20projeto%20e%20sele%c3%a7%c3%a30%20das%20%c3%
alreas%20de%20estudo.pdf

22) Titulo: White book on MAR modelling: Selected results from MARSOL PROJECT
Autor: Lobo Ferreira, J. P. C.
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Editora: Publisher: MARSOL project Editor: LNEC January 2017
(https://www.researchgate.net/publication/314957907_White_book_on_MAR_modelling_Selected_results_fr
om_MARSOL_PROJECT

Citacao:
(https://www.researchgate.net/publication/314957907_ White_book_on_MAR_modelling_Selected_re
sults_from_MARSOL_PROJECT

Resumo: FP7 INNO_DEMO MARSOL project Workpackage 12 Final Summary of Activities by Dr.-Ing.
Habil. JP Lobo Ferreira, LNEC, December 31th, 2016 The contribution of Workpackage 12 to MARSOL Final
report addresses the work developed in all Tasks, i.e. not only T12.1 (month 1-6), T12.2 (month 1-12), T12.3
(month 6-12), T12.4 (month 6-30), already addressed in the Mid-term report (dated July 14th, 2015) but also in
the new addressed tasks T12.5 — Physical models (month 24-33), T1.6 - Guide lines for best practices (month
27-36) and T12.7 — Visualisation (month 27-36): Concerning Task 12.1, the general literature review on
modelling approaches for MAR sites task, included several previous MAR projects developed by MARSOL
partners. Some of the more relevant MAR modelling applications collected in this review are summarised in
D12.7 White book on MAR modelling, besides having being preliminary presented in the Interim Report for the
Project Period December 2013 — August 2014, where the scale of application, the model used and the
application objective have been described. Concerning Tasks 12.2 and 12.3, Deliverable 12.1 on water budget
and climate change impact assessment of selected MARSOL demo site areas (Portugal, Greece, Israel and
Spain) was developed during the 2nd reporting period September 2014 — May 2015. During the second report
period Deliverable 12.2 has also addressed. This included the development of specifications towards its
achievement and also completed the requirements analysis (first round) based on the demo sites visits and the
Field Trip Books provided for three MARSol demo sites (Menashe - Israel, Arenales - Spain, and Sant'Alessio -
Italy), plus the Portuguese demo sites, in order to identify the elements that could be incorporated in D12.2 GIS
database of the MARSOL demo sites. Concerning Task 12.4, aiming data gathering for hydrogeological
modelling, infiltration tests with tracer experiments were performed in PT demo sites by partner TARH, UAlg
and LNEC. Follow-up groundwater quantity and quality monitoring and specifically designed two geophysical
experiments by partner LNEC have been conducted at PT Querencga-Silves Demo site during December 2014
and April 2016, aiming data gathering for the conceptual model and the follow-up of the tracer into the aquifer
during the 90 hours MAR tracer experiment. For PT Campina de Faro Demo site, and for south Malta new finite
element groundwater flow models (with FEFLOW model purchased with MARSOL budget) was developed by
partner UALg. On Task 12.1: Methods evaluation (month 1-6): A literature review on potential and currently
applied modelling approaches for MAR sites and the evaluation of weaknesses and strengths has been
developed. A 40 page report was concluded December 2016, to be included as Chapter 1 of D12.7 (due month
36), with the title STATE OF THE ART AND LITERATURE REVIEW IN MANAGED AQUIFER RECHARGE MODELLING,
authored by LNEC (Martins, T. and Lobo-Ferreira, JP., 2016). On Task 12.2: Water budget and conceptual
modelling (month 1-12) Deliverable 12.1 “Water budget and climate change impact” assessed for selected
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MARSOL case-study areas (Portugal, Greece, Israel and Spain) information on their water budget and on
modelling expertise, in connection with the work developed for specific case-studies and thematic deliverables,
e.g. for Portugal in Deliverable 4.2 on “South Portugal MARSOL demonstration sites characterisation” and
Deliverable 8.1 on “DSS with integrated modelling capabilities”, with modelling examples from ltaly, e.g. “first
application of the FREEWAT preliminary scripts on the S. Alessio site”. On Task 12.3: Climate change impact
(month 6-12) The starting point for this task was the DEMO Site 2 — PT2 Querenca-Silves Aquifer. Groundwater
recharge assessments models, e.g. BALSEQ_MOD developed by partner LNEC, and groundwater vulnerability
assessment methods, e.g. DRASTIC mentioned in the DoW, have been applied to PT demo site. Concerning the
climate change impact in the study area DEMO Site 2 — PT2 Querenga-Silves Aquifer, the research team of the
University of the Algarve (UAlg) presented a description regarding groundwater flow simulation of future
scenarios using the ENSEMBLES projections (Alb scenarios) for recharge. These predictions were compared
with others made for instance during the Portuguese FCT sponsored ProWaterMan project for the same area,
by UAIlg and LNEC partners. These PT results are useful to assess the role of MAR in MARSOL aquifer systems,
taking into account the future trends of climate change patterns expected for the other MARSOL demo sites.
On Task 12.4: Hydrogeological modelling (month 6-30) The reporting of Deliverables 12.3 on “Progress report
on numerical models of the MARSOL DEMO sites” was concluded in September 2015, for selected MARSOL
case-study areas (Portugal, Italy, Spain, Israel and Greece). A contribution from TUDa on to the
hydrological/hydrogeological models for the Lavrio test site (WP 3) and the Menashe test site (WP 9) was
included. These contributions are related to regional and local scales. Complementary contributions on
laboratorial scales, from LNEC and IWW, on WP 14s “Contaminants modelling at column scale”, and from UPC
on “Modelling the potential impact of chaotic advection to enhance degradation of organic matter and
emergent compounds” have been included. Partner IWW worked on hydrochemical modelling within WP 14.
Partner TUDa implemented a coupled surface water/groundwater model for both the Lavrio (Greece) and
Menashe (Israel) demo sites and the saturated flow model of the Coastal aquifer — Menashe region, Israel, was
developed by partner Mekorot. On Task 12.5: Physical models at LNEC (month 24-33) Regarding Task 12.5, the
construction of MARSOL physical sandbox model (nicknamed at LNEC as the “artificial aquifer” model) was
achieved and research MAR tracer experiments have been developed and concluded by partner LNEC. The aim
was to get knowledge on quantity and quality tracer experiment percolation through three different natural
and man-made soil types, to be used in two prototype basins for SAT-MAR “artificial recharge” towards
gathering data for later SAT-MAR modelling in PT3_7 Melides, included in Deliverable D12.7 White book on
MAR modelling. On T1.6 - Guide lines for best practices (month 27-36) The results achieved in the development
of this task will be presented in MARSOL D12.7 White book on MAR modelling (due month 36), that includes
(1) the STATE OF THE ART AND LITERATURE REVIEW IN MANAGED AQUIFER RECHARGE MODELLING, by LNEC
(Martins, T. and Lobo-Ferreira, JP., 2016), (2) MAR THROUGH FORESTED INFILTRATION IN THE RIVER BRENTA
CATCHMENT, VICENZA, ITALY, by SGI and AAWA (Elisa Filippi (SGI), Vincenzo Marsala (SGl), Michele Ferri
(AAWA), Alberto Cisotto (AAWA), Giovanni Tomei (AAWA) (3) the SANDBOX MODEL EXPERIMENTS RESULTS
AND NUMERICAL MODELLING, by LNEC (Leitao, T.E., Martins, T., Henriques, M.J,, llie, A.M.C. and Lobo-Ferreira,
J. P., 2016), and (4) TRAGSA MARSOL MODELING ACTIVITIES by TRAGSA (Enrique F. Escalante et al.). Finally, on
Task 12.7: Visualization Deliverable 12.4 on the Final Report on numerical model, for all MARSOL demo sites in
Greece, Portugal, Spain, Italy, Israel and Malta, was ready for publishing July 2016. Complementing the work
developed in Workpackage WP12 on Modelling, as presented in the above mentioned Deliverable 12.4, several
pdfs and videos have been developed to facilitate the visualisation of the hydrogeological assessment, the
experiments carried on MARSOL demo sites, as well as their modelling results. The achievements related to
modelling addressed in other Workpackages have also been considered, e.g. the latest results, in video format,
obtained in WP4 Deliverable 4.4 on the Hydrogeological modelling at the South Portugal MARSOL
demonstration sites, the overview presented in Deliverable 9.4 on “A combined un-saturated and aquifer flow
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model for the Menashe site” co-authored by Yoram Katz (Mekorot), Yonatan Ganot (ARO), Daniel Kurtzman
(ARO) and the Demo Site 8, South Malta Coastal Aquifer results achieved by the University of the Algarve
(UALG) depicting the development of a numerical groundwater 3D model for the MSLA sector of the aquifer
south to the Victoria Fault. Also a video with modelling information for Italy Deliverable 8.1 on “DSS with
integrated modelling capabilities” has been included.

http://dspace2.lnec.pt:8080/jspui/handle/123456789/1012531

23) Titulo: Agua, ecossistemas aquaticos e actividade humana.

Outros titulos: Uma Abordagem integrada e participativa na definicao de estratégias inovadores e
prospectivas de gestdo Integrada de recursos hidricos no sul de Portugal - PROWATERMAN
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mitigadoras;Gestao de recursos hidricos;ecossistemas aqudticos;atividade humana, Algarve, Alentejo

Data: 30-Abr-2013
Editora: LNEC

Relatério da Série N.2:  http://www.Inec.pt/hidraulica-ambiente/pt/projectos/detalhe/prowaterman-agua-
ecossistemas-aquaticos-e-atividade-humana-uma-abordagem-integrada-e-participativa-na-definicao-de-
estrategias-inovadoras-e-prospetivas-de-gestao-integrada-de-recursos-hidricos-no-s/;

Resumo: O objetivo global do projeto PROWATERMAN foi, nas areas selecionadas do sul de Portugal
(Alentejo Litoral e Algarve), analisar e compreender as dimensdes ambientais, socioeconémicas e institucionais
da sustentabilidade da agua, para garantir a qualidade desse recurso e aumentar a eficiéncia e equidade no seu
uso através de uma abordagem integrada da gestdo dos recursos hidricos. Assim, neste projeto foram
identificadas estratégias locais inovadoras para a gestdo sustentavel da dgua e formular um conjunto de
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orientagdes de boas praticas para a conservac¢ao da qualidade e quantidade da 4gua. Isto foi feito através de
uma abordagem integrada do contexto socioecondmico e ecolégico-ambiental da gestao dos recursos hidricos.
O projeto contribuiu para a analise das complexas intera¢des dos sistemas sociais ecoldgicos que sustentaram
a identificacdo participativa de estratégias de gestdo sustentdvel da agua no sul de Portugal. A utilizacao
sustentavel dos recursos naturais ndo significa desenvolvimento sustentavel, mas um passo para realiza-lo.
Apoia-se no conceito de sustentabilidade ambiental. Portanto, estratégias locais de desenvolvimento devem
lidar com a manutencao do equilibrio das entradas e saidas de recursos finitos, com a preservacao dos
processos dos ecossistemas responsdveis pela substituicdo desses recursos e, por isso, com estratégias de
gestdo sustentavel da dgua. Os estudos de invertebrados, em especial, das relacdes de macro-invertebrados,
estrutura da comunidade e varidveis ambientais tém-se mostrado muito Uteis como ferramenta de
monitorizacdo e de avaliacao da qualidade dos ambientes aquaticos. Este projeto reforcou a importancia desta
anadlise, utilizando macroinvertebrados e outros bioindicadores (perifiton, zooplancton, crustaceos e anfibios),
enquanto contributo correto para avaliacdo da qualidade das aguas superficiais. A analise da vulnerabilidade
de dguas subterraneas a exploracdo excessiva e a poluicdo é fundamental em qualquer estratégia sustentavel
de gestdo dos recursos hidricos. De facto, as dguas subterraneas podem funcionar como uma reserva
estratégica para as necessidades domésticas e de irrigacdo. Identificaram-se e analisaram-se portanto os
principais fatores que conduzem a sua exploracdo excessiva e contaminacao, e que podem pbr em causa a
subsisténcia das familias e o funcionamento dos ecossistemas. Além disso, foi investigado o potencial de
reutilizacdo de aguas residuais enquanto processo de reduc¢do da sobre-exploracdo dos aquiferos locais. A
equipa reune quatro instituicdes académicas e de investigacdo e apresenta um elevado grau de
complementaridade, tendo ja experiéncia de trabalho conjunto em projetos de investigacdo anteriores,
nacionais e internacionais, que permitiu uma efetiva integracdo da analise produzida. As instituicGes envolvidas
possuem uma vasta experiéncia ativa de investigacdo ambito da gestdo sustentdvel dos recursos naturais e
especificamente nas dreas de Gestdo Integrada de Recursos Hidricos. A experiéncia dos investigadores,
fundamental no desenvolvimento do projeto relaciona-se com anadlise integrada dos recursos naturais, gestao,
modelagdo, simulagdo e otimizagao dos recursos hidricos superficiais e subterraneos, monitorizagdo e
avaliacdo de parametros de avaliacdo de vulnerabilidade das dguas subterraneas a poluicdo e avaliacdo da
recarga de aquiferos, biomonitorizagdo de ambientes aqudticos de agua doce, abordagens participativas aos
processos de decisao e governanga dos recursos.

file:///D:/Iferreira/Downloads/Livio%20PROWATERMAN%20V%20Final%20FCT%2020130612.pdf

24) Titulo: Analise da qualidade da dgua e questdes de governancia na Albufeira de Alqueva
Autor: Terceiro, P.

Lobo Ferreira, J. P. C.

Leitao, T. E.

Palavras-chave: Qualidade da agua;Governancia;Modelo dpsir;Gestdo de recursos hidricos
Data: Abr-2008

Resumo: A Directiva-Quadro da Agua (DQA) estabelece um quadro de ac¢io comum a nivel comunitario,
com vista ao desenvolvimento de politicas integradas de protec¢do e melhoria do estado das massas de agua.
Neste contexto, surge a necessidade de avaliar novas metodologias para o desenvolvimento de estratégias
orientadas para o desenvolvimento sustentavel a nivel da bacia hidrografica, unidade primordial de gestao e
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planeamento adoptada pela Directiva. O modelo DPSIR (for¢a motriz, pressao, estado, impacte, resposta) foi
identificado como um possivel método de andlise para o desenvolvimento de estratégias de gestdo de acordo
com a DQA. Este modelo ilustra, de uma forma integrada, a interacgdo entre as causas dos problemas
ambientais, os impactes e as respostas da sociedade. O encerramento das comportas da albufeira de Alqueva,
em Fevereiro de 2002, criou uma reserva estratégica de dgua com vista ao abastecimento de populagdes,
industria e agricultura, sendo por isso fundamental que a dgua possua qualidade adequada aos fins a que se
destina. O presente trabalho desenvolve um sistema de indicadores de qualidade da dgua, aplicado a albufeira
de Alqueva de acordo com o modelo DPSIR, focando-se especialmente nos indicadores de estado e resposta, e
tendo por base a identificacdo das forcas motrizes e pressdes influentes sobre a albufeira. E efectuada a
caracterizacdo da qualidade da agua da albufeira permitindo que, em funcao do seu estado, sejam propostas
respostas em termos de governancia da dgua, contribuindo para uma melhor gestdo dos recursos hidricos.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/12291/1/9%c2%ba%20CAgua ASEM Terceiro LoboF
erreira_Leitao.pdf
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Resumo: Diffuse pollution is among the major environmental concerns in terms of prevention of further
deterioration and restoration of water to a "good status" in terms of ecological and chemical parameters. A
step forward should be made for finding better land use, crop irrigation and fertilization practices to avoid
damaging water bodies. This paper presents a framework for obtaining the decisions to be implemented in
order to define a sustainable agriculture land use and production practices. A multidisciplinary approach is
proposed for building a decision model capable of representing all the issues involved in the scope of an
integrated management of land and water resources. The framework proposed is the basis of a research
project recently financed by the Portuguese research foundation (Fundacdo para a Ciéncia e a Tecnologia). The
main objectives of the project can be summarized as follows: 1) Improve the scientific knowledge regarding the
interrelation between the agriculture land use and the production practices and the groundwater and the
surface water quality protection, towards a more sustainable agriculture; 2) Contribute to support future
decisions in terms of more adequate policies regarding rural land use planning (type of crops and associated
fertilizers and treatment techniques), taking into consideration the protection of the environment based on
vulnerability and risk concepts. Keywords: Diffusion pollution, Sustainable agriculture practices, decision
models.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/15976/3/17849-1.pdf
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Resumo: O objectivo global da Ac¢do de Coordenagdo ASEMWaterNet do 62 Programa-Quadro de
Investigacdo da Comissdo Europeia, é promover a cooperacdo cientifica e tecnoldgica entre a Europa e a Asia
na gestao de recursos hidricos. O LNEC, como coordenador do Workpackage Basin, prop0s a seleccao de trés
regides de estudo (na China, no Vietname e na Republica da Coreia) para uma correcta procura de solugées
para o STEP 2 — Solution (22 e 32 anos da Acg¢do). No 22 ano abordou-se o tema "Water resources management
under extreme drought", tendo o co-autor Luis Oliveira desenvolvido uma Tese de Mestrado Bolonha (IST) no
Nucleo de Aguas Subterraneas do LNEC no ambito da Ac¢do ASEMWATERNet. O trabalho desenvolveu a
aplicacdo de técnicas aquifer storage and recovery para uma gestao integrada de recursos hidricos do Algarve,
com recurso a recarga artificial no sistema aquifero de Querenca-Silves. O objectivo é solucionar, parcialmente,
os efeitos de futuras secas no Algarve. O trabalho foi estruturado do seguinte modo: (1) apresentac¢do dos
conceitos base sobre secas, (2) estudo das técnicas de recarga artificial de aquiferos, (3) caracterizacdo do caso
em estudo (sistema aquifero Querenca-Silves no Algarve) e (4) avaliagao final da aplicabilidade dos métodos de
recarga artificial ao aquifero Querenca-Silves para mitigacao de secas no Algarve. Conclui-se que a recarga
artificial € merecedora de consideracdao num plano de Gestdo Integrada de Recursos Hidricos no Algarve.

http://dspace2.lnec.pt:8080/jspui/bitstream/123456789/15952/1/9CA ASEM ASR-QS LO LF 98.pdf

27) Titulo: Analise da contribuicdo das fontes poluentes para a carga total de nitratos e fosfatos que
afluem a Lagoa de Melides por transporte subterraneo

Autor: Lobo Ferreira, J. P. C.
Novo, M. E.
Oliveira, L. G. S.

Palavras-chave: Edas;Relagdo aquifero-meio hidrico superficial;Zonas de descarga do aquifero;Polui¢ao
por nitratos;Tempos de percurso;Trajetos de particulas poluentes;Associagdo fonte poluente-zona de descarga

Data: 7-Mar-2013

Editora: APRH
Citacao: Livro de Resumos do 92 Semindrio sobre Aguas Subterraneas
Resumo: Apresenta-se uma metodologia de andlise da influéncia de fontes poluentes em ecossistemas

lagunares costeiros parcialmente dependentes de dguas subterrdneas (EDAS), tomando como caso de estudo a
lagoa costeira de Melides (litoral alentejano, Portugal). Esta lagoa tem registado problemas de eutrofizagédo e
foi classificada em estado Mediocre devido ao elevado nimero de diatomaceas. Neste ecossistema costeiro os
nutrientes chegam pela ribeira que desagua na lagoa e pelas descargas, bastante significativas, do aquifero
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superficial livre subjacente. A andlise desenvolvida considera o transporte subterraneo de poluentes desde a
sua origem — diferentes fontes distribuidas irregularmente ao longo da bacia hidrografica — até a ribeirae a
lagoa de Melides, sendo objeto de analise os nitratos e fosfatos, causadores de eutrofizagdo em massas de
agua com circulacdo limitada. Sendo os nitratos um poluente conservativo e com mobilidade semelhante a da
agua, pode fazer-se a andlise do seu percurso desde a sua entrada no aquifero até as zonas de descarga no
meio hidrico superficial por modelos numéricos de fluxo subterraneo. Além de simular os fluxos no aquifero
desde os pontos de injecao dos poluentes até as zonas de descarga na ribeira e na lagoa de Melides, o modelo
numérico desenvolvido para a area de estudo permitiu identificar as origens dos poluentes que ai afluem e que
sdo: agricola, agropecuaria e fossas sépticas. Definido o funcionamento do aquifero e suas relagdes com o meio
hidrico superficial através do modelo numérico, fez-se a andlise do trajeto das particulas com o programa
MODPATH em conjugacdo com o MODFLOW. Esta analise forneceu o tempo de percurso médio de uma
particula poluente desde cada fonte poluidora até a lagoa de Melides, a localizacao das zonas de descarga do
poluente na ribeira ou na lagoa, consoante a localizacdo de cada fonte poluente em questao e as dire¢des de
fluxo no aquifero, a percentagem de poluente entrado em cada fonte que é transferido para a ribeira e/ou
lagoa em cada local de descarga, admitindo que ndo ocorre degradacgdo ao longo do percurso (poluente
estritamente conservativo). A determinacdo dos tempos de percurso permitiu definir o n.2 de fontes
poluentes, assim como quais sdo efetivamente estas fontes e onde se localizam, cujos poluentes demoram até
1 ano a atingir os meios hidricos superficiais — ou seja as fontes com impacto imediato nestes ecossistemas -, as
fontes associadas a tempos de percurso suficientemente longos (mais de 70 anos) para se considerarem como
pouco relevantes para o problema atual e as fontes associadas a tempos de percurso cujas extensdes sdo
inferiores a 50 anos mas suficientemente longos para poderem fazer sentir os seus efeitos na qualidade das
aguas superficiais depois e 2027, mesmo que sejam ja aplicadas medidas de mitigacdo sobre essas fontes. De
seguida, e com vista a avaliar o impacte da carga poluente das vdrias fontes poluidoras, calcularam-se os
valores médios de carga poluente (nitratos e fosfatos) por fonte poluidora, considerando (1) todas as fontes de
poluicdo existentes e (2) as associadas a tempos de percurso iguais ou menores de 1 ano. Calculou-se ainda o
peso percentual de cada fonte poluente para a carga poluente total — considerando os mesmos dois grupos de
fontes poluentes — e o peso percentual para esta mesma carga por tipo de atividade econdmica. Foi ainda
calculada a percentagem da carga poluente total por fonte poluente que atinge cada ponto de descarga no
meio hidrico superficial, a percentagem (e peso em kg) da carga poluente por fonte de poluicdo que passa em
cada ponto de monitoriza¢do no aquifero. Deste modo foi possivel definir ndo apenas a importancia em termos
de contribui¢dao poluente potencial por fonte poluente mas também por atividade econédmica e por parcela
agricola. Foi também possivel identificar quais as atividades econdmicas com maior peso poluente e, na
componente agricola, quais as culturas com maior carga poluente e/ou que mais rapidamente atingem as
aguas da lagoa. Esta informacgdo é importante para definir quais as fontes poluentes com impacte mais
imediato no estado da lagoa e as que tém efeito diferido, e deste modo a que deverdo ser objeto de
intervencgdo prioritdria. Por seu lado, os locais de entrada dos poluentes no meio superficial sdo importantes
para definir eventuais areas de contencdo da polui¢cdo, em particular no caso de zonas de descarga associadas
a fontes poluentes cujos tempos de percurso da poluicdo ai entrada sejam superiores a 1 ano; o conhecimento
da carga poluente por atividade econdmica é necessario para definir tendéncias de evolugao em cenarios de
mudanca (ex.: sécio-econdmicos). Foi ainda calculado, com base num valor médio do volume da lagoa, a
correspondéncia em termos de concentragdo na lagoa (valor em mg/l) da carga poluente gerada por atividade
econdmica, e também para os arrozais.

http://dspace2.Ilnec.pt:8080/jspui/bitstream/123456789/1004541/2/LF ENovo OL-9SAS pp30-31.pdf
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A) Base de Publicages da APRH (https://www.aprh.pt/pt/infoteca/artigos/

Resultados “Lobo-Ferreira”

28) Titulo: Assessing aquifer vulnerability to seawater intrusion using GALDIT method: Part 1 — Application to
the Portuguese Aquifer of Monte Gordo

Autores:
J. P. Lobo Ferreira, Catarina Diamantino, A. G. Chachadi, M. J. Henriques
Resumo:

This paper is divided in two parts. Part 1 presents the first application in Europe of an index developed in the
framework of the EU-India INCO-DEV COASTIN project aiming the assessment of aquifer vulnerability to sea-
water intrusion in coastal aquifers. The most important factors controlling seawater intrusion were found to be
the following: Groundwater occurrence (aquifer type; unconfined, confined and leaky confined); Aquifer
hydraulic conductivity; Depth to groundwater Level above the sea; Distance from the shore (distance inland
perpendicular from shoreline); Impact of existing status of sea water intrusion in the area; and Thickness of the
aquifer, which is being mapped. The acronym GALDIT is formed from the highlighted letters of the parameters
for ease of reference. These factors, in combination, are determined to include the basic requirements needed
to assess the general seawater intrusion potential of each hydrogeologic setting. GALDIT factors represent
measurable parameters for which data are generally available from a variety of sources without detailed
examination. A numerical ranking system to assess seawater intrusion potential in hydrogeologic settings has
been devised using GALDIT factors. The application of the method is exemplified in the paper for the
assessment of aquifer vulnerability to seawater intrusion in Portugal (Monte Gordo aquifer in the Portuguese
Southern Algarve region). The system contains three significant parts: weights, ranges, and ratings. Each
GALDIT factor has been evaluated with respect to the other to determine the relative importance of each
factor. Part 2 of the paper is available in the Proceedings of this 4th Interceltic Colloquium as CHACHADI and
LOBO-FERREIRA (2005). In the second part of the paper the method for assessing GALDIT index parameters is
fully explained and an application to a costal aquifer located in Goa, not only for today’s conditions but also
considering a 0.5 m sea level rise are presented.

29) Titulo: Assessing aquifer vulnerability to sea-water intrusion using GALDIT method: Part 2 - GALDIT
Indicators Description

Autores:
J. P. Lobo Ferreira, A. G. Chachadi
Resumo:

This paper is Part 2 of the paper submitted to this 4th Interceltic Colloquium as LOBO-FERREIRA et al. (2005). In
this second part of the paper the method for assessing GALDIT index parameters is fully explained. The original
development of GALDIT index was done in the framework of the EU-India INCO-DEV COASTIN project aiming
the assessment of aquifer vulnerability to sea-water intrusion in coastal aquifers. The most important factors
controlling seawater intrusion were found to be the following: Groundwater occurrence (aquifer type;
unconfined, confined and leaky confined); Aquifer hydraulic conductivity; Depth to groundwater Level above
the sea; Distance from the shore (distance inland perpendicular from shoreline); Impact of existing status of
sea water intrusion in the area; and Thickness of the aquifer, which is being mapped. The acronym GALDIT is
formed from the highlighted letters of the parameters for ease of reference. These factors, in combination, are
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determined to include the basic requirements needed to assess the general seawater intrusion potential of
each hydrogeologic setting. GALDIT factors represent measurable parameters for which data are generally
available from a variety of sources without detailed examination. A numerical ranking system to assess
seawater intrusion potential in hydrogeologic settings has been devised using GALDIT factors. The system
contains three significant parts: weights, ranges, and ratings. Each GALDIT factor has been evaluated with
respect to the other to determine the relative importance of each factor. In this part we also present the first
applications of the method developed for the Bardez aquifer in Goa, India.

30) Titulo: Avaliagdo de reservas hidricas subterraneas dos sistemas aquiferos do Kalahari e Quaternario, em
Angola

Autores:
J.P. Lobo Ferreira, M.E. Novo
Resumo:

Quantificar as reservas hidricas de um aquifero constitui uma tatefa de invulgar dificuldade. Nesta
comunicacdo apresenta-se, com base nos estudos desenvolvidos por Moninante et al. (1994), uma
metodologia de avaliacdo de reservas hidricas subterraneas. Esse estudo visou uma primeira quantificacdo das
reservas hidricas armazenadas nos sistemas aquiferos de Portugal Continental. Procurou-se tirar partido da
vasta informacdo ja publicada por numerosos autores sobre este tema tendo-se tentado, na medida do
possivel, uniformizar conceitos de modo a tornar compardveis e adicionaveis resultados parcelares de estudos
anteriores. Procurou-se ainda distinguir conceitos diversos como o de reserva armazenada, reserva extraivel,
reserva armazenada apenas em curto espac¢o de tempo (nomeadamente para o caso de macigos graniticos ou
xistosos), apontando-se o intervalo esperado para os valores das reservas a partir dos valores minimos, médios
e maximos de porosidades eficazes dos diversos sistemas aquiferos presentes. Exemplifica-se a aplicagdo do
modelo conceptual apresentado por Moinante et al. (1994) ao calculo das reservas hidricas dos sistemas
aquiferos do Kalahari e Quaterndrio, em Angola, com base nos estudos desenvolvidos por Moinante et

al. (1994)e por Novo e Lobo-Ferreira (1996). Apresentam-se os valores que se pensa serem mais realistas para
uma gestao integrada de recursos hidricos, e que poderao vir a ser considerados como reservas estratégicas,
extraiveis, em caso de necessidade premente, como por exemplo em situagdes de seca ou de escassez hidrica
tempordria. Os valores que se apresentam devem, contudo, ser considerados apenas como ordens de
grandeza, devendo ser confirmados e/ou revistos a medida que o conhecimento cientifico, técnico e factual
sobre sistemas aquiferos apresentados e sobre os respectivos modos de exploracdo forem sendo mais
investigados e aperfeicoados.

31) Titulo: Recomendagdes para a proteccdo e gestao integrada de captagées de aguas subterraneas em
Portugal

Autores:
J. P. Carcomo Lobo Ferreira, Piercarlo Ciabatti
Resumo:

A Proposta para um Programa de Ac¢do Comunitdrio para a Proteccdo e Gestdo Integrada de Aguas
Subterraneas, datada de Maio de 1995, em fase final de aprovacdo pelas delega¢des dos Estados-membros da
Unido Europeia, sublinha na seccdo referente as ‘Principais Componentes do Programa de Ac¢do para a
Protecgdo e Gestdo Integrada de Aguas Subterraneas, que ‘os Estados-membros devem rever e onde

83



apropriado ajustar e fortalecer as medidas de protec¢do em torno de captagdes subterraneas, com base nos
estudos publicados por CIABATTI e LOBO-FERREIRA (1994). Nesse trabalho foram desenvolvidos, entre outros,
os seguintes temas: (1) andlise de normas relativas ao zonamento da protec¢do das dguas subterraneas
existentes em diversos Estados-membros da Unido Europeia, incluindo, e nos estados Unidos da América, 2 (2)
aplicacdo, com base na modela¢gdo matematica, de alguns métodos de definicdo dos perimetros de protecg¢ao
das captacGes ao aquifero de Estarreja (utilizando para o abastecimento de dgua a um pequeno centro urbano
situado na regido central de Portugal) e ao aquifero de Valada (utilizado para o abastecimento de 4gua a cidade
de Lisboa). Esquematiza-se, em dois quadros, a informacao analisada sobre os métodos de zonamento de
diversos paises da Unido Europeia e dos Estados Unidos, e sobre o tipo de actividades proibidas no interior de
cada zona de protecc¢do, com base na legislacdo alem3, e apresentam-se, em diversas figuras, as delimitacdes
calculadas de acordo com os métodos de zonamento analisado. Da analise dos dados disponiveis e dos
resultados obtidos na aplicacdo pratica salientam-se, nesta comunicacgao, considera¢des que poderdo se Uteis
para a reformulacdo da Norma Portuguesa n.2836, sobre proteccdo de capta¢des de dguas subterraneas.

32) Titulo: Caracterizagdo e mapeamento das aguas subterraneas de Portugal
Autores:

J. P. Carcomo Lobo Ferreira, Manuel Mendes de Oliveira

Resumo:

Nesta comunicacdo apresenta-se um extracto do estudo desenvolvido pelo Laboratério Nacional de Engenharia
Civil para a Comissao Europeia, no ambito de um contrato com a Direccdo-Geral do Ambiente, Seguranca
Nuclear e Protecgdo Civil — DG XI, intitulado ‘Desenvolvimento de um Inventario das Aguas Subterraneas de
Portugal. Caracterizacdo dos Recursos Hidricos Subterraneos e Mapeamento DRASTIC da Vulnerabilidade dos
Aquiferos de Portugal’ (cf. Lobo-Ferreira e Oliveira 1993). Constituiu objectivo principal do Estudo e elaboragao
de um inventdrio das Aguas Subterraneas de Portugal, do ponto de vista da caracteriza¢do dos recursos, da
caracterizagdo das utilizagdes e da elaboragao de mapas de vulnerabilidade dos aquiferos a polui¢do.
ContribuicGes anteriores para a caracterizacdo dos recursos hidricos subterraneos do Algarve, Alentejo e da
Regido Centro, parcialmente englobadas no Estudo para a Comissdao Europeia, foram desenvolvidos no ambito
de diversos protocolos estabelecidos entre a Direc¢do-Geral da Qualidade do Ambiente (DGQA) e o Laboratério
Nacional de Engenharia Civil (LNEC). O estudo para a Comissdo Europeia foi executado em estreita colaboragao
com a Direc¢do-Geral da Qualidade do Ambiente, nomeadamente para a elaboragao dos mapas no Sistema de
Informacgdo Geografica ARC/INFO. No ambito deste trabalho desenvolveu-se, em colaboragdo com a Direc¢do-
Geral dos Recursos Naturais, a primeira base de dados operacional (em Portugal) para aguas subterraneas, que
contém actualmente parametros quantitativos e qualitativos de mais de 7 000 pontos de dguas subterraneas
do Continente. Salienta-se o caracter original, a nivel da Unido Europeia, dos estudos desenvolvidos sobre a
avalia¢do regional da recarga de aquiferos e sobre mapeamento da vulnerabilidade dos aquiferos a polui¢do
efectuado com o método DRASTIC, desenvolvido nos E.U.A.

33) Titulo: Aplicacdo de modelos de transporte de reactivo ao aquifero de Rio Maior
Aplicacdo de modelos de transporte de reactivo ao aquifero de Rio Maior

Autores:

J. P. Carcomo Lobo Ferreira, Teresa Eira Leitdao

Resumo:
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Apresenta-se a aplicacdo de modelos analiticos de massa em aguas subterraneas, a um caso de estudo no
aquifero de Rio Maior. O estudo foi realizado utilizando dois ensaios de tragcador efectuados em simultaneo,
utilizando dois tipos de tracadores: um conservativo (cloreto de sédio) e outro ndo conservativo
(sulforodamina B). Os ensaios foram realizados sob as mesmas condi¢des hidrogeoldgicas tendo em vista a
analise da influéncia dos processos quimicos, no tracador ndo conservativo, no transporte de massas em
aquiferos. Os ensaios foram efectuados utilizando uma técnica inovadora desenvolvida por Lobo-Ferreira
(1988), na qual se utiliza um Unico piezémetro para a injec¢do e deteccdo do tracador. Os resultados foram
comparados com os valores obtidos por dois modelos analiticos concebidos para analisar o transporte de
massa envolvendo fendmenos de adsorg¢do. O resultado deste estudo ilustra o diferente comportamento
observado entre tracadores conservativos e ndo conservativos. Os dois modelos, CANALX, que traduz a
variacdo da concentragdo no espaco e CANALT, que traduz a variagdo da concentragdo no tempo, constituem
importantes instrumentos de andlise do comportamento de poluentes sujeitos a fendmenos de adsor¢cdo em
aguas subterraneas.

34) Titulo: “Gestao optimizada das aguas subterraneas: aplicagdo ao caso de estudo do abastecimento de
aguas subterraneas do concelho de Palmela (Portugal)”

Autores: JP Lobo-Ferreira; Emanuel Migliari
Jornadas Luso-Espanholas “As aguas subterraneas no sul da Peninsula Ibérica”
23 a 27 de junho de 2003

Universidade do Algarve, Campus de Gambelas, Faro
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Groundwater Artificial Recharge Solutions for Integrated Management of Watersheds and Aquifer Systems
Under Extreme Drought Scenarios
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Part of the International Year of Planet Earth book series (IYPE)

Abstract

This chapter addresses groundwater artificial recharge solutions for integrated management of watersheds and
aquifer systems under extreme drought scenarios. The conceptual idea of Aquifer Storage and Recovery (ASR)
is considered here as one of the science-based mitigation measures for climate variability and climate change
in many parts of the world. Towards a sounder selection of the most appropriate method to build ASR facilities,
several experiments have been carried out in the southern Portuguese region of the Algarve during the
European Union-sponsored 6th Framework Programme for Research, Project GABARDINE on “Groundwater
Artificial Recharge Based on Alternative Sources of Water: Advanced Integrated Technologies and
Management”. The values obtained for infiltration rates available on the multiple experimental facilities
depend not only on the hydraulic heads but also on the type of experiments and on the type of soils available
regionally. The results gathered allowed the drawing of several original charts on infiltration rates that will be
presented at the end of this chapter. The aim of all these experiments was to improve the knowledge on real
case studies that involve application of different AR methodologies to assess the parameters needed to
develop optimization models. The model may incorporate restrictions and parameters of the objective function
values evaluated in the experiments described above. The results presented in this chapter allow the selection
of the most appropriate AR techniques aimed at the maximization of groundwater quality improvement, while
minimizing the cost. In parallel a new method, called GABA-IFI, aimed at preliminary identification of candidate
areas for the installation of groundwater artificial recharge systems, was developed for the European Union-
sponsored 6th Framework Programme for Research Coordinated Action ASEMWATERNet, a “Multi-Stakeholder
Platform for ASEM S&T Cooperation on Sustainable Water Use” based on previous studies developed for five
Portuguese Watershed Plans. This new method was applied both to Campina de Faro aquifer and to Querenca-
Silves aquifer in the Algarve. This chapter addresses the achievements of this project.
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Groundwater artificial recharge solutions for integrated
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by

J.P. Lobo Ferreira, Catarina Diamantino and Maria José Henriques
Laboratdrio Nacional de Engenharia Civil, Av. do Brasil, 1700-066 Lisboa,

Portugal, e-mail: Iferreira@Inec.pt

Abstract:

This paper addresses groundwater artificial recharge solutions for integrated
management of watersheds and aquifer systems under extreme drought
scenarios. Based on a lecture presented by Dr. JP Lobo Ferreira at UNESCO's
International Year of Planet Earth (IYPE) Workshop held in Oslo, Norway,
August 2009, the conceptual idea of Aquifer Storage and Recovery (ASR) is
considered, in this paper, as one of the scientific based solutions towards
scientific based mitigation measures to climate variability and change in many
parts of the world.

In Portugal two European Union sponsored 6" Framework Programme for
Research Projects have been addressing this topic, namely GABARDINE
Project on “Groundwater artificial recharge based on alternative sources of
water: Advanced integrated technologies and management” (cf.
http://www.Inec.pt/organizacao/dha/organization/dha/nas/estudos_id/gabardine)
and the Coordinated Action ASEMWATERNEet, a “Multi-Stakeholder Platform for
ASEM  S&T  Cooperation on  Sustainable = Water Use"  (cf.
http://www.Inec.pt/organizacao/dha/nas/estudos id/asemwaternet and
http://www.asemwaternet.org.pt).

This paper addresses selected achievements of those Projects.

1. Introduction

Pyne (1995) defined Artificial Storage and Recovery (ASR) as “the storage
of water in a suitable aquifer through a well during times when water is
available, and recovery of the water from the same well during times when it is
needed”.

The Australian ASR and Artificial Storage, Transport and Recovery
(ASTR) Guideline (Dillon et al., 2006) advices nine guiding principles necessary
to achieved best practices for ASR and ASTR. They are: Adopting a risk
management approach, preventing irreparable damage, demonstrations and
continuous learning, adopting a precautionary approach, establishing water
quality requirements, rights of water bankers and recoverable volume, finite
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storage capacity of aquifers and interference effects between sites, highest
valued use of resources and community and other stakeholder consultation.

Towards a sounder selection of the most appropriate method to build
ARS facilities, several experiments have been carried out in the Portuguese
Southern region of the Algarve. The values obtained for infiltration rates
available on the multiple experimental facilities, depend not only on the
hydraulic heads but also on the type of experiments and on the type of soils
available regionally. The results gathered allowed the drawing of several
original charts on infiltration rates that will be presented at the end of this paper.

In parallel a new method, called GABA-IFI, aiming preliminary
identification of candidate areas for the installation of groundwater artificial
recharge system was developed for ASEMWATERNet Coordination Action, at
LNEC, based on based previous studies developed for five Portuguese
Watershed Plans by Oliveira and Lobo-Ferreira (2002). This new method is
described in http://www.asemwaternet.org.pt/pdf/events/GAB-IFI eng.pdf. It
was applied both to Campina de Faro aquifer and to Querencga-Silves aquifer, in
the Algarve.

2. Why do we need to consider droughts and ARS
facilities? The example of Portugal

A drought is a natural phenomenon in the Mediterranean region. It is not a
fatality rather a recurrent situation requiring solutions and mitigation measures.

In Portugal the characterization of droughts is made since 1942 using
precipitation data. Using the SPI-12 index (cf. Palmer, 1965) it is possible to say
that since the agricultural year (September to August) of 1943/1944 there have
been five years considered as drought in most of the country, being two years
extreme droughts (cf. Domingos, 2006). An example of such characterizations
can be seen in Figure 1. In this figure rows correspond to years (1969-2005)
and columns correspond to districts from Northern Portuguese districts (on the
left side) to Southern districts (in the right side). One may easily see in this SPI-
12 index table, computed for all Portuguese mainland districts (i.e. not for the
Portuguese Azores and Madeira archipelagos) a sequence of blue lines (wet
years) flowed by a frightening sequence of red lines (dry years), that seams to
become more solid as time proceeds, and also more compact along the districts
from North to South. Some thing has to be done on adaptation measures to this
reality. It is time now to proceed with scientific based appropriate methodologies
to avoid recurrent scarcity.

3. Artificial recharge experiments in the Algarve

Following what was mentioned in the Introduction, the main objectives of
Gabardine Project in the Algarve were: (1) to identify alternative water sources
and study the economic and environmental feasibility of its use in semi-arid
areas, in the context of an integrated water resources management, (2) to study
the aquifers as a main water source for both seasonal and long term storage of
these alternative water sources and (3) to improve knowledge about possible
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methods to introduce these water sources in the aquifer, namely through
artificial recharge.

Alternative water sources for groundwater artificial recharge may include
the superficial runoff surplus produced during flash flood events, treated urban
wastewater, desalinate water surplus or water import.
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Figure 1 - SPI-12 values computed for selected municipalities (columns) from 1969-2005
for the Northern coastal zone and interior regions of Portugal as well as for the Southern
region

The development of this study approached several issues related to the
subject like: precipitation rate analysis, both water and recharge balance,
identification of the potential alternative water sources intended to recharge the
aquifer and assessment of existing technologies for its use, development of
tools aimed for managing groundwater recourses considering artificial recharge,
assessment of aquifer vulnerability and characterization of the unsaturated
zone. Several artificial recharge devices have been developed and
implemented in Gabardine Project.

Regarding Campina de Faro aquifer case study in the Algarve, the main
goal was to optimize groundwater rehabilitation through implementation of
artificial recharge, minimizing the effects of diffuse pollution caused by
agricultural practices. This goal aimed the assessment in the Portuguese study
area of problems resulting from the application of these practices. Today they
are well documented in terms of groundwater quality. The study area was
designated as a vulnerable area concerning nitrate concentration by the
application in Portugal of the Nitrate Directive (in 2004). Together with the “good
quality status” referred by the Water Framework Directive, these are the main
reasons for the implementation of infrastructures aiming the improvement of
groundwater quality in a section of this aquifer allowing, on the other hand,
increasing groundwater availability with good quality in the Algarve region.
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The Project improved scientific knowledge of several methodologies
aimed not only to improve groundwater quality but also allowing subterranean
storage of water with good quality in wet year periods of major availability and
during events of heavy rainfall.

Multiple artificial recharge experiments were accomplished in the
Portuguese case study area during the second year of the Project by
Diamantino et al. (2007). Figure 2, presenting a set of selected pictures, show
an example. The purpose of the experiments was to assess and quantify the
effectiveness and applicability of the different groundwater artificial recharge
methodologies, in a way that the achieved results can contribute to the
development of the Gabardine Decision Support System (GDSS).

Complementarily, it was included a preliminary development of an
optimization model that merges restrictions and parameters for the objective
function. Its future application will allow selecting more adequate techniques
considering the maximization of the improvement of water quality and total cost
minimization.

Artificial recharge tests in infiltration basins

The objective of the AR was the assessment of infiltration rates in the very
permeable yellow sands and to assess the unsaturated zone, and saturate zone
transport parameters with a tracer test. To accomplish this purpose Areal Gordo
AR Basins 1, 2 and 3 (Figure 2 and Figure 3) have been constructed for in situ
infiltration and tracer test experiences. Besides, laboratory soil-column tests
were performed in soil samples collected at the bottom of the basin. Areal
Gordo AR Basin 2 had an area of 61 m2 The bottom was excavated up to the
third layer of yellow sandy soils at approximately 8 meters depth. The source of
water for this infiltration test comes from a nearby well opened in the confined
aquifer. To fulfil the objective of measuring the infiltration rate capacity, the
water level in the basin was maintained constant (with a water column of
approximately 90 cm) for a period of 3 days, and the infiltration rate was
calculated by dividing the volume of water added by the basin area. At that time,
the piezometric level and the groundwater quality parameters have been
continuously recorded at the 6 m far LNEC4 well. The arrival to this well was 70
hours. This allowed estimating the permeability of this sandy layer as 0.21 m/d,
considering the distance of 8 meters between the bottom of the infiliration pond
and the well (i.e. up to 1.5 m in the vadose zone + 6.5 m distance in the
aquifer).

Artificial recharge using a large diameter well

In the case study area of Campina de Faro a large amount of 5.0 m
diameter wells equipped with a waterwheel are common, the so called “noras”
(Figure 4). Some of them are still used for agricultural irrigation or even
domestic consumption. In Areal Gordo an injection test was performed in one of
those wells with the objective of assessing if they could be an effective
infrastructures to be used, as already available facilities for AR. Also foreseen
was the assessment of the infiltration rate vs. the recharging depth of water
column, ranging from the surface to water table depth. Besides recording the
level inside the large diameter well the effect of the recharge in the regional
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water level was monitored in the nearby LNEC5 monitoring well. This well
allowed assessing a first approach to the groundwater hydraulic conductivity
and some transport parameters. The input water discharge from a close deep
well was controlled during the injection periods. The main characteristics of this
large diameter well are presented hereinafter: area at the bottom of the “nora”
with a diameter of 5 m = 19.625 m; depth to water table at the beginning of the
first test=19 m; available storage volume at the “nora” for the test=373 m?; total
well depth=24 m. The monitoring equipment used was the following:
multiparametric water sensors for continuous monitoring installed in the “nora”
and LNEC5 well; from the discharge well a flow meter was installed for
continuously record the discharge water volume.

Three injection tests were developed during March, 2007. A maximum
value was assessed when the water level at the “nora” stabilized near the
surface (at 1.5 m depth) allowing the recharge water input of 20 m%h to be
incorporated in the aquifer. The values vary with the water level inside the
“nora” ranging from 0.25 m/d - 1.18 m/d to a maximum value of 24.5 m/d,
respectively for the 1st, 2nd and 3rd test (Figure 5). As expected, it was
concluded that increments in the infiltration rate are strongly connected to the
increase in the water column inside the well

Artificial recharge using a medium diameter well

A one day injection test was performed in an experimental medium
diameter well of 0.5 m, located in Areal Gordo, and called LNEC6. The objective
of this test was to determine the infiltration capacity and to compare it to the one
assessed for the 5 m large diameter “nora”. The injection test was performed
during 4 hours and the depth to water table was recorded during the test. The
input water discharge from a close deep well was controlled during the injection
periods. Two injection discharges were considered, one to fill up the well and
the other necessary to stabilize the water level: Qi_ascend=20m*h and
Qi_descend=2.2 m*h. The main characteristics of LNEC6 well, opened in the
unconfined sandy aquifer, are the following: section area (diameter 0.5
m)=0.196 m?; depth to water table=18.9 m; available storage volume=3.7 m?,
total well depth=28 m. The monitoring equipment used was the same as in the
previous injection test. The depth to the water table recorded in LNECG6 is
plotted in Figure 6 as well as the two injection periods (4 hours total time
duration). The infiltration rate was calculated by the change in the water level
after the stop of the injection and during the necessary time interval to achieve
the initial head, before the injection test (i.e. 7.4 m of water level variation during
0.6 days = 11.5 m/day of infiltration rate).

Artificial recharge experiments in river bed infiltration basins

In Rio Seco river bed, two 100 m? (20m(H)x5m(W)x5m(D)) infiltration
basins were constructed and filled in with clean gravels for AR tests (Figure 7).
The main objectives of the experiment were to assess the effectiveness of this
type of AR structures for surface water infiltration, including the computation of
groundwater recharges rates and evaluating groundwater mass transport
parameters in unconfined aquifer via the monitoring of a breakthrough tracer
curve. Two concrete sections were constructed and two pneumatic gauges for
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Results of the groundwater quality and quantity assessment recorded in
the monitoring wells during the rainy months of November and December 2006,
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river water levels control were installed, upstream and downstream of the
infiltration basins, during January, 2007, in order to measure the river discharge
upstream and downstream the AR infiltration basins. Tracer tests have been
performed during May, 2007 (Figure 8 and Figure 9).

Figure 2 —Vertical profile of lithological materials in Areal Gordo (at right) and LNEC4
well lithological column and, infiltration basin in the first layer (at left)

Flgure 3 - Infiltration basin in the second layer and monitoring equlment used for the
infiltration test

LR | St < __

Figure 4 — Injctlo est eveoped in the “nora”: water levels at the Belnnlng and at the
end of the test
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of surplus water in wet years or so that extra supply water may be available
later in dries years. As we have clearly shown in this chapter for Campina de
Faro, Portugal, other uses can be aimed at artificial recharge facilities, e.g. for
cleaning polluted aquifer. So, the solutions proposed are worthy to be
considered in implementing integrated water resource management plans,
being part of a variety of solutions to minimize the water scarcity, for instance in
the Algarve during severe drought situation.

Several in situ artificial recharge experiments and laboratory tests were
performed in the framework of the Gabardine Project for a selected area of the
Campina de Faro aquifer system. The comparison of different lithological
materials in situ and in the lab, and the assessment of artificial recharge
efficiency allowed data gathering regarding performances (on rates of
infiltrations) and the adequacies of the different techniques for different
geological layers (Figure 11). The in situ experiences showed very favourable
rates of infiltration in yellow sands, especially in the large diameter well (“nora”)
experiment, when infiltration rates were as high as 24 m/day. In the case of the
“nora” a function of the infiltration rate vs. the water column depth in the “nora”
was computed.

The aim of all these experiments was to improve the knowledge on real
case studies application of different AR methodologies to assess the
parameters needed to develop optimization models. The model may incorporate
restrictions and parameters of the objective function that values evaluated in the
experiments, described above. The results presented in this chapter allow the
selection of most appropriate AR techniques aiming the maximization of
groundwater quality improvement, while minimizing the cost.
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Figure 11 - a) Infiltration rates vs. the type of technology used (infiltration basins in the
field or in river bed and, large and medium diameter recharge wells) ; b) Infiltration rates
vs. the type of soil available in the Algarve at Campina de Faro and Rio Seco
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when surface runoff infiltrates in basins, show NOj3  concentrations strongly
decreasing the same period and tend to get closer to the NO3™ quality value of
the river water (Figure 10).

Condutvinse sbcres (i)
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Figure 8 - Breakthrough tracer experiment curves at Rio Seco infiltration basin
(Carreiros)

Figure 9 - Electric resistivity models obtained before, during and after the tracer test at
the infiltration basin in Rio Seco, Carreiros (Mota et al., 2008)
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Figure 10 — Variation of the water quality in Campina de Faro unconfined aquifer, after
runoff events in Rio Seco, monitored in LNEC 1 piezometer 2.5 m downstream of the
infiltration basin

This is a remarkable fact, and of paramount relevance regarding the
achievements of artificial recharge experiments towards the rehabilitation of the
polluted unconfined aquifer, confirmed by LNEC 1 piezometer 2.5 m
downstream of the infiltration basin.

4. Conclusions

As main conclusion, we may state that artificial recharge may be seen as
one good solution aiming a scientific based adaptation to climate change or
climate variability conditions in the near future. This technology allows the use
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ABSTRACT

This paper addresses the application and new developments of GALDIT method worldwide. GALDIT approach
has been first developed during the project “EU-India INCO-DEV COASTIN” whose objective was to determine
the vulnerability of a North Goa, India, coastal aquifers to sea water intrusion. The approach is based on the
hydrogeological characteristics (depth of the water body, thickness of the aquifer), morphological (distance from
the coast), hydrodynamic (transmissivity) and chemistry (impact of marine intrusions). The parameters of this
method are based on the physical characteristics that can affect the marine intrusion. In Portuguese Speaking
Countries, namelly Portugal, Guiné-Bissau, Angola and Brazil, GALDIT method has been applied not only for
cooperation sponsored research projects but also for academicals studies and Master Degrees at Universities. Some
of the achieved results have been presented in several APRH Congresses and Groundwater Seminars, highlighting
the effect of sea level rise in coastal aquifers'. Besides, in more than 25 countries coastal aquifers have also been
studied using GALDIT model. In Northern Africa, as addressed in this paper, we can mention the groundwater of
Guerbes—Annaba in Algeria, the groundwater of Mahdia, in Tunisia, thc groundwater of Maosr2-Gharb, in
Morocco, and the Quaternary layer of Collo, in Algeria. The original GALDIT method, as developed by Chachadi
and Lobo-Ferreira (2001), has been further applied and developments have been made and suggested, as those
addressed in this paper by coupling GALDIT method with a geostatistical approach by Djoudar et al. (2019). This
was suggested to increase the potentialities of GALDIT method considering the spatial variability of the studied
variables. Using a field data set ‘of the Bouteldja aquifer, the semi-variograms of four continuous important
variables (hydraulic conductivity A, groundwater level L, thickness T and sea water intrusion I) have been studied
and modelled. The GALDIT computation and mapping of the Bouteldja aquifer has shown a medium to low
vulnerability in narrow and parallel bands close to the shore area.

Key Words: GALDIT, Vulnerability, Sea water intrusion, Pollution, Salinity

1. INTRODUCTION

Continued human interference with the coastal hydrologic system has led to pollution of coastal groundwater
aquifers by salt water. According to Chachadi and Lobo-Ferreira (2001) the incidence of groundwater pollution
due to salt water intrusion has increased manifold in the last two decades. Change in groundwater levels with
respect to mean sea elevation along the coast largely influences the extent of sea water intrusion in the fresh water
aquifers. The smaller the drop in groundwater levels, the lesser the sea water intrusion in the aquifers. In other
words, the magnitude of change in sea level would have the identical effect on sea water intrusion if the
groundwater levels were held constant. In the geological past, sea levels have changed with changes in natural
climatic conditions several times. This happened during the glacial and interglacial periods, which are well
recorded by coastal sediments in the form of transgressive and regressive sediment types. However, in the
geological present, the climate is largely influenced by human interference in the form of air and water pollution
and this has led to an imbalance in atmospheric heat. The effect of this thermal imbalance is seen in the melting of
polar ice caps leading to a rise in sea level. The overuse of groundwater along parts of the coastal belts for various

'https://drive.google.com/file/d/0B_WArT_DIk89INjI1M2ZiMTEtNmY4MCO0MjQOLWIIZmUtMTMxMWY2
MjdkZTVm/view?resourcekey=0-sN3K5SWwp_UpFK0gpEJkC8g.
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purposes has affected groundwater quality and quantity. As an example, in India that led to rapid decline in
groundwater levels leading to salt water intrusion and water quality deterioration particularly in parts of Andhra
Pradesh, Gujarat, Orissa, Tamil Nadu, and West Bengal.

Researchers further developed different approaches to increase the applicability of GALDIT, e.g. Mojgan Bordbar
papers® (1) “Modification of GALDIT model by Weights of Evidence (WoE) to assess groundwater vulnerability
to seawater intrusion in Gharesoo-Gorgan Rood coastal aquifer”, in Iran, a new modified GALDIT approach was
applied to assess groundwater vulnerability and, (2) “Meta-heuristic algorithms in optimizing GALDIT
framework: A comparative study for coastal aquifer vulnerability assessment®. The Weight of Evidence (WoE)
statistical method was applied to modify the weights of GALDIT. The model was validated with correlation
coefficient between groundwater vulnerability model and TDS concentrations. Using the optimization algorithms
in each region increases the accuracy of GALDIT index. Applying Meta-heuristic algorithms, a proper
understanding was acquired on the vulnerability of coastal aquifer to seawater intrusion. Moreover, the result of
this paper provides a practical reference for hydrologists and decision makers to protect the groundwater resources
in coastal aquifers.

2. MATERIALS AND METHODS

2.1 GALDIT method

GALDIT is an indexation vulnerability methodology which uses intervals, classes and weights. It was developed
as preliminary tool to predict groundwater subject to marine salt water intrusion. The GALDIT method was
developed by Chachadi and Lobo-Ferreira (2001) within the framework of the Euro-Indian COASTIN (INCO
DEV program of the 4th EU Framework Research Programme). The first application results of this model have
been obtained in the coastal regions of Goa, India (Fig. 1, Chachadi and Lobo-Ferreira, 2005) and, in the Algarve,
Portugal, by Lobo-Ferreira et al. (2005). An indexation of the vulnerability and a classification of the potentialities
of a sea water intrusion in a given coastal geological context were established from the six GALDIT parameters.
The calculation of the GALDIT index is based on six parameters, which are: (G) groundwater occurrence (aquifer
type; unconfined, confined and leaky, confined); (A) aquifer hydraulic conductivity; (L) groundwater level above
sea level; (D) distance from the shore (distance inland perpendicular from shoreline); (I) impact of existing status
of seawater intrusion in the area; and (T) thickness of the aquifer being mapped. This index is a weighted value
where each parameter receives a weight corresponding to its relative role. It is defined by the following formula:

T PR,
6 P ?

i

GALDIT =

i=1

where Pi weights attributed to each parameter (i) according to its level of influence on the salted intrusion. The
importance goes from 1 (weak influence) to 4 (strong influence). Ri the rank or the value which varies from 1
(weak vulnerability) to 10 (high vulnerability).

Fig. 1 - North Goa, India, comparison of sea water intrusion maps for today’s and for raised sea level 0,5m
scenario (according to Chachadi and Lobo-Ferreira, 2005)

2https://www.researchgate.net/publication/327222090_Modification_of GALDIT_model_by_Weights_of Evide

nce_to_assess_groundwater_vulnerability_to_seawater_intrusion_in_Gharesoo-Gorgan_Rood_coastal_aquifer
3 https://www.sciencedirect.com/science/article/pii/S0022169420302286
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2.2 Geostatistical computations
Hereinafter we highlight the new research developed by Djoudar et al. (2019) using the GALDIT method coupled
with a geostatistical approach. Results are shown in Figs. 2, 3 and 4 and in Table 1.
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Fig. 2 - Geographic situation of the sand ridge of Fig. 3 - Map of GALDIT index vulnerability of the
Bouteldja (according to Djoudar et al., 2019) Bouteldja aquifer (according to Djoudar et al., 2019)
The principal tool in geostatistical computation, modelling and kriging, is the semi-variogram. A semi-variogram
simply consists in calculating the spatial variance (or theoretical semi-variogram) between the observations in u
and u plus a distance h further (u+h). This theoretical equation has been simplified to make the experimental
calculations easier regarding the piezometric map of the dune massif of Bouteldja, considering former studies of
Kherici et al. (2010). The geostatistical analysis was performed following several steps before final kriging maps.
The first step was the experimental semi-variograms calculation and modelling of each variable in the sampled
area. The omnidirectional experimental semi-variograms (EVS) for variables (hydraulic conductivity) A,
(groundwater level above sea level) L, (thickness of the aquifer) T and (impact of existing status of seawater
intrusion) I, have been calculated in the isotropic case because of the erratic behaviour of the directional structures.
The EVS range distances have varied from 550 to 750 m. The details of these semi-variogram calculations are
summarized in Table 1 and Fig. 4. The best experimental omnidirectional semi-variograms (direct ESV) were
obtained through values levels of h (lag distance) of 550 m, 750 m, 650 m and 730 m, respectively, for the variables
A, L, T and L. All of these variables showed a more or less structured spatial correlation with a generally spherical
model of low nugget effect (tends to zero). There is an exception with the marine intrusion I variable which is
modelled as Gaussian with a null nugget.

Table 1 Experimental semivariograms and fitted models of studied variables, along with corresponding
parameters (range, sill, nugget effect, according to Djoudar et al., 2019)

Variables Experimental semi-var-  Number and type of Range (m)  Sill
iogram omnidirectional structure
(ESV)

Lag dis-  Number of
tance (m) lag distance

Conductivity (m/J) 550 6 I Nugget effect model - 1.74

2 Spherical model 1621 27.39

Height of groundwater 750 10 I Nugget effect model - 13.02

level above sea level (m) 2 Spherical model 2247 69.55
Thickness of aquifer (m) 650 10 1 Nugget effect model - 101.2
2 Spherical model 1947 805.2

Seawater intrusion 730 6 1 Gaussian model 2198 2.27
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Fig. 4. Maps of estimation variances of variable (A, L, I, T, according to Djoudar et al., 2019)

3. CONCLUSIONS

The incidence of groundwater pollution due to salt water intrusion has increased manifold in the last two decades.
Change in groundwater levels with respect to mean sea elevation along the coast largely influences the extent of
sea water intrusion in the fresh water aquifers. GALDIT is a well-known framework for evaluating the groundwater
vulnerability in coastal zones. In more than 25 countries many coastal aquifers have been studied using GALDIT.
In Northern Africa we highlighted the application of GALDIT to the groundwater of Bouteldja littoral aquifer, an
important reservoir of groundwater in the extreme east of Algeria. The research developed for Bouteldja aquifer
allowed the suggestion of a new approach using the GALDIT method coupled with a geostatistical approach to
capture the spatial variability of those continuous variables composing the GALDIT method. The four continuous
variables A, L, I and T were geostatistically modelled and kriged all over the study area. The GALDIT vulnerability
map revealed mainly two levels of vulnerability: « Average level, along the coast which could be probably strong
to very strong; considering the sandy nature of the aquifer reservoir; * Low level, in the rest of the study area. This
could be explained by the protective role played by the clay lenses.
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DEMONSTRATING MANAGED AQUIFER RECHARGE (MAR) AS A SOLUTION
FOR WATER SCARCITY AND DROUGHT IN PORTUGAL AND SPAIN.

Jodo Paulo LOBO FERREIRA (1); Enrique ESCALANTE (2), Christoph SCHUTH (3) and
Teresa E. LEITAO (4)

ABSTRACT

In the Algarve, southern Portugal region, Managed Aquifer Recharge (MAR) research
activities have been developed aiming not only water surplus storage in aquifers during wet
years, focusing in the Querencga-Silves aquifer (FP6 ASEMWATERNet coordination Action,
cf. Lobo-Ferreira and Oliveira, 2008), but also groundwater quality rehabilitation in the
Campina de Faro aquifer (FP6 Gabardine Project, cf. Lobo-Ferreira et al., 2006). Following
MAR research potentialities in southern Portugal, this paper describes the objectives,
conceptual demonstration, background and capabilities of the two selected Circum-
Mediterranean pilot sites (in Portugal and in Spain) that will be researched in the recently
approved FP7-ENV-2013-WATER-INNO-DEMO MARSOL project. In the Algarve pilot site,
several case-study areas will be located in the Querenga-Silves aquifer and in the Campina
de Faro aquifer.

The research addressed in this paper is relevant not only to Portugal and Spain but also to
the majority of the Mediterranean coastal region, as a proactive behaviour regarding climate
change adaptation. As a matter of fact, according to the latest IPCC projections, the Circum-
Mediterranean region will be particularly affected by Global and Climate Change (cf. Stocker
et al., 2013). These changes include population growth, increase in food, water and energy
demands, changes in land use patterns and urbanization/industrialization, while at the same
time, the renewable water resources in the Circum-Mediterranean region are predicted to
decrease by up to 50% within the next 100 years. In addition, the anticipated reduction of
groundwater recharge, due to climate change, of up to 50% and beyond, will exacerbate the
occurring problems resulting from water scarcity in many of today's semi-arid zones.
Increased water scarcity will also affect the economies of developed countries, including all
sectors from agriculture, water supply and wastewater, transportation and tourism, through to
the energy sector.

Keywords: artificial groundwater recharge, drought mitigation, improving water availability,
water resources management, Mediterranean coastal region.
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1. INTRODUCTION

The economies of most Mediterranean European states, which today strongly depend on
agriculture and tourism, will face a fundamental change if the available water resources
decrease by more than 50% within the next 50-100 years. Furthermore, the Mediterranean
coastal region represents one of the most densely populated regions in the world with
currently 180 million inhabitants and 250 million expected by 2025. This population growth
will result in a growing water demand and tremendous wastewater and regionally
concentrated pollution problems. Some megacities in the Mediterranean area still discharge
large parts of their untreated wastewater into the rivers and the sea, having a major impact
on the ecology of the Mediterranean Sea. These developments are accentuated by the fact
that in many of the Mediterranean countries, the natural renewable water resources are fully
exploited or over-exploited already today, while at the same time, the Mediterranean area is
a global hot spot of freshwater biodiversity, with a high proportion of endemic and
endangered species. Hence, the Mediterranean area is a high priority region for freshwater
conservation and restoration. All the existing activities and the new opportunities assume the
availability of water, either from rivers, groundwater, desalination plants or from wastewater-
and irrigation-return, which cannot be taken for granted considering the long-term resources
projections. The expected increase in scarcity will therefore be a forceful driver for the
introduction of new water-efficient technologies in all sectors, and also for a better
management and economically optimized allocation of the valuable water resources and
their protection from pollution.

Being confronted with several water scarcity and drought events in the past decade, the
European Commission has taken the initiative to address these challenges. The main overall
objective of EU water policy is to ensure access to good quality water in sufficient quantity for
all Europeans (EU Policy on Water Scarcity and Droughts), and to ensure the good status of
all water bodies across Europe (Water Framework Directive). Policies and actions have been
established to prevent and mitigate water scarcity and droughts, with the aim of moving
towards a water-efficient and water-saving economy.

MAR will contribute to the implementation of the EU policy on Water Scarcity and Droughts
and the adaptation strategies of the White Paper on Climate Change Adaptation.

The new FP7-ENV-2013-WATER-INNO-DEMO MARSOL project, which started Dec. 1%,
2013 (http://www.marsol.eu/, under construction) will improve public access to good quality
drinking water and increase the resilience of key economic sectors to climate change.
Moreover, MAR will contribute to meeting the environmental objectives of the WFD, i.e.
improving surface and groundwater quantity and quality, and healthy ecosystems (ecological
flows). MARSOL project will involve pilot sites representative of several areas within the
Mediterranean Basin (Portugal, Spain, Italy, Malta, Greece and Israel), demonstrating that
MAR can provide solutions for adaptive water resources management, i.e.:

MAR to sustain urban and industrial water supply.

MAR to limit seawater intrusion in coastal aquifers.

MAR to combat nitrate pollution.

MAR for sustaining drought mitigation and biodiversity goals.

MAR to countermeasure temporal and spatial misfit of water availability.

In this paper, the work already carried out for Portugal and Spain, is detailed exemplifying
MAR as a solution to water scarcity in the Mediterranean coastal region.
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2. DESCRIPTION OF GABARDINE PROJECT DEVELOPED IN CAMPINA DE
FARO, PORTUGAL

2.1 Context

GABARDINE project (http://www.Inec.pt/organization/dha/nre/estudos_id/gabardine, 2005-
2008, cf. Lobo-Ferreira et al., (2006), Diamantino et. al., (2007 and 2008) and Diamantino,
2007) had the following major objectives: (1) explore the viability of supplementing existing
water resources in semi-arid areas with alternative sources of water that could be exploited
in the context of an integrated water resources management approach, (2) investigate the
feasibility of using aquifers as the primal facility for the large scale storage of these
alternative water sources and investigate techniques for their artificial recharge (AR) and
injection of the produced alternative water, including a monitoring of water quality and
purification by natural attenuation and filtration processes, (3) evaluate and quantify the
potential impact of degrading factors, such as climate change, changes in the quality of
water, salt water etc. on the global quality and usability of the resource, by developing tools
for risk mapping, for modelling and for monitoring, and to propose measures for preventing or
minimizing, and mitigating their impact. The alternative water sources were surface water
surpluses generated during rainy seasons, treated effluent, surpluses of desalinated water
and exploitation of saline water bodies that could be used for adequate agricultural practices
or used as raw material for low-cost desalination.

Four test sites have been selected for GABARDINE project in the Circum-Mediterranean
area, each representing a different aspect of the problem: (1) the aquifer of Thessaloniki
area, in which AR is being considered for controlling seawater intrusion and storage of
treated effluent (Greece); (2) the Lower valley of the Llobregat river, where the objective is to
mitigate the aquifer from seawater intrusion by means of AR of effluent and or runoff water
(Barcelona-Spain); (3) the Campina de Faro aquifer, in Algarve region where the objective is
achieving groundwater quality improvement by injecting surface-water (Portugal, which will
be detailed hereinafter); (4) the Coastal aquifer shared by Israel and Palestine (Gaza). In
Israel most of the recharge technologies are implemented but the quality and mixing aspects
need to be investigated and quantified.

2.2Purpose

In Rio Seco river bed, at Carreiros, two 100 m? (20mx5m) infiltration basins were constructed
in the river bed and filled in with clean gravels for artificial recharge tests. The source of
water is the river water during runoff flow.

The main objective was to investigate this type of artificial recharge structures for surface
water infiltration in terms of groundwater quality and quantity assessment in confined and
unconfined aquifers. Also tracer tests for infiltration rate assessment and geophysical
assessment have been developed during May, 2007. During the second and third year of the
Gabardine Project two periods have been researched regarding the river bed infiltration
basins: the summer time (irrigation period) from April, 1% to September, 31" 2007 and the
winter time (no irrigation period) from October, 1% 2007 to June, 30" 2008.

2.3Methodology

During November, 2006 two infiltration basins in the river bed, filled with clean gravels, and
three monitoring wells (LNEC1, LNEC2 and LNEC3) for groundwater quality and piezometric
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levels assessment have been constructed (Figure 1). Each well was equipped with
multiparametric sensors for quality and water level continuously recording. Each basin
surface area is 100 m? (20mx5m) and has approximately 5 meters depth. LNEC1 is opened
in the unconfined sandy aquifer with 13 meters depth, LNEC2 is opened (possibly) in the
confining aquitard at 20 meters depth and LNEC3 is opened in the sandstone confined
aquifer, at 40 meters depth. Two concrete sections were constructed and two pneumatic
gauges for river water levels control were installed, upstream and downstream of the
infiltration basins, during January, 2007. A tracer test experiment was performed in May 2007
during 4 days, in the South infiltration basin, with a NaCl tracer spread uniformly in the basin
surface with a constant water discharge (500 kg of NaCl and 100 m?® of water). Before the
tracer experiment a previous 3 days artificial recharge experiment was performed for a
preliminary infiltration rate assessment. The source of water for those experiments was
extracted from the confined aquifer (LNEC3). Piezometric levels, electric conductivity, Cl and
NO; concentrations were measured every minute in the monitoring probes installed in the
monitoring wells LNEC1 and LNEC2.

2.4Results

The first results, during winter time, of the groundwater quality and quantity assessment
recorded in the monitoring wells are presented in Figure 2 — the first plot shows the
piezometric variation recorded in the 3 monitoring wells (LNEC1, 2 and 3) and the second
one shows the NO5 concentrations results obtained from the groundwater samples.

Desing of two infiltration ponds and monitoring wells in the Rio Seco river bed
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Figure 1. Design configuration of the two infiltration basins in the river bed of rio Seco (Carreiros),
winter time and summer time photos

Also the daily precipitation recorded in the nearest climatological station (S&o Bras de
Alportel) is presented in the plot to give an idea of the time periods of eventual surface runoff
in the river. The river water NOyconcentration could also be determined in two samples

106



12.° Congresso da Agua / 16.° ENASB/ XVI SILUBESA

plotted with a red cross. It can be observed from this results that piezometric levels tends to
increase during the rainy months of November and December - during those months the
surface runoff was also infiltrating in the tested basins. NOj; concentrations strongly
decreased in the same period and tend to be close to the surface water NOj value,
especially in the unconfined aquifer wells. This is a relevant result regarding the
achievements of Gabardine objectives on the rehabilitation of the polluted unconfined aquifer
of Campina de Faro. The results recorded in LNEC1 during the summer period, concerning
NO; and CI" concentration and electrical conductivity values are presented in Figure 3 and
Figure 5. They show an improvement in terms of groundwater quality caused by surface
water infiltration during the first flash flood taking place at the end of the summer period.
These results are verified by the increase in the depth to the water table recorded in the
same period.
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Figure 2. Piezometric levels variation and NO3™ concentrations recorded between October, 2006 and
January, 2007 at Carreiros test site (winter time results)

Results on the tracer test experiments showed the CI" concentration breakthrough curve and
the arrival time at LNEC1. An infiltration rate of about 120 m*/day (i.e. 5 m*h) was measured
at the southern basin that has an area of about 100 m?. Per m? the infiltration measured was
about 2 m/day. A small monitoring well for water levels and electric conductivity recording
installed inside the basin allows to obtained similar values, of 1.8 m/day for an average rate
of infiltration.

The real groundwater velocity was estimated after the NaCl tracer experiment (May, 18 to
August, 20) at the Rio Seco river bed as follows: arrival at LNEC1 - 27/06
10:30h=39dx24h=936h; V;w=6.4 cm/d; K=Vxne/|=6.4x0.35/0.088=25 cm/d=0.25 m/d (arrival
at LNEC1 is presented in Figure 5).

2.5Rio Seco river bed geophysical assessment

During the end of January, 2007 a geophysical campaign was made. Figure 6 shows the
results of electrical resistivity profiles, one longitudinal and four transversal profiles performed
at the river bed, intersecting the two infiltration basins. These results are essential for
assessing the background values of resistivity prior the tracer test experiment developed
during May, 2007. The new electrical resistivity profiles performed during the tracer
experiment showed a very good correlation with the electrical conductivity values observed in
the monitoring wells and allowed the detection of a saline plume migration during the
recharge experiment.

The longitudinal profile resistivity values were measured twice a day during the infiltration
and tracer test experiments, and also repeated a week after the test conclusion. Some
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transversal profiles were also measured during the tracer test. Figure 7 presents two
examples of the electrical resistivity results obtained in the longitudinal profile before and
during the saline injection. In LNEC Report named “Time-lapse resistivity tomography with a
saline tracer for the Gabardine Project” (Mota, 2008) a more complete description of this
geophysical assessment is presented.

Results recorded in well LNEC1 after the first floods In the river bed
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Figure 3. Quality results and depth to water table recorded in LNEC1 after the first floods in the river
bed. Results comparison with daily precipitation values recorded in Sao Bras de Alportel climatological
station and with average daily discharge recorded in Coiro da Burra stream flow station, in the same
period

2.6 Conclusions of the Portuguese Campina de Faro case study

Besides the know-how in performing tracer experiments in Campina de Faro and the way it
was done, enabling the extrapolation of the results gathered as shown in Figure 8 (cf. (a)
infiltration rates vs. type of technology used (infiltration basins in the field or in river bed and,
large and medium diameter recharge wells); and, (b) infiltration rates vs. type of soil available
in the Algarve at Campina de Faro and Rio Seco), the main goal of the project was to
optimize groundwater rehabilitation through implementation of artificial recharge, minimizing
the effects of diffuse pollution caused by agricultural practices. This goal aimed the
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assessment in the Portuguese study area of problems resulting from the application of these
practices. Today they are well documented in terms of groundwater quality. The study area
was designated as a vulnerable area concerning nitrate concentration by the application in
Portugal of the Nitrate Directive (in 2004). Together with the “good quality status” referred by
the Water Framework Directive, these are the main reasons for the implementation of
infrastructures aiming the improvement of groundwater quality in a section of this aquifer
allowing, on the other hand, increasing groundwater availability with good quality in the
Algarve region.

Results of the tracer test recorded in well LNEC1
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Figure 4. Results of the tracer test experiment recorded in LNEC1, concerning electrical conductivity,
CI' concentrations and depth to water table variations

Results after the tracer test recorded in well LNEC1
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Figure 5. Results after the tracer test experiment recorded in LNEC1, concerning electrical
conductivity, Cl concentrations and depth to water table variations (undisturbed groundwater flow)

The Project improved scientific knowledge of several methodology aimed not only to improve
groundwater quality but also allowing subterranean storage of water with good quality in wet
year periods of major availability and during events of heavy rainfall.

Several artificial recharge experiments were accomplished in the Portuguese case study
area during the second year of the Project. The purpose of the experiments was to assess
and quantify the effectiveness and applicability of the different groundwater artificial recharge
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methodologies, in a way that the achieved results can contribute to the development of the
Gabardine Decision Support System (GDSS).

Complementarily, it was included a preliminary development of an optimization model that
merges restrictions and parameters for the objective function. Its future application will allow
selecting more adequate techniques considering the maximization of the improvement of
water quality and total cost minimization.

Figure 6. Geophysical assessment using electrical resistivity profiles intersecting the infiltration basins
at the river bed (Carreiros test site)

3. EXPERIENCES IN LOS ARENALES AQUIFER (SPAIN) CONDUCTING TO
TECHNICAL CRITERIA TO IMPROVE ARTIFICIAL RECHARGE IN
INFILTRATION PONDS AND CHANNELS

3.1Introduction

After ten years of management of the aquifers' artificial recharge facilites or Managed
Aquifer Recharge (MAR), which was constructed by the Ministry of the Environment and
Rural and Marine Affairs (MARM) and the Castile and Leon Regional Government (JCL) in
Los Arenales (a mainly eolic sand aquifer), more specifically in the Cubeta de Santiuste
reservoir and the county of Carracillo (Segovia), simultaneous monitoring has been carried
out on the artificial recharge, studying the strong and weak points in the facilities (channels,
infiltration ponds and large diameter wells).

This paper describes the experience of ten years of “experimental laboratories” and how this
monitoring has led to the design and execution of improvements that have come from this
experience and which are aimed at increasing the infiltration rate in a pre-operational
situation, operational and post-operational stages.

Thus, headway is being made towards highly efficient designs in terms of water management
for irrigation, with a view to its future use for urban storage in this aquifer and other
analogous ones.
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3.2Framework

Los Arenales aquifer or Hydrogeologic Unit 02-17 covers an area of 1,504 km? located in
Castille and Leon. Its origin is polygenic with a predominance of Arevalo facies, i.e. sands
from a quaternary dune system with variable thickness (up to 50 m) filling a complex
substrate from the Miocene epoch, notably argillaceous (Cuestas facies) or arenaceous and
argillaceous (Puente Runnel).

The superficial quaternary aquifer exploitation has been intensified in the past few decades,
causing the phreatic level to recede by 10 m, also bringing about salinisation and
contamination processes. Therefore, three managed aquifer recharge devices for irrigation
are being tested. These are shown in Figure 9.

AR first experiences in Los Arenales took place in La Morafia, where a thorough study was
carried out to determine AR possibilities, both in the superficial aquifer and in its deeper
levels. In the end, this option was discarded on fluvial waters, due to the difficulty in diverting
water from the main rivers. This has led to the use of purified water for recharging purposes,
which is now in progress.
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Figure 7. Geophysical assessment in the longitudinal electrical resistivity profile before and during the
tracer test at the river bed (Carreiros test site)

Thanks to the actions carried out by MAPA and the i+R&D activities, the Cubeta de Santiuste
is now a pretty well-known aquifer, located in the west of the province of Segovia and south
west of Valladolid. Lying on the left shore of Voltoya and Eresma rivers, it covers a surface of
48 km? and 600 ha of irrigation area. Artificial recharging (AR) began in 2002/03 on a single
channel with alternate basins, which has been successively expanded until today. The
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volume infiltrated into the aquifer has ranged between 0.97 (cycle 2004/05) and 12.19 hm®
(2006/07). The device has been operating for 8 years and currently consists of 27 km of
MAR channel, 5 infiltration ponds, 3 MAR wells, a River Bank Filtration (RBF) system and
three artificial wetlands.
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Figure 8. a) Infiltration rates vs. the type of technology used (infiltration basins in the field or in river
bed and, large and medium diameter recharge wells); b) Infiltration rates vs. the type of soil available
in the Algarve at Campina de Faro and Rio Seco

The county of Carracillo is located about 40 km east from the aforementioned region. It
covers an area of about 150 km? and it is located at the interfluve of rivers Cega and Pirén.
Irrigation has been practised extensively in this area with at least 2,700 ha using
underground water. Artificial recharge by means of unlined irrigation ditches has also been
practised for quite some time now, even though the largest devices started working in the
winter of 2006/07, introducing 8 hm? into the aquifer, subsequently increased to 12 hm? in the
2009/10 cycle. It is composed by 40.7 km of MAR channel, 3 infiltration ponds, an RBF
system and two artificial wetlands.

A thoroughly detailed description of these devices can be found in Fernandez (2009) and
Fernandez et al. (2009). These devices have remained the main “experimental laboratories”
of the i+R&D DINA-MAR project (http://www.dina-mar.es/) and Tragsa Group since 2002.
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3.30bjectives

The main objectives include the study of the evolution of artificial recharge in the last ten
years, particularly concerning the evolution of the infiltration rate and volume of infiltrated
water, so as to analyse the performance of the channels and basins and make them more
effective by means of structural improvements and/or by Soil and Aquifer Treatment
techniques (SATS).

3.4Results and discussion
3.4.1 Actions carried out on the morphology of infiltration ponds and channels
Infiltration ponds

In order to improve their effectiveness, the water-environment contact surface has been
widened by the ploughing of furrows, which also allow the silts to be deposited in bottom
furrows due to gravity, the ridges remaining higher up and relatively cleaned.

In order to quantify the differences between a flat bottom or a ploughed one, approximately
14 infiltration tests in Santiuste basin’s decantation and MAR pond were carried out. The first
ones with flat bottom (tested in 2007 September). Shortly after and in order to find out the
most suitable spacing between furrows to obtain the highest infiltration values, furrows were
ploughed in the initial decantation basin at a “wavelength” between 60 and 100 cm with a
Roman plough. These tests were repeated in June 2008 and 2009, at the end of each AR
cycle and once the basin had dried up (Table 1, Figure 10 and Figure 11).

— e

Figure 10. Furrows plugged with different width at the bottom of a decantation and infiltration pond,
infiltration test by double ring infiltrometer in the convex and concave surface of them and the clogging
profile. Headwater of the Santiuste” AR device

Comparing results of 2008 and 2009 (June in both cases), with smaller spacing between the
ridges (60 cm), infiltration rates fell over fifty percent in the ridges and less in the furrows.

With 80 cm after making the furrows, the rates increased over four times in the ridge and
such increase was slightly higher in the valley, with larger drops in the ridges than in the
furrows. One year later, they turned 90 and 220 mm/h (ridge/furrow, respectively) with values
of 420/232 mm/h.

With 1 m spacing, results were similar to those of 2007 in the ridges, being rather lower in
the furrows.

All the results confirm that, according to the test place and conditions, furrows increase the
infiltration rate when compared with flat-bottom basins, with higher values in the ridge of the
mounds than at the bottom of them. Although it is not possible to set a defined trend, given

1
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the few number of tests, furrows with 80 cm spacing perform better in general terms.
However, these results are not final.

It is a good practice to open furrows with disc ploughs, which proves to be less harmful than
the mouldboard plough.

Table 1. Results of infiltration tests from the headwaters” infiltration pond. Values collected in 2007
September (pre-operational), 2008 June and 2009 June (post operational) respectively

| Coordinates UTM | Characteristics
Infiltration rate
STATION X g Test (mi Sity Solil type
est (min) i) e oil typ
POND 1 369832 | 4557443 | 100/255/101 2500/95/38 ridge 0.6m sand
POND 2 369839 | 4557436 | 100/248/100 100/90/65 valley 0.6m | silty sand
POND 3 369821 | 4557448 | 148/120/68 90/420/100 ridge 0.8m sand
POND 4 369803 | 4557426 | 180/120/81 220/232/108 valley 0.8m | silty sand
POND 5 150/150/nd 200/350/nd ridge 1.0 m |sand
POND 6 nd 250/220/44 valley 1.0 m | silty sand
j PUILTRACICN ST ANTAKEA Y ACLESLADA. BEU TRACION NSTANTANA ¥ ACIMSLLADA
| Sepain 38 m rosedta Sparxan 09 o
Mefes | b
13 = g / | 3 / :
: LRI R A : !-’;/. AT {
] ) -.!".

[0 mcam e s Apata) e dpste

BNLIRACKN INSTANTARIA Y ACIMGLADA BPILTRACION MTANTARIA ¥ ACTRAADA
sezasciin 0 & mertala weaeond daam

Figure 11. Test interpretation graphs with double ring infiltrometer in basin 3, with 0.6 and 0.8 m
spacing. Data collected in from June 2007 to June 2010. Graphs of these results & interpretation of
2008

3.4.2 AR Channels

The main lines of action to increase the infiltration rate and the total infiltrated volume in the
channels bottom and walls have focused on the channel morphology itself. They also focus
on flow regulation and filtering of silt in the AR water.

From 2008 two sections of the channel have been tested with a longitudinal ridge fitted with a
5 m long geotextile. The section with a higher number of tests is located as from point UTM
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30-369417/4559040. The tests are repeated on an annual basis in the section centre and
ends (Table 2).

In the 2007 and 2008 campaigns the infiltration rate plunged, which could be consequence of
several factors, such as the excess of sediments in the recharge water. However, in 2009,
rates went up again. In the geotextile areas there was an actual retention of silt, with an
associated infiltration fall. In the areas without geotextile rates were again similar to 2007.

Table 2. Infiltration tests above and just near those channel fragments which count on installed
synthetic geotextiles. Values for 2007 September (pre-operational), 2008 June and 2009 June (post-
operational) respectively. IV-1 GT 2 was destroyed due to a flood

| Coordinates UTM :::';;:f;:u:j;:u:;: Charactaristics
CHANNEL X v Tast(min) Infiltration rate Site Soil
STATION (mm/h) type
IV-1 GT-1i 369417 | 4559044 | 180/90/80 130/13/44 No geotextil sand
IV-1 GT-1f 369417 | 4559045 | 180/103/90 210/22/38 | Above geotextil silt
IV-1 GT-2i 369714 | 4557572 | 120/86/na 90/108/na | Above geotextil silt
IV-1 GT-2f 369713 | 4557576 | 90/70/60 150/160/150 | No geotextil sand

According to the analysis of results, the rate is usually higher in short-term tests, though it is
lower in longer-term tests, so, it is believed that there is a higher silt concentration at a
certain depth beneath the channel. Besides, although it is convenient to increase the number
of tests to draw reliable conclusions, the infiltration trend showed a higher slope in the last
tests, where the infiltration curve (marked in a lighter colour) allows reducing the increase of
soil sediments, which accumulate in areas of lower hydraulic conductivity (first in the surface
and then in the 40 to 60 cm depth range). These results must be considered for maintenance
planning.

3.5Conclusions of the Spanish Los Arenales aquifer case-study

The downward infiltration rate in the channels and basins of Los Arenales aquifer is being
reduced through flow regulation and pre-treatment techniques (slit filtering and air reduction)
in the AR water. Flow regulation allows reducing the amount of silt and air entering the
aquifer. It can be noticed that the most effective recharge occurs at high flows or flows
around 150 to 200 I/s. Higher flows reduce the infiltration rate due to water oxygenation and
the increase in the suspended particulate matter. Positive results are coming from
communicating vessels systems in shut-off devices and buried channel sections fitted with
filter pipes.

As for the performance in the morphology of basins and channels, furrows have ultimately
increased the infiltration rate in all the tests with respect to those carried out in “flat-bottom”
basins. 80 cm spacing between ridges delivered the highest values, with rates that nearly
double those obtained at 60 and 100 cm. However, data obtained so far do not render results
final. Apparently, disc ploughs present better results than mouldboard Roman ploughs.
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In maintenance operations, it is of paramount importance to keep furrows clean, both in
basins' furrows and in the longitudinal ridge at the centre of the channel. The installation of
low permeability and easy-to-replace geotextiles has been proposed for silt removal.
Infiltration rate results were 160 mm/h without geotextile and 108 mm/h with it. The question
is whether such minor difference in the infiltration rates makes up for installation costs and
removal of “dirty” geotextile.

Test curve infiltration analyses indicate that there is a strip of land, between 40-50 and 60 cm
deep, where drops in the vertical permeability ratio (Kv) have been detected, broadly
attributable to clogging processes derived from a decrease in temperatures and calcareous
precipitations. Therefore, mechanical treatment in conservation tasks should go far deeper in
(increasing the strip removed to 40 and up to 60 cm deep).

With certain limitations, all these operational aspects could be applied to scenarios
analogous to the Arenales aquifer.

4. FINAL REMARKS

Storing water in aquifers during times of excess can help address water scarcity challenges
experienced in many parts of the Mediterranean Basin. Moreover, water quality can be
improved through aquifer transport and storage, due to chemical and biological reactions.
Managed Aquifer Recharge (MAR), Soil-Aquifer-Treatment (SAT) systems and Aquifer
Storage and Recovery (ASR) can be proved as a key to solving Mediterranean's upcoming
water crisis by linking water reclamation, water reuse and water resources management. The
diversity and complexity of the water problems in the Circum-Mediterranean area call for a
clear and focused research program in order to successfully meet the imminent challenges,
as well as to direct the ongoing developments towards socioeconomic and ecological
sustainability.

Following the fruitful achievements of GABARDINE project in Portugal and the i+R&D DINA-
MAR project in Spain, the new FP7-ENV-2013-WATER-INNO-DEMO MARSOL project,
which started Dec. 1%, 2013, will envisage advancing the use of MAR as a sound, safe and
sustainable strategy for improving water security by demonstrating that Managed Aquifer
Recharge is a key solution to water scarcity not only in Portugal and Spain but also in all
Circum-Mediterranean region.
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Abstract

The Strategic Research and Innovation Agenda of the H2020 PIANO project is conceived to
be a forward-looking document that sets out the direction of future collaborative EU-China
research and innovation activities in the water sector with a special attention to the thematic
areas identified and focused by the PIANO project: agricultural, municipal, industrial water
management, river basin management, water for energy. This Strategic Research and
Innovation Agenda (SRIA) builds on strategic agendas of European and international actors
in water management and internal and external consultations among experts and relevant
stakeholders of both areas of cooperation. The SRIA elaborated by the PIANO project
partners aims to support the activities of the China-Europe Water Platform in its research
pillar being the reference document for the implementation of further initiatives of joint
international cooperation between Europe and China in water innovation, a sector which
offers increasing opportunities to all interested actors, in particular European small and
medium enterprises able to produce advanced technological solutions. Researchers,
governmental agencies, innovative enterprises and private stakeholders should combine
synergies to strengthen innovation capacity and promote social and economic cooperation in
both areas of the world. The PIANO SRIA identifies needs and priorities in the EU-China
cooperation in water innovation. It also highlights the main opportunities for the development
of further collaborative actions engaging public and private partnerships based on the
sharing of knowledge and good practices. In this way strategic long-term agreements
involving multi-stakeholders in research and innovation applied to water management will be
fostered. Moreover, the PIANO SRIA intends to contribute to the achievement of the United
Nations' Sustainable Development Goals.

Keywords: policies, innovation, networks, technological water innovations, strategic
research and innovation agendas, China —Europe Water Platform, H2020 programme.

Theme: 9 - Investigagdo em hidraulica e recursos hidricos; Cooperagéo
transfronteirica (international cooperation in water innovation)
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1. INTRODUCTION

The project PIANO (Policies, Innovation, And Network for enhancing Opportunities for China-
Europe water cooperation) aims at strengthening the international cooperation in the field of
water between Europe and China and promoting the creation of networks of companies,
SMEs, entrepreneurs, NGOs, policy makers, regulators and funding agencies to create
business and social opportunities. The project main objectives are strengthening and
expanding the existing network of the China-Europe Water Platform (CEWP) to cover all
actors relevant for cooperation between China and Europe in the water research and
innovation domain; identification of European technological water innovations and areas for
joint development of innovative technological solutions that have a potential for their
implementation in China; identification of drivers and barriers concerning this cooperation
and elaboration of strategies to overcome such barriers and take advantage of drivers for the
implementation and replication of technological water innovations in China; promotion of
knowledge exchange and policy dialogue to build an enabling environment for the uptake of
technological water innovations with a great potential for implementation, further replication
and market uptake in China; consolidation of a shared strategic research and innovation
agenda (SRIA) between Europe and China water sector; effective dissemination and
mainstreaming of the project results to Chinese, European stakeholders and international
target audiences.
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Picture 1. Table of the project activities

Relations between the EU and China have developed rapidly since the first diplomatic ties
were established in 1975. Since 1998 EU-China summits have been held almost every year.
The creation of the EU-China Comprehensive Strategic Partnership in 2003 has deepened
and broadened collaboration in a wide range of areas. The EU-China 2020 Strategic Agenda
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for cooperation jointly signed and adopted in 2013 provides strategic guidance to their
relationship in many topics, science, technology and innovation included. In fact, both the EU
and China need to foster science, technology and innovation (STI) development to address
the economic, social and sustainability challenges they encounter. Interactions between the
two areas have also been growing across themes such as environment, energy, climate
issues and many others.

In the field of environment water is a priority for the cooperation with China.

An EU-China water platform (CEWP) was established in 2012 to promote policy dialogue,
joint research and business development in the water sector between People’s Republic of
China and the EU and its Member States. The European Commission has been supporting
the China-Europe Platform and will continue to promote policy dialogue, joint research and
business development in the water sector.

In March 2015 the project PIANO funded by the EU programme for research and innovation
Horizon 2020 started its activities to be concluded at the end of May 2018.

The main research areas of this international cooperation focuses on the following water
challenges: agricultural water management; municipal water management; industrial
water management; river basin management; water for energy.

2. MAIN WATER CHALLENGES IN CHINA

Technological water innovations (TWIs) were mapped for both Europe and China for each of
these five core thematic areas. A brief note describing the primary Chinese water challenges
was developed in collaboration with the CEWP to support and guide the search for suitable
TWIs within these domains.

With almost 20% of world's population and only about 6% of global freshwater resources
China' s water sector is a high priority for the development plans of that country.
Urbanisation and rising environmental awareness are driving rapid growth in urban water
supply and wastewater markets. At the same time, water resource restrictions and concerns
about food security have underlined the need for water efficient agriculture and irrigation.

About 20% of water resources are located in Northern China where 46% of the population
lives, compared to about 80% of water resources which are located in Southern China,
where 54% of the population lives and where only 35% of China's total arable land is located.
Although there has been some improvement in drinking water quality in recent years, water
quality remains an issue especially in rural areas because of greater levels of pollution in
lakes, rivers and groundwater from industries, non-point sources, such as agricultural run-off,
and urban residential wastewater. Thousands of poorly constructed and aging dams, dykes,
river training and irrigation schemes require risk assessment and rehabilitation to ensure
safety, resilience and efficient hydropower. Floods have historically impacted China greatly
and while many of the major rivers are now controlled with larger hydro-electric dams,
extreme events and unregulated small and medium tributaries continue to pose flood risk.

Water availability per capita is only 2,220 cubic meters in China, which is 1/4 of the world
average. In the total of 663 cities in China, there are more than 400 cities suffering from
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water shortage problem, and above 110 cities are in sever water shortage. It is estimated
that the daily water shortage of all cities in China is about 16 million cubic meter; the affected
industrial production value due to water shortage may reach to more than 200 billion in a
year; the affected urban population is about 40 million.

3. MAPPING WATER TECHNOLOGICAL INNOVATIONS

Taking into account these main water challenges in China technological water innovations
(TWIs) were identified and prioritized by the PIANO partnership following a two-step
procedure. In a first step, TWIs were identified according to the initial categories delineated
by the project. The result was a series of ‘fact sheets’ for each individual technology
identified, containing a brief description of the technological solution, expected scope of
application, its level of readiness and cost data. The initial categories considered for
technological solutions within the agricultural water management domain include water use:
specifically technologies for improving irrigation efficiency and production of fit-for-use water;
and water management: comprising technologies for groundwater management and
pollution mitigation, aquifer recharge and reduction of groundwater mining practices.

Within the domain municipal water management, technologies were identified for: water
production (supply, water use efficiency, alternative water supply); water treatment
(wastewater management/sanitation, treatment trains); water management (integrated
urban water management, water systems maintenance/retrofitting, mitigation of non-revenue
water); and for eco-city technological concepts.

Technological solutions for industrial water management were sought focusing in particular
on the following categories: water use efficiency (water saving technologies and
processes); and water treatment (wastewater treatment, reuse/recycling technologies).

For the domain river basin management and flood control, the focus was on flood
protection technologies for both urban and large-scale catchment settings (i.e. reactive
early warning systems/proofing, e.g. flood abatement technologies, or preventative solutions
concerning river training, canal construction, dike performance and hydraulic infrastructure);
and decision support systems and monitoring tools to improve water manage ment from
both the qualitative and quantitative point of view (cf. Lobo-Ferreira, 2016a).

The categories considered for the domain water for energy were those related to energy
production (small-scale hydropower, with a particular focus on its development, electricity
efficiency, optimization, and retrofitting of existing schemes); and water management (tools
to predict and map resource flows and assess trade-offs between resources uses; mitigation
measures and maintenance of ecological flows, cf. Lobo-Ferreira, 2016b).

In a second step, an online survey was created in order to initially validate (i.e. complete) the
original gross list of technological solutions, and then prioritize (score) the list of technological
solutions collected. The survey was therefore sent out to a number of water technology
experts in both Europe and China invited to score the mapped technologies. Experts were
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asked to determine for each TWI — among other assessments — the degree of European
technological leadership and of novelty to China, hence giving indications on the relative
innovative performance of the two regions. The resulting inventories of the ranked TWIs thus
provide a comparative perspective. Inventory | is the full inventory containing up to 20
European TWIs per sector (shortlisted from a total survey of 119 TWIs).

sector Category | Category | Category | Category | Category Total
1 2 3 4 5
Agricultural ; } 15 5 ) 20
water
Municipal 2 : 14 1 E 27
water
Industrial water
management 18 19 ° 37
River basin
management 6 n - 17
Water for energy - - 5 13 - 18
Total 2 0 58 59 119

Picture 2. Overview of TWI numbers in inventory | for each sector

Inventory Il is the targeted inventory containing European TWIs per sector belonging to
category 4 (innovative TWIs available in Europe but not in China). It can also be seen in the
above table. These are considered to have the highest potential for implementation in
helping to solve relevant water challenges in China. With its “Water Sector Goals” laid down
in the recent 5-year plans and the “Water Ten Action Plan”, and the adjoining more-than-
huge investment plans exceeding 1 billion € per week, China will be the scene for new
solutions in the water sector. Being present at the Chinese market will be of outmost
strategic importance for European companies which with their innovative technologies could
contribute to a fast-track achievement of the new Chinese goals for the water sector.

In total around 100 European technologies were identified by the PIANO survey, and 59
have been identified to belong to category 4. Hence, Europe offers a number of innovative
technologies with a potential for application in China. These technologies, encompass the
following types: monitoring tools to gather data on the state of the environment, infrastructure
and process; modelling/DSS tools to interpret monitoring data and integrate with scientific
understanding of the behaviour of systems over time to inform decisions on the design and
operation of infrastructure and equipment; integrated management systems/controls tools to
convey the conclusions from the modeling and DSS systems to the infrastructure-
communications and automation; products/processes to improve actual infrastructure and
equipment.

123



7,8e9

Margo 2018

14: EVORA

= Evora Hotel
CONGRESSO
DA AGUA GESTAO DOS

RECURSOS HIDRICOS

\. /. NOVOS
DESAFIOS

4. METHODOLOGY FOR THE ELABORATION OF THE PIANO STRTEGIC AGENDA

Based on this TWIs survey, on the studies performed on barriers and drivers to water
innovation in the project research domains and on the guidance documents of European,
Chinese and international water-related networks and initiatives, the jointly elaborated
PIANO Strategic Research and Innovation Agenda is conceived to be a forward-looking
document that sets out the direction of future collaborative EU-China research and
innovation activities in the water sector with a special attention to the thematic areas
identified and focused by the project.

A study comparing the existing strategic water and research innovation agendas in Europe
and China was also carried out in 2016, and updated in 2017, to provide elements useful for
the elaboration of the SRIA. This paper is based on the analysis of a set of national and
international documents on water strategies. From each reviewed agenda, the priority
“Development and innovation needs in the water sector’ was extracted and highlighted.
A series of tables for each agenda was prepared to list research and development actions
and needs with the aim of allowing an easy access to the information which is interesting for
the PIANO project aims.

Vision, needs and actions highlighted in the agenda of Acqueau, the water industrial cluster
of the European programme EUREKA, in the SIRA of the Water Supply and Sanitation
Technology Platform WssTP and the implementation plan of the European Innovation
Partnership on water (EIP-Water) are close to the general conceptual framework of the
PIANO project and are very relevant in identifying key technology areas of interest able to
tackle the main present and future water challenges. The Central Chinese Government
policy document on water resources management, the Chinese 13" Five Year Plan were
also examined to extrapolate the main problems pointed out and to compare measures and
solutions proposed. Further contributions to this mapping exercise were also provided by
some representatives of the Chinese institutions involved in the PIANO activities.

All documents analysed emphasize the need to join implementation and development of best
water technologies with policy and actions to promote proper integrated water management
and social awareness.

Successively, relevant contributions were collected through a questionnaire circulated to
water experts in China and in Europe. The survey addressed the five research areas of the
PIANO project and the main water challenges identified for the joint development of the
cooperation between Europe and China. Also the answers received to this questionnaire
were analysed, aggregated and taken into consideration for the development of the PIANO
SRIA. In particular, the questionnaire was subdivided into 5 main sections, corresponding to
the 5 water domains focused by the PIANO project. For each domain, it was required to give
a priority level to the actions to be taken (challenges) to achieve the project goals and to
state, depending on the actions selected, the application fields considered more relevant: |1A
— Innovation Actions, RIA — Research and Innovation Actions, RA — Research Actions.
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Moreover, it has been considered relevant for the elaboration of the PIANO SRIA a cross
analysis and identification of links with some of the Strategic Development Goals (SDGs)
fostered by the United Nations. On 1 January 2016, the 17 Sustainable Development Goals
(SDGs) of the 2030 Agenda for Sustainable Development — adopted by world leaders in
September 2015 at an historic UN Summit — officially came into force. Sustainable
development has been defined as development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. The following SDGs
has been identified as priorities for the PIANO project.

SDG#6: Ensure availability and sustainable management of water and sanitation
for all

SDGH#7: Ensure access to affordable, reliable, sustainable and modern energy
for all

SDG#8: Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all

=Bl

SDG#9: Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation

SDG#11: Make cities and human settlements inclusive, safe, resilient and
sustainable

SDG#12: Ensure sustainable consumption and production patterns

SDG#13: Take urgent action to combat climate change and its impacts

SDG#14: Conserve and sustainably use the oceans, seas and marine resources
for sustainable development

SDG#15: Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse

=
hed
L=
L

Picture 3. Table of the SDGs considered in the PIANO SRIA
5. NEEDS AND THEMATIC PRIORITIES IDENTIFIED

The PIANO SRIA identifies needs and priorities in the EU-China cooperation in water
innovation considering the project core domains and some crosscutting themes.

In the agricultural domain these water challenges and actions are identified:
Challenge 1 — Water scarcity

Actions: water reuse, water saving and efficiency in irrigation systems.
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Listed among the main challenges facing the Chinese government are the implementation of
water-saving policies and technologies, including water recovery and recycling, the
development of more efficient systems for abstracting underground water resources, and
precision irrigation technologies.

Challenge 2 — Water pollution

Actions: nutrient and pesticide management and removal for water pollution
reduction.

Nutrient and pesticide reduction through adequate management is based on technologies for
pollution prevention, such as manure separation and treatment, precision irrigation and
energy recovery technologies, as well as water-related soil degradation technologies against
salinity, erosion, clogging and oxidation. It will be just as necessary to develop appropriate
tools (Decision Support Systems) to support the management and extend technologies for
pollution monitoring.

Challenge 3 — Extreme events (droughts and floods)
Actions: monitoring and extreme events management.

With the aim of controlling floods and preventing drought, forecasting and early warning
systems must be implemented; planning interventions with the related actions is also
necessary.

For the domain municipal water management the PIANO SRIA highlights the following
thematic priorities:

Challenge 1 — Water scarcity
Actions: water saving technologies and wastewater reuse

Water reuse infrastructures and metering technologies, drinking water production from
wastewater resources, desalination and rainwater harvesting technologies, recovery and raw
material technologies from sludge and wastewater for energy purposes.

Challenge 2 — Water pollution
Actions: risk assessment and management tools against water pollution

Tools and management approaches to reduce water pollution in municipal areas such as
microbiological risk assessment, monitoring technologies and development of methods to
remove point and diffuse chemical-biological pollutants linked to real time monitoring and
control systems.

Challenge 3 — Extreme events (droughts and floods)

Actions: storm water management and systems for flood and drought
assessment

Using nature-based solutions and management systems to improve the sustainable urban
drainage system and DSS (Decision Support System).
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Challenge 4 — Ecosystem degradation

Actions: methods to determine environmental flow needs.

Approaches and methods to determine environmental flow needs, which could decrease
ecosystem degradation.

Challenge 5 — Water infrastructures

Actions: improve wastewater collection under treatment systems through
monitoring and management technologies.

Methods-technologies for identification (monitoring) and remediation of corrosion aging
related to below ground assets and asset management tools for sustainable maintenance
programmes. Moreover, a priority is to improve wastewater collection within existing
treatment systems through monitoring and management technologies.

In the industrial water management the priority actions for the following water challenges
are:

Challenge 1 - Water scarcity
Actions: technologies and systems to reduce water scarcity

With the aim to close the water cycle gap, developing sustainable use of resources through
recovery energy and raw material technologies from sludge and wastewater.

Challenge 2 - Water pollution
Actions: monitoring and treatment technologies against water pollution

New technologies and systems for monitoring water quality and advance water treatment
technologies (energy efficient systems: small-scale system technologies for specific
pollutants removal). Improving water quality through advanced water treatment technologies
(Membrane technologies; Advanced, biological, treatment, solid separation)

Tackling the water challenges identified to improve the river basin management and flood
control the PIANO SRIA focuses the following actions:

Challenge 1 — Water scarcity

Actions: monitoring and management for water scarcity
Through optimization of water uses and water saving management technologies such as
modelling systems and DSS, water scarcity will be reduced. Moreover, monitoring systems
and aquifer management technologies are important tools for reaching the goal.
Challenge 2 - Water pollution

Actions: new technologies against water pollution
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Technologies for contaminated sites, remediation (passive and active), early warning
systems and data integration technologies are important tools to combat water pollution and
monitoring parameters such as hydrological parameters and water quality chemical and
microbiological standards.

Challenge 3 — Extreme events (droughts and floods)

Actions: flood protection and extreme events prevention

Through new remote sensing technologies such as Doppler radar and wireless sensors,
integrated with coastal and fluvial DSS systems, such as hydrological and meteorological
models and forecasting monitoring systems, flood and drought risk could be reduced, in
particular through the application of risk based decision-making and planning tools.

Challenge 4 — Ecosystem degradation

Actions: ecosystem restoration
The reduction of pressure impacts leading to ecosystem degradation is the main goal to be
reached through a new water management scheme, new technologies and research on
restoration methodologies for aquatic systems (hydraulic connectivity, sediment transport,
etc.).

The domain water for energy is focused on these high priority actions:
Challenge 1 — Water scarcity

Actions: efficiency and new technologies to reduce water scarcity in industrial
sector

Energy is needed for water supply and it is crucial for water production. Improving industrial
water reuse also in hydropower plants could contribute to reduce water scarcity linked to
industrial activities.

6. IMPLEMENTATION OF THE PIANO SRIA

A roadmap to implement the actions identified by the PIANO SRIA should highlight the main
opportunities for the development of further collaborative actions engaging public and private
partnerships based on the sharing of knowledge and good practices in international
cooperation between Europe and China in the water sector. In this way, strategic long-term
agreements involving multi-stakeholders in research and innovation applied to water
management should be fostered. The Strategic Research and Innovation Action of the
H2020 PIANO project calls for an increasing capacity of innovation through the creation of
synergies, joint actions, regional networking and strengthening of relationships among public

10
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and private actors, pinpointing the relevance of sharing technological knowledge and
opportunities.

Moreover, through the co-design of innovations, the implementation of the PIANO SRIA will
create new opportunities for private investments in the water sector, also providing a chance
to capitalize on already on-going innovations and existing initiatives, while offering
opportunities to exploit synergies within and across the different priorities and perspectives
for longer-term research and development.

The implementation process of the PIANO SRIA should focus on best practices and activities
aimed to identify opportunities and barriers to innovation, to develop policy recommendations
and dissemination strategies such as:

- Webinars, info days, workshops and conferences: to support the China Europe
Water Platform (CEWP) and ensure that its research, development and innovation
(RDI) activities address issues of public interest and are made accessible through
appropriate dissemination activities;

- Sharing good practices: workshops for sharing good practices among RDI
programme owners and managers in order to provide an efficient instrument of
programmes alignment and improve their efficiency across Europe.

- Calls for proposals in collaborative R&l projects: In case of financial agreement,
Joint calls will be implemented

- Pilot studies and demonstration projects

- Alignment of national programmes: to better support the EU-China Water Platform
it is important to align water research national agendas through the gradual
modification of national programmes, priorities or activities.

Moreover, the SRIA should be assimilated in the CEWP periodic work programme and
implemented through common actions and trans-disciplinary research.
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1. INTRODUCTION

In the context of Managed Aquifer Recharge (MAR) numerical modelling has been an
important process in several applications, since the prediction of rise of groundwater mounds,
to determine where groundwater can be most appropriately pumped, understand quality
changes in infiltration water and aquifer water, predict the success of treatment induced by
MAR methodologies or to calculate the necessary injected volumes to counter a saltwater
intrusion problem. A proper estimation of AR, by means of arithmetic methods, depends firstly
on the conceptual approach of the groundwater problem and secondly on the selection of the
appropriate AR method (Pliakas et al. 2005), and its widely known that the Success of artificial
recharge as a management technique depends highly on how well the system is understood
(Sunada et al. 1983). Koukidou et al. (2010) referred numerical modeling as an invaluable tool
that enables accurate and reliable assessment of alternative strategic management plans, with
the results of well calibrated and verified models as a solid basis for justification of capital
investment required for infrastructure that is necessary to support water resources
management scenarios. It is then essential, as a state of the art overview, to compile several
applications in different demo-areas and scales, where modelling was essential to refine
artificial recharge strategies, to help to understand the main impacts of a MAR project or to
what to expect in field experiments.

2. DEVELOPING THE LITERARURE REVIEW IN MAR MODELLING STATE OF THE
ART

This brief literature review on MAR modelling aimed to understand the most commonly used
software and modelling methods such as scale, boundary conditions and inputs and output
representation. Data on the software used in MAR modeling exercises was collected, with the
objective of create a first-approach library to these software capabilities. Later every case study
found was briefly summarized as an example of the software use.

3. FLOW AND TRANSPORT MODELS USED IN MAR

The selection of these models resulted mainly from the literature review — the most used and
referenced tools/software were chosen.

1. The CODE_BRIGHT program (originally developed by Olivella et al. 1995) is a tool designed
to handle coupled problems in geological media (Restrepo, et al. 2016) was developed on the
basis of a new general theory for saline media. Then the program has been generalized for
modelling thermo-hydro-mechanical (THM) processes in a coupled way in geological media.
Basically, the code couples mechanical, hydraulic and thermal problems in geological media.
The theoretical approach consists in a set of governing equations, a set of constitutive laws
and a special computational approach. The code is composed by several subroutines and
uses GiD (Coll et al. 2016) system for preprocessing and post-processing.
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Abstract

Of the several themes addressed in “MARSOL White Book on Managed Aquifer Recharge
Modelling — Selected Results from the MARSOL Project”, a synthesis of the work developed
during MARSOL project, one should emphasize the literature review on MAR modelling. There
was a collection of MAR models and applications both in terms of flow and transport and of

hydrogeochemical modelling.

This paper aims to present a set of successful modelling applications on MAR methodologies
as well as to briefly explain and summarize the capabilities of some of the software used. It
can also serve as a reflection on MAR modelling throughout time as more complex models

have been being developed.
Keywords: MAR, review, numerical modelling.

Theme: 9 - Investigag@o em hidraulica e recursos hidricos.
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2. Accordingly to Li et al. (2009) COMSOL (formerly known as FEMLAB) is a finite element
analysis and solver software package for various physics and engineering applications,
especially coupled phenomena, or multiphysics. It includes a complete environment for
modelling any physical phenomenon that can be described using ordinary or partial differential
equations (PDEs). Coupled with Earth Science Module, the software code can handle time-
dependent and stationary problems for one-dimensional (1D), 2D, and 3D systems with
axisymmetric for 1D and 2D problems of fluid flow, heat transfer, and solute transport.

3. Trefry & Muffels (2007) described FEFLOW as a Finite-Element subsurface FLOW and
transport modeling system with an extensive list of functionalities, including variably saturated
flow, variable fluid density mass and heat transport, and multi-species reactive transport. It is
a proprietary code and not freely available; it supports an array of features of interest in
subsurface flow and transport. Theoretical and numerical methods and FEFLOW capabilities
are well described in Diersch (2014). This software is applicable in groundwater, porous media
and heat transport studies - from local to regional scale.

4. FEMWATER (Finite Element Model of Water Flow Through Saturated-Unsaturated Media)
model developed initially by Athens Laboratory of the U.S. Environmental Protection Agency
(AERL) and the U.S. Army Engineer Waterways Experiment Station (WES) from
3DFEMWATER (Yeh, 1987). The program structure was reformulated to allow its integration
into the Department of Defense Groundwater Modeling System (GMS). FEMWATER
capabilities are described by Lin et al. (1997).

5. Accordingly to Yu & Zeng (2010), HYDRUS is a software program for solving Richards
equation for water flow and the advection-dispersion equation for heat and solute transport in
variably saturated subsurface media. Variably saturated zones are fundamental to
understanding many aspects of hydrology, including infiltration, soil moisture storage,
evaporation, plant water uptake, groundwater recharge, runoff, and erosion. It uses the finite-
element (FE) method to simulate one-, two- or three-dimensional movement of water, heat,
and multiple solutes in unsaturated, partially saturated, or fully saturated porous media.

6. MOCDENSE is a two-constituent solute transport model for ground water having variable
density developed by Sanford & Konikow (1985). The model couples the ground-water flow
equation with the solute-transport equation. The digital computer program uses an iterative
strongly-implicit procedure to solve a finite-difference approximation to the ground-water flow
equation. The model uses the method of characteristics to solve the solute-transport equation.
This incorporates a particle-tracking procedure to represent advective transport and a two-step
explicit finite-difference procedure to solve equations that describe the effects of hydrodynamic
dispersion and fluid sources. This explicit procedure has several stability criteria associated
with it, but the consequent time-step limitations are automatically determined by the program.
It is applicable to two-dimensional, cross-sectional problems involving ground water with
constant or variable density. The model computes changes in concentration over time caused
by the processes of advective transport, hydrodynamic dispersion, mixing or dilution from fluid
sources. The concentrations of two independent solutes can be modeled simultaneously.
Temperature is assumed to be constant, but fluid density and viscosity are assumed to be a
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linear function of the first specified solute. If a second solute is specified, it is assumed to be
of a trace amount such that it does not affect the fluid density or viscosity. The aquifer may be
heterogeneous and anisotropic. The model has been used mostly in studies of either saltwater
intrusion or dense contaminant plumes.

7. The acronym to Transport Of Unsaturated Groundwater and Heat (TOUGH), is a set of
multidimensional numerical models for simulating the coupled transport of water, vapor,
noncondensible gas, and heat in porous and fractured media (Pruess, 1987). Initially
developed primarily for geothermal reservoir engineering, the suite of simulators is widely used
for applications to nuclear waste disposal, environmental remediation problems, energy
production from geothermal, oil and gas reservoirs as well as gas hydrate deposits, geological
carbon sequestration, vadose zone hydrology, and other uses that involve coupled thermal,
hydrological, geochemical, and mechanical processes in permeable media.

8. MODFLOW and related programs — MODFLOW is a 3D finite-difference groundwater model
that was first published in 1984 (McDonald & Harbaugh, 1984). It has a modular structure that
allows it to be easily modified to adapt the code for a particular application. Many new
capabilities have been added to the original model. MODFLOW-2005 (Harbaugh, 2005) is the
most current release of MODFLOW. In this version groundwater flow is simulated using a
block-centered finite-difference approach. Layers can be simulated as confined or unconfined.
The modular structure consists of a main program and a series of highly independent
subroutines. The subroutines are grouped into packages. Each package deals with a specific
feature of the hydrologic system that is to be simulated, such as flow from rivers or flow into
drains, or with a specific method of solving the set of simultaneous equations resulting from
the finite-difference method.

MODPATH, originally published by Pollock (1989) is a particle-tracking post-processing
program designed to work with MODFLOW, where the flow data produced in the budget is
used by MODPATH to construct the groundwater velocity distribution that forms the basis for
particle-tracking calculations. MODPATH Version 7 (Pollock, 2016) is the most recent version
of the program.

MT3D-USGS (Bedekar et al. 2016) is a USGS updated release of the groundwater solute
transport code MT3DMS (Zheng et al. 2001). MT3D-USGS includes new transport modeling
capabilities to accommaodate flow terms calculated by MODFLOW packages aiming to provide
greater flexibility in the simulation of solute transport and reactive solute transport.
Unsaturated-zone transport and transport within streams and lakes, including solute exchange
with connected groundwater, are among the program capabilities. MT3DMS can be used to
simulate changes in concentrations of miscible contaminants in groundwater considering
advection, dispersion, diffusion and some basic chemical reactions, with various types of
boundary conditions and external sources or sinks.

The SEAWAT program (Langevin et al. 2008) is a coupled version of MODFLOW and
MT3DMS designed to simulate three-dimensional, variable-density, saturated groundwater
flow. Accordingly to Guo & Langevin (2002) was developed to simulate three-dimensional,
variable density, transient ground-water flow in porous media. The source code for SEAWAT
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was developed by combining MODFLOW and MT3DMS into a single program that solves the
coupled flow and solute-transport equations. The SEAWAT code follows a modular structure,
and thus, new capabilities can be added with only minor modifications to the main program.
SEAWAT reads and writes standard MODFLOW and MT3DMS data sets.

9. MODRET (Computer MODEL to Design RETENTION Ponds) was originally developed in
1990 as a complement to a research and development project for Southwest Florida Water
Management District (Jammal & Associates Division, 1993). The MODFLOW model was
specifically modified for use with the MODRET model which incorporates modeling of weir and
orifice overflow or overflow based on manually-specified elevation vs. flow relationship (rating
curve). The scope of this project was to develop a practical design manual for site investigation
criteria, laboratory and field testing requirements and guidelines to calculate infiltration losses
from stormwater retention ponds in unconfined shallow aquifers.

4. FLOW AND TRANSPORT CASE STUDIES

A brief summary of MAR modelling applications and examples is chronologically presented.

Stefanescu & Dessargues (1998) studied the possibility of increasing the proportion of
groundwater usage by increasing storage in shallow aquifer by artificial recharge methods due
to scarcity problems encountered during summer and long periods of intense freezing in
Bucharest water supply which was highly dependent on surface water. A regional scale 3D
numerical model was assembled in MODFLOW, limited by the two main rivers in the region
(Arges and Dambovita). MODPATH was used to calculate transport path and travel times.

Chatdarong (2001) aimed to study the recharge behavior in San Joaquin Valley agricultural
area as well as the economic feasibility and practicality of artificial recharge facilities in the
conjunctive use for irrigation purposes. HYDRUS-2D was used in the simulations if a two-
dimensional model based on the study area infiltration ditch.

Woolfenden & Koczot (2001) conducted a study to evaluate the hydraulic effects of artificial
recharge, started in 1994, of imported water from Sierra Nevada in Rialto-Colton Basin (San
Bernardino County, California). The main objectives were to describe geohydrology and water
chemistry, and determine the movement and ultimate disposition of artificial recharged water
simulating long-term effects on water levels likely to occur in two different AR scenarios: (1)
continued recharge in ponds, (2) discontinued recharge in ponds. MODFLOW finite-difference
model was used to simulate flow and MODPATH through particle tracking allowed for the
understanding of water movement.

Haimerl (2002) evaluated the effectiveness of groundwater recharge dams by assembling a
2D numerical model using HYDRUS. These structures, built in Wadi Ahin in the north of Oman,
were used to store the water on the surface and enable a controlled release for artificial
recharge in terms of managed recharge.

Numerical modelling was used to simulate and understand the role of the unsaturated zone
directly beneath an unused artificial recharge site in the Cherry Valley alluvial fans, located in
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San Gregorio Pass, California (USA) (Flint, 2003). The numerical model was developed in
TOUGH?2 finite-difference code.

De la Orden et al. (2003) used numerical modelling as a tool to evaluate the effects in
groundwater of artificial recharge applied for a period of 10 years in Vergel, Alicante (Spain).
The Plana de Gandia-Denia coastal aquifer model was developed using MODFLOW in
PMWIN software (Chiang and Kinzelbach, 1998).

In the development and verification of a groundwater artificial recharge system in Xanthi plain,
Thrace (Greece) where the main objective is the reactivation of an old stream bed of Kosynthos
River, Pliakas et al. (2005) built a finite-difference MODFLOW numerical model as a tool to
estimate impact of AR. It was considered by the authors as a significant tool for rational
management of groundwater resources in the study area.

Santo Silva et al (2006) applied numerical modeling for studying the applicability of artificial
recharge methods in Recife plain (Brazil) to decrease the drawdown observed in Cabo aquifer
due to over-exploitation and increasing urban areas, using rainwater injection in wells. A 2D
vertical grid aquifer scale model was developed using CODE-BRIGHT coupled with GiD
software.

GABARDINE project, which aimed to demonstrate suitability of alternative sources of water in
groundwater artificial recharge by developing advanced integrated technologies and
management, showed some examples of numerical modelling applied do MAR. Lobo Ferreira
et al (2006) compiles the description of numerical models for three different demo-areas in the
project. One of the demo-areas was Campina de Faro aquifer system (Portugal), where a finite
difference MODFLOW model was developed using Visual MODFLOW software to study the
optimization of groundwater rehabilitation through artificial recharge aiming the minimization
of diffuse pollution effects caused by typical Portuguese agricultural practices, by promoting
artificial in a riverbed.

In Goyal et al. (2009) a finite-element groundwater flow model, using HYDRUS-2D, was used
to simulate draw-up and drawdown of piezometric pressure heads in the aquifer storage
recovery cycles of varying buffer storage volumes and residence times in a highly brackish,
semi-confined aquifer under shallow water-table condition in Hisan region (India).

Lobo Ferreira et al. (2009) used numerical modelling to understand effect of artificial recharge
methodologies concerning the use of infiltration basins located in Cap Bon (Tunisia) as a way
to increase groundwater quality, the effect of saltwater intrusion and increase water availability
for agriculture. The numerical model was assembled in Groundwater Modelling System (GMS)
software using FEMWATER.

Koukidou et al. (2010) aimed to characterize the regional groundwater flow system in the
Tirnavos alluvial basin and to develop and apply appropriate models for assessing artificial
recharge as a way to restore and manage regional groundwater resources in eastern Thessaly
(Greece). Simulation of the aquifer system was performed on FEFLOW software and was used
for the feasibility assessment of alternative groundwater management strategies based on
Aquifer Storage Recovery (ASR).
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Carleton (2010) presented numerical modelling tools to provide quantitative methods for
estimating the height of groundwater mounds beneath infiltration basins. MODFLOW-2000
was used to simulate the height and extent of groundwater mounds with various aquifer
characteristics, recharge conditions, and basin areas, depths, and shapes.

Kareem (2012) used MODFLOW in Groundwater Modeling System (GMS) software to
simulate the water conveyance from rainwater collecting ponds to underground reservoirs by
well injection in Jolak basin, Karkuk (Iraq).

A three-dimensional MAR model of the Isfara Aquifer, Fergana Valley (Uzbequistan) was
developed by Karimov et al. (2013) using Visual MODFLOW software.. The main objective
was to evaluate the viability of MAR activities, initiated in Isfara River Basin located in the tail
end of the Big Fergana Canal (BFC).

5. HYDROGEOCHEMICAL MODELS USED IN MAR

Accordingly to Barber (2002) field-scale reactions between mixing aqueous phases, minerals,
organic carbon and ion exchange phases can be assessed relatively simply using equilibrium
mixing-cells which can be used to provide a wide range of assessment of redox and pH-
dependent reactions that could impact on the efficiency of an AR system. These assessments
could also be used to provide quantitative evaluation of monitoring data of artificial recharge
schemes. For the same author, in AR/ASR hydrogeochemical modelling is relevant concerning
mineral dissolution that locally can increase hydraulic conductive but have an adverse impact
in aquifer structural integrity or mineral precipitation that has the opposite effect contributing to
clogging.

1. Accordingly to Dijkhuis & Stuyfzand (1996) and Stuyfzand (1998) INFOMI is the acronym
for 'INFiltration Of Micropollutants'. It is a finite element 1D-model using the 'mixing cells in
series' concept, incorporating a highly variable input for the pollutants in surface water; in the
infiltration basin,in a specific river segment, at the water/sediment interface and in the
saturated zone. Advection and dispersion (+diffusion) in the aquifer system are modelled using
algorithms of Appelo & Postma (1993).

2. Accordingly to Jacques and Simunek (2005), HP1 was obtained by coupling the HYDRUS-
1D one-dimensional variably-saturated water flow and solute transport model with the
PHREEQC geochemical code. The HP1 code incorporates modules simulating (1) transient
water flow in variably-saturated media, (2) transport of multiple components, and (3) mixed
equilibrium/kinetic geochemical reactions.

3. Commercial software HYDROGEOCHEM is a coupled model of hydrologic transport and
geochemical reaction in saturated-unsaturated media. It is designed to simulate transient
and/or steady-state transport of aqueous components and transient and/or steady-state mass
balance of adsorbent components and ion-exchange sites.

4. Parkhurst and Appelo (2013) describe PHREEQC is a computer program that is designed
to perform a wide variety of aqueous geochemical calculations simulating chemical reactions
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and transport processes in natural or polluted water, in laboratory experiments, or in industrial
processes. The program is based on equilibrium chemistry of aqueous solutions interacting
with minerals, gases, solid solutions, exchangers, and sorption surfaces, which accounts for
the original acronym—pH-REdox-EQuilibrium, but the program has evolved to include the
capability to model kinetic reactions and 1D (one-dimensional) transport. Rate equations are
completely user-specifiable in the form of basic statements. Kinetic and equilibrium reactants
can be interconnected, for example, by linking the number of surface sites to the amount of a
kinetic reactant that is consumed (or produced) in a model period. A 1D transport algorithm
simulates dispersion and diffusion; solute movement in dual porosity media; and
multicomponent diffusion, where species have individual, temperature-dependent diffusion
coefficients, but ion fluxes are modified to maintain charge balance during transport. An inverse
modeling capability allows identification of reactions that account for observed water
compositions along a flowline or in the time course of an experiment.

6. HYDROGEOCHEMICAL CASE STUDIES

A brief summary of hydrogeochemical applications in MAR is chronologically presented.

Whitworth (1995) modelled recharge via subsurface injection in El Paso, New Mexico (USA)
with PHREEQE (Parkhurst et al. 1980), by first simulating the mixing of the injected water and
the ground water to see if mineral precipitation might occur. Parkhurst & Petkewich (2002)
used PHREEQC for geochemical modelling of an ASR experiment in Charleston, South
Carolina (USA). The purpose of the aquifer storage operation is to store potable drinking water
in a sand and limestone aquifer underlying the city of Charleston. Barber (2002) presented a
case study where a Soil Aquifer Treatment experiment in China was modelled using
PHREEQC to assess possible chemical reactions on mixing of groundwater and injectant
(potable water from a reservoir) and to understand reaction exchange with possible aquifer
mineral matrices during a ASR experiment.

Prommer & Stuyfzand (2005) carried out a reactive transport modelling study to analyze the
data collected during a deep well injection experiment in an anaerobic, pyritic aquifer near
Someren (Netherlands). The MODFLOW/MT3DMS-based re-active multicomponent transport
model PHT3D (Prommer et al., 2003) was used for the transport simulations of the injection
site. PHT3D couples the three-dimensional transport simulator MT3DMS with the geochemical
model PHREEQC (v2). Greskowiak et al. (2005) carried out a modelling study to provide a
process-based quantitative interpretation of the biogeochemical changes that were observed
during an ASR experiment in which reclaimed water was injected into a limestone aquifer at a
field-site near Bolivar (Australia). For this a PHT3D model was developed from a calibrated
three-dimensional flow and conservative transport. Eckert et al. (2005) applied
hydrogeochemical modelling in 1D-reaction transport model PHREEQC (v2) (Parkhurst and
Appelo, 1999) to assess the purification processes that occur during riverbank filtration, in
order to understand the temporal changes of the river water quality and hydraulics influence
of this methodologies. Schmidt et al. (2007) while studying the geochemical effects of induced
stream-water and artificial recharge on the Equus Beds Aquifer, Kansas (USA) used PHAST
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to simulate flow and transport of chloride from the stream through the aquifer into a recovery
well. PHREEQC (v2) was also used for major ion and trace metal chemistry modelling
providing insight into environmental changes that may be occurring as a result of AR activities.

In a geochemical modelling exercise of an ASR project in Union County, Arkansas (USA), Zhu
(2013) used PHREEQC to simulate the scenario of injecting partially treated surface water
from Ouachita River into the Sparta aquifer at the city of El Dorado. Lu et al (2014) produced
a hydrochemical assessment of the local harvested water and groundwater based on field
data, lab experiments, and modelling carried out for artificial recharge proposal in the Pinggu
Basin aquifer. PHREEQC coupled with the flow and transport models was used.

7. CONCLUSIONS

Following the literature review for MAR modelling, the main conclusion, considering that for
every model there is a different set of input data required, so one of the most important factor
in selecting the appropriate model to a specific area/study is to verify what data is
available/obtainable in order to feed it as much as possible allowing it to produce reliable
results.

Based on the decision making methodology for the application of pollutant transport models
proposed by Diamantino et al. (2006) the final decision for the selection and eventually the
purchasing of a new model will have to be based on local or regional available skills and
knowhow on groundwater modelling at the governmental environmental institution. The
authors do firmly support the idea of governmental environmental institution to establish
research contracts with local Universities and/or State Research Labs, and, if available,
eventually also with private firms with relevant expertise on groundwater assessment and
modelling. Also, for the author, this will be a case by case palitical decision depending on the
willingness of the governmental environmental institution to overcome existing or potential
groundwater pollution problems that may affect the regional environment and the public health.

Used models vary, but finite difference MODFLOW base software seems to be by far more
frequently used, both due to be easily available and well documented, there are several
programs adapted to specific problems. Due to its complexity finite elements are not so
abundantly used, although the FEM grid is far more adjustable to complex limits of study areas.
On the other hand, FEM HYDRUS was commonly selected for simulations in vadose zone. In
hydrogeochemical studies related to MAR, free PHREEQC software was the most used,
mostly due to its very wide set of capabilities.

Aquifer and local (small area of the aquifer) seems to be the most common scales studied.
Small scale models (infiltration basin or aquifer sandbox model recreation) are scarce. MAR
modelling, at a large scale, has been used as a decision support tool as basis to decide the
suitability of MAR methodologies, most effective measures of environmental problem
containment and to explore scarcity scenarios.
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MAR modelling is being used worldwide, in particular in semi-arid to arid regions where scarcity
problem is common and MAR presents as reliable solution, and in areas the use of recycled
water is increasingly used in SAT-MAR as a way to increase water quality and availability.
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background e le funzionalita di uno dei siti pilota circum-me-
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Abstract: In the Algarve southern Portugal region, Managed Aquifer
Recharge (MAR) research activities have been developed to provide not
only water surplus storage in aquifers during wet years, focusing in the
Querenga-Silves aquifer (FP6G ASEMWATERNet Coordination Ac-
tion), but also groundwater quality rebabilitation in the Campina de
Faro aquifer (FPG Gabardine Project). Following MAR research po-
tentialities in southern Portugal, this paper describes the objectives, con-
ceptual demonstration, background and capabilities of one of the selected
Circum-Mediterranean pilot sites (in Portugal) that will be researched
in the new FP7-ENV-2013-WATER-INNO-DEMO MARSOL
project, which started Dec. 1st, 2013. In the Algarve pilot site, several
case-study areas will be located in the Querenga-Silves aquifer and in
the Campina de Faro aquifer.

Introduction

GABARDINE project  (heep:/www.lnec.pt/organization/
dha/nre/estudos_id/gabardine, 2005-2008; Lobo-Ferreira et
al., 2006; Diamantino et. al., 2007 and 2008 and Diamantino,
2007) had the following major objectives: (1) explore the vi-
ability of supplementing existing water resources in semi-arid
areas with alternative sources of water that could be exploited
in the context of an integrated water resources management
approach; (2) investigate the feasibility of using aquifers as the
primal facility for the large scale storage of these alternative
water sources and investigate techniques for their managed
aquifer recharge and injection of the produced alternative wa-
ter, including a monitoring of water quality and purification
by natural attenuation and filtration processes; and (3) evalu-
ate and quantify the potential impact of degrading factors,
such as climate change, changes in the quality of water, salt
water, etc. on the global quality and usability of the resource,
by developing tools for risk mapping, for modelling and for
monitoring, and to propose measures for preventing or mini-
mizing, and mitigating their impact. The alternative water
sources were surface water surpluses generated during rainy
seasons, treated effluent, surpluses of desalinated water and
exploitation of saline water bodies that could be used for ad-
equate agricultural practices or used as raw material for low-
cost desalination.
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Four test sites have been selected for GABARDINE project
in the Circum-Mediterranean area, each representing a dif-
ferent aspect of the problem: (1) the aquifer of Thessaloniki
area, in which MAR is being considered for controlling sea-
water intrusion and storage of treated effluent (Greece); (2)
the Lower valley of the Llobregat river, where the objective
is to mitigate the aquifer from seawater intrusion by means
of MAR of effluent and or runoff water (Barcelona-Spain); (3)
the Campina de Faro aquifer, in Algarve region where the
objective is achieving groundwater quality improvement
by injecting surface-water (Portugal, which will be detailed
hereinafter); (4) the Coastal aquifer shared by Israel and Pal-
estine (Gaza). In Israel most of the recharge technologies are
implemented but the quality and mixing aspects need to be
investigated and quantified.

In Portugal two infiltration basins were constructed in the
Rio Seco river bed and filled in with clean gravels for MAR
tests. The source of water is the river water during runoff
flow. The main objective was to investigate this type of MAR
structures for surface water infiltration in terms of groundwa-
ter quality and quantity assessment in confined and uncon-
fined aquifers. Also tracer tests for infilcration rate assessment
and geophysical assessment have been developed during May,
2007. During the second and third year of the GABARDINE
project two periods have been researched regarding the river
bed infileration basins: the summer time (irrigation period)
from April, 1** to September, 31" 2007 and the winter time
(no irrigation period) from October, 1% 2007 to June, 30
2008.
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Location and geological setting

The area of Campina de Faro aquifer system, in the Algarve,
Portugal, is around 86.4 km?, and is limited, in the North,
by the less permeable deposits of Cretaceous, in the East, by
the city of Olhdo, in the West, by the Quarteira aquifer sys-
tem, with a probable hydraulic connection between them, and
in the South, by the sea. Figure 1 shows the identification of
the aquifer systems in the Algarve coastal zone by Almeida et
al. (2000), including the aquifer system of Campina de Faro
(studied in GABARDINE project) and the Querenga-Silves
aquifer system, studied in ASEMWATERNet Coordination
Action (htep://www.asemwaternet.org.pt/; Lobo-Ferreira and
Oliveira,2008).

The GABARDINE test site in Portugal is a section of the
aquifer system of Campina de Faro, located in the Southern
Algarve region. This section is located in the central part of
Campina de Faro and encompasses an area of approximately
9 km?. It is bordered by the estuary of Ria Formosa in the
South, two aquifer systems in the North, the river Ribeira
de Marchil in the West and 2 km to East from the river (rio
in Portuguese) Seco (located in the centre of Figure 2). Figure
2 presents the geological map of Campina de Faro aquifer
(adapted from Almeida et al., 2000).

Precipitation increases from the South (along the coastal
zone) to the North (in the mountain areas). For the average
annual precipitation in the Rio Seco basin (Lobo-Ferreira et
al., 2006) calculated a value of 745 mm, using the Thiessen
poligon method, and a value of 655 mm using the isohyets
method. In the case of temperature, the annual medium val-
ues calculated were 17.3°C in Faro and 16.8°C in Quarteira.

THE CASE-STUDIES: QUERENGA-SILVES AQUIFER SYSTEM (ASEMWATERNET)
AND CAMPINA DE FARO AQUIFER SYSTEM (GABARDINE)

Querenga - Siives
aquifer system

Storage Coefficient

From §'10° 10 31107

Campina de Faro aquifer system

Campina ce
Faro study area

General C. Aea | e

Average

PMutidayer systern - lew aqudes
i 854k | 6BUs

W riday | 10nm 1304

Fig. 1 - The case-studies: Querenga-Silves aguifer system (ASEMWATERNET) and Campina de Faro aquifer system (GABARDINE).

Fig. 1 - I casi di studio: il sistema acquifero di Querenga-Silves (ASEMWATERNET) e quello di Campina de Faro.
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Fig. 2 - Carta geologica dell'acqui-
fero di Campina de Faro (adacrata da
P Almeida ec al., 2000).

Methodology

During November 2006, two infiltration basins in the
riverbed, filled with clean gravels, and three monitoring wells
(LNECI1, LNEC2 and LNEC3) for groundwater quality and
piezometric levels assessment have been constructed (Figure 3
and Figure 4). Each well was equipped with multiparametric
sensors for quality and water level continuous recording. Each
basin surface area is 100 m? (20m x Sm) and has approximate-
ly 7 meters depth. LNECI1 is opened in the unconfined sandy
aquifer with 13 meters depth, LNEC2 is opened (possibly)
in the confining aquitard at 20 meters depth and LNEC3 is
opened in the sandstone confined aquifer, at 40 meters depth.

Two concrete sections were constructed and two pneumatic
gauges for river water levels control were installed, upstream
and downstream of the infilcration basins, during January
2007.

i L b
\ $ S B
LNEG{LNECT >
LNEC2®
! SR B
) ot
\ ’ :
3 . a
3 C4
i LNECH
Y o
{ A
o &0
Meters
13

¥
..i.. Legend [ _Jcampnadsfaomiz mendeok  ©® LNEC pazometers

Fig. 3 - Location of LNEC piezometers (LNEC 1, 2 and 3, drilled in rio Seco at
Carreiros and, LNEC 4 and 5, drilled in Areal Gordo)

Fig. 3 - Ubicazione dei piezometri LNEC (LNEC 1, 2 e 3, nel Rio Seco a
Carreiros e, LNEC 4 e 5, nell' Area di Gordo).
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A tracer test experiment was performed in May 2007 dur-
ing 4 days, in the South infiltration basin, with a NaCl tracer
spread uniformly in the basin surface with a constant water
discharge (500 kg of NaCl and 100 m? of water). Before the
tracer experiment a previous 3 days MAR experiment was
performed for a preliminary infiltration rate assessment. The
source of water for those experiments was extracted from the
confined aquifer (LNEC3). Piezometric levels, electric con-
ductivity, Cl and NO;~ concentrations were measured every
minute in the monitoring probes installed in the moniroring
wells LNECI and LNEC2.

Results

The first results, during winter time, of the groundwater
quality and quantity assessment recorded in the monitoring
wells are presented in Figure 5 — the first plot shows the piezo-
metric variation recorded in the 3 monitoring wells (LNECIL,
2 and 3) and the second one shows the NOj;™ concentrations
results obtained from the groundwater samples.

Also the daily precipitation recorded in the nearest climato-
logical station (Sdo Brds de Alportel, located 12.5 km North
of LNECI, 2 and 3 monitoring wells) is presented in the plot
to give an idea of the time periods of eventual surface runoff
in the river. The river water NO; concentration could also
be determined in two samples plotted with a red cross. It can
be observed from this results that piezometric levels tends
to increase during the rainy months of November and De-
cember - during those months the surface runoff was also
infilerating in the tested basins. NO;™ concentrations strongly
decreased in the same period and tend to be close to the sur-
face water NOj™ value, especially in the unconfined aquifer
wells. This is a relevant result regarding the achievements of
GABARDINE objectives on the rehabilitation of the polluted
unconfined aquifer of Campina de Faro. The results recorded
in LNEC1 during the summer period, concerning NO;™ and
ClI" concentration and electrical conductivity values are pre-
sented in Figure 6 and Figure 7. They show an improvement
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Desing of two infiltration ponds and monitoring wells in the Rio Seco river bed

Vertical section
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Fig. 4 - Design conf ion of the two infiltration basins in the river bed of Rio Seco (at Carreiros), winter time and spring time photos.

Fig. 4 - Schema dei due bacini di infiltrazione nel lecro del Rio Seco (a Carreiros), nelle foto il periodo invernale e primaverile.

in terms of groundwater quality caused by surface water infil-
tration during the first flash flood taking place at the end of
the summer period. These results are verified by the increase
in the depth to the water table recorded in the same period.
Results of the tracer test experiments (Figure 8) showed the
CI" concentration breakthrough curve and the arrival time at
LNECI. An infiltration rate of abour 120 m?/day (i.e. 5 m%/h)
was measured at the southern basin that has an area of about
100 m2 Per m? the infiltration is about 1.2 m/day. A small

monitoring well for water levels and electric conductivity re-
cording installed inside the basin allows obrtaining similar
values.

The real groundwater velocity was estimated after the
NaCl tracer experiment (May, 18 to August, 20%, 2007)
at the Rio Seco river bed as follows: arrival at LNEC1 —
27/06 10:30h=39d"24h=936h; Vint=64 cm/d; K=V'ne/
1=6.4°0.35/0.088=25 c¢m/d=0.25 m/d (arrival at LNECI is
presented in Figure 8).
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Fig. 5 - Pi ic levels variation and NO;~ ions recorded besween October, 2006 and January, 2007 at Carreiros test site (winter time results).

i tra otrobre 2006 ¢ gennaio 2007 nel sito test di Carreiros (risuleati del perio-

Fig. 5 - Variazione dei livelli pi ici e della c ione di NOy
do invernale).
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Fig. 7 - Results after the tracer test experiment recorded in LNECI, concerning elec-
trical conductivity, CI concentrations and depth to water table variations (undisturbed
groundwater flow).

Fig. 7 - Risultati dopo l'esperimento con tracciante effetcuato al LNECI, ri-
guardante la conducibilitd electrica, la concentrazione di Cl e la variazione del
livello pi ico (in condizioni di defl sot 1

Rio Seco river bed geophysical assessment

During the end of January 2007, a geophysical campaign
was made. Figure 9 shows the results of electrical resistivity
profiles, one longitudinal and four transversal profiles per-
formed at the river bed, intersecting the two infileration ba-
sins. These results are essencial for assessing the background
values of resistivity prior the tracer test experiment developed
during May 2007. The new electrical resistivity profiles per-
formed during the tracer experiment showed a very good cor-
relation with the electrical conductivity values observed in
the monitoring wells and allowed the detection of a saline
plume migration during the recharge experiment.
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Complementarily, it was included a preliminary develop-
ment of an optimization model that merges restrictions and
parameters for the objective function. Its future application
will allow selecting more adequate techniques considering
the maximization of the improvement of water quality and
toral cost minimization.

Conclusions of the GABARDINE Campina de Faro case
study

The main goal of GABARDINE project was to optimize
groundwater rehabilitation through implementation of
MAR, minimizing the effects of diffuse pollution caused by
agricultural practices in Campina de Faro. Besides the devel-
opment of infileration tests, several tracer experiments have
also conducted in (1) three infiltracion basin, with different
soil types; (2) two river bed infileration basins; (3) one 5m
diameter infilcration well (“nora”) and, (4) one 0,5m diameter
infiltration well. The resules gathered, depending on hydrau-
lic heads and on soil types, eventually allow the extrapola-
tion of infiltration rates to other case study areas, with similar
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soil types, as shown in figure 11: (a) infilcration rates vs. type
of technology used (infiltration basins in the field or in river
bed and, large and medium diameter recharge wells); and,
(b) infiltration rates vs. type of soil available in the Algarve
at Campina de Faro and Rio Seco). This goal aimed the as-
sessment in the Portuguese study area of problems resulting
from the application of these practices. Today they are well
documented in terms of groundwater quality. The study area
was designated as a vulnerable area concerning nitrate con-
centration by the application in Portugal of the Nitrates Di-
rective (hrep://ec.europa.eu/environment/water/water-nitrates/
index_en.html). Together with the “good quality status” re-
ferred by the Water Framework Directive (Directive 2000/60/
EC of the European Parliament and of the Council establish-
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cerning electrical conductivity, CI' concentrations
and depth to water table variation.

Fig. 8 - Risultati del test con tracciante nel
Rio Seco a Carreiros registrati nel LNECI,
riguardanti la conducibilitd elettrica, la con-
centrazione di Cl" e la variazione del livello
piezometerico.

Profile Il

Fig. 9 - Geophysical assessment using elec-
trical resistivity profiles intersecting the infil-
tration basins at the river bed (Rio Seco at
Carreiros test site; Mota, 2008).

Fig. 9 - Analisi geofisica usando i profili
di resistivitd elettrica attraversoi bacini
di infilerazione nel letro del fiume (Rio
Seco nel sito test di Carreiros; Mota,
2008).

ing a framework for the Community action in the field of
water policy, htrp://ec.europa.eu/environment/water/water-
framework/index_en.html ), these are the main reasons for
the implementation of infrastructures aiming at improving
the groundwater quality in a section of this aquifer allowing,
on the other hand, to increase groundwater availability with
good quality in the Algarve region.

The Project improved scientific knowledge of several meth-
odologies aimed not only to improve groundwater quality,
but also allowing subterranean storage of water with good
quality in wet year periods of major availability and during
events of heavy rainfall.

Several MAR experiments were accomplished in the Por-
tuguese case study area during the second year of the Project.
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and during the tracer test at the river bed (Rio Seco at Carreiros test site; Mota, 2008).

Fig. 10 - Analisi Geofisica di resistivitd elettrica lungo il profilo longitudinale
prima e durante il test con tracciante nel letto del fiume (Rio Seco nel sito test
di Carreiros; Mota, 2008).

The purpose of the experiments was to assess and quanti-
fy the effectiveness and applicability of the different MAR
methodologies, in a way that the achieved results can contrib-
ute to the development of the GABARDINE Decision Sup-
port System (GDSS).

Final Remarks

Storing water in aquifers during times of excess can help
address water scarcity challenges experienced in many parts
of the Mediterranean Basin. Moreover, water quality can
be improved through aquifer transport and storage, due to
chemical and biological reactions. (MAR), Soil-Aquifer-Treat-
ment (SAT) systems and Aquifer Storage and Recovery (ASR)
can be proved as key technologies to solve Mediterranean’s
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Fig. 11 - a) Infiltration rates vs, the type of technology used (infiltration basins in the
field or in river bed and, large and medium diameter recharge wells); b) Infiltration rates
vs. the type of soil available in the Algarve at Campina de Faro and Rio Seco.

Fig. 11 - a) Tassi di infiltrazione vs il tipo di tecnologia usata (bacini di infil-
trazione in campo o nel letto del fiume, pozzi di ricarica a largo o medio diame-
tro); b) Tassi di infiltrazione vs il tipo di suolo presente nell'Algarve a Campina
de Faro e Rio Seco.

upcoming water crisis by linking water reclamation, water re-
use and water resources management. The diversity and com-
plexity of the water problems in the Circum-Mediterranean
area call for a clear and focused research program in order
to successfully meet the imminent challenges, as well as to
direct the ongoing developments towards socioeconomic and
ecological sustainability.

Following the fruitful achievements of GABARDINE proj-
ect in Portugal and the i+R&D DINA-MAR project in Spain,
the new FP7-ENV-2013-WATER-INNO-DEMO MARSOL
project, which started Dec. 1st, 2013, will envisage advancing
the use of MAR as a sound, safe and sustainable strategy for
improving water security by demonstrating that MAR is a
key solution to water scarcity not only in Portugal and Spain
but also in all Circum-Mediterranean region.
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Abstract The European Union Water Framework
Directive aims to protect inland surface waters, transitional
waters, coastal waters, and groundwater and achieve cer-
tain environmental objectives through the implementation
of programs of measures specified in river basin manage-
ment plans (RBMPs). For that purpose, information sys-
tems have been identified as a priority tool for managing
water resources effectively and efficiently, within the
process of characterization and modelling of quantitative
and qualitative aspects of groundwater bodies, also con-
sidering the projected climate change scenarios. This paper
addresses some of the innovative issues developed in
Portugal for RBMPs, exemplified for the Tagus and for the
West RBMPs, e.g. modelling groundwater recharge
assessment under climate change scenarios projected for
2071-2101 for the aquifer system of Torres Vedras (West
RBMPs). Regarding groundwater depending ecosystems, a
methodology to classify regional surface water bodies in
hydraulic connection with the underlying body of
groundwater is presented. A synthesis of the diagnosis and
the proposed objectives is presented for Tagus and West
RBMPs. The full report was published by the Consortium
that developed the Groundwater Component (Lot 2),
formed by Hidroprojecto, LNEC and ICCE, in Lobo
Ferreira et al. (Consédrcio Hidroprojecto/LNEC/ICCE.
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Introduction
Legal framework

The European Parliament and the Council Directive of 23
October 2000 (2000/60/EC), known as the Water Framework
Directive (WFD), came into force in Portugal on 22 December
2000, having been transposed in Portugal by the Law No.
58/2005 of December 29—the Water Act. The Portuguese
Water Act defines in its art. 1 the overall objectives, and in art.
47 those with relevance to groundwater.

River basin management plans (RBMPs) have set out
the objectives to be achieved by 2015 and the program of
measures to do so. These should be established consider-
ing, among other things, the assessment of chemical and
quantitative status of groundwater bodies. The program
includes basic measures, projects, and actions needed to
achieve the environmental objectives laid down in legis-
lation, as is stated in paragraph 3 of Article 30. of the
Portuguese Water Act, and paragraph 1 of Article 5.
Decree-Law No. 77/2006 of 30 March (paragraph 34, Part
6, Volume I, Ordinance No. 1284/2009).

The additional measures aimed at ensuring greater
protection or improvement of water whenever necessary,
particularly for compliance with international agreements
and include the measures, projects, and actions set out in
paragraph 6 of Article 30 of the Portuguese Water Act, and
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Fig. 1 Groundwater bodies of Tagus RBMPs (Source: adapted from Lobo Ferreira et al. 2011a)

discharge (equal to 6 1/s). The combination of information
from the logs allows the formulation of the geometrical
model. Logs are classified in main lithological formations
that, using personal judgment, are linearly connected
between adjacent boreholes. Cross-section interpretation
allows the perception of the gw body dimensions and
characteristics and the identification of fault areas. In the
example of the aquifer system of Torres Vedras (West
RBMPs) surveys show an aquifer system consisting of
alternation of sand and clay, as shown in W-E section in
Fig. 2. In the hydrogeological model of Torres Vedras gw
body, three main overlapping aquifers are defined: the
upper or shallow is characterized by a coarse sand unit. The
second aquifer is composed of a sandstone unit, separated
from the upper aquifer by a clay unit. The third (deepest)
aquifer is characterized by the unit of alternating clay and
sandstone and is separated from the surface by at least two
clay units, the second one characterized by significant
thickness in the central zone of the aquifer system. In the
third unit, the central and eastern sector of the aquifer
system has a strong clay component that defines various
sandstone subunits. Sector South seems dominated by an

absence of significant levels of thick clays (cf. Fig. 2),
assuming more predominantly sandy layers.

Groundwater recharge assessment

Groundwater recharge was assessed using the mathemati-
cal model BALSEQ_MOD (Oliveira 2004, 2006). The
model has as background BALSEQ model developed by
Lobo Ferreira (1981) to estimate the recharge of ground-
water on the island of Porto Santo, located in the archi-
pelago of Madeira, Portugal. BALSEQ_MOD is a daily
sequential soil water balance model that uses as input data
daily precipitation and monthly reference evapotranspira-
tion, and computes in a sequence the processes of soil
infiltration, increased storage in the soil, direct runoff,
evapotranspiration, soil water storage, and deep infiltration
(water that infiltrates below the base of the soil when the
soil moisture content is higher than the value of its field
capacity and the water drains by gravity). In this method,
interflow is considered negligible. The deep infiltration of
water is used as an estimation of the refilling of the satu-
rated zone closest to the surface.
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paragraph 2 of Article 5. Decree-Law No. 77/2006 of 30
March (see paragraph 35, Part 6, Vol I, Order No.
1284/2009).

Organizational structure

The RBMPs were developed in accordance with the
provisions in the EU Technical Guideline no 18 which
states that the structure of the RBMPs report comprises
Parts 1-7 and the complementary parts A and B, as
follows:

e Part 1: background and overview

e Part 2: characterization of the river basin district

e Part 3: summary of the characterization and diagnosis
of the river basin district

Part 4: prospective scenarios

Part 5: objectives

Part 6: programme of measures and investment

Part 7: promotion system, monitoring, and evaluation
Complementary Part A: strategic environmental
assessment

e Complementary Part B: public participation

Part 1 defines the legal and institutional framework of
the planning process. This part also identifies and charac-
terizes the objectives of the Plan and the principles of
planning and management of water resources.

Part 2 elaborates the characterization of the river basin,
which is a dynamic and organized technical content,
allowing for a diagnosis of current situation.

Part 3 synthesizes and characterizes the basins according
to seven thematic areas:

e Thematic area 1: water quality

e Thematic area 2: water quantity

e Thematic area 3: risk management and enhancement of
water domain

e Thematic area 4: institutional and regulatory
framework

e Thematic area 5: economic and financial framework

e Thematic area 6: monitoring, research, and knowledge

e Thematic area 7: communication and governance

Part 4 includes scenarios that support identification and
analysis of socio-economic trends that influence the pres-
sures and impacts generated by the uses of water.

Part 5 sets out the strategic objectives for the environ-
ment and other river basin and water bodies, identifying
those at risk of not achieving the goals, and analyses the
cases exemptions and extensions of time.

Part 6 presents the program of measures (basic addi-
tional and supplementary) to achieve the objectives,
establishes priorities for implementation, and defines
financial programming.
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Finally, Part 7 defines the system monitoring, control
and evaluation, involving a coordination and monitoring
and an organizational system that ensures the implemen-
tation, coherence, and consistency of the implementation of
measures as well as their coordinated implementation with
other sectorial plans and programs.

Characterization of groundwater bodies in RBMPs

The Tagus and West RBMPs were chosen to describe the
used methodologies as their groundwater (gw) bodies
exhibit a large diversity of hydrogeological settings. These
areas cover three main hydrogeological units, which
coincide with mainland Portugal’s three basic geological
structures: Old Massif, Ceno-Mesozoic Western Rim, and
the Tagus-Sado Tertiary Basin.

All together in Tagus RBMPs fifteen groundwater (gw)
bodies have been studied by Lobo Ferreira et al. (2011a)
(Fig. 1). Twelve gw bodies had been previously classified
as independent aquifer systems by Almeida et al. (2000).
The three gw bodies which were not previously classified
as aquifer systems were “Maci¢o Antigo Indiferenciado da
Bacia do Tejo”, “Orla Ocidental Indiferenciado da Bacia
do Tejo”, and “Bacia do Tejo-Sado Indiferenciado da
Bacia do Tejo”. These three gw bodies comprise all the
geological formations that were not considered as aquifer
systems in the hydrogeological units, respectively, in the
Old Massif, in the Ceno-Mesozoic Western Rim and the
Terciary Tagus-Sado Basin. These geological formations
include aquifer, aquitard, and aquiclude formations that in
a macro-scale behave as local groundwater flow systems
able to support local water supply systems. Table 1 pre-
sents a general description of the gw bodies existing in the
Tagus RBMPs.

Specific methodologies developed
Conceptual models

For the development of the conceptual model of Tagus and
West RBMPs gw bodies, in this item highlighted as the
geometry of the gw body, a survey was completed with
Hydro GeoAnalyst software, version 2011.1, from Sch-
lumberger Water Services, including over 1500 logs of
pumping wells.

According to Almeida et al. (2000), SNIRH (2014),
Lobo Ferreira et al. (2011b) Torres Vedras aquifer system
is a 79.83 km* area confined multilayer system, with
intergranular porosity, calcium and sodium bicarbonate to
chloride chemical facies, transmissivities ranging from 2.5
to 400 m%/d (67 wells were considered) and high median
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Table 1 General description of the groundwater bodies existing in the Tagus river basin management plan

Hydrogeological ~Code— Area Aquifer type Porosity type ~ Hydrochemical facies ~ Transmissivity— Median
unit Groundwater body (km?) m*d (No. of discharge®
designation determinations)  (L/s)
0Old Massif A2—Escusa 7,70 Unconfined  Karstic, Calcium and/or 5,5-4,050 High
double magnesium (some)
porosity bicarbonate
A3—Monforte- 97,87 Unconfined  Karstic, Calcium and/or 65-540 (some) Medium
Alter do Chao fissured magnesium
bicarbonate
A4—Estremoz- 202,10 Unconfined, Karstic, Calcium and/or 230-5,500 Medium
Cano confined intergranular  magnesium (some)
bicarbonate
A0 x 1IRH5— 14268,13 Unconfined, Fissured, Calcium and/or - Low to
Macigo Antigo confined double magnesium Medium
Indiferenciado da porosity, bicarbonate, mixed
Bacia do Tejo intergranular  chloride
Tagus-Sado T1—Baciado Tejo- 1629,03  Unconfined, Intergranular  Calcium-sodium and/or 0,1-4,100 (202) Medium to
Tertiary Basin Sado/Margem confined, calcium-magnesium High
Direita multilayer bicarbonate, mixed
chloride
T3—Baciado Tejo- 687544  Unconfined, Intergranular  Sodium chloride, 34,100 (431) High
Sado/Margem confined, sodium and mixed
Esquerda multilayer bicarbonate
T7—Aluvides do 1113,20  Unconfined, Intergranular  Calcium bicarbonate, 6-5,794 (108) High
Tejo confined, sodium and mixed
multilayer chloride
TOIRH5—Baciado 926,29 Unconfined, Intergranular  Calcium and/or - (Medium)
Tejo-Sado confined magnesium
Indiferenciado da ), bicarbonate, calcium
Bacia do Tejo multilayer and/or magnesium
chloride
Ceno-Mesozoic 015—O0urém 315,54 Confined, Intergranular  Calcium bicarbonate 3-527 (>4) Medium
Western Rim multilayer and sodium chloride
026—O0ta— 9,38 Unconfined  Karstic Calcium bicarbonate 1,000-14,700 (High)
Alenquer (@) (some)
028—Pisdes— 22,09 Confined (?) Karstic Calcium bicarbonate - (Medium)
Atrozela
O01RH5—O0rla 1371,20  Unconfined  Intergranular, Sodium chloride, mixed - (Low to
Ocidental to fissured, bicarbonate Medium)
Indiferenciado da confined, karstic,
Bacia do Tejo multilayer double
porosity
09—Penela— 244,79 Unconfined  Karstic, Calcium bicarbonate 1-850 (>7) Medium
Tomar () fissured
0O11—Sic6— 331,55 Unconfined  Karstic Calcium and/or 4-570 (13) Medium
Alvaidzere (@) magnesium
bicarbonate and
mixed chloride
020—Macigo 767,55 Unconfined  Karstic Calcium and mixed 14,800 (some) Low
Calcdrio (@) bicarbonate
Estremenho

Source of information: Almeida et al. (2000), SNIRH (2014), Lobo Ferreira et al. (2011a)
* Median discharge: Low (<1 I/s), Medium (>1 l/s e < 6 I/s), High (> 6 I/s); when the classification is between brackets no. of determinations

is low
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Fig. 2 W-E section in the Torres Vedras aquifer system

Thirty years’ time series of daily precipitation for each
gw body have been used, bridging data gaps through sta-
tistical methods. Evapotranspiration series were calculated
using the FAO’s Penman-Monteith method (Allen et al.
1998) based on temperature, wind speed, and minimum
relative humidity for the same period of time.

The soil types in each aquifer were deduced from the
outcropping geological formations, based on geological
mapping at various scales. Each soil type was assigned
characteristic parameters, such as hydraulic conductivity,
field capacity, porosity, etc. This information was super-
imposed on land use.

Land use, was based on EU CORINE mapping of
mainland Portugal, and included the analysis of aerial
photography.

The data output resulting from running the model
included daily values of all the processes considered in the
balance: precipitation, actual evapotranspiration, direct
runoff, and groundwater recharge.

This methodology was used for groundwater recharge
assessment studies of Tagus RBMPs and also for the
RBMPs of West region (Fig. 1). Figure 3 represents the
annual average recharge distribution for both RBMPs.

Climate change and groundwater recharge

Based on the analysis of possible climate change for Por-
tugal, BALSEQ_MOD model has been run for the projected
variation in precipitation and temperature (rise) for the
periods 2021-2050 and 2071-2100 considering the emis-
sion scenario A1B for the aquifer systems, which were also
numerically modelled, of Monforte-Alter do Chio (Tagus
RBMPs) and Torres Vedras (West RBMPs). Oliveira et al.
(2012) describe the whole study for the Torres Vedras
aquifer system, from which Fig. 4 illustrates some of the
results. The average variation of precipitation and temper-
ature projected by the models considered in the ENSEM-
BLES project (http://www.ensembles-eu.org/) was applied
to the 1979-2009 recorded time series as follows. The
future precipitation series were estimated using two dif-
ferent precipitation patterns: one obtained using a correc-
tion factor given by the average variation on precipitation
that applies to all data of the recorded series of 30 years (cf.
Fig. 5a—scenario 22), and another one that reduces the
same amount of precipitation by disregarding the smallest
events of rainfall in the series, according to the methodol-
ogy described by Oliveira et al. (2007)—cf. Fig. 4b and
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Fig. Sb—scenario 24. The future temperature series were  favorable conditions, hence contributing to the recharge of
assessed applying a corrective factor given by the average  phreatic surfaces”.

variation on temperature. The potential reduction projected The IFI requires the characterization of four factors:
for aquifer recharge, as can be seen in Fig. 5, is greater than 1

50 %, considering the average variations as described. Geology. This first factor can take the IFIs to its

maximum value (if an area is intensively fractured or a
karst area). If this is not the case, then three other
factors have to be assessed:

. . e . 2. Soil type (A, B, C, and D).

The infiltration facility index (IFI) has been developed by 4 Topo;riphic slope (<2 %, 2-6 %, 6-12 %, 12-18 %,

Infiltration facility index (IFI)

Oliveira and Lobo Ferreira (2002) with the aim of defining >18 %).

areas of maximum infiltration in response to the Portuguese 4, Maximum amount of storable water in the soil which
Decree-Law no. 93/90 of March 19 concerning the can be used for evapotranspiration—AGUT (ten clas-
delimitation of the National Ecological Reserve (NER). ses of 50 mm ranging from <50 to >450 mm).

NER includes the areas of maximum infiltration, defined as

“areas where, due to the nature of the soil, to the geological Each class is assigned to an index between 1 and 10,

substratum and also to the morphological conditions of the ~ Which eventually combines to produce the IFI. The maxi-
topographic surface, the infiltration of water presents ~mum index (IFI =30) means the most favorable
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areas. A thorough analysis of the climate change on the
GDE is still to be made, comprising a whole set of emis-
sion scenarios, results of general circulation models, and
corresponding projected climate time series.

Risk of pollution associated with roads

For the purposes of analyzing one common pollution risk,
the risk of pollution associated with roads was defined
using a simplified method based on Leitdo et al. (2005a).
Typically road runoff pollution has a diffuse pattern and
may impact water systems in three main types of cases: (1)
the rainfall events that washout the pollutant load accu-
mulated at the paved surface; (2) the washout of chemicals
and other materials resulting from maintenance activities;
and (3) the pollution from road surfaces that may occur
after accidental spillages of toxic and dangerous sub-
stances. Road runoff quality is characterized by the pre-
sence of suspended solids, heavy metals, petroleum derived
hydrocarbons, and organic matter, among other pollutants
(Folkeson et al. 2008; Leitdo et al. 2005b).

-122@0 -leOW -BO:)W -‘0'000 -40?00 -20?00 lll 200'00 40000 IMIWQ M?W wolm
n

The risk index scale was divided into four classes:

3-15: low risk
16-20: medium risk
21-25: high risk
26-30: very high risk

Figure 9 shows the IFI analysis overlapping the roads
network map, pumping wells protected areas, springs and a
1 km area adjacent to the road axis, allowing classification
of the risk of pollution from road to groundwater, accord-
ing to the four above mentioned, risk classes have ranged
from low to very high risk.

Data models

The Tagus and West RBMPs were developed in a GIS
environment. The characteristics of the GIS spatial infor-
mation make this subsystem (groundwater) as a cross-
cutting component of the Plan, covering the existing
information available at Tagus Region Water Authority
(ARH Tejo), and all the new assessed contents that allow
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Fig. 6 Tagus RBMPs facility infiltration index mapping (Source: Lobo Ferreira et al. 2011a)
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conditions for the infiltration and is obtained either for an
intensively fractured or karst aquifer outcrop, or for a type
A soil, terrain slope <2 % and AGUT <50 mm. Identified
the areas with high IFI (more conductive to infiltration),
these should be validated with field observations and
information from residents on the behavior of these areas
during the occurrence of rain.

To define special protection areas for groundwater
recharge in the RBMPs areas, IFI index was applied to all
groundwater bodies that have, or potentially may have,
pumping wells for human consumption. Areas that drain
into groundwater bodies could possibly be considered as
special protection areas, if measures allowing greater
infiltration could be implemented, such as land use change
to areas that allow greater recharge.

Characterization of maximum infiltration areas include:

e their identification and description;

e the quantitative status of groundwater bodies affected;
the conditions to be considered for licensing of the use
or occupation; and

measures that are provided and their status:
programmed;

under implementation; and

already implemented.

For conditioning the use of areas which are areas of
infiltration, the following was considered:

e delimitation of special protection areas for groundwater
recharge;

e definition and implementation of rules and limitations
to the use of special protection areas for groundwater
recharge, and respective licensing conditions;

e defining land use constraints for special protection
areas regarding groundwater recharge; and

e programming interventions in areas of high infiltration.

Figure 6 shows IFI index calculated for the area of the
Tagus RBMPs.

Groundwater dependent ecosystems (GDE)

Monteiro et al. (2011) presented three methodologies for
the identification of Groundwater Dependent Ecosystems
(GDE) of Portugal’s river basin districts 6 (Sado and Mira)
and 7 (Guadiana): (1) establishment of a mapping criterion
to get a picture of the regional surface water bodies in
hydraulic connection with the underlying groundwater
body, (2) a case-by-case analysis of the conceptual models
of groundwater flow systems with upward seepage areas
associated with aquatic ecosystems (ponds and streams) or
dependent terrestrial ecosystems (riparian areas and areas of
diffuse discharge), and (3) temporary ponds whose exis-
tence is due to local hydrogeological conditions that support

ecosystems with specific characteristics. Monteiro et al.
(2011) intended to provide a starting point for the discussion
of criteria for identification of GDE, at regional scale.

The EU Habitats Directive (92/43/EEC) classifies
Mediterranean temporary ponds as priority habitats. Sal-
vador et al. (2011) identified the importance of Mediter-
ranean temporary ponds in Portugal.

The overlay of geographical distribution of these ponds
with the hydrogeological properties of the environments in
which they occur shows that these ecosystems are depen-
dent on groundwater as their hydroperiod is generally
higher than the simple accumulation of rainwater in
depressions of permeable land. Thus, it is considered that
temporary ponds are included in the category of protected
areas identified in Annex IV of the WFD. About 400 ponds
were identified, from which it was possible to conduct a
preliminary analysis of hydrogeological context that is
presented and discussed using some examples below.

GDE identified in the Tagus RBMPs region are surface
water bodies associated with groundwater, associated with
terrestrial ecosystems (riparian areas), and terrestrial eco-
systems dependent on groundwater.

Terrestrial GDE are the wetlands resulting from diffuse
upward percolation of groundwater (Mediterranean tem-
porary ponds). The GDE identified in the Tagus and West
RBMPs are represented in Fig. 7 (cf. Lobo Ferreira et al.
2011a, b).

Climate change and groundwater dependent ecosystems

In the framework of both Tagus and West RBMPs, using
numerical groundwater flow modelling and groundwater
recharge assessment predicted under climate change sce-
narios, an analysis of climate change impact on dependent
ecosystems was made for the Torres Vedras (Lobo Ferreira
et al. 2012a) and for the Monforte-Alter do Chao (Lobo
Ferreira et al. 2012b, 2013) aquifer systems. The analysis
was carried out considering the A1B emission scenario,
using the results of the SMHIRCA_ECHAMS climate
model. It was obtained an increasing drawdown in the
aquifer system for both analysis periods (2021-2050 and
2071-2100), with an increasing diminution both for the wet
zones and for the areas where the groundwater level is
closer to the surface (Fig. 8). Results also depended on the
method used to estimate precipitation series under climate
change: a more pronounced reduction of GDE areas is
observed for the method that used the removal of the lower
precipitation values in opposition to the method that esti-
mated precipitation applying a constant reduction factor to
the reference series (see the section Groundwater Recharge
Assessment). It should be stated at this point that this
methodological approach is particularly useful to indicate
eventual consequences of climate changes in the GDE
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Fig. 8 Wet zones and depth to the piezometric level under climate change scenarios in Monforte-Alter do Chéo aquifer system (Source: adapted

from Lobo Ferreira et al. 2012b, 2013)

e Task 1.2.: specification of geographic information
through data models;

e Task 1.3.: implementation and validation of the data
model;

e Task 1.4.: support for the trial of the system and to
define strategies for its maintenance.

The geographical data model (GDM) supports the
development of products relating to all modelling compo-
nents in aquifers, which include the hydrogeological
characterization of the area of jurisdiction of ARH Centro,
the characterization of the vulnerability to pollution and
seawater intrusion, as well as groundwater protection and
zoning for the abstraction of groundwater.

Figure 10 illustrates one of the class diagrams of the
GDM, in this case the “wellhead protection area”
(Charneca et al. 2011). This diagram models the associa-
tions between the class of pumping wells (name of the
class: GroundWaterPoints), containing the general char-
acteristics of the pumping well (designation, depth, screen
zone, indication of overlapping gw bodies, etc.), and the
wellhead protection area consisting of up to four geo-
graphical classes: (a) immediate (name: ImmediateProtec-
tion), (b) intermediate (name: IntermediateProtection),
(c) extended zones (name: ExtendedProtection), and d) in
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some cases, mainly related with karstic or intensively
fractured areas, the special protection zone (name: Spe-
cialProtection), each one described by a distinct geo-
graphical class. The associations relate the identifier of the
pumping well (IDHydro) with the identifier of the protec-
tion zone (IDHydroProtectionZone).

Diagnosis
Water quality thematic area

The risk analysis of pressures and their impacts on
groundwater quality in the region of the Tagus RBMPs as
presented by Lobo Ferreira et al. (2011a) shows that five
out of 15 groundwater bodies run the risk of not complying
the water quality objectives as defined in the WFD.
These are the water bodies that are in one or more of
three situations: (1) poor chemical status, (2) with statis-
tically significant upward trend in any parameter with a
value exceeding 75 % of regulatory limits, and (3) subject
to high pressures with high mass impact on vulnerability.
The chemical status was evaluated by applying all the
tests required by the WFD (cf. EU Guideline no 18).
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georeferencing. The transverse dimension of GIS, which
comes from the common representation of the territory
(digital cartography), the need for harmonization of forms
of representation and coding of mapped entities, was a
guarantor of coherence and consistency of information
used and produced, and a powerful tool for the analysis and
presentation of the Plan.

In parallel, to the Centro Region Water Authority (ARH
Centro), an analysis of the aquifer systems covered by the
geographical areas of the basins of the rivers Mondego,
Vouga, and Lis was developed by Charneca et al. (2011).
Information systems have been identified as a tool for
managing water resources effectively and efficiently, con-
tributing to the goals established in EU RBMPs. In this
context, it was conducted a study for the design of geo-
graphic information systems to support: (a) planning and
management of water resources, (b) the development of
flood hazard maps for rivers and estuaries, and (c) the
characterization and modelling of quantitative and quali-
tative aspects of groundwater bodies, namely changes in
recharge and chemical status.

Under the jurisdiction of ARH Centro, the objective of
the groundwater component was the quantitative and the
qualitative groundwater mathematical modelling of Lei-
rosa-Monte Real aquifer and the Aveiro Quaternary Allu-
vium aquifer, the hydrogeological characterization of all
aquifers, groundwater recharge assessment (Martins et al.
2011a), characterization of the vulnerability to pollution
(Martins and Henriques 2011), characterization of the
vulnerability to seawater intrusion (Martins et al. 2011b),
as well as modelling protection zones for groundwater
pumping wells. This included the characterization and
modelling of quantitative and qualitative aspects of
groundwater bodies applicable to the river basin under
study. The aim is the definition and implementation of data
models for geographic databases and geographic refer-
enced thematic characterization of the river system of
water bodies and groundwater, and their protected areas.

This component was divided into the following tasks:

e Task 1.1.: requirement analysis of models of spatial
data;
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Fig. 9 Map of the risk of pollution associated with roads of Tagus RBMPs area (Source: Lobo Ferreira et al. 2011a)

Figure 11 presents the chemical status and the identifica-
tion of significant trends in pollutants (upward and reversal
trends) detected for the Tagus RBMPs groundwater.

Water quantity thematic area

Exemplifying the trend analysis developed on the evolu-
tion of groundwater levels for the quantitative status
definition, Fig. 12 presents the time series of observations
in piezometer 318/2, located in the Macigo Calcdrio Est-
remenho water body. Each hydrological year, maximum,
minimum and mean value is represented (the average
being calculated using 12 monthly values). It can be seen
that the average value is closer to the maximum value
than to the minimum. This means that along the year
piezometric levels keep closer to the maximum levels. It
can be noted that negative trends are obtained if the whole
series is considered. However, if only the last 10 years are
considered, mean and minimum values’ trends are posi-
tive. This demonstrates that this analysis depends on the
time scale used and if a time trend analysis of the
behavior of the piezometric levels of the gw bodies is

pursued then a shorter time scale seems more adequate,
despite it should be long enough to attenuate the effect of
dry or wet years.

In terms of data interpretation, it was considered that the
analysis of the maximum yearly values would be better
(instead of considering the often incomplete series of
monthly values, or the yearly average or minimum values),
as it gives the capacity of the gw body to recover its
maximum levels and is not so much affected by missing
monthly data. According to LNEC criterion of trend ana-
lysis that considers critical value the downward trend of
100 mm/year (=0.274 mm/day) for the maximum annual
piezometric levels, there are no critical downward trends in
this aquifer.

However in other aquifer systems of Tagus RBMPs, the
overall assessment of trends in piezometric levels over time
showed some situations with piezometric levels lowering
in the following groundwater bodies: O15—Ourém, T1—
Right Bank of Tagus-Sado, T3—Left Bank of Tagus-Sado,
and also in the northern part of the water body T7—Tagus
alluvium. Figure 13 represents the assessment of trends in
annual maximum piezometric levels, considering the
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downward trend as cases where the annual fall is greater
than 100 mm/year.

According to the results of mass balance of groundwater
developed by Lobo Ferreira et al. (2011a), exploitation
rates calculated for the groundwater bodies of Tagus
RBMPs vary between 1.5 and 77 %.

According to this assessment, the quantitative status of
all bodies of groundwater in the Tagus RBMPs was clas-
sified as “good”.

Objectives
Water quality thematic area

The main objective concerning water quality is to achieve
good status of groundwater, through the protection,
improvement, and recovery of all groundwater bodies and
reversing any significant and sustained trend of increasing
concentration of pollutants resulting from human activity,
to gradually reduce their pollution levels.

According to Lobo Ferreira et al. (2011a) the ground-
water bodies which currently do not meet the desired
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quality objectives in the area of the Tagus RBMPs are:
Monforte-Alter do Chdo (due to nitrates from agriculture
and landfill origin); Estremoz-Cano (due to nitrates from
agriculture and landfill origin); Pisoes-Atrozela (due to
ammonium, arsenic, lead, and pesticides possibly con-
nected to road and agriculture pollution) and the Tagus
alluvium (due to nitrates and ammonium connected to
inadequate agriculture practices). The Left Bank of Tagus-
Sado also has a statistically significant upward trend of
nitrate and ammonium nitrogen. The proposed targets will
ensure the progressive reduction of pollution of ground-
water and prevent the worsening of pollution. The pro-
posed timeframe for achieving environmental objectives
for Estremoz-Cano is 2021, and for the Tagus alluvium is
2027.

For the remaining groundwater bodies (Undifferenti-
ated Old Massif of the Tagus Basin, Escusa, Undiffer-
entiated West Rim of Tagus Basin, Penela-Tomar, Sicé-
Alvaidzere, Ourém, Macigo Calcdrio Estremenho, Ota-
Alenquer, Undifferentiated Basin of Tejo-Sado and the
Right river bank of Tagus-Sado), the objectives are to
avoid further deterioration, protect and improve the status
of aquatic and terrestrial ecosystems and wetlands directly
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depending on aquatic ecosystems in relation to their water
needs.

Water quantity thematic area

In Tagus RBMPs, the main objective in this thematic area
is to maintain the good status of groundwater, by ensuring a
balance between extraction and recharge of water bodies.

Apparent downward trends were recorded in some
piezometers, namely those relating to the following
groundwater bodies: (1) Ourém, (2) Right Bank of Tagus-
Sado, (3) Left Bank of Tagus-Sado, and (4) north area of
Tagus alluvium.

Given that there are some uncertainties in the available
data series, either because of their limited length or because
of discontinuity, and since there are no water bodies where
the relationship extraction/recharge approach a value con-
sidered critical (90 %) for the maintenance of good quan-
titative status of bodies of groundwater, none of these

@ Springer

groundwater bodies were suggested to be considered in a
bad status.

Thus, for these water bodies the objectives are to pro-
mote sustainable water use, based on long-term protection
of available water resources.

Conclusions

This paper disseminates some of the results achieved in the
RBMPs of mainland Portugal, all concluded during 2011,
in aspects related to groundwater. The drivers for preparing
Portuguese RBMPs, e.g. for Tagus and West RBMPs, are
presented, highlighting the new developments, such as
recharge assessment under climate change scenarios, IFI,
GDE, risk of pollution associated with roads, and GDM.
Regarding the measures proposed for the Tagus RBMPs,
approximately 60 basic measures and 30 additional mea-
sures were defined aiming, respectively, the achievement
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of environmental laws and ensuring greater protection and
a further improvement of the water quality, where it is
necessary.

Basic measures included measures to: prevent or limit
the input of pollutants; gradually reduce pollution levels by
reversing persistent significant trends; improve the quality
of groundwater affected by the presence of hazardous
substances, and additional measures included measures for
further: environmental impact assessments, identification
and protection of GDE and for reducing the concentrations
of hazardous substances at the source.

Under the additional measures, a priori considered for
sites needing intervention due to the proven presence of
contamination, are the following: (1) some areas in Seixal,
the former Siderurgia Nacional (National Steel) and others
in the area of SPEL old sandpits, (2) old Barreiro’s
industrial zone, and (3) the industrial area of Alcanena.
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GABARDINE Project: “Groundwater artificial recharge based on alternative sources of water:
advanced integrated technologies and management’.

LNEC Applied Research Programme 2005-2008: Project P3: Groundwater resources
assessment and numeric modelling in hidrogeology; Study E11: Groundwater artificial recharge
(Gabardine Project). LNEC Process n° 0607/11/16252 (0607/17/15405)

Jodo Paulo Lobo Ferreira

Portuguese Case-study area contribution

Objective

The main objectives of this Project were: (1) to identify
alternative water sources and study the economic and
environmental feasibility of its use in semi-arid areas, in the
context of an integrated water resources management, (2) to
study the aquifers as a main water source for both seasonal
and long term storage of these alternative water sources and
(3) to improve knowledge about possible methods to
introduce these water sources in the aquifer, namely through
artificial recharge.

Alternative water sources for groundwater artificial recharge
may include the superficial runoff surplus produced during

Methodology

The Project was structured in Work-packages, from which the
following are highlighted: a) Precipitation, aquifer recharge
and water balance (WP2); b) Alternative water sources and
artificial recharge (study methods, technologies, management
and utilization operations) (WP3); c) Assisting methodologies
(models, calibration, sensibility analysis, vulnerability) (WP4);
d) Case studies (WPS5); e) Integration (decision support
systems and management) (WP6); f): Socio-economic issues
(WP7) and Dissemination (WP8).

Four case studies were selected for real experiments of
groundwater artificial recharge systems: Llobregat Valley
(Spain), Campina de Faro (Portugal), Israel and Palestine
(Gaza) and Thessaloniki Bay (Greece). These case studies
face several problems of water supply due to overexploitation,
saline intrusion or pollution resulting from wrong agricultural
practices, being the artificial recharge resorting to alternative
water sources a viable methodology to solve or minimize
these problems.

Regarding Campina de Faro case study, the main goal was to
optimize groundwater rehabilitation through implementation of
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flash flood events, treated urban wastewater, desalinate water
surplus or water import.

The development of this study approached several issues
related to the subject like: precipitation rate analysis, both
water and recharge balance, identification of the potential
alternative water sources intended to recharge the aquifer and
assessment of existing technologies for its use, development of
tools aimed for managing groundwater recourses considering
artificial recharge, assessment of aquifer vulnerability and
characterization of the vadose zone. Several artificial recharge
devices have been developed and implemented in this Project.

artificial recharge, minimizing the effects of diffuse pollution
caused by agricultural practices. This goal aimed the
assessment in the Portuguese study area of problems
resulting from the application of these practices. Today they
are well documented in terms of groundwater quality. The
study area was designated as a vulnerable area concerning
nitrate concentration by the application in Portugal of the
Nitrate Directive (in 2004). Together with the “good quality
status” referred by the Water Framework Directive, these are
the main reasons for the implementation of infrastructures
aiming the improvement of groundwater quality in a section of
this aquifer allowing, on the other hand, increasing
groundwater availability with good quality in the Algarve
region.

The Project improved scientific knowledge of several
methodology aimed not only to improve groundwater quality
but also allowing subterranean storage of water with good
quality in wet year periods of major availability and during
events of heavy rainfall.
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Figure 4  Preliminary application of GABA-IF| index to the Campina
de Faro case study area

Figure 5 ¢ Injection tests in a large diameter well (“Nora”) at
Campina de Faro (Areal Gordo)
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Figure 6 * Breakthrough tracer experiment curves at Rio Seco
infiltration basin (Carreiros)

Figure 7 Electric resistivity models obtained before, during and
after the tracer test at the infiltration basin in Rio Seco, Carreiros
(Mota, 2007)
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Figure 8 « Water quality variation at the Campina de Faro superior
aquifer, after superficial runoff events at rio Seco (Carreiros
infiltration basins)
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Figure 9 « Seasonal variation of piezometry at Campina de Faro
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Figure 10 * Seasonal mapping of nitrate concentration in Campina
de Faro unconfined aquifer

Figure 11« Mathematical modeliing of groundwatér flow and nitrate
transportation considering different artificial recharge scenarios in
the unconfined aquifer of Campina de Faro

Figure 12 « Flowchart to structure an artificial recharge decision
problem with Decision Lab 2000 model

w

176



A new indexed method, called GABA-IFI, for the preliminary
identification of candidate areas to the installation of
groundwater artificial recharge systems was developed during
this Project. This new method was applied to both Campina
de Faro aquifer and Querenga-Silves aquifer.

Several artificial recharge experiments were accomplished in
the Portuguese case study area during the second year of the
Project. Figure 1, presenting a set of selected pictures, shows
an example. The purpose of the experiments was to assess
and quantify the effectiveness and applicability of the different
groundwater artificial recharge methodologies, in a way that
the achieved results can contribute to the development of the
Gabardine Decision Support System (GDSS).

Complementarily, it was included a preliminary development
of an optimization model that merges restrictions and
parameters for the objective function. Its future application will
allow selecting more adequate techniques considering the

Main achievements

o Characterization of the five Gabardine case studies,
including the Algarve test site in WP5/Deliverable D51,
coordinated by LNEC

o Assessment of the main components of groundwater
artificial recharge for the Portuguese Case Study - WP2
(Figure 2)

o Quantification of water needs for artificial recharge at
Campina de Faro aquifer, aiming the improvement of
water quality to fulfil the requirements of the EU Water
Framework Directive - WP2/Deliverable D24

o |dentification of alternative water sources for artificial
recharge and quantification of water volumes -
WP3/Deliverable D31

o Development of the GIS platform for the Portuguese
case study - WP5/Deliverable D52 (Figure 3)

o Methodology for a preliminary identification of candidate
areas for the implementation of artificial recharge
(GABA-IFI index) — WP4 (Figure 4)

o Multiple Artificial Recharge tests developed in Campina
de Faro case study — WP5/Deliverable D54 (Figure 5,
Figure 6, Figure 7)

e Seasonal monitoring of both piezometry and
groundwater quality. Continuous monitoring in the
infiltration basins (Figure 8, Figure 9, Figure 10)

e Mathematical modeling of groundwater flow and nitrate
transportation considering different artificial recharge
scenarios at Campina de Faro case study (Figure 11)

o Application of Gabardine decision support system
(GDSS) based on a multi-criteria analysis to select
artificial recharge methodologies, considering both
environmental and economic criteria (Figure 12)

o Organization of a Workshop on Assessment Methods in
Lisbon (LNEC, Nov., 6%, 2006) - WP8

maximization of the improvement of water quality and total
cost minimization.

1) Caso de estudo Areal Gordo 3) Caso de estudo Areal Gordo

" Ensaios de Injecglo em pogos de.
3 Bacias de Infitrasdo i3 Injecsdo Pgmn

Figure 1 + Artificial recharge tests developed in Campina de Faro,
Algarve, Portugal

Figure 2 « Aquifer recharge calculated by the numeric model of daily
sequential water balance BALSEQ_MOD

brme AU DvA®

[t}
ou 0es

Figura 3 « GIS platform for Campina de Faro case-study
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RESUMEN

En este trabajo son presentados los conceptos matemiticos usados para el desarrollo de la proteccién de cabezales de pozos
y la metodologfa de zonificaci6n. Ellos estdn basados en soluciones analiticas, en el flujo del agua subterrdnea y en la modelaci6
en diferencias finitas del rastreo de particulas. Los lfmites de ln pmteccnén de cabezales de pozos estdn en funci6n no sélo de la
geologfa local, de los pard del ydelas isticas regionales del acuifero, también de los caudales de i6
(odela pmducuv:dnd del acuffero). Verticalmente el andlisis fue realizado usando un modelo de flujo simétrico a un eje asumiendo
que el flujo de agua subterrdnea hacia el pozo es radial. Las herramientas mateméticas fueron desarrolladas para ser rot yde
uso amigable, facilitando la aplicacién de la nueva legislacion portuguesa relacionada con la g i6n del agua subterrdnea. La
aplicacién de la metodologfa es ejemplificada en dos estudios de caso, uno desarrollado para el acuifero costero de Bardez, en el
estado de Goa, India y el otro en Ramahal, Portugal.

PALABRAS CLAVE: Flujo del agua subterrdnea, proteccién de cabezales de pozos, modelacién numérica, modelacién en

diferencias finitas, rastreo de particulas, contaminacién.

ABSTRACT

Mathematical concepts are used for the develop of wellhead p

ion and zoning methodologies, based on analytical

solutions and on groundwater flow and particle tracking finite diffe

Wellhead p ion limits are a function of the local

geology, of the aquifer p and the regional hydrauli

3

istics of the aquifer, and of the extraction rates or of the

productivity of the aquifer. In the vertical dimension the analysis was performed using an axisymmetric flow model, assuming that
groundwater flow into the well is radial. The radial nxlsymmctnc mathematical tools were robust and user friendly, facilitating the

application of the new Portuguese legislation

pr ion. The methodology is plified in two case

studies, one for the coastal aquifer of the Bardez, Goa St:.\lc India and lhc other in Ramalhal, Portugal.

KEY WORDS: Groundwater flow, wellhead protection zones, numerical modeling, finite difference modeling, particle tracking,

contamination.

1. INTRODUCTION

Groundwater resources constitute an important source
of water and are important to be preserved. The quality of
groundwater resources can be affected by social-economic
activities, especially in the case of using and occupying the
soil, such as with urban areas, infrastructures, agriculture,
etc.

The contamination of the groundwater resources is, in
general, persistent, so that the recuperation of the water qual-
ity is a slow and difficult process (Leitdo, 1997). The protec-
tion of the groundwater resources is therefore a strategic ob-
jective of major importance. It is important to develop an
equilibrated and durable use of these resources.

One preventive instrument to assure the protection of
the groundwater resources used for abstraction is setting up
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protection zones around wells extracting groundwater for
public supply. The limits of these areas are a function of the
geology, hydraulic characteristics of the concerned aquifer
and amount of extracted water. In these defined areas around
wells, restrictions should be set up concerning public use
and changes of soil uses, in order to protect the quality of the
groundwater resources beneath it.

Protection zones around wells are generally defined as
travel time zones, either to allow for the attenuation of con-
centrations of contaminants in the aquifer or to provide a
monitoring zone. If a contamination is detected in a moni-
toring zone, it could be dealt with it before it enters the well.
The objective of this project (Krijgsman and Lobo-Ferreira,
2001, and Feseker and Lobo-Ferreira, 2001) was to develop
a methodology to delineate the dimensions of such protec-
tion zones, in this special case the one corresponding with a
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travel time of 50 days. This in order to follow the Portu-
guese Decreto-Lei n° 382/99 of September 22, 1999, which
states that groundwater extraction wells should be protected
against pollutants, giving for this three zones, one of which
corresponds with a travel time of 50 days.

Based on experimental studies developed e.g. in Ger-
man labs and according with several authors, the limit of 50
days is chosen since this is generally accepted as a limit
within virus and pathogenic bacteria are naturally eliminated
in groundwater, in particular E. Coli. 99.9% elimination in
groundwater of E. Coli is reached after a time ranging from
10 to 100 days, as a function of the soil type, incubation
temperature and soil moisture. The limit of 50 days was se-
lected for the development of this paper methodology be-
cause, in general, it is accepted that this is the travel time
that allows the elimination of virus and pathogenic bacteria
in groundwater, in particular E. Coli.

For reaching this goal, hydrogeological studies have
to be carried out, in order to determine the perimeters of
protection zones. It is however often not possible to con-
duct detailed studies of individual well fields, since this in-
volves normally considerable time and costs. Instead, it
would be easier, faster and cheaper if a more general meth-
odology was available, making possible quickly and with-
out much effort give ranges of the perimeters of the required
protection zones.

A semi-confined aquifer is by definition separated from
superficial strata by a semi impermeable layer, which im-
plies that considerable time may pass before a pollutant can
enter the aquifer after entering the soil.

A confined aquifer is by definition secluded from su-
perficial strata by an impermeable layer, such as clay, by
which it is fully protected from pollutants entering the soil
above it.

The output of the use of this methodology should be a
map, obtained by a Geographic Information Systems (GIS),
on which the required dimension of a protection zone could
see in colors, without having to study the hydrogeological
setting of an area into details.

In order to reach this goal, a general relationship be-
tween hydrological parameters and the dimensions of the
required 50 day zone was set up, which was validated using
anumerical computer program to simulate groundwater flow,
Visual Modflow v. 2.7.2.

Once this relationship was validated, it was applied on
a case study area in Goa, India.
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2. METHODOLOGY FOR DEFINING PERIMETERS
OF PROTECTION ZONES

2.1 Analytical solution

In the handbook ‘Ground Water and Wellhead Protec-
tion’( EPA,1994) the following equation can be found:

ol

t,. = time of travel (days); n = effective porosity;

K =hydraulic conductivity (m/d);

r, = distance over which groundwater travels in rx before
entering a pumping well (m), being negative (-) if
downgradient and positive (+) if upgradient;

Q = discharge of pumping well (m*/d);

b = aquifer thickness (m);

i = hydraulic gradient before pumping.

27Kbi
£y

In this equation:

Equation (1) can be used to calculate the travel time
from a point x to a well, in case of a sloping hydraulic gradi-
ent, for both up- and down gradient points.

To calculate the distance as function of 1, this equation
should be written for r as function of ¢, n, K, Q, b and i.

2.2 Krijgsman and Lobo-Ferreira (2001) equations

To solve Equation (1), Krijgsman and Lobo-Ferreira
(2001) developed a new methodology that may be consulted
in hrp://www.dha.lnec.pt/nas/english/projects/BK_LF_ICT
2001 .pdf. Equations (2), (3) and (4) have been deducted for
the evaluation of the up gradient and down gradient distances
and also the distance perpendicular to the flow direction:
- For the up gradient protection distance equation:

r =(0.00002x° — 0.0009x* + 0.015x" + 0.37x* + x)/F 2)

2Ft
ith x=_|—
with x

and F=2aKbi/Q.
- For the down gradient protection distance equation:
r=(0.042¢ + 0.37x* + 1.04x)/F . 3)

- For the protection distance perpendicular to the direction
of flow equation:
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0 A second set of requirements is related with the need of
r=dq |— having reliable input data regarding the following param-

nb @ eters:

2.3 Limitations

- hydraulic conductivity (K)

- water levels, from which a gradient (i) is derived
- aquifer thickness (b)

The method can not be applied, in reliable conditions,
in all cases. It depends on the availability of data and on the
local characteristics of the aquifer systems.

- effective porosity (n)

A problem can be the value of b. The law defines this

as the saturated thickness of the aquifer in the well. It should

First of all, the area under analysis must be an uncon-
fined aquifer. For confined aquifers the confining strata sig- fer thickness:
nificantly increase the time required for the pollutant to pen-
etrate the aquifer. The travel time through the confining strata

be noted that total screen length should not be used as aqui-

probably would exceed 50 days. In these cases, protection
zones around the well should have a minimum value, e.g.
those of the already mentioned Portuguese Decreto-Lei n®
382/99 of September 1999, shown in Table 1.

- First, obtained K-values from pumping tests are an average
of the total aquifer thickness, including less permeable lay-
ers within the aquifer.

- Second, if for example only the top of the aquifer is screened,

Table 1

than still the total thickness of the aquifer will contribute

Minimum values for the establishment of the minimum required radii

Aquifer 1st protection zone / 2nd protection zone /

3rd protection zone /far zone

system type immediate zone near zone

Type 1 r=20m ris the highest value of 40 m and r, ris the highest value of 350m and r,
(t =50 days) (t =3500 days)

Type 2 r=40m ris the highest value of 60m and r, ris the highest value of 500m and r,
(t=50 days) (t=3500 days)

Type 3 r=30m ris the highest value of 50m and r, ris the highest value of 400m and r,
(t =50 days) (t=3500 days)

Type 4 r=60m ris the highest value of 280m and r, r is the highest value of 2400m and r,
(t =50 days) (t =3500 days)

Type 5 r=60m ris the highest value of 140m and r, ris the highest value of 1200m and r,
(t =50 days) (t =3500 days)

Type 6 r=40m ris the highest value of 60m and r, ris the highest value of 500m and r,
(t =50 days) (t =3500 days)

Type 1 - confined aquifer system with lithological support formed by porous formations

Type 2 - unconfined aquifer system with lithological support formed by porous formations

Type 3 - semi confined aquifer system with lithological support formed by porous formations

Type 4 - aquifer system with carbonated lithological formations

Type 5 - fissured aquifer system with phic and ig for

Type 6 - aquifer system with ig and phic fc ions having a small degree of fissures and weathering
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to well-inflow as a result of non-horizontal flow near the
screened part of the well.

With large-diameter wells, vertical flow is especially
important, since an important constituent of total inflow will
be bottom-inflow.

Data of extraction rates of wells (Q) are not necessarily
required of all wells, since an output map can be made as-
suming average extraction rates. Extraction rates are never
constant per well throughout a year and can vary consider-
ably between wells, even in close wells. Depending on the
area the methodology is applied depending on the density of
data. Different approaches can be made:

a) If a study is made on a single well field, the output map
should be based on the period (season or 50 day period)
with the maximum extraction rate over a season in the
well field.

b) If a study is done on a greater area, one should have some
data of extraction rates to know in what range the extrac-
tions are. In that case, several maps can be made, using in
one map the average and in another the maximum value

of 0.

c) If plenty of data of extraction rates are available, a map
can be made of the whole area showing the distribution of
extraction rate and using this map in the calculation of the
distribution of the needed protection area. The limitation
on this is that when using the map to define protection
areas for a well to be drilled, this well should have an
extraction rate corresponding with the extraction rate on
the input map of Q-distribution.

3. THE DELINEATION OF WELLHEAD PROTEC-
TION ZONES IN THE VERTICAL DIMENSION

3.1 Definition of the problem

In September 1999, Portugal ratified a new law on
groundwater protection. It demands three wellhead protec-
tion areas for each public water supply well that abstracts
more than 100 m?® per day or serves more than 500 habitants.
If the abstraction rate is lower or if the well supplies less
than 500 habitants, only the immediate protection zone is
required. Various activities and installations capable of pol-
luting groundwater resources are prohibited within these pro-
tection zones in order to prevent contamination of drinking
water. The immediate protection area encloses the surround-
ings of the wellhead, including the installations used for ab-
stracting water. Depending on the type of aquifer, the outer
boundary of this inner protection zone is defined at a fixed
radial distance from the wellhead and can be easily marked.
On the other hand, the intermediate and extended protection
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areas are defined by the time it takes for groundwater to reach
the well from the outer boundary of the protection zone.
Consequently, the delineation of the two outer protection
areas becomes a complex problem that often requires nu-
merical modelling.

There are many computer programs that can be used to
simulate groundwater flow to a well. Two-dimensional flow
models commonly use horizontal discretization of the aqui-
fer. Consequently, lateral variations of the aquifer properties
are taken into account while the vertical sequence of high-
and low-permeability layers within the aquifer system and
the position of the screens of the well are neglected. Three-
dimensional models allow a more precise spatial description
of the aquifer, but on the other hand, the calculations involved
are much more complex and time-consuming. Besides, in
most cases there is not enough data available to describe the
distribution of hydrogeological properties at the same level
of accuracy as the spatial discretization of the model grid.

The vertical heterogeneity of the aquifer can be esti-
mated from the lithological logs of the well. The position of
the screens of a well is commonly known. As these param-
eters are important for calculating groundwater flow to a well
and because they are available without any further investi-
gations, it is, therefore, desirable to develop a model capable
of an efficient simulation using lithological and well screen
data. In axisymmetric flow modeling, it is assumed that
groundwater flow to a well is radial. In this case, a cylindri-
cal section of the aquifer can be discretized into horizontal
layers and vertical shells around the well. Hence, vertical
heterogeneity can be conveniently described whereas lateral
variations in the hydrogeological properties are ignored.
These restrictions fit well with the data that is available for
most wells and make axisymmetric flow modeling an ap-
propriate and suitable approach for simulating groundwater
flow to a well.

Axisymmetric flow models are based on the assump-
tion that groundwater flow to a well is radial, while the re-
gional hydraulic gradient is negligible. The only driving force
of flow is abstraction from the well. Disregarding lateral
variations of hydrogeological properties, the resulting cone
of depression is perfectly axially symmetric around the well.
Thus, a vertical cross-section from the well to the outer limit
of the cone of depression sufficiently describes the sloping
hydraulic gradient around the well. Therefore, the three-di-
mensional drawdown can be determined by modelling the
distribution of piezometric levels in two dimensions. Fol-
lowing the method of finite differences, the cross-sectional
plane of the geological system is divided into cells by col-
umns and rows. However, it is important to note that the
cells do not represent rectangular sections of the aquifer like
in common two-dimensional grids. As the columns of the
axisymmetric grid are concentric cylindrical shells around
the well, each cell rep a ring-shaped el In the
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neighborhoods of the pumping well, the hydraulic gradient
increases and the cross-sectional area of flow decreases. Ac-
cordingly, finer discretization of the grid is required close to
the well to accurately represent this increasing gradient. As
an approximation of the distribution of hydraulic heads, the
head value is calculated for the midpoint of each cell. Given
that the rate of abstraction is constant, and flow is in a steady-
state condition: inflow and outflow are balanced for each cell.
The vertical exchange of groundwater between two cells can
be determined by applying Darcy’s Law. For calculating the
horizontal flow of groundwater, the axial symmetry of the
model has been taken into account by using the Dupuit-Thiem
equation.

4. WELLHEAD PROTECTION AREAS APPLICA-
TION TO A CASE STUDY AREA IN GOA, INDIA

4.1 Introduction

The developed methodology of determining the perim-
eters of protection zones was applied to a case study area by
Krijgsman and Lobo-Ferreira (2001). For this, an area had to
be chosen with enough reliable data available. The method-
ology is developed for use on unconfined aquifers, since these
are the most directly vulnerable for pollutants entering from
the surface.

First consideration was the Palmela County on the
Setiibal Peninsula, near Lisbon, Portugal. This area consists
roughly of a superficial (unconfined) aquifer and a deep con-
fined aquifer, separated by an impermeable layer. There are
numerous wells with hydrogeological data available, how-
ever all of them relate to the confined aquifer; no data are
available of the superficial aquifer.

Other areas considered within Portugal were Torres
Vedras and Ribeiras do Oeste. These areas displayed the same
problem as with the Palmela County.

Another area, on which a research is being set up, is
Goa, India, in cooperation with the University of Goa within
the EU sponsored INCO-DEV COASTIN Project (Contract
No IC 18-CT98-0296, http://www.dha.Inec.pt/nas/estudos/
COASTIN.htm). LNEC received detailed data of an area of
8 by 15 km, consisting of a superficial aquifer. Data are avail-
able of all the needed parameters: water levels, aquifer thick-
ness, screen length, extraction rates and porosity. Data are
available of 2 maximum of 59 wells in this area; not all wells
have data of each parameter.

Goa State, which has a land area of 3702 km?, has a
tropical climate with three seasons: a wet monsoon period
from June to September, providing a precipitation of 2500 to
4300 mm, a winter season from October to January and a
summer season from February to May. The population den-
sity of Goa is about 316/km? (Census 1991).

Models for delineating wellhead protection areas

The case study area, which consists of a coastal area of
120 km?, is situated in the northwestern corner of Goa in the
district Bardez, having a population density of 717/km?. The
lithology consists of superficial laterites and sands, which
are used as aquifers, underlain by precambriam metamor-
phic and crystalline rocks.

The studied area is rural, apart from the coastline, where
many tourist resorts are located. The water demand is esti-
mated on 150 liters per day in rural areas, while in tourist
resorts this is about 500 liters (Chachadi and Raikar, 2000).
To supply this demand, many large diameter wells are dug in
the unconfined lateritic and sandy aquifers. A small part of
the wells is in lithologies of (weathered) metagraywackes
and phyllites. The well density is approximately 25 per km?.
The wells are normally shallow, not more than 15 m, with a
diameter of up to 8 meters.

Available data:

- Water levels (taken on the same date), needed for deriving
a hydraulic gradient (i): data are available on 57 wells for
all seasons.

- Saturated aquifer thickness (b): data are available on 53
wells.

- Hydraulic conductivity (K): data, are available on 6 wells,
ranging between 1.4 and 31 m/day.

- Extraction rate (Q): Data are available for two types of aqui-
fers:

For lateritic aquifers: Q varies between 86 and 216 m¥/d,
from which an average of 151 m%d is taken.

For sandy aquifers: Q varies between 155 and 259 m*/d,
from which an average of 207 m’/d is taken.

- Effective porosity (n): data are available for 2 types of aqui-
fers:

For lateritic aquifers: n varies between 0.20 and 0.30, from
which an average of 0.25 is taken.
For sandy aquifers: n varies between 0.15 and 0.35, from
which an average of 0.25 is taken.
4.2 Application of the methodology
4.2.1 Input data

For application of the methodology for delineation of
wellhead protection areas, for the graphic outputs the pro-
gram Surfer, version 6.01 of Golden Software is used.

As input, a data file is needed with information of co-
ordinates of wells, together with data of i, b, K, Q and n.
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From these data, continuous grids are extrapolated, all with
the same dimensions to be able to make calculations with
several grids.

- A hydraulic gradient, i, (rise over run) is derived from an
extrapolated grid of water levels.

- For b, the saturated aquifer thickness is used. Using the screen
length would be inadequate, since a large part of the ex-
tracted water in the wells originates from bottom inflow.

- For hydraulic conductivity, K, just six values are known,
showing no clear correlation with lithology. From these six
values a continuous grid is extrapolated.

- For extraction rate, Q, only two average values are known
for the two lithologies. All wells with a lateritic lithology
(37 wells) are given a value of 151 m*/d, all wells in a sandy
lithology (15 wells) are given the value of 259 m¥/d.

- For effective porosity, n, a value of 0.25 is taken as constant
over the whole area. No grid is made since n has in this case
a constant value.

Wells with data are well distributed throughout the whole
area, except the south-western corner of the area, which is
the Indian Ocean. Input data is shown in Figures 1- 4, and the
wells are identified in Figures 1, 2 and 4 by the white dots. In
Figure 3 the white dots represent the wells used for hydraulic
conductivity assessment. There is however no topographical
information available linked to the concerning area, because
this information has been considered as classified. Therefore,
no physical boundaries of the area are known. In this case
this is no real obstacle, since this is only a demonstration of
the use of the method on a non-hypothetical area.

4.2.2 Output of the methodology and conclusions of the re-
gional 2D analysis

The three dimensions of the needed protection area have
been calculated for three different seasons: the (dry) summer
season, the wet season and the (dry) winter season. The dif-
ferences in input between the seasons are the saturated thick-
ness and the hydraulic gradient, both depending on the vary-
ing water levels. This could cause a difference in calculation
of the protection area, depending on the season the data are
used of. Figures 5-7 show the results obtained for the Sum-
mer Season.

The results obtained for the summer season, the wet sea-
son and the winter season, do not show significant differences
per season in the dimensions of the needed protection arcas.

The water levels can have a variation throughout the

year of up to 6 m, but normally this is not more than 2-3 m.
The hydraulic gradient derived from the water levels does
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not change much throughout the year. The maximum value
is about 0.046 in the summer; in the wet season the maxi-
mum gradient is just slightly lower with a value of 0.043.
Apparently the watertable rises or drops quite uniformly over
the area with the change of season.

Due to the varying water levels, the saturated thickness
will also vary throughout the year, but the effect on the needed
protection area does not seem to be more than a few meters.

Whenever applying the methodology it should of course
always be tried to estimate the maximum 50-day distance
that is possible to occur in a certain time span. Theoretically,
if calculating the upgradient protection distance it should
therefore use, if available, the data of a season or year that
create the highest hydraulic gradient, have the highest ex-
traction rates or smallest aquifer thickness. The opposite is
the case with the downgradient protection distance concern-
ing the hydraulic gradient, thereby making it all more com-
plex which data to use for which calculation.

In this case however, it proves not to result in consider-
able differences when using data of different seasons, which
does not mean that this is always the case. After applying the
methodology on more areas it will be possible to say more
about this. As grid interpolation method in Surfer®, the de-
fault method kriging has been used. A different method could
well give different results, as well as changing the options
within the kriging method.

No physical boundaries are concerned. It is known that
the south-western part of the case study area is the Indian
Ocean, The exact location is not known; therefore it is treated
as being land where data are missing and interpolated. In
this case that does not matter much, since the area is only
used for demonstrating the methodology.

Extrapolation of the grid of K-values is based on just
six values. It would be a more logical approach to use a
lithological map, from which a constant value of hydraulic
conductivity per lithological unit is given. In this case there
was no lithological map available.

A gradient is derived from data of levels in the wells,
while the watertable in between the wells is probably higher.
In other words, the gradient is derived from the maximum
drawdown values, which are in the wells.

5. WELLHEAD PROTECTION ZONES IN THE
VERTICAL DIMENSION

5.1 The computer program ‘WellFlow’

In order to study groundwater flow to a well and to
facilitate the delineation of wellhead protection areas espe-
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Fig. 8. Example of 50 and 3500 days isochrones with vertical influ-

ence (i.e. the stratification) of a potential pollutant, obtained with

WellFlow model applied to a real pumping well located in Ramalhal,
Portugal.

cially in multi-aquifer settings, the computer program
‘WellFlow’ was developed by Feseker and Lobo-Ferreira
(2001). It is a user-friendly, menu- and mouse-driven stand-
alone modeling tool for Windows and Mac OS. Steady-state
groundwater flow to a well can be simulated by applying the
method of finite differences, following an axisymmetric ap-
proach where a vertical cross-section of a cylinder is mod-
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eled in 2D. The well is defined by abstraction rate and ra-
dius. Hydrogeological units (lithological data) at the posi-
tion of the well are entered as horizontal layers that are ho-
mogenous and bear a constant thickness throughout the model
area. A steady-state hydraulic head is assigned to each layer.
The head value serves as a fixed head boundary condition on
the outer model limit, while the flow between layers result-
ing from different steady-state heads is taken into account
during iteration. Recharge from precipitation surplus can be
defined for the top layer of the modeled sequence. The pro-
gram uses this basic input data to automatically generate a
finite difference grid. The distribution of hydraulic heads is
solved numerically using an iteration process. Once the de-
sired accuracy is reached, groundwater streamlines, and time
of travel distances can be calculated by means of forward
and backward particle tracking.

The program can be used to study the effects of differ-
ent screening and vertical heterogeneity in layered aquifer
systems on groundwater flow to a well. Flow to partially
penetrating wells can be simulated. In contrast to horizontal
two-dimensional models, WellFlow enables the user to cal-
culate travel times for different depths of particle starting
points. Thus, the protective effect of low-permeability lay-
ers above the aquifer can be examined when determining the
size of protection zones. Furthermore, it is possible to apply
WellFlow model even before a well is sunk in order to deter-
mine the most suitable design of the well as far as protection
zones are concerned.

The isochronal line illustrates that the time it takes for
a particle to reach the well strongly depends on the depth of
the point where the particle enters the aquifer system. As a
first test, WellFlow model has been applied to a well in
Ramalhal, Portugal. The well is situated in the cretaceous
Torres Vedras aquifer, approximately 50 km from Lisbon. It
is 135 meters deep and consists of 13 screened and 15
unscreened intervals. The litholog comprises 27 different
layers, ranging from clays to sands and conglomerates. By
combining the information on the screening of the well with
the litholog, the aquifer system can be divided into 8
unscreened and 6-screened layers. The hydrogeological prop-
erties of these 14 layers have been estimated from the pe-
trography described in the lithology. The conductivity of the
high permeability layers ranges from le-5 to le-4 m/s,
whereas the conductivity of the low permeability layers var-
ies between le-9 and le-8 m/s. As the model yields approxi-
mately the same relation between the abstraction rate and
drawdown in the well as documented in the well-performance
test, the chosen values for conductivity seem reasonable. For
particle tracking, it is assumed that the effective porosities
are 0.2 and 0.1, respectively. Figure 8 shows the layers used
in the simulation and gives an overview of the distances cor-
responding to travel times of 50 days and of 3500 days for
different depths of particle starting points. It is obvious that

Models for delineating wellhead protection areas

the unscreened superficial aquifer and the uppermost aquitard
protect the groundwater resources from pollutants injected
close to ground surface. Above the first screen, flow veloci-
ties are so low that it takes a long time until groundwater
from the two upper layers reaches the well. However, if there
was a way for pollutants to quickly enter the deeper layers of
the aquifer system, e.g. through an abandoned well or bore
hole, they would reach the well much faster.

5.2 Conclusion of the axisymmetric radial model analysis

Axisymmetric models are well suited to modeling
groundwater flow to a well, because all of the data that are
already available for most wells may be included in the simu-
lation. In contrast to horizontal two-dimensional models, both
the vertical heterogeneity of multi layered aquifers and the
position of the screens can be taken into account. Especially
in the context of the delineation of wellhead protection ar-
eas, it seems important to include the vertical dimension in
travel time calculations.
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