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Groundwater exploration and hydrogeological 
conceptual models

Main purpose:
Å TǊŜƴŘǎ ƛƴ ƘȅŘǊƻƎŜƻƭƻƎƛŎŀƭ ǇǊŀŎǘƛŎŜΧ
Å Discussion of a case study in the Azores (E U Ultra - peripheral islands); area 

with a complex hydrogeological structure.

Conclusions:
Å The hydrogeological conceptual model is not a goal in itself
Å Hydrogeologistshave the most suitable profile to conceive conceptual 

models thanks to its comprehensive training in geological  processes.



(Tom Gleeson& Michael Cardiff 2013)

Themega-scalefuture of hydrogeology

How can we 
foresee the 
ground water 
exploration in 
the future 
hydrogeology 
pratice?

Conservation 
vs
development?



Conceptual site model: a flow path for an 
integrated exploration hydrogeology approach

HelderI. Chaminé, José Martins Carvalho, Maria José Afonso, José Teixeira andLiliana Freitas (2013)



GROUNDWATER & LAND USE   (including  subsoil management)

geothermal, EGS, shalegas, CO2 storageand 
sequestration, geothermalheat pumps
όD{ItύΧΦ

(elaboração própria)



Hydrogeologicalconceptual model is a description of 
various natural and anthropogenic  factors that govern and 
contribute to the movement of groundwater in the 
subsurface (Kresic& Mikeszewski(2013) and the 
relationship with other branches of the water cycle and the 
ecosystems (e.g., Beven2001, Fetter2001, Fitts2012)

They result from  inter and multidisciplinary  
analysis  supported by numerical modelling
(probabilistic, deterministic and stochastic)



Hydrogeologicalconceptual model: 
a general outlook on an integrated 
exploration groundwater
framework.

Numerical modeling

(adaptedfrom HelderI. Chaminé, José Martins Carvalho, Maria José Afonso, José Teixeira
andLiliana Freitas 2013)



E U Ultra - peripheral islands
Macaronesia(the Azores, Madeira, Canary 

Islands) & CaboVerde)

Hydrogeological
conceptual modelsin  
areaswith complex
hydrogeologicalstructure
(Jean Margat & JacVan Der Gun2013)



Portugal üAzores



(Adaptedfrom naminhailha, http://servicos.sram.azores.gov.pt/naminhailha/)



Å Total of inhabitants of the Arquipelago:
246102(2011Census)

Å Total of inhabitants of S. Miguel island:
137699(2011Census) 

Å Total surface S. Miguel island:
745km2



SÃO MIGUEL GEOTHERMAL PROJECT
Ribeira Grande geothermal field



Geothermal
electricity
production



Annualgeothermalpowerproductionin Azores, including Pico 
Vermelho andRibeira Grande powerplants
(Bicudo da Ponte, 2012)

40% of the electrical consumption 
of S.MiguelIsland



OVERALL HYDROGEOLOGICAL CONCEPTUAL MODEL AT  THE 
AZORES ISLANDS

(Adaptedfrom V. Cruz 2007)



FERRARIA bath,  S. Miguel Island, the Azores 

(Adaptedfrom naminhailha, http://servicos.sram.azores.gov.pt/naminhailha/)



The hydrogeological conceptual model at Ferraria, S.Miguel, 
Açores

How to deal with uncertainty ??

(elaboração própria)





Ferrariawater:
Tª =62ºC
Sodium Clorided
pH=5,5
Electrical conductivity=37 
mS/cm
TDS=19,2 g/l, 
Silica=180 mg/l 

Arsenic= 180 µg/l

(Adaptado de naminhailha, http://servicos.sram.azores.gov.pt/naminhailha/e de Carvalho & Mateus2008)

http://servicos.sram.azores.gov.pt/naminhailha/


(elaboraçãoprópria)

Ferraria deltic lava formed at 840 ± 60 anosB.P. (Moore, 1991)



Well AC3 thermal water: A SUCCESS2002

(Elaboraçãoprópria, adaptaçãode ACAVACO 2002, classificaçãolitologicade ProfDoutorJoão Carlos Nunes)

Specificcapacity=8,62 l/s/m at 22l/s

Transmissivityof ca900m2/day



Locationplant
AC2 and AC3: thermal water wells
S: thermal water spring

(Basecartográficado IGeoE) (Elaboraçãodo ProfJoão Carlos Nunes, UAç)



Thermal Bath 
Reconstruction

(elaboração própria)



ÅGeothermal heating of the thermal bath and the swimming pool:
Pay-back time: 0.5 year

ÅFor balneotherapicpurposes it was necessary to mix 
sea water (or potable water) to lower the arsenic 
content down to 50 µg/l

(elaboração própria)



Simplified conceptual model at 
Carapacho/ IlhaGraciosa/The 
Azores



A survey of the arsenic content  along the shore was 
carried out: no arsenic was found

(elaboração própria)



Ponta da Ferraria  Geologicalmap(adaptedfrom Nunes & Lima 2009)

S: Ferraria thermal spring

2009
Seawater explorationwellsSG1 to SG8:
THE DRAMA  



2009: Wells SG1, SG2, SG3 and SG4 till 35m: all with thermal water (except SG2, in 
a cavern  with direct hydraulicalconnection with the sea).
Elevation of 15m.

(Elaboração própria) 



2009 Well SG2: (cased with PVC , collapsed  by the sea inside the 
cavern) 



2010: Well SG5 (collapsed 1 year after construction)

Double casing (steel+ PVC + 
artificial gravel packing)



Horizontal slices 3D resistivity block 
(aproxdepth: 10 to 14m)

(Adaptedfrom GEOPRESP  2011)

2011:
Electrical 
tomography's



Locationof all boreholes

2011: wellsSG6, SG7 e SG8



(elaboração própria com base em esquema do Prof João Carlos Nunes, UAc)



(Esboçodo ProfJoão Carlos Nunes, 2012)

(Esboçodo ProfJoão Carlos Nunes, 2012)







2012 WellSG8

clinker

Thermalwater

Sea water

Thermalwater

(elaboração própria)


