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Main purpose:
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A Diseussionofia:case study indhe Azores)(Ell:Uperipheral islands);-area
with a complexhydrogeologicalistructure.

Conclusions:

A  The ihydrogeolegical conceptual medel is not:a:goaltin:itself

A Hydrogeologistishave the mostssuitablesprofile 4o conceivereonceptual
models thanks:toiits-:comprehensive training in geologicalo processes.



Themegascalefuture of hydrogeology
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(TomGleeson& Michael Cardiff 2013)



Field and
laboratory data

Exploration hydrogeology:

groundwater resource
Problem to solve environmental protection

Communicate: stakeholders,
decision-makaers,...

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

Helderl. Chaminé, José Martins Carvalho, Maria José Afonso, José Terigkiileana Freitas (2013)



GROUNDWATER & LAND USE ' (including subsoil management)

E 4 : \
e pomte | . geothermal, EGSshalegas, @Costorageand
posicio u e, 3
& Raccli & Wristontache da e seguestration geothermalheat pumps
S-Gmootmla, :ﬂur':ll:o @ sequestracio de CO2; | ] '[ , X CD
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9-Circulagao carsica; 10-Poluigio atmosférica;
11.Grandes barragens;12-Estabilidade de taludes; 13-Zonas protegidas;
14-Obras de arte; 15-Contaminagio agricola; 16-implantacio de cemitérios

(elaboragéo propria)



Hydrogeologicatonceptualimadel is: a descriptionfof

various mnatural-and-anthropegenicafactors that.governand

contribute to the movementofgroundwaterinithe

subsurface/Kresic& Mikeszewsk{2013):and:the Preciation =" #P°eNeP "
relationship with other branches)ofithewwater cycle-a -

well

the
ecosystemse.g.,Beven2001, Fetter 2001, Fitts 2012) nj‘/ }
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Field survey
techniques

Hydrogeologicatonceptual model:
a general outlook on an integrated
explorationgroundwater
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(adaptedfrom Helderl. Chaminé, José Martins Carvalho, Maria José Afonso, José Teixeira
andLiliana Freitas 2013)



E WiUltra- peripheral islands
Macaronesia(the Azores, Madeira; Canary
Islands)&CaboVerde)

Hydrogeological
concepiualmodelsin

areaswithrcomplex
4 ) ydrogeologicabtructure

(JearMargat & JacVan DerGun2013)
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Flores Terceira

GRUPO OCIDENTAL

GRUPO ORIENTAL

ARQUIPELAGO DOS ACORES

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




A Total of inhabitants of thé\rquipelago
246102(2011Census)

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

A Total surface S. Miguel island:
745km?



SAO MIGUEL GEOTHERMAL PROJECT
Ribeira Grande geothermal field




Geothermal
electricity
production



Energia produzida (GWh)
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Annualgeothermalpower productionin Azoresincluding Pico
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(Bicudo da Ponte, 2012)



OVERALL HYDROGEOLOGICAL CONCEPTUAL MODEL AT THE
AZORES ISLANDS

Fumarolas cold carbonated springs

Boiling pools
(HCO3 - Na) (HCO3 - Na)

PERCHED WATER TABLE AQUIFERS SO4 - Na

still water springs thermal springs

SO4 - HCO3-Cl-Na
Na>Mg>Ca>K

Cl>HCO3>S04

lH HH

//‘ —

v BASAL AQUIFER __fYDROTHERMAL SYSTEM
SEA WATE I

HEAT SOURCE

Thermal springs
(C1-Na)

(Adaptedfrom V. Cru2007)



FERRARIBath, S. Miguel Islandhe Azores
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Terceira

GRUPO ORIENTAL

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




The Ihydrogeological @onceptual moedel Benratig SiMigue]
Acores
-How to dealwith uncertainty7??

(elaboragéo propria)



FERRARIA THERMAL SPRING (622 C)

(elaboragdo prépriacom o apoio do Prof Doutor Hélder Chaminé



Ferrariawater:
Ta =62°C
SodiumClorided
pH=5,5
Electrical conductivity=37
mScm
TDS=19,2 g/l,
Silica=180 mg/I

Arsenic= 180 pg/I

20 40 60 80 20 40 60 80
Ca Na HCO3
.AwahermaldoACEl QO Aguadomar

(Adaptado denaminhailha http://servicos.sram.azores.gov.pt/naminhailhae/de Carvalho &ateus2008)
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(Elaboracaopropria, adaptagdade ACAVACO 200&8assificacaditologicade ProfDoutor Jodo CarloBluneg

Well AC3 thermal water: A SUCCESS
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Thermal Bath

Reconstruction
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(elaboragéo propria)



AGeothermal heating of the thermal bath and the swimming pool:
Payback time: 0.5 year

i AForbalneotherapicpurposes it was necessary to mix

e - seawater (or potable water) to lower the arsenic
-~ contentdown to 50 pg/l

~\ .,;-':'~'v'---- :
eladaracao prgg
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- Simplified conceptuahmodel at
Infiltration and recharge Car hollha Gragi iThe
Azores

100m -+
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ASCENDING GEOTHERMAL FLUIDS



A survey of the arsenic content along the shore was
carried out: no arsenic was found
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Ponta da FerrariaGeologicalmap (adaptedfrom Nunes & Lima 2009)
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young slope &
detritus deposits

Sete Cidades Volcano

Pta. Ferraria
-Camarinhas
formation

fossil sea cliff formations

— countour lines

- = = = scoria cone baseline

#  boreholes
— (ykES

- slope dep. and landfill

D coluvio-alluvial dep. and landfill

|:] slope deposits
(including reworked scoria deposits - rs)

- littoral cone pyroclasts
- basaltic pyroclasts
|:] basaltic lava flow

- slope dep. (old)
D pumice fall dep.
- basalt s./. lava flow
D pumice fall dep.
- basalt s./. lava flow
[:] basalt s./. lava flow

basalt s./. lava flow
(with xenoliths)

D pumice fall dep.

- slope dep. (old)
D pumice fall dep.
- basalt s./. lava flow
E pumice fall dep.
l:} basalt s./. lava flow
- basalt (?) s./. lava flows
- trachyte (?) s./. lava flow
C] pumice fall dep.

- ignimbrite breccia

D tristanite lava flow

North Sector South Sector




(Elaboracéo prépria)

2009 Wells SG1, SG2, SG3 and 8I3bm: all with thermal water (except SG2, in
a cavern with direchydraulicalconnection with the sea).
Elevation of 15m.



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

Perfuracdo Revestimento Geologia
i ]
i 5 Perfuragdo a ar
i ] | comprimido.
|
L [ |
10,00 m k |
¢ & 0% Perfuracdo a rotacdo com | Revestimento de 508 mm
E B N trépano de 26"até aos de didmetro em ago API-
i AH | 115m. 5L Gr. B de 10 m de
fo 4 comprimento.
B ]
[ !
ﬁ"ﬁ @ Perfuragdo a rotagdo com | Revestimento intermédio
& 7| | trépano de 17-1/2" dos | de 13-3/8" em ago API
“a 74 11,5 m aos 24 m de Gr, K-55, da superficie até
"?ff s profundidade e instalagdo | aos 18 m. Zona cavernosa entre os
2 M do revestimento de 13- 12meos 17,5m.
Hed i 3/8" em ago da superficie | Colocagdo de seixo
“&4 até aos 18 m, granulado 3-5 mm desde
rod ‘] o fundo até aos 19,5 m de
:““9‘ W profundidade.
3 ? Rocha basaltica de cor
&3{ Colocagao de bentonite no cinzenta clara. Textura
P espaco anelar entre o afanitica, raramente
18 m A | tubo de PVC e o tubo de porfiritica, com raros
S ago de 13-3/8" e posterior | fenocristais de minerais
4;@ cimentagdo da superficie maéficos de cor preta;
20,5m |2 até 3 m de profundidade. matriz microcristalina a
& grdo muito fino. Vesiculas
4‘7\;; presentes nos fragmentos
?}g.. Perfuragdo a rotagdo com | Revestimento final de PVC de rocha de maiores
24 m 1 trépano de 12-1/4" dos de 250 mm dos 28,5 m dimensdes.
y S 24 m aos 34,5 m de até a superficie,
profundidade. Zona filtrante do
26,5m revestimento localizada
entre os 20,5 m e os 26,5
m de profundidade.
28.5m Ralos abertos em linhas
' horizontais com largura de
2,5 mm e comprimento de
100 mm, cada uma,
Tampdo de cimento
345m colocado dos 30 m aos
34,5 m de profundidade.




2010 Well SG5 (collapsed 1 year after construction)

Perfuracao Revestimento Geologia
A A
Perfuracdo a ar
comprimido.
1,00 m
Revestimento de Egﬂ mm
(2V7) de m ago
API-Gr. K-55.de. 11.m.de
comprimento. (&)
Perfuragdo & rotagdo com
trépano de 26"até aos
11,5m.
Revestimento de 13-3/8"
em aco API Gr, K- (
u m,
om zona filtrante do
evestimento localizada
ntre os 15,5 meos 18 m
e profundidade. Zona cavernosa entre os
12meos17,5m.
M

Rgxgitlmengg de 250 mm
de didmetro fm PVC da

; (©)
superficie ate aos 19 m de }
profundidade, com zona
de ralos entre os 17 e 19
m de profundidade.

Perfuracdo a rotacdo com | Cimentagdo da superficie
trépano de 17-1/2" dos até 6 m de profundidade
11,5 m aos 21 m de entre o tubo de 20" de

15,5 m n profundidade. didmetro e o tubo de Double (baS”‘]g (Stee|+ PVC +

revestimento intermédio
- o artificial gravel packing)

Tubo de ago de 13-3/8"
17 m — H com ralos abertos em
linhas verticais com
largura de 5mm e

A\

18m | comprimento de 150 mm,
cada uma,
LS =TT (e)

21m



2011
Electrical
tomography's

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

(Adaptedfrom GEOPRESP 2011)
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CONCEPTUAL MODEL FOLLOWED TILL 35 m DEPTH (WELL SG8, 2011)

FERRARIA LAVIC DELTA (840 % 60 years B.P., Moore1991)

Pico das
Camarinhas
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SEA WATER ENCROACHMENT
ASCENDING HYDROTHERMAL FLUIDS

(elaborag&o prépria com base em esquema do Prof Jodo Carlos Nurges,



(Esbocalo ProfJodo CarloBlunes 2012)
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. - escorias basélticas do Pico das Camarinhas (840 y BP) Pico das Camarinhas
180 = escoada lavica da Ponta da Ferraria (840 y BP)
160 = /| depdsitos pomiticos de queda
140 = escoadas lavicas basalticas
120 = brecha ignimbritica/tufo
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Nunes J.C., Carvalho M.R. & Carvalho J.M., 2012. Prospegdo, pesquisa e captagdo de dgua
na Ponta da Ferraria (llha de Sdo Miguel, Agores):
contributo para o modelo conceptual hidrogeoldgico da zona (submetido).



200 =

180 =

160 =

140 =

120 =

Nunes J.C., Carvalho M.R. & Carvalho J.M., 2012. Prospegdéo, pesquisa e captagéo de dgua
na Ponta da Ferraria (llha de Sdo Miguel, Agores):

- escorias basdlticas do Pico das Camarinhas (840 y BP)

4 escoada lavica da Ponta da Ferraria (840 y BP)

- depdsitos pomiticos de queda
i

[ =] brecha ignimbriticartufo

escoadas lavicas basalticas

PONTA DA FERRARIA

contributo para o modelo conceptual hidrogeolégico da zona (submetido).

Pico das Camarinhas




2012 WellSG8

Thermalwater

Thermalwater

Seawater

clinker

(elaboracéo prépria)



