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Hydrogeological conceptual models
for volcanic islands

Conceptual model: Hawaian type
Modified from Mac Donald et al., 1970
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Which relationship exists in between the two models?

= Strong implications in term of water resources management
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A tricky Equation to Ensure Sustainable
Water Resources Management!

e B > Paul Hofmann web site
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Fast Socio-Economic Development
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Undergoing increasing stress on
ecosystems and natural resources
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Galapagos Island: Integrated Water Study (GIIWS)
Phase | 2003-2009 — Sponsored by Foundations
Phase Il 2010-2013 — ANR-Blanc 2010 — 601-01

Quantification of Recharge

input from precipitations and interception

of fog water by the vegetation.

climatic records, instrumentation of soil and vegetation

TASK 2

Characterize the active role
of vegetation and soil;
Quantify recharge rates
Assess the impact of land
use changes.

Morphology and Hydrogeology

of volcanic formations
geophysics, remote sensing, field works

TASK 1 From sample to regional scale, define
[} controlling features & properties of basalt

" ‘---‘

Groundwater dynamics
conceptual model, analytical and numerical modeling

TASK 3 Validate the conceptual model
Assess the impact of potential scenarios of cc
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Methodology

Multi-scale Acquisition Cross correlation of Synergy
of data various disciplines
Geomorphology
Satellite
Structural geology Earth Sciences

Ecological Sciences
Social Sciences

Airborne Geophysics

Climatology
Ground based

Hydrology
Local authorities for

) Water resource
Geochemistry management

'

Processes understanding
Experimental sites, & quantification
watershed scale:
- Pelican bay, SCZ  — f ‘
- Cerro Gato, SC : : Feedback
’ Hydrological modeling on results
& potential scenario

Séminaire ANR Changements Environnementaux 17 — 18 avril 2013

Violette et al., accepted



Task 1 — Morphology and hydrogeology
of volcanic formations

Lava ﬂOWS pVFOdaSﬁC cones, Santa Cruz Pyroclastlc cones,
« effusive activity » cinders, lapilli

” Thermicjoin
~« basaltic orguea »
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Permeability
Barriers

Paleo-soil

Volcanic
Structure

Lava Tunel
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Task 1 — Morphology and hydrogeology of soils

Medium elevation
Soil ~¥1 m
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Low elevation
no or very thin soil

Hydraulic conductivity of soils (SC & SCZ) increases with decreasing elevation
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Task 1 — Basal aquifer properties

Water level:
+0.20 m amsl

Santa Cruz Island

Basal aquifer grieta
Santa Cruz

Study are

@ Monitoring point  \\_Fractures
— Main road
— Iso-elevation lines (m a.s.l.)

The low hydraulic gradient is:

lovel [cm)

=> confirmed by water level
measurement on Pozo Profundo
(7), i=5.10°
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d’Ozouville, 2007 & Pryet, 2011
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Task 1 — 3D Resistivity model of San Cristobal

El Junco

.
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Task 1 — Hydrogeological structure of San Cristobal

leeward side

windward side

g

Groundwater
[ High level groundwater :

‘ Dyke-impounded aquifer
@ Perched aquifer

Flow Volcanic Formations
direction

‘ Water table
‘:I Slightly weathered, undifferentiated basalts

. Breakslope spring
A Springs : . Contact spring El Slightly weathered, massive basalts

Contact spring in ravi
@ contact spring in ravine [ weathered basaits

¥ ;,v Groundwater percolation in unsaturated zone Semi-continuous impervious

=== layer (welded ash, red soil) or
Basal [- Freshwater geological discontinuity

aquifer [ salt water mmm Dykes (expected)
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Task 2 — Boundary condition

Volcanic cones
Park land

Extracted drainage ne =,
Roads o
GIIWS Hydro-climatol =
CDF Weather station
Cerro Gallito Weir
Encafiada Sr Cando (F
Pozos Profundo & Tes
Grieta

nim

Eleva

®0 1 <o | | TN

T, & RH : air humidity & temperature
Pgro:.\ &Th,,,: precipitation & throughfall below canopy
S, solar radiation (pyranometer)

Ws & Wd : wind speed and direction

F, . fog netto quantify fog interception potentiel
P : soil water tension, measured with tensiometers

0 : soil water content, measured with capacitive probes
T : soil temperature, measured with thermistor
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Task 2 — Seasonal and spatial distribution of rainfall
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- Orographic rainfall - Convective rainfall
- Low intensity rainfall - High intensity rainfall

& short duration
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Task 2 — « Garua season » Cloud water interception
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Task 2 — Rainfall versus Morphology

North SC receives
30% more

sC precipitation than SZ
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Perspectives

Task 1 - Continue data collection and treatment on experimental sites to quantify
the water balance, their spatial and temporal variability, impact of
vegetation cover (pasture vs forest) and of cloud water (garua season)

Task 2 - Improve the characterization of Galdpagos basalt hydro-physical
properties from sampling and field investigations
- Valorize results on the assessment of the hydrogeological impact of
major discontinuities (faults, dykes...) over regional groundwater flow
from remote sensing and field investigations

Task 3 - Test perched aquifer occurrence as revealed by 3D geophysics mapping
by numerical simulation of non-saturated and saturated flows and
reproduce the dynamic of the basal aquifer (Santa-Cruz)
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Valorisation GIIWS Phase Il — ANR blanc 2010

Publications 7 ACL — 2 Invited Seminar — 13 Oral/Poster (EGU, AGU, AGU-
Chapman) — 9 Memoirs (2 PhD) — 3 Report (LA)

Training of French and Ecuadorian students (M, D, Post-doc)

Strengthening collaborative actions in between French and Ecuadorian
institutions

2 IAC UPMC-Sorbonne Universities/EPN-Quito
& UPMC-Sorbonne Universities/INAMHI (in progress)

SENECYT offers 3 grants for Ecuadorian students working on GIIWS (2 PhD —
1 Post-doc)

Inclusion of the GIIWS project in the POA of FCD

Dissemination of scientific results to the local institutions: Municipalities,
SENAGUA, PNG...
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