Context

*The Beauce region is a major French agricultural

region.

=Water quality in the Beauce limestone aquifer is

degraded (high concentrations of Nitrates,
Pesticides, ..)

*The big picture: how to restore water quality in this

aquifer ?

- Need to model contaminant transport from the
soil, through the unsaturated zone, to the water
table & develop an aquifer management model

Scientific challenge : Physical and biogeochemical
Interactions controlling flux processes in the
unsaturated zone are ill-constrained, especially in

complex systems such as in

fractured/weathered/karstified limestones

Water fluxes in soils are
accessible  (lysimeters, TDR
probes...)

Water fluxes in the unsaturated
zone are difficult to monitor, and
the complexity of the processes at
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TUC2: Water storage monitoring

Use case contacts: Thomas Jacob (t.jacob@brgm.fr),

Mohamed Azaroual (mohamed.azaroual@cnrs-orleans.fr)

Aquifer situation with regards to nitrates (sanque de données
ADES)

. Very unfavorable |

Preoccupying -
e
Getting better - - ) .
1 e

unknown

. Favorable

hand are difficult to grasp

The saturated zone is accessible
through groundwater  level
measurements and pumping
tests

Heat and mass transfers are
controlled by the complex
fractured/altered limestone
structure and the heterogeneity

First results

FRANCE

O-ZNS well

Limits of the O-ZNS experimentalsite
{94 x 120 m)

{an-agricultural plot of 2400m?)

0 5 10 Métres
)

* located in Villamblain (30 km northwest

of Orléans, France) on an agricultural
plot of 2400 mZ.

« Main feature: an access well (20 m deep
and 4 m in diameter), completed in 2022

* 8 boreholes including a piezometer with
3 boreholes equipped with optical fiber
to measure T, Stress & Acoustic signals

AQG-B14 continuously measured gravity on the pillar next to the well from the 25t
of February to the 29t of March 2026. The data were corrected for all perturbing

effects, and the time series is shown below.

Measurement of the vertical gravity gradient on
the pillar.

13 equip-G

European Quantum Infrastructure Project for Gravimetry

One mission

Establish a European perennial entity managing

a shared park of quantum sensors and
a terrestrial reference gravity network,

for the benefit and the sovereignty of Europe.

AQG-B14 installed on the pillar next to the well.

Four pillars

Quantum
gravimeters
procurement

and testing

Community
building
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EQUIP-G has received funding from the EC’s Horizon Europe programme (HORIZON-CL4-2024-DIGITAL-EMERGING-02 call, Grant Agreement 101215427)
Sébastien Merlet (project Pl): sebastien.merlet@obspm.fr ; Jean Lautier-Gaud (project coordinator): jean.lautier-gaud@obspm.fr

The concept: differential surface to depth
gravimetric monitoring

TUC2 is designed to investigate and monitor hydrological processes within the
vadose zone of a fractured and karstified limestone aquifer with the use of
quantum gravimeters.

Thanks to the unique infrastructure at the 0-ZNS site, water storage changes will
be monitored using quantum gravimeters not only from the surface, but at depth
within the well. Quantum gravimeters yield an absolute, drift-free continuous
time series, which is instrumental to the successful monitoring strategy at this
use case. Furthermore, differencing the gravity time-series will lead to improved
correction of external effects such earth tides, atmospheric effects..
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Top: rainfall data and volumetric water content at different depths, middle: Water table level,
bottom: gravity time series from AQG-B14, showing one hour and ten hour averages.

Quantum Gravimeter

Quantum gravi-gradiometer
Onboard Quantum
Gravimetry survey
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Continuous monitoring

Repeated station

Repeated local network

Instrument Park
Exercise

Data Management
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