Estimation of hydrodispersive characteristics
of the alluvium aquifer of the Loiret river
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ABSTRACT

A long duration pumping test (7 days) was coupled with a converging radial flow tracer test in the Loiret alluvial
aquifer, which overlies the very productive Beauce limestone. The interpretation of the long duration pumping
test on an observation well, 33 m away from the pumping well, shows that the storage coefficient is about
2.1x10°%, typical of a confined pressure transfer. The interpretation of the tracer test, of which 60 % of the mass
was recovered, with a single-layer model made possible to determine a kinematic porosity of 2.3 % as well as a
dispersivity of 0.38 m (1/86 of the transport distance), for a maximum speed of 22 m/d and an average speed of
11 m/d. These results suggest that the pumping is mobilizing water from the semi-confined layer of the Beauce
limestone while the transfer of tracer remained in the unconfined alluvial layer.

Context

As part of the research project CENARI-O ("Connaissance des Echanges entre NAppes et Rlviéres - Val
d'Orléans" / "Study of exchanges between groundwaters and rivers in the Val d'Orléans") funded by the Région
Centre-Val de Loire, which aimed at better characterizing the relationship between groundwater and surface
water, hydrogeological investigations - pumping test and tracer test - were carried out in order to develop
knowledge of the Loiret river and the associated aquifer system in the commune of Saint-Pryvé-Saint-Mesmin
(France).

The Loiret is a short river (13 km) which meets the Loire river downstream the city of Orléans. Its flow is
essentially generated by a series of resurgences in several springs which originate from partial losses of the
Loire river, upstream of this city, in a karst network developed on the first 20 meters of the Beauce limestone
(Binetetal., 2010; Jourde et al., 2018). The limestone is covered in the “Val d’Orléans” by 5 to 10 m of alluvium
in hydraulic connection. The Loiret river imposes its fluctuations there, mainly coming from flow variations in
the Loire river losses.

Method

The tracer test was carried out between two boreholes in the alluvium layer, 4 days after the implementation of
a long duration pumping test at a flow rate of 7 m3/h, that is to say in stabilized converging radial flow conditions.
18 g of sodium naphtionate were injected briefly (Dirac) into a second well of the same depth and 33 m away.

Equipment and measurements

A GGUN-FL 30 fluorometer was installed in the pumping well with an acquisition interval of 5 minutes.
Automatic sampling for spectrofluorimetric analysis was not possible due to the excessive depth of the water
level. In the absence of such sampling and analysis, the estimation of background noise is made more difficult.
The 18 g of tracer were diluted in a 1.5 L water solution, then injected via a rigid tube into the well, and a 20 L
flush was applied.



Results

Tracer first appeared 1.7 days after injection, reaching a maximum concentration of 52 pg/L at around 2.8 days.
Monitoring ended at around 4.2 days before restitution was complete, due to an unexpected interruption in
pumping.

The mass recovered until the pumping test stopped is 10.84 g (out of 18 g injected) which corresponds to a
restitution of approximately 60.2 % (knowing that the tracer test had to be stopped before the end of the
restitution).

Interpretation

Background-corrected data were interpreted using TRAC software (Gutierrez et al., 2011) available at
http://trac.brgm.fr. The interpretation was carried out according to a semi-analytical solution corresponding to
the convergent radial flow model. We were able to determine the kinematic porosity, of the order of 2.3%, as
well as the dispersivity of the order of 0.38 m (i.e. 1/86 of the transport distance). The maximum speed is 22 m/d
and the average speed is 11 m/d under these forced gradient conditions.

Interpretation of the pumping test is tricky. Despite a distance of less than 100 m from the Loiret river, the
influence of a constant head boundary is not clear. The transmissivity obtained is 1.6x10 (observation point)
and 1.2x10° m#/s (pumping well). The estimated storage coefficient at the observation point is 2.1x1073, in
disagreement with the idea of an unconfined aquifer in the alluvium and ten times lower than the kinematic
porosity.

CONCLUSION

The questions raised by the interpretations of tracer test and pumping test suggest a flow mode more complex
than radial flow in an unconfined alluvial aquifer. Pumping could mobilize not only the water in the alluvium
but also in the underlying karst limestones, which would explain a rapid transfer of pressure during the long
duration pumping test (storage coefficient of 2.1x10?®) and a transfer of mass in the unconfined part of the
aquifer (kinematic porosity of 2.3 %).
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