Morphological controls on groundwater residence times of shallow aquifers
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ABSTRACT RESULTS
In shallow aquifers, including weathered zones characteristic of crystalline  We show that the the TTD is fondamentally related to the repartition of the
geologlc basements, subsurface ows strongly depend onthe geomorphologmqﬂmfer voIl_Jme and the extend seepage area. The mean trangt tw_ng distribution MODELS WITOUT SEEPAGE | MODELS WITH SEEPAGE
evolution of landscapes as well as on the geological heterogeneity structuress a function of the geology through the volume of the aquifer divided by the re- |
Yet, it remains largely unknown how geomorphology and geology shape thecharge rate even in the presence of seepage areas. The standard deviation of the |
residence times in the aquifers and the transit times in the receiving stream transit time distribution is a function of the geomorphology through the bulk |
water bodies. organization of the groundwater body from the river to the catchment divide. |
We investigate this issue with 3D synthetic models of free aquifers. AquiferW'FhOUt >eepage, the organization of the groundwater body is e |C|-en-tly charac- |
. . g . terized by its barycenter. When seepage occurs, the standard deviation becomes |
models represent hillslopes from the river to the catchment divide with constant "
. . : . also sensitive to the extent of the seepage zone. |
slopes, evolving widths and depths. They are submitted to uniform and constant
recharge. All ows end up in the river either through the aquifer or through We conclude that mean of the transit time distribution is primarily deter - |
the surface as return ows and saturation excess overland ows. Steady-statemined by geology through the accessible aquifer volume while the ratio of the |
ows and transit times to the river are simulated with Mod ow and Modpath  standard deviation to the mean (coe icient of variation) is rather determined |
(Niswonger et al., 2011; Pollock, 2016). The mean and standard deviation of theby geomorphology through the pro le of the aquifer from the river to the catch- |
transit time distribution (TTD) are systematically determined as functions of ment divide. We discuss how geophysical data might help to determine the |
the hillslope shapes (convergent or divergent to the river, thinning or thickening groundwater body and assess the transit time distribution. We illustrate these |
to the river) and the ratio of recharge to hydraulic conductivity. ndings on natural aquifers in the crystalline basements of Brittany-Normandy '
|
|
NUMERICAL HILLSLOPE MODELS |
|
SUBSURFACE STRUCTURE |
The aquifer is assumed uniform with its constant hydraulic conductivity K |
[L.T -] and porosity [-]. The aquifer structure is de ned by four parameters (Fig- :
ure 1a). First, the model length L [L] extends from its downstream to upstream |
limits at respectively x=0 and x=L. Second, the surface and the base of aquifer _ ation b H . ¢ variat dthe b £ ih . |
are tilted equaly with the slope [-]. Third, the subsurface thickness is uniform Linear relation between the coe icient of variation and the barycenter of the aquiter l
and equal too. Fourth, the hillslope may be convergent or divergent according to volume : |
the shape coe icient C , [-] equals to the ratio of downstream width W [L] to up- |
stream width W [L]. The width function W(x) [L] Is a linear function expressed :
as.
The right t between the barycenter and the hillslope shape coeicient C,, for the expo-
nential model and the slight variation of the slope __, allow to transform the equation (22) :
The recharge R [L.T?] to the aquifer is uniform. It drives subsurface ows, an using a mean slope and the equation (13) as: ,
non-linear aquifer thickness and a potential seepage downstream. |
TRANSIT TIME DISTRIBUTION (TTD) & DISTRIBUTION OF AQUIFER VOLUME Flows and transports are solved using Mod ow '
[1] and Modpath [2]. TTD is characterized by its :
1.2 1.2 : - o
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Coe ok DISCUSSION
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