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Context : Buffer strips are a way to limit pesticides transfer from fields to aquatic environment. Contaminants transfers are strongly related to water pathways. Modelling water behaviour in areas may help to better understand pesticides lateral transfers and interactions between surface and subsurface flows. Saturated conductivity is one of the most influent hydrodynamic characteristics for water flows and is difficult to measure on the field. This study aims at better understanding the effect of saturated hydraulic conductivity heterogeneity on water flows with the help of a physically based model. It is based on data collected on an experimental buffer strip ; such devices are particularly active areas for what concerns water flow, both in surface and subsurface.tance Objectives : (1) Compare different ways to describe conductivity heterogeneity using geostatistics and exclude non consistant ones (mathematical criteria).

(2) Test the chosen descriptions against field observations on an artificial event under specific criteria. -the law (in this case lognormal and Gaussian) -the correlation length (8 m and 20 m) -the enforcement or not with ponctual measured conductivity points (16 points distributed over the area from surface to 40-cm depth).

Results

Conclusion & perspectives

Exemple of case F statistical fiels : with enforcement points on horizons 1 and 2. Definition of the conductivity distribution characteristics of the 7 simulated cases. A : Boxplots of maximum area affected by runoff (left) and B : Boxplot of cumulated area reached by surface water infiltration at 50 cm-depth and t = 3 hours (right) in the seven simulation cases.

Comparison of the seven cases on two outputs : one for the surface and one for the subsurface  Cases A, E and D seem to be the most consistent cases for the chosen criteria.

Comparison of cases A, E, D and G with field datas

Introduction & Objectives

Experimentation field (Saint-Joseph buffer strip, Beaujolais) with piezometers positions. 

Experimentation field (6 m-long and 4 m-wide).

Mean values are stable for all distributions

For no enforcement but with the correlation length cases, results are very variable both for surface and subsurface.

The gaussian case results have a low variance for surface but are very fluctuating for subsurface.

With an homogeneous soil, results are close to the mean of other cases.
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Additional information : microtopography correlated with first horizon conductivity.

Watertable dynamics at piezometer 2.

Homogeneous case is close to observation data.

With enforcement and correlation length cases (E and F), results are scattered but globally follow the observed dynamic.

Case A without correlation is closer to observed data than cases E and F. Cases A watertable behaviour is comparable with homogeneous case.

 With a heteregeneous distribution, taking into account conductivity measured points improves results stability.  At this scale, an horizontal length distribution of 8 m or 20 m does not stabilize the results by creating low or high conductivity zones.  In this precise context, the two distributions that lead to the closest results to observed data are the less heterogeneous ones : lognormal law without length correlation and homogeneous ones. Further perspective : test those distributions on a natural event to verify the conclusions and eventually change the scale of study (distributions with correlation length could benefit from a larger scale (Binley 1989)). 
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MaterielModel:

  CATHY (CATchment HYdrology) (INRS-ETE Québec) is a physically-based 3-D model (Camporese 2010) for water transfer in surface and subsurface (using respectively the diffusion wave and Richards equations). References : Binley A., Egly J., Beven K. (1989). A physically based model of heterogeneous hillslopes: 1. Runoff production. Water resources Research, 25(6):1219-1226. Camporese M., Paniconi C., Putti M., and Orlandini S. (2010). Surface and subsurface flow modeling with path-based runoff routing, boundary condition-based coupling, and assimilation of multisource observation data. Water Resources Research, 46(2). Lacas J-G. (2005). Processis de dissipation des produits phytosanitaires dans les zones tampons enherbées : étude expérimentale et modélisation en vur de limiter la contamination des eaux de surface. PhD thesis, Montpellier 2. Leblois E. and Creutin J-D. (2013). Space-time simulation of intermittent rainfall with prescribed advection field : Adaptation of the turning band method. Water resources Research, 49(6):3375-3387.

  Study site : 6-m long area enclosed in a 20 m-long buffer strip between a vineyard and the Morcille river (Beaujolais, France). The study will use data from an artificial experiment performed in 2006 (200 mm in 40 minutes). Geostatistical tool (Leblois & Creutin, 2013) : Generation of statistical fields of conductivity. The user can choose :

  mesh of the area as represented with Cathy with boundary conditions.