N

N

Evaluation of an improved modelling approach for the
retention of heavy metals in SUDS soil
Damien Tedoldi, Ghassan Chebbo, Arthur Gaillot, Daniel Pierlot,

Marie-Christine Gromaire

» To cite this version:

Damien Tedoldi, Ghassan Chebbo, Arthur Gaillot, Daniel Pierlot, Marie-Christine Gromaire. Evalua-
tion of an improved modelling approach for the retention of heavy metals in SUDS soil. International
Conference on Urban Drainage, 2017, Prague, Czech Republic. hal-01621396

HAL Id: hal-01621396
https://enpc.hal.science/hal-01621396
Submitted on 23 Oct 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://enpc.hal.science/hal-01621396
https://hal.archives-ouvertes.fr

Evaluation of an improved modelling approach for the retention of
heavy metals in SUDS soil

Damien TEDOLDI*?, Ghassan CHEBBO?®, Arthur GAILLOT?, Daniel PIERLOT?, and Marie-Christine
GROMAIRE?

ILEESU, UMR MA 102, Ecole des Ponts, AgroParisTech, UPEC, UPE, Champs-sur-Marne, 6-8 avenue Blaise Pascal,
Cité Descartes, 77455 Marne-la-Vallée Cedex 2, France. damien.tedoldi@enpc.fr, chebbo@enpc.fr,
arthur.gaillot@supagro.fr, gromaire@enpc.fr

2SEPIA, 53 rue de Turbigo, 75003 Paris, France. dp@sepia-uw.fr

3Faculty of Engineering 111, Lebanese University, Hadath, Lebanon.
KEYWORDS

Contamination profiles, Modelling, Runoff infiltration, Soil, Sustainable Urban Drainage Systems,
Validation

SUMMARY

The ability of reactive transport models to accurately replicate the fate of contaminants in SUDS has been
sparsely documented. The present work aims (i) to improve the description of the processes, including non-
uniform fluxes at the surface, and (ii) to use extensive experimental data, collected in a stormwater
infiltration basin, to evaluate the model’s accuracy. Both the model and observations confirm that most
infiltration occurs near the water inlet. Differences between the measured and predicted profiles are either
attributable to the filtration of particle-bound metals, or to spatially variable sorption capacities of the soil —
notably because of lower contents of organic matter.

INTRODUCTION

Source-control stormwater management appears as an efficient way to mitigate surface pollutant fluxes, but
brings about some concerns regarding the fate of micropollutants in soil (Bressy et al., 2012). Thereupon,
experimental assessments of SUDS contamination may be valuably complemented by modelling
approaches, so as to gain insight into, e.g., potential downward fluxes of contaminants, or optimal designs
towards pollutant retention (Quinn and Dussaillant, 2014). However, the current literature comprises few
attempts at validating such models with field data from SUDS. Additionally, most existing models are one-
dimensional, but recent investigations on surface soil contamination have evidenced that upper infiltration
fluxes are highly non-uniform in such devices (Tedoldi et al., 2017). Hence, the two main objectives of the
present work are (i) to develop a new modelling framework to simulate the fate of metals in SUDS soil, and
(ii) to compare the predicted distributions with experimental data.

MATERIALS & METHODS

Model description. So as to take into account non-uniform infiltration, the modelled facility is divided into
n homogeneous zones starting from the inflow point (Fig. 1). The fraction of the flow rate exceeding the
infiltration capacity of the domain k is routed towards the domain k+1 as an upper boundary condition; the
potential excess of water from the domain n causes ponding in the whole device. Within each domain, the
soil is described with a classical one-dimensional model, using (i) Richards equation to replicate
hydrodynamics, (ii) an advection-dispersion equation to replicate solute transport, and (iii) a Langmuir
sorption isotherm to replicate physical chemistry, associated with 1% order kinetics for a given part of the
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sorption sites. The corresponding formulae are presented elsewhere (e.g. Simunek et al., 2013). Each 1D
problem is solved independently with the HYDRUS-1D software package.

Validation data. A thorough characterization of a stormwater infiltration basin was undertaken. The facility
collects runoff water from a small residential area, where metals (and especially Zn) are expected to be
mainly in dissolved form (Bressy et al., 2012). The spatial distribution of Cu and Zn was determined both
in the surface soil and along vertical profiles. Concurrently, hydrodynamic parameters were acquired via
“BEST” infiltration tests (Lassabatere et al., 2006) at several locations in the basin (Fig. 2a). The soil’s
dispersivity was derived from inverse modelling of a conservative tracer experiment in a 50-cm-long soil
column (Fig. 2b). Cu and Zn sorption characteristics were determined via batch tests (Fig. 2c-d), adjusting
the initial concentrations so as to fit the isotherms in a typical range of runoff concentrations. All theoretical
relationships satisfactorily fitted the data (R? > 0.9).

PRELIMINARY RESULTS & DISCUSSION

The last section of the inlet pipe has broken 3 years ago, so that the location of the inflow point has changed
during the operation of the facility, as revealed by the spatial distribution of metals in the surface soil
(Fig. 3a). The latter appears as an accurate signature of the cumulative infiltration fluxes, as replicated by
the hydrologic model (Fig. 3b), which confirms that a significant part of the device is seldom reached by
runoff contaminants.

The variability of runoff concentrations was not considered; their mean value was derived from the sorption
isotherms, assuming that soil-water equilibrium had been reached in the upper sample from the most
contaminated region of the basin (i.e. near the former water inlet, referred to as “Zone 1”): the calculated
Zn concentration is 150 pg/L, which is consistent with the land use.

The model appears to be rather accurate, but does not capture the sharp gradient of concentrations in the
upper centimeters of soil, and slightly underestimates the migration depth of metals (Fig. 4a). This may be
attributable to the mechanical filtration of particle-bound contaminants, and/or to the fact that the soil’s
sorption capacities are actually variable with depth, as suggested by the vertical evolution of the volatile
matter content (Fig. 4b), since organic matter is known to largely govern metal retention in soils.

CONCLUSIONS

Both the experimental results and the hydrologic model show that non-uniform processes should be taken
into account, in order to improve the model’s accuracy. Uncertainties remain regarding the simulated
contamination profiles, then further research will be dedicated (i) to incorporate mechanical filtration in the
model, and (ii) to investigate the variability of the sorption isotherm with depth, and its consequences on
the predicted soil concentrations.
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Fig. 1. Description of the model. The infiltration device is divided into n homogeneous zones
starting from the inflow point, at the surface of which uniform infiltration occurs; surface
runoff out of zone £ is routed towards zone k+1. Water fluxes are expressed in mm.
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Fig. 2. Experimental assessment of the input data: (a) “BEST” infiltration tests at five locations in the
basin, (b) breakthrough curve of NaCl at the bottom of a 50-cm-long column, (¢) sorption isotherms for
Cu and Zn, fitted with the Langmuir model, and (d) sorption kinetics, fitted with a pseudo 1% order model
for a fraction of the sorption sites.
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Fig. 3. Spatial distribution of (a) zinc [mg/kg], and (b) modelled ratio between
cumulative mfiltration fluxes and cumulative rainfall [-], at the surface of the investigated
basin (plan view). The symbols H and € indicate respectively the former and current
locations of the inlet point.
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Fig. 4. (a) Measured (black lines) and predicted (red lines) Zn profiles in two homogeneous zones of
the device. (b) Volatile matter profiles in the same zones.



