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The remediation of sites contaminated with Dense Non-Aqueous Phase Liquids (DNAPL) has gained great
prominence due to the extreme difficulty of their remediation (Colombano et al., 2021). These DNAPLs, sub-
jected to gravity forces, penetrate downwards through the aquifer and form a discontinuous insoluble trapping
phase below the groundwater level. On the one hand, owing to their high density, high interfacial tension
and high viscosity, the direct pump-and-treat method is not efficient enough to extract DNAPLs from the pore
spaces. On the other hand, because of dissolution and stability issues, some other conventional remediation
techniques such as surfactant or foam injection are not applicable (Maire et al., 2018; Omirbekov et al., 2020).
Although using polymers can improve DNAPLs displacement by increasing the viscose pressure, in the case
of high-density DNAPLSs the gravity forces can overcome the viscose forces (Miller et al., 2000). Furthermore,
because of the high permeability of the porous media, the capillary forces cannot prohibit the upward move-
ment of polymer solution due to density contrast between the polymer and DNAPLs.

Here, we evaluated the rheological behavior of various polymer solutions (guar gum, xanthan gum, and car-
boxymethyl cellulose (CMC)) to find the most appropriate one to be able to suspend barite(BaSO4)-polymer
solution. We employed a new formulation of densified CMC polymer solution to displace DNAPLs from the
porous media. To examine the role of densification of the polymer solution we used barite in different con-
centrations equivalent to various ranges of densities (from 0.6 up to 1.15 times the density of DNAPL). In this
regard, using a decimetric-scale 2D-sandbox, we designed an experimental procedure with similar permeabil-
ity and fluids configuration as in the real site. To evaluate the efficiency of the displacement of the DNAPL
by the densified polymer solution, the solution was injected through the DNAPL at the bottom middle of
2D-sandbox, for different solution densities but at a fixed injection rate. The injection was monitored using
an advanced imaging technique and mass balance interpretation.

The results showed that the denser the polymer solution, the more significant is the lateral movement of
DNAPL. In contrast, when polymer solutions with a lower density are used, the gravity forces cause more ver-
tical displacement. The analysis of displacement efficiency depicts that when the density of polymer-barite
solution is close to the density of DNAPL, the mobilization of trapped DNAPL is improved up to 150% in
comparison to using only polymer or other solution densities. To model the displacement of two-phase flow,
generalized Darcy’s law and continuity equations were employed. The developed model predicts well the
experimental fluid-fluid interface (image analyzing) as well as the displacement efficiency.

Our new formulation of the polymer solution can result in a great improvement in remediation processes of
soils contaminated with DNAPL as it is presumably a safe and stable mobilization technique. We anticipate
that our model can be considered as a good cornerstone for more complicated cases where the role of non-
Newtonian behavior of polymer solution and the polymer retention inside the porous media can be involved.

Time Block Preference

Time Block A (09:00-12:00 CET)



References

Colombano, S., Davarzani, H., Hullebusch, E. D. van, Huguenot, D., Guyonnet, D., Deparis, J., Lion, F. and Ig-
natiadis, I., Comparison of Thermal and Chemical Enhanced Recovery of DNAPL in Saturated Porous Media:
2D Tank Pumping Experiments and Two-Phase Flow Modelling, Science of The Total Environment, vol. 760,
p. 143958, 2021.

Maire, J., Joubert, A., Kaifas, D., Invernizzi, T., Marduel, J., Colombano, S., Cazaux, D., Marion, C., Klein, P.-
Y. and Dumestre, A., Assessment of Flushing Methods for the Removal of Heavy Chlorinated Compounds
DNAPL in an Alluvial Aquifer, Science of The Total Environment, vol. 612, pp. 1149-58, 2018.

Miller, C. T, Hill, E. H. and Moutier, M., Remediation of DNAPL-Contaminated Subsurface Systems Using
Density-Motivated Mobilization, Environmental Science & Technology, vol. 34, no. 4, pp. 719-24, 2000.
Omirbekov, S., Davarzani, H., Colombano, S. and Ahmadi-Senichault, A., Experimental and Numerical Upscal-
ing of Foam Flow in Highly Permeable Porous Media, Advances in Water Resources, vol. 146, p. 103761, 2020.

Acceptance of Terms and Conditions

Click here to agree

Newsletter

I do not want to receive the InterPore newsletter

Student Poster Award

Yes, I would like to enter this submission into the student poster award

Primary authors: Mr ALAMOOTI, Amir (Institut de Mécanique et Ingénierie de Bordeaux (I2M), Arts et
Métiers Institute of Technology, CNRS, and BRGM(French geological survey)); Dr COLOMBANO, Stéfan (BRGM
(French Geological Survey)); Dr OMIRBEKOV, Sagyn (Institut de Mécanique et Ingénierie de Bordeaux (I2M), Arts
et Métiers Institute of Technology, CNRS, and BRGM(French Geological Survey)); Prof. AHMADI-SENICHAULT,
Azita (Institut de Mécanique et Ingénierie de Bordeaux (I2M), Arts et Métiers Institute of Technology, CNRS); Dr
DAVARZANI, Hossein (BRGM(Ferench Geological Survey))

Presenter: Mr ALAMOOTI, Amir (Institut de Mécanique et Ingénierie de Bordeaux (I2M), Arts et Métiers
Institute of Technology, CNRS, and BRGM(French geological survey))

Session Classification: MS18

Track Classification: (MS18) Innovative Methods for Characterization, Monitoring, and In-Situ Re-
mediation of Contaminated Soils and Aquifers



