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Figure 1 – Hydrograph and annual accumulated precipitation recorded in a monitoring well distant from the pumping wells (Teramoto and Chang, 2017). 
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Figure 2 – Hydrograph of several wells located in different Brazilian regions, showing that water table fluctuations are high in most parts of Brazil: a) Brotas, 114 Km NW from Paulínia; b) Andradina, 487 Km NW from Paulínia; c) São Simão, 141 Km NW from the study area; d) Umuarama, 646 SW Km from Paulínia; e) Campo Florido 356 Km NW from Paulínia; f) Valparaíso, 418 Km NW from Paulínia.
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Figure 3 – Location of the study site, monitoring wells, and active pumping wells.
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Figure 4 – LNAPL saturation and relative permeability profiles in the formation and their expression via the floating phase thickness in the monitoring well. Part of the LNAPL had mobility and could be recovered, while another part remained as residual saturation.
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Figure 5 – Recovery of LNAPL by the pump-and-treat technique during water table fluctuations: a) During the dry season, the water table falls, releasing the LNAPL from the pore space; then, the entrapped non-aqueous phase gains mobility and migrates to the monitoring wells, increasing the floating phase thickness. In this period, the LNAPL flows to the pumping wells and the oil recovery increases (Qn); b) During the wet season, the upward movement of the water table imposed by groundwater recharge entraps LNAPL in the pore space, thereby causing a loss in mobility; this dynamic is reflected by disappearances of the floating phase in monitoring wells and  zero oil recovery.

[image: ]Figure 6 – Hydrograph of selected monitoring wells and the floating phase thickness recorded in these wells; a) RE-PM-94; b) RE-PM-86; c) RE-PM-53; d) RE-PM-50. The recorded floating phase thickness negatively correlates with the water table.
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Figure 7 – Isovalues of floating oil thickness in the monitoring wells: a) November 2006; b) November 2008; c) December 2010; d) May 2012.

[image: ]
Figure 8 – Recovery rate of LNAPL between September 2006 and March 2007 for four pumping wells: a) PB-03; b) PB-05; c) PB-06; d) PB-07. The recovery rate strongly increased in November, reaching its maximum rate in January and falling afterward.
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Figure 9 – Comparison of the monthly volume of recovered LNAPL and the water table height of a representative monitoring well far from the pumping wells. Substantial recoveries of LNAPL were possible when the water table decreased at a sufficient rate. However, the pump-and-treat system could not recover LNAPL for most of the study period due to a high water table height and entrapment conditions. 
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[bookmark: _GoBack]Figure 10 – Simulation of LNAPL recovery of wells PB-06 (a) and PB-07 (b), assuming a steady-state condition.
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