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ABSTRACT
The use of Soil-Aquifer Treatment (SAT) systems to improve the effluents water quality during the transport of
infiltrated water through the unsaturated and saturated zones can be a solution for water reclamation, water
reuse, and overall as a water resources management tool. This abstract presents the results of the research carried
out under MARSOL project were SAT experiments were executed in a physical (sandbox) model. These
experiments aimed to contribute solving the problem of removing rice field contaminants from water, using a
soil-aquifer prototype basin to treat water prior to its discharge in Melides lagoon, Portugal. The sandbox model
was divided into three sections to test the adsorption and degradation capacity of three soil profiles, two of them
including soil mixtures of sand with vegetal compost with different layouts. In each section, two tracer
experiments were performed with spiked fertilizer and hydrocarbons. To analyse the tracers behaviour,
monitoring devices were installed in three piezometers for continuous in situ readings of pH, temperature (T),
electrical conductivity (EC), redox potential (ORP) and water level, besides water sampling hand-pump for
chemical analysis. The results obtained in the experiments gave useful knowledge necessary to build an in situ
facility.
Keywords: agriculture water reclamation; Soil-Aquifer Treatment (SAT); physical model; water reuse.
1.

INTRODUCTION

Managed Aquifer Recharge (MAR) solutions implementation and public acceptance - from actors, end-users and
general public - could strongly benefit from experiments where the effectiveness of solutions is evidenced.
Clogging issues and physic-chemical treatment of recharging water are two of the main issues requiring greater
understanding. In MARSOL project (http://www.marsol.eu/), a physical sandbox model was built in LNEC’s
modelling facilities to conduct laboratory large scale infiltration and tracer tests, aiming to determine the soil
infiltration rate and also the contaminants retention and/or degradation capacity. The facility was used to
simulate in SAT a MAR basin to remove rice paddy field pollutants prior to their discharge into Melides lagoon.
The SAT-MAR processes provide mechanical filtration of suspended particles and, resulting from intermittent
aerobic and anaerobic conditions in the soil under the basin, nitrification and denitrification is facilitated,
allowing the partial or total removal of organic and inorganic nitrogen, as well as organic carbon, phosphorus,
non-aromatic organic, trace metals and pathogens (Miotliński et al., 2010). The nitrogen cycle in SAT can be
quickly transformed into nitrates, very mobile in soils under normal conditions, but can also be removed by
denitrification under anaerobic conditions. Other compounds such as phosphorus are reduced by sorption and
precipitation, and trace metals, with exception of boron, are attenuated and can be precipitated in the soil,
especially under alkaline and aerobic conditions (National Research Council, 1994). The study of these aspects
contributes to a greater understanding and operational reliability that can help increasing the effectiveness of
SAT-MAR systems, and thus to secure water availability in areas of water stress.
2.

MATERIALS AND METHODS
2.1. Melides brief characterization

Melides lagoon is a coastal ecosystem partially dependent from groundwater (Lobo Ferreira et al., 2013). The
lagoon is a receptor of the total amount of pollutants load from surface origin collected by the drainage network
of the Melides stream, and also of the pollutant load of groundwater flow that discharges into the surface water
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network or directly to the lagoon. It receives annually a flow of about 20 hm3, of which 14 hm3 comes from
runoff and about 6 hm3 from the upper aquifer from the downstream zone of the basin (Oliveira & Oliveira,
2012). The volume of this water body is 1.6 hm3, being the water surplus drained to the ocean. Thus, the volume
that the lagoon receives annually is about 12.5 times its average volume, bringing a significant renewal of lagoon
water (Novo & Oliveira, 2014).
The Melides sand that was used for this experiment has a high proportion of quartz (SiO 2) and alkaline feldspars
[microcline - (K, Na)AlSi3O8 and albite - NaAlSi3O8] and a lower proportion of mica (illite –
KAl2Si3AlO10.OH2), chlorite ((Mg,Fe)6(Si,Al)4O10(OH)8) and kaolinite (Al2Si2O5(OH)4). Its soil bulk density is
1.59 g/cm3 and the porosity is 0.38. The permeability was determined in a set of soil-column experiments with
an average Darcy permeability ranging from 0.9 to 4.8 m/d (Leitão et al., 2016).
2.2. Physical (sandbox) model setup and monitoring devices
The physical (sandbox) model was used to conduct laboratory large scale infiltration and tracer tests, both for
saturated and non-saturated conditions. It allowed determining the soil (1) infiltration rate and (2) contaminants
retention and/or degradation capacity. The facility is approx. 3.5 m long, 1 m wide and 2 m high (Fig. 1) and can
be filled with the porous medium (soil) to be studied, in this case the Melides sand.

(a)

(b)

Fig. 1. LNEC physical (sandbox) model: (a) Global view; (b) Monitoring devices for saturated and vadose zones
The sandbox model was divided into three sections (Figure 1):




Section A – Melides soil in all the vertical profile;
Section B – 30 cm top layer of a mixture of Melides soil (60%) and vegetal compost (40% with 65%
organic matter, i.e. the mixture has 26% of OM), followed by Melides soil in the remaining depth; and



Section C – two layers of the same vegetal compost about 3 cm separated by 17 cm of Melides soil,
followed by Melides soil in the remaining depth.
To analyse the tracers behaviour along their infiltration path into the soil profile, and to assess the soil behaviour
of each section, the following monitoring devices were installed in each section: two Teflon capsules in the
vadose zone, at two sampling depths, 30 cm and 60 cm, and one piezometer with continuous in situ readings of
pH, T, EC, ORP of a Smart Water Kit (Ilie et al., 2017) and readings of T, EC and water level of CDT devices
besides water sampling for chemical analysis (using a low-flow peristaltic pump). To sample the vadose zone
water, the air inside the bottles needed to be sucked out with a vacuum pump. This process allowed sampling at
the desired depths.
2.3. Tracer experiments
In each section (A, B and C) a tracer experiment with fertilizer spikes and hydrocarbons was performed with a
pulse injection. The fertilizer corresponded to a common chemical fertilizer: N (12%), P2O5 (12%), K2O (17%),
Cl (0.9%), MgO (2%), as well as very small percentages of sulphur, boron and zinc. Furthermore, a NaCl
conservative tracer was added to help on identifying the increase in electrical conductivity (EC) and, by means
of this, the more adequate sampling periods.
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The experiment was performed by spreading a volume of 0.5 m3 of water over the soil surface using 20 plastic
containers with 25 litre capacity. The tracer volume was determined in order to correspond to approximately
20% of the soil basin total pore volume (2.45 m3, considering 38% soil average porosity).
The average flowrate (Q) measured in the outflow before the experiment was 0.063 L/s, i.e. 5.44 m 3/d,
corresponding to a velocity V (Q/Area) of 1.73 m/d and a pore velocity (V/n) of 4.55 m/d. Although this value
was not obtained for full saturation conditions, it is equivalent to the values previously measured in laboratory
soil-columns for saturated conditions. Considering the 2.45 m3 sandbox pore volume (PV), it takes about 10.8
hours for a complete PV to flow throughout the sandbox (or each 24 hours about 2.22 PV is percolated in the
sandbox).
The tracer concentration in the tracer spike water was calculated in order to correspond to the typical dose
advised for most horticultural species, i.e. 500 kg/ha. For the hydrocarbons, the tracer (diesel) concentration was
defined to be a value about ten times higher than the chemical analysis detection limit of 10 µg/L. NaCl
concentration was spicked out in order to produce an increase in water electrical conductivity.
3.

RESULTS AND DISCUSSION

The experiment carried out had the main purpose of assessing the ability of a SAT-MAR scheme to retain the
contaminants (N and hydrocarbons) existing in the water from the rice paddy fields, using three different soils.
The experiment was carried out for 24 hours, and the tracer injection period lasted 30 minutes. The water
percolated during the whole experiment corresponded to approximately 3.8 times the pore volume of the
sandbox model.
Fig. 2 presents the results concerning the water level and the electrical conductivity (EC). The figure shows a
fast increase of the water level after the tracer injection started. After the tracer injection stopped there was a
period with now inflow until the tracer was gone. The water inflow during the remaining period of the
experiment was tried to be kept constant, but some small oscillations in the water pressure have occurred.
Nevertheless, the main reason for the water table decrease was due to the release of water in the outflow tap,
which was done in order to balance the inflow with the outflow, while stabilizing the water table.
Concerning the electrical conductivity, Fig. 2 shows the three peak (breakthrough curve maximum value)
arrivals. It is possible to observe that the tracer arrived first to PzA and with higher EC values when compared to
the tracer arrival in Section B and C, as a result of the higher retention capacity of Melides soil mixed with
vegetal compost.
In addition to the continuous measurement with the CTD diver, several discrete samples were retrieved from the
six vadose zone cups and the three piezometers during the whole experiment period.
Fig. 3 presents the breakthrough curves obtained in the saturated water from the piezometer installed in Section
C.
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Fig. 2. Piezometric water level and electrical conductivity values in the three piezometers
The main conclusions from the results obtained in the three Sections are: although the ability to denitrify (nitrate
to N2) is modest and more effective only in the first soil layer of the three soils, the removal of total
hydrocarbons seems effective, particularly in Sections where organic soil layers were used, especially in Section
C. Nitrification (from ammonia to nitrate) and denitrification (from nitrate to gaseous N) were likely to have
occurred in the first soil layers due to the presence of oxygen and the possibility of N 2 gas to escape to the
atmosphere. The presence of a more organic layer (Section B and C) favours denitrification and seems to be
more effective in Section C (although this is not so clear in Experiment 2 due to the previous soil disturbance
due to sampling).

Fig. 3. Breakthrough curves obtained for the water samples from the Section C piezometer
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