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I. [bookmark: _GoBack]PAST STUDIES ABOUT LARGE CONFLUENCES WITH DENSITY DIFFERENCES
Despite recent, significant advances in the knowledge about the confluences to date most experimental studies have been focused either on laboratory confluences (Best, 1987) or on small natural confluences (Kentworthy and Rhoads, 1995), whereas a limited number of investigations conducted on large river confluences, i.e. channel widths > 100 m (Lane et al., 2008). Further, to date numerical studies have generally only focused on simulating the flow structure observed in laboratory (Biron et al., 2004) and small natural confluences (Constantinescu et al., 2011). There is indeed controversy about the extent to which findings for small confluences provide insight into the fluvial dynamics of large-river confluences. It is well-known that channel width and depth not increase at the same rate moving from small rivers to large rivers. So the scaling relations for confluences are likely to be fundamentally nonlinear and therefore complex (Rhoads, 2006). The few available field studies in large river confluences already highlighted some significant differences between the dynamics of large and small confluences that require further investigation.
This Section presents some basic results from past studies about large confluence with difference in density as it is the case of the Negro/Solimões confluence.
Best et al. (2007) studied the bed morphology, flow dynamics and distribution of suspended sediment at the junction of the Río Paraguay and Río Bermejo, Argentina. They showed that flow structure and bed morphology at this confluence was dominated by the density contrast between the flows, created by differences in suspended sediment concentration, which resulted in the Río Bermejo always having a density excess over its confluent partner Río Paraguay. The denser Río Bermejo thus formed a density underflow underneath the Río Paraguay with subsequent vertical upwellings of sediment-rich fluid acting against the local density gradient. They argued that this mechanism of flow is more likely at larger lowland river junctions, where the probability of differences in sediment yield from the contributing catchments may be greater.
Lane et al. (2008) investigated flow dynamics and mixing at the confluence between Rio Paranà and Rio Paraguay, which was characterised by bed discordance and difference in density. They found that during two different field trips the rate of mixing was dramatically different and suggested that this may be due to basin-scale hydrological responses, which are likely to differ significantly between large and small confluent rivers.
Past studies about the Negro/Solimões confluence include Laraque et al. (2009) and Mullholland et al. (2015). Laraque et al. (2009) found that due to their higher density, the waters of the Solimões slided under those of the Negro River, and consequently, close to left bank, Negro waters were located at the surface and Solimões waters at the bottom.
Ramón et al. (2013; 2014) investigated mixing and circulation at the confluence of Ebro and Segre rivers entering the meandering Ribarroja reservoir. They found that the confluence presented seasonal variations in the river density contrast, which ranged from O(10-²) kg/m³ in winter to O(1) kg/m³ during summer. Depending on the river density contrast, the confluent rivers was flowing side by side or one on top of the other.
2. HYDROLOGICAL AND SEDIMENTOLOGICAL BACKGROUND
The mean water discharge of the Negro and Solimões Rivers is about 30000 m3/s and 100000 m3/s, accounting for 49% and 14%, respectively, of the total fresh water discharge of the Amazon River into the Atlantic Ocean (Filizola et al., 2009). The two rivers show a different average hydrological cycle: the Negro shows two distinct discharge peaks along the year, the first of low-amplitude during the first three months of the year, and the second larger in the middle of the year; the Solimões shows one peak between May and June (Filizola et al., 2009). A peculiar phenomena occurring at the confluence is the backwater effect, first described by Meade et al. (1991), which consists in the damming of the Negro waters due to the greater discharge of the Solimões.
In terms of sediment discharge, the difference between the two rivers is even more striking: the basin of Solimões River includes the Eastern margin of the Andes, where the combination of high declivity and erodible rocks gives origin to high sediment production (Guyot, 1993); the basin of the Negro River drains the Western slopes of the Guyana Shield, which is characterised by gentle gradients and densely vegetated margin, which implies in low sediment production (Filizola et al., 2009). According to Filizola and Guyot (2011), the white waters Solimões River has an average discharge of suspended solids of 447×106 tonne/year at Manacapuru station, accounting for more than half of the total discharge of the Amazon River into the Atlantic Ocean, while the dark waters Negro River has an average suspended load of 8×106 tonne/year at Paricatuba station, which is a very low sediment load in comparison with the relatively large water discharge of the Negro River.
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