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Highlights 
• A flume experiment using a scale model FTW was implemented 
• RTD, short-circuiting and dead zones induced by the presence of a FTW were characterized 
• Operating conditions recommendations to maximise treatment will be provided 

 

Introduction 
Retention ponds are widespread practices implemented to manage urban stormwater runoff. Particle 
settlement is the main mechanism responsible for particulate pollutants treatment in these systems. While 
they provide good removal performance for coarse particles they are less efficient at removing fine particles 
which do not easily settle. They show variable treatment efficiencies, in terms of Total Suspended Solids 
(TSS), due to sizing, season and temperatures (Comings et al., 2000; Jy S. Wu et al., 1996; Karlsson et al., 
2010; Mallin et al., 2002; Vollertsen et al., 2009). An innovative concept to enhance their treatment 
performance would be to retrofit them with Floating Treatment Wetlands (Borne et al., 2013; Sharma et al., 
2021). A FTW is composed of a floating mat planted with macrophytes whose roots extend into the water 
column to act as a biological and physical filter for dissolved and particulate pollutants. Suspended solids (SS) 
get trapped into the sticky biofilm surrounding the roots as the water flows underneath the floating mat, 
enhancing the global pond treatment performance. This eco-technology is easy to set-up without the need 
for heavy civil engineering work (Tanner and Headley, 2011). 
However, variable FTWs’ performances are reported in the literature (Borne et al., 2013; Maxwell et al., 2020; 
Winston et al., 2013). Many parameters can impact pollutants removal such as surface coverage, plant 
species and density or FTWs’ location and configuration in the pond itself. Short-circuiting and incoming flow 
ratio  going through the roots network, providing opportunities for particles’ entrapment, are also thought 
to be a critical parameters to consider for efficient treatment (Khan et al., 2013; Machado Xavier et al., 2018). 
While understanding the hydrodynamics in and around the roots’ network and associated impact on SS 
treatment appears crucial to maximise FTWs’ performance, no such studies have been reported in the 
literature. 
The aim of the present study is to assess the impact of various flow velocities and FTWs’ configurations (ratio 
of root length to water column depth, number of FTWs in series and distance between FTWs) on the 
Residence Time Distribution (RTD) and associated water flow path and short-circuiting around the roots. This 
will allow to identify global hydrodynamics induced by a FTW but also to quantify the fraction of incoming 
flow going through the roots’ network and thus likely to be treated by the FTW.  The overall aim is to identify 
operating conditions that maximise contact time between the incoming flow and the roots to promote 
entrapment of fine suspended solids. 
 

Methodology 
Scale model FTW and flume 
A flume experiment using a small scale model of a real FTW was built in order to perform RTD measurements. 
To conceive the model, a geometrical similarity with a scale factor of 0.3 has been used. To fulfil the 
geometrical similarity, the synthetic model FTW was created using a polystyrene mat (14 cm x 23 cm, width 
x length) into which clusters of transparent nylon filaments (0.25 mm in diameter and 12 cm long) have been 
implanted to reach an equivalent of 1072 roots/mat (Figure 1 a). 
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Figure 1. FTW synthetic model FTW (a); rectangular channel (b) 

 
This material was chosen for its transparency (for subsequent Particle Image Velocimetry (PIV) 
measurements, not presented in this manuscript) and its similar flexibility to real roots for different flow 
velocities. The flume is a 1.50 m long and 0.20 m large rectangular channel (Figure 1 b). Flume water depth 
can be changed from 0.12 m to 0.21 m using various outlet weirs. The flume allows to generate a wide range 
of flow velocities inducing various roots inclination under the FTW mat (Borne et al., 2021) as this could be 
observed in real scale retention pond (for field flow velocity ranging from 0.023 m/s to 0.181 m/s). The 
Froude number equivalence between the two scales (real and scale model) was used: 

𝐹𝑟 =  
𝑈

√𝑔𝐷𝑤

 

With U the mean velocity, g the acceleration due to gravity and Dw the water depth. Table 1 summarizes 
mean velocities studied during the model experiment. 
 
Table 1. Real scale velocities (Ur) and their equivalent velocities for the model FTW (Um) respecting Froude’s criterion 
 

Ur (m/s) Um (m/s) 

0.028 0.015 
0.047 0.026 
0.097 0.053 
0.18 0.099 

 
As retention ponds water depth may fluctuate during a storm event, different flume water depth (Dw) were 
experimented during this study to test different rooting depth ratio R: 

𝑅 =
𝐿𝑟

𝐷𝑤
 

with Lr : water depth occupied by the roots and the mat, and Dw : water column depth in the flume. 
A second synthetic FTW was built with a different geometrical similarity using a scale factor of 0.1 to extend 
the R range to be tested. Table 2 summarizes the different R studied, associated flume (Dw) and real (Dwr) 
scale water depth and scale factor (Sf). 
 
Table 2. Rooting depth ratios R, flume (Dw) and equivalent real scale water depths (Dw) and scale factors (Sf) used 
 

 R Dw [cm] Dwr [cm] Sf 

Case 1 0.89 16 54 0.3 
Case 2 0.68 21 70 0.3 
Case 3 0.40 12 120 0.1 
Case 4 0.32 15 150 0.1 
Case 5 0.23 20 200 0.1 

 
 

(a) 

(b) 

Tracer detection 

Tracer injection 

Tracer detection 
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Residence Time Distribution (RTD) 
To understand global hydrodynamics induced by the presence of a FTW, RTD measurements were conducted. 
The tracer used is sodium chloride (NaCl). A 10 mL solution of 32 g/L of NaCl was injected with a syringe at 
the inlet of the flume in a well-mixed area. Conductivity was measured 6 cm downstream of the injection 
point (to characterize the injection peak) and 2 cm upstream of the outlet weir (to identify the influence the 
FTW‘s presence on the conductivity response and therefore RTD characteristics and overall hydrodynamics 
(Figure 1b)). These conductivity monitoring were conducted at 25 Hz. For these measurements water was 
circulating as an open loop. Runs were performed with and without FTW to identify impact solely induced by 
the FTW. Data were process and analysed using the ARisTiD/DTS pro software. 
 

Results and discussion 
Tracers studies are ongoing and it is expected that all data (for Case 1 to 5, with and without FTW) will be 
collected and analysed by end August 2021. Therefore, full analysis and identification of best operating 
conditions that minimise short-circuiting, increase residence time and maximise contact time between the 
incoming flow and the roots to promote entrapment of fine suspended solids will be ready for presentation 
at the next ICUD 2021 conference.  
 

Conclusions and future work 
Results which will be presented at the ICUD 2021 will help practitioners to better integrate hydrodynamics 
consideration while implementing FTWs to promote treatment performance for fine SS. This experimental 
work is part of a larger study in which additional treatment performance experiments (through turbidity 
measurement) and local velocity measurements (through Doppler acoustic velocimetry and/or PIV) will be 
performed on the model FTW and/or a real FTW to further investigate influences on local hydrodynamics 
and validate the scale model results.  
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