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We present here some discussion on the capabilities of peristaltic pumps to sample sand suspension. We focus specifically on their ability to sample isokinetically. Tests were made using a peristaltic pump with variable discharge rate (Albin ALP17) in a facility at CNR Lyon where a suspension of known characteristics (concentration, flow speed) can be maintained in a closed system. Turbidimeters are set to measure continuously the concentration. Several nozzles are set with different orientation for pump sampling. A sensitivity analysis was carried out to evaluate the concentration error as a function of inlet velocity, flow velocity, concentration, particle size, nozzle orientation, etc. Finally, a significant problem for the peristaltic pump seems to be its pulsating inlet speed. Such a behaviour leads to an additional sampling errors due to the difficulty to respect an isokinetic sampling. For an in-situ measurement, the limited power of the pump is also a nonnegligible problem that strongly impacts the quality of the sampling. Based on these preliminary results, automatic samplers with a peristaltic pump are therefore not recommended for the evaluation of sand concentrations.

INTRODUCTION

The assessment of suspended sediment fluxes in rivers remains a difficult task, especially for the coarsest fraction, namely sand. For the clay and silt fractions, the assumption of a homogeneous distribution of concentrations throughout the river section is generally valid. A single sample taken at the surface and/or on the river bank is then sufficient to assess the average concentration of the section and its grain size distribution characteristics [START_REF] Horowitz | The use of automatically collected point samples to estimate suspended sediment and associated trace element concentrations for determining annual mass transport[END_REF]. Also, turbidimeters are nowadays commonly used to continuously measure TSS (Total Suspended Solids) concentrations [START_REF] Navratil | Global uncertainty analysis of suspended sediment monitoring using turbidimeter in a small mountainous river catchment[END_REF]. However, where sand is present, large vertical and lateral concentration gradients are observed. An assessment of sand concentrations over a cross-section therefore requires a spatial exploration of that cross-section. Such a sampling campaign, usually carried out using suspension samplers as proposed by the Federal Interagency Sedimentation Project (FISP) in the USA (Davies, 2005), can be very time consuming as the sampler must be lowered and raised for each sample. Consequently, the description of the river section is often limited to a relatively small number of samples. It is possible to use a LISST-type laser measurement but this indirect measurement still needs to be validated [START_REF] Haun | Comparison of real time suspended sediment transport measurements in river environment by LISST instruments in stationary and moving operation mode[END_REF] and is still not adapted for concentrations up to 1 g/L. One solution could be the use of a pump. Indeed, by simply changing the position of the inlet nozzle in the river section, the latter being connected by a pipe to the boat or bridge from which the samples are taken, a large number of samples could be obtained more efficiently. However, one difficulty with pumping is to sample with an inlet velocity identical to the flow velocity. Indeed, non-isokinetic sampling can lead to a significant bias in concentrations and particle size distributions, particularly for sand [START_REF] Gray | Measuring Suspended Sediment[END_REF]. [START_REF] Clark | Peristaltic pump autosamplers for solids measurement in stormwater runoff[END_REF] and [START_REF] Gettel | Improving suspended sediment measurements by automatic samplers[END_REF] have shown that automatic samplers are not suitable for sampling sand with a diameter 𝑑 > 100 μm. This can be explained by the relatively low power of the peristaltic pumps used in automatic samplers and the non-respect of the isokinetic sampling (sampler nozzle not necessarily positioned facing the current and with a sampling velocity often lower than the flow velocity).

The objective of this work is to evaluate the capability of peristaltic pumps to sample a sand suspension in a river. Tests were carried out in a test bench at CNR (Compagnie Nationale du Rhône) Lyon allowing to maintain a homogeneous suspension in a closed circuit with a controlled sediment concentration and flow speed.
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ISOKINETIC SAMPLING

Although there are few measurements to validate it, USGS teams have shown the importance of isokinetics for sampling measurements (FISP, 1941;Winterstein and Stefan, 1983). Based on data collected between 1999 and 2008 on the Colorado River in the Grand Canyon, [START_REF] Sabol | Field evaluation of sediment-concentration errors arising from non-isokinetic intake efficiency in depth-integrating suspended-sediment bag samplers[END_REF] sought to evaluate the errors in TSS concentrations in the case of non-isokinetic sampling. In this study, an isokinetic measurement was defined by the intake efficiency coefficient:

𝑬 𝒗 = 𝑽 𝒑 (𝒛) 𝑽(𝒛) [𝟏]
where 𝑉 𝑝 (𝑧) and 𝑉(𝑧) are the intake velocity and the flow velocity at height 𝑧. If the sampling velocity 𝑉 𝑝 (𝑧) is higher than the flow velocity 𝑉(𝑧), concentration in the sample may be lower than in the stream and vice versa. Figure 1 illustrates this problem. Indeed, if the sampling velocity differs from the flow, the sandy particles (red particles in Figure 1) can move away from the streamlines due to their inertia. The experimental results of FISP (1941) are still the reference for assessing the error of non-isokinetic sampling (Gray and Landers, 2004). Figure 2 presents the results on the sampling error 𝐸 𝑟 as a function of the sediment size and the intake efficiency coefficient. It appears this error is more sensitive to under-velocity sampling (𝐸 𝑣 < 1) with an error up to 150% in the case of sampling with 𝐸 𝑣 = 0.1 and 𝑑 = 0.45. These results were obtained in the case where the sampler nozzle is correctly positioned facing the flow. Winterstein and Stefan (1983) showed that the orientation of the nozzle (angle to the flow) could also significantly alter the results. Based on these results, it is possible to express the sampling error 𝐸 𝑟 as a function of both sediment size and intake efficiency coefficient according to the following equation:
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𝑬 𝒓 = 𝑪 𝒑 𝑪 = { 𝒂 𝒏 (𝑬 𝒗 -𝟏) 𝒃 𝒏 𝒔𝒊 𝑬 𝒗 ≤ 𝟏 𝒂 𝒑 (𝟏 -𝑬 𝒗 ) 𝒃 𝒑 𝒔𝒊 𝑬 𝒗 > 𝟏 [𝟐]
with 𝐶 𝑝 and 𝐶 are the sampled and actual sediment concentrations [g/L] in the flow, respectively, and 𝑎 𝑛 , 𝑏 𝑛 , 𝑎 𝑝 and 𝑏 𝑝 empirical coefficients as functions of sediment size (Table 1). 

EXPERIMENTAL DEVICE

Peristaltic pump

The interest of pumps for sampling is in their simplicity and efficiency. A simple connection of the pump to a structure (fixed to the bottom or adapted to a sounding weight) can allow successive samples to be taken without having to raise the sampler to retrieve the sample. A peristaltic pump works by compressing and decompressing a flexible tube (Figure 3). The rotating rollers compress the flexible tube as they rotate by. The example in Figure 3 shows two rollers, mounted at 180° on a moving wheel, that exert successive compression on an elastomer tube containing the liquid to be pumped. The movement of the rollers generates a quasicontinuous suction at the pump inlet and pushes the pumped liquid towards the outlet. The advantage of these pumps is their waterproofness and the absence of mechanical contact such as with a propeller. In addition, they require low maintenance and unlike submerged pumps, peristaltic pumps are more robust against sand [START_REF] Camenen | An estimation of the sand suspension in alpine rivers during a dam flushing event[END_REF][START_REF] Recking | Measurement of sand transport with a submerged pump: presentation of the results of a test campaign carried out on the Isre River in July 2019[END_REF]. On the other hand, their pumping power is much lower than submerged pumps thus limiting the suction head and the pumping speed can be jerky (Jaffrin and Shapirao, 1971). 

Experimental set up

Figure 4 shows the CNR test bench. It was built for testing and calibrating turbidimeters. We used it to quantify the possible concentration errors on the samples taken by the peristaltic pump, according to later (Deville-Cavellin, 2020). The test bench is composed of a 900 L tank (1) where two pumps move the water in the circuit and an agitator allows a homogeneous suspension of the sediments in the tank (2). The circuit is closed and made up of a PVC pipe to which various measuring devices are fixed such as turbidimeters (3) and a flow meter. The water is then discharged into a small flume (4) to return to the tank. Some preliminary tests have shown that the system can maintain a quasi-constant concentration over time. Close to each turbidimeter in the PVC column, inlet nozzles are installed to take samples (see inset in Figure 4). From bottom to top, nozzle n°1 is located in the centre of the flow and its inlet is perpendicular to the direction of flow; nozzle n°2 is located in the centre of the flow and its inlet is in the direction of flow; nozzle n°3 is located 2.5 cm from the wall and its inlet is in the direction of flow; and finally, nozzle n°4 has the same characteristics as nozzle n°2. The turbidity sensors allow continuous measurement of the concentration. Sampling were made using an Albin ALP17 peristaltic pump (5) with these main characteristics: 

RESULTS AND DISCUSSION

Suction speed

It is possible to express the suction (sampling) velocity according to the following equation [START_REF] Rererences Camenen | Expériences de terrain sur le site Arc-Isère pour l'estimation de la dynamique des particules sableuses[END_REF]:

𝑽 𝒏 = √ 𝑨 -𝟐𝒈∆𝒉 𝑩 + 𝑪𝑳 [𝟑]
with Δℎ the difference in water height (pressure head), L the length of the pipe, g the acceleration of gravity and A, B, and C coefficients. A is the maximum pressure head that the pump can support, B is the coefficient of singular pressure drop and C is the coefficient of friction in the pipe.

Figure 5a shows the pumping speed results as a function of pipe length and pressure head for the Albin Pump ALP17 peristaltic pump with an 8 mm diameter PVC pipe. The pumping speed measurements were obtained using the capacity method. It is clear from the experimental results that the pumping speed is very sensitive to both pipe length and pressure head. Proceedings of the 39 th IAHR World Congress 19-24 June 2022, Granada, Spain

For comparison, some measurements were also made with an ISCO 3700 sampler (Figure 5b), another peristaltic pump commonly used for river sampling. It appears that for equivalent pipe lengths and/or pressure heads, the suction velocities of the ISCO sampler are much lower and remain always below 1 m/s, which can be problematic for a river application where velocities can be much higher.

Results of the tests with the peristaltic pump

The idea of this work is to reproduce the tests carried out by the USGS (FISP, 1941) or Winterstein and Stefan (1983) with a peristaltic pump, i.e. to estimate the potential error linked to non-isokinetic sampling according to different parameters: the efficiency coefficient 𝐸 𝑣 , the flow speed in the pipe 𝑉, the sediment grain size and concentration. It should be noted that the biases caused by these parameters can be cumulative or cancel each other out. Due to time constraints (confinement during the covid crisis), the tests were only performed for a particle size of [75; 150] µm (crushed glass beads) and two concentrations 0.2 and 1 g/L.

Figure 6 presents a summary of the results obtained by Loïc Deville-Cavellin (2020) on the CNR test bench. The results of the tests and the adjustment curve based on the USGS results (FISP, 1941) are presented for 𝑑 = 0.15 mm, which corresponds approximately to the particle size of the experiments. Only the results from nozzles 2 and 3 (in the direction of flow) are presented. It should be noted, however, that the results with nozzle 3 (perpendicular to the flow) did not show any significant differences. It was difficult to obtain replicates for the sampling velocity (i.e. for 𝐸 𝑣 ) and a strong dispersion can be observed for similar values of 𝐸 𝑣 , all other parameters being equal. Finally, with a few exceptions, all the results with the peristaltic pump indicate an underestimation of the sand concentration whatever the efficiency coefficient. In particular, the results are very surprising for an efficiency coefficient 𝐸 𝑣 ≈ 0.5. We expected some oversampling (𝐸 𝑟 > 0, see Figure 2) wheareas undersampling was observed (𝐸 𝑟 < 0) with errors ranging from -5% to -90%. If 𝐸 𝑣 > 0.8, errors are a little bit lower for 𝑉 = 1.5 m/s (-30% < 𝐸 𝑟 < 10%) than for low speeds (𝑉 = 0.7 m/s and 𝑉 = 1.0 m/s) where -40% < 𝐸 𝑟 < 40%. Also errors are slightly lower for the larger concentrations. All these results remain very scattered compared to the curve from the USGS results. It should be noted, however, that the evaluation of sediment concentrations by filtration induces an error of approximately 10% which can strongly affect these results; replicates would be necessary. In addition, the reference concentration should be based on a turbidity measurement calibrated to the materials used in order to limit uncertainties in the reference concentration (taken as the mass of sediment injected over the volume of water in the system). 

Impact of fluctuations on sampling

One problem with peristaltic pumps is the pulsed aspect of their speeds (Jaffrin and Shapirao, 1971). This is because the pump operates jerkily whereas the efficiency ratio calculations are made using the average pumping speed and not its instantaneous speed. As most of the sample is obtained for the larger speeds, effect of overspeed would a priori predominate. In order to understand the impact of the fluctuations on the final sample, we tried to model the effect of the pumping pulsations on the nozzle intake velocity:

𝑽(𝒕) = 𝑽 𝒎 + 𝑽 𝒎𝒇 𝒔𝒊𝒏 𝒕 [𝟒]
where 𝑉 𝑚 is the average nozzle intake velocity and 𝑉 𝑚𝑓 is the amplitude of the velocity fluctuations related to the pulsed nature of the peristaltic pump.

Proceedings of the 39 th IAHR World Congress 19-24 June 2022, Granada, Spain ©2022 IAHR. Used with permission / ISSN-L 2521-7119

Figure 7 shows the results obtained from this simple model over one cycle of pump rotation. In Figure 7a, the volume collected (as a percentage of the total volume) for the particular case of a sediment diameter 𝑑 = 0.15 m and 𝑉 𝑚𝑓 = 0.75𝑉 𝑚 is presented as a function of time, considering that this average inlet velocity equals the flow velocity, as well as the instantaneous error 𝐸 𝑣 (𝑡), assuming that Eq. [2] is valid. It can thus be observed that if 𝐸 𝑣 (𝑡) fluctuates around 1, the error 𝐸 𝑟 (𝑡) is slightly negative when 𝐸 𝑣 (𝑡) > 1 but with a faster filling of the sample 𝑉𝑜𝑙(𝑡); 𝐸 𝑟 (𝑡) is clearly positive when 𝐸 𝑣 (𝑡) < 1 but while the sample volume fills more slowly. Eventually, the error associated with final sample 𝐸 𝑟 = -1.8% is therefore dominated by the overspeed. Figure 7b shows the final sample error results for different sediment sizes and a variable efficiency coefficient in the case where 𝑉 𝑚𝑓 = 0.75𝑉 𝑚 . The reference curves without velocity fluctuations are shown in dashed line (see Figure 2). It appears that the impact of the fluctuation linked to the peristaltic pump should not affect the error very much, even if it tends to limit it a little when 𝐸 𝑣 (𝑡) < 1. The effect of the overspeeds predominates (linked to the faster filling of the sample) and the curves are slightly shifted to the left. The results observed in Figure 6 cannot therefore be explained by the pulsating effect of the peristaltic pump. Other errors, including experimental ones, are to be considered. 

Other sampling error for automatic sampling

It should be noted that for automatic samplers widely used to measure Suspended Solids Concentrations (SSC) and calibrate turbidimeters are less powerful peristaltic pumps than the one studied here (Albin ALP17 pump; de Angelis, 2019). Moreover, the sample filling is done without waiting for a balance between concentration and the flow. Assuming a pipe in a vertical position, the settling velocity of the particles 𝑊 𝑠 will lead to a delay of these particles compared to the fluid. The error on the concentration is thus directly linked to the pumped volume linked to this lag 𝑉′ in relation to the sampled volume 𝑉 𝑒 :

𝑬 𝒓𝒑 = -𝑽′ 𝑽 𝒆 + 𝑽′ = -𝑺 𝒑 𝑾 𝒔 𝑳 𝒑 /(𝑽 𝒑 -𝑾 𝒔 ) 𝑽 𝒆 + 𝑺 𝒑 𝑾 𝒔 𝑳 𝒑 /(𝑽 𝒑 -𝑾 𝒔 ) [𝟓]
where 𝐿 𝑝 is the length of the pipe and 𝑆 𝑝 = 𝜋𝐷 𝑝 2 /4 the cross-sectional area of the pipe, and 𝑉 𝑒 the sampled volume. If we want to take into account the potential deposition or bedload transport in the pipe in the case of a horizontal pipe positioning, Equation [5] can be used by replacing the settling velocity with the bedload velocity 𝑉 𝑝 = 𝑞 𝑠𝑏 /𝛿 𝑏 (𝑞 𝑠𝑏 : bedload transport [m 3 /s/m] and 𝛿 𝑏 = 2 𝑑 90 the bedload thickness, [START_REF] Camenen | An estimation of gravel mobility over an alpine river gravel bar (Arc en Maurienne, France) using PIT-tag tracers. River Flow[END_REF]. We include the fact that only a portion of the sediment load is transported as bedload. This calculation was made using the empirical formulas by Camenen andLarson (2005, 2008) and making the hypothesis that bedload takes place over a width equal to 𝐷 𝑝 /4 while suspension takes place over a width equal to 𝐷 𝑝 .

Figure 8a shows the error induced by an automatic sampler as a function of the length of the pipe (taken with a diameter of 0.8 mm) and the size of the sediment for a sampling speed 𝑉 𝑝 = 0.75 m/s (see Figure 5) and a sampled volume 𝑉 𝑒 = 0.5 l. Although the underestimation remains moderate, it increases very quickly with the size of the sediment. For a diameter of 0.45 mm, a potential underestimation of nearly 1% per metre of pipe is observed. Assuming a possible transport by bedload, Figure 8b shows a potential underestimation of almost 0.2% per metre of pipe. However, these results should be taken with caution as the model is still very simple and may overestimate the amount of sediment transported by bedload compared to the suspension. 

CONCLUSIONS

The ability of a peristaltic pump (Albin ALP17 pump) to carry out unbiased sampling of a suspension, i.e. according to the iso-cinetic criterion, was evaluated using a test bench developed at the CNR, Lyon. This test bench allows to maintain a suspension for a specific grain size (validation tests not presented in this paper). It is used to test turbidimeters and allows samples with different types and orientations of nozzle. However, first results indicate a rather large dispersion of results compared to those obtained by FISP (1941). This may be partly due to experimental difficulties due to the material used, i.e. crushed glass beads (concentration measurements, reference).

However, we have shown thanks to simple models that the velocity fluctuations observed for peristaltic pumps can also affect the results. Also, the length of the sampling pipe and pressure head can also bias the sample in the case of sands because direct filling of the sample implies an underestimation of the concentration due to the lag between sediments and flow (settling velocity, potential transport as bedload).

Although these initial results question the value of peristaltic pumps for sand sampling, it would be necessary to complete the dataset by reducing measurement uncertainties and testing different sediment sizes and efficiency coefficients to confirm our findings.

Figure 1 .

 1 Figure 1. Influence of sampling speed on concentration with particular focus on streamlines; (a) isokinetic sampling, (b) sampling with 𝑉 𝑝 < 𝑉, (c) sampling with 𝑉 𝑝 > 𝑉 (modified from Gray and Landers, 2004).

Figure 2 .

 2 Figure 2. Evaluation of the concentration error on sampling 𝐸 𝑟 as a function of the intake efficiency coefficient 𝐸 𝑣 and sediment size (FISP experimental data, 1941).

Figure 3 .

 3 Figure 3. Peristaltic pump principle.

Figure 4 .

 4 Figure4shows the CNR test bench. It was built for testing and calibrating turbidimeters. We used it to quantify the possible concentration errors on the samples taken by the peristaltic pump, according to later (Deville-Cavellin, 2020). The test bench is composed of a 900 L tank (1) where two pumps move the water in the circuit and an agitator allows a homogeneous suspension of the sediments in the tank (2). The circuit is closed and made up of a PVC pipe to which various measuring devices are fixed such as turbidimeters (3) and a flow meter. The water is then discharged into a small flume (4) to return to the tank. Some preliminary tests have shown that the system can maintain a quasi-constant concentration over time. Close to each turbidimeter in the PVC column, inlet nozzles are installed to take samples (see inset in Figure4). From bottom to top, nozzle n°1 is located in the centre of the flow and its inlet is perpendicular to the direction of flow; nozzle n°2 is located in the centre of the flow and its inlet is in the direction of flow; nozzle n°3 is located 2.5 cm from the wall and its inlet is in the direction of flow; and finally, nozzle n°4 has the same characteristics as nozzle n°2. The turbidity sensors allow continuous measurement of the concentration. Sampling were made using an Albin ALP17 peristaltic pump (5) with these main characteristics:  120 to 900 l/h (motor input 1400 rpm, output 138 rpm, 50 Hz, 0.25 kW; 230V) ;  Suction up to 6m, discharge pressure range: 4 bar;  Aluminium housing, aluminium alloy rotor, Nytralon rollers, galvanised steel frame.

Figure 5 .

 5 Figure 5. Pumping speed as a function of pipe length and pressure head: (a) Albin ALP17 peristaltic pump; (b) ISCO 3700.

Figure 6 .

 6 Figure 6. Evaluation of the error in concentration on sampling 𝑬 𝒓 as a function of the efficiency coefficient 𝑬 𝒗 for the experiments by L. Deville-Cavellin (2020) with the Albin ALP17 peristaltic pump.

Figure 7 .

 7 Figure 7. Evaluation of efficiency, associated error and volume filling as a function of time (a) and result of final error on concentration 𝑬 𝒓 as a function of efficiency coefficient 𝑬 𝒗 and sediment size in comparison with the reference case without fluctuation in dashed line (b).

Figure 8 .

 8 Figure 8. Evaluation of the concentration error on the sample 𝑬 𝒓 as a function of the length of the pipe in the case of an automatic sampler.

Table 1 :

 1 Coefficient for Equation [2] depending on sediment size

	Sediment diameter 𝑑	𝑎 𝑛	𝑏 𝑛	𝑎 𝑝	𝑏 𝑝
	0.01 mm	3.5	3.0	0.1	0.33
	0.06 mm	19	3.0	2.0	0.33
	0.15 mm	130	3.0	10	0.33
	0.45 mm	230	3.0	16	0.33
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