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1. Summary

The Sault-Brénaz intercomparison, organized by the Doppler Hydrometry Group (GDH), took place from November 14th to
16th 2023, with:

1 The first day dedicated to manufacturer presentations;

1 The second day dedicated to ADCP, dilution, and video gaugings;

T The last day for the GDH plenary and scientific exchanges.

Due to hydrological conditions, the measurement protocol initially planned on a kayak river had to be modified. The
measurements were ultimately conducted on a prismatic and straight counter-channel of the Rhone with depths near to 1
meter and velocities close to 0.4 m/s, assuming a constant flow around 2.0 m%/s. The 48 teams from various European
countries (Germany, France, Great Britain, Luxembourg, Poland, Slovakia, Sweden, Czech Republic) carried out nearly 170
ADCP gaugings over the course of four sessions spread throughout the day. Teams were invited to post-process their
measurements with QRevint 1.18.

At the end of the day, the data processing and analysis conducted with QRame 1.25 revealed disparities between the
different measurement sessions. Indeed, the counter-channel is fed by percolation from the Rhone and is occasionally
emptied into the Rhdne by pumping. Variations in the average measured discharge were observed, with differences of up
to 20% between the various values.

The stability of the discharge over time is undoubtedly one of the most challenging constraints in organizing an
intercomparison. To address this issue, a method for correcting variable discharge rates was developed and integrated into
QRame. This correction relies on a non-parametric local regression called LOWESS (LOcally Weighted Estimated Scatterplot
Smoothing), which uses the k-nearest neighbors method to homogenize the data. The simplicity of this approach makes it
easily applicable to any intercomparison without the need for data other than discharge values.

After data correction and application of statistical tests, all measurements show good results. The operator/instrument pairs,
also referred as "laboratories," are around the expected reference value within the measurement uncertainty. The average
discharge obtained is 2.1 m*/s, with an average uncertainty according to OURSIN (Despax et al., 2023) at a 95% confidence
level of 7.0% and a standard deviation of 0.092 m%/s.

However, disparities are observed between ADCP models. These differences actually reflect different choices regarding the
extrapolation law optimized by QRevint. With SonTek, there is a predominance of power-law extrapolation, whereas with
RDI, constant-no slip extrapolation is preferred. This difference has an explanation in velocity profiles, with RDI exhibiting a
certain number of measurements showing surface deceleration favoring constant extrapolation. Depending on the selected
extrapolation method, there is nearly a 5% difference in the final discharge value. Therefore, it is crucial to be vigilant
regarding the extrapolation profile of measurements for shallow rivers. This point is well illustrated through the
decomposition of OURSIN uncertainty, with the main sources of uncertainty being extrapolation at the bottom and surface.


https://www.genesishydrotech.com/qrevint
https://gdh-hydrometrie.org/boite-a-outils/logiciels/qrame-2/

2. Context

The method of discharge measurement using mobile hydro-acoustic ADCP profilers is currently widely adopted within
hydrometric services. Recent technological advancements position ADCP as the versatile reference measurement tool,
although other techniques remain essential under specific conditions. With the increasing challenges related to water
resource management, a thorough understanding of hydrological processes is essential to guide decision-making.
Currently, discharge data plays a central role as the foundation of many hydrological models. They can also influence
administrative decision-making, leading to direct consequences for consumers and users. Estimating discharge is therefore
a crucial concern that requires accompanying uncertainty assessment. Furthermore, harmonizing practices across different
services is essential to ensure a consistent approach from one entity to another.

In this perspective, it is essential to regularly verify the proper functioning of equipment. This verification is carried out
during interlaboratory experiments in which ADCP measure the same discharge. The effectiveness of the devices is evaluated
through statistical tests based on all measurements made during these sessions. Increasing the number of operators,
sections, and tools helps reduce potential biases on the mean values.

Furthermore, in metrology, measurement results must be accompanied by a quantification of their uncertainty.
Interlaboratory tests provide the opportunity to quantify an average uncertainty for participants (Le Coz et al., 2016) and to
validate uncertainty calculation models under the measurement conditions of the tests (Despax etal., 2019). These repeated
measurements allow the calculation of an average empirical uncertainty value, which can then be compared to uncertainty
values obtained by propagation following the GUM method (JCGM, 2008) for each measurement result (Figure 1).
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Figurel: Schematic representation of method coupling between ifgboratory comparisons and the propagation
method.

Thus, within the framework of this Sault-Brénaz intercomparison, one of the objectives is to validate the OURSIN propagation
method (Despax et al., 2023) through the repetition of ADCP measurements. Generally, when it comes to validating an
uncertainty calculation method, it is interesting to have intercomparisons organized under varied measurement conditions
to analyze the different effects on uncertainty.

The ADCP data from this intercomparison were processed and analyzed using the QRame software (QRevint Adcp Massive
Extraction), which allows for the reading of ADCP datasets containing SonTek, RDI files, and post-processed QRev/QRevint
data(Le Cozetal., 2024; Calmel, 2023). This software, free and open-source, was developed as part of Action 2 of the SCHAPI
convention concerning flood forecasting. In addition to ADCP measurements, other measurement techniques were
deployed: dilution gauging, aerial image analysis, as well as shore-based image analysis (Photrack).

In France, there had been no large-scale trials since the Chauvan intercomparison in 2016. In this context, the GDH
represented by CNR (Compagnie Nationale du Rhane), EDF-DTG (Electricité De France - Division Technique Générale), INRAE
(Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement), and SCHAPI (Service Central
d'Hydrométéorologie et d'Appui a la Prévision des Inondations) organized interlaboratory experiment in Sault-Brénaz
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(France, Ain) in November 2023. This operation was done with the support of SHF (Société Hydrotechnique de France) and
WMO (World Meteorological Organization) as well as manufacturer and supplier sponsors Teledyne RDI - Subtop and
SonTek, Xylem, DTEK.

Measurements were done on November 14th, with the protocol presentation, commercial demonstrations and exchange
moments with suppliers held the day before: ADCPro, AnHydre, Fathom Scientific Ltd, SOMMER GmbH, TENENVIA, Nivus,
Photrack, in addition to the aforementioned sponsors. On November 15th, the GDH plenary took place in the morning,
allowing hydrometers to exchange practices. In the afternoon, an international exchange workshop was held with
participants both in person and online sharing their experiences and various issues encountered.

3. Measurement site and conditions

Nearly 130 participants from across Europe were divided into 48 teams, took part in the Sault-Brénaz intercomparison
(AnnexA). Originally scheduled to take place on an artificial whitewater kayak course (Figure 2), this site was particularly
suitable for assessing the effects related to the measurement section and operator under varied conditions typically
encountered on small, flood-prone watercourses, while allowing precise control of the incoming discharge, maintained at
approximately 4 m*/s. The main idea was to reapply the protocol deployed at Chauvan 2016 for the two-factor analysis of
variance (Despax et al., 2021), but under more varied and challenging measurement conditions.

For this purpose, this type of data processing was implemented in the QRame software (QRevint Adcp Massive Extraction)
in 2023. The software is available for free on the GDH page (https://gdh-hydrometrie.org/boite-a-outils/logiciels/qrame-2/)
and the code is available open source (https://gitlab.irstea.fr/blaise.calmel/grame). Various types of sections were identified,
including sections without disturbances (green sections in Figure 2), some with recirculation (blue), others characterized by
fast flow (yellow), and finally sections with converging flow (purple). Teams were divided into groups of six, with each group
tasked with measuring the same six sections during a session. The groups were assembled to provide a diversity of
equipment and operators from different services. Similarly, the sections to be measured were chosen to have a certain
diversity in measurement conditions for each session (detailed protocol in Annex B).

X Section propre

XH Recirculation
B Ecoul. rapide

X Ecoul. convergent

Figure2: Protocol initially planned for the SadBrénaz 2023 intercompariseriop vew of the SauiBrénaz kayak
river and breakdown of the various measurement sections identified.

However, the significant flooding of the Rhdne River, which began two days before the start of the experiment, resulted in
the lowering of the water level in the industrial canal supplying water to the kayak river, as well as the upstream backflow of
the Vieux-Rhdne in the downstream part of the kayak river. It was then not possible to maintain sufficient discharge and
water level on the kayak river, so an alternative solution had to be found. Nevertheless, the planned protocol and logistical
arrangements provided by the site could be utilized in a future intercomparison with the same objectives.
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Near the first site is a counter-canal of the Rhdne dam, where conditions seemed stable. This prismatic and straight canal
has sections that are substantially identical with little vegetation, clear water, and a steady flow, providing favorable
conditions for ADCP measurements (Figure 3).

r " AL s J
Figure 3: SaultBrénaz 2023 intercomparison, countdrannel measurements processed with MAP [Google Earth
export]- Average velocity profiles (1 m/s = 10fnom scalé and traces of eight ADCP measurements equipped with
GPS.

Two measurement sessions were carried out (one in the moming and one in the afternoon), during each one, operators
performed two gaugings consisting of twelve alternating transects on the same section, with a section change at midday.
The four sub-sessions are respectively named, in chronological order: S1a, S1b, S2a, and S2b.

The depth was approximately 80 cm to 1 m with velocities around 40 cm/s for a total discharge of about 2 m¥s (Figure 5).
Nearly 170 gaugings were done with 57 different ADCP for over 1900 transects on November 14th. The various deployed
ADCP models included 15 RiverPros, 14 M9s, 14 StreamPros, 12 RS5s, 1 RiverRay, and 1 RioPro.

The ADCPs were moved using manual lines, two teams used bicycle pedals to smoothen the motion (Figure 4). Distances to
the banks were measured using a meter or estimated visually by the teams. Teams were instructed to ensure timestamping
inlocal time and to perform a compass calibration at the beginning of the first session.

Figure4: Use of a bicycle crankset to mobilize thpe.

6



Users were also asked to name their measurement folders as Session_Team_Section_Model. Finally, teams were asked to
post-process their measurements using QRevint 1.18. The gaugings were processed using the QRame software, which
allows reading ADCP datasets containing SonTek, RDI files, and post-processed QRev/QRevint data (Le Coz et al., 2024;
Calmel, 2023).

Data are available online at: https:/doi.org/10.57745/SQGD3U.
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Figure5: MAP profile of measurement S2b_BFC2_12_ M9 [export QRevInt]: bathymetrisemtisss of transects
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4. Results

Some error source parameters are easily identifiable and correctable, such as surface velocity field disturbances, inconsistent
sensor depth values, orincomplete transects. Furthermore, timestamp errors were frequently identified and corrected. The
sections show similar results and substantially similar measurement conditions (Figure 6), and this effect is considered
negligible here.

Figure6: Photo of the auJBrenazback channel at section 08.

All the transects are depicted in Figure 7, where each line represents the discharge of the transect from the beginning to the
end of the measurement. The sessions are generally easy to identify, with STa from 9 amto 10 am, followed by S1b until 11
am. Then resuming gaugings after section rotation around 1:30 pm with session S2a, and finally, session S2b starting from
2:15 pm. In the afternoon, some teams fell behind schedule, resulting in a temporal shift in their measurements but with
no notable impact.
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Figure7: Discharge from every transeds a function of time [QRame export].

During session S1b, a sharp drop in discharge was observed around 10:30 am, as depicted in Figure 7. This disparity in the
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measured values can be explained by the fact that the counter-canal is reqularly fed by groundwater through the Rhone dam
and is then spilled into the Rhdne river. Variations between discharge rates across sessions were observed, as shown in
Figure 8, with deviations ranging from 10 to 20% around the mean. In this figure, the orange violins represent the
distribution of discharge values obtained for all transects within a session. In order to utilize this data to assess deviations
and uncertainties inherent to the measurements rather than fluctuations in the actual discharge, a correction of the
measured discharge values was necessary.

8 === Reference discharge +7.0% [ Discharge distribution e Mean value I
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Figure8: Distribution of measurement resultdigcharge vales) for altransects(green) and for each session
(orange) [QRame export].

4.1. ADCP discharge correction

To overcome the variability attributable to variations in actual discharge, spatial and temporal corrections of the gauged
discharge must be made to center them around a presumed constant reference value. This issue is not exclusive to the Sault-
Brénaz intercomparison. It is a recurrent problem in many intercomparisons. The challenge of maintaining a stable
discharge over time is often a limiting factor in organizing intercomparisons, even though efforts are made to seek the most
stable conditions possible.

Furthermore, this challenge often leads to intercomparisons being conducted at sites with similar hydraulic conditions, near
structures that regulate discharge. The Sault-Brénaz 2023 intercomparison provided an opportunity to develop a simple but
original correction method.

Asimilar issue was encountered during the Chauvan intercomparison in 2016, except that the discharge rates were stable
within each session. While a correction with a fixed value for each session sufficed in the Chauvan case, in the Sault-Brénaz
2023 case, continuous fluctuations need to be corrected. At this stage, it is assumed that the variations in discharge are
sufficiently limited to not significantly alter the measurement conditions over time and between participants.

To correct the data, it is necessary to determine how the discharge varies over time. The goal is to determine AQ, the
difference between the variable actual discharge and the constant upstream reference discharge, which is assumed to be
2.1 ms.

Initially, it is essential to reduce noise in the data, in other words, to smooth the discharges to reduce their dispersion. To
achieve this, a local regression method called LOWESS (LOcally Weighted Estimated Scatterplot Smoothing) was applied.
This non-parametric regression uses the k-nearest neighbor method to homogenize the data. The major strength of LOWESS
regression, as its name suggests, is its local nature, which eliminates the need to define a global function over the entire
data sample. The main drawback of this method is the requirement of a sufficiently dense dataset, a condition easily met
here. From the smoothed data (orange stars Figure 9), a trend curve, representing the sought-after correction function, is
established over time (black line).
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Figure9: Linear interpolation (black curvajter LOWESS regressi@nange starspn transects discharge (blue
points)[export QRame].

The difference between this corrective function and the assumed constant upstream discharge allows for the correction of
the discharge forall transects. Since we do not know the true value of the upstream discharge, we assume here that reference
is equal to the average of the discharges for all transects, which is 2.1 m?/s. Once this correction is applied, discharge values

from different sessions are centered on the reference value while retaining the variability attributable to measurement errors
(Figure 10 and Figure 11).
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FigurelO: Transects dischargdistributions after correction during different sessions [QRame export].
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Figurell: Transects dischargater correction as a function of time [QRame export].

4.2. Post correc tion results

Close to 170 measurements were done, totaling around 1900 transects (Table 1 and Figure 12). All measurements passed
the Grubbs test, which validates the consistency of the average discharge of the gauging compared to all the crossings in
the intercomparison. However, about fifteen measurements did not pass the Cochran test, which ensures that the standard
deviation of a gauging is not too wide. The results of measurements taken with a RiverRay were not considered, as this model
was not suitable for flow conditions.
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Figurel2: Histogram ofdischargedepending of the number of transects measuaedording to the ADCP model
deployed.

The empirical uncertainty of the data is around 7%, a value that serves here to set the maximum tolerated deviation. As
indicated by the Grubbs test, if deviations from the mean remain low, we find 13 measurements outside the tolerated
interval at the 7% reference, representing nearly 8% of all measurements in the uncorrected data. Despite measurements
outside the interval, no operator/instrument pair shows a systematically significant deviation. In Figure 13, transects of each
instrument/operator pair (the instrument being represented by its serial number) are grouped together in a violin plot. The
entirety of the data is within the expected order of magnitude, within the margin of measurement uncertainty.

Nearly 70 measurements reveal inconsistencies in the positioning of the ADCP (using BT or GPS). These disturbances vary
in severity depending on the measurement but can cause deviations from the reference gauge without indicating a
malfunction of the ADCP.
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Figurel3: Violin distribution throughputs grouped by laboratarmumbers are the number of transects done by
each laboratorfQRame export].

For devices that tend to underestimate or overestimate the reference discharge, some caution is called for. The discrepancies
are not significant enough to specifically indicate a technical issue. However, it is recommended to retest these devices in
other intercomparisons to see if this trend persists (see detailed results per laboratory in Table 6 in Annex D). Additionally,
disparities based on the deployed ADCP model are observed. Four models have conducted over 400 transects: M9 and RS5

from SonTek; RiverPro and StreamPro from RDI (Table 1).

Model # ADCP #Transects | [=(m¥s) | Q(m¥s) | [F (m¥s) | |t (m3s)
M9 15 478 2.1 0.13 2.0 2.2
StreamPro 14 518 2.0 0.12 2.0 2.2
RiverPro 14 435 2.0 0.095 2.0 2.1
RS5 12 407 2.2 0.095 2.1 2.2
RioPro 1 96 2.0 0.14 2.0 2.1
RiverRay 1 24 2.4 0.20 2.2 2.5

Tablel: Data summary by ADCP model deployed with total number of crossings madedliswwrge) , standard
deviation as well as quantiles 25 and @ and0 respectively.
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Figurel4: Violin distributionof transcts discharge aording to the ADCP model deployed [QRame export].

Discrepancies overall remain relatively small but are noteworthy for such a repetition of measurements and under similar

12



measurement conditions. On the RDI side, the trend leans towards underestimating discharge, with discrepancies to the
reference averaging -0.9% and -3.1% for the StreamPro and RiverPro models, respectively. Conversely, on the SonTek side,
discharges tend to be overestimated, with discrepancies to the reference averaging 1.1% and 3.9% for the M9 and RS5
models, respectively (Figure 14). These differences, especially between the RiverPro and RS5, are reflected in the overall
distribution of results and not just in the mean values.

The shallow depth of the river increases the impact of extrapolated zones, especially at the bottom and surface. Depending
on the deployed ADCP model, disparities are observed, particularly in the choice of extrapolation laws by QRevint. The
constant-no slip (CNS) laws are particularly prevalent for RDI device measurements, whereas for SonTek ADCP
measurements, there is a preference for power-power (PP) laws. The difference lies mainly in the bottom discharge, which
tends to be higher in the case of the power law under these conditions (Figure 15).

Between the two laws, there is a discrepancy in total discharge of about 5%, partly due to the extrapolation itself and partly
due to the shape of the velocity profile. Indeed, profiles with surface deceleration, even slight, favor the choice of a CNS law.
Under these shallow depth conditions, particular attention must therefore be paid to the choice of extrapolation law during
post-processing, as well as the surface exclusion zone, as these parameters have a significantimpact on the final discharge.
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Figurel5: Extrapolation profiles selected (black line) and optimized by default by QRevInt (green) for
S2b_NANT_25 RP (left) a2bSCOR2_16_RS5 (right) measurements with optimized exponent [QRevInt
export]lUncertainty results

4.3. Uncertainty results

Across all data, the average extended OURSIN uncertainty (Despax et al., 2023, calculated by QRame and QRevint) is 7.0%
with 95% of values ranging between 5.2% and 9.8% for measurements with 12 transects. The average extended empirical
uncertainty (Le Coz et al., 2016) is 8.6% with a 95% confidence interval of [7.4%, 9.8%].

The values are sufficiently close to validate the OURSIN estimates, with the averages and intervals being quite similar.
Moreover, the breakdown of the OURSIN uncertainty indicates a predominance of uncertainties related to extrapolation at
the surface (Figure 17), which corroborates the observations made earlier. Indeed, significant differences between the
various extrapolation laws have been noted, and depending on the measurements, up to 20 to 30% of the water depth may
be extrapolated at the surface and bottom, significantly influencing the total discharge.
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5. Other measurements

5.1. Drone image analysis measurements

A surface velocity measurement campaign using video was conducted upstream of the ADCP measurement section on
November 15th in the late morning (10:53 AM local time) by Guillaume Dramais. Since the water in the counter-channel
was clear, the LSPIV technique couldn't function without artificial tracers. Biodegradable corn starch chips were injected
upstream to create patterns on the surface. With this seeding, the river presented a configuration conducive to LSPIV
analysis.

The footage was captured using a DJI Mini 3 Pro drone. Additionally, topographic measurements were conducted to
measure ground targets (GRP), two bathymetry transects in the channel, and the referencing of a provisional limnimetric
scale. These topographic measurements were performed using a Leica TS16 total station.
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Figurel8: Mean surface velocity field calculated by LSPIV and measurement transects for the 10:53 sequence.

The DJI_0144.MP4 video sequence is processed using the Fudaa-LSPIV 1.10 software. Figure 18 shows the calculated
average surface velocity field and the transects. The mean discharge calculated with the two transects is 1.91 m%s (1.97
upstream and 1.85 m%/s downstream, with deviations of £3% from the mean) with the default velocity coefficient of 0.85.
This discharge estimation is consistent with the corrected discharge (Figure 9). This value is within the expected range from
the LOWESS regression on ADCP measurements, which indicates a discharge of 1.89 m¥s at this moment. The gauging
report is available in Annex D. One might have expected to refine the velocity coefficient knowing the discharge, but the
configuration of the bed, despite the presence of vegetation, does not seem to affect the hydraulic characteristics of the
section (Figure 19).
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Figurel9: Transects used for video gauging and surfeslecities.

5.2. Dilution measurements

Three dilution measurements were conducted by David Besson. As the flow was relatively slow and not very turbulent, the
conditions were not ideal for mixing, but with sufficient tracer quantities and a long mixing distance, it worked.

The first dilution took place in the morning at 9:52 a.m. with 6 kg of salt. The obtained discharge was 2.01 m3/s with a 95%
Sommer uncertainty of 19%. At the same time, the discharge measured by ADCP was 2.15 m3/s, resulting in a difference of
-7%. The second dilution was performed at 2:12 p.m. again with salt, but this time with 8 kg. The obtained discharge was
2.32 m¥ls with a 95% uncertainty of 9.3%. At the same time, the discharge measured by ADCP was 2.17 m¥/s, resulting in a
difference of +7%. The last dilution was conducted with 18 g of Uranine at 3:28 p.m. (Figure 20) for a total discharge of 2.02
m®/s and an uncertainty of 10%. At the same time, the discharge measured by ADCP was 2.23 m%/s, resulting in a difference
of +10%.

Figure20: Aerial photo of the back channel during Uranine dilution gauging.
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