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Résumeé

Du 12 au 15 octobre 2010, le Groupe Doppler' a organisé une intercomparaison de mesure de
débit par Profileur de Courant Acoustique Doppler (ADCP) sur le Rhone a I'aval du barrage de
Génissiat. Cette intercomparaison ADCP a impliqué 6 modéles d'ADCP commercialisés par 2
constructeurs concurrents (Teledyne RDI et Sontek) et de fréquence nominale comprise entre
600 et 3 000 kHz.

Les mesures de débit ont été effectuées simultanément par deux groupes de bateaux
embarquant chacun 2 ADCP de fréquences distinctes. Six bateaux (12 ADCP) ont été déployés
sur le site Génissiat (GE), en aval immédiat du barrage avec des fonds profonds et accidentés.
Sept bateaux (14 ADCP) ont été déployés sur le site de Pyrimont (PY), localisé environ 3,5 km
en aval du barrage, sur un troncon rectiligne et uniforme. Les journées des 13 et 14 octobre
2010 ont permis de mesurer 6 paliers de débit (environ 100 m?/s, 200 m3/s, 300 m®/s et 400
m3/s, les gammes de 200 m?/s et 300 m®/s ayant été doublées), correspondant & des
gammes de vitesse allant jusqu’a 2,5 m/s environ. Une modélisation hydraulique 1D, en
accord avec les mesures, indique un délai de 1h30 entre le barrage et le site aval PY pour
assurer la propagation et la stabilisation des paliers de débit a moins de 1%.

Les débits fournis par les différents appareils sur les deux sites ont été comparés entre eux,
ainsi qu’a des mesures indépendantes: systeme ultrasons a temps de transit (US) dans les
conduites de l'usine de Génissiat et stations hydrométriques a courbe de tarage simple de
Bognes (CNR) et de Surjoux (DREAL RA). Des erreurs de paramétrage sur le systéme US en
conduite, mises en évidence suite a cette intercomparaison, ont été corrigées
indépendamment des mesures ADCP, avec une incertitude finale estimée inférieure a 3%.

Une dizaine de minutes de mesure ADCP (2 a 5 transects) suffit pour converger a moins de
2% de la moyenne du groupe. Deux fois plus de temps, soit une vingtaine de minutes, est
nécessaire pour passer en-dessous de 1%. De maniére générale, les débits moyens obtenus
par ADCP sont en bon accord entre eux (écarts inférieurs a 5%). Des écarts systématiques
plus importants de l'ordre de 10% ont été observés pour certaines sections du site amont GE.
Ils sont dus a des conditions de mesure locales moins favorables, et non aux instruments,
montages et équipes. Pour chaque palier, 'écart entre le débit US et le débit moyen sur
I'ensemble des appareils de chaque site est d'environ 2%.

Une estimation de l'incertitude de mesure de la méthode ADCP dans les conditions de mesure
de lintercomparaison a été réalisée a partir des méthodes normalisées d'essais
interlaboratoires. En considérant I'ensemble des 26 ADCP des sites de GE et PY, l'incertitude
élargie (k=2, niveau de confiance 95%) des débits moyens par palier est inférieure a 2%.
L'incertitude des différences de débit entre paliers est comprise entre 2% et 3%. L'incertitude
d'un débit ADCP individuel (moyenne de 4 transects consécutifs) est variable selon les sites et
le débit considéré: 4-6% a PY, 8-12% a GE.

Les mesures de l'intercomparaison et le modeéle 1D ont également permis de mettre en
évidence I'hystérésis de la relation hauteur-débit de la station de Pyrimont, due aux effets
transitoires lors des transitions entre paliers de débit stable.

L'intercomparaison a été appréciée par l'ensemble des participants, qui ont pu également
bénéficier = d'échanges techniques avec d'autres hydromeétres parfois éloignés
géographiquement (Hydro-Québec), dans une ambiance conviviale. Les échanges techniques
ont souvent été jugés trop courts a cause des longues plages de mesure (prés de 5 000
traversées ADCP ont été réalisées au total). Le retour d’expérience (logistique, propagation et
stabilisation des débits, hydraulicité des sections de mesure) permettra d’optimiser le
planning de la future intercomparaison sur ce site, envisagée en 2012.

! Groupe technique inter-organismes d’utilisateurs francophones d’ADCP constitué en 2005.
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Abstract

On October 12-15, 2010, Groupe Doppler? organized an intercomparison test of discharge
measurements by Acoustic Current Doppler Profiler (ADCP) on the Rhone River downstream
of the Génissiat dam. This intercomparison involved 6 ADCP models from 2 competing
manufacturers (Teledyne RDI and Sontek), with operating frequencies ranging from 600 to
3000 kHz.

Discharge measurements were simultaneously performed by two groups of boats, each
deploying 2 ADCPs with different frequencies. Six boats (12 ADCP) were deployed at Génissiat
(site GE), just downstream of the dam, on deep and uneven sections. Seven boats (14 ADCP)
were deployed at Pyrimont (site PY), located roughly 3.5 km downstream of the dam, along a
straight and uniform reach. On October 13 and 14, 2010, 6 stable discharge stages were
measured (~100 m>/s, 200 m?/s, 300 m>/s and 400 m>/s, the 200 m?/s and 300 m?/s stages
were measured twice), corresponding to velocity ranges of up to ~2.5 m/s. A 1D hydraulic
model, in agreement with the measurements, indicates a 1.5 hour time lag between the dam
and the downstream site PY to ensure the propagation and stabilisation of discharge stages of
less than 1%.

The discharges measured by the different instruments on both sites were all compared with
each other and against independent measurements: ultrasound transit-time systems (US) in
dam conduits and gauging stations with simple rating curves at Bognes (CNR) and Surjoux
(DREAL RA). Implementation errors on the conduit US system were highlighted by the
intercomparison. They were corrected independently of the ADCP measurements, with a final
uncertainty estimated as less than 3%.

A period of about 10 minutes of ADCP measurement (2-5 transects) is enough to converge to
within 2% of the group average. Twice this period, i.e. ~20 minutes, is necessary to converge
to within 1%. Overall, mean ADCP discharges were consistent (differences less than 5%).
Greater systematic deviations of around 10% were observed on some cross-sections of the
the GE upstream site. They were due to less propitious local conditions rather than to
instruments, mountings and personnel. For each discharge stage, the difference between the
US discharge and the mean discharge for all the instruments of each site was ~2%.

An estimation of the measurement uncertainty of the ADCP method, under the measurement
conditions of the intercomparison, was conducted according to standard methods for
interlaboratory tests. Considering all 26 ADCPs of the GE and PY sites, the uncertainty on
measurements (k=2, 95% confidence level) of mean discharges over discharge stages was
less than 2%. The uncertainty of discharge differences between discharge stages was from 2
to 3%. The uncertainty of an individual ADCP discharge (mean of 4 successive transects)
varied according to site and the discharges considered: 4-6% at PY, 8-12% at GE.

The intercomparison measurements and the 1D model also highlighted hysteresis in the
stage-discharge relation at Pyrimont station, due to transient flow effects during transitions
between stable discharge stages.

The intercomparison was appreciated by all the participants who were able to take advantage
of the friendly atmosphere to exchange technical information with other hydrometric
engineers who are sometimes located in geographically distant places (Hydro-Québec). The
technical exchanges were often considered too fast due to the length of the measurement
periods (more than 5 000 ADCP transects were performed). The feedback on the organization,
on the propagation and stabilisation of discharges and on the hydraulic conditions at
measurement sections will help to optimize the planning of the next intercomparison at this
site, scheduled in 2012.

2 French-speaking ADCP user group created in 2005.
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1. Introduction

The Acoustic Doppler Current Profilers (ADCP) that have been used in France since 1994
to measure river discharges have revolutionised hydrometric practices. When performing
the transect of a river from one bank to the other, the device, immerged below the
surface of the flow, measures the depths and flow velocities that permit calculating the
discharge of the water flowing through the measurement section. This technique was
subjected to verifications by the hydrometry teams. Under good conditions of use, it is
generally accepted that the uncertainty on the discharge obtained is about 5%3. In the
absence of connection to a reference measurement, intercomparisons of ADCPs are a
useful means of evaluating the uncertainty of the technique under given measurement
conditions. Several intercomparisons of ADCPs have been organized in different countries
(for example, Everard 2007, 2009; Iredale 2006; Terek et al. 2008).

Groupe Doppler is a work group gathering French-speaking users of ADCPs founded in
2005 at the initiative of CNR*, EDF°, Cemagref®, IRD’ and government hydrometric
services (DREAL®, DRIEE®). On 3-4-5 February 2009, Groupe Doppler organized the first
inter-establishment intercomparison of ADCPs in France on the Vézére River at the
Garavet bridge in Allassac (Corréze). This intercomparison allowed comparing the
discharges measured by 35 devices deployed by 21 teams, i.e. 7 models of ADCP
marketed by 4 competing constructors and emitting ultrasounds at frequencies ranging
from 600 to 3000 kHz according to device (Le Coz et al., 2009).

From 12 to 15 October 2010, Groupe Doppler organized a second intercomparison of
discharge measurements performed with ADCPs, and it is this intercomparison that is the
subject of this report. The measurements were performed from boats on the Rhone River
downstream of Génissiat dam, operated by CNR. CNR ensured the logistics, the risk
prevention plan and the discharge program in relation with the operator of the dam and
hydropower production. Four of the six turbine units of the dam (conduits) were
equipped with a continuous measurement device using transit time ultrasonic (US)
flowmeters. This continuous measurement was independent of ADCP technology. In
addition, the range of the measurable discharges and the possibility of ensuring stable
discharge stages make this site very interesting for performing intercomparisons of
ADCPs deployed on motorised boats.

The days of 13 and 14 October 2010 permitted measuring 6 discharge stages
(approximately 100 m3/s, 200 m3/s, 300 m3/s and 400 m3/s, and the stages of 200 m?/s
and 300 m>/s were measured twice), corresponding to velocity ranges up to about
2.5 m/s. The ADCP intercomparison permitted comparing the discharges measured by 26
ADCPs on board 13 boats, that is to say 6 models of ADCP marketed by 2 competing
constructors and emitting ultrasounds at frequencies ranging from 600 to 3000 kHz
according to device.

The objectives of these tests were as follows:
e evaluate the uncertainty of ADCP discharges gauged under given measurement
conditions and a given protocol;
e compare ADCP discharges with the discharges measured by US in conduits;

3 A study by CETIAT (metrological studies laboratory) for the Compagnie Nationale du Rhdne showed that the
discharge given by an ADCP on the basis of 4 to 6 successive transects is about 5%.

4 Compagnie Nationale du Rhéne

® Electricité De France

6 Institut de Recherche pour I'Ingénierie de I’Agriculture et de I'Environnement

7 Institut de Recherche pour le Développement

8 Direction Régionale de I'Environnement, de ’Aménagement et du Logement

° Direction Régionale et Interdépartementale de I'Environnement et de I'Energie
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e permit technical exchanges in the network of users regarding different items of
equipment and their implementation;

e obtain feedback on the protocol used to organize the ADCP intercomparison on
motorised boats, in view to organizing further studies.

The following paragraphs report the results of the "Génissiat 2010" intercomparison and
the corresponding items of feedback.
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2. Organization
2.1 Participants

Thirteen gauging teams deployed 26 devices during the tests (cf. photos of the teams in
appendix 2). These teams, identified by a trigram, were composed of:

e government hydrometric services:

o DREAL Bourgogne (BRG)
DREAL Centre (CTR)
DREAL Pays de la Loire (PDL)
DREAL Rhone-Alpes (RAL)
SPC Littoral Atlantique (ATL)
DRIEE Ile-de-France (IDF)

O O o o o

e electricity producers:

o Compagnie Nationale du Rhone (CNR)
EDF-DTG Brive (BRV)
EDF-DTG Grenoble (GRE)
EDF-DTG Toulouse (TLS)
Hydro-Québec IREQ (HQC)

o O o o

e aresearch institute:
o Cemagref - Lyon (CEM)

e the 2 Doppler current profiler manufacturers involved in this intercomparison:
o RDI Teledyne (RDI)
o Sontek (STK)

The precise composition of the teams is given in table form in appendix 1. This table
identifying the organizations, the names of the participants and the equipment made
available, was filled in by each organization several weeks before the intercomparison.
The boat permits (registration, boat engine power necessary greater than 10 HP) and the
river navigation permits of each pilot were also requested. The synthetic information
provided permitted preparing the logistics and safety as a function of the equipment and
the number of participants. Three people per boat were required to ensure that the
measurements were performed under optimal conditions.

The coordination team was composed of 3 people whose role was to manage the general
organization and logistics, coordinate the measurements, centralize the data, organize
exchanges of information, and ensure the link between the Génissiat hydropower plant
and each team.

A "shuttle" boat undertook regular passages to each team (for specific needs of the
participants, data collection). Although its impact on the measurements was limited, it
was important that the shuttle passed by the boats slowly so as minimize disturbing the
measurements.
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2.2 Equipment
2.2.1 Current profilers

26 devices were deployed, that is to say 6 models of ADCP marketed by 2 competing
constructors that emit ultrasounds at frequencies ranging from 600 to 3000 kHz
according to device. Table 1 presents the types of ADCP deployed for the
intercomparison.

Code Model Frequency Brand Number
BB6 BroadBand 600 kHz Teledyne RDI 1
RG6 RioGrande 600 kHz Teledyne RDI 6
RR6 RiverRay 600 kHz Teledyne RDI 3
RG12 RioGrande 1200 kHz Teledyne RDI 11
M9 M9 1000/3000 kHz SonTek
SP StreamPro 2400 kHz Teledyne RDI

Table 1. ADCP models deployed during the Génissiat 2010 intercomparison

2.2.2 Boats

14 boats were used at the sites of Pyrimont and Génissiat (13 "measurement" boats and
1 "shuttle" boat). The mountings of the ADCPs were either fixed (a jib at the prow or
side), or floating and attached to the boat (see photos of mountings in Appendix 2).

2.2.3 Modes of communication

Several modes of communication permitted ensuring the link between the plant and the
coordination team on the one hand, and between the coordination team and the
"measurement" teams on the other:

o telephones between the control room and the coordination team. It should be
noted that the Orange network worked partially at the measurement site while the
Bouygues network seldom functioned, if at all;

+ walkie-talkies between the coordination team and the measurement teams.

2.2.4 Software

For the organization of the intercomparisons, it is useful to identify the software used and
define the reference versions. The latest version of WinRiver2 was imposed in order to
ensure uniform processing of the measurements obtained by the Teledyne RDI sensors.

e Teledyne RDI: WinRiver2 (version 2.07 demanded)

e Sontek: RiverSurveyor Live (version 4.00)

2.3 Logistics

2.3.1 Sites

Two sites were chosen for the ADCP measurements.
Downstream of the Génissiat hydropower plant (GE):

e advantages:
o no intermediary tributaries (runoff possible in case of rain).
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e disadvantages:
o heterogeneous flows, backflows;
o uneven bottoms;
o impossibility of stopping at banks, difficult access (launching not possible,
access by ladder from the power plant).

Pyrimont (PY):

e advantages:
o site suitable for measuring discharges by ADCP: homogenous flows;
o easy access.
e disadvantages:
o propagation time;
o inflows possible during rain.

A tent was set up at the PY site for sheltering debriefing sessions every morning and
lunch at midday. Site toilets were also installed. The final debriefing session was held in a
room made available by the Génissiat hydropower plant.

2.3.2 Planning

The "Génissiat 2010" intercomparison campaign took place from Tuesday 12 to Friday 15
October 2010.

Tuesday 2010-10-12
e reception of participants;
e launching of boats;
e organization of each team according to already numbered profiles;
o test measurements at the PY and GE sites.

Wednesday 2010-10-13 and Thursday 2010-10-14
e measurements as per the program presented in paragraph 3.3 (Table 2).

Friday 2010-10-15
e withdrawal of boats;
o debriefing with all the participants;
e presentation of the measurements processed on the spot by the coordination
team;
e return of the participants.

2.3.3 Boat management

The boats were launched and hauled out via a slipway located downstream of Pyrimont
bridge, requiring vehicle traffic management. The trailers were stored in an enclosure at
Génissiat hydropower plant. During the day, the boats were moored to temporary chains
immediately downstream of Pyrimont bridge. At night, the boats were stored in the
tailrace canal of the plant outlet gate, thus under shelter, making it possible to leave part
of the equipment assembled. Only the pilots could use the plant ladder to leave, the rest
of the crews disembarked at Pyrimont. This procedure was used in order to lose as little
time as possible for setting up the measurements.
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2.3.4 Safety

The risk prevention plan was produced several weeks before the intercomparison (CNR
laboratory and the manager of the Génissiat hydropower plant). It was read in detail by
all the participants on Tuesday 2010-10-12 and signed by a member of each
organization. The following (non exhaustive) important safety points should be noted:

Compegnic Nationaledu Rhvdng Stiences, eaux & territaires e DF

obligatory wearing of Personal Protective Equipment (PPE): life jacket on boats,
helmet when entering the plant tailrace canal;

in every case, absolute priority must be given to navigation and safety rules over
the measurements;

locking of the structures of the development scheme and permanent coordination
between the operator and the shuttle boat;

communication of instructions of evacuation to Pyrimont in case of an alarm
relayed by the shuttle boat;

conformity ensured with navigation stoppage times as boats cannot pass the
Bognes rapids when depth is too shallow;

conformity with work rules concerning the midday break and the total duration of
daily work time.
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Intercomparison of ADCPs at Génissiat 2010 - Groupe Doppler
Final version of 2011-04-07

3. Protocol
3.1 Laying out the transects

The discharge measurements were performed simultaneously at two sites (Figure 1) by
two groups of boats each carrying 2 ADCPs with different frequencies. The Génissiat (GE)
site had 6 transects (12 ADCPs) spaced 30 to 60 m immediately downstream of Génissiat
dam, with sometimes deep (up to 20 m) uneven (blocks, ledges at banks) bottoms. The
Pyrimont site (PY), located about 3.5 km downstream of the dam, comprised 7 transects
(14 ADCPs) immediately upstream of Pyrimont bridge, along a rectilinear and uniform
section, in greater conformity with the recommendations for gauging by investigating
velocity fields.

100 m

£ Pyrimont bridge
oo Launch

Figure 1. Aerial view of the positions of cross sections at GE and PY (left: downstream of
Génissiat dam; right: upstream of Pyrimont bridge. Source: Géoportail)

The transects were defined prior to the intercomparison so that the teams knew
immediately where to position themselves.

3.2 "Reference" discharges

e US discharges in conduits — Génissiat hydropower plant
The turbines G1, G2, G4 and G6 used are equipped with an ultrasonic transit time
measurement system, composed in each conduit by 4 cross measurement sensors on 4
parallel planes.

e Gauging stations of Bognes (CNR) and Surjoux (DREAL RA)
These stations each have a stage-discharge relation. It is easy to reconstitute the
discharge at each of the stations for each stage by using the limnimetric records.

e Average of ADCP discharges for all the teams.
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The deviation from this average allowed identifying teams supplying systematically
erroneous measurements, by considering that it was more likely that the ADCPs
systematically varying from the average were biased, rather than all the others. The
average discharges by discharge stage had to be compared with the US discharges in the
conduits and to the discharges at the gauging stations, providing an image of the
average reliability of gauging by ADCP.

Other references would be possible for a forthcoming intercomparison:

e a current meter on a finned weight attached to the cable of the Bognes gauging
station (this will require a dedicated team);

e use of the global rhodamine WT dye dilution method and several field fluorimeters
(the mass to be injected remains to be evaluated, by using a 1D model for
example);

e analysis of LSPIV images at the PY site (a telescopic mast could be deployed, and
bathymetry and the measurement of anchorage points must be recorded);

e gauging by surface radar velocimetry (bathymetry must be performed, the tests
carried out during this intercomparison showed that the surface was too smooth at
low discharge to permit sufficient radar gain for reliable measurements).

3.3 Discharge stages — measurement series

For the "Génissiat 2010" intercomparison, 6 discharge stages were used to test all the 26
ADCPs being compared, by using the 13 transects, or measurement sections. The
hydrograph is presented in Table 2. The optimum discharge (107 m3/s) corresponds to
the theoretical discharge for the optimal output of the plant turbines.

theore- Discharge stages ADCP measurements
2010-10-13 tical Q d d
-10- (m3/s) ura- ura-
optimum = startt | end t tion startt | end t tion
107 m3/s
Q0=Q(G2) + Q(G6) + ¢ 214 07:00 | 11:00 | 04:00 | 09:00 | 11:00 | 02:00
Q1=Q(G2) + Q(G6) + Q(G1) + ¢ 321 11:00 | 14:00 | 03:00 | 12:45 | 14:00 | 01:15
Q2=Q(G2) + Q(G6) + Q(G1) + Q(G4) + ¢ 428 14:00 | 17:00 | 03:00 | 14:00 | 17:00 | 03:00
theore- Discharge stages ADCP measurements
tical Q
2010-10-14 (m3/s) durati dura-
optimum = startt | end t on startt | end t tion
107 m3/s
q0=Q(G4) + ¢ 107 07:00 | 11:00 | 04:00 | 09:00 | 11:00 | 02:00
q1=Q(G4) + Q(G6) + ¢ 214 11:00 | 14:00 | 03:00 | 12:45 | 14:00 | 01:15
q2=Q(G4) + Q(G6) + Q(G2) + ¢ 321 14:00 | 17:00 | 03:00 | 14:00 | 17:00 | 03:00

Table 2. Theoretical hydrograph for 13 and 14 October 2010 (&: leaks)

The teams performed series of measurements for 2h in the morning and 4h in the
afternoon. The stages rose during the two days (~107, 214, 321, 428 m>/s) with a stage
in the morning and two in the afternoon. Given the constraints of time and discharge
stabilisation at the PY site, it did not appear possible to carry out more than three stable
discharge stages per day.

In the following document, series SO corresponds to the test measurements of Tuesday
2010-10-12, then series S1 to S4 for the 4 half days of Wednesday 2010-10-13 and
Thursday 2010-10-14. The discharges corresponding to the six stable discharge stages
are noted QO, Q1, Q2, q0, g1, g2.
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3.4 Measurement procedure

The name and distribution of the teams on the boats are reported in the grid in
appendix 1. Each boat was assigned to a transverse measurement profile at Génissiat or
Pyrimont.

Insofar as possible, the boats alternated their movements. Nonetheless, priority was
given to the regularity of the transects (direction and velocity without sudden variation).

3.5 Field sheets

Generally, the field sheets were very well filled-in by all the participants with the mention
of incidents (missed trajectory, mounting stability problems, etc.). These documents
proved very useful when examining the measurements.

3.6 Adjusting the equipment

The ADCPs, computers and cameras were adjusted to the time of the speaking clock
(3669) to within 5 s at the beginning of each day.

Recording and measurement parameters

Immersion depth of sensors

It was vital to measure the immersion depth between the centre of the ceramic
transducers and the water surface. This verification was performed from another boat.
The crew of the shuttle boat photographed the installation before starting the
measurements.

For the users of TRDI - RG6 and RG12
User commands

WS30

WF15

BM5

WM1

BP4

WP5

WN70 at Génissiat

WN20 at Pyrimont

This parameterisation was given as an indication and was generally respected with a few
variants judged to be without impact on the discharge values. For the next
intercomparison the question arose as to whether to propose mode WM12 as reference
(advantages: this mode was already averaged and robust, the same as SP).

For users of TRDI - SP24
WM12

Discharge parameters
In Wizard/Configuration Dialog or F3/Discharge):
e shore pings=10 (default value);
e bank "triangles" (default values);
o top/bottom laws: power/power 0.1667 (default values).
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For the Sontek users
Parameterisation by default was left to the appreciation of the two operators.

General measurement procedure on a transect

"F5, 5 good sets at site, transect, 5 good sets at site, F5".

5 successful sets had to be achieved before starting the transect and before ending the
recording.

3.7 Analysis of results in real time and after the intercomparison

Analysis of the results in real time was performed by the coordinating team. This analysis
allowed the organizers and participants to control the smooth operation of the tests and
adapt the protocol as a function of the results obtained. It also allowed immediate
checking problems of missing data or examination to be settled with the participants.

The method chosen for these tests was to regularly upload the raw files to the
coordinating team responsible for reviewing all the data in order to extract the results on
the spot. The crew on the shuttle boat collected the raw data from each team (one USB
key per team). The architecture imposed was the following:

¢ Name of measurement folder (1 per discharge stage)

J Sn_GEpp_XXX (S followed by discharge stage no. n, GEnissiat or PYrimont
followed by the section no. pp, trigram of the team XXX)
Example: SO0_GE02_CEM

e Name of the measurement file (1 per discharge stage, i.e. 1 file.mmt per discharge
stage)

= Sn_PYpp_typeADCP_XXX (S followed by discharge stage no. n, GEnissiat
or PYrimont followed by the section no. pp, type of device [RG12, RG6, SP, M9, BB6,
RR6], trigram of the team XXX)
Example: S3_PY02_RG12_CTR

The advantage of this architecture is that it makes data classification homogenous.

After the intercomparison, the different organizations were asked to reanalyse their own
measurements as quickly as possible and send a synthesis to the organizers in view to
drawing up a test report. Only 1 team sent its analysis.
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4. Results

4.1 Propagation of discharges from downstream of Génissiat dam (GE) to
Pyrimont (PY)

4.1.1 Measurements of 13 and 14 October 2010

The days of the 13 and 14 October 2010 were very dense regarding the measurements.
Nonetheless, it was necessary to know the duration of the measurements performed to
determine the propagation and stabilisation times of the discharges between the GE and
PY sites. We recall that one of the constraints of these two days was to perform the
measurements on discharges stages stable to within about 1%.

The graphs of Figure 2 and Figure 3 illustrate this propagation time between the GE
site (blue curve) and that of PY (green curve), located at about 3.5 km downstream. 50
to 60 minutes were required to observe a stable discharge stage at PY.

The discharges obtained from the transects of each ADCP were interpolated every 60s,
then the mean instantaneous discharge was established as the mean of 12 (GE - blue
curve) or 14 (PY - green curve) values every 60s.

Instantaneous mean discharges - 2010-10-13
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Figure 2. 2010-10-13 - Instantaneous mean discharges measured by the ADCP located at GE and PY

sites
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Instantaneous mean discharges - 2010-10-14
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Figure 3. 2010-10-14 - Instantaneous mean discharges measured by the ADCP located at GE and PY
sites

If a second ADCP intercomparison had to be performed at GE/PY, the propagation time
would therefore be known, making it possible to reduce the measurement time: 1 hour of
measurement would be enough following 1 hour 30 min of stabilisation®®.

4.1.2. Numerical modelling of the propagation of discharges between GE and PY

In view to performing the metrological analysis of the ADCP measurements taken at the
PY site, it was vital to be able to predict the propagation of the discharges between
Génissiat downstream of the dam (GE) and the measurement site of Pyrimont bridge
(PY). Indeed, it is important to be able to confirm to the metrologist the time slots of the
stabilised discharge independently of the ADCP measurements themselves, and the
limnimetric records. These are insufficient for characterising discharge variations even
with a rating curve, since the flow velocity can vary out of phase with water levels.

To this end, a 1D transient hydraulic model (MAGE simulation code, Cemagref) was built
to calculate water level velocity and discharge signals between Génissiat dam and
Seyssel dam located downstream (Figure 4). In future, other project hydrographs could
be simulated with this tool, notably to optimise future intercomparison protocols. The
model was built from bathymetric profiles of the bed of the main channel (CNR data),
with a space step varying typically between 100 m and 1000 m according to area. The
upstream boundary condition is the hydrograph Q(t) measured by the conduit ultrasound

10For the discharges considered from 100 to 400 m?/s thus for approximate average velocities from 1 to 4 m/s,
transects of a duration lasting from about 5 to 2 minutes conforming to at least Vioat /Vwater Of 50% allow
performing about 12 to 30 transects, which is generally enough for a stabilised ADCP response (a difference of
less than 3%). When possible, lowering Vpoat is desirable to improve the quality of the ADICP data.
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device!!, and the downstream boundary condition is the water level measured at Seyssel
dam.

Génissiat '.::.:- ------- FL]
upstream QL) — | i

Surjoux—"
station

Seyssel
downstream hit)

missing control

T 00D 2 3000 4 000 §000 6000 7.0D0 i 000 5000 10aao

P {mi)

Figure 4. 1D modelling of the Rhone between the Génissiat and Seyssel dams (MAGE simulation
code, Cemagref). Bottom line and water lines calculated for different discharge rates during the
intercomparison, with the addition of a dummy weir at PK 158.030 (PK 3800 m MAGE model
measured from Génissiat dam).

The main calibration parameter of this model is the flow resistance factor (Strickler
coefficient) assumed to be uniform along the entire reach, in the absence of significant
singularity and heterogeneity of the surface of the main channel. Figure 5 shows the
impossibility of correctly reproducing water levels at the Surjoux gauging station (DREAL
RA), i.e. the site of Pyrimont at PK 158.405 (PK 3425 m MAGE model), for the two lower
discharge stages, whatever the Strickler coefficient chosen (set here at K=25 m'3/s). At
night, the simulated level follows the progressive lowering of the level of the Seyssel
reservoir to 258.0 m NGF, whereas the level measured at Pyrimont in reality stabilises at
slightly above 258.8 m NGF. It is likely that the model lacks a section of hydraulic control
at low flow located downstream of Pyrimont bridge, functioning like a weir with a crest
level close to 258.8 m NGF. The model could therefore be significantly improved by
additional bathymetric surveys downstream of Pyrimont bridge.

In the meantime, a dummy rectangular weir has been added to the model, in the section
located 400 m downstream of the bridge at PK 158.030 (PKodele Mace=3800 m, weir width
177 m, weir crest level 258.8 m NGF, discharge coefficient 0.4). Thus at Pyrimont, the
model reproduces to within 5 cm the depletion during the night of 2010-10-14, and to
within 10 cm the levels of the two intermediate discharge stages (Figure 5). The stage
of about 100 m3/s is reproduced better than before although it is clearly underestimated
(by about 35 cm), whereas the higher stage (~ 400 m3/s) remains unchanged, being
overestimated by about 20 cm. Calibration could be improved by varying the Strickler
coefficient with the water level, to express the higher head losses at low flow (100 m3/s)
than at a higher flow (400 m3/s). Therefore a very low Strickler coefficient (K=15 m/3/s)
is required to correctly reproduce the lower stage. Fitting the simulated levels was not
pushed any further at this stage, notably due to the lack of flow line measurement.

1Due to the shortcomings of these US hydrographs, the hydrograph used for the upstream limit condition had
to be simplified and completed with the remote control hydrograph, calculated on the basis of the energy
output of the plant turbines. This made it possible in particular to improve the timing of the transient phases.
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=== Model with dummy —Model without dummy FPyrimont gauge Seyssel downstream
weir weir (DREAL RA station) gauge
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Figure 5. Water levels observed (gauges at Pyrimont and Seyssel) and simulated (MAGE 1D model
with and without the dummy weir for improving hydraulic control at low flow)

Water level [m]

The main aim of modelling was to reproduce the propagation and stabilisation of
discharges at the site of Pyrimont. Figure 6 shows the hydrographs simulated for the
stages of 2010-10-13 and 2010-10-14, compared to the ADCP discharges of the PY
group interpolated at 1 min, as well as the discharge supplied by the rating curve of the
Surjoux gauging station (DREAL RA).

The three discharge signals agree well with each other, and above all the temporal
dynamics of the discharge (increases and stabilisation) reproduced by the model agree
well with the ADCP measurements. The model confirms the estimation performed when
preparing the tests: A time of 1h30 min was necessary between the stabilisation of the
flow rate at Génissiat dam and the stabilisation of the discharge at Pyrimont to within
1%.

It is noteworthy that at the end of the program (after 5 p.m.), the discharge resulting
from the staff-discharge curve was considerably overestimated. This stems from the
influence downstream of the Seyssel reservoir, when its level increases at the end of the

day.
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Figure 6. Observed discharges (ADCP, rating curve at Surjoux) and simulated discharges (MAGE
1D), on 2010-10-13 (top) and on 2010-10-14 (bottom).
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This effect is clearly highlighted by the simulation of water levels and velocities,
presented in time series Figure 7 and in a phase diagram Figure 8. Even if the stability of its
discharge is ensured by the operating settings of Génissiat dam, the third stage of each
day does not appear to be perfectly stable in terms of height and velocity (Figure 7). The
level increases slightly (confirmed by the hydrographs measured), whereas the velocity
decreases to a lesser degree. Figure 8 shows that after the third stage, the stage-
velocity relationship is clearly different, which can be explained by control downstream
exerted by the upper level of Seyssel reservoir. For the intercomparison, it is therefore
important to note that in case that the level of the Seyssel reservoir is high, it can cause
measurement conditions to vary (velocity, level), even during a stabilised discharge
period.
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Figure 7. Water stage and velocity signals simulated at Pyrimont bridge on 2010-10-13 (top) and
2010-10-14 (bottom).
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4.2 ADCP discharges by team, site and stage of stable discharge
Table 3 and Table 4 present all the mean discharges by team and discharge stage.

During processing, all the transects whose discharge value was higher than 20% in
comparison to the mean of the discharge were eliminated. They nearly always
corresponded to truncated or obviously erroneous measurements.

The field sheets were consulted for lower differences (in the region of 5 to 15%). Only
the transects with annotated incidents ("lost groups”, "disturbance of shuttle", etc.) were
eliminated.
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Day of 2010-10-13:

S1 S2 & S2bis
13/10/2010 13/10/2010
Q0 Q1 Q2 Q1-Q0 Q2-Q1
Q(G2)+0Q(G6)+¢ Q(G2)+0Q(GB)+0O(G1)+e| O(G2)+O(G6)+Q(G1)+O(G4)+€ Q(GL)* Q(G4)*
GEO1 RG12 CNR(2) 229 349 444 120 95
GEO1 RG6 CNR(1) 232 344 447 112 103
GEO02 RG12 CNR(1) 224 337 444 113 107
GE02 RG06 CNR(2) 227 345 454 118 109
GEO03 RG12 PDL 209 317 417 108 100
GEO03 RR6 RDI 209 320 415 111 95
GE04 RG12 CTR 229 345 459 116 114
GE04 RR6 CTR 224 342 455 119 113
GEO5 RG12 ATL 219 342 444 123 102
GEO5 RG6_TLS 222 356 463 134 107
GEO08 RG12 GRE 209 315 420 106 105
GE08 BB6 GRE 213 321 431 108 110
GE average Q (m3/s) 220 336 441 116 105
GE standard deviation (m®/s) 9 14 17 8 6
GE standard deviation (%) 3.9% 4.2% 3.8% 6.8% 6.0%
PY10 RG12 IDF 226 340 439 114 99
PY10 RG6 IDF 224 341 436 117 95
PY12 RG12 BRG 227 337 440 110 103
PY12 SP RDI 224 330 436 106 105
PY13 M9 312 416 97 104
PY13 SP_HQC 340 443 111 102
PY14 RG12 TLS 226 330 442 104 112
PY14 SPHQC 335 - 107 -
PY15 RG12 RAL 228 346 439 118 93
PY15 SP_RAL - - - - -
PY16 RG12 CEM 221 334 437 113 103
PY16 RR6 HOQC 336 437 129 101
PY17 M9 218 329 429 111 100
PY17 RG6 BRV 226 339 449 114 110
PY average Q (m%s) 223 335 437 112 102
PY standard deviation (m®/s) 6 8 8 8 5
PY standard deviation (%) 2.8% 2.5% 1.8% 6.9% 5.2%
|_ Difference GE and PY (%) | 1.2% -0.4% -1.0% |
Average Q (m 3/s) 222 335 439 114 104
Standard deviation (m _%/s) 7 11 13 8 6
Standard deviation (%) 3.3% 3.4% 3.0% 7.0% 5.7%

Table 3. 2010-10-13 - Average discharge for each team and each discharge stage

* Q(Gn): the head is not taken into account.
: analysis performed by the team itself.
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Day of 2010-10-14:

S3 S4 & S4bis
14/10/2010 14/10/2010 par profil
q0 ql | q2 Q1-Q0  Q2-Q1
Q(G4)+¢ Q(GA+Q(GE)+e | 0(G4)+0Q(G6)+Q(G2)+e Q(G6)* Q(G2)*
GEO1 RG12 CNR(2) 124 GEO1 RG12 CNR(1) 232 343 108 111
GEO1 RG6_CNR(1) 128 GEO01_RG6_CNR(2) 237 345 110 108
GE02 RG12 CNR(1) 118 GE02 RG12 CNR(2) 229 333 111 103
GE02 RG06 CNR(2) 120 GE02 RG06 CNR(1) 229 335 110 106
GEO03 RG12 PDL 113 GEO03 RG12 CTR - 318 - -
GEO03 RR6 _RDI 106 GE03 RR6_CTR 217 311 110 94
GE04 RG12 CTR 120 GEO04 RG12 PDL 229 342 109 113
GEO04 RR6 CTR 108 GEO04 RR6 RDI 225 339 117 114
GEO05 RG12 ATL 115 GEO05_RG12 GRE 232 339 117 107
GEO5 RG6_TLS 113 GEO5_BB6_GRE - - - -
GEO08 RG12 GRE 114 GEO08 RG12 ATL 211 320 97 109
GE08 BB6_GRE 114 GE08 RG6 TLS 201 314 87 112
GE average Q (m3/s) 116 224 331 108 108
GE standard deviation (m3ls) 6 11 13 9 6
GE standard deviation (%) 5.3% 5.0% 3.8% 8.3% 5.5%
PY10 RG12 IDF 121 PY10 RG12 IDF 229 338 107 109
PY10 RG6_IDF 118 PY10 RG6_IDF 237 331 119 95
PY12 RG12 BRG 120 PY12 RG12 BRG 229 329 109 100
PY12 SP RDI 118 PY12 SP_RDI 220 333 103 113
PY13 M9 PY13 M9 217 320 103 103
PY13 SP_HQC PY13 SP_HQC 229 337 110 107
PY14 RG12 TLS 121 PY14 RG12 TLS 236 341 115 105
PY14 SPHQC PY14 SPHQC 230 334 110 105
PY15 RG12 RAL 120 PY15 RG12 RAL 234 340 114 107
PY15 SP_RAL 118 PY15 SP_RAL 230 - 112 -
PY16 RG12 CEM 119 PY16 RG12 CEM 228 335 109 107
PY16 RR6 HOQC PY16 RR6 HQC 236 343 114 108
PY17_M9 117 PY17_M9 223 - 106 -
PY17 RG6 BRV 124 PY17 RG6 BRV 234 341 110 107
PY average Q (m3/s) 119 229 335 110 105
PY standard deviation (m®/s) 2 6 7 4 5
PY standard deviation (%) 2.0% 2.6% 2.0% 4.1% 4.5%
|__Difference GE and PY (%) | 2.9% | | 2.3% | 1.3% |
Average Q (m */s) 118 227 333 109 106
Standard deviation (m _*/s) 5 9 10 7 5
Standard deviation (%) 4.0% 3.8% 3.0% 6.1% 5.0%

Table 4. 2010-10-14 - Average discharge for each team and each discharge stage

* Q(Gn): the head is not taken into account.
: analysis performed by the team itself.

It should be noted that only one team supplied its own analysis to the intercomparison
coordination team.

The graphs of Figure 9 to Figure 14 show the mean discharges of each team for each
series of measurements, as well as the dispersion'? by ADCP and US discharges in
conduits.

From the standpoint of hydraulics and in view of the dispersion results, the most
appropriate site for the discharge measurements by ACDP was PY.

An analysis of measurement convergence was performed. As the US conduit data
supplied stable discharge stages, it was possible to determine, for each team, the time
and/or the number of transects required to converge to the mean value (appendix 3).
The main conclusions are as follows:
e GE
- on average 12 transects, i.e. 26 min to converge to less than 1% (in comparison
to the average of the team for a given stage);
- on average 5 transects, i.e. 12 min to converge to less than 2%.

12 The scattering is here defined as the experimental standard deviation rounded to the average.
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e PY
- on average 5 transects i.e. 15 min to converge to less than 1%;
- on average 2 transects i.e. 7 min to converge to less than 2%.

Therefore fifteen minutes (2 to 5 transects) is enough to converge to within less than 2%
of the average of the turbine. Twice as long, i.e. twenty minutes, is necessary to reach
below 1%. Provided the flow is stable, a reliable average can be obtained within twenty
minutes. These observations are only valid for measurement conditions similar to those
of the intercomparison.

Appendix 3 presents the number of transects required per team to converge to within
1% and 2% of the team average as well as the advantage for several measurement
teams to get as close as possible to the "true" value (average of all the ADCPs). For
example, the use of a single team at the Pyrimont site would have led to a difference
with the "true" value of 5 to 7%. The use of 5 teams would have led to a difference of
about 3% with the "true" value, whereas the use of 10 teams would have allowed
measuring a discharge at about 1% of the average of all the ADCPs (or "true" value).

It should be noted that the average discharges measured at GE and PY are very close to

those of the first day though present non negligible differences for the second day of
measurement.

The measurements performed at sections GEO3 and GEO8 were systematically lower than
those performed at the other sections. Switching teams on the sections of GE for series
S4 and S4bis (afternoon of 2010-10-14) made it possible to exclude any cause linked to
mounting the sensor on the boat or to the operators. It is probable that these
underestimations were due to the characteristics of the sections or the type of sensor
used (it would have been interesting to test an M9 in these configurations).
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Day of 2010-10-13:
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2010-10-13 Series 2 and/or 2bis: Q2
ADCP average discharges and dispersion, US discharg e
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2010-10-14 Series 4 and/or 4bis: g2
ADCP average discharges and dispersion, US discharg e
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Figure 14. q2 - ADCP average discharges and dispersion, US discharge (in dam conduits)

Trends in terms of discharge dispersion and differences of ADCP average discharges and
US discharges in dam conduits were observed. They were repeated from stage to stage,
for the two frequencies of the device, even when the teams and devices were switched,
which means that the reason for the trends was due more to the measurement
conditions specific to the different sections. An initial exploration of the signatures of the
transects in terms of velocity field was performed on a representative set of the transects
of series S1 (appendix 4).

No obvious quality criterion emerged at this stage, in particular one capable of explaining
why the discharges of profiles GE03 and GEO8 were always 5% below the average. The
main hypothesis considered for explaining this systematic effect was that the complex
structure of the flow in these deep sections disturbed (presence of obstacles) and slightly
biased the discharge extrapolated at the bottom. Although the vertical profile of the
average velocity appears as close to the power law as for the other sections, and the
Qmes/Qrot ratio is excellent (77%), in proportion, the lost area at the bottom is much
larger than the lost area at the surface. Typically, a discharge extrapolated at the bottom
of about 15 to 20% of the total discharge gauged was observed, which could quickly lead
to a bias of -5%. For GEO3, the breaks in the data that occurred at almost every transect
at the point of the abrupt edge of the ledge on each side could also lead to a systematic
error. However, GEO5 did not present these systematic breaks.

The cause of the repeated trends of discharge differences as a function of profile remains
difficult to clarify. Whatever the case, it is risky to gauge in a pool of a non uniform
section, with, in addition, large isolated obstacles at the bottom, since the pool is highly
likely to have a complex velocity field substantially different to a uniform regime. In this
case, a significant area at the bottom can be lost, although the structure of the flow in it
can be very variable.
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5. Comparison with the "reference" discharges

5.1 Comparison with the discharges of the stations of Bognes (CNR, PK
160.600) and Surjoux (DREAL RA, PK 158.405)

5.1.1 The Rhone at Bognhes

The gauging station of Bognes (CNR, PK 160.600) has a stage-discharge relation. Using
limnimetric records, the discharge was rebuilt for each stage (Figure 15 and Figure 16).
The discharges were announced with an uncertainty estimated at 10% (Olivier et al.,
2008). The differences with the ADCP average discharges are given in Table 5.

The differences vary from -3% to -8% as a function of the discharge stage considered,
since the discharges of the Bognes station were always higher than the ADCP discharges.
An average difference of -5% was observed between the discharges of the Bognes
station and the average discharges measured by ADCP, whatever the turbine considered
(GE, PY or all the ADCPs). This difference falls within the uncertainty interval of the
discharges of Bognes station.

5.1.2 The Rhone at Surjoux

The Surjoux station (DREAL RA, PK 158.405) is located at the Pyrimont Bridge. The
instantaneous/hourly discharges are shown in Figure 15 and Figure 16. The differences
with the ADCP average discharges are given in Table 5.

The differences vary from -4% to 6% as a function of the stage of the discharge
considered, without any specific trend.

An average difference of 0.1% was observed between the discharges of the Surjoux
station and the average discharges measured by ADCP, whatever the turbine considered
(GE, PY or all the ADCPs).

It is noteworthy that under certain conditions this station can be influenced downstream
by the reservoir of Seyssel, as discussed in section 4.1.2.

5.1.3 Summary of differences and graphic representations

Q0 Ql Q2 q0 ql 92
Q Bognes Station (m3/s) 230 355 467 124 237 357
Q Surjoux Station (m%s) 213 347 447 117 216 343
Qaoce GE (m¥s) 220 336 441 116 224 331
ADCP difference GE and Bognes (%) -4% -6% -6% -7% -6% -8%
ADCP difference GE and Surjoux (%) 3% -3% -1% -1% 4% -4%
Qapce PY (m3/s) 223 335 437 119 229 335
ADCP difference PY and Bognes (%) -3% -6% -7% -3% -3% -6%
ADCP difference PY and Surjoux (%) 5% -4% -2% 2% 6% -2%
Qapcp GE+PY (m3/s) 222 335 439 118 227 333
ADCP difference GE+PY and Bognes (%) -4% -6% -6% -5% -4% -7%
ADCP difference GE+PY and Surjoux (%) 4% -4% -2% 0% 5% -3%

Table 5. Differences between Qapcp, Qeognes aNd Qsurjoux
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Discharges measured at Bognes and Surjoux gauging stations and average
ADCP discharges - 2010-10-13
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Figure 15. Discharges measured at Boghes and Surjoux gauging stations and average ADCP
discharges on 2010-10-13

Discharges measured at Bognes and Surjoux gauging stations and average
ADCP discharges - 2010-10-14
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Figure 16. Discharges measured at Boghes and Surjoux gauging stations and average ADCP
discharges on 2010-10-14
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5.2 Comparison with US discharges in dam conduits (Génissiat hydropower
plant)

During the measurements of 13 and 14 October 2010, 4 out of 6 conduits were equipped
with US sensors (Figure 17). To date, 5 conduits have been equipped. The 6" conduits
will be equipped by the end of 2011.

Figure 17. US sensors in the conduit of Génissiat hydropower plant
5.2.1 Initial US data

The US data were taken directly at the plant by the coordination team during the ADCP
intercomparison®®. It was therefore possible to compare the ADCP measurements with
the discharges measured by ultrasound in the conduits of the Génissiat hydropower plant
almost instantaneously. Table 6 shows a difference between the ADCP average
discharges (GE+PY) and the US conduit discharge values of about 4% to 7% as a
function of the series considered.

S1 S2 & S2bis S3 S4 & S4bis
13/10/2010 13/10/2010 14/10/2010 14/10/2010
Q0 Q1 Q2 qo gl q2
Q moyen ADCP global (m3/s) 222 335 439 118 227 333
1/ Moyenne US référence initiale (m*/s) 212 317 413 108 211 314
Ecart avec ADCP global (GE+PY) (%) 4.2% 5.3% 5.9% 8.3% 7.2% 5.8%

Table 6. Differences between Q:otal aoce @Nd Qus initial conduits

A more thorough analysis highlighted that the deviations differ from one turbine to

another:
e ~ 7% for turbine G1;
e ~ 3% for turbine G2;
e ~ 8% for turbine G4;
e ~ 6% for turbine G6.

13 On this occasion, a significant hourly drift of the US system was observed and corrected precisely. This error
must be corrected, by setting the system in synchronisation with the speaking clock at the start of the tests.
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These differences observed on the first day, appeared again on the second day despite
the differences of velocity configurations.

These differences are unacceptable (except for G2) given the precision announced by the
US constructor (2%) and the ADCP measurement procedure set up for this
intercomparison.

5.2.2 Recalculated US data

In-depth verifications were performed on the ADCP data and their processing. No error
was detected.

In parallel, CNR asked Hydrovision, the conduit US constructor, to check the values
supplied.

It is important to specify that no discharge value resulting from the ADCP
intercomparison was sent to the constructor of the US system.

Hydrovision observed parameterisation errors during its verifications. The errors were
corrected and the recalculated data were sent to CNR (Hydrovision, February 2011). It
should be noted that this was not a refitting of ADCP data, but error correction carried
out "blindly". Table 7 shows a difference between the ADCP average discharges (GE+PY)
and the new US conduit discharge values of about 1% to 2% as a function of the series
considered.

S1 S2 & S2bis S3 S4 & S4bis
13/10/2010 13/10/2010 14/10/2010 14/10/2010
Q0 Ql Q2 qo gl g2

Average Qrotal ance (GE+PY) (m3/s) 222 335 439 118 227 333
1/ Initial average Qus (m?/s) 212 317 413 108 211 314
Difference with Qrotai ance (GE+PY) (%) 4.2% 5.3% 5.9% 8.3% 7.2% 5.8%
2/ Corrected average Qus (m?/s) 218 328 429 116 223 327
Difference with Qrota ance (GE+PY) (%) 1.6% 2.1% 2.2% 1.6% 2.0% 1.7%

Table 7. Differences between Qotal ance and Qus in conduits recalculated

More thorough analysis highlighted that the differences vary from one turbine to another:
~ 3% for turbine G1;
~ 1% for turbine G2;
~ 1% for turbine G4;
~ 2% for turbine G6.

Figure 18 shows the differences between the US conduit discharges and the average of
the discharges of the GE turbine, the PY turbine and all the ADCPs.
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Differences between US discharge and average ADCP d ischarges at GE and PY
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Figure 18. Differences between US discharge and average ADCP discharges at GE and PY
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6. Estimation of the uncertainty on the ADCP measurement method

6.1 Taking into account the 26 ADCPs of the Génissiat (GE) and Pyrimont (PY)
sites

The objective is to determine the uncertainty on the discharge measurements performed
by using the ADCP method, first on the basis of the results of the comparison of 26
devices implemented simultaneously on the sites of Génissiat and Pyrimont, for several
discharges.

6.1.1 Methodology

To obtain an uncertainty on measurement compatible with the international documents in
force (GUM), and in the absence of a reference value making it possible to link with the
I.S. and the utilisation of a propagation of uncertainties, the statistical programming used
relies on the application of the following standards and documents:

e |ISO 5725-2: Exactitude (accuracy and faithfulness) of measurement results and
methods - Part 2: Basic method for determining the repeatability and reproducibility
of a standardised method, December 1994,
The objective of this standard is to quantify the m ethod's performance in terms of
repeatability and reproducibility.

e FD ISO/TS 21748: Guidelines relating to the use of estimations of repeatability,
reproducibility and precision in the evaluation of measurement uncertainty, June
2004.

This standard permits expressing the previous resul ts in terms of measurement
uncertainty. The uncertainty obtained must be attri buted to 1 ADCP in "abnormal” mode 4
under the measurement conditions of the "Génissiat 2010" intercomparison.

e NF ISO 13528: Statistical methods used in aptitude tests by interlaboratories
comparisons, December 2005.
This standard permits determining the uncertainty o f the discharges obtained by all the
ADCPs ("abnormal" mode) under the measurement condi tions of the Génissiat 2010
intercomparison. It should be noted that this appro ach does not allow determining a
performance characteristic of ADCPs from the genera | viewpoint.

The calculation procedure is detailed in the standards mentioned above. This report does
not present the details of the calculations.
6.1.2 Results of the analysis

Uncertainty of an ADCP on the basis of 4 consecutive transects (standards 5725-2 and

21748):

Table 8 presents the uncertainty of a discharge measurement performed by an ADCP on
a set of 4 consecutive transects ("abnormal" mode) according to the procedure followed
for the Génissiat 2010 intercomparison, for each discharge stage.

4 The number of transects for measuring an average discharge must be defined from the beginning of the
analysis of measurement uncertainty. It can be 6 or 12 in normal mode and 4 in abnormal mode. In the
present study, 4 transects were chosen. For each different operating mode, data processing must be repeated
at the first step of the calculation.
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2010-10-13 2010-10-14
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Q0 Q1 Q2 q0 ql g2
Discharge
(m3/s) 222 336 439 117 228 333
Uc (k=2) 7.4% 7.1% 7.0% 9.9% 7.1% 6.9%

Table 8. Uncertainty on a discharge measurement performed by an ADCP on a set of 4 consecutive
transects according to the measurement procedure of Génissiat 2010 - taking into account 26
ADCPs

By considering all the ADCPs of the turbines of GE and PY, the expanded uncertainty
(k=2) of the ADCP discharge (average of 4 consecutive transects) under the
measurement conditions of the Génissiat intercomparison of 13 and 14 October 2010 is
in the region of 7% to 10% according to the discharges considered.

Uncertainty on the discharge stages (standard 13528):

ADCP discharge | Q ADCP ref®® U(Qaoce) U(Qapocr)

(m3/s) (m3/s) (m’/s; k=2) (%; k=2)
Qo 221 223 2.81 1.3%
Q1 335 336 5.11 1.5%
Q2 439 440 5.39 1.2%
q0 118 118 2.14 1.8%
ql 227 229 3.39 1.5%
q2 333 334 4.48 1.3%

Table 9. Uncertainty of average discharge over stable discharge periods measured by 26 ADCPs

The uncertainty on the discharge stages measured by the 26 ADCP under the
measurement conditions of the Génissiat intercomparison of 13 and 14 October 2010 is
on average 1.4%. It is between 1% and 2% as according to the discharge stages
considered.

Uncertainty on the difference of discharge (standard 13528):

dincharge |QADCPref | Head € | QRS U(Quoe) | U(Quoce)
ischarge 3 3 Q ADCP 3ce e O Lo
(m¥/s) (m?/s) (m?/s) (m?/s) (m*/s; k=2) | (%; k=2)
G1 114 113 1.89 115 3.43 3.0%
G4 104 104 3.32 107 3.07 3.0%
G6 109 110 0.93 111 2.04 1.9%
G2 106 107 1.84 109 2.25 2.1%

Table 10. Uncertainty on differences of discharges obtained by 26 ADCPs

The uncertainty on the differences of discharge obtained by the measurements of 26
ADCPs under the measurement conditions of the Génissiat intercomparison of 13 and 14
October 2010 is on average 2.5%. It is between 2% and 3% according to the discharges
considered.

15 The reference value is built on the basis of the experimental results of the comparison campaign for statistical
processing, after eliminating aberrant values.
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6.2 Taking into account the 12 ADCPs of the Génissiat (GE) site

The same approach was used to calculate the uncertainties by relying on the results of
the comparison of 12 devices implemented simultaneously at the Génissiat (GE) site. The
results are presented in the following tables (Table 11 to Table 13).

Uncertainty on an ADCP on the basis of 4 consecutive transects (standards 5725-2 and

21748):

2010-10-13 2010-10-14
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Q0 Q1 Q2 q0 ql g2
Discharge
(m3/s) 222 336 440 116 226 331
Uc (k=2) 7.9% 8.7% 8.4% 12.0% 8.8% 8.4%

Table 11. Uncertainty on a discharge measurement performed by an ADCP on a set of 4 consecutive
transects according to the measurement procedure of Génissiat 2010 - taking into account the 12
ADCPs at the GE site

Considering only the data of the Génissiat site, the expanded uncertainty (k=2) of the
discharge of an ADCP (average of 4 consecutive transects) under the measurement
conditions of the Génissiat intercomparison of 13 and 14 October 2010 is in the region of
8% to 12% according to the discharges considered.

Uncertainty on the discharge stages (standard 13528):

ADCP discharge Q ADCP ref U(QADCP) U(QADCP)

(m3/s) (m3/s) (m’/s; k=2) (%; k=2)
Qo0 220 221 6.64 3.0%
Q1 336 339 7.26 2.1%
Q2 441 441 13.17 3.0%
q0 116 116 4.61 4.0%
aql 224 228 5.13 2.3%
q2 331 332 9.44 2.8%

Table 12. Uncertainty on the discharge stages performed by the 12 ADCPs at the GE site

The uncertainty on the discharge stages measured by the 12 ADCP of the GE turbine
under the measurement conditions of the Génissiat intercomparison of 13 and 14
October 2010 is on average 2.9%. It is between 2% and 4% according to the discharge
stages considered.

Uncertainty on the difference of discharge (standard 13528):

oD lQapcpref| Head C | QTSN | y(Quocs) | U(Quocr)
ischarge 3 3 Q ADCP 3, o op
(m¥/s) (m?/s) (m?/s) (m?/s) (m?/s; k=2) | (%; k=2)
Gl 116 115 1.89 117 5.11 4.5%
G4 105 105 3.32 109 4.69 4.4%
G6 108 110 0.93 111 1.82 1.7%
G2 108 109 1.84 110 3.71 3.4%

Table 13. Uncertainty on the differences of discharge obtained by the measurements of the 12
ADCPs at the GE site
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The uncertainty on the differences of discharge obtained by the measurements of the 12
ADCPs of the GE turbine under the measurement conditions of the Génissiat
intercomparison of 13 and 14 October 2010 is in the region of 3.5%. It is between 2%
and 5% as a function of the discharges considered.

6.3 Taking into account the 14 ADCPs of the Pyrimont site (PY)
The same approach was used to calculate the uncertainties by relying on the results of

the comparison of 14 devices implemented simultaneously on the Pyrimont site (PY). The
results are presented in the following tables (Table 14 to Table 16).

Uncertainty on an ADCP on the basis of 4 consecutive transects (standards 5725-2 and

21748):

2010-10-13 2010-10-14
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Q0 Q1 Q2 q0 ql q2
Discharge
(m3/s) 222 336 437 119 230 335
Uc (k=2) 6.6% 5.1% 4.2% 4.4% 5.4% 4.2%

Table 14. Uncertainty on a discharge measurement performed by an ADCP on a set of 4 consecutive
transects according to the measurement procedure of Génissiat 2010 - taking into account the 14
ADCPs at the PY site.

Considering only the data of the Pyrimont site, the expanded uncertainty (k=2) of the
discharge of an ADCP (average of 4 consecutive transects) under the measurement
conditions of the Génissiat intercomparison of 13 and 14 October 2010 is in the region of
4% to 6% according to the discharges considered.

Uncertainty on the discharge stages (standard 13528):

ADCP discharge Q ADCP ref U(QADCP) U(QADCP)

(m?/s) (m?/s) (m®/s; k=2) (%; k=2)
Q0 221 224 2.14 1.0%
Q1 335 336 4.13 1.2%
Q2 437 438 2.75 0.6%
q0 119 119 1.50 1.3%
ql 229 230 4.08 1.8%
q2 335 336 4.44 1.3%

Table 15. Uncertainty of stable discharge periods measured by the 14 ADCP at the PY site

The uncertainty on the discharge stages measured by the 14 ADCPs at the PY site under
the measurement conditions of the Génissiat intercomparison of 13 and 14 October 2010
is on average 1.2%. It is between 0.5% and 2% according to the discharge stages
considered.
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Uncertainty on the differences of discharges (standard 13528):

ADCP Q ADCP ref Head C Corrected U(QADCP) U(QADCP)
discharge (m?/s) (m/s) Q ADCP (m¥/s; k=2) | (%; k=2)
(m?/s) (m?/s) ' ’

Gl 113 112 1.89 114 3.94 3.5%

G4 102 103 3.32 106 3.17 3.1%

G6 110 110 0.93 111 3.19 2.9%

G2 105 106 1.84 108 2.40 2.3%
Table 16. Uncertainty on differences of discharge obtained by the measurement of 14 ADCPs at the

PY site

The uncertainty on the differences of discharge obtained by the measurement of the 14
ADCPs at the PY site under the measurement conditions of the Génissiat intercomparison
of 13 and 14 October 2010 is on average 2.9%. It is between 2% and 4% according to
the discharges considered.

6.4 Additional analysis: sources of error

An analysis of sensitivity to different user parameters was performed following the
intercomparison.
The maximum error linked to the parameters for one team was broken down as follows:

e depth (A=4cm): ~1% on the total discharge;
e bank shape: ~0.5% on the total discharge;
o distance from banks (A=1m): ~0.5% on the total discharge.

It should be noted that the use of the constant extrapolation law (top) has an influence
of about 1% on the total discharge.

These results were also observed by the Hydro-Québec team (HQC technical memo,
2010).
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7. Additional analysis: analysis of the stage-discharge relation in
transient state (hysteresis effect)

The instantaneous discharges measured continuously by the ADCPs of the Pyrimont site
permit highlighting the hysteresis effect due to the transient hydraulic regime between
the two stages of stable discharge in the afternoons of 2010-10-13 and 2010-10-14. This
effect was expressed by a difference of the real measured discharge Q,, with discharge
Qs that would have predominated, for the same water level, under the reference
hydraulic conditions (steady state and normal hydraulic control). Flow rate Q.
corresponds to the reference stage-discharge relation, i.e. to the stage-discharge curve
of the site (Surjoux). In the case of a sudden increase of discharge, as during the
intercomparison, Q., is higher than Q.. In the case of a sudden decrease, it is lower. This
is due to the faster propagation of wave velocity (and thus discharge) in comparison to
the pressure wave (and thus level) in the case of a transient hydraulic regime.

This hysteresis effect, or loop shaped stage-discharge curve, is well known but difficult to
highlight during floods in natural rivers. In the case of the Génissiat 2010
intercomparison, the individual discharges (transects lasting ~2 min each) from 12 to 14
ADCP deployed simultaneously were available at the site downstream of Pyrimont. For
each ADCP, these discharges, considered as instantaneous and assigned to the central
time of the measurement period, were interpolated every 60 s. The average hydrograph
for the afternoons of 2010-10-13 and 2010-10-14 is shown in Figure 19(a), as each
instantaneous discharge is an average of 12 to 14 values every minute.
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400 400 =
E, 350 E 350 |- |
S &
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200 | | | | | | | _— | | | Lir‘lear aqproxmratlon‘—
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time [h] Stage at staff gauge [m]
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Figure 19. Analysis of discharges in transient hydraulic regime: (a) ADCP discharges interpolated
every 1 min on the afternoons of 2010-10-13 and 2010-10-14; (b) stage-discharge relation
obtained with the ADCP discharges, both raw and corrected with Jones (1916) formula, with linear
interpolation between points (h, Q) corresponding to the steady state stage-discharge relation.

In these cases, two sources of error that often obscure the hysteresis error were
minimised: the error on the discharge measurement (existing in steady state) and the"
error due to the variation of the discharge during the measurement. The latter error is
independent of the hysteresis effect, as it is the temporal integration of a variable
discharge between the beginning and end of gauging. This error, potentially large in the
case of slow gauging techniques (current meters) is shorter in the case of ADCP transects
by about 2 minutes. A simple method of evaluating the corresponding uncertainty
consists in using as maximum error the variation of discharge |Q(h;) - Q(h;)| given by
the stage-discharge curve for the water levels at the start and end of gauging. By
assuming a rectangular distribution law, the standard uncertainty is therefore:
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u= k() -Qlh, 23] (1)

Since the instantaneous discharges came from 12 to 14 ADCP measurements
simultaneously, the uncertainty due to the measurement is far lower than that of an
individual ADCP transect, and quite similar to gauging composed of the average of 12
transects repeated in steady state, i.e. typically 4%.

Figure 19(b) shows the same instantaneous discharges (red circles) as Figure 19(a),
but plotted as a function of the water level recorded at the Surjoux station (DREAL RA).
As the devices and the station were synchronised to within a few seconds with the
speaking clock, the temporal phase shifts were considered as non significant!®. The stable
discharge stages produced three accumulations corresponding to three points of the
reference stage-discharge relation (stage-discharge curve). During the two transitions
between stages, the instantaneous discharges measured (red circles) show higher
discharges in comparison to the linear interpolation (blue line) used to get close to the
stage-discharge curve. These differences with the curve are often greater than the
temporal variation of the discharge indicated by the curve. They are therefore attributed
to the transient effect (hysteresis) linked to sudden increases of discharge between
discharge stages.

A classical method for correcting the instantaneous discharges of transient effects is
supplied by Jones (1916) formula, also used for stage-discharge curves by Rantz (1982),
and Schmidt (2002), which gives the following:

-1/2
1_dh
S..C dt

ref

Qref = Qm{l-l- (2)
with:
* S, being the slope of the flow in the reference regime (here taken from the Mage
1D model, close to the average slope of the bottom)
e C the celerity of the flood wave, C ~ 1/B. dQ/dh with B being the channel width
and dQ/dh estimated from the stage-discharge curve
e dh/dt the temporal variation of water level.

The discharges corrected in this way (Figure 19(b) blue triangles) show that this simple
correction gives a good evaluation of the discharges with the reference stage-discharge
relation. Jones' formula (1916) therefore appears well adapted for simply estimating the
magnitude of the error due to hysteresis, both on the gauging and on the instantaneous
discharges resulting from the stage-discharge curve.

The 1D model (MAGE simulation code) confirms that the differences observed Figure
19(b) are clearly explained by a hysteresis effect. Figure 20 shows the stage-discharge
relations simulated in unsteady state (discharge variations of the afternoons of 13 and 14
October) and in steady state (linear increase of the discharge from 1 p.m. to 5 p.m. over
a similar range). The trends interpreted on the measurements are observed once again
(Figure 19(b)). This hysteresis effect, due to the advance of the velocity signal over the
level signal, is also seen on the simulated stage-discharge trajectories (Figure 20),
which also exhibit concave jumps between stages.

16 The same data plotted as a function of water levels recorded by CNR provisional limnimeters A and B, also
synchronised to within a few seconds with the speaking clock, producing the same results.
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Intercomparison of ADCPs at Génissiat 2010 - Groupe Doppler
Final version of 2011-04-07
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Figure 20. Simulated stage-discharge relation (MAGE 1D model) with a 1 minute time step in the
afternoons of 2010-10-13 and 2010-10-14 for both real unsteady conditions and for the equivalent
steady flow.
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8. Conclusion and perspectives

This first intercomparison of ADCPs at the Génissiat site provided interesting results on
the uncertainties linked to discharges measured by ADCP, in particular by applying
standardised interlaboratory test methods (standards ISO 5725-2, ISO 21748 and ISO
13528), that can be reused. It also allowed better knowledge of the site in view to
performing future intercomparisons. The main conclusions are as follows.

1D hydraulic modelling, in agreement with the measurements, signals a delay of 1h30
between the dam-hydropower plant and the downstream site PY to ensure the
propagation and stabilisation of the discharge stages of less than 1%.

The intercomparison measurements and the 1D model also allowed highlighting the
hysteresis of the stage-discharge relation of the Pyrimont gauging station, due to the
transient effects during transitions between stable discharge stages.

Parameterisation errors on the conduit US system brought to light following this
intercomparison were corrected independently of the ADCP measurements, with a final
uncertainty estimated at less than 3%.

Ten minutes of measurement by ADCP (2 to 5 transects) were enough to converge to
within less than 2% of the site average. It took twice as long, about twenty minutes, to
reach below 1%.

Generally, the average discharges obtained by ADCP were in good agreement with each
other (differences less than 5%). Systematically higher differences in the region of 10%
were observed for certain sections of the upstream GE site. They were due to the locally
less favourable measurement conditions, and not to the instruments, set-ups and teams.
This result confirms the importance of choosing the measurement section, according to
good professional practices for gauging by exploring the velocity field.

For each stage, the difference between the US discharge and the average discharge for
all the devices of each site is about 2%.

The expanded uncertainty (k=2, confidence level 95%) obtained on the ADCP discharges,
under the measurement conditions of the intercomparison, is provided in the following
table (Table 18):

. Individual ADCP . Differences of
ADCPs taken into discharge (average of 4 Average discharge per discharge between
account stage
transects) stages
26 ADCP: GE + PY 7-10% 1-2% 2-3%
12 ADCP: GE 8-12% 2-4% 2-5%
14 ADCP: PY 4-6% 0,5-2% 2-4%

Table 17. Uncertainty levels estimated on ADCP discharges according to standardised
interlaboratory test methods (standards ISO 5725-2, ISO 21748 and ISO 13528)

This intercomparison has led to better knowledge of the sites downstream of Génissiat
dam. Therefore if a second measurement campaign must be performed, the propagation
and stabilisation times of the discharge will be known (for velocity ranges measured
already) which will shorten measurement times. In addition, the section chosen will be
that of PY (given the statistical analysis of the measurement uncertainties). Two teams
could, however, be positioned immediately downstream of the plant (GE), first to verify
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the propagation time between the GE and PY sites, and then to compare the discharges
with PY, particularly in case of heavy rainfall (intermediate inflows, runoff). Besides the
discharge measurement given by the conduit ultrasound system, it would be useful to
deploy other independent gauging techniques (a current meter at Bognes, rhodamine WT
dye dilution, LSPIV, radar, etc.) to specify the accuracy of the ADCP measurements.

This second inter-establishment ADCP intercomparison (in France) was appreciated by all
the participants, who were able to take advantage of the technical exchanges in a very
friendly atmosphere with other hydrometric engineers, some of whom work far away
(Hydro-Québec). The technical exchanges were often felt to be too short due to the long
measurement ranges (nearly 5 000 ADCP transects were performed in all). This first
intercomparison at this site was subject to specific constraints. The feedback summarised
in this report (logistics, discharge propagation and stabilisation, the hydraulic conditions
of the measurement sections) will facilitate optimising the planning of future
intercomparisons.

This first campaign will be used as the basis for a second ADCP intercomparison on the
Rhéne downstream of Génissiat dam scheduled for 2012. If Groupe Doppler confirms the
collective interest of such an intercomparison, it would be a good idea to program it as
early as 2011 in order to permit the participation of the largest number of teams
possible. In particular, several foreign organizations have expressed their interest in
participating (Hydro-Québec, USGS, Environment UK).
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Appendix 1: Participants and composition of teams

Régate ADCP Génissiat 12-15 octobre 2010 |
Bateaux
Réponses participants Participants | ADCP Nb. Modele
03/11/10 53 31 14
Trigramme  Equipe Nompre de ADCP Bateaux
participants
Zodiac 50cv Guillaume DRAMAIS, Mickaél
CEM Cemagref Lyon 5 2 |1RG12, 1SP4m 2 E— 500\/‘ LAGOUY, Xavier PEYRARD, Marina
d LAUNAY, Jérome LE COZ
Neptune Thierry PANTEL, Serge FRANCON,
Xavier Martin, Olivier TISSEUR, Jéréme
CNR CNR 10 6 isRF%i% 2RG12, 1BB6, 4], ;j:lcgm LAURENT, Nicolas JANIN, Maxence
ngiac 250y ULLIAC, Thomas HUCKEL, Thierry
LACHENAL, Gilles PIERREFEU
2 RG12 + 1 autre . Daniel BRIGAND, Michel POINSOT,
ERG DIREAL EeuERgE g € éventuellement 1 || Zelee2asy Gilles POILLOTTE
Pascal GUICHON, Raphaél JOUSSET,
CTR DREAL Centre 5 2 |[1RG12,1RR 1 | Zodiac 50cv |Jean-Paul FILERE, Luc BERION,
Francois FOURRIER
PDL DREAL PDL Nantes 3 2 |1RG12,1SP6m 1| Alusocy ZSZTLI_GESFEFEFQKSS ARUSS
RAL DREAL Rhéne-Alpes 3 1 |1RG12 1 | Zodiac 10cv Efg;;ﬁ%%%gggf” LONGEFAY,
Zeppelin .
IDF DRIEE lle-de-France 2 2 |1RG12, 1RG6 1 80cy Marc VALENTE, Christophe DYCKE
BRV EDF-DTG Brive 3 2 |1sP, 1RG? 1 | Zodiac 40cv QEQ@?,Z‘IESTE’ Joel MIQUEL, Hugues|
GRE EDF-DTG Grenoble 2 3 |1 RG12, 1RG6, 1BB6 1 | Zodiac 30 Cv|Damien SEVREZ, Frédéric GRAS
TLS EDF-DTG Toulouse 4 2 |1RG6, 1RG12 0 - E'E?\li'fﬁ_'}S'A?éxiﬁgFe’E‘A'Sth"e"
HQC HydroQuébec IREQ 8 4 |m9, RR, SP6M, RG12 0 - ;‘;ZifLHAOP%leEE' Calisiie CUAY:
RDI RDI Teledyne 2 2 |1RR,1SP6m. Compas 0 - Loic MICHEL, Kevin GRANGIER
STK SONTEK 2 1 |1M9 0 - Lee PIMBLE, Ludovic POTTIER
Patrick RICHARD, Frédéric MARTIN,
ATL SPC Littoral Atlantique 4 3 |2 SP6m,1RG12 1 | Zodiac 60cv [jérome MARCHESSEAU, Jean-Michel
DARGEGEN
Altran pour CNR 1 0 |- 0 - Karine POBANZ
1 o |- 0 - Gérard SAYSSET
Coordination usine / bateaux Génissiat Gilles PIERREFEU
Coordination usine / bateaux Pyrimont Thierry PANTEL
Coordination / PC données Jérome LE COZ, Karine POBANZ
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Intercomparaison ADCP Génissiat 2010
Equipes par bateau

version du 06/04/11

Bateaux ADCP1 ADCP2
. . " . . - Organis nom fichier . Organi nom fichier p
Organismes Site Profils Type Marinier Aide-marinier mes Type Support mesure Opérateurs smes Type Support mesure Opérateurs
CNR Navette DR-B T.Lachenal - - - - - G. Pierrefeu - - - - K. Pobanz
Aval Bge . - q Sn_GEO1_RG ’ ) Sn_GEO1_RG o
CNR GE GEO1 |Aigoual 90cv| S. Frangon JP Filere CNR RG12 Fixe 12 CNR_ N. Janin CNR | RG6 Fixe 6_CNR_ T. Hickel
Aval Bge Neptune ' ) Sn_GEO02_RG . ) Sn_GE02_RG )
CNR GE GEO02 115¢v J. Laurent M. Ulliac CNR RG12 Fixe 12 CNR_ X. Martin CNR RG6 Fixe 6 CNR_ O. Tisseur
DREAL PDL Nantes | @ B9 | Geo3 | Ausocy | M.Lebee | V. Audusseau | POL | RG12 Fixe SN_GES RG| 5 Geffray RDI | RR6 Cata Sn_GEO3 RR| | \sichel
GE 12 PDL_ 6 _RDI_
Aval Bge ) ) ) ) Sn_GE04_RG Sn_GEO04_RR '
DREAL Centre GE GEO4 | Zodiac 50cv| P. Guichon L. Berion CTR RG12 Fixe 12 CTR R. Jousset CTR | RR6 Flotteur 6 CTR_ F. Fourrier
SPC Littoral Atlantique | “Y2 B9 GEo5 | zodiac 60cv| P. Richard | 3. Marchesseau | ATL | RG12 Fixe Sn_GEOS RG| ¢ \1ortin TLs | RG6 Cata SN_GEO5 RG| ) geopel
GE 12 ATL 6 TLS
EDF-DTG Grenoble | AV B9 Geog | zodiac 30cv|  F. Gras A. Hauet GRE | RGI12 Cata SN_GEOB.RG|  h sevrez GRE | BB6 Fixe SN_GE08.BBO A Geneste
GE 12_GRE_ _GRE_
DRIEE lle-de-France | Pyrimont| Py10 | ZSPPeN |« pueke | x. Peyrard IDF | RG12 Fixe SN_PYIO_RG|  \ Valente IDF | RG6 Bouée SN_PYIO RG]\ poinsot
80cv 12_IDF _ 6_IDF_
DREAL Bourgogne pyrimont| PY12 | Zodiac 25cv| G. Poillotte ; BRG | RG12 Fixe S”I—ZPEQZG—RG D. Brigand RDI | sp cata S”—nglz—sp— K. Grangier
CNR Pyrimont | PY13 | Zodiac 25cv| Th.Pantel G. Saysset HQC M9 Hydroboard Sn_l;\gl.g_MQ_ L. Pottier GRE SP Riverboat Sn_l;\g.s_SP_ H. Perugini
Cemagref Lyon Pyrimont | PY14 |Barque 50cv| M. Lagouy - TLS RG12 Cata SnI;lefS—RG F. Berals HQC SP Cata HQC Sn_PHYQlé_SP_ C. Guay
DREAL Rhone-Alpes Pyrimont | PY15 | Zodiac 10cv| P. Duby - RAL RG12 Fixe Snl—:YleERG Y. Longefay RAL SP Planche Sn_l;’(\;(lXS_SP_ D. Troussel
i Zeppelin ) Sn_PY16_RG CataCNR, [Sn_PY16_RR§
Cemagref Lyon Pyrimont | PY16 50cv G. Dramais | JM. Dargegen CEM RG12 Planche 12 CEM_ M. Launay HQC | RR6 plague HQC “HOC Y. Choquette
EDF-DTG Brive Pyrimont | PY17 |Zodiac 40cv| F. Henault ; STk | Mo Cata S”—F,’SYTl}Z—MQ— L. Pimble BRV | RG6 Cata S”gpgéZ/—RG J. Miguel
en rouge : n°de Série de mesure et de Profil (empl  acement) & préciser
Séries de mesure (paliers)
Inversion des équipes le 14/10/10 pm SO 14:00 16:00 12/10/10
GEO1 <-> GE02 S1 10:30 11:00 13/10/10
GEO3 <-> GE04 S2 12:45 15:30 13/10/10
GEO5 <-> GE08 S2bis 15:30 17:00 13/10/10
S3 10:30 11:00 14/10/10
S4 12:45 15:30 14/10/10
S4bis 15:30 17:00 14/10/10
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Appendix 2: Photos of the measurement teams

Génissiat site (GE)
A Switching of teams on 2010-10-14 pm: GEO1 <> GEO02, GE03 <> GE04, GEO5 <> GEO08

GEO1_ CNR boat
RG12_CNR and RG6_CNR

GEO2_ CNR boat
RG12_CNR and RG6_CN
.1_: . _-,-," = s P

GEO03_ PDL boat
RG12 PDL

3
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GEO04_ CTR boat

RG12_CTR RR6_CTR

R

GEO5_ ATL boat
RG12_ATL
= f- ¢

GEO8__ GRE boat
G12_GRE '
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Pyrimont site (PY)

PY10_ IDF boat
RG12_IDF

RG6_IDF

PY12_BRG boat
RG12_ BRG

PY13_ CNR boat
M9_HQC
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PY14_ CEM boat
RG12_TLS et SP_HQC
e i 8

PY15_ RAL boat
RG12_RAL

PY16_ CEM boat
RG12_CEM and RR6_HQC
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PY17_BRV boat
M9 STK and RG6_BRV
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b/ Justification of the number of teams - Site of Pyrimont (PY) only

- On the discharge stages
2010-10-13 QO0: 2 turbines

2010-10-13 Q1: 3 turbines

PY 2010-10-13 [QO]
Difference with the average of the 13 teams

10%

8%

Standard deviation (%)
<
5

-3%
-5%
8% 1
I
I
-10% +
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number of teams
[ min max_ - Average —@— max (abs) —&— moy + 2 x Standard deviation —®— moy - 2 x Standard deviation|

PY 2010-10-13 [Q1]
Difference with the average of the 13 teams

Standard deviation (%)

Number of teams.

min max

¥~ Average —®— max (abs) —— moy + 2 x Standard deviation —B— moy - 2 x Standard deviation

2010-10-13 Q2: 4 turbines

PY 2010-10-13 [Q2]
Difference with the average of the 12 teams

Standard deviation (%)
2
2

8%

-10%

Number of teams

min max_ % - Average —®@— max (abs) —&— moy + 2 x Standard deviation —8— moy - 2 x Standard deviation

2010-10-14 ¢0: 1 turbine

2010-10-14 q1l: 2 turbines

PY 2010-10-14 [q0]
Difference with the average of the 14 teams

PY 2010-10-14 [q1]
Difference with the average of the 14 teams

10% 10%

8% 8%

5% - 5%
g g

< <
5 o 5
8 8

g g
B ——= B

2 — -
g g
@ @

5% 5%

-8% 8%

-10% -10%

1 2 3 4 5 6 7 8 9 10 1 12 13 14 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Number of teams Number of teams
min max - - Average —@— max (abs) —— moy +2 x Standard deviation —8— moy - 2 x Standard deviation min max - - Average —@— max (abs) —— moy + 2 x Standard deviation —8i— moy - 2 x Standard deviation

2010-10-14 qg2: 3 turbines
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PY 2010-10-14 [q2]
Difference with the average of the 12 teams

10%

8%

Standard deviation (%)
2
5

1 2 3 4 5 6 7 8 9 10 1 12 13 14
Number of teams.

Average —@— max (abs) —&— moy + 2 x Standard deviation —B— moy - 2 x Standard deviation|

- On the difference of discharge

2010-10-13 Q1-Q0 — Qg

2010-10-13 Q2-Q1 — Qg4

PY 2010-10-13 [Q1-Q0 --> G1]
Difference with the average of the 13 teams
20%
15%
N
10%
.

g A
< s
£
g
8
3 % —
n
3
T %
] -
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1 2 3 4 5 6 7 8 9 10 1 12 13 14
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PY 2010-10-13 [Q2-Q1 --> G4]
Difference with the average of the 12 teams
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2010-10-14 g1-9q0 — Qge

2010-10-14 g2-9q1 — Qg2

PY 2010-10-14 [q1-q0 --> G6]
Difference with the average of the 14 teams

PY 2010-10-14 [g2-q1 --> G2]
Difference with the average of the 12 teams
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Appendix 4: Signatures of sections
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<= Welocity Contour 1 - TRDT
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