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New rating curve for the Isere River at Grenoble-Campus:
using in-situ measurements in a Bayesian approach

Séminaire IGE -6/12/24 - A. Hauet & C. Rousseau
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@ New rating curve for the Isére River at Grenoble-Campus:
\ using in-situ measurements in a Bayesian approach

Institut
des geosciences

Outline

* Discharge time-series : for who and for what ?

e Establishing streamflow series & Stage-Discharge rating curves

* Grenoble-Campus station

* Problem encountered following the floods of winter 2023-2024

* Rating-curve using BaRatin

* Application to Isere at Grenoble-Campus station : data and hydraulic modelling
* Analysis of the new curve

e Conclusions and Perspectives
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IGE)
\ Discharge time-series : for who and for what ?
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e Continuous time-series of discharge Q(t) are needed for a lot of applications

 Computation descriptive statistics of the water resource
*  Mean annual flow, flow regime, return-period of events...
* To define a regulatory framework for water uses = Environmental flow downstream dams > 1/20% of the mean-annual flow
*  Sizing of structures 2 embankment dams must resist to a 10,000 years return period flood

Deébit influencé journalier de I'lsére a Grenoble Campus
(5720km2) Q0026
Débit influencé journalier de I'lsére & Grenoble Campus (5720km2) Q0026 O EerreEiEs) O AT
Module 2024 : 237 57 m¥s ~ 1313 mm/an (134%) ®
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* Continuous time-series of discharge Q(t) are needed for a lot of applications

Calibration / validation of hydrological models
Forecasting models for warning of floods or droughts

150

Discharge time-series : for who and for what ?

Optimization of the production of electricity

Study of the impact of climate-change
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VALENCIA

Damageu cars are seen along & road on the outskirts of Valencia on October 31, 2024. tva Manez/
Reuter:

Observed regional trends of annual maximum peak flow in
Europe (1960-2010) - Theil-Sen slope estimator

Change in mean annual flood discharge per decade (%)

316schl et al., Nature (2019)
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. Discharge time-series : for who and for what ?

e Continuous time-series of discharge Q(t) are needed for a lot of applications

Computation of the watershed fluxes
 Sediment

Nutriments, contaminants, plastics...

Xiaolangdi.Damso

Id ™ <‘(.‘r’.,r' = A
“ E
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China’s Yellow River.

@ Count (trillion)

Number and weight of plastic pieces afloat at sea
B Weight (tons)
Total count Total weight

5.25 trillion 268,940 tons
1.990 964.0 @ 564.7

= North Atlantic . .
North Pacific

0.247 2315
Mediterranean Sea

on -
0.491 210.2 2

South Pacific

Indian Ocean
0.297 127.8
South Atlantic

@O®G

@statistaCharts  Source: Plos One

statista %
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\ ) Establishing streamflow series
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* Punctual measurement of discharge can be realized
* So-called “gaugings”
 Alarge variety of gauging methods

Non-intrusive methods

Intrusive methods

VR
R

DI

e T

Molumetric
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IGE
\ ) Establishing streamflow series
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* Discharge cannot be directly measured continuously and in real-time

* |dea:

1. Measuring a parameter
*  Which is a good proxy of the discharge

Water stage (h) !

* Easy to measure precisely, in real time and continuously

8 qedération OSUG



IGE")
\ / Establishing streamflow series
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* Discharge cannot be directly measured continuously and in real-time

* |dea:
1. Measuring a parameter
*  Which is a good proxy of the discharge Water stage (h) |
* Easy to measure precisely, in real time and continuously
2. Computing the discharge from the water stage Q = f(h)
* Using a hydraulic model of varying complexity — Rating curve
» Calibrated on a set of gaugings for a large range of h/Q —> stage-discharge relationship
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IGE
\ ) Establishing streamflow series
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Continuous measurement = | Rating Curve
of water stage

«+ Gaugings and uncertainty
= Rating curve
= = = Rating curve uncertainty

Streamflow time serie
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QE) Stage-Discharge rating curves
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e Hydraulic controls shape the rating curve

* Physical properties of a channel which determine the relationship between stage and discharge
at a location in the channel (World Meteorological Organization, 2012)

Section control

* Natural or artificial geometric singularity = Fall (critical flow)
* Upstream water level ~ horizontal

« Torriceli > Q =u*Bxhx*,2gh > Q — q % h3/2

N
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GE) Stage-Discharge rating curves

e Hydraulic controls shape the rating curve

* Physical properties of a channel which determine the relationship between stage and discharge
at a location in the channel (World Meteorological Organization, 2012)

Channel control

* Quasi steady and uniform flow
 Water level = parallel to the riverbed

. o Chpl — ?/3c/2 — 5/3
Manning-Strickler 2Q = KAR,/ Sf 2> 0Q=axh

O©OEDF-DTG

£

: = 2 ;}}_‘:
8 qedération OSUG



QE) Stage-Discharge rating curves
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e Hydraulic controls shape the rating curve
 Depending on the water level, differing controls may appear or disappear
e Several controls may add up

Main :
channel Floodplain
\ Lo Channel + Floodplain control
\ """ ows [ & T %
Channel control

\ 1 m/s
.= Sectioncontrol2

100 L/s N _E
________________________ S iiiwe—___________________Sectioncontroll

Discharge (m3/s)

Upstream Downstream
riffle riffle
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@E) Stage-Discharge rating curves
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e Hydraulic controls shape the rating curve

* Change in the morphology of the control = rating-curve shift

 Management of temporal variability by a succession of “static” rating curves
* Supposed to represent a state of hydraulic control over a given period

& Gaugings == Population 4 composée de 149 jaugeages

T y Date 5000 | DU 1993-10=14 au 2015=05-21 4
E ™ : e Population 3 composée de 48 jaugeages

% k8 Mt Du 1980-11-27 au 1993-08-17

% 40+ 017012006 2000 | g Populatlon 2 CommSée ..............
§ 20 .m.fm.'zmz (k 26 lalmages

a . Du 1974-10-17

1000 ¢+ au 1980_07_09 ......................

== Population 1 composée
p : <00 |.....de 33 jaugeages
Stage h [m] Du 1964-08-20
au 1974-08-22

©lnrae

Q(m3/s)

------------------------------

The Wairau River at Barnett’s Bank, New Zealand
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IGE) Grenoble-Campus station
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e Commissioning in 1992, funding by EDF, Grenoble-INP ENSHMG P. Bois (now ENSE3), Pole Grenoblois d’Etudes et de Recherche sur

les Risques Naturels (PGRN, now PARN). '=epF NP Enses g poeainoes s
Location : Grenoble campus, Gieres, France

Manager : Grenoble INP Ense3, Obs-Eau platform (Ense3, Phitem, IGE)

* Scientific manager : Julien Némery / Technical manager : Christophe Rousseau, with the help of IGE technical department (ST)

. Zone
Attachment : ZABR Arc-lsére . Atelier

LTSER FRANCE BASSIN DU RHONE

River concerned: Isere river, tributary of the Rhone

Watershed at Grenoble-campus :
* Area: 5570 km? 70% at more than 1000 m altitude
* Main tributaries : Arc and Arly

3 Bassin Rhodanien

* mean annual discharge : 175 m3/s

* Significant influence of human activities
(hydroelectric dams, dikes)

£ DUMAS

Dumas (2004)
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@ Grenoble-Campus station
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* Objectives
* Training :
* practical work on large rivers flow measurements, data for education (Grenoble-INP Ense3, UGA Phitem)
* Monitoring :
* campus flood protection system (ENSE3 + UGA DAD)
* hydrometric measurements for St Egreve dam management (EDF)

* regulatory measures during Isére and Arc dam flushings (EDF-DTG) Training

* regulatory control of the effects of the release of cooling water from the ILL neutron reactor ||§|i3 Ensed UUC?/}

(Institut Laue-Langevin) — Srensbe Sipes
e Research & development :

* long term high frequency sediment observatory (IGE, INRAE & EDF-DTG) @“ ‘

* development of sand transport measurement technology (EDF-DTG, CNR, INRAE Lyon) & /

* determination of flow rate by surface velocities measurements using images (IGE, Ténévia)

Research Monitoring
= TENEVIA :': eDF
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IGE) Grenoble-Campus station
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* Continuous measurements: level, temperature, conductivity,

turbidity, pH, 02 & \t
g

* Calculated measurements: flow, Suspended Sediments g
Concentration (SSC), hydraulic slope (with the Isere-PDT =
station located downstream),

* Main station equipment:
* Main supply, network
* Limnimetric scale
* Hydrometric cable ferry (EDF-DTG)
» Campbell Scientific CR1000 datalogger

* OTT sensors PLS (level) and PLS-C (level, temperature,
conductivity)

* Hach SolitaxTurbidity probe (EDF-DTG partnership)
e |SCO Sampler
* Hach pH and conductivity probes (ILL partnership)

* Axis network camera
* Sontek M9 and RDI Rio Grande ADCP

ADCP pulled by cable ferry Limnimétrc scale

8 qedération OSUG



IGE) Grenoble-Campus station
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* Continuous measurements: level, temperature, conductivity, B | vistres Grenobie x | + 7
tu rbldlty’ pH’ 02 (o C Q4 == https://g2elab-shiny.g2elab.grenoble-inp.fr/lsere/ 7% W @ ® 31 =

&) Institut des Géoscienc... € Intranet Ense3 @) L'lsére 3 Grenoble @3 Le Sonnant & Gieres @) Météo GreEn-ER - site.. @B ZNSBIS @) Météo Osug-B »> [ Autres marque-pages

Institut

Fichier Editiuﬂ Affichage Historique Marque-pages Outils  Aide — o o

* Calculated measurements: flow, Suspended Sediments
Concentration (SSC), hydraulic slope (with the Isere-PDT
station located downstream),

RENOBLE

INP Enses

A

HAUTEUR [CAPTEUR T} DEBIT {CAPTEUR 0} HAUTEUR {CAPTEUR 1} DESIT [CAPTEUR 1)
] e

y= 1:m Q 1373 m3fs = 155m Q 140.1 m3/s
_— 2024-11-18 12:00:00 UTC 2024-11-18 12:00-00 UTC —- 2024-11-18 12:00:00 UTC 2024-11-18 12:00:00 UTC

* Main station equipment:

DERMIERES DONNEES
2024-11-18 12:00:00 UTC

* Main supply, network e

DERMIERES DONNEES

* Limnimetric scale 20241117 140000 uTC
* Hydrometric cable ferry (EDF-DTG)
» Campbell Scientific CR1000 datalogger

Ce sitz présente une pertic des mesures
brutes eFfectuées sur le riviéne sére par

IR
* OTT sensors PLS (level) and PLS-C (level, temperature,
conductivity) b e o e

- pour palier d éventuelles déiil ez - instellés & la st=tion

* Hach SolitaxTurbidity probe (EDF-DTG partnership)
e |SCO Sampler
* Hach pH and conductivity probes (ILL partnership)

* Axis network camera EEEEEEEERN ~ ..
* Sontek M9 and RDI Rio Grande ADCP £ — -
<B
* Raw data website (last month) : s
https://g2elab-shiny.g2elab.grenoble-inp.fr/lsere/ - N A T T TS N Lo cemex et
S ULV NSV OUE S P e
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https://g2elab-shiny.g2elab.grenoble-inp.fr/Isere/

@E) Grenoble-Campus station 3/3
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* Continuous measurements: level, temperature, conductivity,
tU rbldlty, pH, OZ Fichier Edition Affichage Historique Marque-pages Qutils Aide — o x

(5] # BDOH - Arc-lsére - Chronique - X+ o

* Ca |Cu |ated measu rements: ﬂOW, Suspended Sed i ments < C O a https://bdoh.inrae.fr/ARC-ISERE/GRENOBLE-CAMPUS/HT#measures-display B 0% v @2 ® i] =
Concentration (SSC), hydraulic slope (with the Isere-PDT i (e (e S (F e (DI e (TR (ramat YI—
Station |Ocated doWnStream)’ & Afficher les données

Sélectionner les dates de début et fin

* Main station equipment: vt i o st e

° Ma i n Su pply, netWO rk Période:| de L] 01/01/2023 00.00:00 ] a L] 29/02/2024 23:30:00 ]

e Limnimetric sca |e 1“;Z::,e.::p:ol‘:i:a:j::nlma . Pour revenir au niveau de zoom infial, double-cliquez sur le graphe
° Hyd r.o m et r.l C Ca b | e fe rry ( E D F- DTG ) Astuce LE;EIE peut s'écrire en tapant seulement les chiffres (exemple : 130495 -= 12/04/1895). $i vous écrivez 1304 I'année en cours sera ajoutée automatiquement.
» Campbell Scientific CR1000 datalogger

* OTT sensors PLS (level) and PLS-C (level, temperature,
conductivity) =

m]

[

* Hach SolitaxTurbidity probe (EDF-DTG partnership) ;

* ISCO Sampler

* Hach pH and conductivity probes (ILL partnership)

» Axis network camera

* Sontek M9 and RDI Rio Grande ADCP pate [UTe]

| Valide (M| Lacune [N Estimée (M Foints de contréle

* Raw data website (last month) :
https://g2elab-shiny.g2elab.grenoble-inp.fr/lsere/

* Processed data website :
https://bdoh.inrae.fr/ARC-ISERE/station/GRENOBLE-CAMPUS

8 qedération OSUG
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https://bdoh.inrae.fr/ARC-ISERE/station/GRENOBLE-CAMPUS

IGE') Winter 2023-2024 floods
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* An exceptional 2023 — 2024 winter :

e 4 successive floods

* including the largest flood observed over the last 30 years.

1000

500

800

700

Mean daily flow at Grenoble-campus

i 1

o
M 600
Date H (m) Q(m3/s) Type .g.
15/11/2023 6,71 1047 vicennale | & 50
22/03/2001 6,36 938 décennale j:u“ a0
13/12/2023 6,21 921 décennale | Z w
02/05/2015 6,27 866 quinquennale 300
31/05/2010 6,27 866 quinquennale L‘U
30/05/2008 6,13 840  quinquennale 200
15/05/1999 5.84 829 quinquennale 100
16/10/2000 5.80 821 quinquennale
05/01/2018 5,63 787  quinquennale 0
01/12/2023 546 752 quinquennale Jan May Jun Jul Aug Sep Oct Nov Dec Jan Feb
13/01/2004 5,23 708 biennale —Year 2023-2024 —Mean Flow (1960 - 2020)
19/01/2024 525 711 biennale
30/12/2021 5,08 680 biennale
21/06/2024 517 677 biennale
21/06/2013 5,12 664 biennale

15 largest floods observed
at the station between
01/01/95 and 01/12/2024

Floods by year

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Depth (m)

@E) Winter 2023-2024 floods
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e 2 gaugings realized by IGE-Ense3 at very high flows:
s
* 12/12/2023 13:00 = h=5,69m ; Q= 791 m3/s + 7% Crue de l'lsere
 13/12/2023 10h25 = h=6,17m ; Q= 923 m3/s + 9% L e
é&poque de 'annee S0 e d
1 . profiler) au nwt?au det\zg‘??f(e N
* Using an ADCP SonTek M9 + GPS Hemisphere P s Geaue
* Mounted on a board; Deployed with a rope from the Passerelle de I'ile d’Amour
* Measurements in difficult conditions:

* High velocities & Lots of floating debris (big tree trunks !)

» High sediment load that perturbates the acoustic waves = GPS helps a lot

* Unsteady flows = quick measurement needed

Contact & Acces Wwebmail @ intranet \

Annuaire  Nous rejoindre

edération
a Lafégéralio

|nstitut des Geosciences de
I’Environnement

CTUALITES
HERCHE  FORMATION ENSAVOIRPLUS A
REC

LINSTITUT

. Coup double pour

|sére & B00 m3/s |
ahi ionnels de lsere a 80
mesurer des 00T e jode de retour 20 ans). Les

1 interi tes avec un ADCP (
&gé € tée pou
pre (crue legerement e + 160 m3/s. Ces mesur Campus Instrumen

) ses entre 130 € ) Grenoble-Camp -

i nabitueliement comprises €€ T2 5 ¢ de 1 station de mesure GTERTE 2, Ty et température).

L

des jaugeages records

e mardi 12 décembre et 928 m3/s
acefte

< yaleurs normaies a ¢

acoustic Doppler current

caient sur le po ’ ‘
o e gt I le suivi en continu

5 extrémes ont té fal

'y

roidité |

"
w
Primary velocity

Largest discharge ever measured
at the station !

10

o5

45
Length (m)

Gauging of 13/12/202 :




ce)) Problem encountered at Grenoble-Campus following the
\._ 7 floods of winter 2023-2024
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Finding: deviations for high flow rates AN AWAY
- comparing with DREAL Bastille station values \
- comparing with ADCP gaugings i
— The current rating curve (2018A1) is called into

. . 100 . \-F\H‘J,_\__ ~d §
question for high flow rates Y N S Ve
% f,f - hv L
.\}"
Cruedes 12 & 13/12/23
Gaugings Grenoble-Bastille Station Grenoble-Campus Station - 2018A1
(ENSE3-IGE) (DREAL) (EDF-DTG — ENSE3 - IGE)
Date heure UTC H Q Incertitude Date heure UTC Q Date heure UTC Q
(m) (m3/s) (m3/s) (m3/s)
7,2%
12/12/2023 13:00 5,69 791 734.848 12/12/2023 12:52 812 12/12/2023 13:00 762
8,8%
13/12/2023 10:25 6,17 923 842-1004 13/12/2023 10:30 913 13/12/2023 10:30 842
Comparison of values during the 12 & 13/12/23 flood
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BaRatin
|GE o ° ° Bayesian Rating Curves
\(\) Rating-curve using BaRatin \
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* BaRatin : Bayesian Rating-curves
* Free and open-source software developed by Inrae Lyon (Le Coz et al., 2014)

1. User describes the hydraulic controls of the site . . .
Contrdle n"1 Contrdle n°2 Contrdle n°3

e Channel control or Section control

. Segment n"3 (Haut)
* How they appear / disappear / add up

depending on the water level Segment n"2

Segment n"1 (Bas)
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IGE . . : BaRati n N
\ Rating-curve using BaRatin
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* BaRatin : Bayesian Rating-curves
* Free and open-source software developed by Inrae Lyon (Le Coz et al., 2014)
1. User describes the hydraulic controls of the site

2. For each hydraulic control, user provides “a priori” knowledge of parameters

«  Channel Control > Q = K * B * S1/2 x ¢
*  Strickler friction coefficient K; Stream width B; Stream slope S; Coeff ¢ (=5/3); Activation stage

* Section control > Q = u* B *,/2g * h¢
. Weir coefficient u; weir width B; Coeff ¢ (=3/2); Activation stage

* Central value + Normal distribution uncertainty

F Control #1 F Control #2 F Control #3 F Control #4 F Control #5

B Rectangular channel N
1/2 c ]

O:KSBH‘S (h-kb)  (h>k) Mean value Uncertainty (+/-)

E Activation stage  k[m] 0.5 0.2
Strickler coefficent X_[m'/>.s '] | 300 10.0
Channel width Bw[m] 60.0 5.0

: ;SIope s[-1 3.0E-4 1.0E-4
Exponent c[-1 1.67 0.05

/_.\ féedération OSUG /[\_ Physical parameters _T



BaRatin
|GE . . ° Bayesian Rating Curves
\ ) Rating-curve using BaRatin \
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* BaRatin : Bayesian Rating-curves

 Free and open-source software developed by Inrae Lyon (Le Coz et al., 2014)
User describes the hydraulic controls of the site
For each hydraulic control, user provides “a priori” knowledge of parameters

The prior rating curve and it’s prior uncertainty are computed
* Using the user’s priors only

w N

* Large uncertainties

Too
650
600
S50
00
450

400
W Hauteur d'activation a priori

Incertitude paramétrique a priori
== Courbe de tarage a priori

350

Débit [m3ls]

300

250

200

1580

100

a0

0

1.0 05 0.0 05 1.0 15 2.0 25 3.0 35 4.0 45
Hauteur d'eau [m]
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BaRatin

Bayesian Rating Curves

G
kE Rating-curve using BaRatin
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* BaRatin : Bayesian Rating-curves

* Free and open-source software developed by Inrae Lyon (Le Coz et al., 2014)
User describes the hydraulic controls of the site
For each hydraulic control, user provides “a priori” knowledge of parameters
The prior rating curve and it’s prior uncertainty are computed

B wnNn e

. . Importer un jeu de jaugeages -A WG
User provides a set of gaugings e e e o s e @ B
Meyras_gauglags_2011_2014.cav
. . . B
. With their uncertainty :
.......... Diéhit Incertitu...  Actif ? .
0,43 0,625 ¥ |
0.51 0,591 =)
0,01 9,98 5
0.138 135 5 M
-0.045 8,84 5
0,17 53 %
-0.22 413 5 )
031 263 5 [
039 168 %)
-0.497 0,559 T W
-0.497 0.58 %)
0525 0428 T
0525 0.409 ¥
055 0.273 7 v F &
-0.54 0313 7 :-/ E °
-0.585 0,135 ¥ z .
-0.51 0.476 7 [ a
037 187 5 %) =
013 618 5 7
012 133 v P
0,285 335 5 )
0,015 9,98 % =
1.4 935 [
1,03 517 0 W ©
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BaRatin

Bayesian Rating Curves

G
kE Rating-curve using BaRatin
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* BaRatin : Bayesian Rating-curves
* Free and open-source software developed by Inrae Lyon (Le Coz et al., 2014)

User describes the hydraulic controls of the site

For each hydraulic control, user provides “a priori” knowledge of parameters

The prior rating curve and it’s prior uncertainty are computed

User provides a set of gaugings

Bayesian black magic happens !
e  Posterior distribution of each parameters computed using Bayes theorem
*  From prior distribution / using the gaugings

Reverend
Thomas Bayes
(1702-1761)

S

likelihood prior
—~—

p(y|0) x p(0) -
Posterior distribution p(ﬂly) — fp(’yllf) y p(u)dv }leizlrjagrlr:]ifers

~
normalization constant
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IGE . . : BaRati n N
\ Rating-curve using BaRatin
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* Posterior rating curve

e Bayesian analysis using on the parameters &
*  Most probable Rating Curve + it’s uncertainty

108
100
a5
o]
85
20
75
70
[ata]
B0

55 Hauteur d'activation a posteriori

M Incertitude paramétrique et structurelle a posteriori

Déhit [m3rs]

50 Incertitude paramétrigue a posteriori

45 == Courbe de tarage a posteriori

@ Jaugeages (actifs)
40

35
30
25
20
15
10

5

0 S-S

07 -08 -0.8 -0.4 03 -0.2 -0.1 (] 01 0.2 02 0.4 05 08 07 [=R=} 0@ 1.0 1.1 1,2 1,3 1.4 14 168 1,7 18 1.8 20 21 22

E Hauteur d'eau [m] -




Application to Isere at Grenoble-Campus station :
IGE
C) data for hydraulic modelling ’ﬁ}

des geosciences
de I"ervironnement

*Bathymetry

Measured on the same day at ADCP for the submerged part and
theodolite for the surface part then reconstitution of the section

- informations on geometry and sizes

Bathymétrie Isére 3 Greroble-Campus - 06/02/24

z ref. echelle (m)

oy
(=]

10 30 50 70 50

2

Rive gauche + < ef. traille m] Rive droite

Section bathymetry reconstruction

8 qedération OSUG




@) Application to Isére at Grenoble-Campus station : i )
data for hydraulic modelling .

Institut
des geosciences
de I"ervironnement

* Observation of the river banks

—> Strickler coefficient estimation (Ks) : Ks estimate uncertainty (+/-)
m3/s m3/s

5 <H Lawn and some tree trunks

05<H<2 Without vegetation, shingle 30 10

*depends on the season

8 qedération OSUG




Application to Isére at Grenoble-Campus station :
IGE
C) data for hydraulic modelling "_‘{)

Institut
des geosciences
de I"ervironnement

Slope vs level from 2020 to 2023 -

0.

@

*Slope

- Continuous measurements have been available between the
Grenoble-Campus and Isere-PDT stations since 2020 y -

o e ——— . annee_mois
sn -

- The slope depends on the discharge g A Coamy - s - s

< 202010 ¢ 20213 ¢ 20227
< 202011 e 20214 - 20228
=g . 202012 ¢ 20215 ¢ 20229
© 20202 ¢ 20216 - 20231
© 20203 ¢ 20217 - 202310
. 20204 ¢ 20218 - 202311
© 20205 ¢ 20219 - 202312
© 20206 ¢ 20221 ¢ 20232
< 20207 ¢ 202210 ¢ 20233
- 20208 ¢ 202211 - 20234
© 20209 ¢ 202212 ¢ 20235

Pente (%o)
i
H

e 20211 ¢ 2022 ¢ 20236
. 202110 ¢ 20223 ¢ 20237
© 202111 ¢ 20224 - 20238

© 202112 ¢ 20225 ¢ 20239

Isere-PDT

4
Hauteur echelle (m)

Grenoble-Campus &

8 qedération OSUG




@) Application to the Isere at Grenoble-Campus station :
\ " hydraulic modelling

des geosciences
de I"ervironnement

* matrix assumption of hydraulic controls

10

B

Contréle 5 Controle 4 Contrdle 5

E
u 4 Contréle 3
W
£=
[~
" bl
T .
5 Contrale 2

o -

1o Controle 1 . b

x ref. traille (m)

- Hauteur Activation Incertitude
Controle Type
Contréle n°1 Contréle n°2 Contréle n°3 Contréle n°4 Contréle n°5 (m) (m)

Chenal rectangulaire 5,51 +/- 0,5

Segment n°5 (Haut)
Segment n°4

Segment n°3
Segment n°2

Segment n°1 (Bas)

8 qedération OSUG

4 Chenal rectangulaire 5,5 +/- 0,5
3

_ Chenal rectangulaire 2,0 +/- 0,5
Chenal rectangulaire 0,5 +/- 0,2

1 Déversoir triangulaire -2,0 +/- 0,1

Uncertain but
can’t be verified




GE Application to Isere at Grenoble-Campus station : hydraulic
\ modelling

des geosciences
de I"ervironnement

Bathymétrie Isére a Grenoble-Campus - 06/02/24

10
8
M“tﬂe = | Controle 4 | Contrble 5 ‘L,"'
—
" N Contréle 3 ”."-7

2 ref echelle (m}

) h CDntr?\eZ _____._....-—-r"'""'i'--.-a"’,
Hydraulic controls settings - o
Controle Type Hauteur Coef. De Largeur du Pente du Exposant
Activation k Strickler K, chenal chenal C(s.u.)
(m) (m?/3,s71) . S (S.U. 10%) oo

[ chenal rectangulaire 5,51+/-0,5 20 +/-5 29 +/-5 7 +/-1 1,67 +/-0,05 o
I chenal rectangulaire 5,5 +/-0,5 20 +/-5 69 +/-5 7 +/-1 1,67+/-005
n Chenal rectangulaire 2,0+/-0,5 10 +/-5 69 +/-5 5+/-2 1,67 +/-0,05 800
n Chenal rectangulaire 0,5+/-0,2 30 +/-10 60 +/-5 3+/-1 1,67 +/-0,05 00

Controle Type Hauteur Coefficient Acc. de Exposant 1300
Activation k d’ouvrage C, pesanteur c(s.U.) 1200
(m) (S.u.) g (m.s?) 1100

- Déversoir triangulaire -2,0+/-0,1 0,31 +/-0,05 170 +/-20 9,81 +/-0,01 2,5 +/-0,05

-
[=]
=]
=]

=l a]

/"“\ I 700

computation of the prior rating curve, -
solely based on hydraulic information *
and not using any gauging

Débit [m3ls]

W Hauteur d'activation a priori
Incertitude paramétrique a priori
= Courbe de tarage a priori
| ‘

15 10 05 00 05 10 15 20 25 30 35 40 45 S50 55 60 65 70 T8
Hauteur d'=au [m]

o
=]
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@) BaRatin for Isere@Campus

Institut
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* Set of gaugings:
* All the gaugings since the rating shift of 2018
* 146 gaugings realized by ADCP ! (mostly done during Ense3 trainings)

* Including the 2 high flow gaugings of December 2023 (IGE — Ense3)

e §
27/06/1994 4,97 10,0 Current-meter
23/06/1995 4,42 569 10 Current-meter - “
23/03/2001 4,47 591 10 Current-meter -
31/05/2010 6,26 886 15 Current-meter - + ‘
04/05/2015 4,85 643 10 ADCP ]
o o 1
&
- +
*Mi
2%
- ae™’

150 -
100
50 @l -

06 o8 10 12 1.4 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 6.0 62
Stage [m]
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* Set of gaugings:
All the gaugings since the rating shift of 2018

Qi e o2

27/06/1994
23/06/1995
23/03/2001
31/05/2010
04/05/2015

5

4,97
4,42
4,47
6,26
4,85

569
591
886
643

10,0
10
10
15
10

Current-meter
Current-meter
Current-meter
Current-meter
ADCP

Difficult conditions =
downgraded gauging protocol =
high uncertainty

Discharge [m3/g]

BaRatin for Isere@Campus

146 gaugings realized by ADCP ! (mostly done during Ense3 trainings)
Including the 2 high flow gaugings of December 2023 (IGE — Ense3)

1,000

a50

00

850

800

750

700

G50

00

550

500

450

400

350

300

250

200

150

100

&0

o’

06 o8 10 12 1.4 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 6.0 62
Stage [m]



@E\) BaRatin for Isere@Campus
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* Posterior rating curve:
* Fits really nicely to the gaugings
* Deviates from the highest but more uncertain gauging
e Hasaverylow uncertainty = 2

1300 y

* +/-5% alow discharge o

1150

s  +/-1% at medium discharge =

* +/- 8% at high discharge o

Discharge [m3is]

600

550

500

450

400

350

300

250

200

150

100

50

o

-14 12 10 08 06 04 02 00 02 04 06 OB 10 12 14 16 18 20 22 24 2§ 28 30 32 34 365 38 40 42 44 46 48 50 52 54 56 58 80 62 64 66 68 70 72 7.4
Stage [m]
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IGE : : :
C) Analysis of the new curve : comparison with the old curve

Institut
des geosciences
de I"ervironnement

Ancienne, nouvelle CT & jaugeages 2018-2023 - Grenoble-Campus

1400

o comparison with the previous curve 2018A1 :
H < 4 m, similar to the prvious curve
. H >4 m, higher flow rates for the same water level
1000 P
’I
FN )
800 ,‘,
,” — — — Baréme 2018A2
) ,"‘ @  Deébits historiques
) 600 9.~
£ .’,’ ® Jaugeages 2018-2023
/_’.’ ©® Jaugeages 2023
o~ Baréme 2018A1
400 o
o
o
m /.
P
_____________ 0-
2 1 0 1 2 3 4 5 6 7 8
-200
m
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@E) Analysis of the new curve : comparison with the old curve
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laugeage Grenoble-Bastille Grenoble-Campus
IGE Ense3 DREAL Ense3 - IGE
Date heure UTC H Q Incertit Date heure UTC a Date heure UTC H [m]} 0 2018A1 0 2018A2 Incertitude
[m) [m?fs) ude {mfs) [m*fs) [m*fs) 2018A2
(m*/s]

12/12/2023 13:00 5,659 791 7.2% 12/12/2023 12:52 812 12/12/2023 13:00 5,68 762 795 F83-840

13/12/2023 10:25 6,17 923 8,8% 13/12/2023 10:30 913 13/12/2023 10:30 6,14 842 905 876-947

19/12/2023 14:15 2,83 323 4,5% 19/12/2023 14:00 304 1%/12/2023 14:00 2,84 322 3138 314-323 .

12/12/23 ADCP gauging

10.0%
— L]
£ 8.0% .
% L L]
£ 6.0% ‘
s : -
o 4.0% L . . . .
o . " o . ] ™
5 . Lo ¢ .
3 2.0% . e ¢
: g s, ' : .

. F . . .

T 00% = = e, e T e e e e —> a better match between gauging and
@ Rk 5 Dl L { :
S 2.0% 'Y ﬂt_..., et * .. new curve-estimated values
3 o’ 'g':;',t ‘s *,
wr L hd L
% -4.0% . '. L 3
i © "
3 -6.0% LI

-8.0%

0 100 200 300 400 500 600 700 800 900 1000

Débit de la courbe de tarage (m3/s)

e 2018A1  2018A2
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m3/fs

IGE

N7
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stations

—— [real_Hastille —— Direal_Crolles GRENOBLE-CAMPLS 2018401 = = = GRENOBLE-CAMPUS 201802 & Jaupeages ADCP

1200

15/11/23 flood

1000

A/

0
10/11/2023

11/11/2023 12/11/2023 13/11/2023 14/11/2023 15/11/2023 16/11/2023 17/11/2023 18(11/2023 19/11/2023 20/11/2023

- a good consistency with DREAL measurements

m3/s
@
8

Analysis of the new curve : flood hydrograms comparison with other

—— [real_Hastille —— Dreal_Crolles GRENOBLE-CAMPLS 2018401 = = = GRENOBLE-CAMPUS 201802 & Jaupeages ADCP

1200
13/12/23 flood

1000

800

[+]
09/12/2023 D0:00

11/12/2023 00:00

131242023 00:00 15/12/2023 00:00 17/12{2023 00:00 1941242023 00:00

_ fedération OS
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* |sere@Campus
e Stable hydraulic controls
 Alarge amount of gaugings

* Buta quite complex rating curve !!
* Several hydraulic controls

Conclusions

* Change of the slope with the stage

212

Alfituds (MNGG)

045
L]
[

0.40
\

slope (per thousand)
035
(-]

I

1D Hydraulic Model

025 3
| 1
o
\ .

—
o

2500

Campus

Pt du Tram

1D Hydraulic Model of the Isere river
(Master thesis Nathan; Minon)

variable
— Q50 — Q600
— Q100 — Q650
— Q150 — Q700
— Q200 — Q750
— Q250 — Q800
— Q300 — Q850
— Q250 — Q900
— Q400 — Q950
— Q450 — Q1000
\ — Q500 — Fond

— Q550

St-Laurent

5000 7500 10000
Abscisses (m)

T T T T
200 400 600 800

T
1000

_




IGE) :
\o Conclusions

Institut
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* A new rating curve and it’s uncertainty

 Computed with BaRatin
* Thanks to 2 high flow gaugings in December 2023 -> ADCP + GPS Tracking
* Considering the slope variation

1350

1300

1250

1200

1150

1100

1080

1000

250

Qo0

B850

800

750

700
650

Discharge [m3is]

BO0D

550

500

450

400

350

300

250

200

150

100

50

o

-4 -12 10 08 08 04 02 00 02 04 0B 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 7.4
Stage [m]
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IGE) :
\o Conclusions
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* A new rating curve significantly different from the previous one for the high flows
e ForQ>500m3/s
* Recalculation of the historical series since 2018
 More consistent with the neighboring stations

—— [real_Hastille —— Dreal_Crolles GRENOBLE-CAMPLS 2018401 = = = GRENOBLE-CAMPUS 201802 & Jaupeages ADCP

Ancienne, nouvelle CT & jaugeages 2018-2023 - Grenoble-Campus 1200

1400

1000

s B 800
e
)
~ -
- ¥ -
s o @ 600
£ ° . * .
-
- L]
a0 3
s
(]
’ 400
o
200 /0
___________ - 200
1 2 4

[+]
09/12/2023 D0:00 11/12/2023 00:00 13/12/2023 00:00 15/12/2023 00:00 17/12{2023 00:00 1941242023 00:00
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Perspectives

A probably even more complex rating-curve....
e Hysteresis effect ?7?
* |Impact on the stage-discharge relationship ?

Work in 2025 with a visiting researcher, Marian Muste, IIHR, Univ of lowa

* To be integrated in a new version of BaRatin

In which the slope can be expressed as an equation of the stage and time

07

2
=1

Slope (per thousand)

=
wn

04

14/12/2023
- B s
- -
LN ] - e B
- e
- - ..
- - I
L.} ] L LN ]
L] -
- -
Ll ] ]
Date
20231217
2023-12-16
2023-12-15
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20231212
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3 4 5 6

Water stage (m)
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* Long term discharge series = long term field work

IGE * And a lot of people involved ! Special thanks to them
- * And to the hundreds of students that conducted so many gaugings !
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