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Introduction 

–  In Switzerland, hydropower counts for more than 50% of the total energy production 
 

–  Hydropower infrastructures have negative impacts on the exploited rivers 
×  Residual flow 

×  Hydropeaking 
 

–  New Swiss law on the Protection of Waters (2011) obligates the prevention or elimination of 
those negative impacts 

 

–  The Swiss National Science Foundation has launched the HyApp project to create a 2D 
model to allow the prediction of ecological changes and to optimize the integrated 
management in complex floodplains 

3 / 26  Pierre Bourqui January 25, 2017 



Objectives 

–  In the framework of the HyApp project, this Master thesis had the following 

objectives: 

 

×  Creation of a 2D model for the meander of Hauterive Abbey, in the residual flow 

section of the Sarine river 

×  Development and computation of the Hydro-Morphological Index of Diversity (HMID) 

×  Analysis of the potential effects of an artificial flood on the morphology of the 

meander, based on the HMID criterion 
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Meander of Hauterive Abbey 

–  Located in the Basse Sarine, between the dam of Rossens and the 
power station of Hauterive 

–  Residual flow 

×  2.5 m3/s in winter (October – May) 

×  3.5 m3/s in summer (June – September) 

–  Sequences of pools and riffles 

–  Special features: island, alluvial forest, gravel bars, vegetated gravel 
bars, disconnected secondary channels 

–  No real changes in morphology since the construction of the dam  

–  High development of the vegetation 

–  Progressive incision of the river in the main channel due to the lack 
of entering sediments 
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Source base map: Swiss National Map 1:25’000 
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Source base map: Swiss National Map 1:25’000 Source base maps: Swiss National Map 1:25’000 Source base map: e-dric.ch 

Meander of Hauterive Abbey 



Data – river geometry and flow characteristics 

–  27 measured cross sections  

×  Every ± 80 m 

×  21 manually measured 

×  6 with the ADCP boat 

–  Measurements 

×  Water depth (for all cross sections) 

×  Flow velocity (for 15/27 cross sections) 

×  Location of all measuring points 

–  Grain size distribution 

×  18 samples collected along the meander 

×  Comparison between two counting methods 

7 / 26 Pierre Bourqui January 25, 2017 

Measured cross sections with different measurement methods 
Source base map: e-dric.ch 
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FEHR LINE ANALYSIS 

Spot 
dm d90 kSt (dm) kSt (d90) 

cm cm m1/3/s m1/3/s 

Cross section 27 6.4 13.0 33.4 29.6 

Island 5.6 9.9 34.1 31.0 

Alluvial forest 4.9 9.1 34.9 31.5 

Main gravel bar 6.4 12.8 33.4 29.7 

Bridge gravel bar 5.2 9.5 34.5 31.2 

BASEGRAIN 

Main gravel bar 6.2 12.8 33.5 29.7 

Bridge gravel bar 5.4 12.2 34.4 30.0 

Average 5.7 11.3 34.0 30.4 
Fehr lines locations and main morphological structures 

Source base map: e-dric.ch 

Data – grain size distribution 
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Data – river geometry and flow characteristics 

Longitudinal profile evolution, elevation of the riverbed. Comparison between 2000, 2006 and 2015 



HyApp model - mesh generation 
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–  Interpolation of the measured cross sections every 2 meters 

–  Creation of a Digital Elevation Model (DEM) with ArcGIS 

×  Interpolated riverbed geometry 

×  LIDAR survey from e-dric.ch (2014) 

×  Cell size: 30 x 30 cm 

–  Conceptual model 

–  Mesh generation 

×  1 meter grid-mesh 

×  2 meters grid-mesh 

DEM generated with ArcGIS. Cell size 30 x 30 cm.. 



HyApp model - conceptual model 
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Conceptual model  for the mesh generation and material index 

Initial Strickler coefficients used in the model 



HyApp model – mesh comparison 
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–  Mesh comparison 

×  Riverbed Strickler coefficient K = 30.4 m1/3/s  

×  Constant incoming discharge Q = 2.5 m3/s 

×  Accuracy depends on the measurement method 

×  General shape respected 
 

Mesh comparison for two cross sections, measured with the ADCP boat (CS9) and 
with the manual method (CS19) 

Differences of water  depths simulated with the 1 meter and 2 meters-grid at 10 CS 
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–  First simulation with Strickler K = 30.4 m1/3/s 

and Q = 2.5 m3/s 

×  Average absolute error equal to 20 cm  

×  Simulated water depths lower than the 
measured ones 

 

–  Sensitivity of the water depth to small 

variations of the discharge 

×  Incoming discharge: 2.6 ≤ Q ≤ 3.5 m3/s 

×  K = 30.4 m1/3/s 

Sensitivity of the water depth to small discharge changes at CS25 

HyApp model - calibration 
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–  Strickler coefficient  

×  10 ≤ K ≤ 30.4 m1/3/s 

×  Constant incoming discharge: Q = 2.5 m3/s 

Mean water depths along the longitudinal profile with different riverbed Strickler coefficients 

Relation between flow depth, flow velocity and Strickler coefficient 
at constant discharge 

HyApp model - calibration 



–  Chézy coefficient 

15 / 26 Pierre Bourqui January 25, 2017 

HyApp model - calibration 
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–  Chézy coefficient 

×  12 ≤ C ≤ 18 m1/3/s 

×  Constant incoming discharge: Q = 2.5 m3/s 

Mean water depths along the longitudinal profile with different riverbed Chézy coefficients  
Calibration of the friction coefficient. Errors between the measured and 

the simulated mean water depth along the longitudinal profile for a 
constant discharge of 2.5 m3/s 

HyApp model - calibration 



Simulations 
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–  HyApp model 

×  Constant incoming discharges  

×  Q = 2.5, 3.5, 10, 25, 50, 100, 150, 200, 250 m3/s 

×  Strickler coefficients 
–  KSt = 10 m1/3/s for Q ≤ 100 m3/s 

–  KSt = 30.4 m1/3/s for Q ≥ 100 m3/s 

–  e-dric model 

×  «Before» and «after» the flood 
–  Constant incoming discharges  

–  Q = 2.5, 3.5, 10, 25, 50, 100 m3/s 

–  Use of the original e-dric parameters 

×  Flood event 
–  Flood hydrograph (based on flood of July, 2014) 

–  Use of the corrected parameters 

Artificial flood hydrograph 
Source : e-dric.ch 



–  Developed by W. Gostner (2012) to assess and predict the morphological diversity in river 
engineering projets 

–  Based on simple statistical parameters (variabilities of flow depth and flow velocity) 

 

–  3 categories:  
×  HMID < 5 : “channelized or heavily altered sites, with uniform cross-section and minor geomorphic 

patches” 

×  5 < HMID < 9 : “sites showing limited variability to near natural morphology. Patterns of intact natural 
state are not developed yet” 

×  HMID > 9 : “reference sites with fully developed spatial dynamics and the full range of hydraulic 
habitats” 

  

 

Evaluation method – HMID 
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Evaluation method – HMID 
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–  Time variability of the HMID also important to assess the morphological quality of a river reach 
×  HMID calculated under different discharges 

×  Natural profiles (S1) have a better temporal stability than channelized ones (S5) 

×  HMID values of all types of river morphologies tend to be similar for small and big discharges 

×  Comparison between sites ideally on mean flow stages (100-250 days exceedence) 

 

Time variability for different river sections measured during the elaboration of the HMID 
Source: W. Gostner  



Results – HMID with the field data 
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HMID calculated with the measured data 



Results – HMID with the HyApp model 
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HMID calculated with the HyApp simulations 
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Results – HMID with the HyApp model 

Sensitivity analysis of the HMID to the model calibration and to the extreme values 
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–  Exact HMID values should be interpreted carefully: sensitivity to the model calibration! 

–  Comparison on mean flow stages:  
×  10 ≤ Q ≤ 50 m3/s 

×  4.56 ≤ HMID ≤ 5.32 : “heavily altered sites with uniform cross sections and longitudinal slope”  

Results – HMID with the HyApp model 



Conclusion 
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–  Hydropower production coupled with retention infrastructures has negative impacts on the 
physical and biological environments of the exploited river 

–  2D models are a useful tools in projects aiming at eliminating or preventing those negative 
effects 

×  Simulation of the hydraulic parameters for the actual state 
×  Predictions for any hydraulic or sediment transport scenarios 

–  The HMID is an effective tool to for the prediction of the structural diversity in a river reach 

×  ! Sensitivity of the HMID to the model calibration 
×  Tendencies and ranges of HMID are better indicators than exact values 

–  HyApp model can be further used for the link with habitat indicators to create a 2D model 
allowing complete evaluations of the morphological and biological quality of rivers 



 
 Thank you for the attention! 
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7.2  Evaluation method – Artificial flood 
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–  Evaluation of the artificial flood effects on the morphology of the meander 

–  Comparison of the HMID values “before” and “after” the flood 

 

Water spill at the dam of Rossens. May 6, 2015 
Source: www.lematin.ch 



Results – effects of the artificial flood 
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–  Improvement of the morphological diversity (HMID higher after the flood) 

HMID simulated with the e-dric model before the flood HMID simulated with the e-dric model after the flood 



Results – effects of the artificial flood 
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HMID simulated with the e-dric model before and after the flood 

Simulated water depth before the flood, Q = 3.5 m3/s (left)  

Simulated water depth after the flood, Q = 3.5 m3/s (right)  


