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Objective 

 Create a fully coupled 1-dimensional erodible 

bed with suspended and bed load sediment 

transport model with looped network system 

 Conditions:  
- Unsteady flow  

- Separate sediment transport by Bed load and Suspended load 

- Non-equilibrium sediment transport 

- Looped network system 

- Trap efficiency (deposit and transported) 

 Model application: 
- Belley area (18 km:11.3 miles) of upper Rhone River in France  

- France National Rhone River Authority (CNR) 



Location 



Location – Southwest of France 



Downstream of Rhone River- Marseille 



Rhone River & Arve River 



 



Rhone River (Geneva-Lyon) 



Upper Rhone Management 

 



Belley area management 

 Every 3 years of flushing event at upstream 

reservoirs (Verbois & Chancy-Pougny in Swiss 

and Genissiat, Seyssel & Chautagne in France) 

 Concerns: 

- Quantity of sediment deposit in Belley Reservoir 

- Suspended load for downstream nuclear power plant 

water intake facility near Lyon 

- Need flushing operation at Belley Reservoir 



Fluvial Sediment 

 Process of erosion, transport and deposition – 

very complex 

 Entrainment and transportation - solid particle & 

fluid movement 

 Solid particle - density, shape, size & status of 

surface 

 Fluid movement - flow type, velocity & viscosity 

 Predict a condition of equilibrium or erosion-

deposition  

 Determine the quantity transported by the river 



Various Issues of Sediment Deposit 

 Impact the carrying capacity (Conveyance) of 

river/channel 

 Reduce the flood control capability 

 Increase the damage by flooding 

 Increase of maintenance/ management cost 

 Reduce the original objective of structure 



Hydraulics & Geometry 

 Hydraulics 

    - Governing equation 

     - Steady flow, Unsteady flow 

     - Subcritical, Supercritical 

 Roughness coefficient: n value 

 Energy coefficient / Momentum coefficient 

 Branched network & looped network 

    - Divergence 

    - Confluence 

    - Looped  

 



Hydraulics & Sediment Transport Model 

 Define the objective (purpose) of project 

 Decide how and where to apply the model 

 Boundary condition  

    - Upstream & Downstream  

 Bed Load, Suspended Load & Total Load 

 Model coupling  

    - Uncoupled model & Fully coupled model 

 Roughness coefficient with bed form 

    - Ripple, Dune & Anti-dune 

 Scheme 

    - Explicit & Implicit  

 Selection of sediment transport formulas 

 Application for real natural river 

 

 



Bed Form 

 



Bed Form Example 



 



Research/ Study Process 

Selection of  

Sediment Transport Formulas 

Cross Section Data 

Drive Partial Differential Equation 

Create Numerical Model - Non-

equilibrium Sediment Transport 

Test and Verification 



Selection of  

Sediment Transport Formulas 
 Many formulas developed after Duboys (1879)- Laboratory 

test & Field Measuring 

 Application limit: not always clearly mentioned 

 Selection of suitable formula:  

     - Apply to real natural river condition 

     - Difficult to select the proper formula 

     - Different formulas give quite different results with the same 

hydraulic conditions 

 Need sensitivity analysis with various hydraulic parameters (Q, 

V, depth, slope, Froude no.) for equilibrium sediment 

discharge  

 Verification analysis with computer simulation for selected 

sediment transport formulas 

 



 



 



Literature Study of Formula 

 Shields, Einstein-Brown & Duboys – overestimate 

 Meyer-Peter Muller – underestimate 

 Schoklitsch – less slope the straight lines of fitted data 

 Colby, Toffaleti and Engelund-Hansen – best agreement 

 Einstein bed load function, Larsen & Inglis-Lacey – close to 

a mean line of data, but not fit the data 

 Blench – small slope intersecting the data 

 Yang, Engelund and Hansen, & Ackers and White – better 

than others in the field and laboratory data 

 Bed-load prediction:  

    -Einstein Brown formula seems to be 10 times greater than 
those predicted by Meyer-Peter Muller and Schoklitsch 

 



Continue 
 Suspended-load prediction:  

    -Toffaleti was best among all the formulas tested 

 Total-load Prediction: Yang’s (1973) formula seems to be 
close to the measured suspended load discharge at a 
higher range of sediment discharge, but much greater at a 
lower range of sediment discharge 

 Yang’s (1973) formula very poor results for large-scale 

river (Flow depth> 1m) 

 Engelund-Hansen (E & H), Ackers-White (A & W) and van 

Rijn were preferable in various cases 

 Meyer-Peter Muller (MPM) is also tested because it was 

commonly used or cited 

 van Rijn created four (4) formulas with bed load and 

suspended load separation 

 

     



Van Rijn’s Bed Load & Suspended Load 
 Van Rijn Part I: Bed Load 

   qb=0.053[(s-1)g0.5D50
1.5T2.1/D*0.3  

    or qb=CbVbδb 

 Van Rijn Part II: Suspended Load 

    qs=FVhCa,  Ca=0.015D50/a*T1.5/D*0.3 

 Van Rijn Part III: Simplified Bed Load 

    qb=0.005{(V-Vcr)/[(s-1)gD50]
0.5}2.4D50

1.2V 

 Van Rijn Part III: Simplified Suspended Load 

    qs=0.012{(V-Vcr)/[(s-1)gD50]
0.5}2.4D50D*

-0.6Vh-0.2 

      Vcr=0.19D50
0.1log(12R/3D90) for 100<D50<500μm 

      Vcr=8.5D50
0.6log(12R/3D90) for 500<D50<2000μm 



Reference Level and Conenctration 



Predicting Entrainment of Sediment 

into Suspension 





Test Selected Sediment Transport Formulas 

 Selected 7 transport formulas were tested 

    - Engelund-Hansen (E & H)  

      - Ackers-White (A & W) 

      - Meyer-Peter Muller (MPM)  

      - van Rijn: 4 formulas 

 Test diameter of sediment between 0.005 mm(5 

μm: very fine silt) and 100 mm (10 cm: small 

cobbles)  

 Analyze the sensibility of the formulas 

 Various hydraulic parameters (discharge, energy 

line, velocity, depth, width and Froude number) 



Hydraulic Parameters 

















MPM formula 

 Increase abnormally with sediment diameter and 
diminish rapidly in all cases 

 For the depth of 1.5 m, MPM gives constant 
sediment discharge 

 Applicable to steep slope of energy grade line to 
small depth 

 Original formula based on the experience of 
uniform flow in laboratory: 

   -Slope: 1/50 - 1/2500 

   -Diameter: 0.4 mm - 30 mm 

   -Depth: 1 cm<h<1.2m 



A & W and E & H 

 Abrupt increase of sediment discharge for the 

fine sand (D<0.2 mm) 

 For coarse sand (D>1 mm) with mild slope of 

energy grade (I<1/7500), it diminish rapidly 

 Give an unacceptable sudden variation at a  limit 

of application because of the exponential 

coefficient, m in the formula 

 E&H formula gives the results varying in a good 

sense for 0.005 mm- 100 mm 





Van Rijn 

 Van Rijn part 1 and II formula generally 
applicable for the range of 0.1 mm<D<2 mm with 
a mild slope of energy grade line and deep 
water 

 Careful for using this formula for a small depth 
and very fine sand 

 Van Rijn part III is applicable for the range of 
0.005 mm<D<2 mm except for a small depth 
(h<0.8 mm) 

 Need attention for a small depth with a mild 
slope  



Numerical Model - Non-equilibrium 

Sediment Transport 
 Create fully coupled one-dimensional mobile bed model 

 Condition of unsteady flow 

 Non-equilibrium sediment transport 

 With looped network system 

 Mobile Cross Section 

 4 Governing equation plus additional equations 

   - Continuity        - Motion 

   - Conservation of material in suspension 

   - Conservation of bed-material 

   - Sediment transport formula 

   - Roughness coefficient (considering Bed Form) 

   - Pick-up function and Fall velocity  



Map of Modeling Boundary 



 



Chanez Diversion 



Cressin Lake 

 



Brens Hydropower Plant (440 GWh/ yr) 



Map of Belley Reservoir 



Cross Section & Velocity Data (CNR) 



Continue 



Cressin Lake (Confluence & Divergence) 



Definition Sketch 



Continue 

 



Governing Equations 



Discretization of Equation 



Solution for Algebraic System 



Looped Network  



Application to River 







 



 



 



Trap Efficiency 



Results 
 D=5 μm – almost transported to downstream 

 D=30 μm – almost deposited in reservoir 

 Sediment inflow – 295,000 m3 

 Suppose: 

   - D=5 μm (30%) – very fine silt 

   - D=11.5 μm (30%) – fine silt 

   - D=20 μm (20%) – medium silt 

   - D=30 μm (20%) – coarse & medium silt 

 Trap efficiency=Deposit/inflow=119,000/295,000 

    = 40% =0.4 

 



Continue 

 D=5 μm pass through the reservoir 

 D=30 μm 89% deposited in the reservoir 

 Trap efficiency of model simulation (=0.4) gives 

reasonably good result comparing the 

measurement (=0.49) in 1990 



O’Conner Lakes of Feather River 

 (Q= 65,000 cfs, Jan. 4, 2006) 

 



O’Conner Lakes of Feather River 
(Q= 65,000 cfs, Jan. 4, 2006)        210,000 cfs (100yr) 

 



Debris/Sediment Trap after Flooding 



Sediment Deposit after removing Debris 
 (Q= 65,000 cfs, Jan. 4, 2006 at O’Conner Lakes, Feather River) 

 



Feather River Sediment Deposit 



Next Step 

 Apply to channels and natural rivers system 

(Sacramento River, Feather River & San 

Joaquin River) 

 Combined with GIS and Water Quality Model 

 Combined with 2-D hydraulic model 

 Long term maintenance, Channel capacity study, 

Project planning  

 - Need to consider the change of bed elevation due to 

major flood events with mobile bed model  

 - Consider cumulative impact of sediment deposit and 

erosion 

 

 

 



 Environmental restoration 

    - carefully designed or planned for heavy 

sediment carrying/ transporting stream  



 HEC-RAS Sediment Model – unsteady version 

of sediment transport: not available 

 

 



Q & A 
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