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5.13 Paute River dam-break event 

In this test, the numerical scheme is used to model a dam-break flood in Paute 

River, Ecuador.  In 1993, a landslide created a natural dam, which blocked the flow and 

created a reservoir upstream of Paute River.  Due to high water level in the reservoir, the 

dam was subsequently overtopped and caused a dam-break type flood.  River topography 

and triangulation data are available from BreZo (Sanders and Begnudelli, 2010).  The 

dam-break case is used to test the numerical scheme’s ability to handle flow in natural 

rivers with complex geometry and sharp bends, though field data are not available.  The 

computational mesh with 74224 elements and initial water depth are shown in Figure 

5.81 (units in meter).  The dam is considered as a straight line between (x, y) coordinates 

of (739602 m, 9684690 m) and (739616 m, 9684530 m), and separates upstream and 

downstream region.  The initial upstream water level is 2362 m above sea level and 

downstream bed is dry.  The bed elevations range from 2155.2 m to 2917.8 m above sea 

level.  The Manning’s roughness coefficient is set to be 0.033 in the domain.  The dam is 

assumed to be removed completely and instantaneously.  The dam-break flood afterward 

is simulated.  The dry bed depth criterion of 0.04 m and time step size of 0.01 s are used.  

The computed water depth contour (flood inundation map) at 10 min, 20 min, and 40 min 

after the dam-break are presented in Figures 5.82-5.84.  The numerical results are similar 

to results reported by Song et al. (2011).  The flood wave travels about 6000 m in the first 

10 min, then encounters a sharp bend and travels about 6000 m during 20-40 min.  

Numerical results show the scheme is able to model flow in natural rivers with wet/dry 

bed conditions and sharp bends. 
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Figure 5.81 Initial water depth contour for Paute River dam-break test 

 

Figure 5.82 Computed water depth contour for Paute River dam-break test at t=10 min 
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Figure 5.83 Computed water depth contour for Paute River dam-break test at t=20 min 

 

Figure 5.84 Computed water depth contour for Paute River dam-break test at t=40 min 
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5.14 Malpasset dam-break event 

The Malpasset dam was located in a narrow gorge of the Reyran River Valley in 

France.  The dam was 66.5 m high with variable thickness and the upper crest had an 

elevation of 223 m, and formed a reservoir with capacity of 55×106 m3.  In 1959, the dam 

failed due to intense rainfall and rapid increase of water level in the reservoir.  The 

maximum water levels along the Reyran River Valley after the dam failure were obtained 

from a police survey (these points are denoted P1-P17).  In 1964, a physical model with a 

scale of 1:400 was built by Laboratoire National d’Hydraulique to study the dam-break 

flow.  The maximum water level and flood wave arrival time were recorded at 9 points in 

the physical model (these points are denoted S6-S14). 

Due to the availability of the measured data and complex bottom topography, the 

Malpasset dam-break event was adopted as a benchmark test for CADAM projects 

(Goutal, 1999).  This event is simulated to validate the numerical model.  The 

computational domain with 26000 elements and measured points are shown in Figure 

5.85.  The domain covers an area approximate of 17500 m × 9000 m.  The bed elevations 

range from -20 m below sea level to 100 m above sea level.  The Reyran River has two 

sharp narrow bends immediately downstream of the dam and eventually reaches the 

coastal floodplain. 

The dam is considered as a straight line between (x, y) coordinates of (4701.18 m, 

4143.41 m) and (4656.5 m, 4392.1 m).  The initial water level inside the reservoir is set 

to 100 m above sea level, and the computational domain downstream of the dam is 

considered as dry bed.  The initial discharge in the Reyran River before dam failure is 



 130 

neglected because of the relatively huge amount of flow caused by the dam failure.  The 

model is simulated until the water reaches the sea, so no boundary condition is applied at 

the downstream end.  The Manning’s roughness coefficient is estimated to be in the range 

of 0.025-0.033 s/m1/3, equivalent to a Strickler coefficient in the range of 30-40 m1/3/s as 

suggested by EDF (Hervouet and Petitiean, 1999).  The dry bed depth of 0.02 m and time 

step size of 0.01 s are used.  

The computed and measured flood arrival time at gauges (S6-S14) are shown in 

Figure 5.86.  The computed and measured maximum water level at gauges and surveyed 

points (P1-P17) are presented in Figure 5.87 and Figure 5.88, respectively.  The effect of 

Manning’s roughness coefficient is investigated; simulated results using uniform value of 

0.025 and 0.033 in the entire computational domain are compared with the measured 

data.  Lower roughness (0.025, solid line) corresponds to a faster moving front (Figure 

5.86) and lower water levels (Figures 5.87-5.88).  A roughness coefficient of 0.029 gives 

the best estimation.  The maximum water level is relatively insensitive to different 

roughness coefficients.  The computed results for both flood arrival time and maximum 

water levels are generally in good agreement with the field data. 

The water depth contour (flood inundation map) at 800 s, 1800 s, and 2400 s with 

roughness coefficient of 0.029 are presented in Figures 5.89 – 5.91 (units in meter).  The 

flood wave propagation and inundation area are well modeled with high mountains at 

downstream floodplain.  The results show that the present scheme is capable of dealing 

with dam-break flows over wet/dry bed with complex topography. 
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Figure 5.85 Mesh and locations of surveyed points and gauges 
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Figure 5.86 Comparison of computed and measured wave front arrival time 
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Figure 5.87 Comparison of computed and measured maximum water levels at gauges 
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Figure 5.88 Computed and measured maximum water level at surveyed points 
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Figure 5.89 Computed water depth contour for Malpasset dam-break test at t=800 s 

 

Figure 5.90 Computed water depth contour for Malpasset dam-break test at t=1800 s 

 

Figure 5.91 Computed water depth contour for Malpasset dam-break test at t=2400 s
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CHAPTER SIX 

CONCLUSIONS 

 

Numerical models for one- and two-dimensional shallow water flows have been 

developed using the discontinuous Galerkin finite element method.  A number of 

numerical tests, which including idealized dam-break problems, hydraulic jump, shock 

wave, wetting/drying problems, and flow in natural rivers, have been performed to 

validate these numerical models.  Numerical results show that these models are simple, 

robust, accurate, and efficient to simulate shallow water flows under different flow 

regimes with complex channel geometry.  

Governing equations for shallow water flows in one and two dimensions and their 

properties are discussed.  Modified form of the shallow water equations are chosen in the 

numerical models.  In the one-dimensional case, the hydrostatic pressure term and wall 

pressure term are combined into the water surface gradient term in the momentum 

equation.  The resulting momentum equation circumvents the calculation of integral 

terms.  In addition, it would not generate unphysical oscillations due to improper 

treatment of bed slope term.  Similar to the one-dimensional case, the hydrostatic 

pressure term and the bed slope term is also combined into the water surface gradient 

term in the two-dimensional momentum equations.  Discretization for the combined 

terms in both one- and two-dimensional cases are proposed.  These formulations preserve 

the well-balanced property for initially still water problems with wet domain. 
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To achieve the well-balanced property in partially dry/wet problems, the source 

term is set to zero in both partially wet elements and dry elements.  In addition, the slope 

limiter is not applied in elements with zero velocities.  Although the source term in 

partially wet elements is forced to be zero, numerical tests show that the flood waves are 

still accurately modeled. 

To provide the shock-capturing property in the numerical models, the 

approximate Riemann problem solvers, i.e., the Roe flux, HLL flux and HLLC flux, are 

employed to evaluate the intercell numerical flux.  Even though different forms of the 

governing equations are adopted in the numerical models, it is found that the 

characteristic eigenvalues and eigenvectors should be used in the calculation of numerical 

flux.  In the one-dimensional case, the effect and accuracy achieved by the Roe flux and 

HLL flux are compared.  In the two-dimensional case, the HLLC is the complete 

Riemann solver for the three-wave system like the two-dimensional Saint-Venant 

equations. 

Slope limiting procedures using the discontinuous Galerkin method for shallow 

water equations are presented.  These slope limiters are oscillation-free even with shock 

wave.  In the one-dimensional case, comparisons are made between slope limiter on 

cross-section, water surface elevation, and water depth.  Numerical results show that the 

slope limiter on the conserved variables, cross-section area and flow rate, provides the 

most accurate scheme.  For the two-dimensional shallow water flow equations, the slope 

limiter is modified and is applied to the conserved variables.  The proposed slope limiter 
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is compared with the Superbee limiter.  Numerical results show that the proposed limiter 

is more accurate and suitable for DG scheme. 

Water flow over an initially dry bed is also simulated with the numerical models.  

Two types of dry bed treatment are compared in both one- and two-dimensional cases, 

one with sufficiently small depth defined at dry node, and one with zero depth at dry 

node with sufficiently small depth to track the wet/dry front.  In one-dimensional tests, 

these two types of method give similar performance and accuracy.  However, in two-

dimensional tests, the second method with zero depth at dry node provides more accurate 

results in rivers with large bed variations.  For horizontal beds, the two methods provide 

similar results. 

The performances of the proposed numerical models are validated through 

extensive numerical tests.  These tests include steady and unsteady flows, transcritical 

flow, wetting and drying effects, and flows in field-scale natural rivers with complex 

topography.  Numerical results prove the effectiveness, robustness, and accuracy of the 

numerical models under different flow regimes with complex geometry.  In conclusion, 

the proposed one- and two-dimensional numerical models for shallow water flows are 

useful tools for flow prediction and simulation. 

In future, the models can be extended to incorporate Legendre polynomials as 

basis and test functions.  The models can also be extended to incorporate pollutant and 

sediment transport.  The method can be improved by utilizing higher order Riemann 

solver and slope limiters.  Selective use of slope limiters based on the gradient of the 

conserved variables can be investigated.  
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