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1- INTRODUCTION 

This work aims at modelling 1-D flows over movable beds, with application to a Mondego river 

reach, which congregates a series of relevant physical data, presenting today some risks that 

require a good diagnosis. The reach begins at Alva river estuary and ends at the terminal 

section of the channelized stream bed of Low Mondego, with a total length of 65 km. 

This reach was recently analysed in the “Plano de Extracção de Inertes das Bacias do 

Mondego e Vouga (PEGEI)” (CENOR and DHVFBO 2004a and 2004b), through the use of 

HEC-6 (USACE 1993), a 1-D steady flow numerical. Its extension to unsteady flows causes 

significant limitations. In that study, HEC-6 was used with ∆t = 1 day and daily water and 

sediment flows as upstream boundary conditions, which violate the steady flow assumption. 

Since 2005, a user friendly beta version of HEC-RAS includes the solid phase, constituting a 

successor of the above-mentioned HEC-6.  

Pereira (2007) applied CHARIMA to the same reach of Mondego river. CHARIMA is also a 1-D 

model, but it covers the unsteady flow, allowing a closer approach to the physical world. 

A time period of 17 years was modelled, similar to the two above-mentioned studies (CENOR 

and DHVFBO 2004b and Pereira 2007). The simulations covered the hydrological years 

between 1986/87 and 2002/03 and were intended to foresee the bed stream evolution of this 

reach, verifying whether the same one is in aggradation, equilibrium or degradation and 

possible critical sections, and compare it with those two previous results. 

The topographical data obtained in 1986 and 2004 and the water hygrogram in 1986/87 and 

2002/03, were supplied by CENOR and DHVFBO. 

Sensitivity analyses were performed concerning several factors, such as water and sediment 

discharges at the upstream boundary, grain size distributions, sediment transport functions and 

Manning-Strickler coefficient.  

2 – MONDEGO RIVER 

2.1 – Historical review 

Mondego river represents the largest exclusively Portuguese river, with 240 km of extension. 

Their headwaters are at 1425 m of altitude, in Serra da Estrela, and the mouth at the Atlantic 

Ocean, in Figueira da Foz.  

Since fenicia´s occupation (VII or VIII centuries B.C.), the fluvial navigation occurs, with 

historical data supported by early registers in Santa Eulália. Over the centuries, the 

acucumulative aggradation made difficult the access of sea boats to interior harbours of 

Mondego river. At Roman times, these boats reached Coimbra. In the Middle Ages, Montemor-
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o-Novo was a maritime harbour, but, in XVII century, the estuary only widened about 20 km 

upstream of the current situation. In XVIII century, the estuary of the Mondego river was 

unstable and shallow, so Figueira da Foz harbour hardly received maritime boats (Pereira 

2007). 

In XVIII century, the excessive meandering and aggradation of Mondego river downstream of 

Coimbra and consequent bank instability and flood damages over good agricultural land 

justified a series of engineering works intended to straighten and channelize this reach, in order 

to increase its gradient and sediment transport capacity. Several interventions were carried to 

control the floods, such as the opening of a new stream bed between 1781 and 1807. However, 

the fields of Mondego had reached in XX century an unsustainable situation (Rocha 1998). The 

dam construction in XX century allowed the damping of floods, contributing, however, for the 

retention of sediment flow in the corresponding reservoirs (Costa et al. 2000). 

2.2 - Study reach   

The selected reach is 64.525 km long and it goes from the confluence of Mondego river and 

Alva river, about 3,5 km of Raiva weir, to the terminal section of the regularized stream bed of 

the low Mondego, correspondent to the beginning of Mondego estuary.  

We used the topographical data obtained in 1986 and 2004 concerning 42 cross sections 

(Figure 1), which are on average 1,47 km apart, with a maximum of 4,17 km and a 0,10 km 

minimum. 

3 – NUMERICAL MODELLING 

3.1 - Entrance  parameters 

They correspond to the topographical data of the cross sections of the river in 1986 and  2003, 

the Manning-Strickler coefficients, the downstream water stage and the water and sediment 

flow at the upstream end. 

3.2 - Geometry 

It consists on establishing the connection of the river system, defining the 42 cross sections 

(Figure 1) and the lengths of the reaches that separate them, energy slope due to 

contraction/expansion phenomena, friction and, finally, information of all the considered 

junctions. Due to the lack of information, these last ones are taken as punctual. Topographical 

data were supplied by CENOR and DHVFBO (2004b). 
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Figure 1 – Cross sections scheme 

3.2.1 - Cross sections  

The starting point for this analysis was the year 1986, because of the existing data about the 

configuration of several cross sections. Information also exists for 2004, so the period of the 

simulation of project was defined. A cross section must be representative of river places, as well 

as places where discharges are made, changes of typology, roughness and junctions occur. For 

each section is defined the distance to the downstream section, and also the coordinates x and 

y of each one, being x the width of the profile and y the elevation, both in meters. Due to 

absence of further information, it is considered that the distance along the left edge, the right 

edge and the centre of the stream bed are the same. 

3.2.2 – Weirs 

Several weirs exist in the study reach, but only the three most significant were considered: 

Formoselha, ponte de Coimbra and Penacova. However, the introduction of these in HEC-RAS 

was made differently, since the influence of ponte de Coimbra´s weir assumes greater 

expression than the others. Bed-rock sub-stratus had been defined for the other two weirs, 



4 

assuring that, in these sections, degradation cannot exist. Ponte de Coimbra´s weir was defined 

in HEC-RAS as an “in-line structure”. 

3.3 – Boundary conditions 

The program must have the capacity to treat the following external upstream boundary 

conditions, in subcritical regimen (Fr < 1): 

• ��� � 64.525 �� � ���� 
Upstream boundary conditions: 

• ���� � 64.525 �� � ���� 

 

The next scheme shows the inflow/outflow system.  

 

 

Figure 2 – Mondego river strecht in study simplified scheme (inflows/outflows) 

For downstream boundary condition, a constant level for the free surface was adopted, since 

the adopted time step (12h) covers a tide period. Thus: 

y (x=0) =f3 (t) =0 

3.4 – Bed size distributions 

CENOR and DHVFBO (2004b) data were used. The Sternberg Laws lead to the following 

characteristic bed material diameters: 

• Confluence of Alva´s river (L = 64.863 km):  

� D50 = 30.30mm; 

� D85 = 57.57mm. 

• Near Portela´s bridge (L = 43.410 km): 

� D50 = 2.99mm; 

� D85 = 5.68mm. 

• At the beginning of the Estuary (L = 0 km): 

� D50 = 1.69mm; 

� D85=3.21mm. 

3.5 – Sediment Flow 

An experimental curve was adopted from measurements made in LNEC, relating the sediment 

flow with the water flow (CENOR and DHVFBO, 2004b). 
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Figure 4 –Experimental curves of sediment flow in function of the water flow in Coimbra´s station made by LNEC 

(1969) (CENOR E DHVFBO 2004b) 

4 - SIMULATIONS  

4.1 - Calibration  

First, the average daily water and sediment flows were considered. The Manning-Strickler 

coefficients of 15 of m1/3/s upstream of Coimbra´s weir and 30 m1/3/s downstream of this same 

weir were used, similar to CENOR and DHVFBO (2004a). 

To avoid tide effects at the downstream end (Mondego estuary), the step ∆t=12h was used for 

all the simulations.  

Table 1 – Calibration simulations 

1st 2nd 3rd 

Average daily water flow 

Upstream boundary visually 
grouped water flow 

Upstream boundary visually 
grouped water flow 

Average daily water flow at the 
tributaries 

Average daily water flow at the 
tributaries 

Average daily sediment flow  Average daily sediment flow  

“equilibrium load” at the 
upstream boundary 

Average daily sediment flow at 
the tributaries 

• y=0, downstream; 

• Uniform average grain size distribution; 

• Manning-Strickler coefficient: 15 m1/3/s upstream and 30 m1/3/s downstream of 

Coimbra´s weir; 

• Consideration of Coimbra´s weir; 

• Bed-rock substract at Penacova´s and Formoselha´s weirs; 

• Sediment transport function: Ackers-White. 

 

Sensitivity analyses were carried out concerning the flow at the upstream boundary: 

• Average daily water flow; 
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• Visually grouped water flow complemented with numerical value analysis; 

• Monthly grouped water flow; 

• 6-month grouped water flow (summer and winter flows). 

The daily average flow did not allow the simulation through the whole time period. The same 

situation occurred in the simulation considering monthly grouped flows. The 6-month grouped 

flows results are similar to the results obtained by visually grouped flows. 

 

4.2 – Sensitivity analyses 
 

Table 2 – Sensitivity analyses 

Sediment flow function 
Ackers-White 

Engelund-Hansen 
Meyer-Peter e Müller 

Upstream sediment flow boundary 
equilibrium load 

sediment flow equal to zero 
half of the sediment flow 

Grain size distributions 
average 

finer 
 

4.3 - Comparison with the results of other studies 

The Meyer-Peter and Müller function with sediment inflow equal to zero as an upstream 

sediment flow boundary condition and the lowest grain size distributions were compared with 

the results obtained by CENOR and DHVFBO (HEC-6). The longitudinal bed profile 

configuration is similar, except in the first 7 km of the reach. In HEC-6, it is observed an extreme 

sediment deposition. A significant difference exists between sections 36,551 and 45,000, 

probably because HEC-RAS “feels” more the inflow at section 43.322. In both studies, 

degradation occurs downstream of Coimbra´s weir, but this has greater expression with HEC-

RAS, mainly because the finer grain size distributions used in HEC-RAS. The inflows are “felt” 

differently by the two softwares. This can be observed in sections 43,322, 18,692, 15,932 and 

13.027 (Figure 5). 

The comparison with CHARIMA (Pereira 2007) results shows a sharper degradation of the 

stream bed evolution by CHARIMA. The longitudinal profile oscillation in section 43,322 is 

similar, corresponding to an inflow. A similar evolution is verified downstream of Coimbra´s weir 

(36.551); the “peaks” of HEC-RAS´s profile also occur in CHARIMA (Figure 6). 
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Figure 5 – HEC-RAS best result comparison with CENOR e DHVFBO (HEC-6) 
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Figure 6 - HEC-RAS best result comparison with CHARIMA (Pereira)
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5 - CONCLUSIONS AND RECOMMENDATIONS 

Between 1986 and 2003, the numerical simulations confirmed a general bed degradation along 

this reach, probably due to dam sediment trap and generalized in-stream sediment extraction. 

Even without further sediment extractions, in the next decades, the recovery of the stream bed 

will possibly be slow and not uniform. 

The sediment retention in Coimbra´s weir contributes to some aggradation upstream. 

The use of daily water discharges at the upstream end and ∆t≥12 h with the current version of 

HEC-RAS, a steady flow model, brings instability. The results obtained by visually grouped 

flows are closer to reality than the 6-month grouped ones (Summer and Winter flows). 

Three functions of sediment transport were considered. Engelund-Hansen did not allow the 

simulation throughout the whole time period (1986-2003). Meyer-Peter and Müller formula leads 

to deeper degradation values than Ackers-White´s formula. These two formulas originate similar 

results upstream of Coimbra´s weir when using the same grain sized distributions, 

independently of the upstream boundary condition.  

Concerning the upstream boundary sediment flow conditions, similar results were obtained by 

three distinct conditions (sediment flow equal to zero, half of the sediment flow and equilibrium 

load). The sediment flow that enters in the river system is not significant, due to Aguieira´s dam 

immediately upstream of the system, so that any of the three considered hypotheses has no 

significant repercussions in the results. 

The use of the lowest grain size distributions origins deeper degradation, especially 

downstream of Coimbra´s weir, because finest particles are dragged more easily. 

Comparing the similarities and differences with HEC-6 (CENOR and DHVFBO 2004b), the 

longitudinal profile configuration is similar, except in the first 7 km of the reach. In HEC-6, there 

was a unrealistic sediment deposition. 

Comparing HEC-RAS and CHARIMA (Pereira 2007), CHARIMA leads to higher peaks of 

degradation over the study reach.  

HEC-RAS can be applied to other water courses in Portugal. For this purpose, it is important to 

know the main mathematical and physical bases, potentialities and limitations of the software. 

HEC-RAS has a good graphical support, simple data introduction, good technical support and 

information, it is free and allows the consideration of several sediment transport functions. It is 

also important the access to periodical surveys of these rivers with topographical data, grain 

size distributions and hydrological measurements, as well as the existence of a reliable 

monitoring system. 

.  
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