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6.1 Introduction

This chapter deals with the calibration of the cohesive sediment transport model. The hydrodynamical model (MESH3D), where it is coupled to, was already validated by Miranda (unpublished results), and simulates well the hydrodynamical regime in the Tagus estuary. Contrary to the hydrodynamics, insufficient data exist to permit to characterise in a systematic and global way the sedimentary regime in the Tagus estuary, moreover, data show large differences between measurements, independent of river flow or tidal amplitude, leaving a broad range of acceptable values. 

6.2 Suspended Sediment Concentrations : Field Data

It is difficult to assess precisely to which precision a comparison between data and model results should be made, if data are scarce, discretely spread out in time and space, and the phenomena considered are subject to high variations, both spatial and over time scales ranging from minutes to weeks. Data from three sources were available. 

Vale and Sundby (1987) describe the distribution of suspended sediments at 6 stations along the longitudinal axis of the Tagus estuary at high and low tides, for tidal amplitudes (in Lisbon) ranging from 1.3 to 3.8 m. Castanheiro (1985) describes both longitudinal (high and low tide) and lateral (high tide) distributions of suspended sediment concentration, obtained at 16 stations in the estuary. The values considered for the longitudinal distribution are obtained by taking arithmetic mean values of the stations located at each cross-estuary section. In both studies, measurements were taken near the surface (0.5 m from the water surface), at mid-depth and near the bottom (1 m above the bed). Measurements of the fluctuations of suspended sediment concentrations at 14 stations during a tidal cycle for different tidal amplitudes, with samples every one to three meters, depending on the local depth, are presented by Castanheiro and Crespo (1983). All stations used during the different campaigns are presented in the figure below.

   
Figure 8. Map of the Tagus estuary, showing bathymetry and sampling locations.

        Intertidal areas are in grey, reworked from Castanheiro & Crespo (1983)
Care should be taken in interpreting these data, since large differences, independent of river flow or tidal amplitude, are present in each study and between the sources. A few examples are given below.

· 20 August 1980, Tidal amplitude 1.3 m

Bottom concentrations at low tide presented by Vale remain below 12 mg/l from station 4.7 downstream, and vary between 25 to 50 mg/l upstream from this station. Castanheiro however presents values above 20 mg/l at sections 4 and 5, a peak concentration of 100 mg/l at section 3, and 65 mg/l at station 1.0. For surface concentrations and concentrations at high tide a similar scenario applies. Neap tide concentrations may vary thus more than double depending on the study considered, and peak concentrations may accordingly shift regionally.

· 24 November 1980, Tidal amplitude 3.4 m

At low tide bottom concentrations over 300 mg/l at sections 2 and 5 , and 200 mg/l at section 3 are to be found in the study of Castanheiro, while Vale presents values above 400 mg/l at station 3.0, the value at 5.2 being 50-100 mg/l. Surface concentrations remain substantially higher in the study of Vale, while at high tide both sources agree.

· In the paper of Vale, important differences between two measurements appear at all stations, with the same conditions of river sediment concentration and river flow (in two months prior to measurements), and for the same tidal amplitude (3.1 m). Indicating that the sediment dynamics in the Tagus estuary may depend upon factors beyond river and tidal conditions, in fact, highest concentrations were found in the survey following high river flow and low river sediment concentrations (three and four months prior to measurements) and not in the survey with low river flow and high river sediment concentrations three and four months prior.

Figure 9. Concentration differences for equal external parameters, adapted from Vale and Sundby (1987)

· In the study of Castanheiro and Crespo (CC) some strange peaks appear, for example at neap tide at station 4.0, see figure below, where bottom concentrations show a sudden increase at rising tide (imported from downstream?), while in the lower estuary sediment concentration peaks move in phase with low tide. A comparison with data from Castanheiro (C) at the same station during a neap tide gives some insight in the difficulties arising when calibrating the model. At station 4.0 low tide (bottom/surface) concentrations are 20/20 and 70/70 mg/l for C and CC respectively. At high tide concentrations at this station vary from 15/19 (C)  to 100-200/40-50 mg/l (CC). Station 5.0 is subject to similar variation : 25/25 (C) to 110/70 (CC) at low tide, and 17/9 (C) to 75/85 (CC). Another example are the isolated extreme high bottom values at neap tide at stations 3.11. Moreover, curves of the concentrations obtained from the data (CC) for the middle layer (from 10 to 40% of the height of the water column) had to be omitted because of the extremely fluctuating nature, varying from double bottom to half the surface concentration values at some stations. 
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Figure 10.   Example of differences between ‘C’ and ‘CC’ and of ‘strange peaks’ appearing in 

  some of the time series of ‘CC’, concentrations are in kg/m3.

6.3 Method used

Calibration of the principal sediment parameters: critical shear stresses for erosion ((e) and deposition ((d), settling velocity (through the proportionality constant K1) and erosion rate constant (M) is carried out in several steps. 

· The first simulations were performed with the same parameters as the ones used by Portela and Neves (1994) in a 2D-model of the Tagus estuary and by Silva and Leitão (1998) in a 3D-model of the Sado estuary, i.e.(e = 0.4 Pa, (d = 0.2 Pa, K1 = 0.006 m/s, M = 0.00005 kg/m2s and CHS = 4 kg/m3. The other parameters are adapted from Dyer (1986) : m = 1.0, m1 = 4.65. Those first results did already show the typical pattern of sediment distribution in the estuary, but compared to data, magnitudes of the fluctuations remained far below observed values, i.e. differences between neap and spring tides, as well as between low and high tides, had to double to approach field data, and the concentration gradient along the longitudinal axis needed to be more pronounced. 
· A sensibility analysis was carried out, in order to identify the principal parameters which influence the magnitudes of the fluctuations. Augmenting sediment velocity is expected to sharpen longitudinal and vertical gradients. Lowering the critical shear stress for erosion will facilitate erosion through two mechanisms, firstly by admitting erosion for lower currents (and hence longer periods), and secondly by raising the intensity of erosion, the second mechanism having the same effect as raising the erosion rate constant. Changing the critical stress for deposition is expected to alter results to a lesser extent, since deposition is directly related to the settling velocity. Parameter values from the literature (Mehta, 1988), and intermediate values were used to in the study. Decreasing the settling velocity kept more sediments in suspension  (doubling K1 resulted in an increase of about 20 %), but did not significantly alter the longitudinal distribution, nor did it affect the amplitude of the fluctuations. The model was however very sensitive to changes in erosion and deposition constants. Halving (d, increased concentrations by 70 %, and fluctuations by 30 %,  and similar alterations were obtained after halving (e or doubling M.  Halving both critical shear stresses yielded in an increase of about   120 % of suspended sediment concentrations and a doubling of the intensity of the fluctuations. The figure below illustrates the influence of the parameters at a station at section 3, from the moment they were altered, to 16 hours after.
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Figure 11.  Influence of parameter values on suspended sediment concentrations (kg/m3)

· Simulations with altered parameters were compared to field data at spring and neap tides along the longitudinal axis, and to time series. Extreme values (i.e. where sources disagreed) were corrected for by considering mean values of data where possible (i.e. same station, tidal amplitude, river flow). 

Best fits were obtained with the following values : (e = 0.2 Pa, (d = 0.1 Pa . Other parameters were left unchanged. 

6.4 Results and Discussion

6.5.1 Longitudinal distribution

Spring tide simulated values show very good agreement at low tide, correlation being r = 0.95 for bottom concentrations and r = 0.94 for surface concentrations. At high tide, all stations agree very well, except for station 2, where simulated values are double observed values. Correlation at high tide is r = 0.79 / r = 0.67, without considering section 2, this becomes r = 0.998 / r = 0.98 (bottom / surface). At low tide, bottom values stay on average about 10 % below observed values, while surface values 5 % above, at high tide these values become 3 % above and 7 % above. The difference between high and low tide, values doubling at high tide at section 1, and halving in the rest of the estuary, are well reproduced (r = 0.95).
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Figure 12.  Comparison of simulated and observed longitudinal profile at a spring tide. Concentrations in mg/l. 

Neap tide simulated concentrations agree with the measurements, except at both extremes (mouth and head), where data indicate at least double bottom values. Correlations are for bottom /surface, r = 82 / r = 85 and r = 95 / r = 73, for low and high tide, respectively. Bottom values are on average 10 % higher than data at low tide, and about 10 lower at high tide. For the surface concentrations,  the situation is reversed,   – 3 % and + 8 % for low and high tide, respectively. Differences between high and low tide are thus less correlated, r = 0.71 and r = 0.64 for bottom and surface values, respectively.
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Figure 13. Comparison of simulated and observed longitudinal profile at a neap tide. Concentrations in mg/l.
6.5.2 Lateral distribution

 
All lateral variations are reproduced, except at the narrow inlet channel, 2 cells wide in the grid (data show higher concentrations at stations 5.2 (right bank) than at station 5.0, up to 126/33 for bottom concentrations at spring tide, while simulated concentrations remain equal along both banks, at spring tide for example 50), and at section 2, where the model is not able to reproduce the higher concentrations in the Cala do Norte (1 cell wide in the grid). Simulated variations at cross-sections are however, less pronounced.


Lateral variations are more pronounced at spring than at neap tides. At section 3 and 4, higher values occur at systematically at the stations near the tidal flats (e.g. 3.0 and 4.7), while at neap tide lowest concentrations are recorded (and simulated) at the same stations. At the mouth (stations 8.0 and 8.1), surface values are about the same at both stations,while bottom values are higher at the deeper station 8.0 (e.g 54/20 for data,40/10 for model, 8.0/8.1).
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Figure 14.  Comparison of simulated and observed lateral profiles (section 3 and 4). Concentrations in mg/l.

6.5.3  Diurnal Fluctuations

       Since diurnal variations in sediment concentrations are important, a comparison was made with measurements from Castanheiro and Crespo . This comparison however, is only seen as an indicative tool. In the authors opinion results are acceptable if the following points are observed :

· Due to a lack of time (data are spread out over more than a year, and attention had been primarily focused on global distributions), comparisons have not been made for the same tidal wave, but instead within the simulation period a day was chosen where the tidal amplitude was nearest the amplitude when the data were obtained. This means that no account was taken for the former nor for the next tidal wave, and significant differences were indeed present.

· For the same reason as above, only a few stations could be considered, since data were taken at three or four stations in each campaign.

· The points in the grid corresponding to the points where data were taken could not been defined exactly in the same place, due to the coarseness of the grid used (600m), consequently, depths at these points may vary by as much as 30 %. 

· Smaller scale phenomena, ideally reflected in the data, could not been reproduced, for example, the model is unable to reproduce the observed high sediment concentrations in the Cala do Norte, where station 2.0 is situated.

· Station 10 was during most of the tidal cycle (except high tide), upstream the limit of saline intrusion, and since flocculation and hence settling velocities depend on salinity, simulated concentrations stay lower than data indicate.

· Comparing sediment concentrations in similar conditions between different sources, leaves a broad range of acceptable values (indicating either high variability beyond monitoring control or poor quality of the data) within which the obtained values occupy a middle position. The option has been taken, to apply a global multiplication (by a factor corresponding to 2/3 weight of mean values from Castanheiro and Vale, at the station, tidal amplitude and phase under consideration, and 1/3 weight to the original data (Castanheiro and Crespo)). The temporal fluctuation as such remained thus unaltered, and data were merely brought closer to observed values from the other studies.

· Concerning the quality of the data, some series contain physically inexplicable peaks (3.11, 5.0, 4.0), and where data were taken together with current measurements, comparison with those appeared to be poor ( L. Portela, personal communication). The most unprobable peaks were omitted.

Diurnal fluctuation at some stations during a spring tide
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Figure 15. Comparison of simulated and observed semi-diurnal fluctuation at a spring tide.

Station 1.0 is situated at Vila Franca de Xira, at the limit of the saline intrusion. As mentioned before, differences between results and data may be due to the fact that the model does not account for salinity effects (considering flocculation to be complete in the domain). At low tide, the saline intrusion was downstream from the station (Castanheiro and Crespo, 1983) hence the sedimentation velocity remained lower (flocculation much weaker) than the one calculated by the model, explaining the higher concentrations. The model on the other hand, shows a cyclic variation in sediment concentrations, in phase with the tide, indicating that in this station suspended sediment is supplied with flood currents from the high turbidity zone downstream of the station.

At station 2.8, located in the channel north of the Mouchão de Alhandra, where maximum tidal amplitudes are observed, surface suspended sediment concentrations are well represented, with maxima and minima occuring about 1 hour after high and low tide respectively. The second peak at the double peak is probably due to upward convection of bottom layer sediments through bottom generated turbulence, since it appears at the moment of peak ebb currents. Model results show the same pattern for the bottom layer, closely following the surface curve except just after high tide, where the vertical concentration gradient becomes important. Data, however, reflect a more complicated sediment behaviour near the bottom. Maxima appear both at high and low tides. Vertical stratification disappears at the high-tide peaks but is very important during the ebb tide. Model results do agree on average concentrations. 

Station 3.11, near Moscavide, at the south-eastern tip of the large tidal mudflat surrounding the Mouchão de Póvoa, is one of the sites of highest observed suspended sediment concentrations. Simulated surface concentrations follow closely measurements, while bottom values show larger fluctuations than those measured. Concerning the data, it seems strange that bottom values remain below surface values at 6 ou of 10 measurements, especially the low values at the beginning of the measurements. The higher simulated peaks are probably due to the fact that at station 3.11 local depth is 5.5 m (maximum depth in local area), whereas in the grid the depth was 3.0 m,  because the bathymetry file consists of mean depth values taken over the area of a cell. Higher simulated bottom shear stress at this point may thus have caused the higher peaks. However, to illustrate that the magnitudes of the peaks are not unusual, data (bottom concentrations at spring tide, in red) from a nearby station (3.0) have been included . 

Diurnal Fluctuation at some stations during a neap Tide
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Figure 16. Comparison of simulated and observed semi-diurnal fluctuation at a neap tide.
At station 3.11, the general pattern is reproduced. The peaking of the data curves at the second high tide cannot be explained by the difference in tidal wave and will not be considered significant. Simulated concentrations at stations 4.0 and 5.0 show a slightly decreasing trend probably due to the sediments brought into suspension in the preceding tidal cycles (with higher amplitudes), while data are too irregular to reveal a similar trend. At station 4, simulated values only vary within a period of 2 hours following slack water, while data fluctuate over the entire tidal cycle. A similar pattern (small peak/small fall/large peak/large fall) may be recognised both in the observated as simulated curves. The period of this feature, however, is completely different in both curves. A general feature in the three figures is the smoothness of the simulated curves compared to the irregular data. A finer grid, allowing a more complex flow field, might resolve this aspect. 
6.6 Concluding Remarks

The validation of this model is seen as a first step towards the application of more detailed model, and the results presented here should be seen in this light. These results are in fact quite satisfying, considering the coarse grid and the very basic formulas used. 

The principal mechanisms moving the sediments are well simulated by the model, since spatial (longitudinal and lateral) suspended sediment distributions follow observed patterns, and semi-diurnal as well as spring-neap tide fluctuations are about the same magnitude as field data indicate.

As mentioned before, a finer grid might eliminate small scale differences, especially apparent in the time series of Castanheiro and Crespo, arising because of the special locations chosen for the sampling stations. Adding a module calculating the flocculation will probably improve the results a the upstream end of the estuary, although computational cost should be weighed against the limited extent of this phenomenon in the Tagus estuary. A further improvement would be to account for the sediment bed structure, with an erosional dependency law. 
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