
 

 

 
 

 

 

PROJECTE O TESINA D’ESPECIALITAT 
 
Títol 

EXPERIMENTAL STUDY OF SEDIMENT FLUXES 

ON BARCELONA'S NEARSHORE 

711-TES-CA-5184 

 
Autor/a 

CARLA ARMENGOU GALLARDO 

 
Tutor/a 

MANUEL ESPINO  INFANTES 

VICENÇ GRÀCIA GARCIA 

JUAN FERNÁNDEZ SAINZ  

 
Departament 

ENGINYERIA HIDRÀULICA, MARÍTIMA I AMBIENTAL 

 
Intensificació 

ENGINYERIA MARÍTIMA  

 
Data 

OCTUBRE DE 2011 



  

ABSTRACT 

 

The presence of suspended sediment in marine waters has several impacts, such as a 

degradation of the coastal ecosystem, pollution or a damaging effect on the tourism-oriented 

economies. 

FIELD_AC is a European project that aims to provide an improved operational service for 

coastal areas and generate added value for GMES predictions. This is achieved by the analysis 

of field cases. In this context, this minor thesis is based on the study of the information 

obtained in a field campaign carried out on Barcelona’s near shore between November of 2010 

and January of 2011.  

The data studied in this minor thesis was acquired in two different deployments: A1 and A2, 

located at 24 m depth in front of the combined sewer overflow of Bogallet and in front of the 

Besós river mouth respectively. These deployments consisted of a concrete structure provided 

with an AWAC current profiler, able to measure current velocities and wave parameters, and 

two different SSC sensors: a turbidimeter and an optical backscatter. 

In the first place, a quality control of the measurements provided by the instruments is done in 

order to verify its validity in relation to each instrument measuring range and in relation to the 

expected behaviour for each parameter. The only instruments that show problems with the 

validity of the measurements are the turbidimeters and the optical devices. Data acquired until 

the 8th of December shows optimal reliability. From that date until the 5th of January, 

turbidity data suffers a decrease of reliability and from the 5th of January onward, turbidity 

measurements are not valid, as the behaviours observed cannot be explained by natural 

processes.  

In the second place, the validated data is studied. Including meteorological conditions (wind, 

atmospheric pressure and rainfall), sea level, wave climate (significant wave height, maximum 

wave height, period and direction), currents and continental inputs (combined sewer overflow 

spills and river discharges). These parameters are the driving forces that control sediment 

transport processes. 

In the third place, sediment fluxes, current shear stress, wave shear stress and critical 

conditions for resuspension are calculated and significant SSC increase events are identified.  

Finally, each turbidity increase event is studied thoroughly in order to establish the agents 

responsible for the presence of sediment in the water column.  

Three agents are observed to have the capability of incorporating sediment to the water 

column in Barcelona’s near shore: waves, currents and offshore fluxes of continental inputs.



 

 

RESUMEN 

La presencia de sedimento en suspensión en aguas marinas tiene múltiples impactos, como la 

degradación del ecosistema costero, contaminación o un efecto dañino sobre economías 

orientadas al turismo. 

FIELD_AC es un proyecto Europeo que pretende proporcionar un servicio operacional 

mejorado para las zonas costeras y generar valor añadido a las predicciones para GMES. Esto 

se consigue mediante el análisis de casos reales. Esta tesina se basa en el estudio de la 

información obtenida en una campaña de medida realizada en la costa de Barcelona entre 

Noviembre de 2010 y Enero de 2011. 

Los datos estudiados se obtuvieron de dos fondeos distintos: el A1 y el A2, ubicados a 24 m de 

profundidad frente al aliviadero del Bogatell y frente a la desembocadura del Besós 

respectivamente. Estos fondeos consistían en una estructura de hormigón que sustentaba un 

perfilador de corrientes AWAC, capaz de medir velocidades de corriente y parámetros de 

oleaje, y dos sensores de CSS distintos: un turbidimetro y un OBS.  

En primer lugar, se lleva a cabo un control de calidad de las medidas proporcionadas por los 

instrumentos para verificar su validez en relación a los rangos de medida de cada instrumento 

y en relación al comportamiento esperable en función de cada parámetro. Los únicos 

instrumentos que muestran problemas de validez de medida son los turbidimetros y los 

sensores ópticos. Los datos obtenidos hasta el 8 de Diciembre presentan una fiabilidad óptima. 

Desde esta fecha hasta el 5 de Enero, los datos de turbidez sufren una pérdida de fiabilidad y 

del 5 de Enero en adelante, las medidas de turbidez no son válidas, pues los comportamientos 

observados no se pueden explicar mediante procesos naturales.  

En segundo lugar, se estudian los datos validados. Incluyendo condiciones meteorológicas 

(viento, presión atmosférica y lluvia), nivel del mar, oleaje (altura de ola significante, altura de 

ola máxima, periodo y dirección), corrientes y aportaciones continentales (descargas de 

aliviaderos y descargas de ríos). Estos parámetros son en realidad los agentes que controlan 

los procesos de transporte de sedimento. 

En tercer lugar, se calculan los flujos de sedimento, la tensión de fondo inducida por las 

corrientes y por las olas y las condiciones críticas de resuspensión. Además, se identifican los 

eventos en que tiene lugar un incremento significativo de CSS. 

Finalmente, cada evento es estudiado en profundidad con el fin de establecer que agentes son 

responsables de la presencia de sedimento en suspensión en el agua. 

Se han observado tres agentes capaces de incorporar sedimento a la columna de agua: las 

olas, las corrientes y los flujos de aportes continentales. 
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CHAPTER 1 

Introduction 

 

The impacts, direct and indirect, of suspended sediments in marine waters are numerous and 

diverse, ranging from a damaging effect on coastal ecosystem to contributing to increase 

pollution in marine waters.  

 

Poor light quality is the first consequence of high sediment concentration in the water because 

suspended particles scatter sun light, thus decreasing the photosynthetic activity of algae and 

plants, which contributes to reduce the oxygen concentration. Furthermore, the fact that algae 

and plants cannot develop properly due to the impossibility to make the photosynthesis 

means that not enough food will be provided for the fish. Moreover, suspended particles 

absorb the heat from sunlight, making the turbid waters become warmer and, therefore, 

reducing even more the oxygen concentration, as it dissolves better un cooler waters. 

Furthermore, some organisms cannot survive in warmer waters, while favoring the 

multiplication of other organisms.  
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Another impact of high suspended sediment concentration is merely esthetic, as nobody likes 

the appearance of turbid water. Not only this is important in areas with tourism-oriented 

economies, but it is also essential to eliminate turbidity in order to disinfect water in 

recreational areas.  

 

The presence of suspended sediment is also linked to contamination, as heavy metals, 

pesticides and nutrients tend to adsorb to sediment particles, especially to cohesive sediment.  

Around 75% of global marine contamination is caused by human activities developed in the 

land surface, and 90% of contaminants are transported by rivers and coastal rainfall runoff to 

the sea.  

 

Therefore, investigating the fate of riverborne and rainfall runoff material, as well as 

resuspended sediment is paramount in developing our comprehension of factors impacting on 

coastal ecosystems, on the dispersal of chemical elements and in the long term on the 

evolution of continental margin morphology. 

 

This minor thesis is framed in the European project FIELD_AC. Coastal-zone oceanographic 

predictions rarely appraise the land discharge as a boundary condition. River fluxes are 

sometimes considered, but neglecting 3D character, while the continental runoff is not taken 

into consideration. Moreover, many coastal scale processes, particularly those relevant in 

geographically restricted domains (coasts with harbours or river mouth areas, like Barcelonas 

near shore), are not well parameterized in present simulations. Because of this situation, local 

predictions still present significant errors and are not robust enough, even being locally wrong 

for sharp gradient levels, such as flash flood discharges into the Mediterranean sea. This 

hampers decision-making in coastal zones. It is for this reason that the FIELD_AC project aims 

to provide an improved operational service for coastal areas and to generate added value for 

shelf and regional scale predictions for GMES Marine Core Services. This is achieved by the 

introduction of more comprehensive land boundary conditions and improved local 

parameterizations obtained from the analysis of field cases, that cover a representative range 

of meteo-oceanographic drivers for geometrically restricted domains: Catalan coast, Venice 

Gulf, Liverpool Bay and German Bight Wadden Sea.  

This minor thesis is based on the analysis of the field campaign that was carried out in the 

frame of the FIELD_AC project in collaboration with the LIM/UPC. 
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On most shelves of the world, simultaneous measurements of near-bottom currents and 

suspended sediment concentration are seldom performed. Near-bottom sediment fluxes on 

microtidal, low-energy continental shelves have hardly been measured. On these shelves, the 

absence of significant tidal currents enhances the role of other processes controlling sediment 

fluxes.  

 

The objective of this minor thesis is to identify the agents and mechanisms that govern the 

presence of suspended sediment concentration on Barcelona near shore. 

 

This minor thesis is structured as follows: 

 

Chapter 2 contains a description of the characteristics of the Catalan coast, including 

morphology, wind climate, rain, sea level and tides, wave climate, currents and sediment 

transport. At the end of the chapter, these same parameters are also analysed but focusing on 

the coast of Barcelona.  

Chapter 3 describes the field campaign from the location of the deployments to the specific 

features of all devices used.  

 

In Chapter 4 a quality control of the data recorded by the mentioned devices is carried out. In 

the first place, the aim is to verify that all the information registered respects the measuring 

range of each instrument, provided by the manufacturer. The second step in this control is to 

ensure that the behaviour shown by each parameter adjusts to a consistent pattern, based on 

the nature of each factor analysed.  

 

Chapter 5 contains a thorough quantitative and qualitative study of all the driving forces acting 

in the study area, which are: meteorological conditions, sea level, waves, currents and 

continental inputs.  

 

In Chapter 6 suspended sediment concentration data is analysed with the aim to identify 

turbidity events. In addition, two new parameters are calculated: in the first place, sediment 

fluxes and in the second place, the shear stress that induce in the bottom the pass of waves 

and currents, as well as the critical conditions for resuspension.  
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In Chapter 7 each remarkable event identified in the former chapter is analysed in depth in 

order to find a relationship between the driving forces acting and the presence of suspended 

sediment in the water column. 

 

Finally, in Chapter 8 the conclusions obtained are exposed.  
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CHAPTER 2 

Study Area 

 

I. INTRODUCTION 

 

In this chapter morphologic and dynamic agents acting in the Catalan coast and, therefore, in 

the study area located off Barcelona city, are described.  

 

II. THE CATALAN COAST 

 

The Catalan coast is located in the north-western Mediterranean from latitude 40° 45′ N to 42° 

25′ N and from longitude 0° 45′E to 3°15′ E.  Its coastline is 700 km long and it includes 356 

beaches, that correspond to half of the entire coastal length of Catalonia, and about 53 

commercial and leisure ports.  

 

MORPHOLOGY 

The Catalan margin (Fig. 1) extends along 300 km from the Ebro Delta to the Cap of Creus 

peninsula and it ranges approximately between 0 and 200 meters deep, with a slope not 

higher than 1.5 degrees. The margin width suffers important variations along its extension, 

with values of 5 km in the North coast of Mallorca and up to 70 km in front of Vinaròs. This 
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area, where the margin width reaches its maximum extension, is known as Plataforma de 

Castellò or Plataforma de l’Ebre.  

The continental slope, in general, is 4 or 5 degrees, although it reaches a maximum value of 11 

degrees in Menorca, when the slope achieves these high values the slope is known as 

escarpment. 

The continental margin and slope are cut by several submarine canyons, which act as a 

connection between shallow waters and the abyssal depths and often end up becoming 

submarine channels close to the coast. The largest submarine canyons in the Catalan margin 

divide it in different sections: the continental shelf is narrowest (3 km) where deeply incised by 

submarine canyon heads, and reaches its maximum width off the Ebro Delta (50 km). Thus, the 

bathymetry varies from a very narrow shelf at the North to a wide shelf at the south, which is 

an important feature for the hydrodynamic properties of the Catalan coast, where 12 canyons 

can be distinguished, the canyons of Sant Feliu, Blanes, Arenys, Besòs, Can Pallissò, Morràs, 

Berenguera, Foix, Coma-ruga, Francolí, Buda and de la Ràpita. 

The Barcelona margin and shelf, off the city of Barcelona and where this study takes place, 

occupy the central stretch of the section bounded by the Foix Canyon to the south and the 

Blanes Canyon to the north, from 41º 8’  N to 41º 32’ N.   

 

 
Fig. 1. Catalan coast margin. From ICM.  

 

WINDS 

Some environmental properties of the NW Mediterranean are highly conditioned by the fact 

that it is a semi-enclosed sea, one of them being that it features local high and low pressure 

weather systems controlled by orographic barriers that determine the spatial distribution of 

winds and land–sea temperature differences. Therefore, topography exerts a significant 

control over wind climate and the most significant example of this influence are the Pyrenees, 

that act as a physical barrier that strongly modify the wind patterns and produce the Mistral 
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and Tramontane winds in France. Their influence can be noticed hundreds of kilometers 

offshore, carrying cold and dry air over the Mediterranean Sea.  

Wind climate is characterized by low to medium average winds. Font (1990) analysed 4 years 

of wind data over the shelf and found that during fall season the dominant direction is from 

NW and is associated with the strongest mean velocities (10 m/s). In summer the main 

characteristic is the dominance of south-westerly winds, but the maximum wind speed 

corresponds to NW direction. Winter is characterized by the highest percentage (50%) of NW 

winds of the year. This wind patterns can be further appreciated in the wind rose created from 

data obtained during the year 2010 in Llobregats buoy (Fig. 2). 

  

Fig. 2. Wind intensity and direction anual joint distribution. Llobregats buoy. From XIOM 2010a. 
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RAIN 

Rainfall regime in the Mediterranean region is characterized by irregular and poor rain events, 

with a dry season during winter and, especially, summer, when rainfall is unusual and short. 

Important precipitation events mainly happen in spring and fall, when rains are intense, 

although the rainfall annual rate ought to be considered as low. 

 

SEA LEVEL 

The Catalan coast is characterized by a microtidal environment, with ranges no higher than 20 

cm, so sea level variation is not as important in the Mediterranean Sea as in other seas. 

However, sea level variations can induce currents and resonance phenomena in bays, such as 

seiches. Sea-level oscillations associated with periods between hours and weeks are mainly 

due to the astronomical tide and the meteorological induced effects known as storm surges. 

Considering the fact that the astronomical tide in the Mediterranean is very small, both high 

frequency sea-level components are of the same order of magnitude. For oscillations of lower 

frequencies, the main term to take into account is the steric component, which consists of the 

change of the sea level due to the volumetric change in the water column as a result of the 

changes of the water temperature. This component has a seasonal frequency, and its effect is 

not easy to determine. 

According to Foreman (1977), the harmonic behaviour of the astronomical tide can be 

accurately forecasted from the harmonic constants computed from available data. Studies 

performed by the XIOM in the Ebro Delta region show that the most important harmonic 

components for tidal gauges are diurnal lunar-solar (K1), and semidiurnal lunar (M2), followed 

by diurnal lunar (O1), semidiurnal solar (S2) and diurnal solar (P1), by order of importance. 

These values yield F factor (F=(K1+O1)/(M2+S2)) values between 1.2 and 1.5, which means 

that the tidal regime is a mixed tide predominantly semidiurnal. Tides show two daily peaks 

with a large diurnal tide inequality.  

Low pressures in the Mediterranean induce easterly fluxes which generate strong winds and 

high waves, as it will be explained with more detail in following lines. These events have the 

ability to produce a significant sea level rise due to the combination of these meteorological 

factors. High pressure areas are very common, especially during all summer when Western 

Mediterranean is under the Atlantic High Pressure Area and during some weeks of January and 

February, when the Centre Europe High Pressure Area reaches the Western Mediterranean. 

Both situations, in combination with the steric effect, result in an important variation of the 

sea level, which is usually very low when water is cold and there is a persistence of a high 

atmospheric pressure, around 1030 hPa. Another important meteorological factor affecting 
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sea level is strong winds from de North and North-West, not only because of their large 

velocities but also because of their high frequency of occurrence and persistence, ocasionally 

lasting more than a week. For all these reasons, these winds are another significant factor 

contributing to the sea level rise. 

 

WAVE CLIMATE  

Winds are the main contributing factors to Mediterranean storms (Flamant et al., 2003). 

According to Font, large velocities have been recorded from Eastern winds, so it is coherent 

with the fact that the most energetic storms approach from the east. These storms have a 

typical duration of a few days, and are often associated with the cyclonic activity over the NW 

Mediterranean. For European countries these are the most relevant storms, called regional 

storms, and are also the highest cause of economic and insurance losses in Europe (Munich 

Reinsurance Company, 2004). These extra tropical cyclones generally have less destructive 

power than tropical cyclones or tornadoes, but they are able to produce damaging winds over 

a wide area as well as wave-damage in coastal areas. Winter storms can have associated 

effects such as storm surges, floods, high seas, waves and coastal erosion. 

 

In the Mediterranean waves are fetch limited, which means that due to the sea’s small 

extension waves are not able to propagate along important distances, resulting in irregular 

waves. Statistical analysis of wave conditions in the region from 1984 to 2004 show mean 

significant wave height values (Hs) of 0.70 m, with Hs maxima of 4.61 and maximum wave 

heights of 7.80 m (Gómez et al., 2005).  

Following the criteria by Davias and Hayes (1984), the Mediterranean can be classified as a 

wave-dominated sea because of the small magnitude and influence of tides. Therefore, waves 

are, in general, the most energetic forcing agent and the main stirring mechanism acting in the 

coastal zone and controlling it’s evolution due to their physical impact, the air–sea momentum 

transfer process, and their effect on sediment transport (Jimenez et al., 1997; Bolaños et al., 

2005).   

Bolaños et al. (2003) studied some of these events showing in particular that bimodal wave 

features develop due to the wind rotation at the coast. Such features are believed to be of 

importance for coastal processes, including sea drag and wind-wave growth, and thus critical 

for operational wind, wave and current predictions. XIOM data have allowed the study of wave 

climate (García et al., 1993; Jimenez et al., 1997; Bolaños et al., 2004, Bolaños and Sáchez-

Arcilla, 2006) showing the main wave features in the region. In the Catalan coast the general 
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situation that triggers wave storms, with considerable damage to the coast are  (Cateura et al., 

2004): 

• The initial positioning of an intense high-pressure area on the British islands, leading to the 

NE and E air fluxes on the Catalan littoral. 

• Mediterranean cyclogenesis due to a high level of cold air pool deepening and the passage of 

the resulting low in front of Catalan littoral. This generates Eastern winds, except in the Ebro 

delta area where the wind is coming from the NW due to orographic effects. 

 

CURRENTS 

In the Catalan region, the slope dynamics are dominated by a quasi-permanent slope current, 

a continuation of the so-called Northern Current (Millot,1999), also known as Linguo-Provençal 

Current, which flows south-westwards. Several authors have analysed available data over the 

slope (Font et al. (1995),  Jorda et al. (2005)), as a result of these studies it has been 

established that the mean current intensity is not very strong (~10 cm/s at 100 m depth) but it 

shows a seasonal intensification in winter where velocities can reach greater values (~40 cm/s 

at 100 m depth) and occasionally intruding and meandering over the shelf, especially between 

December and May (Flexas et al., 2002; Arnau et al., 2004). This marked variability is another 

important feature, dominated by processes in the 3–10 days band, hence, mesoscale events, 

which corresponds to the passage of meanders and eddies, probably generated upstream and 

advected by the current. Wind effects are restricted to the surface mixed layer and have little 

effect on the slope current. The vertical structure of the circulation is characterized by 80% of 

the variance, corresponding to a barotropic mode, while a 15% corresponds to the first 

baroclinic mode. The contribution of near-inertial internal waves has also been reported as 

well as the presence of gyroscopic inertial waves. Over the shelf, little work has been 

previously done with long time series. However, what has been established is that the 

predominant current acting near the coast is the south-westwards littoral drift. Wind and 

pressure gradients share the importance which fluctuates throughout the year. The seasonal 

evolution from the two-layer scheme to the one-homogeneous scheme of the vertical 

structure is observed every year. 

  

SEDIMENT TRANSPORT 

Ports and man made coastal protection works severely interfere the drift current leading to 

anthropogenically generated sheltered depositional areas and erosional coastal stretches 

(DGPT, 2000). The losses of littoral sediments are evidenced by the increasing sand volumes 

required for beach nourishment. 
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III. BARCELONA 

 

This study focuses on the sea area off the city of Barcelona. Barcelona city is located at 41º 23’ 

N 2º 11’ E, it is flanked by two rivers, the Besos in the north and the Llobregat in the south. It  

has approximately 13 km of coastline, which contains the city harbour, in the southernmost 

part of the city, three marinas and more than 3 km of beaches. 

 

The Barcelona continental margin has a narrow shelf that measures 8 km wide. Its slope varies 

between 0.3 and 0.7 degrees and its average value is 0.61 degrees, although it reaches up to 

21 degrees in the slope break off the Llobregat river mouth and at the edge of some prominent 

sandy deposits observed north of the Besos river. The shelf consists of an inner, middle and 

outer shelf separated by the 30-40 and the 80 m isobaths, respectively (ITGE, 1989). The 

continental slope is also narrow (10 km), with intermediate associated gradients of about 3 or 

4 degrees, and its principal morphological features are submarine canyons and associated 

gullies. The most important submarine canyon in this area is the Foix canyon, which is located 

in the southern part of the area, incising the continental margin down to 2000 m depth. This 

submarine canyon is strongly incised in the continental slope, and its head cuts the shelf break 

at around 90 m depth. The canyon axis is oriented towards the southwest at its head and then 

turns southward with increasing depth until it is oriented to the south-southeast at 1000 m 

depth. Its transverse profile is V-shaped, except at the canyon head, where due to sedimentary 

instabilities and the presence of small tributaries the transverse profile is U-shaped, while its 

longitudinal profile shows a slope of 3.3 degrees at the canyon head, 1.8 degrees at the mid-

canyon and 0.7 degrees at around 1200 m depth (Alonso et al., 1984). The canyon walls are 

steep, with slopes ranging from 6 degrees at the canyon head to 23 degrees at the mid-

canyon. The depth of the canyon from its rim to the bottom is about 400 m, and its width 

narrows seaward, decreasing from 4 km at the shelf break to 2 km where the canyon axis 

reaches 1200 m depth. 

 

As part of the Catalan Coast, in this region the tidal range can be considered negligible and the 

waves are the main hydrodynamic force acting. Statistical analysis of wave conditions in the 

region from 1984 to 2004 shows an offshore mean significant wave height of 0.70 m, with 

maximum wave heights of 7.80 m and an averaged mean period of 4.3 s (Gómez et al., 2005). 

Storms occur mainly from October to April and the most important ones are those coming 

from the east and northeast. 
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Maximum velocities of the Northern current off Barcelona are around 25-30 cm/s at the 

surface, and the vertical structure of the jet usually reaches depths of nearly 250 m limited by 

velocities of around 5 cm/s (Castellón et al., 1990). Submarine canyons incised on the 

northwestern Mediterranean continental margin strongly influence the surface circulation of 

this current, and the surface flow is deflected shelfward upstream of the canyons and offshore 

on the downstream side (Masó et al., 1990). 

The Barcelona continental shelf is mainly fed by sediment inputs from the Llobregat and Besos 

rivers, mostly draining eroded calcareous rocks, and the Tordera River, eroding a 

predominantly granitic massif. Other ephemeral burns or rieras punctually drain granitic rocks, 

essentially during violent eastern storms with heavy rains that mostly occur in late summer 

and early fall, and are locally known as llevantades (Martín Vide, 1982). The energetic wave 

regime associated to llevantades reinforces the southwards littoral drift, which becomes then 

able to transport large volumes of sand that may be lost from the coastal sediment cell either 

escaping to deeper sections on the shelf or getting trapped by submarine canyon heads. 

As this study focuses on the sediment transport in Barcelona continental shelf between the 

rivers Besos and Llobregat it is important to take into consideration the presence of several 

combined sewer overflows along this study area because spills from the sewerage network 

could be an important source of sediment input (Fig. 3). 

  

Fig. 3. Combined sewer overflows along Barcelona coast. 
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CHAPTER 3 

Experiment Setup 

 

I. INTRODUCTION 

 

This minor thesis is based on a field campaign carried out between November of 2010 and 

January of 2011 in Barcelona’s coast, during which data were recorded by several instruments 

deployed in three different locations. In the following lines all the characteristics of this 

campaign are exposed. 

 

II. INSTRUMENT DEPLOYMENT  

 

Three bottom structures called A1, A2 and A3 were deployed (Fig. 4), the first two were 

located at 24 meters depth, in front of the combined sewer overflow of Bogatell and the Besòs 

river mouth respectively. Measuring station A3 was located at 50 m depth.  
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A1 and A2 consist of an AWAC current profiler, provided with an internal memory, with ability 

to measure current velocities and wave parameters, as well as ancillary data such as pitch, roll, 

temperature, etc. The sampling interval for current velocity and wave parameters are 10 

minutes and 1 hour respectively. 

Another parameter measured in these deployments is turbidity, which is measured by two 

different instruments:  an Aquatec Aqualogger turbidimeter, located 50 cm above the bottom, 

sampling every minute and with an auto-gain mode; and an optical backscatter sensor, located 

20 cm above the bottom and connected to the analogue channel of the AWAC currentmeter.  

All these instruments were attached to a metal frame supported by a concrete slab (Fig. 6 and 

Fig. 5). 

A3 consists of an uplooking RDI WH300kHz current profiler, sampling every 10 minutes, and a 

Datawell directional G7 wave buoy, measuring directional waves and wave statistics every 30 

seconds (Fig. 7). 

Fig. 4. Measuring stations location. 



Experimental study of sediment fluxes on Barcelona’s near shore. 

16 

 

 

Fig. 5. Instrument deployment. 

Fig. 6. AWAC current profiler. 
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Deployment of A1 and A2 took place on 11/11/2010 while A3 was deployed on 12/11/2010. 

Continuous data were recorded from then until 18/01/2011, when all instruments, except for 

the wave buoy, were recovered. All instruments were recovered with no appreciable external 

damage, although it is interesting to note that the optical backscatters were slightly covered 

with depositions. 

In addition to this data set, further data on driving terms were also acquired. Meteorological 

data like wind speed and direction were recorded at an offshore XIOM’s meteorological station 

located in the Badalona pear. Combined sewer overflow discharge information in the study 

area during the campaign was also recorded by several depth monitors (Fig. 3). Finally, daily 

water discharge from the Besos and Llobregat rivers was obtained from the ACA (Agencia 

Catalana de l’Aigua) website. Furthermore, a set of 30 CTD profiles were acquired an 

Fig. 7. A3 RDI current profiler diagram. 
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16/11/2010 and on 2/12/2010, two days after a short rain event. Their locations are shown in 

Fig. 8. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Technical information concerning the instruments involved in the campaign are further 

detailed in Table 1, Table 2 and Table 3. 

 

Table 1. Measuring station A1 instrument technical information. 

A1F101 Bogatell   

Location 41º 23.207’N  

 
002º 12.647’E 

Depth 24 m 

Installation date 11/11/2010 10:28 UTC 

Recovery date 18/01/2011 10:40 UTC 

  
Instrument Measurement 

AWAC Current profile 

WAV 5786 Waves 

AST WPR 117 Ancillary data 

OBS T8280 Turbidity 

Aquatec Aqualogger 201TY/024-14 Turbidity 

 

 

 

 

  

Fig. 8. CTD profilers location. 
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Table 2. Measuring station A2 instrument technical information. 

A2F101 Besòs   

Location 41º 24.852’N  

 
002º 14.531’E 

Depth 24 m 

Installation date 11/11/2010 11:55 UTC 

Recovery date 18/01/2011 08:34 UTC 

  
Instrument Measurement 

AWAC Current profile 

WAV 5604 Waves 

AST WPR 052 Ancillary data 

OBS T8281 Turbidity 

Aquatec Aqualogger 201TY/024-17 Turbidity 

 

 

Table 3. Measuring station A3 instrument technical information. 

A3F101 Besòs   

Instrument Measurement 

RDI WH300 Sn 441 Current profiler 

 
Ancillary data 

  
Location 41º 23.950’N  

002º 15.567’E 

Depth 50 m 

Installation date 12/11/2010 08:20 UTC 

Recovery date 18/01/2011 08:15UTC 

Instrument Measurement 

Datawell Directional G7 wave buoy sn 

53021 
Directional waves 

  
Location 41º 23.919’N  

 
002º 15.486’E 

Depth 50 m 

Installation date 12/11/2010 08:13 UTC 

  

  
CTD Profilers   

Instrument Measurement 
SBE25 Temperature 

 
Conductivity 

 
Pressure 

 
Oxigen 

 
Fluorometre 

 
Transmissometre 

 
Turbidity 

  Irradiance 

 

 

As this minor thesis studies suspended sediment fluxes and turbidity measurements are only 

performed in deployments A1 and A2, in the following chapters only the data obtained in 

these two measuring stations will be used.  
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CHAPTER 4 

Quality Control 

I. INTRODUCTION 

 

Data provided by all the sensors deployed in the field campaign can contain errors. The aim of 

this chapter is to analyze all data in order to verify their validity in relation to each instrument 

measuring range, provided by the manufacturer. This, however, is not the only factor to 

consider validating data, and thus a critical analysis of the recorded information is undertaken 

to ensure that the behaviour of the variable studied is within probable explanation and aspects 

like the presence of spurious peaks are also considered. 

 

II. GENERAL OVERVIEW 

 

The deployment and recovery of the instruments is performed with the instruments switched 

on, as they have to be activated outside of the water. Therefore, in all the sensors there is 

altered data at the beginning and end of the time series as it can be appreciated in Fig. 9, 

where raw current speed data has been represented in order to exemplify the mentioned 

behaviour. It can be observed in Fig. 9 that raw data show extremely out of range 
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measurements in both ends. Thus, these data are not valid and will not be taken into account 

in further analysis. 

 

 

 

In the next lines, an analysis of the validity of the remaining data will be carried out. 

 

  

Fig. 9. Raw current speed data (m/s). 
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III. SEA LEVEL 

 

The AWAC pressure sensor is able to measure data ranging from 0 to 50 m, with an accuracy of 

0.005 % of the full scale per sample. In Fig. 10, raw sea level data for both measuring stations is 

shown and it can be appreciated that data remains inside the valid instrument range and 

presents no remarkable errors.  

 

IV. WAVES 

 

The wave variables analysed are significant height (Hs), maximum height (Hmax), peak period 

(Tp) and direction (Ѳ). Both significant and maximum wave height measuring range goes up to 

20 m, with accuracy under 1% of the measured value. Thus, as it can be observed in Fig. 11 and 

Fig. 12, all data is not just perfectly valid, but it also presents coherent patterns, with an 

alternation of high and low energetic events. Fig. 11 and Fig. 12 reflect this behaviour, which 

takes place in both deployments, between witches small differences can be observed and can 

be explained though the reflection processes.  

 

Fig. 13 and Fig. 14 show that maximum wave height and significant wave height should show 

the expected behaviour according to the Rayleigh density function of probability, although A1 

deployment reveals a not explainable higher scatter. Measuring station A1 presents the 

relation Hmax=1.62 Hs and station A2 Hmax=1.67 Hs, both under the maximum acceptable 

1.78 coefficient.  

 

Wave period measurements are valid for values between 0.5 and 30 seconds. Fig. 15 

represents Tp raw data and reflects that all values remain inside the measuring range at the 

same time that present the expected behaviour. 

Wave direction accuracy is 2
o
. The time series for wave direction in both stations are shown in 

Fig. 16, where it is evidenced that all data belongs to the measuring range and no significant 

errors or spurious data can be noted. 
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Fig. 10. Raw average sea level data (m). 
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Fig. 11. Raw Hs data (m). 
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Fig. 12. Raw Hmax data (m). 
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Fig. 13.  A1. Hs-Hmax (m). 

Fig. 14. A2. Hs-Hmax (m). 
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Fig. 15. Raw Tp data (s). 
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Fig. 16. Raw wave direction data (
o
). 
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V. CURRENTS 

 

Current speed is measured in the whole water column by dividing it in 25 layers and measuring 

each layer’s speed. However, as the current profilers use acoustic technology, the data 

registered in the top layer is not useful as it is altered by external sounds, so this is the reason 

why the measurements taken in the top layer are unreliable and have been not taken into 

account. 

 

The measuring range for current speed is +-10 m/s and all data is inside the measuring ranges, 

as there is no current intensities higher than 10 m/s or lower than -10 m/s. From Fig. 17 to Fig. 

22. current speed module and direction has been represented at three different depths in both 

A1 and A2 deployments: 2, 10 and 23 m in order to demonstrate the fact that both variables 

are indeed inside the valid measuring ranges. In those figures, it can be appreciated that the 

current data contains no significant errors. However, current speed registered in station A2 at 

10 m depth presents a change of behaviour at the end of the field campaign, around the 29
th

 

of December. It is not possible to ensure that this data is not valid as it respects the instrument 

measuring range, but in further analysis this shift of velocity pattern will have to be taken into 

account.  
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Fig. 17. A1. Raw current intensity (m/s) and direction data at 2 m depth.  
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Fig. 18. A1. Raw current intensity (m/s) and direction data at 10 m depth.  
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Fig. 19. A1. Raw current intensity (m/s) and direction data at 23 m depth.  
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Fig. 20. A2. Raw current intensity (m/s) and direction data at 2 m depth.  



Experimental study of sediment fluxes on Barcelona’s near shore. 

34 

 

 

Fig. 21. A2. Raw current intensity (m/s) and direction data at 10 m depth.  
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Fig. 22. A2. Raw current intensity (m/s) and direction data at 23 m depth.  
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VI. TURBIDITY 

 

Data filtering has been applied to turbidity measurements from both turbidimeters and optical 

backscatters. The high frequency under which turbidity data have been obtained during the 

campaign made it necessary to put the information through a filter in order to bring the 

frequency down to a value that enables an optimal analysis, at the same time that spurious 

peaks are obviated. In Fig. 23 non filtered turbidity data has been represented in order to 

evidence the need of applying the mentioned filter.  

 

A cut frequency of 0.1 has been considerate appropriate for the turbidimeters and 0.27 for 

data from the OBSs, indicating the difference existing between both devices, which will be 

further explained in the following chapters. 

 

  

Fig. 23. Non filtered turbidity data (FTU). A1. 
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TURBIDIMETERS 

 

The turbidimeters deployed are able to measure between 0 and 500 FTUs with a 2% of reading 

or 0.5*FTU accuracy.  

Fig. 24 and Fig. 25 prove that all data is widely inside the valid range. However, these figures 

also betray the presence of different behaviours reliability wise. From the beginning of the 

campaign until the end of December turbidity data presents an optimal reliability while, from 

then on, there is an upward drift that suggests a decrease in the reliability of the information, 

which does not mean that the information is not valid for further analysis. Nevertheless, from 

the 5
th

 of January, it is not possible to explain the behaviour of the turbidity profile by a natural 

process, so these data will not be taken into account 
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Fig. 24. A1. Filtered turbidity data (FTU).  
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Fig. 25. A2. Filtered turbidity data (FTU).  
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OPTICAL BACKSCATTERS 

 

The optical backscatters measurements are valid for sand when they range between 50 and 

100 mg/l, and the accuracy is the largest of two parameters: 4% of reading or 10 mg/l. As units 

recorded by OBS devices is NTU, a conversion from the original units has been done according 

to the function proposed by Guillén et al., 2000: 

SSC= 1.74 NTU – 1.32   (for NTU > 0.2) 

This calibration is suitable to data as it involves the same kind of sediment and our data 

satisfies the NTU> 0.2 condition. 

 

In Fig. 26 and Fig. 27 the information obtained from the optical backscatters is represented in 

terms of suspended sediment concentrations (mg/l) and a green line represents the superior 

limit of the measuring range. It is clear that from the 20th of December, data is above the 

instrument measuring range, so the reliability of this information has to be considered low. 

However, it is interesting to observe that OBS data shows similarities with the one obtained in 

the turbidimeters, which probably reflects an important amount of very fine matter in the 

water column: initially, data shows an optimal behaviour liability wise; on the 10th of 

December starts an upward drift and finally there is an erratic behaviour not attributable to a 

natural process.  

Turbidity data quality control analysis suggests that the data obtained at the initial days of the 

campaign has a higher reliability than the information showing an upward drift, as it is 

probably affected by the gradual deposition coverage   of the instruments. The final data, from 

the 5th of January until the end of the campaign will not be used as it has been considered 

unreliable. Therefore, it seems reasonable to focus on the initial turbidity data in order to 

study sediment transportation in the following chapters.  
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Fig. 26. A1. Suspended sediment concentration data (mg/l).  
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Fig. 27. A2. Suspended sediment concentration data (mg/l). 
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CHAPTER 5 

Driving Forces 

 

 

I. INTRODUCTION 

 

The goal of this chapter is to analyze the data obtained in the field campaign and validated in 

the previous chapter as well as data received from external organizations.  

The objects of the analysis will be meteorological conditions during the experimental 

campaign, including wind, atmospheric pressure and rainfall data. Sea level will also be 

analysed. In the third place, the analysis will focus on waves, studying four parameters: 

significant wave height, maximum wave height, peak period and waves mean direction.  

Currents will be the fourth case of study, which will involve current intensity as well as current 

direction. Finally, continental inputs(both river and combined sewer overflow discharges) will 

be considered.  

All these parameters are the driving forces that control sediment transport processes, and 

therefore results from analyzing in detail all these data is the basis on which conclusions will be 

supported.  
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II. METEOROLOGICAL CONDITIONS 

 

WIND         

 

Wind data has been obtained from a meteorological station located in Badalona’s pier and it 

includes two variables: intensity and direction. These data time series can be seen in Fig. 28.  

 

The mean wind intensity during the field campaign was 3.03 m/s which, according to 

Beaufort’s Scale, can be qualified as a gentle breeze. Periods of calm (0-0.2 m/s) were also 

registered and 9.4 m/s was the maximum wind speed, it came from the east-northeast and 

was registered on the 24
th

 of December. This intensity corresponds to a fresh breeze, so no 

strong breezes (above 10.8 m/s) were registered during the study period.  

 

In Fig 29 it can be appreciated that during the study period wind came mainly from directions 

comprehended between the north-northwest and the west, while the dominating wind came 

clearly from the northwest. This fact can also be observed in Fig. 28, where a higher density of 

points between the 300
o
 and 350

o
 reflect a strongly steady provenance of the wind.  

 

In conclusion, there were no strong winds during the field campaign but they had a high 

permanence direction-wise that facilitate an increase of the superficial water speed.  

 

The average wind speed and direction in this area and time of year (XIOM, 2010) can be 

established around 3.5 m/s and 317
o
 respectively, so intensities and directions registered 

during the field campaign match perfectly the context expectations. Maximum speeds 

registered (9.4 m/s) are slightly lower than the possible  wind intensities of this time of the 

year, that can reach 12 m/s and mainly come from the northwest.  
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Fig. 28. Wind speed and direction. 
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Fig 29. Wind rose. 
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RAIN 

 

Accumulated rainfall in 5 minutes increments was obtained from twelve gauges located all 

over the study area (Table 4 and Fig. 30) and provided by CLAPSA.  Data time series of all this 

gauges can be seen in Fig. 31 to Fig. 35 

 

Table 4. Rain sensors code and location. 

SENSOR CODE X UTM Y UTM 

CL1 430126,5 4588390,7 

CL2 433309,7 4585054,3 

CL4 429286,2 4584403,1 

CL8 432408,7 4590041,2 

CL12 435057,3 4585170,9 

CL13 433034,5 4582822,3 

CL18 428350,5 4587818,8 

CL20 430384,3 4583066,6 

CL21 430033,7 4585877,6 

CL23 428894,1 4582240,8 

 

 

Fig. 30. Rain gauges location. 
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Fig. 31. Accumulated rainfall (5 minutes) in gauges CL1 and CL2. 
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Fig. 32. Accumulated rainfall (5 minutes) in gauges CL4 and CL8. 
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Fig. 33. Accumulated rainfall (5 minutes) in gauges CL12 and CL13. 
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Fig. 34. Accumulated rainfall (5 minutes) in gauges CL18 and CL20. 
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Fig. 35. Accumulated rainfall (5 minutes) in gauges CL21 and CL23. 
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As it can be observed in the figures above, during the field campaign there were 5 rain events, 

with durations ranging from 1 to 3 days, along which the rain fall occurred intermittently and 

with very low flow rates. In order to perform a statistical analysis of rainfall during the 

campaign, rain gauge L13 has been chosen as representative because it does not only reflect 

all the rain episodes that took place along the study area during the field campaign, but also 

presents the higher volumes obtained.  

 

Data acquired in 5 minute increments has been transformed to accumulated rainfall in one 

hour for the gauge CL13 (Fig. 36) in order to classify its intensity. 

In the following lines a statistical analysis of these rain episodes is carried out. It has to be 

considerate that rainfall is completely intermittent along the duration of the episodes 

described and the total amount of hours of rainfall will be specified for each episode. 

 

The first rain event takes place from the 17
th

 to the 20
th

 of November, with 5 hours of rainfall. 

Rain intensity was light, as the event presents a maximum accumulated rainfall of 0.8 mm and 

an average value of 0.38 mm. The second episode corresponds to a moderate rainfall and 

starts on the 27
th

 of November, ending on the 30
th

. The maximum level achieved is 2.3 mm and 

the average rainfall is 0.51 mm during the 14 hours of rain. The third episode takes place from 

the 8
th

 to the 9
th

 of December, during those two days 10 hours of rain were registered with an 

average rainfall of 0.36 mm and a maximum value of 1.3 mm. Therefore, this is another case of 

light rain, as levels remain under 2 mm. The fourth event is the most intense one, as 23 hours 

of rain were registered as well as the maximum rainfall for the study period, of 4.9 mm and an 

average measure of 0.82 mm. This event occurs from the 21
st

 to the 23
rd

 of December and, 

despite being the strongest during the campaign, it classifies as moderate. In the last episode, 

lasting from the 30
th

 of December to the 2
nd

 of January, rainfall is also moderate because 

during the 17 of rainfall a maximum level of 2.1 mm and an average level of 0.57 mm were 

measured. 
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Fig. 36. CL3 accumulated rainfall in 1 hour increments. 
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III. SEA LEVEL 

 

The AWAC is provided with a pressure sensor that reads the pressure acting above the 

instrument, located at 23 m depth, and measurements are given in units of meters of water 

column.  Therefore, in order to study the water level, the atmospheric pressure obtained from 

the meteorological station in Badalona’s pear has been transformed to units of meters of 

water column, considering a density of 1027 kg/m
3
 for the sea water. The water level is the 

result of substracting this atmospheric pressure from the total pressure measured by the 

instrument. 

 

Fig. 37 shows the sea level behaviour in station A1. It is referred to the mean sea level 

registered during the study period which was 22.26 m in this station. The maximum level 

reached 0.174 m over the average level, while the minimum level was 0.172 m under this level. 

Thus, the total variation range has been 0.345 m. 

In Fig. 38 sea level time series of measuring station A2 is presented, also referred to the 

stations average sea level value, which has been 22.7 m. The maximum sea level reached 0.172 

m over the average and the minimum has been 0.177 m under it, being thus the variation 

range 0.349 m.  

 

In order to analyze the tidal regime acting in the study area, a spectral analysis has been 

carried out. As it can be observed in Fig. 39 and Fig. 40 where spectral density is confronted to 

frequency, both deployments show an identical behaviour. There are two peaks corresponding 

to 0.0415 and 0.0805 Hz, which correspond to diurnal and semidiurnal tides respectively. In 

addition to these expected peaks, another frequency of 0.0065 Hz has been observed. It 

corresponds to a period of 6.4 days, which means that the study area is also affected by a 

meteorological tide, as in the north-western Mediterranean storms present a weekly 

periodicity.  
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Fig. 37. Sea level (m) in station A1. 
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Fig. 38. Sea level (m) in station A2. 
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Fig. 40. A2. Tidal spectral analysis. 

Fig. 39. A1. Tidal spectral analysis. 
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IV. WAVES 

 

The mean significant wave height (Hs) along the study period is 0.64 m in both A1 and A2 

measuring stations. The maximum Hs registered in A1 measured 2 m and in station A2 2.18 m, 

so there are no remarkable differences between stations. In the Catalan Coast, the peak over 

threshold method enables to define storms when significant wave heights overcome 2 m 

during at least 6 hours.  

Attending to Fig. 41 and Fig. 42, only one storm took place during the field campaign, 

beginning the 28
th

 of November and lasting until the 30
th

. Maximum significant wave height 

achieved in this event was 2m in station A1 and 2.2m in station A2. 

However, by placing the threshold at 2m of significant wave height, numerous episodes of 

important wave height are being obviated, so this is why a second threshold, of 1.5 m, has 

been considered (Fig. 41 and Fig. 42). Attending to this second criterion, there are two more 

high energy episodes that ought to be mentioned, the first one took place on the 17
th

 of 

December, with maximum Hs of 1.55m and 1.65 in stations A1 and A2 respectively; the second 

event took place on the 27
th

 of the same month, when maximum Hs registered were 1.55m 

and 1.7m in A1 and A2 respectively.  

Finally, there are three wave height peaks that, despite not exceeding the 1.5 m threshold, 

ought to be mentioned for their possible effect on sediment transportations. These peaks 

were observed on the 8
th

 of December, the 19
th

 of December and the 30
th

 of December. In 

these episodes, maximum Hs registered in station A1 is around 1.2m and in station A2 around 

1.5m. 
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Fig. 41. A1. Hs (m) and storm thresholds. 
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Fig. 42. A2. Hs (m) and storm thresholds. 
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The average wave direction for the whole campaign is 139
o
, which means that meanly waves 

came from the southeast. In Fig. 43 main wave directions are shown. The highest waves, which 

correspond to the storm event, come mainly from the east and east-southeast, as also do 

waves with significant heights ranging from 1 to 1.5m. Waves lower than 1m of height come 

from directions comprehended between the south and east, however, the dominating 

direction is clearly the east-southeast and eastern waves are the less frequent ones. 

With regard to maximum wave height (Hmax), the maximum magnitudes reached are 3.14 m 

and 3.63 m in A1 and A2 respectively and, as it would be expected, these maximums took 

place during the mentioned storm. 

 

Fig. 43. Wave rose. 
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The peak period (Tp) achieved maximums of 12.07 s and 11.32 s in A1 and A2 and minimums 

of 2.04 s and 4.80 s, while the average peak period for the whole campaign is 6.32 s and 6.63 s 

respectively.  

Direction of precedence of waves of a determinate peak period is shown in Fig. 44. For waves 

with the highest peak periods (from 9 to 12s) this provenance ranges from the east to the 

south-southeast, being the southeast direction the dominant one. Lowe peak period waves, 

from 6 to 9 s come from the area comprehended between the east and the south, being the 

east-southeast the one with a higher frequency of occurrence.   

 

 

A characterization of the wave climate in this region and during the months of November, 

December and January has been obtained form an statistical analysis of 2010 data obtained in 

Fig. 44. Peak period (Tp) rose. 
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the Llobregats Buoy performed by the XIOM (XIOM, 2010b).  According to this report, the 

expected average Hs would be around 0.84 m, so during the campaign wave height has been 

considerably lower than it would have been expected, and consequently the maximum values 

of significant wave height are also smaller than the  2.88 m achieved on 2010. In relation to 

maximum wave height (Hmax), on January of 2010 values of Hmax around 5 m of height were 

registered, however, on November and December Hmax was around 3.3 m, so our 

measurements fit into the expected contextual values. Peak period respect the expected 

average duration, as according to the XIOM it is 4.3 s, while the maximum Tp reached is higher 

than the 9.7 s expected.  

 

 

V. CURRENTS 

 

Current intensity data is obtained from the current profilers decomposed in east and north 

components for all the water depth, decomposed in 24 layers, so each layer corresponds to 

one meter of water column. In order to analyze these time series, a correlation coefficient 

matrix has been implemented for each component and measuring station with the aim of 

identifying different behaviours in relation with current direction. Furthermore, if these 

different behaviours are detected, the correlation coefficient matrix will allow identifying at 

what depth a shift of behaviour takes place.  

 

MESASURING STATION A1 

 

The correlation coefficients matrixes (Fig. 45 and Fig. 46) show two differentiated regions: 

from the surface to a depth of approximately 5 m, and from there to the bottom. That means 

that two different conducts in current direction have to be considered for the water column in 

this point. However, as the inferior region involves a considerable water depth, dispersion 

graphics have been represented in Fig. 47 for three different depths, that ought to be 

representative of the whole region: 10 m, 15 m and 23 m or near bottom layer, in order to 

assert an homogeneity in current direction for the entire region. In these graphics, the strong 

correlation direction-wise at these three different depths can be verified, as they show very 

similar main directions, so it is for this reason that, from now on, current intensity at 15 m 

deep will be considered as representative of the behaviour of the downer region of the water 

column and current intensity at 2 m deep will represent the behaviour of the upper region of 
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the water column. In addition, current intensity at 23 m deep will also be taken into account 

for the strong influence that near bottom currents exert on sediment transport processes. 

 

Fig. 45. A1. Layer correlation coefficients for the East direction. 

Fig. 46. A1. Layer correlation coefficients for the North direction. 
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The main current direction for the whole experiment period can be appreciated, for each 

representative layer, in the following dispersion graphics. The origin of coordinates has also 

been represented as well as the point(u� , v�), being the first coordinate the average current 

intensity in the eastern direction and the second one the average current intensity in the north 

direction. Therefore, the resulting vector indicates the direction of the net current flow.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 47. Dispersion graphics of current intensity at 10, 15 and 23 m depth. 

Fig. 48. Dispersion graphic at 2m depth. 
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Fig. 48 evidences that the superficial current does not present a prevailing direction during the 

field campaign, as the dispersion graphic has a rounded shape. However, it can be established 

by the resultant vector and the higher density of dots, that the net current flow during the 

campaign has southeast direction. The maximum current speeds reached are approximately 

0.8 m/s in the four main directions. 

In Fig. 49 the current rose of the superficial layer reaffirms the information provided by the 

dispersion graphic at the same time that enables a deeper analysis.  Indeed, as the mentioned 

higher dot density suggested, superficial current direction ranges from north-northeast to 

south, whereas the rest of directions present an irrelevant presence and, indeed, south-

southeast is the prevailing direction, with current intensities up 0.8 m/s. However, the stronger 

intensity is registered in the northeast direction, with current speeds up to 1 m/s. North-

northeast and east-northeast present also these current intensities, but with a smaller 

frequency.  

Fig. 49. Current rose.at 2 m depth. 
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The layer located at 15 m depth, which has been demonstrated representative of the 

behaviour of current in the downer region of the water column, shows a clear main northeast 

direction during the field campaign (Fig. 50), and the net flux flows to the north, but it has an 

almost negligible value. Fig. 50 also shows that northeastern and southwestern current 

intensities are the strongest, reaching speeds of around 0.5 m/s, while in the oblique 

directions current speed barely overcomes 0.1 m/s. 

 

Current rose in Fig. 51 confirms the idea that north-east, in the first place, and south-west, in 

the second place, are the prevailing current directions in both intensity and persistence, 

although maximum speeds do not exceed 0.5 m/s. North north-east and west south-west 

directions present similar intensities with but an slightly smaller presence. In the oblique 

directions, currents are rare and weak, although the north-west quadrant directions are 

stronger and more frequent than those in the south-east quadrant. 

 

 

 

 

 

  

Fig. 50. Dispersion graphic at 15 m depth. 
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Fig. 51. Current rose.at 15 m depth. 
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The near bottom current also has a main northeast direction, as expected for belonging to the 

downer water column region. However, the dispersion graphic shape Fig. 52 is not as 

elongated, which means that current intensities and directions in this layer are more 

homogeneous. 

 

 

 

The current rose in Fig. 53 indicates that the maximum speed reached by the near-bottom 

current is around 0.4 m/s in the north-east direction. There is indeed a dominance of currents 

flowing to directions ranging from the north to the east north-east and form the south to the 

west south-west. 

  

Fig. 52. Dispersion graphic at 23 m depth. 
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A synthetic statistical analysis of current intensity in the water column is contained in Table 5. 

 

Table 5. Current speed (m/s) statistical analysis. 

Depth (m) �	
�� �	
	� ��
�� ��
	� �
�� �
	� ��
�� ��
	� 

2 0.9730 0.2408 0.8170 0.0371 0.8710 0.1129 0.8630 0.2511 

15 0.2470 0.0324 0.3040 0.0309 0.3200 0.0480 0.2880 0.0249 

23 0.2660 0.0241 0.2050 0.0185 0.4270 0.0266 0.3560 0.0310 

 

It can be observed in Table 5 that current is stronger in the upper water column layers, and it 

decreases in intensity as depth increases, which perfectly fits the expected behaviour as 

friction with the bottom slows down the current speed.  

Fig. 53. Current rose at 23 m depth. 
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The superficial current reaches maximum speeds of 0.973 m/s while the average speed is 0.16 

m/s.  

The downer water column region maximum speed is around 0.3 m/s and the average intensity 

is 0.03 m/s, which means a 80% average intensity decrease in respect to the superficial 

current.  

Finally, near bottom current presents a maximum intensity of 0.4 m/s in the north direction, 

which is stronger than the maximum speed achieved at 15 m depth, however the average near 

bottom current intensity is 0.025 m/s, which represents a 25% intensity loose in respect to 

intensities at 15 m depth. 

The average current speed of this area during November, December and January of 2010 was 

0.1m/s and 0.08 m/s at 1m and 15m of profundity respectively (XIOM, 2010a) and the 

maximum intensity was 0.6 m/s at both 1m and 15m deep. Therefore, our data respects the 

order of magnitude of the context where it was obtained.  

 

 

MESASURING STATION A2 

 

In this station, the conclusions extracted from the correlation coefficient matrixes are basically 

the same of the other station: there are two differentiable behaviours of the current direction 

in the water column, as it can be observed in Fig. 54 and Fig. 55, where the two red areas 

represent two correlated regions, especially for the east component.  

In the upper area, from the surface to approximately 4 m depth, a homogeneous behaviour 

can be considered. The downer region involves layers from approximately 13 m depth to the 

bottom.  

Unlike in station one, where the shift of behaviour happened in a short water column length, 

in this case there is an intermediate region of layers that shows a very weak correlation, and 

this is the reason why block behaviour cannot be supposed for the region between the 5 and 

13 m depth. Therefore, a representative current direction cannot be deducted.  

 

Dispersion graphics of current intensity at different depths inside de downer region (Fig. 56) 

demonstrate the existence of an homogeneous current direction along the bottom region of 

the water column, thus, the 20 m depth layer can be used as representative of the behaviour 

of the current taking place in the downer region and the near bottom current intensity and 

direction will be extracted from the information of the layer located at 23 m deep. 
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For the surface current, 2 m depth layer will be used as representative when deducting the 

behaviour of the upper region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 54. A2. Layer correlation coefficients for the East direction. 

Fig. 55. A2. Layer correlation coefficients for the North direction. 
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Dispersion graphics of current intensity at different depths inside de downer region (Fig. 56) 

demonstrate the existence of an homogeneous current direction along the bottom region of 

the water column, thus, the 20 m depth layer can be used as representative of the behaviour 

of the current taking place in the downer region and the near bottom current intensity and 

direction will be extracted from the information of the layer located at 23 m deep. 

For the surface current, 2 m depth layer will be used as representative when deducting the 

behaviour of the upper region. 

 

As it has been done in the analysis of station A1, will proceed to represent the dispersion 

graphics and the current roses of the representative layers chosen and their net current flow. 

 

 

Fig. 56. Dispersion graphics of current intensity at 10, 15 and 23 m deep. 

Fig. 57. Dispersion graphic at 2m depth. 
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As it already happened with the superficial current in the other measuring station, there is not 

a defined main current direction (Fig. 57), although the resultant vector and the higher density 

of data reveal a net flow to the east-southeast.  

The current rose (Fig. 58) reveals a dominance of currents flowing to the south-southwest, 

followed in importance by those directed to the south and north- northeast. Currents flowing 

in all other directions, despite presenting high intensities, are infrequent. Current speeds 

reached are not higher than 1 m/s. 

 

 

 

  

Fig. 58. Current rose at 2 m depth. 
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The main water column wide flows in the southwestern direction and the elongated shape of 

the dispersions graphic (Fig. 59) proves higher intensities in directions north-northeast and 

south-southwest, achieving speeds of around 0.3 m/s, while in the oblique directions 

intensities mostly remain under 0.2 m/s speeds.  

 

The current rose (Fig. 60) reaffirms the points observed in the dispersion graphic 

  

Fig. 59. Dispersion graphic at 20 m depth. 



Experimental study of sediment fluxes on Barcelona’s near shore. 

77 

 

 

Fig. 60. Current rose at 20 m depth. 
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In Fig. 61 the dispersion graphic shows a round shape that does not make it easy to define a 

main current direction, however, attending to the net flow vector it is reasonable to establish 

that the near bottom current has flown mainly to the south. Bottom current intensity has been 

rarely higher than 0.2 m/s. 

 

In Fig. 62 the current rose indeed established that south has been the dominant near-bottom 

current direction and that intensities have not overcome 0.2 m/s. South-southwest and north- 

northeast currents have also achieved the maximum speeds observed in this layer, but their 

frequency of occurrence occupies the second and third place respectively. 

  

Fig. 61. Dispersion graphic at 23 m depth. 
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Fig. 62. Current rose at 23 m depth. 
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In Table 6 a quantitative resume of current intensity for all analysed layers and directions is 

shown. 

Table 6. Current speed (m/s) statistical analysis. 

Depth (m) �	
�� �	
	� ��
�� ��
	� �
�� �
	� ��
�� ��
	� 

2 0.8590 0.3475   0.8830   0.0333 0.9580 0.0978   0.8970   0.2268 

20 0.2330 0.0143   0.1430   0.0204 0.3590 0.0301   0.4560   0.0587 

23 0.2400 0.0163   0.1350   0.0133 0.3000 0.0221   0.4220   0.0558 

 

As it has already been seen before, the average current speed of this area during November, 

December and January of 2010 was 0.1m/s and 0.08 m/s at 1m and 15m of profundity 

respectively (XIOM, 2010a) and the maximum intensity was 0.6 m/s at both 1m and 15m deep. 

At 2 m deep, maximum speeds of 0.95 m/s were reached while the average speed was 0.18 

m/s. This means that the maximum intensity attained is higher than expected, while the 

average value fits perfectly into the context parameters.  

At 20 m depth, the top speed happens in the southern direction and its magnitude is 0.46 m/s 

and 0.03 m/s was the average speed. Both magnitudes are consistent with the order of 

magnitude expected, attending the XIOM’s reports, but lower than expected. The average 

intensity decrease with respect to the superficial current is an 80%, as it already happened in 

station A1. 

Near bottom current maximum speed was 0.4 m/s and the average intensity was 0.027 m/s, 

10% weaker that the average intensity at 15 m deep. 

Therefore, in this case current intensity also suffers the expected decline in depth. 

 

From Fig. 63 to Fig. 68 current speed and direction time series are shown at the three 

significant depth for each deployment. 
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Fig. 63. Current speed (m/s) and direction at 2 m depth. A1. 
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Fig. 64. Current speed (m/s) and direction at 15 m depth. A1. 
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Fig. 65. Current speed (m/s) and direction at 23 m depth. A1. 
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Fig. 66. Current speed (m/s) and direction at 2 m depth. A2. 
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Fig. 67. Current speed (m/s) and direction at 20 m depth. A2. 
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Fig. 68. Current speed (m/s) and direction at 23 m depth. A2. 
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VI. CONTINENTAL INPUTS 

 

COMBINED SEWER OVERFLOW DISCHARGES 

 

Combined sewer overflow spills in the study area during the campaign were also recorded by 

several depth monitors located along the coast (Fig. 69). 

 

 

In an initial analysis of discharge data, it can be clearly observed that discharges from L190, L19 

and L20, located in Espigó de Bogatell, follow a similar pattern (Fig. 70, Fig. 72 and Fig. 71). 

Four discharge events can be distinguished; however, the CSO spills will have to be compared 

to the sea level in order to differentiate CSO discharges from sea level rise. The first event that 

will have to be analysed lasts from the 21
st

 to the 22
nd

 of November, the second one from the 

27
th

 of November to the 3
rd

 of December, the third one form the 6
th

 to the 8
th

 of December 

and the fourth one from the 19
th

 to the 25
th

 of December. 

 

  

Fig. 69. Depth monitors location 
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Fig. 72. L19 CSO discharge (cm). 

Fig. 70. L190 CSO discharge (cm). 

Fig. 71. L20 CSO discharge (cm). 
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Fig. 73 to Fig. 76 show sea level in both deployments and Espigó del Bogatells depth monitors 

measurements for each mentioned scenario. It can be appreciated that none of the four 

possible events was a real CSO spill, what the depth monitors recorded was a sea level ascent, 

not a water discharge.  

 

 

Fig. 73. Sea level and Espigó del Bogatell CSO discharges (m). From the 21
st 

to the 22
nd

 of November. 

Fig. 74. Sea level and Espigó del Bogatell CSO discharges (m). From the 27
th

 of November
 
to the 3

rd
 of December. 
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Fig. 76. Sea level and Espigó del Bogatell CSO discharges (m). From the 19th to the 25th of December. 

Fig. 75. Sea level and Espigó del Bogatell CSO discharges (m). From the 6
th

 to the 8
th

 of December. 
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Depth monitors L184 and L185 (Fig. 77 and Fig. 78), measuring in Barceloneta, present two 

peaks coinciding with the second and the fourth event analysed in Espigó del Bogatell. Fig. 80 

and Fig. 79 demonstrate that, also in this case, the peaks registered by the depth monitors 

correspond to sea level rises, and not to CSO spills.  

 

Fig. 78. L185 CSO discharge (cm). 

Fig. 77. L184 CSO discharge (cm). 
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Fig. 79. Sea level and Barceloneta CSO discharges (m). From the 19
th

 to the 24
th

 of December. 

Fig. 80. Sea level and Barceloneta CSO discharges (m). From the 28
th 

to the 30
th

 of November. 
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Fig. 81 and Fig. 82 correspond to the depth monitors located in Espigó de Bac de Roda and 

Espigó de Prim respectively. 

 

 

 

Fig. 81. L12 CSO discharge (cm). 

Fig. 82. L164 CSO discharge (cm). 
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Fig. 83 and Fig. 84 show that also in this location the two possible CSO discharges measured by 

the depth monitors also correspond to a sea level increase and not to water discharges. 

 

  

Fig. 84. Sea level and L12 and L164 CSO discharges (m). From the 19
th

 to the 25th of December. 

Fig. 83. Sea level and L12 and L164 CSO discharges (m). From the 27
th

 of November to the 3
rd

 of December. 
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In conclusion, with the information available, it can not be assured that any combined sewer 

overflow discharge took place during the study period and, therefore, will not be taken into 

account in further analysis.  

 

RIVER DISCHARGE 

 

Both Besos and Llobregat rivers discharge data were obtained from the ACA (Agencia Catalana 

de l’Aigua), and corresponds to the daily average water flow in the measuring stations of Santa 

Coloma and Sant Joan d’Espí. 

 

During the field campaing, the Besos river presented a very stable behaviour, with discharges 

of around 3 m
3
/s. However, there were two episodes during which the discharge showed a 

significant rise. The first one took place on the 30
th

 of November and reached a discharge value 

of 9 m
3
/s and the second one, that represents the maximum discharge observed during the 

campaing, reached 12 m
3
/s, that represents four times the usual water discharge, and was 

registered on the 23
rd

 of Desember. The only  two other peaks that affect the regular 

behaviour of the river (Fig. 85) are the events registered on the 22
nd

 of November and the 31
st

 

of December, when flow values rised up to 4 m
3
/s and 5 m

3
/s respectively.  

 

The Llobregat river water flow showed more fluctuations in its flow rates (Fig. 86) , however, 

the two significant episodes noted on the Besos river are also observed on the Llobregat one, 

with values of 10 and 17 m
3
/s respectively, while its average flow during the study period was 

6 m
3
/s. 

 

It is important to point out the fact that, due to the main direction of the current in the study 

area and proximity, the river discharge and, therefore, the sediment input provided by the 

Besòs river will have much more influence than the Llobregats ones. 
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Fig. 85. Besòs river discharge (m
3
/s) 
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Fig. 86. Llobregat river discharge (m
3
/s) 
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CHAPTER 6 

Results 

 

 

I. INTRODUCTION 

 

This chapter focuses on the analysis of all the turbidity information obtained in the field 

campaign. Turbidity data to be analysed include measurements registered from the beginning 

of the campaign until the 5
th

 of January, as it has been established in former chapters that 

from this date onwards the information provided by both turbidimeters and optical 

backscatters could not be explained by natural processes. Furthermore, it has also been 

established that there are two different behaviours reliability-wise: information registered up 

to the 8
th

 of December shows an optimal reliability, while, from that date onwards, time series 

profiles show an upward drift, probably caused by partial sediment coverage of the 

instruments, implying a decrease in the reliability of the information obtained. Therefore, 

information registered in this second period will be considered in a qualitative way and it will 

be taken into account that it becomes harder to identify turbidity peaks, especially when data 

alteration can result in the fact that turbidity rises not necessarily happen simultaneously in 

both deployments, as it did with the highly reliable measurements. 

Another important aspect to consider before analyzing turbidity data is that the two devices 

used in the field campaign, turbidimeters and OBSs, are based on different operating principles 
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and, therefore measure different things. The optical backscatters use nefelometric sensors in 

order to measure light scattering, which is an indirect indicator of suspended sediment 

concentration: light scattering is higher as sediment concentration increases and, at the same 

time, for a constant value of sediment concentration, scattering produced by a sediment 

consisting of small particles is higher than scattering produced by sediments of bigger grain 

size. On the other hand, turbidimeters are a transmissometer sensor, which means that are 

able to determine suspended sediment concentration by measuring light attenuation. 

The suspended sediment concentration recorded differences are even magnified by the fact 

that turbidimeters are located 50 cm above the bottom and are provided with an autogain 

mode, while the optical devices measure are at a higher depth (20 cm above the bottom) and 

have no autoregulation mechanism.  

 

  



Experimental study of sediment fluxes on Barcelona’s near shore. 

100 

 

II. TURBIDIMETERS RESULTS 

 

Data provided by the turbidimeters has been converted from FTU units to suspended sediment 

concentration (mg/l) (Guillén et at., 2000). 

During the first period, highlighted by a pink rectangle in Fig. 87 ending on the 8
th

 of 

December, the average turbidity in station A1 is 5.8 mg/l and 29.7 in station A2. There are two 

clear episodes when turbidity peaks, and it happens simultaneously in both A1 and A2 

measuring stations. The first event takes place on the 28
th

 of November, and the concentration 

achieved is 38.4 mg/l and 71.2 mg/l in deployments A1 and A2 respectively. The second event 

takes place only two days after, on the 30
th

 of November, and in this case turbidity levels 

reached are 28.1 mg/l in A1 and 91 mg/l in A2. In addition, there is another event registered 

only in station A2 on the 3
rd

 of December, with a value of 69 mg/l and, finally, on the 5
th

 of 

December both stations registered a small turbidity increment, which reached 25.5 mg/l in A1 

and 66 mg/l in A2. 

In the second period and attending to all the considerations arising from the lack of reliability, 

two turbidity increase episodes have been considered to stand out from the rest (highlighted 

by green rectangles in Fig. 87): the first one starts on the 12
th

 of December and ends on the 

15
th

 of the same month, inside this period there are two moments when turbidity peaks at the 

same time in A1 and A2:  on the 12
th

, when concentration achieves 113 mg/l in A1 and 134 

mg/l in A2, and on the 14
th

, when concentration reaches 164 mg/l in A1 and 149 mg/l in A2. 

The second episode that stands out lasts from the 21
st

 to the 23
rd

 of December. Inside this 

dates the first remarkable event is a peak of 93 mg/l of concentration that can be observed on 

the 18
th

 of December only in deployment A2, followed by a 142 mg/l peak on the 19
th

 of 

December in station A1. After these peaks, there are two instants when turbidity peaks 

simultaneously in A1 and A2: on the 21
st

, with measured concentration levels of 174 mg/l in A1 

and 165 mg/l in A2, and on the 23
rd

, with 156 mg/l in A1 and 211 mg/l in A2.  

Blue rectangles in Fig. 87 indicate four minor turbidity ascent events. The first one takes place 

on the 10
th

 of December, reaching 75 and 91 mg/l concentrations in A1 and A2 respectively. 

The second one can be seen on the 24
th

 of December, when concentrations observed are 99 

mg/l in A1 and 69 mg/l in A2. The third one involves two events of the same concentration 

maximum in each station, 69 mg/l in A1 and 43 mg/l in A2, taking place on the 28
th

 and 30
th

 of 

December. Finally, on the 1
st

 of January there is a 77 mg/l peak in station A2, along with a 

smaller peak of 36 mg/l in station A1. 
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Fig. 87. SSC data provided by the turbidimeters (mg/l). A1 and A2. 
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In station A2 there is also one peak that, despite not being reflected in deployment A1, should 

be taken into consideration in the further discussion, as it reaches 242 mg/l on the 8
th

 of 

December. 

It will have to be analysed if these peaks are valid turbidity increment measurements or errors, 

as they are part of the not entirely reliable data. 

 

 

III. OPTICAL BACKSCATTERS RESULTS 

 

In the first period of the campaign, when data has been considered highly reliable, the OBSs 

have recorded turbidity rise episodes between the 28
th

 of November and the 5
th

 of December. 

In this time, four suspended sediment concentration peaks can be observed, as it is shown in 

Fig. 88 highlighted by a pink rectangle. As it can be observed this peaks happened 

simultaneously in both deployments on the 28
th

 and 30
th

 of November and the 3
rd

 and 5
th

 of 

December and  concentration maximums reached in the mentioned dates were 78, 77, 74 and 

71 mg/l in station A1 and 67, 70, 80 and 86 mg/l in station A2. The average concentration 

registered from the beginning of the campaign until the 8
th

 of December is 65 mg/l in station 

A1 and 63 mg/l in station A2. 

From the 8
th

 of December on, suspended sediment concentration profiles show the already 

mentioned upward drift and a cyclic behaviour of ascents and descents. In station A1 the 

variation range, the duration of the cycles and the maximums reached are much higher than in 

station A2. On account of the difficulty of deducting a common pattern between both stations, 

in the next lines the turbidity profiles of the two measuring stations will be analysed 

individually and in a further analysis it will be tried to establish if there is a common pattern 

and if the ascents registered are actually turbidity peaks or errors, considering that the 

reliability of this information is low and out of the measuring range of the instrument that 

registered it. 
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Fig. 88. SSC data provided by the OBSs (mg/l). A1 and A2. 
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In Fig. 89 station A1 concentration profile is shown and six green rectangles indicate the six 

cycles considered, each one of which presents a turbidity peak, except for the third cycle, 

when two concentration peaks have to be considered. Those peaks were registered on the 

15
th

, 18
th

, 21
st

, 23
rd

, 25
th

 and 29
th 

of December and on the 2
nd

 of January. The values of the 

concentrations reached are respectively 86, 100,125, 132, 145, 174 and 186, although these 

values of concentrations are only important in a qualitative way.  

In station A2 two different behaviours in turbidity are observed: peaks and cycles. In Fig. 90 

peaks are distinguished by a green rectangle and five cycles are highlighted by blue rectangles.  

The first event observed is a peak, happening on the 17
th

 of December, when concentration 

level reaches 104 mg/l. After this episode, the upward drift with the mentioned cyclic 

behaviour is clearly shown. Five episodes or cycles have been considered: the first one 

presents a peak of 92 mg/l on the 21
st

 of December, the seconds maximum is 101 mg/l 

observed on the 23
rd

 of December, the third one is a double peak episode, with maximum 

values of 103 and 109 mg/l on the 25
th

 and 26
th

 of December, the fourth episode presents also 

two maximums of concentration of 115 and 113 mg/l on the 29
th

 and 30
th

 of December and 

the fifth one happens on  the 31
st

 of December and achieves 110 mg/l of suspended sediment 

concentration. In the last days, two peaks can be observed, however they are not mentioned 

in the former paragraph because they do not present the same cyclic pattern as the episodes 

just described, as these two peaks happen in a shorter time period and the magnitude of the 

variation range is significantly higher. The two maximums reached are 128 and 136 mg/l and 

are observed on the 2
nd

 and 3
rd

 of January. 
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Fig. 89. SSC data provided by the OBS (mg/l). A2. 
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Fig. 90. SSC data provided by the OBS (mg/l). A2. 
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Table 7 shows, for each station and measuring instrument, the day of occurrence and 

magnitude of all the turbidity rise events identified. 

 

Table 7. Turbidity analysis summary 

SUSPENDED SEDIMENT CONCENTRATION 

TURBIDIMETER OBS 

A1 (mg/l) A2 (mg/l) A1 (mg/l) A2 (mg/l) 

26-nov         

27-nov         

28-nov 38 71 78 67 

29-nov         

30-nov 17 91 77 70 

01-dic         

02-dic         

03-dic   69 74 80 

04-dic         

05-dic 26 66 71 86 

06-dic         

07-dic         

08-dic   242     

09-dic         

10-dic 75 91     

11-dic         

12-dic   134     

13-dic 146       

14-dic 164 149     

15-dic   139 86   

16-dic         

17-dic       104 

18-dic   93 100   

19-dic 142       

20-dic         

21-dic 174 165 125 92 

22-dic         

23-dic 156 211 132 101 

24-dic 99 69 122   

25-dic     133 103 

26-dic       109 

27-dic         

28-dic 69 43     

29-dic     174 115 

30-dic 69 43   113 

31-dic       110 

01-ene 36 77     

02-ene     186 128 

03-ene       136 
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According to Table 7, It seems clear that on the 28
th

 and 30
th

 of November and the 5
th

 of 

November there are significant episodes to study not only because the increase in turbidity 

levels is reflected simultaneously in all four instruments of measure but also because these 

data were recorded during the more reliable period. Furthermore, the 21
st

 and 23
rd

 of 

December will also be thoroughly studied. 
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IV. SUSPENDED SEDIMENT CONCENTRATION FLUXES 

The instantaneous suspended particle flux q(t) has been calculated as particle fluxes given by 

��(�) = �(�)�(�), 
��(�) = �(�)�(�), 
Where u(t) and v(t) are the instantaneous east and north components of the near-

bottom current velocity and c(t) is the suspended sediment concentration. From the 

resulting vector, time series of near bottom sediment flux have been done in order to 

evaluate the magnitude and direction of sediment transportation taking place in the 

study area. However, it has to be taken into consideration that this data is affected by 

the reliability of turbidity data and, therefore, sediment transport information will 

have a high reliability only until the 8
th

 of December, after which date data presents a 

questionable reliability. 

 

As the first part of the information is reliable, a brief statistical analysis can be carried 

out. In station A1 sediment flux calculated from the turbidimeter data presents an 

average value in this period of 2.5 mg·m/l·s and the maximum transport registered is 

16.5 mg·m/l·s, flowing to the north-east. In station A2, the average flux is higher, with 

3.5 mg·m/l·s, with an also higher maximum value of 23.8 mg·m/l·s, which flows to the 

south. The optical devices turbidity information has led to an average sediment flux of  

4.8 mg·m/l·s and 5.9 mg·m/l·s in stations A1 and A2 respectively, so sediment 

transport ratios remain higher in this station. The maximums achieved are 18.9 

mg·m/l·s in deployment A1 flowing to the south south-west and 25.6 mg·m/l·s in 

deployment A2 flowing to the south. 

 

In Fig. 91 sediment fluxes in station A1 obtained from turbidimeter data can be 

observed. It can be seen that sediment transport is practically permanent during the 

study period, but two lengths of time present higher transportation ratios: from the 

23th of November to the 5
th

 of December and from the 9
th

 to the 24
th

 of December. In 

addition, another transportation peak can be observed around the 29
th

 of December. 

During all these days, sediment fluxes are constantly present but shifting in direction. 
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Fig. 92 represents fluxes extracted from the turbidimeter in deployment A2. It can be 

appreciated that sediment fluxes take place along almost all the study period, being it 

possible to narrow it down between the 25
th

 of November to the 26
th

 of December. 

 

Fig. 93 and Fig. 94 represent fluxes derived from the information provided by the optical 

devices in deployments A1 and A2 respectively.  

 

In Fig. 93, representing station A1, small sediment transport rates can be observed 

during the whole campaign, but a slightly superior magnitude of the flux can be 

observed from the 23
rd

 of November to the 7
th

 of December and from the 17
th

 of 

December until the end of the study period.  

 

In Fig. 94 the graphic reveals that station A2 also registers sediment fluxes almost all 

the time, however, two periods show higher transportation rates: from the 22
nd

 of 

November to the 8
th

 of December and from the 12
th

 of December until the end of the 

study period.  

 

In conclusion, sediment fluxes are permanently present and identifying episodes with 

sediment transportation clearly outstanding is has turned out to be very difficult with 

the information available. Furthermore, the upward drift that SSC experiment during 

an important part of the campaign makes it impossible to analyze the sediment fluxes 

calculated out of that data in a quantitative way. However, what it can be said is that, 

during the initial part of the campaign, when turbidity data is reliable, an increase in 

the sediment flux intensities happens simultaneously to the turbidity rise episodes. 
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Fig. 91. A1. Turbidimeter. Near-bottom sediment flux (mg·m/l·s). 
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Fig. 92. A2. Turbidimeter. Near-bottom sediment flux (mg·m/l·s). 
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Fig. 93. A1. OBS. Near-bottom sediment flux (mg·m/l·s). 
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Fig. 94. A2. OBS. Near-bottom sediment flux (mg·m/l·s). 
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V. ESTIMATIONS OF SHEAR STRESS AND CRITICAL CONDITIONS FOR RESUSPENSION 

 

The current (τc) and wave (τw) shear stress have been estimated separately assuming a flat 

bottom. The Nikuradse bottom roughness has been considered kn=D50 and D50 is the median 

grain size of the bottom sediment. No bottom sediment analysis  was carried out during the 

field campaign, therefore, the median sediment grain size has been estimated based on the 

granulometric distribution of the study area according to ICM-CSIC 

(http://www.icm.csic.es/geo/gma/SurveyMaps, ref. from 24th of July of 2011), which consists of 10% 

clay, 28% silt, 43% fine sand, 9.3% coarse sand and 9.3% gravel. According to that size 

distribution, a median grain size gap ranging from 0.09 mm to 0.15 mm has been considered 

for the calculus of the critical conditions for resuspension and 0.15 mm has been used to 

calculate the current and wave shear stress in order to obtain a superior limit for the near-

bottom shear stress.  

 

CURRENT SHEAR STRESS 

 

For the current shear stress the current friction factor (fc) and the current shear velocity (u*c) 

are calculated considering a rough turbulent flow (Madsen, 1993) as 

�� = �1/4 log ! ""#   $%
 

�∗� = ��'��/2 

where z is the distance above the bottom where the current velocity (uc) is specified and 

zo=kn/30.  

For smooth turbulent flow 
)*�∗+, < 3.3 (Madsen, 1993), "# = ,0�∗+, 1 being the kinematic 

viscosity of the fluid, and an iterative solution is followed using the first two equations until no 

significant changes are observed between consecutive u*c values.  

 

The current shear stress is calculated as 

2� = 3�∗�%  

where  3 is the fluid density.  
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WAVE SHEAR STRESS 

 

The maximum near-bottom orbital velocity (ubm) and the bottom orbital excursion amplitude 

(Abm) were calculated from the wave measured parameters using linear wave theory. These 

parameters are significant wave height (Hs) and peak period (Tp), from which wavelength is 

also obtained. 

456 = �72$ /sinh (2<ℎ> ) 

�56 = 456? 

Where 

7 = 7@/√2 

? = 2<BC  

> = DB%
2< tanh (2<> ) 

 

and h is the water column height. 

 

The skin wave friction factor (fw) has been estimated following an iterative procedure 

according to  

14'�G + log ! 14'�G = log ! 456IJ − 0.17 + 0.24(4'�G) 

 

for rough turbulent regime (
)*�∗+, ≥ 3.3), where "# = )*O! and 

14'4�G + log ! 14'4�G = log ! PQR50 − 0.17 + 0.06(4'4�G) 

 

for smooth turbulent flow (
)*�∗+, < 3.3), where  "# = O.O,O!�∗UV  and  QR = �WV�WV,  is the wave 

Reynolds number. Once the wave friction factor is obtained, the wave shear velocity is 

calculated as 

�∗G = P�G2 �56 

and the wave shear stress is  

2G = 3�∗G%  

 



Experimental study of sediment fluxes on Barcelona’s near shore. 

117 

 

CRITICAL CONDITIONS FOR RESUSPENSION 

 

The critical shear stress (τcr) necessary to resuspend cohesionless sediment has been estimated 

by applying the Shields criteria according to Madsen and Grant (1976). This method consists on 

obtaining the value of the sediment-fluid parameter as 

X∗ = YZ!4[ '(\ − 1)DYZ! 

where \ = ]]̂ ,  being 3@ the sediment density. For values of median grain size ranging from 

0.09 mm to 0.15 mm values of  X∗ satisfy the condition 

0.8 < X∗ < 300 

therefore, according to the modified Shields criteria, the critical value of the Shields parameter 

(Ψcr) have to be obtained from the modified Shields diagram (Fig. 95). 

 

then, the critical shear velocity of obtained as 

�∗�` = '(\ − 1)YZ!Da�` 

and 

2�` = 3(�∗�`)% 

The values of the critical condition for resuspension for median grain size 0.09 mm and 0.15 

mm obtained are 

2�`(YZ! = 0.09) = 0.128 c/d% 

2�`(YZ! = 0.15) = 0.154 c/d% 

 

Fig. 95. Modified Shields diagram (Madsen and Grant, 1976) 
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From Fig. 96 to Fig. 99 the results of the estimation of current and wave shear stress have been 

represented for the entire study period along with the critical shear stress for resuspension 

gap calculated. 

 

Fig. 96 shows that on the 28
th

 and 29
th

 of November an erosion episode takes place on station 

A1, followed by another one on the 30
th

 of November. After that, a long period of depositional 

characteristics takes place until the 15
th

 and 16
th

 of December, two days along which wave 

shear stress overcomes intermittently the critical conditions for resuspension. On the 24
th

 of 

December bottom erosion due to waves is observed again, as well as on the 26
th

 and 27
th

 of 

December. 

 

In Fig. 97 it can be appreciated that erosion conditions due to the action of waves in 

deployment A2 follows almost an identical pattern to deployment A1: two erosion events take 

place at the beginning of the study period, the first one lasts from the 28
th

 to the 29
th

 of 

November and the second one is observed on the 30
th

 of November. In this station, on the 13
th

 

of December the wave shear stress overcomes the inferior limit of the critical shear stress 

considered, but not the superior one, therefore, a possible resuspension could have happened. 

As in station A1, on the 15
th

 and 16
th

 of December, on the 24
th

 of December and on the 26
th

 

and 27
th

 of December wave shear stress is high enough to mobilize  sediment from the 

bottom. 

 

Fig. 98 and Fig. 99 evidence that currents have less influence in the bottom sediment than 

waves, as the average shear induced by currents is way lower than shear stress generated by 

the pass of waves. However, Fig. 98 and Fig. 99 also show that there are two episodes when 

shear stress due to waves overcomes the critical conditions for resuspension in both 

deployments: on the 18
th

 and the 30
th

 of December. 

 

In Table 8 a summary of the results mentioned above is shown. 
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Fig. 96. A1. Wave shear stress and critical conditions for resuspension (N/m2). 
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Fig. 97. A2. Wave shear stress and critical conditions for resuspension (N/m2). 
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Fig. 98. A1. Current shear stress and critical conditions for resuspension (N/m2). 
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Fig. 99. A2. Current shear stress and critical conditions for resuspension (N/m2). 
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Table 8. Shear stress analysis summary. 

SHEAR STRESS 

WAVES CURRENTS 

A1 (N/m2) A2 (N/m2) A1 (N/m2) A2 (N/m2) 

26-nov         

27-nov         

28-nov 0,131 0,132     

29-nov 0,205 0,133     

30-nov 0,142 0,175     

01-dic         

02-dic         

03-dic         

04-dic         

05-dic         

06-dic         

07-dic         

08-dic         

09-dic         

10-dic         

11-dic         

12-dic         

13-dic   0,14     

14-dic         

15-dic 0,162 0,225     

16-dic 0,134 0,15     

17-dic         

18-dic     0,145 0,168 

19-dic         

20-dic         

21-dic         

22-dic         

23-dic         

24-dic 0,162 0,156     

25-dic         

26-dic 0,128 0,153     

27-dic 0,167 0,139     

28-dic         

29-dic     

30-dic     0,22 0,21 

31-dic         

01-ene         

02-ene         

03-ene         
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VI. RESULTS 

 

In Table 9 all results analysed in this chapter are showed and, according to them, the scenarios 

that have to be further studied in the next chapter can be defined.  

 

In the first place, on the 28
th

 and 30
th

 of November there are two interesting events, as the 

joint suspended sediment concentration with sediment transport and a wave shear stress that 

overcomes the critical conditions for resuspension. 

Secondly, on the 5
th

 of December, all turbidity sensors show suspended sediment 

concentration rises and sediment transport is also observed in both deployments. 

The same conditions take place also on the 21
st

 and 23
rd

 of December and, therefore, these are 

two other scenarios that ought to be analysed, but taking into account the fact that they 

belong to the period when turbidity sensors have been considered to take not totally reliable 

measurement. 

Finally, on the 30
th

 of December turbidity peaks in three out of four sensors coincide with 

resuspension due to the action of currents, and remarkable sediment fluxes are observed by 

all sensors except for the turbidimeter in deployment A2. 

 

A more detailed study of the described scenarios will be carried out in the following chapter. 



Experimental study of sediment fluxes on Barcelona’s near shore. 

125 

 

 

Table 9. Results. 

TURBIDIMETER OBS 

A1 A2 A1 A2 

26-nov   Turbidity 

27-nov   Wave resuspension 

28-nov                   Current resuspension 

29-nov         

30-nov                 

01-dic 

02-dic 

03-dic       

04-dic 

05-dic         

06-dic 

07-dic 

08-dic 

09-dic 

10-dic 

11-dic 

12-dic 

13-dic     

14-dic 

15-dic         

16-dic         

17-dic 

18-dic         

19-dic 

20-dic 

21-dic         

22-dic 

23-dic         

24-dic         

25-dic 

26-dic         

27-dic         

28-dic 

29-dic 

30-dic               

31-dic 

01-ene 

02-ene 

03-ene 
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CHAPTER 7 

Discusion 

 

 

I. INTRODUCTION 

 

This chapter contains an analysis of each suspended sediment concentration increase event 

defined in the previous chapter, so it includes those events during which SSC measurements 

have been considered reliable and those during which SSC data has a low reliability. By 

focusing on shorter time periods, a more accurate view of the driving forces acting in each 

scenario is obtained, with the aim of allowing establishing a relationship between the turbidity 

rise and the agent or agents that have taken part in this fact.  

 

II. DISCUSION OF ESCENARIOS 

 

28
th

 OF NOVEMBER EVENT 

 

Time series of all driving forces analysed during the discussion of this event are shown in Fig. 

100 for deployment A1 and in Fig. 102 for deployment A2. 
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The turbidity episode occurred on the 28
th

 of November is the first peak observed and, among 

the reliable measurements, is the second in magnitude of SSC registered. 

 

Wind data presents a breeze regime, with intensity intermittencies that range from 1.5 m/s up 

to 6.5 m/s and with a steady initial southeast direction, which shifts to the east in the last 

hours of the day. Superficial current at 2 m depth flows, in deployment A1 (Fig. 101), to the 

south east initially and changes direction to an east northeast component at the same time 

that the change in wind direction takes place. Therefore, currents registered seem to be clearly 

induced by the wind, not only because of the coincidence in directions, but also because of the 

intensity intermittency that can be observed also in current speed. 

This event is framed in the only marine storm that overcame the 2 m wave height threshold 

during the campaign. Significant wave heights up to 2 m were registered in station A1, which is 

the second highest height registered during the campaign in this deployment. Significant wave 

height presents a continuous grow from the beginning of the day, reaching its maximum value 

around 3 pm and decreasing slowly until the end of the day. Waves came from the east 

southeast, so they are clearly disengaged from wind as both present opposite directions. 

 

On this date, neither rainfall nor river discharges were registered.  

 

When turbidity measurements are compared, it can be observed that data provided by the 

turbidimeters shows an accuracy and sensitivity significantly higher than the optical devices. A 

possible explanation to this behaviour could be the differences already explained between the 

operating principles of both devices or that the accuracy of measurements of the optical 

devices, which are not provided with an autogain mode, after two weeks in the water have 

experimented a gradual degradation. The optical backscatter in deployment A1 shows an 

almost imperceptible rise, peaking at the end of the day. The turbidimeter presents a SSC rise 

that starts around 5 am, growing in a continuous way until peaking around 8 pm, and slowly 

falling afterwards.  

 

Under these conditions, the main agent able to mobilize sediment into the water column is the 

bottom shear stress induced by the pass of waves. While current shear stress remains under 

0.05 N/m
2
, wave shear stress experiments an increase, overcoming the critical conditions for 

resuspension around 6 am and achieving its maximum value around 3 pm, the same hour 

when wave height reaches its top value. Afterwards, shear stress values fall gradually until the 

end of the day. Therefore, bottom shear stress caused by the pass of the storm overcomes the 
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critical conditions of resuspension exactly at the same time that the turbidimeters present a 

rise of SSC and, afterwards, there also is a temporal coincidence between the descent of shear 

stress and the decrease of turbidity. All these facts reinforce the idea that bottom shear stress 

caused by waves are the agent incorporating sediment particles to the water column. 

However, it has to be mentioned that at the end of the event turbidity is higher when shear 

stress is smaller, which could be caused by a change in the suspended sediment grain size. 

 

In deployment A2 superficial current at 2 m depth (Fig. 103) shows the same direction pattern 

observed in deployment A1, being therefore induced as well by wind. Significant wave height 

also presents a gradual increase and fall along the day, with a maximum value that overcomes 

the 2 m around 1 pm. In that case waves also come from the east.  

 

The optical device also presents a mild ascent and decrease along the day and the turbidimeter 

shows an upward tendency exactly when the day starts. An initial peak is registered around 6 

am, and a second peak of smaller magnitude can be observed at 6 pm. Afterward, SSC 

measurements decrease gradually. 

 

In this station current shear stress is also insignificant while wave shear stress seems to be the 

agent responsible for the presence of SSC in the water column because it overcomes the 

critical shear stress threshold during the same hours of the day when high turbidity levels are 

observed. During the first 10 hours, wave shear stress shows three peaks that reach the critical 

conditions band. Afterwards, there is a gradual rise with a maximum coinciding with the top 

wave height registered, and a gradual fall until the end of the day. In this deployment also 

higher SSC are observed at the beginning of the day, when shear stress is smaller, and smaller 

SSC take place later, when shear stress grows. As it has already been said, this behaviour could 

be caused by a change in the median size of the sediment.  
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Fig. 100. Deployment A1 driving forces on the 28th of November. 
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Fig. 101. Superficial current intensity (m/s) and direction in deployment A1 on the 28
th

 of November. 
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Fig. 102. Deployment A2 driving forces on the 28th of November. 
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Fig. 103. Superficial current intensity (m/s) and direction in deployment A2 on the 28
th

 of November. 
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30
th

 OF NOVEMBER EVENT 

 

Fig. 104 and Fig. 106 contain all the driving forces acting on that date for both deployments 

respectively. 

 

This event is the most important one in terms of maximum values of SSC registered in the 

period when turbidity data has been considered reliable.  

 

Wind data shows an alternation of intensities, ranging from 0.5 m/s up to 6 m/s, which can be 

considered a breeze regime. Wind direction changes from a north northeast provenance to a 

northwest component around 3 pm. Superficial current speed at 2 m depth in measuring 

station A1 (Fig. 105) flows to the south southeast until around 3 pm, therefore, it cannot be 

rejected that during this initial part of the day current registered is induced by wind. After that 

hour, superficial current direction shows an erratic behaviour. Significant wave heights 

registered on the 30
th

 of November are the highest observed during the whole campaign. In 

deployment A1 a constant increase of this parameter can be observed during the first 10 

hours, achieving a maximum height of over 1.5 m around 9 am, and a gradual fall as day goes 

by. Waves come from the east during the entire event, so no relationship between wave 

climate and wind can be established.  

 

On the previous date, an increase of river discharges took place, achieving its maximum level 

of discharge exactly when the 30
th

 of November starts. During this day, river discharges 

present a continuous descent to their regular level. In addition, a moderate rainfall takes place 

around 7 am, achieving a maximum of 2 mm of accumulated rainfall in one hour.  

 

The OBS in deployment A1 does not present an appreciable SSC increment. However, the 

turbidimeter shows a clear increase, starting at 10 am, peaking around 8 pm and gradually 

decreasing afterwards.  

 

Current shear stress values are not remarkable but wave shear stress shows an important 

increase that happens simultaneously to the SSC rise measured by the turbidimeter. It peaks, 

achieving the critical shear stress threshold, at the same time that the maximum SSC is 

registered. Furthermore, it can be appreciated in Fig. 104 that the turbidimeter and the wave 

shear stress time series present the same profile, with ascents and decreases coinciding in 
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time. Therefore, it seems clear that waves are the driving force inducing the mobilization of 

sediment.  

 

In deployment A2, superficial current at 2 m depth (Fig. 107) flow to the southeast quadrant. 

Initially, direction is mainly south and then changes to a southeast component. Therefore, 

currents seem also clearly caused by wind in this station. The maximum significant wave height 

registered during the campaign takes place during this event. Significant wave height time 

series show a quick rise of this parameter around 8 am, achieving a peak of over 2 m and 

gradually decreasing until the end of the day. As it already happened in A1, waves come from 

the east, showing a clear disengage from wind.  

 

The turbidimeter in station A2 shows an upward pattern from around 8 am, coinciding with 

the increase in wave height. SSC shows an initial peak around 2 pm and a second peak, the 

maximum observed, around 7pm, and then turbidity measured decreases gradually. The OBS 

presents no remarkable SSC variations.  

 

As it happens is deployment A1, current shear stress shows small values while shear stress 

induced in the bottom by the pass of waves overcomes the critical conditions for resuspension. 

The profile shows a rise starting around 8 am, coinciding both with wave height and SSC rises, 

that overcomes the critical threshold. Afterwards, a first peak of SSC can be observed at 2 pm, 

the maximum peak happens at 6 pm and then falls gradually. Thus there is a coincidence in 

time and magnitude between shear stress and SSC pattern. Therefore, in station A2, as it 

already happened in station A1, waves seem to be the agent incorporating sediment to the 

water column.  

However, taking into account that wind and superficial currents in both deployments show an 

offshore direction, a transportation of the fine particles provided by river discharges or rainfall 

runoff could have contributed to the increase in turbidity, as 70% of the rainfall is not collected 

by the sewerage system and, therefore, goes directly to the sea without a treatment of any 

kind. Nevertheless, the fact that rainfall already happened in the previous days reduces greatly 

the potential amount of fine particles drawn by the runoff. Furthermore, the similarity 

between the shear stress and the turbidity profile in both deployments could suggest that 

there was no change in the grain size of the sediment measured.  
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Fig. 104. Deployment A1 driving forces on the 30
th

 of November. 
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Fig. 105. Superficial current intensity (m/s) and direction in deployment A1 on the 30
th

 of November. 
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Fig. 106. Deployment A2 driving forces on the 30
th

 of November. 
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5
TH

 OF DECEMBER EVENT 

 

Fig. 108 and Fig. 110 show time series of all driving forces on this date for deployments A1 and 

A2 respectively. 

 

The event taking place on this date is the lower in SSC rise out of the three turbidity events 

identified during the initial part of the campaign, during which turbidity measurements are still 

considered to be reliable.  

 

As it happens in the previous events analysed, wind time series for this date shows a breeze 

regime, with frequent changes in intensity, which shows lower values than in the former 

events, with speeds up to over 4 m/s. Wind comes from the northwest until 3 pm and from the 

west from then on. Superficial current at 2 m depth in deployment A1 (Fig. 109) shows a 

southeast direction until around 3 pm and an east northeast direction from then to the end of 

the day. This leads to assume that this current is caused by wind. Wave significant height does 

not show any remarkable rise, as its time series present an almost constant value of around 

0.5 m, coming from the south southeast, being therefore disengages from wind.  

 

During this event, both Besós and Llobregat rivers do not present any increase in their levels of 

discharge and no rainfall event takes place. Therefore, the SSC observed in the deployments 

are not a result of an offshore sediment transportation of continental inputs.  

 

Fig. 107. Superficial current intensity (m/s) and direction in deployment A2 on the 30
th

 of November. 
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The optical device in measuring station A1 presents a very moderate climb and decrease in SSC 

along the day. The turbidimeter shows a more clear variation in SSC, with a rise starting 

around 10 a, peaking at 5pm and gradually falling afterwards.  

 

Neither current nor wave generated shear stress show magnitudes capable of incorporating 

bottom sediment to the water column is station A1.  

 

In deployment A2, superficial current at 2 m depth (Fig. 111) show exactly the same patter 

than in deployment A1, with an initial southeast flow direction, changing to the east northeast 

at the end of the day. Therefore, this current is possibly induced by wind. Waves also show a 

steady significant height of under 0.5 m and coming from the south southeast, as in the other 

station.  

 

In this station, the optical device also shows a continuous and with a very moderate range of 

variation rise and fall during the day. The turbidimeter starts an upward in SSC at the beginning 

of the day, peaking approximately at 1 pm and decreasing from the on.  

 

As it happens in the other deployment, current and wave shear stress do not overcome the 

critical conditions for resuspension and, therefore, neither waves nor currents have the 

capability of moving sediment into the water column.  

 

This results in the impossibility to define the provenance of the suspended particles present in 

the water column during this event.  
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Fig. 108. Deployment A1 driving forces on the 5
th

 of December. 
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Fig. 109. Superficial current intensity (m/s) and direction in deployment A1 on the 5
th

 of December. 
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Fig. 110. Deployment A2 driving forces on the 5
th

 of December. 
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Fig. 111. Superficial current intensity (m/s) and direction in deployment A2 on the 5
th

 of December. 
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21
st

 OF DECEMBER EVENT 

 

Driving forces time series on the 21
st

 of December are shown in Fig. 112 for deployment A1 

and in Fig. 114 for deployment A2. 

 

The importance of the magnitude of this particular event in relation with the other events 

detected during the campaign cannot be established because from the 8
th

 of December on, 

turbidity measurements do not have quantitative reliability.  

 

Wind on this date shows the expected breeze regime, but with very low intensities, always 

below 4 m/s. Wind comes from the west northwest during the entire day. Superficial current 

at 2 m depth in station A1 (Fig. 113) flows to the south until 8 pm, from then on no direction 

can be established because of the erratic behaviour observed. These facts, in combination with 

the low wind intensities registered on this date, suggest that current could be originated by an 

agent other than the wind. In addition, during this event no marine storm conditions are 

observed, as wave heights stay around 0.5 m during the entire day, coming from the south, 

thus, showing no relationship with the wind either.  

 

Rain fall is registered on this day, starting approximately at 10 a.m. and lasting until 8 pm, 

showing a first peak approximately at 9 am and a second one, of smaller magnitude around 3 

pm. In addition, both rivers present on this date a continuous ascent in their water volume 

along the day: Besòs river reaches 7 m
3
/s at the end of the day, being the average discharge 3 

m
3
/s and Llobregat river achieves 9 m

3
/s at the end of the day, being 6 m

3
/s its average 

discharge level. 

 

In this case, the optical device in A1 station and the turbidimeter show a very similar profile: 

both show an initial smaller SSC rise from the beginning of the day. Afterwards, a more 

important in magnitude increase begins approximately at 10 am, coinciding with the first 

rainfall peak. SSC reaches its maximum value in both devices around 8 pm, and fall from then 

on. This coincidence along with the fact that both wind and currents in this deployment are 

able to transport sediment in the offshore direction, it seems reasonable to assume that the 

rise of suspended particles measured could be a result of a sediment flux with an origin in the 

suspended sediment present in the rainfall runoff and/or in the Besós river discharge.  
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Shear stress induced in the bottom by waves and currents does not have the capability of 

moving sediment into the water column, reinforcing the idea that SSC is caused by a sediment 

flux from outside the deployment area. 

 

In deployment A2 superficial current at 2 m depth (Fig. 115) shows a different pattern that the 

observed in station A1: a clear southeast direction takes place until 10 am and afterwards, 

current shows a more scattered behaviour, but current still flows mainly to the southeast. 

Therefore, in this case the idea that superficial current is induced by wind cannot be rejected.  

Significant wave heights demonstrate the absence of marine storm conditions, as wave heights 

range from under 0.5 m to around 0.75 m, coming from the south, like in the other 

deployment. 

 

The OBS in deployment A2 shows no rise, but the turbidimeter presents an increase, which 

starts approximately at 8 am, at the same time that rain starts, decreasing around 3 pm to 

increase again until the end of the day. In this deployment simultaneity between rainfall and 

SSC increase can be established. In combination with the offshore direction of wind and 

current, the transportation of continental inputs from the coast seems to be the agent 

inducing the presence of suspended particles in the water column and indicating that, for this 

case, the deployments are in the ROFI of the area. Furthermore, it is very important to point 

out that this rainfall event is the first registered in the last 11 days and, therefore, the potential 

content of sediment of the runoff, especially fine particles, is very high. 

 

In this deployment, shear stress are not able to move sediment into the water column either.  
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Fig. 112. Deployment A1 driving forces on the 21
st

 of December. 
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Fig. 113. Superficial current intensity (m/s) and direction in deployment A1 on the 21
st

 of December. 
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Fig. 114. Deployment A2 driving forces on the 21
st

 of December. 
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23
rd

 OF DECEMBER EVENT  

 

Fig. 116 and Fig. 119 show the driving forces acting during this event.  

 

As it happened with the previous event, it is not possible to establish the importance of this 

event inside the campaign due to the lack of reliability of turbidity measurements.  

 

Wind intensity during this day presents the intermittency in intensity observed in all the 

previous events. Intensity varies from lower speeds at the beginning of the episode, with 

intensities up to 3 m/s, to higher values up to 6 m/s at the end of the day. Direction 

information is rather scattered, but a main wind provenance from the northwest from 10 am. 

Measuring station A1 superficial current speed at 2 m depth (Fig. 117) shows the same 

scattering in direction data: quite an erratic behaviour takes place during most part of the day, 

it is only during the last 5 hours that a main current flow to the southeast can be established. 

In Fig. 118 time series of current intensity and direction at 15 m depth can be observed. 

Current direction does not have a clear direction until 10 am, showing a southwest direction 

afterwards. Significant wave height suffers a moderate and continuous increase and fall that 

lasts all day, however, the maximum wave heights achieved do not overcome the 1.5 m 

threshold. These waves come from the southeast direction, in opposition to wind provenance 

and, therefore, a cause-effect relationship between these two parameters cannot be 

established.  

 

The most intense rainfall event during the campaign is registered on this date, starting around 

5 am, and lasting 4 hours, shows a peak of intensity of 5 mm of accumulated rainfall in one 

Fig. 115. Superficial current intensity (m/s) and direction in deployment A2 on the 21
st

 of December. 
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hour, that takes place at 7 am. The river grow already observed in the previous event is still 

present on this date during all day, achieving the maximum discharge volume exactly when the 

day starts: 17 m
3
/s in the Llobregat river and 12 m

3
/s in the Besós river, and gradually 

decreasing along the hours. Discharge levels are the highest observed during the study period.  

 

The OBS in station A1 shows a SSC rise that peaks around 4 am, then SSC decreases 

afterwards. The turbidimeter registers two SSC peaks: the first one at 7 am and the second 

peak at 1 pm. The first peak mentioned coincides in time with the peak in rainfall, therefore, 

rainfall might be the agent incorporating to the water column the suspended sediment 

measured in station A1 during the first peak, however during these hours wind and current 

data is too scattered to establish a clear direction to reinforces this idea. The second ascent 

starts at the same time that current direction at 15 m depth shifts direction to the southwest 

and the SSC peak happens simultaneously to a current intensity rise. Therefore, in this second 

turbidity event a sediment flux coming from deployment A2 area could be the agent inducing 

the SSC rise.  

 

Waves and currents do not induce enough shear stress to move bottom sediment into the 

water column.  

 

In deployment A2 superficial current at 2 m depth (Fig. 120) presents the same scattering in 

direction data during most part of the day that can be observed in the other deployment. 

Current direction at 20 m depth (Fig. 121) also shows the same behaviour of A1, with a clear 

south southeast flow from 10 am, before which hour direction shows an erratic behaviour. 

Waves height time series in this deployment also show a concave profile, where maximum 

significant heights observed remain under 1.5 m, and coming from the southeast, being 

therefore disengaged from wind.  

 

The optical device in station A2 shows no significant variations. On the other hand, the SSC 

measurements provided by the turbidimeter show a clear and continuous increase and fall of 

SSC at the beginning of the day, peaking around 1 am. This turbidity rise presents an almost 

identical profile as the river discharge. Therefore, and taking into account the absence of 

rainfall during this SSC rise, it seems clear an offshore sediment flux from the Besós river 

mouth is responsible for the presence of suspended particles in station A2. The second 

turbidity peak observed in the other station is not observed here. However, current direction 

at 20 m depth in this station also presents a shift in direction towards the southeast exactly at 
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the same time that turbidity starts to rise for the second time in deployment A1 and while SSC 

is decreasing in station A2. Therefore, the second turbidity peak observed in A1 could be a 

result of a sediment flux from deployment A2 to deployment A1 area. This could be a coherent 

explanation for the simultaneous decrease of turbidity in one deployment and the rise in the 

other, when current flows from the first to the second.  

 

In station A2, current and wave shear stress do not have the capacity of incorporating 

sediment to the water column either.  
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Fig. 116. Deployment A1 driving forces on the 23
rd

 of December. 
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Fig. 118. Current intensity (m/s) and direction at 15 m depth in deployment A1 on the 23
rd

 of December. 

Fig. 117. Superficial current intensity (m/s) and direction in deployment A1 on the 23
rd

 of December. 
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Fig. 119. Deployment A2 driving forces on the 23
rd

 of December. 
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30
th

 OF DECEMBER EVENT 

 

Driving forces acting on this event are shown in Fig. 122 and Fig. 124 for deployments A1 and 

A2 respectively.  

 

The turbidity data from which this last event is identified belongs to the low reliable part of the 

information. For this reason, this data is only used in a qualitative way and the importance of 

the event in relation with the previous events analysed cannot be established. 

 

During the last hours of the 29
th

 of December and the 5 initial hours of the 30
th

 of December, 

the breeze regime shows very low intensities, up to only 3 m/s and with wind coming from the 

northwest quadrant. Approximately at 5 am wind intensity increases and intensities remain 

high (up to over 7 m/s) until around 10 pm. Wind during this period comes from the east 

northeast, rolling over to a south southeast direction at the end of the episode, when 

Fig. 120. Superficial current intensity (m/s) and direction in deployment A2 on the 23
rd

 of December. 

Fig. 121. Current intensity (m/s) and direction at 20 m depth in deployment A2 on the 23
rd

 of December. 
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intensities are higher, so the precedence of the wind is mainly east. Superficial current at 2 m 

depth in deployment A1 (Fig. 123) shows a similar direction pattern than the wind: during the 

initial 5 hours of the day the current flows to the south and from then on to the southwest, 

therefore, wind is probably the agent inducing this current due to the coherence in directions. 

Significant wave height profile shows a moderate increase during the wind increase of 

intensity, but the maximum height achieved is not higher than 1.5m and coming from the 

southeast.  

 

Neither significant river discharges nor rainfall are registered during this event.  

 

The optical device in station A1 shows no rise. The turbidimeter experiments a really moderate 

increase and fall in a continuous way along the 10 first hours of the day.  

 

Current shear stress overcomes the critical conditions for resuspension at the beginning of the 

day and remains high along the first 5 hours of the 30
th

 of December. Therefore, it seems 

reasonable to assume that current, which has been established to be wind induced, is the only 

agent acting with the capability of moving sediment into the water column.  

 

In deployment A2, superficial currents at 2 m depth (Fig. 125) present a clear wind inducing 

pattern, as until 5 am current flows to the south east, changing towards the southwest 

afterwards. In addition, current intensity increases and falls in coherence with the rise and fall 

of wind intensity. Waves, on the other hand, show a constant significant height of less than 0.5 

m, increasing at the end of the day, when wind intensity decreases. Adding the fact that waves 

come from the southeast, there seems to be no cause-effect relationship between these two 

parameters.  

 

In this station both turbidity devices show a SSC increase and decrease, this process takes 

place along all day and peaks simultaneously in both instruments approximately at 11 am.  

 

Currents seem to be the agent incorporating sediment to the water in this station as well, not 

only because current shear stress demonstrates the capability of currents to move sediment 

but also because of the temporal sequence, according to which shear stress increases during 

the initial 5 hours of the day, when SSC shows its increase process.  
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Fig. 122. Deployment A1 driving forces on the 30
th

 of December. 
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Fig. 123. Superficial current intensity (m/s) and direction in deployment A1 on the 30
th

 of December. 
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Fig. 124. Deployment A2 driving forces on the 30
th

 of December. 
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Fig. 125. Superficial current intensity (m/s) and direction in deployment A2 on the 30
th

 of December. 
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CHAPTER 8 

Conclusions 

 

Six episodes of suspended sediment concentration at 24 m depth have been registered during 

the field campaign.  

In two of these episodes, waves can be pointed out as the main agent responsible for the 

incorporation of sediment to the water column. In two other episodes an offshore flux of 

continental inputs (rainfall runoff and river discharges) has been identified as origin of the 

suspended sediment concentration measured in the deployments. Currents are the agents 

forcing sediment into the water column in one out of the six episodes. Finally, there is a sixth 

episode during which it has not been possible to establish the agent inducing the presence of 

suspended sediment concentration.  

As a summary, three agents have been observed to have the capability of incorporating 

sediment to the water column in the Barcelona’s near shore: waves, currents and offshore 

fluxes of continental inputs. 

 

Deployment A1, located at 24 m depth in front of the combined sewer overflow of Bogatell 

and deployment A2, located at the same depth in front of the Besós river mouth, have shown  
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practically identical patterns of SCC and all the other parameters analysed. 

 

Finally, another fact that has been noted is that the median grain size of sediment has possibly 

been underestimated, as only the events with the higher values of shear stress have been able 

to incorporate sediment to the water column.  
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