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Results of the suspended sediment concentration study in the coastal zone on the basis of 
field and laboratory experiments are analyzed. Data from field experiments, performed in 
the coastal zone of the North, Mediterranean and Black seas, are used. The laboratory 
researches were fulfilled in the Big Wave Channel of the Hannover University. It is shown 
that to increase the accuracy of measurement it is necessary to take into account the 
convective mechanism of the sediment suspension, as well as the size, the direction of the 
rotation axis and other parameters of the turbulent vortices transporting sand sediments. 
The presented information will help to improve the quality of field data collection. 
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I. INTRODUCTION 
Sediment transport data are necessary for prediction of the coastal erosion, the 

transformation of the beach and coastal ecosystems and the hazards to industrial and social 
facilities. Due to difficulties in making measurements in real marine conditions, the quantitative 
assessment of sediment distribution in the coastal zone has been done by modelling with 
empirical parameters. However, at present there are no mathematical models that are sufficiently 
reliable for the prediction of spatial-temporal variability of suspended sediment concentration in 
the near shore zone where the most intensive suspension and sediment transport takes place. 
Study and modelling of the physical regularities of the sediment suspension is impossible 
without field experiments. Field [1, 2, 3, 4] and laboratory [5, 6] research fulfilled earlier has 
shown that fluctuation component is very important in the formation of resultant flow of 
suspended sediments. Field and laboratory experiments have shown the necessity of taking into 
account an oscillatory motion of water and suspended sediment concentration at different levels 
from the bottom [2, 5, 6, 7]. Now detailed knowledge about high-frequency variability of the 
sediment concentration under the influence of wind waves is necessary for the numerical 
modeling development of the vertical distribution of suspended sediment concentration and for 
reliable forecast of the sediment fluxes in the coastal zone.  

Recommendations on the optimal location of equipment for measurement of the 
suspended sediment concentration taking into account physical characteristics of the sediment 
suspension will be considered here. 

 
II. MAIN CHARACTERISTICS OF THE SAND SEDIMENT SUSPENSION IN THE COASTAL ZONE 
Over the past 25 years, the researchers of the P.P. Shirshov Institute of Oceanology RAS 

and its Southern Branch carried out a detailed field study of the sediment dynamics on specially 
equipped sites in the Black, Mediterranean and North seas [8, 9, 10] and laboratory experiments 
in the big wave channel of the Hannover University in Germany [11, 12, 13]. The main goal of 



these experiments was the creation of scientific knowledge about the processes of suspension 
and distribution of sand sediments in the different dynamic situations that occur in the coastal 
zone under storm impact.  

The following devices were used in implementation of this research: optical turbidimeters 
for measurement of suspended sediment concentration (Fig. 1), 3-component acoustic gauge 
“Vector” for measurements of current velocity, 2-component electro-magnetic gauges of current 
velocity, acoustic backscatter sensors, video camera and photo apparatus [8, 13]. As a result the 
high-frequency synchronous data of the variability of the suspended sediment concentrations and 
hydrodynamic parameters in the coastal zone were obtained.  

 

 

 

 

Fig. 1. Turbidimeters and acoustic backscatter 
sensors, experiment in the Big Wave Channel [13]. 

Fig. 2. Mobil carriage for equipment, field 
experiment at the Black Sea coast [10]. 

 
Field and laboratory observations show that kinetic energy of turbulent vortex structures 

is very important in the formation of suspended sediment concentration in the coastal zone. 
Previously, it was found [8] that the turbulent vortex structures move with the speed of the main 
water flow, because the module of turbulent component velocity is much less than the module of 
the velocity of vortex migration by the sensors. Figure 3 shows a diagram of the distribution 
module of the turbulent velocity fluctuations. The largest vortexes are located in the central part 
of the vortex structure moving in the wave flow. Turbulent vortex structures have a linear size of 
1 to 5 m. The number of vortexes in group ranges from 3 to 7 pieces [14].  

Within the framework of experiment "Hannover 2008" in the wave channel of the 
Hanover University I. Podymov, I. Darovskikh, A. Kochergin and O. Pushkarev conducted 
research of processes of suspended particles distribution in the horizontal plane [15]. 
Turbidimeters established consistently on a straight line in the direction of wave motion at the 
same distance from each other. Three series of tests were performed with the distance between 
turbidimeters 30, 50 and 100 cm (Fig. 4). The obtained data have allowed to estimate the sizes of 
the sand clouds taken by the generating turbulent vortexes. It is found that linear scale of 
individual vortexes is 0.2-2 m. A clear statistical correlation between the size of the turbulent 
vortexes and the average depth is not established yet, but the size of the largest vortexes occurs 
increases with the distance from the bottom (Fig. 5) [16]. The vortex diameter in the upper part 
usually is more than near bottom. Also it has been confirmed [8, 11] that under the deformed 



waves turbulent vortexes are formed in the same phase of separate waves, their characteristic 
size is tens of centimeters.  

 

 
Fig. 3. The module of turbulent pulsation vector (ut), modified from [14]. 

 

 
Fig. 4. Carrier with turbidimeters and one of the equipment installation schemes used in the 

“Hannover-2008” experiment, modified from [15]. 
 

 
Fig. 5. Change of the sizes of large turbulent vortexes at different depth [15]. 
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Seaward of the surf zone, in the unbroken weak deformed wave zone, turbulent vortex, 
formed behind the crests of the ripples are main mechanism of the sand sediment suspension 
from the bottom [17]. The suspension moments is confined with the moments of change of the 
velocity sign in the wave flow during deceleration or acceleration phases. With wave 
deformation increasing the sediment suspension take places only in the wave flow deceleration 
phase after the passage of a wave crests. Sand emission takes place due to turbulent vortexes 
which are formed due to the hydrodynamical shear instability in the bottom boundary layer. The 
life time of suspended sediment clouds approximately coincides with the wave period. Usually, 
peaks of concentration are observed only within 10-12 cm from the bottom, i.e. clouds of 
suspended sediments under deformed waves can penetrate to the up layers until limited height 
(Fig. 6). Macro turbulent vortexes generated by breaking waves are the dominant mechanism for 
the suspension of the sand sediments in the surf zone [8, 17]. In condition the plunging wave 
breaking the macro turbulent vortexes with horizontal axis are dominated and in spilling 
condition vortexes with inclined vertical axis are generated [18].  

 

 
Fig. 6. Clouds of suspended sediments under deformed unbroken waves. 

 
The form of vertical profiles of suspended sediment concentration changes very quickly 

with time and deviate significantly from the mean of suspended sediment concentration. When 
analyzing high-frequency fluctuations of vertical profile of suspended sediment concentration, 
we singled out several characteristic types of vertical distribution of concentration (Fig. 7) [11, 
18]. 

As a general rule, a vertical profile close to logarithmic curve (Fig. 7a) is presented under 
small waves between groups of large waves, when water velocities are not large and diffusion 
processes prevail in the formation of suspended sediment field. 

In the second case (Fig. 7b) high values of suspended sediment concentration are 
observed in the layer of 5 cm over the bed. They decrease sharply towards the surface. The 
concentration gradient is by ~1g/l per cm.  

A third type of vertical distribution of concentration (Fig. 7c) is observed during the 
passage of large waves or during wave breaking. In this case the vertical profile is nearly linear. 
Sand, suspended from the bottom, can rise at the height of several tens of centimeters up. 
Maximum vertical gradients of concentration occur on 20-30 cm from the bottom [19].  

Figure 7d shows a fourth type of vertical distribution of suspended sand. The vertical 
profile has the form of the broken line. Alternation of layers with high and low values of 



suspended sediment concentration is typical. Such a kind of vertical profile of concentration 
prevails after the passing of high waves when a cloud of suspended sand, separated from the 
bottom, is transported by the flow and gradually disperses and settles [19].  

 

 
Fig. 7. Characteristic types of vertical distribution of suspended sediment concentration [19]. 
 

III. VARIANTS OF MEASUREMENT POINTS LOCATION  
Taking into account the above-mentioned characteristics of the suspended sand 

concentration field the scheme of location of the turbidimeters (or other similar devices) can be 
optimized for the work in different hydrodynamic conditions in the coastal zone. In this case it is 
necessary to take into account the size of generating turbulent vortexes, the possible altitude of 
their penetration upwards, rotation axis orientation of the vortexes and other peculiarities. 
Further the possible variants of measurement point location are considered for a few typical 
hydrodynamic conditions. These considerations can be especially useful when researcher has not 
too many devices. 

• For investigation of suspended sand concentrations in condition of the deformed waves 
and ripple bottom, the three measurement points which are located on the perpendicular to the 
water edge are more or less sufficient (Fig. 8a). The horizontal distance between measurement 
points is determined in accordance with the distance between ripple crests. As the vortexes are 
formed in these hydrodynamic conditions behind ripple crests and have almost vertical rotation 
axis, the turbidimeters are to locate necessary over ripple crests at the beginning of experiment 
and further to fix ripple shift rather initial situation by help of the video equipment (Fig. 8а). One 
of the possible schemes for vertical location of the turbidimeters is shown in figure 8b. The 
measurement points can be located on the crests of the neighboring ripple or with a step which 
multiple of the distance of the ripple lengths. Turbidimeters are placed at 20-30 cm from a 
bottom as under lightly deformed waves significant amount of suspended sand are marked in 
near bottom layer only. Location of turbidimeters with smaller vertical step is recommended for 
the horizons up to 10 cm from the bottom (Fig. 8b). It will allow to record features of the vertical 
concentration profile with the maximal gradient.  

• In deformed and breaking by spilling waves condition, location of turbidimetrs with 
smaller vertical step is recommended for the horizons 10-30 cm from the bottom (Fig. 9а). The 
biggest vertical gradients of suspended sand concentration are noted at such distance [19]. 
Horizontal scheme of the turbidimeters location is shown in figure 9b. The distance between the 
measurement points location is approximately equal to 1/3 of the depth measurements. Such 
location scheme allows to take into account that there is a resize of the formed vortex groups at 
different depth [16] and to record the sand suspension clouds created and moving in water flow. 

 



 
 
 
 

 

 

 
a)  b) 
Fig. 8. Scheme of the measurement points location: а) horizontal points; b) vertical points. 
 
 

 

  
 

 

a)  b) 
Fig. 9. Scheme of the measurement points location: a) - vertical configuration; b) - 

horizontal configuration, r = 1/3H, H – depth.  
 
• Under plunging waves, the suspended sand concentration increasing takes place 

for the whole water depth and the maximum vertical gradients of concentration are observed at 
various distances from the bottom. Uniform vertical location of the turbidimeters (Fig. 10) is 
recommended for such case. As vortexes forming under plunging waves move with a wave flow 
and time of their life is more than a wave period, the simultaneous recording of horizontal 
gradients of the suspended sediment concentration is important. An example of the horizontal 
location of turbidimeters is presented in figure 10. The distance between measurement points has 
to be less than a typical vortex size. Such location of the turbidimeters allows to interpolate 
obtaining data and to make map of suspended sediment concentration distribution.  

 



 
Fig. 10. Scheme of the measurement points location: vertical configuration at left, horizontal 
configuration at right; 1-turbidimets, 2- measurement points, r = 1/3H, H – depth. 

 
IV. CONCLUSION 

The recommendations of the measuring equipment location, described in this paper, are 
based on the modern scientific data about features of sand suspension mechanisms in the coastal 
zone in storm conditions. They can be useful useful for ensuring correct and accurate collection 
and analysis of field data on the concentration of suspended sandy sediments for a small number 
of measurement points. The presented information is important to improve the quality of field 
collections. 
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