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Monitoring Suspended Sediment Dynamics Using MBES
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Abstract: This technical note describes use of a multibeam echosounder �MBES� to quantify the dynamics of suspended sediment in a
large open channel. A methodology is detailed that uses the backscatter magnitude from the MBES water-column data to adjust the
magnitude of sonar returns for the various sonar settings, spatially and temporally average the data to account for the random nature of
acoustic backscatter from the suspended sediment, and calibrate the processed data with direct samples. A case study of flow at the
confluence of the Rio Paraná and Rio Paraguay, Argentina, where there is a distinct turbidity difference along the mixing interface of the
two flows, is used to demonstrate the unique capabilities of MBES to quantify sediment concentrations and dynamics within the water
column.
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Introduction

Successful environmental management is often dependent upon
an accurate, and ideally holistic quantitative monitoring of
processes operating within natural fluids. Recent years have seen
many advances in the successful field monitoring of turbulent
flow, involving techniques and methods that can provide quanti-
tative details on three-dimensional �3D� morphology �Parsons
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et al. 2005�, 3D flow �Dinehart and Burau 2005; Szupiany et al.
2007� and sediment transport �e.g., Rennie and Millar 2004�, over
relevant spatiotemporal scales. The key to better understanding
flow and sediment dynamics in environmental flows involves suc-
cessful monitoring and subsequent investigation of the interac-
tions between morphology, flow, and sediment transport. In order
to adequately characterize and monitor such complex processes
in the field, there is a requirement for a simultaneous, 3D, quali-
tative and quantitative picture of the bed morphology, bed sedi-
ment characteristics and associated bedload, and suspended load
transport paths. However, this goal is invariably difficult, if not
impossible, to attain and has often been attempted using a range
of at-a-point sampling techniques that are deployed simulta-
neously �see Thorne and Hanes 2002; Lynch et al. 1994; Kineke
et al. 1996; Ruhl et al. 2001� or vertical profiling instruments
such as single beam sounders �e.g., Kostaschuk and Church 1993�
and acoustic Doppler current profilers �e.g., Parsons et al. 2005�
used for measurement of both flow velocities and sediment
concentrations.

Over the past 15 years, developments in multibeam echo-
sounding �MBES� have revolutionized bathymetric surveying of
many aquatic environments, and enhanced understanding in many
disciplines from oceanography and Earth sciences to archeology
�Wille 2005�. These developments have also transformed many
routine survey operations that are required to accurately deploy or
investigate infrastructure within aquatic environments �for a re-
view, see Wille 2005�, such as object detection and location,
wreck surveys, pipe and cable laying, harbor/port sedimentation,
and the dredging of navigation channels. MBES systems rapidly
provide 3D bathymetric information with a centimetric resolution
and subcentimetric precision in a range of conditions over scales
from individual sand ripples to large areas of bed, and recent
work has also begun to reveal quantitative details of the bed
roughness �e.g., Fonseca and Mayer 2007�. New developments in

multibeam technology now permit MBES to collect and record
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acoustic data not only from the strongest return �normally the
sediment bed�, but also echo returns for the complete travel paths
of the acoustic pulse through the water column. This capability
opens up many new opportunities, since the water column data
can also be interrogated to analyze changes in the acoustic pulse
return in its complete travel through the fluid medium. This can
yield information on the properties of the fluid, such as gases
�Jackson et al. 2003� as well as objects within the water column
such as fish �Misund et al. 1995; Lecornu et al. 1998; Gerlotto
et al. 2000�. Use of the backscatter signal from the water column
thus has the potential to provide a combined Eulerian-Lagrangian
view of flow and sediment transport processes over 2D swaths,
rather than traditional and standard at-a-point Eulerian-based in-
terpretations. This technical note details deployment of a MBES
in a novel approach that utilizes the recent ability of MBES sys-
tems to capture water column data to demonstrate the ability of
MBES to quantify suspended sediment dynamics across a wide
2D swath, and thus elucidate suspension mechanics and mixing
processes at a large river confluence.

Field Site and Methodology

Field Site

Field data were collected along the mixing interface between the
Rio Paraná and Rio Paraguay, Argentina �see Lane et al. �2008�
for full details of the field site�. At the confluence, the Rio Para-
guay always possesses a higher concentration of suspended sedi-
ment than the Rio Paraná, with addition of flow from the Rio
Paraguay increasing the suspended sediment discharge of the Rio
Paraná over 20 times from 5.1�106 to 118.7�106 t year−1

�Orfeo and Stevaux 2002�. Due to these differences in suspended
sediment concentration, the surface extent of the mixing interface
between the waters can be clearly visualized �see Lane et al.
2008�, thus providing an ideal site to investigate the use of MBES
to detail the dynamics of suspended sediment within the water
column.

Field Methods

Field methods involved deployment of �1� a RESON SeaBat 8125
MultiBeam Echo Sounder �MBES� to collect water column back-
scatter data and �2� a Rutner water sampler to obtain direct mea-
surements of suspended sediment concentration. The MBES was
located, both temporally and spatially, using a Leica differential
global positioning system �dGPS� in real time kinematic mode,
which produced an accuracy in relative 3D position �dGPS base
station to mobile rover� of + /−0.025 m. The data reported herein
were collected when the vessel was moored at-a-point along the
mixing layer between the two flows. During the measurement
period reported, the position of the survey vessel varied within an
area of less than �2 m. Finally, the speed of sound at the moored
location was obtained during data collection �1,491 ms−1� using
a sound velocity probe mounted close to the transducer head and
applied to the data stream in order to accurately convert time to
range for each ping cycle.

The MBES is a 455 kHz system that measures the relative
water depth across a wide swath perpendicular to the track of the
survey vessel. A projector array on the sonar head transmits
acoustic pulses into the water column, with reflections from the
water column and bed being received on a phased receive array.
The SeaBat 8125 has 240 beams with a total across-track sub-
tended angle of 120°, permitting a swath width measurement of

�5 times the effective water depth. A combined motion and gyro
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sensor �a TSS Meridian Attitude and Heading Reference System�
provided full 3D motion and orientation data for MBES data pro-
cessing, and the dGPS was set to output both a position and pulse
per second, which was used to synchronize the sensors and re-
move all temporal latency �the timing errors produced by sensors
delivering data at different rates� in the MBES processing setup.
During these at-a-point measurements, the MBES ping rate was
set at �1 Hz.

While moored during MBES measurements, direct samples of
suspended sediment from within the water column were obtained
simultaneously using a Rutner sampler that was deployed from a
second smaller survey vessel. The sampler was deployed at a
known depth upstream of the moored MBES survey boat, and the
second boat and sampler then allowed to drift downstream with
the Rutner sampler moving through the MBES swath when the
sample was taken. A unique feature of this methodology is that
the Rutner sampler could be imaged moving through the MBES
swath, and it was thus possible to locate both the time and posi-
tion of the suspended sediment sample. A total of 13 samples at
1-m intervals through the vertical were taken at the confluence
site and, once filtered in the laboratory, provided total suspended
sediment concentration measurements from within the MBES
swath that were used for calibration.

Multibeam Echosounding Backscatter Data Processing

When operating in backscatter mode, the Reson 8125 MBES
records a series of “snapshot” data files that contain information
on the acoustic backscatter by material within the two-
dimensional �2D� fan-shaped swath. Fig. 1�a� shows a raw acous-
tic backscatter image from a single “ping” recorded at the
confluence. The large magnitude backscatter from the bed is
clearly observed, as is the distinction of turbid water from the Rio
Paraguay �left� and the clearer Rio Paraná �right�. The level of
side-lobe interference from the bed currently restricts the useful
area of water-column backscatter to that lying within the arc
formed by the shortest distance from the transducers to the bed
�i.e., the nadir beam�. The aim of the MBES postprocessing is to
permit an estimate of the mass concentration of suspended sedi-
ment �C, mg L−1� across the 2D fan within this arc. The postpro-
cessing consists of three steps: �1� adjustment of the backscatter
values for the various sonar settings, in order to ensure that the
adjusted magnitudes are proportional to the mass concentration
across the swath; �2� data averaging, which is necessary due to
the random nature of backscatter from the suspended sediment;
and �3� calibration of the processed data with direct samples taken
within the water column.

The acoustic backscatter strength per unit volume of ensoni-
fied water is known as the scattering volume, Sv. The sonar equa-
tion �Medwin and Clay 1998� describes the acoustic scattering
from within the water column by considering the difference be-
tween the acoustic receive and transmit levels, and includes a
model for the propagation losses along the acoustic travel path
through the water. The sonar equation is used to calculate the
value of Sv �in decibels� as

Sv = RL − SL + 40 log10 R + 2� · R − 10 log10V

− �SG log10 R + 2�GR/1,000� �1�

where RL=receive level, which is a function of the received
acoustic pressure, the receive transducer-array directivity pattern
and the system gain; SL=source level, which is a function of the
transmit transducer-array beam pattern and is proportional to the

transmit power setting; and R=radial distance along the axis of
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each beam in the MBES fan. The suspended sediment particles
act as point source scatterers and hence the two-way travel path
spreading loss is derived as the product of two inverse-square
laws �see Thorne and Hanes 2002�, giving rise to the coefficient
of 40 in the spreading term. Sound attenuation through water,
� �dB m−1�, was estimated using standard empirical formulae
�Francois and Garrison 1982a,b� and, for freshwater with a neu-
tral pH and with the recorded confluence-site water temperature
of 22.2°C, equates to 0.043 dB m−1. Various methods exist to
estimate the attenuation component due to sound scattering and
viscous absorption by the suspended material in water �Thorne
and Hanes 2002; Urick 1948�. At the field site, this sound
component was empirically determined as 0.035 dB m−1, using
a mean particle size of 34 �m and mean concentration of
373 mg L−1 as directly measured from the samples. The size of

Rio Paraguay Fluid

(Turbid)

Rio Paraná Fluid

(Clearer)

(a)

(b)

(c)

Fig. 1. �a� Raw snapshot image of the acoustic backscatter magni-
tude data recorded at the receiver; �b� scattering volume strength,
nSv, �on a linear scale and normalized to the maximum value=1,
minimum value=0�; and �c� averaged, calibrated suspended sediment
concentration for a single ping at the mixing interface of the Rio
Paraguay and Rio Paraná. The solid line in �a� is the acoustic reflec-
tion from the bed with water column backscatter within the arc above
this. Flow is toward the viewer with the turbid Rio Paraguay water on
the left. The MBES clearly resolves the difference in suspended sedi-
ment concentration between the two rivers. Note the angled mixing
interface as the Rio Paraguay flows beneath the Rio Paraná as they
merge and the superimposed vortices along this interface.
each sampling volume, V, is determined from the sampling dis-
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tance along the beam, the across-track �0.50–1.00� 3-dB beam-
width and along-track �1.00� 3-dB beam-width. The sampling
distance is equal to one-half the product of the sound speed
�which varies with temperature, depth, and salinity �Medwin and
Clay 1998�� and the transmitted pulse length. The sampling vol-
ume increases along the beams with the square of the distance
from the transducers, R. An increase in sampling volume also
occurs across the swath with 1 /cos���, where � is the steering
angle of the beam from the nadir, and consequently the 0.50

across-track beam-width at nadir thus increases to 1.00 at the
farthest steering angles, thereby introducing an overlap in the
beam sampling volumes of around 50%. SG is the spreading co-
efficient and �G �dB km−1, divided by 1,000 in Eq. �1� to convert
to dB m−1� is the absorption coefficient of the time-varying gain
that is applied to mitigate the effects of the spherical spreading
and absorption of sound through the water �due to sediment con-
centrations at this site, values of SG=38 and �G=110 were
applied�.

The scattering volume, Sv, can be expressed in terms of the
product of the number of scatterers per unit volume and the mean
scattering cross-section of the scatterers. The scattering cross-
section is dependent on the ratio between the size of the sediment
particle and the wavelength of the incident plane wave, which is
expressed in terms of the product of the wave number, k �where
k=2� /�w and �w is the wavelength of the plane wave� and the
equivalent radius of the sediment particle, as. For kas�1, the
scattering cross-section is smaller than the geometrical cross-
section of the particle and within the Rayleigh regime �Urick
1983�. For a mean equivalent particle radius within the Rayleigh
regime, the scattering volume is related to the mass concentration,
C, of the suspended sediment as �Hoitink and Hoekstra 2005�

Sv = 10 log10�2�k4�as
3�C

�s
� �2�

where �s=density of the sediment �2,650 kg m−3� and
�=material property of a scattering sphere derived from the rela-
tion of its density and elasticity to that of the surrounding medium
�Anderson 1950�. For the RESON 8125 MBES frequency of
455 kHz, kas=1 for an equivalent particle radius of 518 �m
and thus the mean particle radius from samples at the field site
are well within the Rayleigh regime �the mean and maximum
particle sizes directly sampled were 34 and 180 �m, respec-
tively�. Eq. �2� shows that, for a particle size distribution of con-
sistent mean and with consistent material properties, C can be
related to the value of Sv derived from the MBES backscatter
through Eq. �1�, provided all the sonar calibration parameters,
sediment type, and grain size distribution are known.

In processing, it is also necessary to account for the random
nature of scattering from the suspended sediment. For a random
distribution of phase between 0 and 2� from the scatterers within
the measuring volume, the backscattered magnitude data �propor-
tional to the receive voltage at the transducers, Vrms� forms a
Rayleigh distribution �Thorne et al. 1993�. The standard error, 	e,
for n samples of a Rayleigh distribution is approximated by

	e �
Vrms

2	n
�3�

Eq. �3� reveals that �100 independent samples are required to
achieve a 5% error in the receive voltage, and this equates to an
error of approximately 10% in the scattering volume and concen-
tration estimates. As the beam-width increases with steering angle

from nadir, the sample volumes overlap to a maximum extent of
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50%. A Monte-Carlo simulation of 100 samples with a 50% over-
lap produced an error of 12.5% in the concentration estimate,
compared with 10.4% with no overlap. At a fixed MBES sample
rate, samples at spatial intervals of �2.5 cm along the beam will
vary slightly depending on the local speed of sound. Depending
on the pulse length selected by the user, the sampling distance of
the sampling volumes, V, may be greater than the fixed sample
distance of �2.5 cm. To ensure that the sampling volumes along
the beam are independent, it may be necessary to “decimate” the
data by discarding samples �a pulse length of 100 �s was used at
the site, equating to a 7.5-cm sampling distance, which required
two-thirds of the data to be discarded to ensure independent
samples�.

Based on the considerations above, processing routines were
developed to perform spatial and temporal averaging of the back-
scatter data across the MBES swath. For each individual sample
in a beam, the positions of all other sample values within a speci-
fied spatial radius were determined. Two values, corresponding to
the median and mean of all samples within this radius, were then
assigned to that point. The process was then repeated for all
samples within all the beams of the swath. Without the use of
multiple acoustic frequencies to determine the nature of the grain-
size distribution �e.g., Thorne and Hanes 2002�, it is necessary to
use some other method to sample and measure the grain size
distribution and calibrate this with the values of Sv derived from
the MBES backscatter: this was accomplished herein by direct
sampling with a Rutner sampler within the swath. Assuming that
the spatiotemporal grain-type and grain-size distributions remain
constant during the sampling period, the average values of nSv �Sv
converted to a normalized linear scale� across the swath were
calibrated to the samples taken from the water column at the
confluence mixing site �Fig. 2�. Given the inherent variability and
complexity of flow at the field site, the fact that this linear regres-
sion is significant �0.53� at the 95% confidence level is very
promising. This calibration of nSv to suspended sediment concen-
tration was applied throughout the full data set.

Results

The raw MBES image shows the clear differentiation between the

Fig. 2. Normalized linear scattering volume strength, nSv, plotted
against suspended sediment concentration as obtained from direct
sampling within the water column at the confluence of the Rio Paraná
and Rio Paraguay. The samples were obtained from within the MBES
swath, with the location and local sediment backscatter data being
obtained from the recorded MBES data at the sample time. The linear
regression is significant �ANOVA p
0.1� and has a coefficient of
0.53.
two flows �Fig. 1�a�� and, with the swath perpendicular to flow

48 / JOURNAL OF HYDRAULIC ENGINEERING © ASCE / JANUARY 2010

Downloaded 06 Jan 2010 to 130.126.32.13. Redistribution subject to 
along the mixing layer, the more turbid water from the Rio Para-
guay entering from the left. The raw image shows both the dis-
tinct sloping interface between the two flows and the presence
of smaller scale “billows” along this plane. The normalized scat-
tering volume strength �nSv� within the 2D swath for one ping
�Fig. 1�b�� more clearly shows that the mixing layer is angled as
the flow from the Rio Paraguay moves partly under that from the
Rio Paraná, and the clear presence of turbulent eddies along this
plane. Once the sonar equation �Eq. �1��, spatial filtering �with
each sample point within each swath representing the median
nSv value of all samples within a 0.51-m radius� and calibration
�Fig. 2� have been applied to this data set, a quantitative visual-
ization of suspended sediment concentration across the swath is
obtained �Fig. 1�c��. This reveals, in detail, the 2D mixing inter-
face, showing the highest concentrations of sediment near the
edge of the mixing interface as well as the complexity of the
interface, as shown by the variable concentration values. The tem-
poral MBES data can then be used to examine this complexity
�Fig. 3 and Animation S1�. Fig. 3 shows the same single ping data
as in Fig. 1, accompanied by the following 3 s of data from the
time series. The plot reveals the evolution and growth of insta-
bilities along the mixing interface through time. The track of a
large “bulge” of higher suspended sediment concentration along
the angled shear layer can be observed to move down and across
the swath through time. This higher concentration fluid is fol-
lowed by a pronounced volume of lower concentration fluid that
is progressively drawn into the trailing boundary as the structure
advects downstream, thus revealing for the first time the 3D evo-
lution of a channel-scale mixing interface. These MBES results
thus provide details on the temporal change in flow and sus-
pended sediment structure that affords considerable insight on
mixing processes as these two large rivers combine.

Further work needs to be undertaken to ensure that the back-
scatter relates entirely to the suspended sediment in the water,
as other material in the water, such as phytoplankton, zooplank-
ton, fish, and entrained gas bubbles, will also create backscatter. It
is estimated that the plankton at the site will produce relatively
little in the way of backscatter owing to their size in relation to
the suspended sediment. However, there was backscatter present
that appeared to be above the level of sediment backscatter on
some of the recordings at the site �Fig. 2�. Other sources of in-

Fig. 3. A series of four successive pings �recorded at 1 Hz� showing
the concentration of suspended sediment though time at the mixing
interface of the Rio Paraná and Rio Paraguay ��a�–�d� correspond to
Frames 3 to 6 in Animation S1�. The MBES swaths are perpendicular
to the flow direction. Note the overall stability of the angled mixing
interface with the evolution of smaller-scale structures along this
shear layer.
creased backscatter will include nonhomogenous sediment con-
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centrations within the sample volume that leads to coherent back-
scatter �Merckelbach 2006� and microscale turbulence backscatter
�Lavery et al. 2003; Trevorrow 2005�, both of which might con-
tribute to the increased backscatter magnitudes close to the mix-
ing interface. Variations in the grain-size distribution may also
need to be considered in future work.

Concluding Remarks

This technical note has demonstrated a new methodology based
upon MBES that can capture not only bed morphology and bed
surface characteristics, but qualitative and quantitative detail on
the suspended sediment concentrations within aquatic environ-
ments. Such a tool, once validated and suitably calibrated to di-
rect samples in the zone of deployment, has been shown to have
the capability to simultaneously monitor sediment and bed mor-
phology, and holds great potential to provide a range of new
insights on flow and sediment transport processes operating
within many aquatic environments. Further work is required to
test the envelope in terms of applicability of the technique in a
range of environments with different characteristics and varying
levels of suspended sediment concentrations.
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