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THE DAY AFTER WE STOP DREDGING:
A WORLD WITHOUT SEDIMENT PLUMES?
ABSTRACT
Dredging activities are a pre-requisite for
the development of human welfare, coastal
safety and economic profit, yet the
dredging industry is often criticised for
having an adverse environmental impact,
particularly through generation of sediment
plumes during project implementation.
Would the day after we stop dredging
mark the onset of a world without
sediment plumes? To answer this question
a wider range of natural and humaninduced drivers of sediment plumes in delta
areas should be considered. Would
shipping activities cease the day after we
stop dredging? Would natural rivers stop
discharging large quantities of fine
sediment during periods of high water
run-off? To assess the environmental
benefits of an “idyllic” world without
dredging, the impact of maintenance
dredging activities as compared to the
impact of other, ongoing drivers of
sediment plumes must be evaluated.
The research presented here reflects recent
progress in the framework of the TASS
(Turbidity Assessment Software) programme, which involves a series of largescale field trials to collect high-quality data

that can be used for model validation
purposes. Recent field trials in Bremerhaven
(2006) and Rotterdam (2007) resulted in
valuable insight in optimal means to collect
overflow samples for the quantification of
overflow losses over a range of soil types,
overflow configurations and environmental
conditions.
Moreover, the Rotterdam (2007) field trial
is expected to help to assess the relevance
of draghead plumes and propeller wash in
view of dredging-induced turbidity, as well
as the benefits of using a green valve. Both
data sets will be used for TASS model
validation and the identification of future
model developments and research needs.
Although the TASS programme focusses on
dredging-induced turbidity increases, it
should be noted that dredging is just one
out of a series of processes that drive
sediment plumes. These processes include
natural events, shipping operations and
fishing activities. An inventory of these
processes suggests, at least qualitatively,
Above: Dredging operations often generate no more
increased suspended sediments than are naturally
present. Above a clear boundary forms where a river
with high-levels of suspended sediments meets an
ocean environment with low-level suspended sediments.

that the annual impact of these processes
is of the same order of magnitude as
dredging. The author wishes to acknowledge the important contributions to this
research by W.F. Rosenbrand of
Royal Boskalis Westminster nv, Dredging
Development Department, C. van Rhee of
Van Oord Dredging and Marine Contractors BV and T.N. Burt, recently retired from
HR Wallingford Ltd., UK as well as the
funding by Stichting Speurwerk
Baggertechniek (SSB) and Fonds Collectief
Onderzoek as part of crow. The paper
was originally presented at the CEDA
Dredging Days in November 2007 and was
published in the conference proceedings.
It is reprinted with permission in a slightly
revised and updated version.

INTRODUCTION
Dredging activities are a pre-requisite for
the development of human welfare, coastal
safety and economic profit. Nevertheless,
the dredging industry is often criticised
– and not seldom without any scientific
justification – for having an adverse
environmental impact, particularly through
generation of sediment plumes during
project implementation. Would the day
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NATURAL AND HUMAN-INDUCED
DRIVERS OF SEDIMENT PLUMES

Figure 1. Examples of natural sediment plumes: An annually recurring sediment plume in Lake Michigan (left) and
the Mississippi River sediment plume (right). The first is driven by sediment resuspension off the bottom during
storm events; seasonal and inter-annual fluctuations of the second correspond closely with large fluctuations in
river discharge.

after we stop dredging mark the onset of
a world without sediment plumes?
To answer this question a wider range of
natural and human-induced drivers of
sediment plumes in delta areas must be
considered. Would shipping activities cease
the day after we stop dredging? Certainly
not. In fact, propeller wash impacts during
ship-manoeuvring operations are likely to
increase since vessels will face channels and
basins of decreased water depth.
Also, would natural rivers stop discharging
large quantities of fine sediment during
periods of high water run-off? Again the
answer is no. To assess the environmental
benefits of an ‘idyllic’ world without
dredging, evaluation of the impact of
maintenance dredging activities as
compared to the impact of other, ongoing
drivers of sediment plumes is necessary.
The research here addresses the impact of
dredging-induced sediment plumes in a
broader context of natural and humaninduced turbidity variations, which govern
suspended sediment background levels.

predict suspended sediment concentration
as a result of dredging operations (overflow, LMOB – “light mixture overboard”) as
well as other dredger-related sources (such
as propeller wash). A key component of the
programme is a series of large-scale field
experiments to obtain quantitative insight
in these processes and collect high-quality
ground-truth data.
This research presented here represents
recent work performed in the framework of
the TASS programme, involving, amongst
other things, two large-scale field trials in
Bremerhaven (2006) and Rotterdam (2007).
Prior to that, an overview is given of highturbidity events not related to dredging.
In the summary section, the question of
whether the day after we stop dredging
will mark the onset of a world without
sediment plumes is addressed qualitatively.

Figure 2. Landsat 7

For the time being, this assessment is done
mostly qualitatitvely, on the basis of a series
of key examples of natural and humaninduced sediment plumes. However, in
search of further quantification of these
impact assessments, the dredging industry
is funding and promoting a research programme called TASS (Turbidity Assessment
Software). This programme aims at the
development and validation of a model to

image of shrimp trawler
fleet in the northern
Gulf of Mexico, USA.
The entire scene here is
tinted a brown hue
from mud resuspended
by trawlers. Scale bar is
1 kilometre. Courtesy of
the Global Land Cover
Facility (2007).

Sediment plumes are often perceived as a
phenomenon with adverse environmental
impact. Water quality can be affected,
for instance, through an increase of the
biological oxygen demand of the water
column or the release of previously
bound-up contaminants. Shading and
smothering may affect marine ecology,
both in the water column and on the sea
bed. Moreover, shell-fisheries can be
impacted by sediment plumes as a result of
effects on their filter-feeding efficiency.
Thorough insight in the generation and
evolution of sediment plumes is a prerequisite for longer-term, sustainable
development of aquatic environments.
Although sediment plumes do certainly
occur in the direct neighbourhood of
dredging operations, it is important to
realise that dredging activities are not the
only driver of sediment plumes in delta
areas. Natural processes (such as river peak
discharges and resuspension of fine
sediments during storms) as well as other
human-induced activities (such as fishing
and ship-manoeuvring operations) are
associated with sediment plumes as well.
In fact, because of the worldwide scale and
intensity of the latter processes and
activities, their combined impact may be an
order of magnitude larger than turbidity
rates induced by dredging.

Natural processes
Natural sediment plumes are a commonly
observed feature along many shorelines
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IADC Secretary General Constantijn Dolmans
congratulates Stefan Aarninkhof (right) on
winning the IADC Award for younger authors.

IADC AWARD 2007
PRESENT AT CEDA DREDGING DAYS,
NOVEMBER 7-9, 2007
An IADC Best Paper Award was presented to
Stefan Aarninkhof, who is a senior project
engineer at Hydronamic, the engineering
group of Royal Boskalis Westminster. In 2003
he received a PhD from Delft University of
Technology, the Netherlands, for a thesis on
the quantification of coastal bathymetry from

worldwide. Figure 1 shows examples of
these, involving a massive recurring plume
along the south shores of Lake Michigan
and the Mississippi River sediment plume
on the US south coast, in the northern Gulf
of Mexico. The Lake Michigan plume was
extensively studied as part of the “EEGLE”,
the Episodic Events Great Lakes Experiment,
funded by the US National Oceanic and
Atmospheric Administration NOAA in
conjunction with the National Science
Foundation (NSF). The great plume of silt
appears each year after winter and was first
captured from satellite imagery in 1996,
extending approximately 10 miles offshore
and 200 miles along the southern coastline
of Lake Michigan, from Wisconsin, past
Chicago, and back into Michigan. It typically
lasts less than a month. Investigations of
multiple plumes by Vanderploeg et al.
(2007) reveal total suspended matter
concentrations in the core of plumes in the
order of 15-30 mg/l. The plume is driven by
storm events and most sediment in the
plume is re-suspended off the bottom. The
latter is associated with a redistribution of
contaminants such as PCBs. Moreover, the
sediment resuspension events were found
to alter the short-term nutrient and light
climate of the nearshore waters (photic

depths reduced to 1-2 m, Vanderploeg et
al., 2007), temporarily reducing phytoplankton reproduction and photosynthesis
inside the plume.
Variability of the Mississippi river plume was
studied by the Louisiana Universities Marine
Consortium (LUMCON) and reported in
Walker (1996). Investigation of five years of
satellite imagery (112 images) showed that
the sediment plume ranged in size from
450 km2 under low discharge conditions to
7699 km2 under high discharge conditions.
Suspended sediment concentrations of
10-30 mg/l were used to define the plume
extent. On seasonal and inter-annual time
scales, variations in plume area were mainly
driven by fluctuations in river discharge;
however, day-to-day variability in plume
size was more closely associated with
changes in the wind field.

Fishing
Marine fisheries catch more than 120 million
cubic metric tonnes of sea life each year
(Pauly et al., 2002). Among the various
methods to catch fish, trawling and
dredging are considered particularly
unsustainable (Van Houtan and Pauly,
2007b). These fishing gears adversely affect

video imagery. Prior to joining Boskalis in
2006, he spent 10 years at Delft Hydraulics.
He currently fulfills a specialist role in the field
of morphology and marine environment, with
a focus on the environmental aspects of
dredging.
Each year at selected conferences, the
International Association of Dredging
Companies grants awards for the best papers
written by younger authors. In each case the
Conference Paper Committee is asked to
recommend a prizewinner whose paper
makes a significant contribution to the
literature on dredging and related fields.
The purpose of the IADC Award is “to
stimulate the promotion of new ideas and
encourage younger men and women in the
dredging industry”. The winner of an IADC
Award receives €1000 and a certificate of
recognition and the paper may then be
published in Terra et Aqua.

Figure 3. Aerial photograph of Port Elizabeth, New Jersey. The picture reveals prominent sediment plumes behind
a container ship entering the Elizabeth channel (upper right) and the container ship approaching along the eastern
berthing area (right). Hardly any sediment plume is visible near the dredger also operating in the channel.
Image courtesy of the Port Authority of New York and New Jersey, taken from Clarke et al. (2007a).
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non-targeted benthic animals and the
structures they build (such as reefs), thus
creating flat, muddy areas with little
biodiversity. In addition to the direct
impact, fisheries also re-suspend mud into
the water column which yields sediment
plumes in the wake of fishing vessels.
Van Houtan and Pauly (2007b) assess the
occurrence and dimensions of mudtrails left
in the wake of fishing vessels from high
resolution satellite images sampled across
the planet. Images were taken from Google
Earth (2007).
Sites investigated include Louisiana (USA) in
the Northern Gulf of Mexico, Perhak
(Malaysia) in the East Indian Ocean, Sonora
(Mexico) in the Gulf of California, Luzon
(Phillippines) in Manila Bay and Jiangsu
(China) near the mouth of the Yangtse
River. Trailer mudtrails are frequently found
in shallow waters, typically appearing
several hundreds of metres wide and
several kilometres in length. Figure 2 is
taken from their work, showing the impact
of fishing activities on the marine ecosystem along the Gulf of Mexico coastline
of Louisiana (USA). The discovery of these
images has revealed new insights the scale
of sediment plumes induced by fisheries.

traffic in Newark Bay, New Jersey (USA).
Sediment plumes were found to vary
substantially among type (e.g. deep draft
container ship versus shallow draft barge/
tug) and movement pattern (e.g. container
ship under power or manoeuvring with
assistance of tug tenders, passage in open
water versus docking at berths).
Total suspended sediment concentrations
often exceeded 90 mg/l over broad areas
following vessel manoeuvres, and remained
detectable against background conditions
in open waters for at least 50 minutes after
departure of the vessel. Residual plumes in
the lower 2 m of the water column with
concentrations of 40 mg/l or less were
measured at the point of deep draft vessel
passage for at least 65 minutes.
Clarke et al. (2007a) conclude that the
assessment of dredging impacts without
reference to these processes can result in
misleading conclusions.
Intriguingly, resuspension caused by too
deep draft vessel traffic has seldom been
measured simultaneously with concurrent
turbidity induced by dredging activities.
Clarke et al. (2007b) report results from a
turbidity monitoring campaign near a grab
dredger working on navigation dredging in
the Arthur Kill Waterway (New Jersey).

Shipping operations
Shipping operations are often associated
with the generation of sediment plumes,
particularly with decreasing water depths in
harbour areas. Measurements by
Pennekamp et al. (1991) in the Port of
Rotterdam revealed a strong turbidity
increase caused by the sailing and mooring
of vessels (propeller impact of tugboats and
return flows between bottom of vessel and
sea bed in shallow water). Turbidity
increases up to 500 mg/l (background
concentration 20 mg/l) were measured at
distances of about 50 to 200 m from a
large bulk carrier during mooring at a quay
with assistance of four tugs. An order of
magnitude analysis by Pennekamp et al.
(1991) indicated that the annual dredginginduced turbidity is of the same order as
the total turbidity generated by all shipping
and mooring operations in the same basin.
Very recently, Clarke et al. (2007a) reported
the outcome of a measurement campaign
to assess sediment resuspension by ship

The dredger was equipped with an environmental bucket and worked with relatively
small hoist speed, at relatively low
production rates. Rather than the absolute
values of the measured turbidity levels
– which are relatively small owing to the
particular environmental conditions and
dredging characteristics met on site –
the main interest for this study is in the
simultaneous measurement of dredgingand shipping-induced sediment plumes
(Clarke et al. 2007b). For the situation
considered here, dredging activities and
shipping operations do indeed generate
sediment plumes with concentrations of
comparable magnitude, whereas the spatial
extent of the shipping induced plume may
be somewhat larger. Notice that this
observation particularly applies to the
deeper part of the water column, where
shipping-induced impacts are relatively
large. In the upper part of water column,
grab dredging does have a discernable

impact (albeit small) whereas hardly any
effect of the shipping operations is
observed.

Dredging in perspective
The case examples of sediment plumes
induced by fishery gear, natural processes
and shipping operations readily reveal that
“the day after we stop dredging” is by no
means synonymous with “a world without
sediment plumes”. Dredging is just one
process out of a series of processes driving
sediment plumes. The environmental
impact of dredging works may be
considerable in the direct vicinity of the
dredger, however the impact usually acts
on relatively small spatial and temporal
scales (Erftemeijer and Robin Lewin III,
2006) and dredging operations often
generate no more increased suspended
sediments than commercial shipping
operations, bottom fishing or severe storms
(Pennekamp et al., 1996).
These observations find support in recently
published data on dredging-induced
turbidity (Clarke et al. 2007b; Burt et al.
2007; Land et al. 2007), sampled with the
help of state-of-the-art ADCP-based
techniques to measure suspended sediment
concentrations.
An effective assessment of the environmental impact of dredging operations
therefore demands thorough insight in
dredging-induced turbidity levels for various
environments and types of equipment, as
well as fluctuations in the background
turbidity level as driven by other processes
such as storms, river peak discharges,
fishing and shipping. Unfortunately,
a straightforward, quantitative comparison
of turbidity levels associated with the
various driving processes is not entirely
trivial, since sediment plumes are sitespecific by nature owing to variations in
sediment composition, environmental
conditions, characteristics of dredging
respectively, fishing operations, and other
site-specific elements. Moreover, the
establishment of threshold levels for the
allowable dredging-induced increase of
turbidity levels should ideally be based on
sound knowledge on recovery capabilities
of ecological habitats at various time scales
(Van Raalte et al., 2007). The latter

The Day After We Stop Dredging: A World Without Sediment Plumes? 19

Figure 4. Theoretical
analysis of overflow
mixing processes (Svasek,
2006). Identification of
relevant processes (a) and
feasible vertical range for
collecting well-mixed
samples from single-point
sampling device (b).

(a)

(b)

ASSESSMENT OF DREDGING-INDUCED
TURBIDITY (TASS PROGRAMME)

staat, resulting in a preliminary model
developed by HR Wallingford (1998-1999).
This model includes formulations to predict
the rate of release of sediment from the
following dredging plant:
• grab (clamshell) dredgers;
• backhoes;
• bucket (ladder) dredgers;
• cutter suction (cuterhead) dredgers;
• trailing suction hopper dredgers.
Later stages of the project were funded by
the SSB (Stichting Speurwerk Baggertechniek), a strategic research cooperation
of Royal Boskalis Westminster and
Van Oord. During these later stages, TASS
research efforts – at least those funded by
the Dutch dredging industry – focussed
entirely on the trailing suction hopper
dredgers.

With increasing appreciation of the importance of environmental issues amongst
public, government agencies and other
stakeholders, the dredging industry and
associated parties have carried out significant research efforts in the quantitative
assessment of sediment plumes
(e.g. Pennekamp et al. 1996; John et al.
2000) and will continue to do so in the
nearby future (Van Raalte et al., 2007).
One of the major programmes currently
running is the TASS programme
(Land et al., 2004). The TASS progamme
aims at the development of Turbidity
Assessment Software (TASS) for the
prediction of the sediment release in the
water column amongst different type of
dredging equipment. The initial stages of
the project were funded by VBKO
(‘Vereniging van Waterbouwers in de
Bagger-, Kust- en Oeverwerken’) and the
Dutch Ministry of Public Works Rijkswater-

Further model extensions during this period
involved, amongst others, the inclusion of a
dynamic plume model to describe the
descent of the sediment plume under the
dredger, directly after release from the
overflow. Shortly after release of the
models, it was recognised that high-quality
data sets (i.e. suitable for validation of
overall model behaviour as well as model
sub-components) were not available in the
public domain. Field measurement methods
were inconsistent and often failed to obtain
(and/or report) all the data required to
assess releases from different types of plant
working in different soil conditions.
Consequently, a set of standard field
measurement protocols was developed for
each of the five dredgers covered by the
project (Land et al., 2004). The protocols
are freely available for anyone interested
and are still in use for the design of TASS
field experiments.The applicability of the

demands further research on natural
ecosystem dynamics.
The range of knowledge gaps identified
above can only be filled through dedicated
collaboration between universities, research
institutes, public authorities and the
dredging industry, involving both engineers
as well as environmental specialists.
The dredging industry actively adds to this
by running research programmes aimed at
the quantitative assessment of dredginginduced sediment plumes. Recent work
carried out in the framework of the TASS
programme is presented here.

protocols was tested on the basis of two
large-scale field trials, both described by
Land et al. (2004). The first took place on
the River Tees (UK) in May 2000 around a
grab dredger undertaking maintenance
work (Burt et al., 2007). The second was
organised in June 2002 and measured
sediment release from a trailing suction
hopper dredger working on sand mining
and maintenance dredging in the Port of
Rotterdam (the Netherlands).
Given the present focus on trailing suction
hopper dredgers, the Rotterdam (2002) trial
was particularly relevant in view ongoing
TASS research presently undertaken.
The outcome of the two trials can be
summarised as:
• Overall the two trials were considered as
successful in terms of providing useful
data for model validation and testing the
measurement techniques;
• Nevertheless, it must be recognised that
some of the measurement were and will
be complex to undertake, thus yielding
data of little practical value.
This particularly holds for the sonar
measurements of the dynamic plume
(success rate 15%) and the ADCP
measurements of draghead plumes
(success rate 50%).
• The Rotterdam (2002) TSHD experiment
was less successful in that it revealed
discrepancies, when dredging sand,
between two different techniques
deployed for overflow sampling. It was
found that the flow-through samplers
(mounted on the rim of the overflow)
yielded much higher concentrations than
the bottle sampler. Despite several
efforts, no clear explanation was found
for these discrepancies.
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These findings were adopted as the starting
point for two successive TASS field trials
carried out in Bremerhaven (June 2006) and
Rotterdam (May 2007). Both are described
below.

TASS FIELD TRIAL BREMERHAVEN
(2006)
Design of field trial
As a continuation of the Rotterdam (2002)
field trial, experiments were carried out in
Bremerhaven with the specific objective to
arrive at a robust technique to collect
representative overflow samples during
dredging. As the use of sampling devices
on the rim of the overflow had proven to
be non-successful, it was recognized
samples should be taken from within the
overflow with the help of a suction-type
device. This involved two challenges.
The technical challenge was to design a
sampling system which is robust enough to
withstand the hostile hydrodynamic
environment in the overflow and flexible
enough to take samples at various locations
and elevations within the overflow. This
system is described below. The theoretical
challenge was to make sure that overflow
samples taken from a single point were
representative for sediment concentrations
across the entire overflow cross-section.
In other words, the samples should be
taken from an area where the sediment
concentration is uniformly distributed over
the overflow cross-section.
The latter question was addressed by
means of a theoretical analysis of mixing
processes in the overflow (Svasek, 2006).
The stages considered include the inflow,

supercritical flow over the rim, a free fall
phase followed by a plunging jet, decaying
turbulence in the pipe, uniform pipe flow
and the outflow (Figure 4a). Based on
simple hydronamic rules and a few
conservative assumptions, it was found that
for an open (i.e. non-drowned) overflow,
samples could reliably be taken from an
area between 3 times the pipe diameter
below the water surface and 1 pipe
diameter above the bottom end of the
overflow (Figure 4b). Moreover, since the
presence of air bubbles adversely affects
the performance of the sampling pumps,
it was recommended to locate the pumps
as deep as possible. The theoretical analysis
did not reveal a preferred horizontal
position within the overflow cross-section.
During the field trial, dedicated experiments
were carried out to verify the feasibility of
the submerged pump sampling system and
the representativeness of the samples
taken. The latter involved high-frequency
sampling (typically twice per minute) in a
single point, repetitive sampling at two to
three different locations across the overflow
cross-section (fixed elevation) and repetitive
sampling at different elevations over a
2.5 m range.

Field measurements
The Bremerhaven field trial was carried out
between June 8 to 13 around the trailing
suction hopper dredger Cornelia, which
was built in 1981, has two suction pipes
and a hopper capacity of 6360 m3.
During the measurement period she was
dredging sand in the harbour entrance
channel for the construction of a new
container terminal CT4. The site (Figure 5)

is characterised by a tidal range of 3-4 m,
significant tidal flow velocities (up to about
2 m/s) and fine sand. Being located within
the Weser estuary, the entrance channel is
somewhat sheltered from direct wave
action.
For the purpose of this field trial, an
overflow sampling system was developed
and mounted in the overflow of the
Cornelia (Figure 6). The system consisted
of a suction tube (Figure 6a) which was
connected to two sub-merged pumps
(Ircem DA 12M), mounted in series, with
a maximum head of 10.4 m each.
The suction device could be rotated around
a vertical axis to enable sampling from
different locations over the cross-section.
The whole system was mounted on a
vertical plate (Figure 6b) which could be
moved up and down the overflow, so that
samples could be taken at different
elevations. Samples were collected by filling
bottles (Figure 6c) of known weight and
volume, which were weighted onboard to
determine sediment concentrations.
To obtain in-situ flow velocities, a Marsh
McBirney single axis current sensor was
mounted near the suction mouth
(Figure 6a). Finally, a CTD diver of
Van Essen was used to measure salinity,
temperature and conductivity throughout
the experiments.
The Bremerhaven field trial yielded a total
number of eight successful experiments,
two of which were carried out during
maintenance dredging of muddy material
in front of the existing container terminal
and the other six during offshore sand
mining for the construction of the new
terminal.

Results
Figure 5. Location of the
Bremerhaven test site.

Figure 7 shows example time series of
sediment concentrations (a, b) and flow
velocities (c, d) measured in the overflow,
representing a fine sand run (Trip 158,
panel a, c) in the offshore borrow area and
a maintenance run with muddy sediment
(Trip 157, panel b, d) in front of the
existing terminal. The upper panels also
show time series of the hopper volume for
both trips, to indicate when the overflow
was being operated.
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a

b

c

Figure 6. Overflow sampling during the Bremerhaven (2006) field trial. Sampling device in lifted position (a), deployment of total sampling system on movable plate in overflow (b)
and filling 1 liter bottles (c).

Trip 158 was meant to investigate the
temporal variability of overflow samples
taken from a single point at a fixed
elevation. The results show that the pump
sampling system is capable of measuring a
consistent time series, particularly if the
overflow is at a constant level (i.e. prior to
21:00 hr). While lowering the overflow
(21:00-21:20 hr) the flow pattern is more
irregular and air entrainment becomes
more of an issue, and consequently
variations in sampled discharges occur.
This may explain the somewhat larger
variability in measured concentrations as
observed from Figure 7a. Nevertheless, also
during the latter phase, variability is small
as compared to the overall signal. It is
concluded that a sampling frequency of
once per minute is sufficient to resolve the
evolution of overflow concentrations over
time. The measured concentration profile
of Trip 157 illustrates the effect of sampling
at different locations within the overflow
cross-section (while dredging mud).
Samples were taken at 30 (blue dots),
60 (red dots) and 90 (green dots) cm from
the wall. The concentrations measured in
the three locations are entirely consistent
with each other, thus demonstrating spatial
uniformity of the concentration distribution.
Similar results were obtained while
dredging sandy material, albeit that
sampling system often failed to collect
material at the near-wall sampling location.

This was attributed to the presence of air
bubbles; a sound explanation for this observation has however not been found yet.
The two lower panels (c, d) show large
fluctuations in the flow velocity in the
overflow, suggesting a highly turbulent
flow with major eddies. To ground-truth
these data, the total discharge through the
overflow was computed from integration of
the measured velocities over time,
multiplied with overflow area.
For all experiments, the overflow discharge
was rougly similar to the combined
discharge in the two suction pipes as
determined from the on-board instruments.
To minimise sampling logistics and complexity, it was concluded that for future
experiments the average velocity in the
overflow could safely be estimated from
the velocity meters in the suction pipes.
Overall, the following conclusions are
drawn from the Bremerhaven (2006) field
trial:
1.	the use of a submerged pumping system
to collect in-situ samples from a single
point near the bottom end of the
overflow is a reliable method to quantify
sediment losses in a free-flow overflow
(i.e. without the use of an environmental
valve);
2.	the presence of air bubbles in the mixture
causes occasional failure of the sampling
system;

3.	a sampling frequency of once per minute
is sufficient to resolve the evolution of
sediment concentrations over time;
4.	for the purpose of this work,
measurement of in-situ flow velocities is
of little added value as compared to the
use of velocity estimates determined from
the on-board sensors in the suction
pipes.
The Bremerhaven (2006) data are presently
being exploited for the validation of the
overflow model in the trailer module of the
TASS model.

TASS FIELD TRIAL ROTTERDAM (2007)
Design of field trial
The Rotterdam (2007) field trial was set-up
with a four-fold objective (Figure 8):
1.	measurement of overflow losses, to
enable validation of the TASS trailer
module;
2.	measurement of concentrations in the
sediment plume behind the dredger, to
enable validation of passive plume
models (which are feeded by the TASS
dynamic plume model) and to assess the
benefit of the use of a green valve in the
overflow;
3.	measurement of draghead-induced
turbidity, to address the importance of
bulldozing effects and jets for environmental assessments;
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Figure 7. Example time
series of sediment concentration (a, b) and
flow velocity (c, d) for
a mining run (Trip 158,
fine sand) and a maintenance run (Trip 157,
mud) during the
Bremerhaven (2006)
field trial. The upper
panels also show time
series of hopper volume
(blue line) to indicate
when the overflow was
being operated.

4.	measurement of propeller wash behind
the dredger as well as other vessels, to
facilitate evaluation of dredging-induced
turbidity increase against other, “natural”
sources affecting the background level.
The “Protocol for the Field Measurement
of Sediment Release from Dredgers”
(HR Wallingford, 2003) was adopted as
a starting point for the design of the
Rotterdam (2007) trial. As an extension of
this, it was decided to follow a top-down
approach as regard to the balance between
overall impact measurements and detailed
process measurements. For instance, the
assessment of the benefits of the green
valve will be based on measured passive
plume concentrations rather than detailed
process measurements of active plume –
propeller interaction and bubble dynamics

under, besides and direct behind the trailer.
The latter (complex) process measurements
are only relevant for TASS development if
the application of a green valve does
indeed result in substantially smaller plumes
and lower sediment concentrations.
A similar rationale applies to the measurement of propeller wash. An SSB-funded
review of the effect of propeller wash near
dredging equipment (HR Wallingford, 2006)
indicated that for fairly regular conditions,
the vertical erosion rate at the point of
greatest erosion could be in the order of
10-15 cm/s. On the basis of this study, it
was decided to attempt to quantify
propeller wash from simple depth sounding
behind the moving vessel, in combination
with simultaneous ADCP concentration
measurements over the water column,

Figure 8. Site layout left, of the Rotterdam (2007) field trial and of grain size distributions of areas F and G.

rather than putting frames on the seabed
equipped with very advanced sensors that
measure propeller wash during passage of
the vessel over the frame.
The harbour entrance of the Port of
Rotterdam (Figure 9a) was selected as the
field site for this trial for several reasons.
Since most parties involved are based in
Rotterdam or its direct neighbourhood,
logistics are relatively easy. Moreover, the
site offered the opportunity to monitor a
combined nourishment / maintenance
dredging project, which was carried out by
the trailing suction hopper dredger Oranje.
This dredger, operated by Boskalis, is
equiped with a green valve and was
scheduled for a docking period just prior to
the field trial. The latter offered the
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opportunity to mount specific overflow
sampling equipment safely and accurately
under controlled, dry conditions.

Field measurements
The Rotterdam (2007) field trial was carried
out between May 1 and May 12, covering
a total of 7 measurement days. Overflow
measurements were carried out onboard of
the Oranje (Figure 9); all other measurements were taken from with the help of
the survey boat Corvus (Figure 10), which
is operated by The Dutch Ministry of Public
Works Rijkswaterstaat.
During the first two measurement days,
the Oranje was dredging sand for beach
nourishment in front of Hook of Holland;
the other five measurement days were
spent on maintenance dredging in the
Maasgeul (areas E, F and G, cf. Figure 8).
Most good-quality measurements were
collected during maintenance dredging.
The site is characterised by a 1-2 m tidal
range, fairly strong currents (up to 1.5 m/s)
and, being fully exposed to North Sea
waves and swell, possibly big waves.
A variety of sediment grain sizes is found,
ranging from sand in the offshore borrow
areas, via fine sand, Area G and fine sand
with silt, Area F to mud, Area E (Figure 8).
The measurements onboard of the Oranje
focussed on the quantification of overflow
losses. To that end, an airlift was being
designed and built to lift mixture samples
from the lower end of the overflow to deck
level. An airlift type construction was
chosen to enable in-situ sampling in the

Figure 9. Overflow measurements were carried out onboard TSHD Oranje involved with the Rotterdam (2007) field trial.

overflow, while avoiding the need to
mount vulnerable, submerged pumps in the
overflow and minimizing possible failures
due the presence of air bubbles. The airlift
(Figure 11a) consisted of a 2.5 cm wide,
approx. 18 m long suction tube mounted
within a strong, steel pipe to create
sufficient stability. Near the lower end, a
vertical suction mouth was placed, which
was continously flushed while not in use to
avoid siltation. A third, 1 cm tube was
mounted within the overflow to inject air in
the suction tube at approximately 1 m
above the lower end. After being collected,
the mixture is run through a combined
mixing / sampling device (Figure 11b/c).
While doing so, the material passes a
perspex cylinder with a so-called Medusa
sensor mounted on it, which measures
mixture density in real time from the
radiance decrease across the cylinder.

In addition, simultaneous bottle samples
were collected during a few runs, in
support of further ground-truthing (in
retro-respect) of overflow samples taken
during the Rotterdam (2002) field trial.
The survey boat Corvus was responsible
for all measurements around the trailer,
including collection of bed and water
samples for calibration purposes. The
Corvus was equipped with two ADCPs,
one mounted on a stabilised towfish
(Figure 12a) for the monitoring of draghead
plumes and a second mounted on a frame
aside the Corvus (Figure 12c) for the
monitoring of passive plumes behind the
trailer. The data on draghead resuspension
were obtained by sailing the Corvus
extremely close astern the Oranje (Figure
12b) with the ADCP towfish floating at a
depth of about 10 m to avoid any
interference with propeller impacts.
Besides the frame-mounted ADCP data,
concentration measurements were also
collected with the help of a string equipped
with three OBS sensors. During sailing
these sensors migrate up and down the
water column to arrive at a good spatial
coverage of the plume. The two duplicate
measurements were carried out to obtain
good understanding of the accuracy of
both methods, as a function of the distance
to the dredger (hence air bubble effects).

Figure 10. The survey boat Corvus which was provided
by The Dutch Ministry of Public Works Rijkswaterstaat.
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Figure 11. Measurement of overflow losses on-board
of the Oranje: (a) Airlift, (b) overview of measurement
area including Medusa sensor and (c) mixture sampling
in 0.5 liter bottles from mixing device.

insight in optimal means to collect overflow
samples for the quantification of overflow
losses over a range of soil types, overflow
configurations and environmental
conditions.
Moreover, it is expected that the Rotterdam
(2007) field trial will help to assess the
relevance of draghead plumes and propeller
wash in view of dredging-induced turbidity,
as well as the benefits of using a green
valve. Both data sets will be used for TASS
model validation and the idenfication of
future model developments and research
needs.Although the TASS programme
focusses on dredging-induced turbidity
increases, it should be noted that dredging
is just one of a series of processes that drive
sediment plumes.

b

Finally, regular survey equipment was
deployed for the measurement of propeller
wash from bathymetric changes and water
quality parameters such as salinity and
temperature.

propeller wash measurements. The data
sampled during the Rotterdam (2007) field
trial are presently being analysed. Preliminary
results reveal robust performance of the
airlift system to collect sediment samples
from the overflow.

Results
During the Rotterdam (2007) field trial,
overflow losses were measured during
14 different trips. Besides, a total number
of 6 passive plumes, 11 draghead plumes
and 8 propeller wash events were
measured. When compared to numbers
aimed for prior to the trial, this corresponds
to data return rates of about 90%
(overflow losses), 30% (passive plume),
70% (draghead plumes) and 80%
(propeller wash). The large percentage for
the overflow losses is attributed to good
performance of the airlift, in combination
with the added value of the bottle samples
and Medusa concentration measurements.
The somewhat disappointing percentage of
data return for the passive plumes is due to
the large wave height offshore, which
exceeded 1.5 m during most of the experiment. Fairly good percentages of data return
were obtained for the draghead and

Moreover, mixture densities thus measured
are consistent with the data retrieved from
the Medusa sensor. The data will be used
for the validation of specific components of
the TASS model as well as the identification
of future model developments.

CONCLUSIONS
The work presented here shows the recent
progress in the framework of the TASS
(“Turbidity Assessment Software”)
programme, which aims at the development of a validated model to predict
dredging-induced turbidity levels. A key
component of this program is the execution
of a series of large-scale field trials to
collect high-quality data that can be used
for model validation purposes. Recent field
trials carried out in Bremerhaven (2006)
and Rotterdam (2007) resulted in valuable

These processes include natural events,
shipping operations and fishing activities.
An inventory of these processes suggests,
at least qualitatively, that the annual impact
of these processes is of the same order of
magnitude as dredging. Consequently, the
conclusion must be that “The day after we
stop dredging” will by no means mark the
onset of a world without sediment plumes.
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