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Abstract: The discharge of fines during dredging and theaichpf these fines on seafloor habitats is an
important aspect in environmental impact assessménir vision is that the effects of dredging oa th
environment, should be related to the impact ofdyr@amics of nature itself.

The potential effects from sediment plumes on #edleor sediments can only be understood wherotaé t
release ofine sediments from the overflow can be related toniteiral variation in concentrations of fines in
seafloor sediments. Today, the buffering capadithe seafloor for fine sediments has been estidydet has
hardly been measured. The natural variation @&sfiand thereby the buffering capacity of the seaftan be
monitored and natural dynamics due to resuspemsidiarge-scale sediment transport patterns can be
qguantified. The sediments released from the owsréiba hopper dredger are composed of sand andifise
Since the sands will behave completely differenthtofines, information on the total volumefisie material
from the overflow is an important parameter. THease of fine material from a hopper overflow dgrin
dredging can be measured . With this quantificatibsediment release, and the information of thdfeling
capacity of the seafloor sediments, the net effétiie release of fines during dredging can bateel to the
dynamics of nature.
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1 INTRODUCTION

The discharge of fines during dredging and the rhpéthese fines on seafloor habitats is an ingrdraspect
in environmental impact assessments. The sciegtiicmunity lacks information on resuspension oégiiie.g.
buffering of fine material in the upper sedimeneaduring summer), the release of fines from therfbow
during dredging and the net effect of this releas¢he sediment bed. As a result, various projeate suffered
from delay due to unanswered questions on the @mviental effects of dredging.

Our vision is that the effects of dredging on thegienment, should be related to the impact ofdireamics of
nature itself. One can imagine how fine sedimerdseatrapped in the active layer of the seaflodimsents.
During storms, these sediments are released frerhgtl are brought into suspension in the watemool
However due to the small quantities involved, teiease in the water column is difficult to measar
example the complete resuspension of silt fromdénsent layer with a silt content of 1% in the tap &n of the
active bed, will result in a suspended silt coneitn of about 300 ppm in a water column of 9misTow
concentration is about an order of magnitude Iawan the lower limit of detection of commonly used
concentration meters. Measuring variations ofcsititent in the concentrated form (which is in skabed)
gives higher accuracy, provided that the spatsdltgion of the mapping is accurate enough. Dedail
monitoring of sediment composition of the seafloan help to determine the natural variability ¢f sdntent in
seafloor sediments.

Understanding the effects of dredging on seaflediraents not only requires understanding of tharaht
behavior of fine material, but requires detailefdimation on the losses of fines during dredgingrafions.
One important loss of sediment during dredgindpésrelease of material from the overflow of a hapredger.
Projects investigating these effects (Aarninkh@0&) mainly focus on the total release of matdrah the
overflow and do not distinguish between coarsefaredsediments. For a better understanding ofrtfpact of
fines on the seafloor sediments, not only the tati@lase from the overflow should be monitored; &t
composition of the released material should besoneal. This paper focuses on two aspects:

1) We will show how natural variability of fine matetiin seafloor sediments can be monitored
2) We will show how the composition of sediments reshfrom the overflow can be monitored during
dredging

2 MAPPING SEDIMENT COMPOSITION

Traditionally, silt content in the sediment bedl&termined by taking sediment samples by (box)gasin
taking grab samples. These measurements giveadednformation on one spot, but spatial variatiothe silt
content e.g. due to the presence of small-scalpmotwgical features as ripple structures can résulata that
is not representative for large areas. Spatiahtiari can be mapped by taking large amounts ofrseri
samples, which is often too expensive.

Different hydrographic methods exist to map theatam in the composition of the sediments on tafleor.
Analysis of the acoustic signals multi-beam andjlsiftbeam echosounders or side-scan sonar, gighs hi
resolution images of the composition sedimentss Triformation helps to zone the seafloor in a eassith
one type of acoustic reflection that can be rel&beal certain type of sediment. It is though natgilole to
determine absolute concentrations of silt and sarabsolute values of grain sizes of the sedimedt(du Four
et al, 2005). We propose a method that directlgsuees some chemical constituents of the seaftmbments,
that can directly be related to sediment compasifidnis relation is established by a calibratiothia
laboratory.

This system (called Medusa) is towed over the seafbehind a vessel. Each second, the system nesasur
concentrations of the natural occurring radionegiof the seafloor. These radionuclid®& (**2Th and®*%U)
are present in rocks and sediments since the asfgime earth and can be measured with a gamma
spectrometer. The system is completely passivaraabures the background radiation that is emityesbil



and sediments. Various research projects have showrsilt, sand and heavy minerals contain difiere
concentrations and ratios of radionuclides (de &eil998). This method is also commonly used tosumea
median grain size in the field (Nederbracht and idans, 2005). The specific concentrations of these
radionuclides for each sediment fraction (alsoechfingerprint) allows the measurements of theaiawltlides
in the sediment to be translated into maps of sedirnomposition.

The advantage of the proposed system over tradltsgdiment sampling, is that the detailed mapsediment
composition determine the spatial variation at alsstale. Moreover, it is a cost effective metfiod
monitoring purposes.

In a project for Rotterdam harbor, the transpoffired material, relocated to in several gravel,pitas
monitored with the medusa system and with a medtib. Therefore, two surveys have been conducted: on
survey prior to disposal and one survey after teary of disposal. An area of 10x9%was monitored. The
entire survey was carried out in four days and aigap about 120 .000 datapoints.
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Figure 1: Comparison of silt fraction (ranging frénto 1) of totale sediment of the seafloor, befomd after disposal.

Figure 1 shows the distribution of fine sedimentthie area around the former gravel pits (bluearagle). At §
the disposal site does not contain any sludge.cbheentrates of sludge in the other parts of tha ariginate
from a former disposal site (Venema and de Me}801). At t the disposal of the harbour silts can clearly be
noticed by the increased silt concentration inftmener gravel pit. The dispersal from the gravelipismall; the
sludge extends only 250 m around the sides ofithe p
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Figure 2: Map of the difference in silt contentlloé sediment before and after disposal.

The transport of the sludge from the dumping sitqeuantified with a map showing the difference ktwthe
two measurements (figure 2). With this informatiarmass balance is constructed that has beentased
validate the results of model calculations. Tharditative information on the transport of sedimeam help to
refine models for an improved assessment of thecfeness of a spoil depot.

3 MEASURING THE COMPOSITION OF SEDIMENTSRELEASED
FROM THE OVERFLOW

The dredging industry is often criticized for hayian adverse environmental impact, particularlgtigh
generation of sediment plumes during project imgetation. Various studies are started to estimateg
generation during dredging (see e.g. Aarninkho®&Q@vith particular emphasis on the sediments selédrom
the overflow during dredging. One of the majoridiffties in these studies is the measurement offatad
volume of sediment released from the overflow angarticular to differentiate between the lossioné$ and
the loss of coarse sands during dredging. In thegles, information on the composition of the mate
released is determined by a number of sedimentleamfspart from the fact that this is a very elatier
procedure, the measurements give only point inftiondrom one part of the overflow system.

We have developed a metering system for real-timasurements of the sediment concentration and satim
composition (sand/clay ratio) in the overflow dfi@pper dredger. This system has been demonstratskbi
experiments during dredging operations. The sysdmsed on identical principles as described altnee
Medusa system) and uses the fact that the absmnteentration of fine sediments within the overfleystem
depends on the total concentration of sedimerttseiwater passing the overflow (the sediment/wago) and
the concentration of fines within the sediment mmigt(the clay/sand ratio).



The Medusa system passively measures concentratioragural occurring radionuclides. When the sysig
placed in a clay/sand/water mixture, the conceintmatof the radionuclides will depend on the amafrwater
in the medium measured (the signal will be dilutkel Groot et al, 2009) and the signal will dependhe
silt/sand ratio in the medium (van Wijngaardenlg@02). After a proper calibration of the ‘fingeint’ of the
sediments dredged, the measured signal can béatethi a silt/sand ratio and in a sediment/wedgo. The
system can be operated continuously and can betasedke a mass balance of the total amount of fine
sediments, and coarse sediments released fronvéintioov. Measurements in an overflow (figure 3pshthe
variation in total density during a dredging cyated show the contribution of mud (silt) to the esled
material.
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Figure 3: example of density measurements andectrations of mud and sand from an overflow release

4 EFFECTSOF DREDGING INRELATIONTO THE DYNAMICS OF
NATURE

The potential effects from sediment plumes on #edleor sediments can only be understood wherotaé t
release ofine sediments from the overflow can be related tontiteiral variation in concentrations of fines in
seafloor sediments. Today, the buffering capadithe seafloor for fine sediments has been estidydtet has
hardly been measured.

We have shown that successive mappings of seaftmbiment composition can be used to monitor thesprart
of fines from a disposal site. The natural variatdd fines and thereby the buffering capacity & seafloor can
be monitored in a similar way: long term monitorisighe silt content of the seafloor can help tarmjify
natural dynamics due to resuspension and large-sediment transport patterns.

The sediments released from the overflow of a hodperiger are composed of sand and fine silts eSime
sands will behave completely different to the firiaformation on the total volume fihe material from the
overflow is an important parameter. We have shdvan the release of fine material from a hopper ftmer
during dredging can be measured . With this quaatibn of sediment release, and the informatiothef
buffering capacity of the seafloor sediments, tbegaiffect of the release of fines during dredgoan be related
to the dynamics of nature.
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