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Wadden Sea

• Tidal area (mean tide 1.6m)
• Tidal prism: 160×106 m3

• Current speeds vary throughout the area. 
Maximum current speeds in channels up to 
2 m/sec

• Bed sediment are mixed. Sand in high-
energy areas but extensive mudflats are
present in protected areas
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Wadden Sea
Source Tons Relative

Fluvial input 10.200 11,3%

Primary
production

9.500 10,5%

Marsh erosion 14.600 16,2%

Other inputs 1.200 1,3%

Input from the 
North Sea

54.900 60,7%
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Port of Esbjerg
Yearly dredging between
200.000 and 600.000 m3

On average 425.000 m3 is 
disposed on the disposal
sites in front of the harbour
A smaller part is deposited
on land due to pollution

A monitoring campaign was
initiated to investigate the 
fate of the disposed
sediment
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Modelling
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Disposal strategy
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Modelling
Disposed
mass [t]

Deposited in 
the area

Exported
through
Grådyb

Exported
through
Knudedyb

Site F
36247 26002 9892 353.5

Site E
40480 20332 19968 180

Site Ø
83652 72532 10319 801

Total
160379 118866 40179 1334.5

Model parameter Value

Settling velocity
0.055×SSC1.2

Critical shear stress for 
erosion (top layer) 0.25 N/m2

Erosion rate
5×10-5 kg/m2/sec
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Monitoring rationale

• Measure the disposed sediments 
effect on the natural suspended
sediment concentrations

• Provide a measure of the dispersion 
of the sediment clouds

• Provide a measure of the grain size
distribution of natural sediment 
compared to disposed sediment

• To provide data for an improved
numerical model
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Equipment - overview

Turbidity S/T Currents Water 
chemistry

Wetlabs
NTU (2)

X

Wetlabs
WQM

X X X

Aanderaa
Sea Guard

X X X

RDI ADCP (T) X
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• Protected against
biofouling

• Autonomous
montoring

• Multi parameter 
instruments

Wetlabs equipment



© DHI

• Multi parameter probe
including currents

Aanderaa Equipment
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• ADCP

RDI equipment
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• LISST-100X

Sequioa equipment
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And 62 water samples
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• Regular tidal semidiurnal currents – maximum speeds during spring 
period is 1.2 m/s

• At this position in the tidal channel there is no pronounced tidal 
asymmetry

Some results - currents
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Turbidity near disposal site under normal conditions (no 
disposal)

Sediment concentrations are generally correlated to the 
current speed and therefore follows the tidal signal
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Disposal

• Trailer split hopper dredger –
Magni R

• Volume 420 m3

• Disposed shortly after dredging 
and the sediment pool seemed 
very loose. This means that all 
sediment is believed to be 
available for transport
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Background station

Placed approx. 2 km from the disposal site. The 
concentations are hardly affected by the disposal but 
are rather correlated to the wind
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• Sediment concentrations increase with 20-50 mg/l in the near field
shortly after the disposal

• Shortly (minutes) after disposal there is no direct effect of the 
disposed sediment at the monitoring site

• In order to monitor the direct dispersion of the sediment a similar
high monitoring frequency is required

Effects of disposal
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Grain size distributions
Not affected
by disposal

Affected by 
disposal

d50 [µm]

Natural 
suspension

73

Overflow
water during
dredging

67

Suspension 
affected by 
disposal

53



© DHI

Probably a combination of:
1. Material accumulated in the harbour is the fine part of the natural

suspension
2. In connection with dreding the natural floc structure is broken and a 

part of the very fine sediment is released during the disposal
3. The coarsest part of the sediment in the dredger is probably not 

released to the water column but is temporarily deposited at the 
site

Why is the disposed sediment finer than the natural occuring
sediment?



Tear off of sediment during settling of lumps

Resuspension of sediment from 
previously disposed sediment

Resuspension of disposed
sediment temporarily deposited at 

the bed

Conceptual model for sediment disposal and transport
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1. Sediment concentrations near the disposal site is changed during
disposal. Shortly after the disposal the conditions are back to 
natural concentrations

2. High frequency monitoring is required to capture this from a fixed
station

3. Stations a few km from the disposal sites are practically not 
affected by the disposal

4. The disposed sediment is finer than the natural sediment but will
probably quickly adjust to the hydrography and be incorporated in 
the natural sediment dynamics

Lessons learned



© DHI

1. The disposed material was natural from the beginning
2. The majority of the disposed sediment will remain inside the tidal

area and be included in the natural sediment dynamics
3. The dredging and disposal strategy will probably lead to a slightly

higher accretion on the intertidal flats than would be the case 
without the harbour basins

So what about the 425.000 m3 that is disposed?



Thank you
Ulrik Lumborg
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DHI are the first people you should call when you have a tough 
challenge to solve in a water environment.

In the world of water, our knowledge is second-to-none, and we strive 
to make it globally accessible to clients and partners. 

So whether you need to save water, share it fairly, improve its quality, 
quantify its impact or manage its flow, we can help. Our knowledge, 
combined with our team’s expertise and the power of our technology, 
hold the key to unlocking the right solution. 
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