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Near-Field Dynamics of Discrete Dredged Material Discharge Events in
the Elbe Estuary: Quantifying Deposition Fraction and Plume Evolution

Introduction Results

Dredging and relocation of sediments are essential to maintain navigable At a distance of around 100 m from the discharge location (eastern ADCP profile), the sediment plume was detectable for about 15 minutes, with suspended
waterways and port access in many estuaries. The relocated volumes can sediment concentrations of up to several g/L (see Fig. 3 and 4). At a distance of 300 m (western profile), the plume could no longer be clearly identified,
significantly influence long-term morphological evolution and thus need to be indicating rapid dispersion of the sediment, presumably supported by the pronounced
represented in relevant numerical models. In morphodynamic simulations, ‘0 LU 2000 2500 cross-current sediment transport induced by the channel side slope.

relocation processes require parameterization, typically based on limited g/m?

empirical data, as dedicated field measurements of near-field processes 0 Discharﬁe Plume 0

during discharge at relocation sites are scarce. Therefore, this study aims to
quantify (i) the spatiotemporal evolution of the suspended sediment plume,
(ii) the deposition fraction and resulting changes in bed morphology, and (iii)
the sediment mass balance for individual discharge events.

Figure 3 (left): Plume evolution over time recorded
with ADCP (back) and sediment echosounder
(top) (point measurements, see Fig. 2 for
location).
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12 Figure 4 (right): Lateral extent of the plume
recorded with ADCP around 3 minutes after the
end of the discharge (eastern profile, see Fig. 2 for

location; DE2).
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Based on bathymetric differences derived from multibeam surveys and the in-situ density measurements, the deposited sediment volume and mass were
quantified. The mean bulk density of the deposited material was approximately equal to that of the hopper load (~1200 kg/m?; see Fig. 6). Within the immediate
vicinity of the discharge (area Al: 120 x 60 m), about 10% of the relocated sediment volume was deposited on average. Expanding the analysis to a larger area
| (A2: 280 x 160 m), this value increased to approximately 20% (see Table 1). The resulting deposits exhibited a characteristic morphology, with a central
Figure 1: Location of the relocation site ,Ne3sand”, around 10 km downstream of the depression surrounded by a ring-shaped accumulation (see Fig. 5). Overall, the sediment balance indicates a deposition fraction of approximately 20% under
Port of Hamburg. the observed conditions, while about 80% of the discharged material remained either in suspension or deposited outside of area A2.

e DE1
Methods : o — - o — o
Two measurement campaigns were conducted at the relocation site Day 1
“Neldsand” in the Elbe Estuary (Fig. 1). In total, nine discharge events of a 1 3387 711 21.0 1137 33.6
hopper dredger with a capacity of 3,500m3®* were monitored. The dredged _ 2 3385 572 16.9 816 24.1
material consisted predominantly of fine sediments (> 80% silt and clay). All z 3 3381 143 4.9 176 50
discharges were carried out during ebb tide at flow velocities of up to 1.5 m/s. £-126 %..N 5 10153 1140 119 2129 210
The spatiotemporal e.volutlon ?f the sediment plume was captured using two E: " e, Check: Final vs. Baseline 1139 2118
survey vessels equipped with ADCP systems calibrated for suspended st . v S
sediment concentration. The relocation site was surveyed before and after '..,“' o0 ..i Y 2380 240 4 456 125
each discharge event wusing a multibeam echosounder, sediment prr _'§ . 4 ' '
echosounder, and a density probe to quantify bathymetric changes and the -130] TR S o Smee oy 5 3372 113 3.4 N1 27.0
bulk density of the deposited material (Fig. 2). cord .. 6 3396 505 14.9 590 17.4
1351 | | | | 3 10148 867 8.5 1957 19.3
ety T o0 0 e e ™ ™| Check: Final vs. Baseline 869 1966
777 Target area for MEASUISMEnES TEE ST SN S
;'4'5‘::‘:'9" T P e Figure 5. Difference plots of multibeam echosounder Figure 6: Density profiles recorded Table 1. Deposition fractions for the six discharge events of the second
W hosounderarea  ®  measurements — J— rTnebcIJSL]Jrements for single discharge events (DE), see also at P1 (see Fig. 5) with Rheotune. measurement campaign.
T ' able
Take-Home-Messages
» Different measurement techniques have been combined to » The measurements provide valuable validation » Results indicate that only 10—-20% of the
capture the plume and morphodynamic effects of single data for numerical models and contribute to an released material deposited directly at
Figure 2: Schematic outline of the conducted measurements (left) and deployed hopper sediment discharge events. improved process understanding. the discharge location.
dredger (right).
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