The importance of understanding sediment
dynamics to achieve a good chemical status
In harbor environments.
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INTRODUCTION MASS BALANCE CONTAMINANT DYNAMICS

EU Water Framework Directive

Background :
= Achieve a good chemical status in aquatic systems.

= All European water bodies have to comply with the
water quality standards of 45 priority substances.

= Multiple contaminant sources exist.
= Water bodies can be interdependent.

=p River systems and contaminant dynamics complicated.

Appropriate management calls for insight in

emissions, transport and behavior of contaminants. I



INTRODUCTION

Port of Antwerp: specific situation

= 80 km inland

= Connection with the
Scheldt estuary via
locks

= Freshwater inflow
(canal) limited
(15 m?3/s)

Scheldt estuary




INTRODUCTION

Port of Antwerp: specific situation

Scheldt estuary:

= Macrotidal
= Turbid
= High flow rate

Harbor docks:

Low flow rate

Low turbidity
High vessel activity
Large dredging
volumes




INTRODUCTION

Objective

Understanding contaminant dynamics in order to establish
appropriate management to achieve water quality targets:
Mathematical risk model (EcoDocks).
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MASS BALANCE

Mass balance calculations: processes

Scheldt estuary Harbor docks Freshwater canal

Emissions:
i diffusive/point

Freshwater inflow

Advection-diffusion:
sediment/water exchange

Land disposal
dredged sediment

Resuspension:

Diff_USiVe flux navigation/dredging
Sediment-water !

Large fluxes




MASS BALANCE

Exchange with the estuary: effect of locks?

Sp. conductivity - averages
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dispersion coefficient: D = 100 m?3/s.




MASS BALANCE

Mass balance calculations: processes

Scheldt estuary Harbor docks Freshwater canal

Input from emissions:
i diffusive/point

Freshwater inflow
15 m3/s

Advection-diffusion:
sediment/water exchange

Land disposal

Speciation: | dredged sediment
Kp - Koc
Diffusive flux Resuspension:
Sediment-water navigation/dredging

Large fluxes | A




MASS BALANCE

Dredging: land dlsposal (AI\/IORAS)
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= Processing most of §
the sediments
dredged in the
docks

= On land storage
of sediments after
dewatering

Removal of large volumes of sediments and

nd assoclated contaminants. ﬂ



CONTAMINANT DYNAMICS

Mass balance calculations: Zn (ton per year)

Scheldt estuary Harbor docks Freshwater canal
Emissions:
+13 tly
Advection Freshwater inflow

Land disposal
dredged sediment
-350 tly

Estuarine influx
+100 to +300 t/y

Resuspension:
Discontinue/temporal

Diffusive flux




CONTAMINANT DYNAMICS

Ecotoxicological risk: Zn

= Uptake and toxicity depends on the dissolved fraction.
= Depends on multiple environmental factors.

Acidity
Organic matter Oxygen
Zn%*
Water hardness
Temperature
Salinity

Speciation (Zn part. / Zn diss.) as an

nd Important factor in risk assessment. ﬂ



CONTAMINANT DYNAMICS

Fate of contaminants: speciation

Scheldt estuary Harbor docks

SPM =100 mg L1
log Kd =4.9 L kg

SPM = 15 mg L
log Kd =5.0 L kg

C-tot. =40 pug L+ C-tot. =28 ug L
C-dis. =5 ug L+ Particulate C-dis. =19 ug L*

C-part. = 350 mg kg C-part. = 600 mg kg

Sediment
C-tot. = 640 mg kgt

Large sediment related influx from the estuary.

nd Low impact on dissolved Zn concentrations? '



CONTAMINANT DYNAMICS

EcoDocks: dynamic risk model for the Antwerp
Harbor docks

Speciation
Mass balance Resuspension

calculations Dredging - Navigation

Bioaccumulation Sediment
Toxicity Sediment- Toxicity

water fluxes
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Thank you for your attention!
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