
PORT TECHNOLOGY INTERNATIONAL   29 

DREDGING AND 
COASTAL DEVELOPMENT

Introduction
Construction activities create a constant need for extensive 
disposal facilities for contaminated soil in the Copenhagen area. 
The land based disposal facilities are however limited due to 
drinking water interests and due to landscape values. At the same 
time there is a need of expanding urban areas for development 
and for e.g. new harbour facilities. Is it possible to construct 
confined disposal facilities seawards and subsequently use the 
reclaimed area for development? 

Situation
North of the existing Port of Køge a confined disposal facility of 
four million tonnes of contaminated soil is being designed. The 
disposal facility will service the area of Copenhagen for a period 
of four to six years. The location is optimally placed at the coastline 
next to existing industrial areas with limited recreational values and 
access to the highway system only 40 km from Copenhagen.

The disposal facility is constructed with an impermeable 
perimeter consisting of mutually anchored double sheet piles. 
The inner sheet pile is sealed with a water swelling product.  
Surplus water is directed to a clearance basin. From the basin it is 
cleansed, if necessary, and dismissed to the recipient. A surveillance 
programme ensures regular monitoring of the recipient water.

The disposal facility constitutes an integral part of a planned 
extension to the Port of Køge. In total 380,000 m2 of reclaimed 
land will be available for harbour activities including 1,200 m of 
quay. To ensure acceptable wave disturbance conditions inside the 
port, two large breakwaters are constructed. The circumference of 
the disposal facility is established as multipurpose quays facilities.

Existing activities of the old southern part of the harbour will 
move to the new facilities making it possible to develop a new 
recreational and housing quarter close to the centre of the town.

An environmental impact assessment (EIA) has been carried out 
giving an over all description of the project and the environmental 
impact. 

Thorough site investigations have been made. Approx. 30 
geotechnical drillings have been made showing a continuous 
geological barrier within the facility of 6-10 m boulder clay 
with a permeability of 1x10-8 – 5x10-9. Further hydro geological 
investigations, including pumping tests, shows that the ground 
water runs towards the sea. i.e. from land to the depot. The 
drinking water resources west of Køge are all protected by a 
watershed. Within the perimeter of the facility there is a leakage 
over the geological barrier of 1,000 – 2,000 m3/year.

Environmental risk analysis
The environmental authorities have drafted an environmental 
permission for the disposal facility including detailed conditions 
on design, construction and operation of the facility including 
a surveillance programme. However, final requirements on 
membrane and drain system of the facility area await the results of 
a current environmental risk analysis.
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Figure 2. Geotechnical investigations are being performed.

Figure 1. Illustration of the extended Port of Køge. The disposal facility includes the grey area in top of the figure.
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In Denmark, traditionally a disposal facility is land based and 
materials are built-in dry. The leakage of the disposal facility is 
controlled using both active and passive systems. The passive 
system includes a natural geological barrier (at least 2 m layer 
with a permeability of 1x10-9 m/s) combined with an artificial 
membrane e.g. plastic membrane. The active system includes a 
drain system with 0.5 m drain layer on top of the membrane for 
draining 99 per cent of the percolate. 

At a seaward disposal facility, as described here, artificial 
membranes should be avoided. Artificial membranes placed 
under water are very difficult to build-in to high quality standard. 
Furthermore, an artificial membrane is very vulnerable for later 
pilling activities. In praxis pilling will not be allowed and thereby 
the applicability of the reclaimed area will be limited. 

If an artificial membrane is to be avoided, an environmental 
risk analysis of the disposal facility has to be carried out clarifying 
whether the disposal facility can be made with a geological 
barrier only without potential harm to the ground water and 
the recipient. It should be noted that if there are drinking water 
interests in the area it is normally not allowed to reduce the 
requirement to the artificial membrane or the drain system.

At Køge disposal facility such a risk analysis is currently being 
carried out and it will take into account both the ground water 
criteria and the recipient criteria. 

For the ground water criteria it is assumed that 5 per cent of 
the percolate leaks to the ground water where a dilution process 
takes place. The dilution rate can be evaluated by hydro geological 
modelling. 

As a basis for the analysis, samples of percolate have been 
collected from another seawards confirmed disposal facility 
receiving the same type of contaminated soils as in Køge. 

If the percolate itself fulfils the ground water criteria (see  
Table 1) the requirement to an artificial membrane and to a drain 
system can be ignored. 

Otherwise, the concentrations of harmful substances in the 
ground water in a distance from the disposal facility equivalent 
to one year of ground water transport (max. 100 m) must be 
evaluated. If the ground water fulfils the ground water criteria, 
the requirements to the geological barrier can be reduced (at least 
1 m layer with a permeability of 1x10-8 m/s).  

Substances Ground water  Recipient  
  criteria criteria

  micro grams/litre micro grams/litre

Arsenic (As) 8 4

Cadmium (Cd) 2 2,5

Chrom total (Cr) 25 1

Cubber (Cu) 100 1,6

Mercury (Hg)  0,3

Nickel (Ni) 10 8,3

Lead (Pb) 10 5,6

Tin (Sn)  10

Zink (Zn) 100 86

Hydrocarbon (C6-C35)  
of this 9 

     C6-C10  200

     C10-C25  2

     C25-C35  2

Benzene 1 2

PAH total 0,2 

Flouranthen  0,001

Benzo(b+j)flouranthen  0,001

Benzo(k)flouranthen  0,001

Benz(a)pyren  0,001

Indeno/1,2,3-cd)pyren  0,001

Dibenz(a,h)antracen  0,001

Toulen  10

Ethylbenzen  10

Xylen  10

Naphtalen  10

Cyanid, total  5

TABLE 1: GROUND WATER AND RECIPIENT CRITERIA  
FOR KØGE CONFINED DISPOSAL FACILITY

Figure 3. Environmental risk analysis – leaking of percolate.
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For the recipient criteria it is assumed that percolate will 
leak to the recipient. It is assumed that the leak is concentrated 
and the initial dilution should be taken into account. Normally 
a dilution rate of 10 can be used. The concentration of  
harmful substances should be fulfilling the recipient criteria 
(see Table 1). 

If the ground water criteria or recipient criteria can not be 
fulfilled an active system should be implemented in order to 
control any leakage. The leakage can be actively controlled by 
lowering the water level inside the deposal facility and thereby 
controlling the hydraulic gradient across the perimeter and the 
geological barrier. By keeping the water level in the deposit lower 
than the ground water level and the seawater level the leakage 
will reverse towards the disposal facility.  

Conclusion
A confined disposal facility can be constructed seawards in areas 
with no drinking water interests and where there is an intact 
geological barrier of very low permeability and of sufficient 
thickness. 

An environmental r isk analysis is necessary in order to 
determine any potential environmental impact from a possible 
leak from the deposit. The analysis should include both the 
groundwater criteria and recipient criteria. 

Leaking can be controlled by lowering the water level inside 
the deposit to a lower level than the pressure of the ground water 
and the seawater level.

A confined disposal facility is an appropriate alternative for 
depositing contaminated soils and harbour sediments.

The construction and operation of the Køge Confined Disposal 
Facility is done in a partnering process between the owner 
Municipal of Køge, the contractor Per Aarsleff A/S and the designer 
Carl Bro Group. The project began in 2005. The construction works 
will be done as Design and Built contract and begin spring 2007 
and the disposal facility will be operational in 2008.
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Figure 4. Bay of Køge.

Figure 5. Port of Køge.


