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The basis for the evaluation of the environmental benefit 
from remedial action is the reduction in the release rate 
of contaminants from sediments at the site. Normally, a 
high observed release rate, implying a potential environ-
mental risk, will trigger remedial action. During remedia-
tion, handling of contaminated sediment can cause an 
initial increase in contaminant release. 

After a successful sediment remediation the release 
of contaminants to the environment will decrease. To 
achieve a net positive environmental effect from remedi-
ation, the increased release during the remediation must 
be outweighed by the reduced release after the reme-
diation. This emphasizes the need for quantifying release 
rates both before remediation and during all stages of 
the process.

Contaminant flux before, during and after remedial action.
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The effectiveness of a remediation (RE) can be quantified using estimates or measurements of contaminant transport in the different 

phases of the project as shown in the formula, where time (t) is the number of years after the remediation is completed. 

In order to calculate the correct remediation efficiency (RE) it is important that the estimated or measured release of contaminants 

during and after remediation comprises all relevant processes. 

For projects to be successful from an environmental point of view, the overall contaminant release after remediation has to be 

reduced compared to the initial situation. This means that RE must be greater than 0 within a reasonable time frame (5 to 20 years 

after the end of the remediation, depending on the type of project). If RE < 0 at the time of evaluation, the remediation has caused 

a net increase in release of contaminants, and no environmental benefit has been obtained.

Remediation effectiveness
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A CDF was constructed for Hg and HCB contaminated 

dredged material on contaminated near shore sediments in 

the Gunneklevfjorden close to one of Norway’s largest indus-

trial areas, Herøya. The efficiency of the CDF was evaluated 

by making a budget of estimated contaminant emission from 

the disposal area before, during, and after construction and 

filling of the CDF. 

Laboratory tests and an analytical model were used to calcu-

late advective and diffusive transport of contaminants both 

from the dredged material and from the original contami-

nated seabed sediment at the disposal site. The estimates of 

contaminant transport predicted that transport of contami-

nants from the CDF would be orders of magnitude less than 

the release from the contaminated sediments at the disposal 

site prior to the realization of the CDF. 

Monitoring of contaminant transport, after realization of the 

CDF, has so far shown that the actual transport is much lower 

than the conservative estimate presented in the budget of 

contaminant transport. These results show that there can be a 

large environmental and cost benefit from disposal of dredged 

material in CDFs at previously contaminated sites. 

This case study demonstrates how budgeting and accounting 

of contaminant transport can be a powerful tool for impact 

assessment and definition of realsitic goals before realisation 

of a remediation project. It will also help in the interpretation 

of monitoring data and the identification of the most critical 

transport mechanisms during the different phases of the 

project. 

Remediation effectiveness  
of a confined disposal facility

Release during remediation 
Under natural conditions on the seafloor, diffusion of con-
taminants and sediment redistribution by bioturbation 
and erosion are the main contaminant release process-
es. During remediation the dominating release process 
will be highly dependent on the selected remediation 
method. Physical disturbance during dredging will result 
in significant resuspension, possibly inducing desorption 
of contaminants and increased aqueous concentra-
tions. Particle-bound transport can also contribute to the 
spreading of contaminants from the site. 

During disposal particle-bound transport is often signifi-
cant. Also consolidation of the dredged material can 
result in the in release of contaminated pore water to 
the water column. The load (stress) exerted by the cap 
on the underlying sediments can induce additional 
pore water expulsion. The significance of this effect will 
depend on the water content of the sediments and the 
effective stress the capping layer exerts on the underly-
ing sediments.

Process Natural 
condition

Dredging Disposal Capping

Diffusion high high high low

Bioturbation high low low low

Resuspension low high high low

Desorption low high high low

Consolidation low low high low

Release mechanisms related to various remedion strategies.

Model describing the shear stress at the edge of a capping layer.
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Finding site-specific solutions
Large variations in geographical conditions, contamina-
tion history and present-day area use make it impossible 
to find one unique solution for contaminated sediments. 
Based on a proper understanding of the many processes 
involved in contaminant behaviour and environmental 
risk, methods can be selected to achieve the environ-
mental objectives for restoration of impacted fjords, 
harbours and the coastal zone.

Historically the sediments have been a sink for the con-
taminant input, from rivers, urban and industrial activity 
as well as atmospheric input. Significant reduction in 
industrial point sources has been achieved over the last 
decades. Detailed site investigation can answer the 
question whether the present sediments still form a sink 
or, in contrast, are a secondary source of contaminants 
to the fjord system. Diffuse sources related to our daily 
life, like run-off from traffic and urbanised areas, have 
been shown to be significant for the coastal zone. This 
contaminant input sets clear limits to the environmental 
objectives that can be achieved by sediment remedia-
tion alone. 

Significant environmental improvement of fjords and 
coastal zones can only be achieved if a set of remedial 
measures is implemented that covers all relevant sour
ces, on-land, near-shore as well as off-shore ones. This 
clearly indicates that sediment contamination is not an 
echo from the past but a mirror of our daily behaviour.

The city of Drammen is situated 40 km south-west of Oslo, 

the capital of Norway. Industrial development in the region is 

concentrated along the Drammen river, Norway’s third larg-

est. Discharge from historical industrial activity has resulted in 

polluted sediments in the Dram-

mensfjord, a typical Norwegian 

fjord with restricted circulation 

due to a shallow sill at the end 

of the fjord and a brackish sur

face layer from riverine input. 

As a result of pollution of the 

Drammensfjord, restrictions on 

fishery and fish consumption are 

imposed. 

In order to find a realistic environ-

mental goal for the remediation of the Drammensfjord, a large 

field study was launched by the local environmental authorities. 

During one year a whole range of novel scientific monitoring 

methods, along with standard marine sediment sampling, were 

used to quantify active sources and identify the dominating 

processes of pollution transport in the marine environment.

After compiling and assessing the huge amount of data from 

the field study a surprising conclusion had to be drawn: “Sedi-

ment remediation will be useless unless local diffuse sources are 

eliminated”. These sources include effluent from a shipyard and 

run-off from urban and industrial areas. The data also allowed 

the establishment of realistic environmental objectives for any 

remediation activity in the region. 

Will it be necessary to dredge or cap the marine sediments in 

the area, after sufficient source control? In contrast to many 

Norwegian fjords, where low sedimentation rates prevail, natural 

recovery could well be a feasible solution in the Drammens

fjord. This alternative will be the focus of an intense monitoring 

program the coming years. The aerial photo clearly shows 

sediments from one of the two major rivers entering the Dram-

mensfjord. Is this material of such quality and deposited in such 

amounts that it can act as a natural “cap”? 

Remedial action plan Drammen

Urban run-o� Riverine input
Atmospheric deposition

Groundwater

Fjord system

Sediment

Solutions

Sources of contamination in fjord systems.
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