
Management 
approach to decide 
upon remediation of 
a complex 
fjordsystem

Marianne Olsen
Projectleader

SedNet, Venice, 08.04. 2011

The Grenland 
fjords, Norway

County Governor 
of
Telemark



The challenge….

100 m deep
>50 km2

100-7000 ng/kg dioxins in sediment
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1951-2002: Norsk Hydro Magnesium plant

Emissions of dioxins, TEQ g/yr
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Development of dioxins in cod liver
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The story…..

1990 20102000

Dioxins!

Treatment measures

Monitoring

Still dioxins!!!

Studies

Remediation
Source control



Project phases

Phase 1 DecisionPhase 3Phase 2

2004 2005-2006 2007-2010

Dredging
Isolating 
capping

Thin layer capping

”Hot spots”
InSitu-testing

In theory:
- Riskassessment
- Scenarios
- Cost/benefit
- Measures  

In reality:
- Effects…
- Consequences…
- Cost…
- Benefit…
- How to decide…  

Need to 
know more

Wide areas
Outer fjord

2011 

Ecosystem approach

Quick
remediation

Status:
- Sources
- State of 
pollution

Pros without cons



Risk assessment:

(NIVA, 2005)

”Hot spots” close to plant

…but risk of human and 
ecological hazard in the 
entire fjord

Start in the inner fjords?

Lower risk in outer fjords



Sedflex;
simulating the fate of dioxins 
in cod liver

NIVA, 2005

! Capping in inner fjords had no effect in the outer fjords !

(47% of area)



Structuring the studies –
basis for a decision

Efficiency of 
remediation

Benefits of 
remediation

Impact of 
remediation

Costs of 
remediation

Rate of 
sedimentation

Resuspension

Current

Topography

Ecosystem structure 
and function

Bioturbation
Biological values

Willingness 
to pay

Climate change

Actual 
remediation sites

Estimates 
based 

on experiences

LCA of 
capping materials

Trawling

Sediment quality
Capping efficiency

Emissions

Measures

Scenarios

LCA of 
capping materials









Thin layer capping

2-5 cm



So far it looks good…..

…..how to conclude? 
…..who is to decide?
…..what are the measures?

…but……

Have to be realistic!!

- Stakeholder involvement
- Authorities … in dialog with industry

Scientific based decision
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Thank you for your attention!
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