
PAME-workshop 2023

Marine Tailing Disposal: 
The Norwegian 
Experience

Hilde Cecilie Trannum
Senior researcher, Norwegian Institute for Water Research
Associate professor, University of Agder



MARUM, 
DE

• Disposal of tailings in the sea 
• In Norway, fjords are often selected as disposal sites because

– Many mineral ores are located adjacent to the coast
– Natural sedimentation basins

• Magnitude up to order of million tons/year!
• Mine tailings

– Particles of chrushed stone
– Minerals and metals
– Process chemicals

SUBMARINE MINE TAILINGS DISPOSAL (Sjødeponi)Submarine tailings disposal (STD)
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Norwegian sea deposits

Ramirez-Llodra, Trannum et al., 2015. Mar. Poll. Bull.



FIMITA: Benthic colonisation and recoveryControversial!
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FIMITA: Benthic colonisation and recoveryStudy framework of the research project NYKOS

Ramirez-Llodra, Trannum et al., 2022. Mar. Poll. Bull.



• The fjord bathymetry will be permanently altered! 

• The dispersal, distribution and stability of submarine 
tailings are linked to the natural processes operating 
on the seafloor 

• Modern multibeam echosounder technology can 
provide high-resolution bathymetry and backscatter 
datasets, which, combined with the results of seafloor 
sediment characterization (seabed samples) and 
visual observations (video footages of seafloor) can be 
used to produce detailed, full spatial coverage 
geological maps

• Such maps provide information on sediment dynamics 
and can outline areas where erosion or accumulation 
processes from STDs are prevailing. The maps also 
help to uncover areas that can be sensitive to slope 
failures

FIMITA: Benthic colonisation and recoveryGeological mapping and monitoring of the seafloor

Baeten et al., 2020, Nor. J. Geol. 

Frænfjorden



FIMITA: Benthic colonisation and recoveryModelling and measuring spreading of tailings particles

• A new particle imaging system to directly observe mine tailings flocs in the 
ocean was developed 

• Numerical models that can simulate the spreading and flocculation of tailings 
particles were developed

Nepstad et al., 2020, Reg. Stud. Mar. Sci.
Ramirez-Llodra et al., 2022, Mar. Poll. Bull 

• Model simulations combined with knowledge on biological impacts of tailings 
can be used to determine environmental risk 

• Model simulations can be used to minimize environmental footprint through 
optimization of the discharge



• In the processing plant: State and mobility of 
chemicals in tailings mixed with sea water prior to 
discharge was studied 

• In the environment: Transformation products of 
chemicals were studied, by a novel analytical 
procedure

• Transformation product of a flotation chemical was 
detected in sediments, pore water and benthic 
fauna (holothurians) and blue mussels up to 2 km 
from the discharge outlet

• A suite of biomarkers measured in the mussels 
indicated a clear stress response 

• The methodology developed revealed a large 
potential to develop advanced monitoring 
strategies and to understand how process 
chemicals in mine tailings migrate and transform in 
the environment. 

FIMITA: Benthic colonisation and recoveryDynamics of process chemicals pre and post discharge

Ibragimova and Kleiv, 2018
Brooks et al., 2018, Mar. Environ. Res.



FIMITA: Benthic colonisation and recoveryEcotoxicology

• Ecotoxicity assessments (algae, Crustacea, and Mollusca) with different tailings 
• Sibelco (no chemicals)
• Sydvaranger (flocculation chemicals) 
• Omya Hustadmarmor (flotation chemicals, very fine sediment)

• Differences in particle and waterborne toxicity between the mine tailings
• Sibelco tailings were most toxic based on waterborne exposures
• Hustadmarmor tailings were most toxicity based on sediment exposures

Brooks et al., 2019, Chemosphere

Hustadmarmor Sydvaranger Sibelco

Photo: S. Brooks



• Responses were studied at the benthic community level (structure & function) 
with the three different tailings

• The experimental studies showed:
• Significant effect of all tailings > 2 cm 

• Most pronounced effects of fine-grained tailings with flotation chemicals (Hustadmarmor)

• Rapid initial colonization

FIMITA: Benthic colonisation and recovery
Effects on benthic fauna

Experimental studies

Infau
na

Epifau
na

In situ (Frænfjorden - Hustadmarmor)

Trannum et al., 2018; 2019; 2020

• The field studies showed:
• The infauna close to the tailings outflow was dominated by tolerant species, indicating a 

community shift

• The abundance of epifauna showed a stronger reduction close to the tailing outflow than 
the infauna



Repparfjorden (Nussir)

Jøssingfjorden (Titania)

Old (and new) sea deposits
Sulfide tailings 
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Disposal of mine tailings 

1972-1978: Disposal of approx. 1 million ton 
of copper-mine tailings

2019: Permit for new disposal
Operating period ~30 years
1-2 million ton mine tailings pr year

Repparfjorden – past and present
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Jøssingfjorden – past and present

Disposal of mine tailings 

1960 - 1994: Sea disposal

1994 - present: Land deposit

Future disposal where? 

Dyngadjupet
1984 - 94

172 →113 m

Jøssingfjorden
1960 - 84
84 →30 m

Titania land deposit
1994 -

Dam height 85 m
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Method: Mesocosm – multispecies test
Treatments: 

• Control
• Titania tailings (2 cm)
• Nussir tailings (2 cm)

Duration: 4.5 months
Samples: Macrofauna, sediment parameters, trace metal concentrations

Mesocosm experiment: Nussir and Titania tailings



Trannum & Schaanning, 2017;
Schaanning & Trannum in prep.

Mesocosm: Mine tailings affected sediment communities

Main findings:
• Mortality in both tailings treatments
• High metal levels in tailings treatments



From seabed to defaunation 
and manipulation to seabed

Location: Repparfjorden – close to new deposit site

Method: Experimental trays, Repparfjorden tailings

Treatments: 

• Control

• 6 mm tailings

• 10 mm tailings

• 14.5 mm tailings

Duration: 15 months

Samples: Macrofauna, sediment parameters, trace 
metal concentrations 

Repparfjorden colonisation experiment



Mine tailings negatively affected colonization of marine species

Trannum et al., 2023, J. Sea Res.

Main findings:
• Rapid initial colonization
• Reduced colonization at a scale of mm
• Changed substrate and/or toxic effect?

Biomass



Main findings:
• Tailings from the old deposit are still 

present and enriched in metals
• The fauna obtains class «good», 

according to the WFD, altough there are 
signs of stress

• Full community recovery and 
normalisation of metal leakage rates 
may take several decades, despite an 
initial rapid colonization

• Capping may prevent long-lasting effects

The seafloor is still affected by the old deposits

Schaanning, Trannum et al., 2019

Repparfjorden

Jøssingfjorden

Schaanning, Trannum et al., 2019, Mar. Poll. Bull 
Trannum et al., 2023, J. Sea Res.
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Impact mechanisms of mine tailings

• Common for all mine tailings: 
• Hypersedimentation (-> food dilution)
• Allochtonous material in the marine environment
• Chrushing and grinding increase the surface area and the 

reaction rates

• Depending on the ore and process plant:
• Size (often very small)
• Shape (freshly grinded, sharp edges, needles)
• Reactive minerals (e.g. sulphides)
• Remnants of process chemicals (flotation & flocculation)

• Fine-grained tailings with flotation chemicals were 
most harmful

Trannum et al., 2018. Sci. Tot. Env. 
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“Biological” knowledge gaps

• Better understanding of 
• effects on the pelagic community
• effects on hard substrate/sessile fauna
• the particular impact mechanisms and effects of 

particle shape and size in particular
• the potential for accumulation and trophic transfer of 

tailings-associated contaminants (metals and 
chemicals) in biota  

• Development of ecological indicators and 
thresholds to identify serious harm 

• Cumulative impacts with other stressors (climate 
change, other industry, …)



FIMITA: Benthic colonisation and recoveryDevelopment of BATs

Ramirez-Llodra, Trannum et al., 2022. Mar. Poll. Bull.

Key areas proposed for the development of BATs for submarine 
tailing disposal operations.



FURTHER READING
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THANK YOU FOR YOUR ATTENTION!


