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a b s t r a c t

The mining sector is growing in parallel with societal demands for minerals. One of the most important
environmental issues and economic burdens of industrial mining on land is the safe storage of the vast
amounts of waste produced. Traditionally, tailings have been stored in land dams, but the lack of land
availability, potential risk of dam failure and topography in coastal areas in certain countries results in
increasing disposal of tailings into marine systems. This review describes the different submarine tailing
disposal methods used in the world in general and in Norway in particular, their impact on the environ-
ment (e.g. hyper-sedimentation, toxicity, processes related to changes in grain shape and size, turbidity),
current legislation and need for future research. Understanding these impacts on the habitat and biota is
essential to assess potential ecosystem changes and to develop best available techniques and robust man-
agement plans.

� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

To date, there is no peer-reviewed overview of the environmen-
tal impacts of mine tailing disposal in the marine ecosystem at the
global scale, with lessons learnt and knowledge gaps. Such a
review can help compile lessons across regions and settings to pro-
mote more effective disposal practices and management.
Furthermore, a large amount of the scientific data on STDs from
Norway (the country with most inactive and active STDs) is in
internal reports in Norwegian and, thus, not easily accessible to
the international community. The current paper reviews
STD/DSTP settings, environmental impacts, recovery potential, sta-
tus of Norwegian studies, legal issues, natural analogs and knowl-
edge gaps, providing a central and up to date source of information
on this topic. We close with recommendations to advance scientific
understanding, governance and decision making regarding sub-
marine and deep-sea mine tailings placement.

1.1. Mining and economics

With increasing societal demands for mineral resources, mining
at the global scale is in a phase of rapid growth (Vogt, 2013; Dold,
2014). However, the role and importance of the mining sector in
individual countries’ economies is not well established as a topic
in economic analysis (Roe and Haglund, 2012). The nominal value
of the world’s mineral production was almost four times higher in
2010 than in 2008, caused by higher market prices and increased
production volumes. Over the same period, increase in world min-
eral production value was clearly greater than world Gross domes-
tic product (GDP). Statistics compiled by the International
Organizing Committee for the World Mining Congresses show that
from 2002 onwards, there has been marked increase in world min-
ing production volumes, only interrupted by a minute decrease in
2009 (Reichl et al., 2014). Worldwide, the production has increased
by 79% from 9418 megatons (Mt) in 1984 to 16863 Mt in 2012
(Fig. 1). During the same period, Asia has always been the largest

producer among the continents and its expansion over the period
was 171%, so that from 2005 to date, more than half of the world’s
mineral production originated from Asian countries. By 2012,
China was the number one country of mineral producers in all
classes of commodities except noble metals. Sorted by commodi-
ties, production volumes worldwide over the period 1984–2012
increased from 62% for industrial minerals to 211% for iron and
alloy metals used in steel manufacturing (Fig. 2).

The world data comprise computed amounts of the economic
compound of the different products. Similar figures are available
for the Norwegian mining industry for the period 2010–2013
(Neeb and Brugmans, 2011; Neeb, 2012, 2013, 2014). Norwegian
figures are given as tonnes of concentrates produced and are
grouped slightly differently than the international data, but they
nevertheless show a similar increase in produced volumes over

Fig. 1. Annual mineral production by continent, based on evaluation of reports
from National Committees of member countries of the World Mining Congress.
Numbers (million tonnes) are calculated content of valuable element or compound,
not mine production or produced concentrate. Data from Reichl et al. (2014).
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