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Abstract With increasing metal prices and declining
ore grades, new mines are getting larger and mine waste
disposal and management have become more difficult,
particularly from an environmental perspective. While
technologies keep on improving, the available space for
terrestrial mine waste disposal is limited. Thus, several
coastal countries still consider deep-sea tailings place-
ment (DSTP) as a viable option. This brief review
compares the environmental impacts of DSTP versus
on-land disposal and suggests several factors to consider
in selecting the most suitable options for mine waste
disposal.

Keywords DSTP. Tailings disposal . Environmental
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1 Introduction

With increasing metal prices (e.g., US $25/ounce of
gold in the 1960s to ≥ US $1400/ounce currently) and
declining reserves, ore bodies mined today are of lower
grade than in the past. This leads to increased volumes
of mine wastes (tailings and waste rock) being produced
at operating mines. On-land (aerial and subaqueous) and
submarine disposals are the major options for managing
tailings. Unlike in the past, in-lake tailings disposal is
seldom used today. Similarly, tailings disposal into riv-
ers is not allowed globally (GESAMP 2016), except for
three operating mines in Papua New Guinea and one in
Indonesia. Currently there are about 2500 industrial-
sized mines worldwide and 99.3% of them dispose their
tailings on-land (Vogt 2014). This gives rise to the
existence of at least 3500 mine tailings dams and/or
impoundments (Vogt 2013). Since construction of the
first storage dam, there have been 141 significant re-
corded failures. Vogt (2013) cited 138 dam failures; in
addition, failures occurred in 2014 at the Mount Polley
Mine (Province of British Columbia, Canada), in
2015 at the Samarco Mine, and in January 2019 at the
Vale’s Feijao iron ore mine, both in Brazil. The environ-
mental impacts of the last two dam failures are still
under investigation.

In 2015, there were 16 mines worldwide using sub-
marine tailings disposal (GESAMP 2016) as an alterna-
tive to land-based tailings storage. This paper compares
submarine versus on-land tailings disposal from the per-
spective of environmental impacts. A brief history of
submarine tailings disposal (STD) and the development
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of deep sea tailings placement (DSTP) is followed by a
description of changing regulations to enforce environ-
mentally safer tailings disposal practices on land and at
sea. After a brief discussion on the advantages and dis-
advantages of both techniques , the use of
geoenvironmental ore deposit models (Plumlee and
Logsdon 1999; Seal II and Folsey 2002; Kwong 2003)
to make informed decisions is considered.

2 History of Submarine Tailings Disposal

In the early days, mining operations were largely un-
planned with tailings and other waste materials directly
discharged into the sea as a matter of convenience, for
example, at Howe Sound (Britannia Mine), British Co-
lumbia, Canada (Drysdale 1990; Syvitski and
Macdonald 1982); Tilt Cove, Newfoundland, Canada
(Kwong and Hynes 2003); Portman Bay (Roberto
Mine), and Cartagena, Spain (Pena et al. 2013). This
often led to contamination of the nearshore environment
and adverse impacts on local biota (Castilla and Nealler
1978; Ellis and Hoover 1990). Starting in the early
1970s, pipelines and engineered systems came into
practice for marine tailings disposal. Over time, design
modifications to both the tailings outfall and the final
tailings deposition basin have located them at progres-
sively greater depths to minimize environmental im-
pacts (Ellis and Ellis 1994).

The large-scale practice of engineered STD started in
1971 at the Island Copper Mine in Vancouver Island,
Canada (Ellis et al. 1995; Poling 2002), and the Atlas
CopperMine on Cebu Island, Philippines (Ganguli et al.
2002). In Tasmania, from 1973 to 1977, the Pasminco
Metals EZ Company dumped 170,000 tonnes per
annum of waste (jarosite) from their refinery process
offshore of Hobart at 2000 m depth (Bradford et al.
1999). In addition, two other closed STD operations,
the Kitsault molybdenum mine (British Columbia, Can-
ada) and the Black Angel Mine (Greenland), have been
widely discussed in the literature. While the Island
Copper and Kitsault mines did not seem to have signif-
icant long-term ecological impacts (e.g., Burd 2002), the
adopted STD system at the Black Angel Mine caused
contamination of the receiving fjord (Asmund et al.
1991; Larsen et al. 2001; Loring and Asmund 1989;
Perner et al. 2010). Most STD operations that started in
the early 1970s are now closed.

Overall, as pointed out by Vogt (2013), submarine
tailings disposal is limited to a small number of mines
and types of operation. These include metals (such as
copper, gold, and silver), iron, rutile (TiO2), graphite,
and pigments. Coal, uranium, and diamond mines do
not discharge tailings into the ocean.

The regulatory landscape has also evolved along with
the development of more sophisticated means of marine
tailings disposal. Since the beginning of mining, the
produced mine waste has been placed as close as possi-
ble to the mine. For nearshore mines, often tailings were
disposed into the ocean until establishment of local and/
or national regulations that dictate how tailings should
be disposed or stored. Examples of ocean disposal in
Canada prior to law enforcement include the Tilt Cove
gold mine in northeastern Newfoundland (Kwong and
Hynes 2003) and the Britannia Mine near Vancouver,
British Columbia (Ellis and Hoover 1990; EVS
Environmental Consultants 1997). Due to their small
size and particular oceanographic settings, the environ-
mental effects were not significant but this might not be
true for larger mines.

In North America, STD was legal in the early
1970s. Operations approved for STD in Canada
included the Island Copper Mine and Kitsault mo-
lybdenum mine in British Columbia, both of which
deposited their tailings in adjacent fjords. Due pri-
marily to the subaerially confined locations, the
environmental effects were not particularly signifi-
cant (Burd 2002; Burd et al. 2000; Ellis 2008).
Smaller mines in Southern British Columbia also
discharged their tailings into the nearby sea but at
much shallower depths. With less geographic restric-
tion, the tailings spread and affected biota. Conse-
quently, such operations became unpopular in the
1980s and since then, STD has become illegal.
These examples led to many publications in the
1990s (e.g., Ellis and Poling 1995) that emphasized
the need to dispose tailings at a greater depth.

In South America, there are currently no STD regu-
lations largely due to the lack of big mines near the
ocean, with the exception of an iron mine (Huasco) in
Chile. However, significant environmental effects of
STD at some South American coastal mines have been
reported (e.g., Vogt 2013; Dold 2006; Dold 2014; Lee
et al. 2002). Consequently, Chile is now in the process
of developing regulations on STD to improve the situ-
ation, and Peru is interested in undertaking similar ac-
tions (GESAMP 2016).
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In Europe, out of fifty-three countries participating in
the September 2016 meeting of the Union for Conser-
vation of Nature (IUCN), only Norway and Turkey
voted against an international ban on marine mine waste
dumping. In Norway, three metal mines currently have
permission to dispose tailings into fjords (Vogt 2013).
The first site is a diminishing iron mine near the
Norway-Russia border with tailings that practically fill
up a fjord. The second one is a planned copper mine on
the Barents Sea coast expected to deposit two million
tonnes of tailings annually in the fjord. The third site is
on Norway’s west coast, a rutile ore mine planning to
dump tailings in deep water. Elsewhere, at the Cayeli
Bakir copper mine in Turkey, tailings are essentially
disposed into a deep deoxygenated zone of the Black
Sea (Berkun 2005), while in Greenland mines that used
to discharge tailings into shallow fjords (e.g., the Black
Angel Mine (Berkun 2005) are no longer in operation.

In the Pacific Ocean, particularly closer to the equa-
tor, several mines in Indonesia, Papua New Guinea, and
the Philippines used to dispose tailings into the shallow
sea but currently this practice has stopped (Morello et al.
2016). Instead, deep-sea tailings placement (DSTP) has
become more popular.

3 Development and Recent Status of Deep-sea
Tailings Placement

Currently there are fifteen mining operations around the
world using deep-sea tailings placement (Morello et al.
2016). Typically, the tailings are disposed below the
surface euphotic zone (~ 50–100 m) in areas with rela-
tively low resource use by fisheries. In addition, current
velocities at the prescribed sites are low which allows
targeted tailings deposition, while minimizing resuspen-
sion and redeposition of the tailings (Ellis 2008). In
general, the route to the target area of DSTP has a
sufficient gradient to produce gravitational tailings flow.
Flow routes and deposition sites with potential for quick
sediment recovery to render biological and ecological
recovery are also preferred.

While most current DSTP operations target the open
deep ocean for tailings deposition, in Norway, deep
fjords are the end zone (Vogt 2013; Ramirez-Llodra
et al. 2015). The difference between these two options
lies in unconfined (deep-sea) versus confined (fjords)
disposal. In terms of economic returns, modern technol-
ogies make it possible to recover targeted elements/

metals in much lower concentrations than before; thus,
there is now the potential to re-process old tailings.
Unconfined disposal makes it impossible to exploit that
potential, however. At the ecological level, depending
on the volume of confined tailings deposited in the
fjords, biological effects might not be very significant
in the long term. For example, although original biota no
longer exist near the Island Copper Mine in Vancouver
Island, Canada, new species readily re-established after
mine closure (Burd 2002; Ellis 2000). On the other
hand, Ramirez-Llodra et al. (2015) fully described the
variable effects of STD and DSTP on the submarine
fauna in the fjords of Norway. The main impacts include
higher sedimentation rate, toxicity, turbidity, and chang-
es in sediment grain morphology.

In theory, the critical criteria for DSTP application
are proximity to the coast, appropriate oceanographic
features (e.g., suitable bathymetry), and relatively short
pipelines from the mine to the discharge site. However,
in practice, many currently operating mines use long
pipelines to discharge tailings at a location that satisfies
environmental regulations. For example, the Batu Hijau
copper and gold mine in Indonesia discharges mine
tailings 3.2 km from the shoreline and three mines in
Papua New Guinea (Lihir Gold, Ramu Nickel Cobalt,
and Simberi Gold) transport tailings via pipeline 1.5 km,
450 m, and 528 m, respectively, to the shoreline (Vogt
2013) prior to oceanic disposal. Practically, future mines
should use detailed bathymetric data to determine
whether they are within close proximity to areas having
sufficient depth and slope to facilitate DSTP. Note,
however, it is highly unlikely that DSTP would be a
feasible disposal option for mines located hundreds of
kilometers from the coast (e.g., large parts of central
Asia, Europe, and North America).

In order to understand the general applicability of
DSTP, we constructed a bathymetric map of the seafloor
globally. The aim was to identify broad areas that might
be suitable for DSTP operations using a screening cri-
terion of water depths greater than 1000 m within 1 km
offshore. For the bathymetric data, we used the global
30 arc second GEBCO_2014 topographic grid:
https://www.gebco.net/data_and_products/gridded_
bathymetry_data/.

The map was plotted in R (R Core Team 2017) using
the ggplot2 (Wickham 2009) marmap packages (Pante
and Simon-Bouhet 2013) and was styled to illustrate
global ocean depths and shallow waters (< 1000 m)
including a 1000-m contour around major land masses
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(light blue shading in Fig. 1). As can be seen, large areas
of the world’s coastline are unsuitable for DSTP opera-
tions owing to the shallowness of the coastal waters;
only 0.14% of the world’s coast has water of 1000 m
depth or greater within 2 km of the coast. This includes
most of North America, Europe, and southeastern Asia.
Areas with deep waters close to shore include the north-
ern coast of the Island of Papua New Guinea and a
number of Pacific Islands. Thus, we suggest that DSTP
would be a feasible option only in a limited number of
locations.

Overall, with increasingly demanding international
and national laws on waste disposal into the ocean, it
is unlikely that DSTP will expand much in the future.
Norway, Papua New Guinea, and Turkey will probably
keep using the technique. In Greenland, there are no
plans to use it. Chile may be the only country that will
adopt DSTP for tailings disposal. Consequently, the
total amount of tailings to be disposed in the ocean
would not increase much from the current total of
roughly 200 kilotonnes/day from six operating mines
(Table 1) based on the estimation of Morello et al.
(2016). This total is equivalent to 80 megatonnes per
year or 4 gigatonnes in 50 years if all mines remain in
operation at current production. This number is relative-
ly small when compared with an estimated global annu-
al load of river-borne sediments to the world’s oceans of
20 gigatonnes/year (Syvitski et al. 2003).

In addition, this amount of tailings discharged to the
deep oceans is unlikely to exceed the natural deep-sea
mineral deposits associated with hydrothermal vein sys-
tems in mid-ocean ridges. These ridges are highly
enriched in metals. For example, one of the twelve
prospective deep-sea mining sites found off Papua
New Guinea has the potential to produce 1.3 million
tonnes of ore with 7.5% Cu and 7.2 g per tonne of Au
(Earth Magazine 2014).

4 On-land Tailings Disposal

Over 99% of metal mines dispose tailings on land (Vogt
2014). Depending on the availability of water and extant
regulatory systems, these tailings are stored either un-
derwater or subaerially. Reactive tailings (i.e., with high
acid rock drainage/metal leaching (ARD/ML) potential)
are stored underwater either in engineered impound-
ments or less commonly in low-production natural lakes
or artificial lakes. Often, an engineered tailings pond or
impoundment contains a dam to hold water at a reason-
able depth to deplete oxygen that supports sulfide oxi-
dation. Typically, less reactive tailings are located else-
where at mine sites under dry covers and overlain with
local vegetation upon mine closure. Regardless of reac-
tivity, in some cases, tailings mixed with cement are
used to backfill underground workings. Recently,

Fig. 1 Bathymetric map of the world. The pale blue shows areas of seabed where the depth is between 0 and 1000 m; the black line
represents the 1000-m-depth contour. Bathymetric data were retrieved from the NOAA server (Amante and Eakins 2009)
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particularly with uranium mining in Saskatchewan,
Canada, tailings are stored in mined-out open pits with
special designs such that contaminant transport is large-
ly controlled. However, the extent of long-term contam-
inant transport in decreased concentrations in the
groundwater system remains unknown.

The size of tailings retention facilities varies greatly,
but a typical tailings dam is likely to have a surface area
of between 1 and 10 km2. This is a far smaller footprint
than DSTP where tailings deposition is usually

unconfined and only restricted by the local bathymetric
features of the ocean floor (e.g., submarine canyons).

Worldwide, discharges from tailings impoundments
are subject to special regulations to protect the surround-
ing and downstream environments. To meet these re-
quirements, most mines tend to reduce the amount of
water discharged from the tailings impoundment, often
treating it before discharge. The most frequent methods
used include as follows: (a) diversion of natural water to
prohibit ingress to the tailings impoundment; and (b)
reuse of some of the tailings water for ore processing. In
addition, methods for co-disposal of tailings and waste
rock to generate more stable products and reduce con-
ventional slurry tailings discharged subaerially are cur-
rently under development in the mining industry
(Mining Magazine 2017).

In Canada, the overall good performance of tail-
ings disposal in metal mines is evident from the
compliance with the Metal Mining Effluent Regula-
tions (MMER) as reported by Environment Canada
(2011). Between 2003 and 2010, the average compli-
ance rate was over 99% across the country. The
performance variation relative to predictions among
different metal mines indicates that non-compliance
is greatest among base metal and iron ore mines (Fig.
2). Four factors that appear to control the perfor-
mance include as follows: (a) mine type; (b) mining,
processing, and waste management methods; (c) min-
ing history; and (d) mine permit stipulations and
extent of oversight. These lead to the importance of
using geoenvironmental ore deposit models in mine
planning prior to operation, as discussed below.

Table 1 Quantities of tailings discharged into the marine environ-
ment at current operating mines

Mines, location, and release depth Tonnes/day

Batu Hijau, Cu/Au, Indonesia,
discharged at 108 m depth

160,000

Cayeli Bakir, Cu/Zn/Pb, Turkey,
discharged at 275 m depth

12,000

Gardanne, Al, France,
discharged at 275 m depth

4000

Huasco iron, Fe, Chile,
discharged at 35 m depth

3000

Lihir, Au, Papua New Guinea,
115 m discharge depth

8000

Simberi oxide, Au/Ag,
Papua New Guinea, at 130 m depth

9040

Sydvaranger, Fe, Norway, at 28 m depth 10,960

Ramu, Co/Ni,
Papua New Guinea, at 150 m depth

13,700

Total 220,700

DSTP (> 100 m) 206,740

STD (< 100 m) 13,960

Fig. 2 Relative performance of
metal mines in Canada in 2003–
2010 based on data from Envi-
ronment Canada (2011)
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5 Discussion

Based on the information provided above, a few issues
warrant further discussion. These include the following:
(a) advantages and disadvantages of submarine tailings
disposal versus on-land storage; (b) international versus
national laws on submarine tailings disposal and public
opinion on the issue; (c) implications of larger mines
now and in the future; and (d) importance of
geoenvironmental ore deposit models. The key points
are as follows.

5.1 Advantages and Disadvantages of Submarine
Tailings Disposal Versus On-land Storage

While the practice of submarine tailings disposal is
significantly less common than that of on-land disposal
worldwide, it still occurs in coastal and island countries
such as Norway and Papua New Guinea (PNG). As
summarized in Table 2, there are four main reasons for
this:

a) Lack of sufficient land for mine waste disposal for
increasingly bigger mines.

b) DSTP permits better land use and increased income
for local population as well as national and local
governments.

c) There is significantly less expensive for the mining
industry both during operation and after mine
closure.

d) There is less risk in seismically active, high-
precipitation regions (e.g., PNG is prone to earth-
quakes and has very high rainfall, thus increasing
the risk of dam collapse).

Overall, the choice of DSTP or on-land tailings dis-
posal will largely depend on local settings. Moreover,
there can be geochemical advantages: DSTP is an effec-
tive way of dealing with acid generating materials.
Biological concerns remain, however (e .g. ,
Sondergaard et al. 2011). Although overall the ocean
has a lower biomass than the continents, it potentially
has a high species diversity and ecosystem value (e.g.,
coral reefs). The choice of DSTP locations must take
potential impacts on such ecosystems into account.

In contrast, the main practice for disposal of mine
tailings on land is to contain them in confined areas;
such approaches are continually subject to improve-
ment. The EcoTails technology currently under devel-
opment by Goldcorp Inc. (Mining Magazine 2017) is a
good example. In essence, blended filtered tailings and
waste rock in transit create a product that reduces oxy-
gen flow and yields improved shear strength and better
physical stability. This eliminates the need to keep

Table 2 Advantages and disadvantages of DSTP versus on-land tailings disposal

Disposal
method

DSTP On-land

Advantages - Small terrestrial footprint
- Low running costs
- ARD not an issue
- Minimal post-closure treatment and

maintenance required

- Generally applicable at most mine sites (with proper design and
operation)

- Abundant supply of experienced personnel
- Opportunity for tailings re-use
- Tailings confined to a known spatial area

Disadvantages - Burial and smothering of benthic fauna
- Remobilization of tailings and release of

contaminants
- Water column impacts of secondary tailings plumes

which peel off from the main density current
- Impacts on the deep oceans are largely unknown
- No possibility of tailings re-use
- Restricted to mines located close to coasts
- Cost of pre-mining environmental investigations

and their duration
- Large tailings footprint
- Potential contamination of marine foodwebs

which may affect coastal communities

- Land required – especially for low grade ores
- Risk of catastrophic failure
- Long term ARD management may be necessary
- Post-mine maintenance and monitoring necessary
- Likely strict controls on water discharge requiring some water

treatment
- Cost of building and maintaining tailings impoundment

infrastructure

Water Air Soil Pollut (2019) 230: 287287 Page 6 of 10



conventional slurry tailings underwater in a pond. With
traditional tailings management, serious mistakes can
occur even in operating mines. The failures of the tail-
ings dam in 2014 at the Mount Polley Mine in British
Columbia, Canada (Province of British Columbia
2015), and in 2015 at the Samarco Mine in Brazil (The
Guardian 2016) are examples. In other words, on-land
tailings disposal is not without risk. Another mining
alternative under consideration is in situ recovery
(Seredkin et al. 2016) that involves metal leaching un-
derground without producing any tailings on land.

5.2 Regulations and Public Opinion

For DSTP to be possible, a mine must be located near
the sea in a country with steep offshore bathymetry and
favorable ocean currents. Currently, only fifteen mines
located in six countries (Chile, France, Greece, Indone-
sia, Norway, and Papua New Guinea) use DSTP; five
have existing legal frameworks for such discharges
while in Chile, no formal laws exist yet (Morello et al.
2016). Peru, a primary host of the 2015 international
workshop in Lima on impacts of mine tailings in the
marine environment (GESAMP 2016), is also interested
in using STD. In Canada, the Metal Mining Effluent
Regulations enforced since 2002 practically bans all
submarine tailings disposal. In the USA, the Effluent
Guidelines and Standards introduced by the Environ-
mental Protection Agency in 2001 is a similar regulation
that prohibits STD. Thus, although there are many min-
ing operations and prospects in the northern, eastern,
and western coastal regions of Canada and several in
Alaska, USA, submarine tailings disposal is no longer
practiced in North America. Internationally, the 1996
updated version of the “Protocol to the Convention on
the Prevention of Marine Pollution by Dumping of
Waste and Other Matter, 1972 (London Protocol)” is
the active law on dumping industrial waste into the
ocean. However, discharges of mine tailings into the
sea are apparently not “dumping” and thus “not under
the direct jurisdiction of the London Convention or
Protocol” (GESAMP 2016).

Public views on mining are often the result of old
experiences and new objectives. For example, many
older Indigenous people in Canada will not accept ura-
nium mining in the North due to environmental and
human impacts of former mines, which are still under-
going reclamation. However, the younger generation
has fewer objections due to potential job opportunities

and better mining practices. On the other hand, uranium
exploration is not welcome in some provinces (such as
British Columbia) where the population has a high
degree of environmental awareness. With respect to
DSTP, although it is legal in Norway, there is strong
opposition by local environmentalists (e.g., Friends of
the Earth Norway 2015).

5.3 Implications of Larger Mines Today
and in the Future

As metal mining is producing more tailings and
waste rock with time, practical mine waste disposal
methods must also advance. Traditionally, sulfide-
rich acid-generating tailings are stored underwater
and the non-sulfide tailings confined on land. In-
creasingly, tailings placement in mined-out open pits
is applied. With increasing mine waste production
from low-grade ores, the EcoTails technology under
development by Goldcorp Inc. (Mining Magazine
2017) appears to be an attractive option. The advan-
tages and disadvantages of underground versus
open-pit mining should be re-examined at all stages
of mining. The switch from open pit to underground
mining of some orebodies at the Raglan nickel and
copper mine in northern Quebec (Canada) shortly
after the start of operation is a good example of such
an action (Bekkers 2003).

For mines operating near the ocean, DSTP may
be an option if the local settings are suitable. How-
ever, to improve environmental performance, per-
haps only chemically treated tail ings (e.g.,
desulfurized) should be disposed into the ocean.
This would reduce potentially hazardous effects on
the local biota even if some secondary plumes de-
velop along during the downward flow. While DSTP
can undergo incremental improvements, the mining
industry still faces the challenge of waste rock dis-
posal and mitigation of ARD/ML for sulfide-rich
geological materials. Where shallow shores are also
present, waste rocks could be disposed below the
low-tide depth, with reduced oxygen content for
sulfide oxidation. Although it is unrelated to mining,
the submerging of acid generating sulfide-rich rock
resulting from building and road construction in
Halifax (Nova Scotia, Canada) in a designated loca-
tion in the harbor is a good example of such a
practice.
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5.4 Importance of Geoenvironmental Ore Deposit
Models

Ore deposits have a type-specific environmental be-
havior controlled by geology, mineralogy, and local
setting (Seal II and Folsey 2002; Kwong 2003;
Kwong 2009; Kwong 2011). Given an ore deposit
of specific geology, mineralogy, and setting, there
are limited ways to mine it economically, extract the
commodities of interest, and manage the wastes
generated. The environmental outcomes can differ
drastically depending on the methods used to exploit
the identified resources. Kwong (2011) has de-
scribed two such examples. Thus, it is advantageous
t o conce i v e and deve l op an app rop r i a t e
geoenvironmental ore deposit model (Fig. 3) prior
to setting up a mining operation. In its simplest
form, a comprehensive environmental ore deposit
model for a specific ore type is composed of a
compilation of the following essential ingredients:

& Deposit geology as well as structural controls of
mineralization and alteration

& Deposit mineralogy including mineral zoning and
alteration patterns

& Applicable mining methods and their environmental
implications

& Available milling practices and their potential effects
on mine effluent quality

& Mine waste management alternatives and their po-
tential environmental impacts

& Identified and/or potential contamination problems

Similar to traditional ore deposit models, the under-
lying principle of comprehensive environmental ore
deposit models is to document and utilize past experi-
ence to guide new activities. The essential functions of
such a model include the following:

a) Facilitate communication and engagement among
all departments and stakeholders

b) Assist in adaptive planning and mine management
c) Allow field geologists to look at potential environ-

mental issues and start to develop solutions during
exploration

d) Aid with making development decisions with no
more stepwise mining

e) Accelerate permitting

f) Make appropriate changes in mining, processing,
and mine waste management to overcome changing
conditions when required

Such models apply not only to mines with all facil-
ities located on land but also for mines using DSTP. The
only complication is that, in the latter case, oceanic
conditions become an unavoidable consideration during
mine planning. Additional data may be necessary.

6 Conclusion

Although DSTP could be locally practical, it has poorly
defined environmental impacts. Whether on-land stor-
age or deep-sea placement is preferred for tailings dis-
posal depends on the local settings. Overall, global
impacts of DSTP with respect to sediment load to the
ocean are relatively small compared with riverine dis-
charges of sediments by anthropogenic activities. Ulti-
mately, national and local laws dictate whether DSTP is
a waste disposal option worthy of consideration or not.
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Fig. 3 Components of a geoenvironmental ore deposit model and
their inter-relationships
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