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ARTICLE INFO ABSTRACT

Keywords: The global mining industry produces billions of tonnes of mine tailings each year. This slurry of waste material is
Mining often contained in dams, which are among some of the world’s largest engineered structures. Several recent and
Sustainable development catastrophic tailings dam disasters bring the complex interaction between a mine and its local operating context
I\_,I;Zj:abmty into plain sight. The absence of public, timely, multi-scalar information about the multiple dimensions of this
community interaction is a normalised feature in the management of tailings dams. This article highlights the importance of
Consent establishing and sharing diverse knowledge about tailings dam disaster risk. We argue that the assessment and

disclosure of “situated” disaster risk ought to be prioritised; that is, the combined risk of a hazard bearing
structure situated within a local context with inherent vulnerabilities. We present a method for examining sit-
uated disaster risk of tailings dams by utilising Environmental, Social and Governance (ESG) indicators to screen
for risk across eight categories: waste, water, biodiversity, land uses, indigenous peoples’ lands, social vulner-
ability, political fragility, and approval and permitting. Applied to a global sample of operating mines, the
method shows disaster risk potential of existing tailings dams globally. Future application could be used to

generate a more complete inventory that includes both established and newly constructed facilities.

1. Introduction

Industrial installations can be both disruptive and disastrous. As with
natural disasters, industrial disasters involve serious disruption to the
functioning of a community or a society due to hazardous events
interacting with conditions of exposure, vulnerability and capacity
leading to human, material, economic and/or environmental losses and
impacts [57]. Iconic industrial disasters such as Union Carbide in Bho-
pal, India, in 1984; the failure of the Chernobyl nuclear reactor in the
Ukraine in 1986; the Exxon Valdez oil spill in Prince William Sound,
Alaska, in 1989; and the Fukushima Daiichi nuclear accident in 2011
wrought disaster in communities and local environments [38]. These
disasters each involved a complex set of interactions between the
installation and the host context. Recent, high profile and catastrophic
tailings dam disasters likewise brings the complex interactions between
mining and its local context into view.

Most large-scale mines produce significantly more waste than eco-
nomic minerals. Tailings are a by-product of separating valuable
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minerals from uneconomic material, and comprise ground-up rock,
process water, and chemical reagents [27]. The global mining industry
produces billions of tonnes of tailings each year, with an estimated 14
billion tonnes produced in 2010 [1]. This waste material is contained in
tailings dams and other storage facilities.' These facilities are among
some of the world’s largest engineered structures, and a source of
disaster risk for nearby localities [23,34,48]. In mining, geotechnical
engineers and other related specialists have practical carriage of risk
reduction strategies using an approach that is primarily focused on the
facility as a potential source of hazard exposure.

There are many examples where the consequences of tailings dam
failures have been dire. The catastrophic collapse in January 2019 of the
tailings dam at the Corrego do Feijao iron ore mine in the town of
Brumadinho in the Brazilian state of Minas Gerais is one of the most
recent. By April 2019, more than 230 people had been confirmed dead
and large sections of agricultural land totally destroyed [41]. Only four
years earlier, the failure of the Bento Rodrigues tailings dam at the
Samarco mine, in the same state, and with the same mine owner,

1 A tailings storage facility is a broader term that includes means other than a dam for storing tailings. These other means can include deposition in completed open
pits, natural depressions or a dry stack method. More controversial approaches include riverine and deep sea disposal.
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wreaked havoc on surrounding communities and ecosystems [49].
Following tailings dam failures in Brazil and elsewhere, including the
aluminium sludge spill at the Ajka mine in Hungary in 2010, Philex
Padcal in the Philippines in 2012, the Mount Polley mine in Canada in
2014, and the Cadia mine in Australia in 2018, there is a renewed sense
of urgency from industry, civil society, and the investor community to
understand the types of risks posed by tailings facilities and their po-
tential for failure.

Disaster studies scholar, Oliver-Smith [50], has observed that “the
increasing frequency and severity of natural and technological disasters
particularly, but not exclusively, in the developing world place them in
the center of debates on human-environment relations and issues”. The
contextual risks associated with specific interactions between society,
technology, and the environment are fundamental to understanding the
occurrence of industrial disasters. Local context vulnerabilities have a
direct bearing on the likelihood, intensity and extent of disaster impacts.
According to Alexander [2], there is a strand of research arguing that
“vulnerability is a more important cause of disaster than is hazard”
seeing the hazard as “a mere trigger, bringing vulnerability to the fore as
a self-reinforcing condition fed by positive feedback loops”. The mining
industry’s approach to disaster risk reduction (DRR) focuses on a narrow
set of external vulnerability factors in understanding the cause of dam
disasters. For our purposes, debates over whether contextual vulnera-
bility or project hazards should take priority in DRR only serve to
reinforce the importance of “situating” risks, so as to hold the interaction
between hazard bearing activities and contextual factors clearly in
frame.

Global frameworks appear to recognise the importance of generating
broad-based knowledge for DRR, and through that, an understanding of
situated risk. Instruments such as the Sendai Framework for Disaster
Risk Reduction 2015-2030 have for the first time recognised the role for
the private sector in DRR [58]. For example, recent guidance to support
the implementation of the Sendai Framework includes a focus on tailings
facilities and their disaster risk potential [59]. However, the application
of guidance to support these aspirational goals centres on the risk
characteristics of the “facility”, rather than bringing into frame the
conditions of local context vulnerability within which these facilities are
being operated, and will be built into the future.

The absence of public, timely, multi-scalar information about the
interaction between social, political, environmental and technological
factors is a normalised feature in the management of disaster risks in the
mining industry. Low-levels of effort in discerning and disclosing
disaster risk provide companies with a source of proprietary advantage
over host populations in the development and operation of hazardous
facilities, such as tailings dams. This proprietary advantage is exercised
when companies avoid generating, or even withhold, information about
the likelihood and consequence of tailings dam failures. The disclosure
of this information could assist local people in their decisions about how,
or whether, to live within a potential disaster footprint of a tailings dam.
Disclosure could also assist the state in determining project approvals,
applying conditions, and regulating the facility itself.

This article highlights the central importance of examining and
sharing diverse knowledge about tailings dam disaster risk. The article is
organised into five (5) sections. The following section presents a brief
overview of global mining tailings disasters and the response by inter-
national organisations, including the industry itself, to those disasters.
One notable observation is the industry’s focus on the integrity of tail-
ings dam structures and the management systems in place during
operation. Little effort has been expended on demonstrating the signif-
icance of local context vulnerabilities and their influence on what we are
referring to as “situated” disaster risk or the interface between local
context vulnerability and operational hazards.

In section three, we present a method for examining situated disaster
risk for the catastrophic failure of mine tailings dams. Based on the work
of Valenta et al. [60] and Lebre et al. [29], the method utilises Envi-
ronmental, Social and Governance (ESG) indicators to screen for risk
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across eight categories including: waste, water, biodiversity, land uses,
indigenous peoples, social vulnerability, political fragility, and approval
and permitting. These represent known local ‘external’ factors that can
affect the overall design and operational safety of mine tailings dams,
and the receiving context in the event of a disaster. We approach these
factors as having both causal and consequential potential in mine tail-
ings disasters. This differs from the dominant industry approach, which
ties causality to the facility and only a limited number of factors in the
host environment, such as extreme weather and seismic events. Applied
to a global sample of operating mines, the method shows disaster risk
potential of existing tailings facilities. It also highlights critical infor-
mation gaps in two key areas: operator performance in managing fa-
cilities, and the proximity of downstream communities to catastrophic
disaster risk. In the absence of corporate disclosure of this information,
we use spatial “checks” to determine proximity and elevation as a means
of identifying situations where the potential for disaster risk appears to
be severe.

In section four, we present our discussion. Following several cata-
strophic tailings dam failures, the industry’s approach to the design and
operation of hazard bearing facilities has come into question. We argue
that in responding to these questions, the assessment and disclosure of
the situated disaster risk ought to be prioritised; that is, the combined
risk of a hazard bearing structure situated within a local context with
inherent vulnerabilities. Section five offers concluding remarks on the
role of disclosure in DRR and its relevance for current debates about the
catastrophic potential of global tailings dams.

2. Tailings dam failures and the problem of proprietary
advantage

In the past 50 years, 63 major tailings dam failures have been re-
ported worldwide [32], with an upward trend in high-consequence
failure events since 1990 [9]. According to Vogel [63], the failure rate
after 2000 has increased to a frequency of five to six significant tailings
dam failures annually. Each failure event causes extensive damage to the
local environment and in catastrophic cases has resulted in the loss of
human life. The WISE Uranium project [65] estimated that between
1961 and 2019 at least 2375 people lost their lives from tailings dam
disasters globally. In the context of increasing global demand for metals,
declining ore grades, and associated increases in mine waste, high
volume-high risk mine tailings dams will continue to be built into the
future [39]. Unlike water supply reservoirs, mine tailings dams are
typically constructed in sequential “lifts” over time. This mode of con-
struction contributes to the incremental expansion of project footprints,
and the higher failure rate of tailings facilities [11].

Research that examines tailings dam failure is primarily focused on
the integrity of the engineered structure, and the properties of
impounded materials. While an official global register of tailings dams
does not exist, multiple databases capture disclosed information about
tailings disasters, including location, causes of failure, volumes dis-
charged and social and environmental consequences. Studies use these
databases [4,47,55] or a selection of case studies [22, 54, 62, 64] to
analyse possible causes and preventive actions. Findings suggest that a
range of concurrent factors are causal to most failure events, including:
uncontrollable external factors (unusual weather, seismic events);
technical factors (slope instability, foundation subsidence, static lique-
faction of the tailings); and management or other human factors. The
focus of these studies is largely the failure mechanism, and decisions
relating to the design, construction and operation of facilities themselves
[4,6,10,12,22,47,54,55,62,64].

Catastrophic failures at Samarco and Brumadinho have thrust in-
dustrial scale mine tailings disasters onto the global stage in unprece-
dented ways. Graphic images and live footage of death and destruction
provided unrestricted public access to these disasters as they unfolded.
Headline news across many of the world’s media outlets confirm public
interest and concern about the nature, speed and scale of devastation.
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The Samarco dam failure has been the subject of litigation and settle-
ments involving the operator and parent companies, while for Bruma-
dinho, a settlement is yet to be agreed [46]. Criminal and civil
proceedings are underway in both cases [42].? The rise in scrutiny
following Samarco and Brumadinho is preceded by decades of research,
civil society campaigns, and sustained calls for greater transparency into
the inherent risks and liabilities of tailings storage facilities globally.

In 1999, a group of the world’s largest mining and metals companies
initiated the Global Mining Initiative (GMI) in response to a groundswell
of public distrust of the mining industry. Led by the World Business
Council on Sustainable Development (WBCSD), the initiative commis-
sioned a global inquiry into the industry’s reputational crisis. This study,
known as the Mining Minerals and Sustainable Development (MMSD)
project, produced 175 research papers and reports on agreed priority
issues [26]. MMSD Working Paper No. 20 [35], Stewardship of Tailings
Facilities, positions tailings management as one of the industry’s “most
significant” challenges.

MMSD Paper No. 20 focused on describing the development and
implementation of the responsible stewardship of mine tailings facilities
in the areas of management, tailings handling and treatment technolo-
gies, and mineral processing technologies and alternatives. While the
authors encourage learning from failure, performance standards and
public scrutiny, they suggest that the vast majority of operators “deserve
praise for their efforts” and advise the public to “avoid supporting non-
government organisations that endorse action against corporations who
are committed to good practice” [35, p.33]. A public disclosure agenda
did not feature in the recommendations. Twenty years later, Vale and
BHP, two of the world’s largest mining companies, with bold public
commitments to sustainable development and responsible tailings
management, destroyed hundreds of lives and the livelihoods of thou-
sands of people in two of the worst environmental disasters in Brazil’s
history.

It was not until after the Samarco disaster that the world’s largest
mining companies began responding to the issue of tailings dam di-
sasters on a collective basis. In early 2016, the International Council of
Mining and Metals (ICMM) led a review of tailings standards, guidelines
and risk controls among its member companies. The review report
concludes that while high quality guidance about the management and
physical stability of tailings dams is widely available, poor imple-
mentation is the overarching concern. In December 2016, the ICMM
released a binding Position Statement on Preventing Catastrophic Failure
of Tailings Storage Facilities [24]. The statement commits members to
“continuous improvement in design, construction and operations of
tailings dams within a robust governance framework”. Social consider-
ations were not an explicit focus of the review, nor the ICMM’s position
statement [45]. No requirement to publicly disclose information about
tailings risks was made at this time.

Demands for corporate disclosure about tailings facility risk peaked
after Brumadinho. In April 2019, a group of institutional investors,
governed through a steering committee chaired by the Church of En-
gland Pension Board and the Swedish Council of Ethics of the AP Funds,
established the Investor Mining and Tailings Safety Initiative [53]. The
initiative called for an international standard. In response, and in
collaboration with the United Nations Environment Program (UNEP)
and the Principles for Responsible Investment (PRI), the ICMM subse-
quently commissioned a second tailings review, this time led by an in-
dependent chair with an expert panel and a multi-stakeholder advisory

2 Parent companies Vale and BHP Billiton reached a settlement for a multi-
billion dollar lawsuit over the Samarco dam failure [43]. The operator
Samarco announced a multi-billion dollar deal to restore the damaged envi-
ronment and indemnify affected communities [8]. For the Brumadinho case, a
ruling by state court judge Elton Pupo Nogueira in July 2019 makes Vale
financially liable for the disaster, while $2.89 billion in the company’s assets
remain frozen [44].
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panel [25]. The Chair is charged with establishing an international
standard that includes a consequence-based classification scheme, a
system for independent assurance, and requirements for emergency
response.

The institutional investor initiative, on behalf of 96 institutional in-
vestors representing $10.3 trillion in assets under management, also
issued an open letter to 658 mining companies requesting public
disclosure on 20 specific questions about tailings dams. Questions
included confirmation as to whether, and if so when, a formal analysis of
downstream impacts of catastrophic failure on local communities, eco-
systems and critical infrastructure had been conducted. There was no
requirement for the disaster analysis to be disclosed, although the letter
urged companies to “communicate with communities that may be
affected by tailings footprints”. On the basis of this information, the
investor group, which subsequently attracted more signatories, repre-
senting $12 trillion in assets under management, has stated its intent to
develop a register of companies that publicly disclose, along with their
responses. In the intervening period, some companies have pre-
emptively increased public disclosures about their stock of tailings
dams.

3. Examining situated disaster risk for mine tailings dams

This section provides an overview of the methodological approach
used to determine “situated” disaster risk across a global sample of mine
tailings dams. Our approach provides a way of identifying high-risk
facilities with respect to the vulnerability of their external context. A
series of eight steps were followed, which are elaborated and visualised
in Fig. 1. The eight steps are grouped according to sample selection, ESG
risk screening and local conditions. In the sample selection process,
candidates with sufficient disclosed data to assume the presence of large,
active and aging tailings dams are selected. A process of risk screening
then provides a multi-factor characterisation of the local context
vulnerability of the sample. The final step is a visual validation of the
potential for disaster based on specific spatial parameters.

3.1. Sample selection and ESG risk screening

This section details the sample selection and the risk screening pro-
cesses to test a methodology for situating disaster risk for mine tailings
dams globally. Step 1 extracts an initial global sample of projects from
the S&P Global Market Intelligence database (2019) [52]; a commercial
database with a comprehensive repository of metals and mining prop-
erties. This first step selects records for gold, copper, iron and bauxite.
These commodities are largest in terms of tonnage (iron, bauxite and
copper) and number of mines (gold) that produce tailings. As of March
2019, the S&P database contained 22,971 records based on these four
commodities. This includes 17,921 records of gold mining properties,
9195 copper records, 2635 iron ore records, and 249 bauxite records.?

In step 2, we excluded projects reported as inactive or not in the
operational phase of mine life. This ensured that the sample includes a
set of operating projects, where the ownership and management of the
mine can be determined. Using these parameters, a sample of 1927
projects for bauxite, iron, gold and copper was generated.

Step 3 limits the sample to mining projects with a start-up date prior
to 1999. In doing so, we sought to focus on mines that pre-date the GMI
and MMSD study process described in Section 2 above. This places the
emphasis on facilities that precede the industry’s focus on sustainable
development. This step returned 532 records. Many of the parameters
applied in this step can be adjusted, for example, the date criteria could
be reset to identify projects with tailings facilities built after 1999, or
any other time period that different parties are interested in examining.

3 Due to some metals being mined together (i.e. companion metals) there is
an overlap in the records.
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Fig. 1. Sample selection, risk screening and local conditions.

The fourth step involved reviewing the mineral processing methods
used at each mine site, including only those records that described
processing methods that generate wet tailings, namely flotation, carbon
in leach, carbon in pulp and cyanide leaching. The presence of high
water content in tailings and the resulting water action (erosion,
seepage, overtopping) is a primary factor of tailings dam failure [19].
Because the existence of a tailings facility is not reported in the S&P
database, this step uses processing methods as a proxy for the presence
of wet tailings facilities.* From this sample selection process, Steps 1 to 4
were used to generate a “working sample” of 328 mining projects in four
major commodity groups, built prior to 1999 and with wet tailings.
Fig. 2 shows their spatial distribution.

The sample of 328 projects was then examined through the ESG risk
screening process. This process applies a set of eight ESG risk indicators,
including two primary indicators — ‘Waste’ and ‘Water’ — that are critical
to tailings containment and stability, and six secondary indicators (see
Fig. 3). Each indicator relies on one or two publicly available global
datasets. For each dataset, a high-risk threshold was defined (see
Table 1). The ESG risk context for each project was determined by
overlaying the coordinates of the sampled mining projects with the risk
indicators (step 5) and assessing which risks exceed the defined
threshold (step 6). Using these risk screening steps, we are able to
identify mining projects located in “high” ESG risk contexts, meaning
they face multiple risks that exceed the threshold.

Primary risk indicators. The ‘Waste’ and ‘Water’ environmental
indicators cover external natural factors that have influence on major
tailings dam failures as well as containment issues that result in chronic
pollution. The ‘Waste’ indicator includes two spatial variables. The first
variable, terrain ruggedness, contributes to slope instability, erosion and
challenging structural and foundation conditions, which are some of the
main identified sources of past tailings dam failures [28,55]. High
terrain ruggedness signifies topographic variations and heterogeneity of
landslide formations that make tailings dam design more challenging.
The second spatial variable in the ‘Waste’ indicator is the seismic risk, as
earthquakes constitute one of the most common external causes of
tailings dam failures [28,61].

As mentioned above, water is intrinsically linked to tailings risk [19].
Tailings deposition methods usually involve large volumes of water
[19]. Causes for past tailings dam failures have been attributed to
water-related events, e.g. unusual rainfall [47]. Seasonal variability,
drought and flood occurrence have a strong influence on waste
containment and voids stability [55, 65]. The ‘Water’ indicator com-
prises these aspects.

Secondary risk indicators. The other indicators included constitute
the ESG risk context and either create conditions for sub-optimal tailings
management practices, or worsening the social and environmental
consequences of a potential tailings dam failure. The ‘Biodiversity’,
‘Land Uses’, ‘Indigenous Peoples’, ‘Social Vulnerability’, ‘Political

4 At the time of writing, the corporate disclosures in response to the investor
initiative were not aggregated or systematised to enable engagement by the
research community.

Fragility’ and ‘Approval and Permitting’ indicators each reflect the
fragility of the host environment. The consequences of a potential tail-
ings dam accident may be exacerbated by a high ESG risk context where
several of the above indicators are above the high-risk threshold [37].
These risk factors rarely feature in research examining tailings risk.

Environmental and social risk indicators: ‘Biodiversity’ detects
proximity to vulnerable locations in terms of global biodiversity and
ecological stability and can serve as a proxy for environmental fragility.
The ‘Land Uses’ indicator represents the concentration of agricultural
land and population density around the mining projects. Understanding
land disturbance and competing land uses is critical to evaluating the
social impacts of mine waste facilities [45]. The ‘Indigenous Peoples’
indicator evaluates the proximity of mining operations to terrestrial
lands managed or owned by indigenous peoples. Indigenous peoples
often experience higher levels of poverty, marginalisation, dispossession
and discrimination than other peoples [18]. In a mining context,
indigenous peoples are particularly at risk due to disruption to their land
and culture [20]. The ‘Social Vulnerability’ indicator includes multiple,
national indicators such as demographic pressures, poverty and other
inequalities [36]. This indicator expresses the fact that vulnerable so-
cieties are less likely to cope with the consequences of a tailings dam
failure and that amongst all other factors, the poor are consistently more
vulnerable at all stages of the disaster lifecycle [16,17].

Governance risk indicators: The two Governance indicators, ‘Politi-
cal Fragility’ and ‘Approval and Permitting’, reflect the political and
regulatory environment within which tailings dams accidents would
take place. ‘Political Fragility’ includes considerations of the political
and institutional context of resource governance. Previous research in-
dicates that tailings dam failures correlate to substandard mineral
resource governance [47].‘Approval and Permitting’ relates to the reg-
ulatory environment that surrounds large-scale mining developments
and operations. The important role of national regulation and legislation
in forbidding unsafe tailing deposition methods has been highlighted in
case studies [5,64].

Step 7 selects projects that exceed the high-risk threshold on multiple
ESG indicators, including the two primary risk indicators. This ESG risk
screening resulted in a sub-set of 55 projects (17% of 328) in high risk
contexts, with both the "Waste’ and *Water’ risk indicators exceeding the
high-risk threshold. These 55 mining projects also recorded high levels
of risk amongst the secondary risk indicators. Only one mine in the sub-
set returned 'Waste’ and "Water’ as high primary risks with no signifi-
cant secondary risks present. Fifteen (15) mines in the sub-set of 55
exceeded the high-risk threshold for all eight risk indicators. This sub-set
presents a broad range of complexities that may influence mining op-
erations, and tailings dam management in particular (see Fig. 4).

3.2. Testing local conditions for disaster potential

In the final step 8, further analysis was conducted on the sub-set of 55
projects to assess the local conditions for disaster potential. A spatial
analysis established the distance between the mines with high risk scores
and surface water streams, as these offer preferential corridors in the
case of a tailings spill. The analysis was performed using the near
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Fig. 3. The ESG risk screening framework.

proximity tool in ArcGIS, based on the HydroSHEDS dataset [31]. The
results showed that all 55 mines have a water stream within a 5 km (km)
radius.

To attempt to verify the proximity of tailings facilities relative to
human settlements, a visual analysis of the satellite images was under-
taken using ArcGIS. This resulted in the exclusion of nine projects due to
either a tailings facility being indiscernible or no human settlement
being located nearby. For the remaining 46 mining projects, further
analysis was conducted to determine whether nearby human settlements
were located downstream or upstream from the tailings dam. Using the
path elevation profile tool in Google Earth Pro, the slope, elevation and

direction were measured, based on multiple run-out path options.

A distance of 10km between the tailings dam and the nearest
downstream settlement was used to determine cases where a human
population may be in immediate danger following a catastrophic tailings
dam failure. Values of average flow velocity indicate a range between
1 km/h and 40 km/h [7,13,33]. A tailings flow speed of 5 km per hour
was used as a conservative measure. These parameters imply that gov-
ernment agencies and company personnel have no greater than 2h to
complete a full evacuation to avoid fatalities in inundated communities.

For the 33 mining projects with communities located nearby and
downstream from a tailings dam, the average distance between tailings
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Table 1

ESG risk indicators and associated indicators of risk.

Risk ESG risk Indicators of risk High-risk threshold
dimension indicator
E Waste Global Seismic Hazard Peak ground
Map [51] acceleration above
3.2m/s>
Terrain Ruggedness Terrain Ruggedness
Index [3] above 45
E Water Aqueduct Water Risk, Overall water risk
World Resources above 0.4
Institute [21]
E Biodiversity Key Biodiversity Areas Mining project
[5] location within 20 km
of a KBA
World Database on Mining project
Protected Areas [56] location within 20 km
of a protected area
S Land Uses Human Footprint [61] Cropland, pasture
land or population
density indicator
above 4.
S Indigenous Indigenous Peoples Mining project
Peoples Land [20] location within 20 km
of IPL
S Social Fragile State Index, Country score above
Vulnerability social indicators, the 0.5 for social
Fund for Peace [36] indicators
G Political Fragile State Index, Country score above
Fragility political indicators the 0.5 for political
Fund for Peace [36] indicators
Resource Governance Country score below
Index, Natural Resource 60
Governance Institute
[40]
G Approval & Policy Perception Index, ~ Country/region score
Permitting Fraser Institute [49] below 70

Ease of Doing Business Country rank below
Index, World Bank [14] 76

dam facilities and closest nearby communities was 3.2 km (~40 min for
full evacuation), with the shortest distance 0.6 km (~7 min for full
evacuation). All identified tailings facilities were located within 5 km of
a water stream (maximum = 4.6 km; mean = 2.0 km) (see Fig. 5).

Of these 33 mines, 21 of the parent companies are listed on a stock
exchange, 10 are located in OECD countries and 7 are owned by ICMM
members. With further research, additional profiling information of
these mines and their associated corporate listings, memberships, and
lenders could be established.

4. Discussion: disclosure and industrial risk taking

Our method emphasises accepted factors that indicate vulnerabilities
in the local context for tailings dam disasters. In the context of the
corporate disclosure vacuum, the use of “proximity” and “elevation” as
markers of risk was applied with caution understanding that the flow
rate of tailings materials can far exceed the figure used in our estimates.
These results show the prevalence of factors that indicate situated
disaster risk, taking account of the local context and the potential
severity of consequence stemming from a potential catastrophic tailings
failure. To examine these factors requires extensive knowledge of the
local context vulnerability, with similar knowledge and access to in-
formation about the design and management of the tailings facility by
individual companies. Our method highlights the potential for severe
disaster risk, and the need for a more comprehensive approach to
disaster risk disclosure.

Conceptualising situated disaster risk is a difficult exercise because of
the relationship between facility-based factors and local context
vulnerability. In principle, disclosures should ease the difficulty associ-
ated with discerning disaster risk levels by making comprehensive in-
formation available and subject to public scrutiny. At the same time,
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disclosure is often thought of as a type of levelling mechanism that
lessens the effect of corporate advantage and reduces the extent to which
companies are able to silently risk-take on behalf of an unknowing
public [45]. These levelling mechanisms lie at the heart of the trans-
formative systems change required for effective DRR.

However, the risk profile of mining projects are dynamic, meaning
that even the most extensive front-end disclosure will be inadequate in
future years. In this industry, risk disclosure at the design stage of a
mining project is a complex proposition. Unlike other industrial in-
stallations, mining footprints have the distinct tendency of expanding
over time. There are multiple drivers: the influence of near mine
exploration, the link between commodity prices and production rates,
and the exponential accumulation of waste over the life of mine [30].
These changes can increase exposure to industrial hazards for people
nearby. This exposure can materialise either through direct impacts to
land and water resources that erode quality of life, or by decreasing the
physical demarcation that separates projects from communities. The
commercial risk exposure for operators, by contrast, can diminish once
the mine is productive, and clear once the initial investment has been
recovered. Mine plans are designed to expedite the period of return on
investment in order to minimise the commercial risk exposure for
company shareholders. This dynamic necessarily affects the financial
incentives for operators in identifying and managing multi-dimensional
and multi-scalar risk dynamics over time.

This reflects an observation made by Downing [15] on the pattern of
incremental growth in mining developments and their effect on sur-
rounding communities. Downing argues that mines will often expand at
a gradual rate while avoiding responsibility for direct or indirect
build-up of social risk; that is, risk to off-site parties. His work suggests
that mining companies intentionally drive social risks upwards to the
point that displacement becomes a seemingly “responsible” course of
action. By driving risks to the point where inaction is no longer
acceptable to the community and the state, companies are able to justify
resettlement to safeguard a local population from situated risk;
including, in some instances, invoking state responsibility for land use
planning, re-zoning and population control. In cases involving tailings
disasters, a similar pattern can be discerned [9]; that is, companies drive
up the risk profile of projects to the point where displacement becomes a
seemingly logical safeguard for local populations, or a disastrous “un-
planned” outcome.

The structural patterns surrounding tailings dam disasters, and the
extent of liability left in their wake, raises important questions about the
foundations of the most basic forms of corporate responsibility. For
instance, on what premise are companies entitled to create and carry
these levels of risk “on behalf” of other parties? And, perhaps more
importantly, what is the justification for disaster risks not being ana-
lysed, conveyed, understood, and agreed to by those parties who will be
exposed to these risks? How far beyond their own facilities should
companies venture in order to understand the situated risk of their ac-
tivities? To what degree should companies consider the local operating
context as potentially causal to tailings dam disasters? The extent to
which companies are willing to generate a broader base of knowledge is
pivotal, including the generation of knowledge that may weaken their
propriety advantage.

To date, the mining industry has given little attention to defining
what a community, facing disaster risk, has a ‘right to know’. Industry
policy largely focuses on planned development in the pre-approval
phase of the mine lifecycle, and emergency response to disaster sce-
narios. In this literature, terms like “free prior informed consent” or
(FPIC) are not prominent; either as a means for countering knowledge
imbalances between corporations and communities, or as a safeguard
against projects proceeding when local communities consider the
disaster risk too great to support. The emphasis in discussions about
consent largely relates to the conditions that developers must create in
order to obtain consent to proceed with production, not the production
of disaster risk. Disclosure about project components and the anticipated
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scope and severity of their effects should be a major component in
ensuring that consent is given on an informed basis. Considering the
dynamic nature of mining footprints, and the incremental construction
of tailings dams, there is a need to re-think existing industry standards
relating to risk disclosure and consent.

Likewise, the relationship between disclosure and proprietary
advantage warrants further exploration. Companies have multiple
points of advantage over local communities in disaster scenarios. The
most obvious advantage being that developers, and developer repre-
sentatives such as lenders and insurers, are usually free of the burden of
having to reside in the aftermath themselves. Corporate liability
invariably fails to cover either the temporary or permanent damage
caused to natural resources and other community assets. Disaster
response and recovery will typically align with the company’s willing-
ness to voluntarily carry long-term restoration costs. This issue of pro-
prietary advantage guarantees that most communities living in near
proximity to mine tailings dams cannot exercise informed judgement
about cost and liability, or coordinate public accountability efforts in
order to assess, minimise, or prevent, the types of industrial risk taking
that occurs in the operation of these facilities.

Curtailing the assumed right of corporations to disclose at their
convenience is one means through which to diminish the disaster risk
potential associated with tailings dam facilities. Calls for a public reg-
ister of all tailings facilities with details describing their design and
operating specifications will make some information more readily
available to some stakeholders. Investors, governments, academics and
non-government agencies, with institutional access to online informa-
tion repositories will be better informed should a register of coherent
meaningful information materialise in future. What benefit, however,
will this push for disclosure have for local communities already down-
stream and in close proximity to a high-risk facility in a vulnerable
operating context? Unlike investors, insurers or academics who can
easily mobilise their interests elsewhere, communities residing in these
locations are typically not in a position to simply re-mobilise their assets,
relationships, and entitlements somewhere else.

5. Conclusion

The seemingly upward trend in high-consequence tailings dam di-
sasters has brought the issue of disaster risk disclosure into sharp relief.
Demands from investor groups for disclosure on the risk status of mining
tailings facilities highlights a rapidly growing interest in corporate and
public accountability on potentially hazardous activities. A cursory re-
view of the literature on mine tailings disasters reveals a heightened
awareness about risk levels, with strong indications that the underlying
drivers of risk will increase in future. Rising consumer demand, coupled
with declining ore grades suggests that larger, high volume mine tailings
dams based on the ‘incremental build’ model will be a factor in future
global supply scenarios. Without radical changes to the technologies for
managing mine waste, including mine tailings, these risks will accu-
mulate well into the future.

Our analytical framework highlights the potential for broadening our
understanding disaster risk of mine tailings dams, and the consequences
for nearby communities. We applied preliminary ESG criteria to identify
risks in the external context of a defined set of projects. Conservative
parameters were used to select a sample of active projects in four
commodities likely to produce wet tailings, constructed prior to 1999,
against which ESG risks were assessed. Likewise, conservative criteria
were used to examine local factors. These parameters served to signifi-
cantly reduce the overall sample size and limit the number of projects
with communities located inside a 2hour emergency response time-
frame. In future, these parameters could be relaxed to generate a more
complete inventory of both established and recently constructed
facilities.

A major constraint of the research is the absence of company-
supplied information about facility location, type and internal risk
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controls. While our methodology provides a basis for understanding ESG
risk conditions for mining tailings facilities at a global level, the datasets
used cannot explain the effect that company-led controls have on
reducing, managing or exacerbating these conditions.

Calls for corporate disclosure rightly focus on drawing industrial
risk-taking practices into plain sight. We argue for a more holistic form
of disaster risk disclosure that reinforces the importance of “situating”
risks, so as to hold the interaction between hazard bearing activities and
contextual factors clearly in frame. Corporate disclosures that focus
solely on facility risk will not provide the type of broad-based knowledge
generation and information disclosure required to make informed de-
cisions about disaster risk and risk reduction. Until such disclosures are
normalised, there can be no basis for non-corporate actors determining
actual levels of disaster risk and appropriate response strategies. For
communities residing in the immediate vicinity of these projects, the
‘right to know’ should be interpreted as an extension of a more extensive
bundle of rights covering the protection of livelihoods, property, and
freedom from harm.

Acknowledgements

Organisations and people who produced the datasets used in our
analysis include G. Amatulli and colleagues, S. Garnett and colleagues,
O. Venter and colleagues, BirdLife International, World Resources
Institute, Fraser Institute, Fund for Peace, Natural Resources Gover-
nance Institute, International Union for Conservation of Nature, the U.S.
Geological Survey, the World Bank, and S&P Global Market Intelligence.
We are grateful for strategic funds received from The University of
Queensland in support of the Sustainable Minerals Institute’s “complex
orebodies” program.

References

[1] J.S. Adiansyah, M. Rosano, S. Vink, G. Keir, A framework for a sustainable
approach to mine tailings management: disposal strategies, J. Clean. Prod. 108
(2015) 1050-1062, https://doi.org/10.1016/j.jclepro.2015.07.139.

[2] D. Alexander, Our starting point, Int. J. Dent. Res. R. 1 (2012) 1-4, https://doi.org/
10.1016/j.ijdrr.2012.06.002.

[3] G. Amatulli, S. Domisch, M.-N. Tuanmu, B. Parmentier, A. Ranipeta, J. Malczyk,
W. Jetz, A suite of global, cross-scale topographic variables for environmental and
biodiversity modeling, Sci. Data. 5 (2018) 180040, https://doi.org/10.1038/
sdata.2018.40. https://www.nature.com/articles/sdata201840#supplementary-in
formation.

[4] S. Azam, Q. Li, Tailings Dam Failures: A Review of the Last One Hundred Years,
Waste Geotechnics, Geotechnical News, 2010. http://ksmproject.com/wp-content/
uploads/2017/08/Tailings-Dam-Failures-Last-100-years-Azam2010.pdf.

[5] C. Bellringer, An Audit of Compliance and Enforcement of the Mining Sector, 2016.
https://www.bcauditor.com/sites/default/files/publications/reports/OAGBC%20
Mining%20Report%20FINAL.pdf.

[6] G. Bird, P.A. Brewer, M.G. Macklin, D. Balteanu, M. Serban, B. Driga, S. Zaharia,
River system recovery following the Novat-Rosu tailings dam failure, Maramures
County, Romania, Appl. Geochem. 23 (12) (2008) 3498-3518, https://doi.org/
10.1016/j.apgeochem.2008.08.010.

[7]1 G.E.Blight, A.B. Fourie, Catastrophe revisited - disastrous flow failures of mine and
municipal solid waste, Geotech. Geol. Eng. 23 (3) (2005) 219-248, https://doi.
org/10.1007/510706-004-7067-y.

[8] A. Boadle, S. Eisenhammer, Vale/BHP’s Samarco to Pay $5.1 Billion in Damages
for Dam Disaster, Reuters, 2016, 2016, https://www.reuters.com/article/us-brazil-
damburst-deal/vale-bhps-samarco-to-pay-5-1-billion-in-damages-for-dam-disaster-
idUSKCNOW42WP. (Accessed 3 March 2016).

[9] L.N. Bowker, D.M. Chambers, The risk, public liability, and economics of tailings
storage facility failures, in: The Public Interest: Stonington, Maine, Bowker
Associates Science & Research, 2015. https://files.dnr.state.mn.us/input/envir
onmentalreview/polymet/request/exhibit3.pdf.

[10] M. Braga, B.T. Teaney, B.J. Mount, D.J. Asunskis, B.T. Jordan, R.J. Barker, E.

E. Santos, C.E.G.R. Schaefer, Post-catastrophe analysis of the Fundao tailings dam
failure in the Doce river system, Southeast Brazil: potentially toxic elements in
affected, Soils, Water, Air, Soil Pollut. 228 (7) (2017) 252, https://doi.org/
10.1007/511270-017-3430-5.

[11] D.M. Chambers, B. Higman, Long Term Risks of Tailings Dam Failure, Center for
Science in Public Participation, Bozeman, Montana, 2011. https://webcache.googl
eusercontent.com/search?q=cache:C5IMDo7m1_UJ. https://ofmpub.epa.gov/eims
/eimscomm.getfile%3Fp_download_id%3D513583+&cd=1&hl=en&ct=clnk&gl
=au.

[12] V. Cuervo, L. Burge, H. Beaugrand, M. Hendershot, S.G. Evans, Downstream
geomorphic response of the 2014 mount polley tailings dam failure, British



J.R. Owen et al.

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Columbia, in: M. Mikos, et al. (Eds.), Advancing Culture of Living with Landslides,
Springer International Publishing, 2017, pp. 281-289. Landslides in Different
Environments.

P. Daneshvar, A.M. Zsaki, Simulation of tailings flow resulting from a dam breach
using smoothed particle hydrodynamics, Environ. Eng. Geosci. 24 (3) (2018)
263-279;

[14] S. Djankov, Ease of doing business index. World development indicators,
World Bank, doing business project, last update 24th of April (2019), http://www.
doingbusiness.org.

T.E. Downing, Does the Kosovo Power Project’s Proposed Forced Displacement of
Kosovars Comply with International Involuntary Resettlement Standards? The
Kosovo Civil Society Consortium for Sustainable Development, 2014. https
://www.miningresettlement.org/elibrary/does-the-kosovo-power-project-s-pr
oposed-forced-displacement-of-kosovars-comply-with-international-involuntar
y-resettlement-standards.

G.W. Fernandes, F.F. Goulart, B.D. Ranieri, M.S. Coelho, K. Dales, N. Boesche,
M. Bustamante, F.A. Carvalho, D.C. Carvalho, R. Dirzo, Deep into the mud:
ecological and socio-economic impacts of the dam breach in Mariana, Brazil,
Brazil, J. Nat. Conserv. 14 (2) (2016) 35-45, https://doi.org/10.1016/j.
ncon.2016.10.003.

B.E. Flanagan, E.-W. Gregory, E.J. Hallisey, J.L. Heitgerd, B. Lewis, A social
vulnerability index for disaster management, J. Homel. Secur. Emerg. Manag. 8 (1)
(2011) 1-24, https://doi.org/10.2202/1547-7355.1792, article 3.

Food and Agriculture Organization of the United Nations, FAO Policy on
Indigenous and Tribal Peoples, 2015. http://www.fao.org/fileadmin/user_upload/
newsroom/docs/FAQO_policy.pdf.

A. Fourie, Preventing catastrophic failures and mitigating environmental impacts
of tailings storage facilities, Proc. Earth Planet. Sci. 1 (1) (2009) 1067-1071,
https://doi.org/10.1016/j.proeps.2009.09.164.

S.T. Garnett, N.D. Burgess, J.E. Fa, A. Fernandez-Llamazares, Z. Molnar, C.

J. Robinson, J.E.M. Watson, K.K. Zander, B. Austin, E.S. Brondizio, N.F. Collier,
T. Duncan, E. Ellis, H. Geyle, M.V. Jackson, H. Jonas, P. Malmer, B. McGowan,
A. Sivongxay, 1. Leiper, A spatial overview of the global importance of Indigenous
lands for conservation, Nat. Sustain. 1 (7) (2018) 369-374, https://doi.org/
10.1038/541893-018-0100-6;

[21] F. Gassert, M. Luck, M. Landis, P. Reig, T. Shiao, Aqueduct Global Maps 2.0,
World Resources Institute, 2013. https://www.wri.org/resources/data-sets/aque
duct-global-maps-20.

V.E. Glotov, J. Chlachula, L.P. Glotova, E. Little, Causes and environmental impact
of the gold-tailings dam failure at Karamken, the Russian Far East, Eng. Geol. 245
(2018) 236-247, https://doi.org/10.1016/j.enggeo.2018.08.012.

M. Gobla, Risk analysis for evaluation of mine impounded water, Annu. Conf.
Expo: Soc. Min., Metall. Explor. (SME) 1 (2017) 561-564.

International Council on Mining & Metals (ICMM), Position Statement on
Preventing Catastrophic Failure of Tailings Storage Facilities, 2016. https://www.
icmm.com/tailings-ps. (Accessed 20 May 2019).

International Council on Mining & Metals (ICMM), UN Environment Programme
and Principles for Responsible Investment Agree to Co-convene Mine Tailings
Storage Facilities Review, 2019. https://www.icmm.com/en-gb/news/2019/tailin
gs-review. (Accessed 20 May 2019).

International Institute for Environment and Development (iied), Mining, Minerals
and Sustainable Development, MMSD), 2002. https://www.iied.org/mining-min
erals-sustainable-development-mmsd. (Accessed 20 May 2019).

D. Kossoff, W.E. Dubbin, M. Alfredsson, S.J. Edwards, M.G. Macklin, K.A. Hudson-
Edwards, Mine tailings dams: characteristics, failure, environmental impacts, and
remediation, Appl. Geochem. 51 (2014) 229-245, https://doi.org/10.1016/j.
apgeochem.2014.09.010.

Leading Practice Sustainable Development Program for the Mining Industry,
LPSDP, Australian Government, Tailings Management, 2016.

E. Lebre, J.R. Owen, G.D. Corder, D. Kemp, M. Stringer, R.K. Valenta, Source risks
as constraints to future metal supply, Environ. Sci. Technol. 53 (18) (2019)
10571-10579, https://doi.org/10.1021/acs.est.9b02808.

AM. Lechner, J. Owen, M.L. Ern Ang, M. Edraki, N.A. Che Awang, D. Kemp,
Historical Socio-Environmental Assessment of Resource Development Footprints
Using Remote Sensing, Remote Sensing Applications, Society and Environment,
2019, p. 100236.

B. Lehner, K. Verdin, A. Jarvis, New Global Hydrography Derived from Spaceborne
Elevation Data, 2008. https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.10
29/2008E0100001.

R. Liu, J. Liu, Z. Zhang, A. Borthwick, K. Zhang, Accidental water pollution risk
analysis of mine tailings ponds in Guanting reservoir Watershed, Zhangjiakou city,
China, Int. J. Environ. Res. Public Health 12 (12) (2015) 15269-15284, https://
doi.org/10.3390/ijerph121214983.

M. Llano-Serna, D.J. Williams, M. Ruest, Analysis of Tailings Dam-Break and Run-
Out, Fourth International Seminar on Tailings Management, Santiago, Chile,
Gecamin, 2017, pp. 12-14.

J.F. Martin Duque, I. Zapico, R. Oyarzun, J.A. Lopez Garcia, P. Cubas, A descriptive
and quantitative approach regarding erosion and development of landforms on
abandoned mine tailings: new insights and environmental implications from SE
Spain, Geomorphology 239 (2015) 1-16, https://doi.org/10.1016/j.
geomorph.2015.02.035, 10.1016/J. Geomorph.

T.E. Martin, M.P. Davies, S. Rice, T. Higgs, P.C. Lighthall, Stewardship of Tailings
Facilities, Mining, Minerals and Sustainable Development, International Institute
for Environment and Development (IIED),World Businesses Council for Sustainable
Development, 2002. https://pubs.iied.org/G01027/;

[36] J.J. Messner, C. Fiertz, N. Haken, P. Taft, H. Blyth, M. Maglo, C. Murphy,

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[53]

[54]

[55]

[57]

[58]

[59]

[60]

International Journal of Disaster Risk Reduction 42 (2020) 101361

A. Quinn, T. Carlson, O. Chandler, M. Horwitz, L. Jesch, B. Mathias, W. Wilson,
Fragile States Index, The Fund For Peace, Washington, DC, USA, 2018. htt
ps://fragilestatesindex.org/.

M. Miranda, P. Burris, J.F. Bingcang, P. Shearman, J.O. Briones, A. La Vina,

S. Menard, Mining and Critical Ecosystems: Mapping the Risks, 2003. https://www
.ifc.org/wps/wem/connect/da7df1804bac169da8d7bc54825436ab/06.6+Volume
+VI+-+6+Mining+%26+Critical4+-Ecosystems+-+Mapping+the+Risks%2C+Ext
ractive+Industries+Review-+Report.pdf?’MOD=AJPERES.

J.K. Mitchell, The United Nations University, the Long Road to Recovery:
Community Responses to Industrial Disaster, United Nations University Press,
1996. http://archive.unu.edu/unupress/unupbooks/uu21le/uu211e00.htm.

G.M. Mudd, Global trends in gold mining: towards quantifying environmental and
resource sustainability, Resour. Policy 32 (1) (2007) 42-56, https://doi.org/
10.1016/j.resourpol.2007.05.002.x.

Natural Resources Governance Institute-NRGI, 2017 Resource Governance Index,
2017. Available at: https://api.resourcegovernanceindex.org/system/document
s/documents/000/000/046/original /2017_Resource_Governance_Index.pdf?
1498599435.

M. Nogueira, Brazil’s Vale Warns Another Mine Tailings Dam at Risk of Collapse,
Insurance J, 2019, 2019, https://www.insurancejournal.com/news/internation
al/2019/05/17/526736.htm. (Accessed 20 May 2019).

M. Nogueira, Vale Says Hopes to Reach Dam Burst Global Settlements by Year-End,
2019. https://www.reuters.com/article/us-vale-sa-production/vale-says-hopes-
to-reach-dam-burst-global-settlements-by-year-end-idUSKCN1TE20L. (Accessed
14 June 2019).

M. Nogueira, M. Burton, Vale Samarco, BHP Sign Deal with Brazil Authorities over
Dam Disaster, Reuters, 2019. https://www.reuters.com/article/us-samarco-disas
ter/samarco-vale-bhp-sign-deal-with-brazil-authorities-over-dam-disaster-idUS
KBN1JL2S9. (Accessed 26 June 2018).

M. Nogueira, J. Spring, Brazil Court Convicts Miner Vale for Damages Caused by
Deadly Dam Rupture, Reuters, 2019. https://www.reuters.com/article/us-vale-
sa-disaster/brazil-court-convicts-miner-vale-for-damages-caused-by-deadly-dam-
rupture-idUSKCN1U42J7. (Accessed 10 July 2019).

J.R. Owen, D. Kemp, Displaced by mine waste: the social consequences of
industrial risk-taking, Extractive Ind. Soc. 6 (2) (2019) 424-427, https://doi.org/
10.1016/j.exis.2019.02.008.

Reuters, Brazil Mining Giant Vale to Pay $107 Million to Compensate Workers for
Dam Disaster, The New York Times, 2019. https://www.nytimes.com/2019/07/1
5/world/americas/brazil-vale-dam-disaster-mining.html. (Accessed 15 July 2019).
M. Rico, G. Benito, A.R. Salgueiro, A. Diez-Herrero, H.G. Pereira, Reported tailings
dam failures. A review of the European incidents in the worldwide context,

J. Hazard Mater. 152 (2) (2008) 846-852, https://doi.org/10.1016/j.
jhazmat.2007.07.050.

E. Schoenberg, Environmentally sustainable mining: the case of tailings storage
facilities, Resour. Policy 49 (2016) 119-128, https://doi.org/10.1016/j.
resourpol.2016.04.009.

F.R. Segura, E.A. Nunes, F.P. Paniz, A.C.C. Paulelli, G.B. Rodrigues, G.U.L. Braga,
W. dos Reis Pedreira Filho, F. Barbosa, G. Cerchiaro, F.F. Silva, B.L. Batista,
Potential risks of the residue from Samarco’s mine dam burst (Bento Rodrigues,
Brazil), Environ. Pollut. 218 (2016) 813-825, https://doi.org/10.1016/j.
envpol.2016.08.005.

O.A. Smith, Anthropological research on hazards and disasters, Annu. Rev.
Anthropol. (1996) 303-328. http://www.jstor.org/stable/2155829;

[51] Swiss Seismological Service-SED, Seismic Hazard, 2018. http://seismo.ethz.
ch/en/home/;

[52] S&P Global Market Intelligence Data, Thomson Reuters, 2019. https://www.
spglobal.com/marketintelligence/en/news-insights/videos/sp-global-market
-intelligence-data.

The Church of England, Investor Mining and Tailings Safety Initiative, 2019. https
://www.churchofengland.org/investor-mining-tailings-safety-initiative. (Accessed
20 May 2019).

D. Turi, J. Pusztai, I. Nyari, Causes and Circumstances of Red Mud Reservoir Dam
Failure in 2010 at MAL Zrt Factory Site in Ajka, Hungary, International Conference
on Case Histories in Geotechnical Engineering, Missouri University of Science and
Technology Scholars’ Mine, 2013. https://scholarsmine.mst.edu/icchge/7icchge/s
ession03/10/.

United Nations Environment Programme, UNEP GRID-Arendal, Mine Tailings
Storage, Safety Is No Accident, 2017;

[56] United Nations Environment Programme, World Conservation Monitoring
Centre-WCMC, International Union for Conservation of Nature - IUCN, World
Database on Protected Areas -WDPA, Protected Planet Initiative, 2014. https://p
rotectedplanet.net/c/world-database-on-protected-areas.

United Nations International, Strategy for Disaster Risk Reduction, Report of the
Open-Ended Intergovernmental Expert Working Group on Indicators and
Terminology Relating to Disaster Risk Reduction, 2017.

United Nations Office for Disaster Risk Reduction, Sendai Framework for Disaster
Risk Reduction 2015-2030, United Nations Office for Disaster Reduction, Geneva,
2015.

United Nations Office for Disaster Risk Reduction, Words into Action Guidelines,
Implementation Guide for Man-Made and Technological Hazards, Geneva, 2018.
R.K. Valenta, D. Kemp, J.R. Owen, G.D. Corder, E. Lebre, Re-thinking complex
orebodies: consequences for the future world supply of copper, J. Clean. Prod. 220
(2019) 816-826, https://doi.org/10.1016/j.jclepro.2019.02.146;

[61] O. Venter, EW. Sanderson, A. Magrach, J.R. Allan, J. Beher, K.R. Jones, H.
P. Possingham, W.F. Laurance, P. Wood, B.M. Fekete, M.A. Levy, J.E.M. Watson,



J.R. Owen et al.

[62]

[63]

Global terrestrial human footprint maps for 1993 and 2009, Sci. Data 3 (2016).
www.worldpop.org/data/.

G. Villavicencio, R. Espinace, J. Palma, A. Fourie, P. Valenzuela, Failures of sand
tailings dams in a highly seismic country, Can. Geotech. J. 51 (2014) 449-464,
https://doi.org/10.1139/cgj-2013-0142.

A. Vogel, Failures of dams - challenges to the present and the future, in: IABSE
Workshop on Safety, Failures and Robustness of Large Structures, Inter. Assoc.
Bridge Struct. Eng. (IABSE), 2013, pp. 178-185.

10

[64]

[65]

International Journal of Disaster Risk Reduction 42 (2020) 101361

Z. Wei, G. Yin, J. Wang, L. Wan, G. Li, Design, construction and management of
tailings storage facilities for surface disposal in China: case studies of failures,

J Waste Manag. Res. 31 (1) (2013) 106-112, https://doi.org/10.1177/
0734242X12462281.

World Information Service on Energy, WISE-Uranium Project, Chronology of Major
Tailings Dam Failures, 2019, 2019, https://www.wise-uranium.org/mdaf.html.
(Accessed 3 February 2019).



	Catastrophic tailings dam failures and disaster risk disclosure
	1 Introduction
	2 Tailings dam failures and the problem of proprietary advantage
	3 Examining situated disaster risk for mine tailings dams
	3.1 Sample selection and ESG risk screening
	3.2 Testing local conditions for disaster potential

	4 Discussion: disclosure and industrial risk taking
	5 Conclusion
	Acknowledgements
	References


