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Ensuring social acceptance for mining projects, and especially when it 
comes to settling ponds for mine tailings, is a huge challenge. Modern 
geomonitoring integrates data obtained from orbiting satellites, from 
overflying aircraft and from the surface of the ground, as well as from be-
low it, to create a transparent and space and time-referenced process un-
derstanding. Geomonitoring technology is therefore an important tool 
for risk management and communication over the course of the mining 
lifecycle.

Mining • Geotechnics • Tailings • Operator responsibility • 
Acceptance • Geomonitoring • Risk management

Increasing social Acceptance in the  
Management of Tailings Storage Facilities (TSF)
Prof. Dr. Tobias Rudolph and Prof. Dr. Peter Goerke-Mallet, Research Center of Post-Mining,
Technische Hochschule Georg Agricola - University (THGA), Bochum, Germany

Introduction

Mining means primary production and the extraction 
of natural resources and so stands right at the beginning 
of the value chains. Given the predicted growth in the 
global population from the current 7.7 billion to some-
thing like 10 billion by the year 2050 we can assume a 
similar increase in the demand for raw materials [1]. 
However, technological progress and social changes will 
almost certainly alter the make-up of the raw-materials 
mix. Moreover, commodity consumers are becoming 
increasingly out of touch with the mining lifecycle 
(Fig.  1) and their understanding of the technical and 
scientific processes involved is waning.

At the same time the legislators and non-govern-
mental organisations involved in the current process 
of social change are now re-thinking their approach 
to climate and Earth-system protection [2], while at 
the same time many societies are promoting and intro-
ducing circular-economy systems. All this is starting to 
overshadow the raw-materials extraction process, even 
though this remains just as important as before [3, 4]. 
Ongoing digitisation and the increasing social penetra-
tion of modern communication methods, such as social 
media, and the resulting in processes acceleration, are 
also factors to be considered.

The mental disconnect between raw-materials ex-
traction and consumer behaviour, and the growing fo-
cus on climate and environmental protection, mean that 
our society now only tends to see the negative impact 
that mining has on man and the environment and has 
adopted a highly emotional response to it. It is there-
fore difficult for mining companies to communicate in a 
fact-based and effective manner and to ensure transpar-
ency for the operational decisions that they have to take.

Another problem that affects communication and 
discussion with the public is that because of its finite 
nature the exploitation of a deposit cannot be directly 
connected with the concept of sustainability. While 
this can succeed in conjunction with the fairly compre-
hensive extraction of the deposit and an environmen-
tally compatible mining process, in reality, linking the 
United Nations Sustainable Development Goals with 
mining activities poses significant operational and com-
municative challenges for mining companies. 

However, open and transparent social communi-
cation is essential for the acceptance of the mining in-
dustry with its location-based and long-term mode of 
operation and its significant demand for skilled workers 

Fig. 1: Representation of the mining lifecycle

of all kinds. For this to succeed, mine operators need to 
take account of, and react to, economic, ecological and 
social changes. This kind of approach is also adopted in 
the Science Policy Report of the Academia Brasileira 
de Ciencias and Leopoldina, and other partners, which 
in the wake of recent accidents, particularly at tailings 
storage facilities (such as the Brumadinho dam disaster 
in Brazil in 2019), are calling for a collective paradigm 
shift on the part of legislators, mining companies, the 
scientific community and the public [5].

SLO - a Social Licence to operate

The term ‘social license to operate’ relates to the new 
social awareness in respect of the mining industry. This 



4 Geotechnics/MininG

GeoResources Journal 3 | 2021 Rudolph and Goerke-Mallet:
Increasing social Acceptance in the Management of Tailings Storage Facilities (TSF)www.georesources.net

improvement in natural living conditions and results in 
greater social sustainability (green line in Fig. 2).

The issues that surround the social acceptance of 
mining companies are based on the assumption that 
the general public (e. g. local residents) and stakehold-
ers from the mining environment are increasingly in-
cluded in the making of decisions that impact them 
directly [9]. Voluntary initiatives on the part of the 
mine operator that go beyond his statutory responsi-
bilities are a key element when it comes to attaining 
social acceptance. Despite the high awareness of social 
acceptance within mining companies there is still no 
consensus on the means to be deployed and their ef-
fectiveness [9]. The success of a social acceptance drive 
therefore depends essentially on developing and main-
taining sustainable relationships with the stakeholders, 
in other words taking a participatory approach. This 
tactic therefore represents a core element in the com-
munication process.

The social licence to operate comprises the integra-
tion of the company into the surrounding structures 
[10]. A management tool or management strategy has 
now evolved from this that is essentially aimed at the 
stakeholders and the socio-political structures. Every 
company that in its local environment has an impact on 
social matters with a human and/or environmental fac-
tor, and consequently is under observation, ultimately 
requires this kind of strategy. These new game plans, 
backed-up as they are by digitisation and the methods of 
Industry 4.0, enable new corporate cultures. This leads 
to broad-based transparency, an almost unlimited ac-
cess to information and inter-company cooperation of 
the kind that can be implemented both top-down and 
bottom-up within the group structure [11]. 

The ongoing debate about the social acceptance of 
companies and their actions is also being conducted 
from the perspective of sustainability [12]. Even the 
United Nations Organisation, with its 17 sustain-
able development goals (17 SDGs), has intensified and 
broadened the discussions surrounding the sustainable 
management of operational processes [13]. Economic 
ethics have meant that mining operators now also have 
to face up to these goals and enter into a discussion with 

Fig. 2: Schematic depiction of the main interactions 
affecting mining processes in respect of forces, 
forms and values of relevance to sustainability 
[acc. to 2]

concept developed about 20 years ago as part of the dis-
cussion on sustainability and reflects the reputation of 
a company and its social acceptance. It is to be defined 
from both an internal and an external perspective.

In actual fact Georg Agricola wrote about the social 
responsibility of industry operators hundreds of years 
ago in his authoritative text on the mining and metal-
lurgical industry ‘De re metallica’ [6]. In his first book 
entitled ‘Vom berg- und hüttenmännischen Beruf und 
seinem Nutzen (The Mining and Metallurgical Profes-
sion and its Uses)’ Agricola examined arguments relat-
ing to critical public opinion. His analysis of mining-in-
duced damage to the environment and the benefits that 
mining activities bring to society can be understood as 
the beginnings of risk management theory. 

For a mining company operator responsibility 
from an internal point of view means the technical 
and legal operating licence covering the entire min-
ing lifecycle. The company acquires this licence after 
going through a process that includes approvals, envi-
ronmental impact studies, geomonitoring plans and 
risk management systems. From a business viewpoint 
securing and reinforcing operator responsibility cre-
ates a positive environment in which the company’s 
strategy and its net value added can be put to good 
effect [7]. Companies that are socially accepted often 
succeed in achieving their sustainability goals. They 
are able to deal very proactively with all the economic, 
ecological and social consequences of their commer-
cial operations and with the credibility of their busi-
ness endeavours [8].

From the external perspective of the public and 
stakeholders it is all about the social operating licence. 
This perception is characterised by various facets, such 
as reliability, values, trust, communication, network 
building, transparency and the development of knowl-
edge and understanding. 

In terms of sustainability and the preservation of the 
natural living conditions, in the context of forces, forms 
and values, these two ways of looking at the concept of 
operator responsibility can be represented in two pro-
cesses that have been fundamental to the mining indus-
try (Fig. 2) [2]:

 ▶ Process 1 (dotted red line in Fig. 2): Historically 
speaking the object of the earliest and simplest form 
of mining was to alleviate existential distress and 
preserve the basis of life. 

 ▶ Process 2 (black dashed line in Fig. 2): In a fur-
ther development of the industry-dominated min-
ing lifecycle all is based on a position of power and 
the planned entrepreneurial actions of the mining 
companies, which manifest themselves in the special 
characteristics of the mining industry, such as loca-
tion factors, company history and corporate strategy. 

Only with the incorporation of the modern concepts 
that underlie the social licence to operate do we see any 
real involvement of the affected parties. This leads to an 
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the public, with individuals and with the relevant stake-
holders [1, 14]. 

Mining processes, such as the construction and 
operation of mineral preparation plants and tailings 
ponds, constitute an intrusion into the landscape and 
the natural environment and often cause irreversible 
changes. In this context the Geological Society of Lon-
don, in its geoscientific interpretation of the 17 sustain-
able development goals, has laid down the following ob-
jectives for the mining industry and for tailings storage 
facilities [15]:

1 No poverty
2 Zero hunger
7 Affordable and clean energy
8 Decent work and economic growth
11 Sustainable cities and communities
12 Sustainable consumption and production
13 Measures to ensure climate protection

Since, as has already been mentioned, mining cannot 
strictly speaking be a sustainable operation because of 
the finite nature of any natural deposit, a conflict of 
objective can be seen to exist when it comes to the 12th 
sustainability goal. This conflict cannot be resolved on 
an abstract level, while remaining within the context of 
the sustainability goals, as is the case with the 12th of 
the UN targets. The environmental impact assessment 
(EIA) of mining activities and the sustainability fac-
tor, for example, can be taken into account right at the 
beginning of the approval process (Fig. 3) [16]. Impor-
tant factors here are compliance with standards when it 
comes to operational, safety-relevant and communica-
tive processes, a continuous analysis of the impact of the 
raw-material extraction operation and the limitation of 
negative effects. In addition, a participation process has 
to be established so that the regional population can be 
involved in terms of information and cost [5]. Here new 
opportunities can be provided in the form of integrated 
geomonitoring tools.

In this connection Pateiro Fernandez speaks about 
adopting a location-based approach for developing the 
sustainability paradigm, by which he means the specific 
reaction to existing framework conditions [17]. Here 
the aim is to minimise the negative impact on society 
and the environment while at the same time maximis-
ing the social and economic factors. The participation 
process, which is an integral part of the sustainability 
concept, will therefore serve to raise the level of social 
acceptance for mining-related measures.

Geomonitoring 

Geomonitoring is a valuable scientific and technologi-
cal tool for monitoring the lifecycle of a mining instal-
lation. In order to achieve the level of social accept-
ance referred-to above and to meet the risk-mitigation 
criteria it is important to develop and implement an 
integrated and continuous geomonitoring regime for 
mining operations (Fig.  3). A wide range of different 
methods can be adopted here depending on the issues 
being addressed (Fig. 4). The results of the geomonitor-

Fig. 3: Process stages in the environmental impact assessment showing the geomonitoring phases
(direct involvement = red arrow, indirect involvement = light red arrow)

Fig. 4: Depiction of the scope and complexity of current geomonitoring tools
(bold print = geomonitoring tools for TSF) 
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analysis of the radar data means that any changes can be 
identified at an early stage so that appropriate counter-
measures and safeguards can implemented in good time. 
This can potentially help avoid or reduce future damage.

By this means any problems likely to impact on the 
integrity of the site can be recognised quickly and an 
understanding built up of the scientific and technical 
interrelationships involved, which is also validated by 
means of observations and measurements. The mining 
company can then use this process knowledge for inter-
nal and external communication so that the public and 
any relevant stakeholders can be included in his plan-
ning considerations right from the start [21]. While a 
holistic approach may initially hold up the project man-
agement and external project communication work, it 
will eventually promote a more resilient and sustained 
acceptance of the mining project.

Interpretation

Any mining process can only justifiably be referred-to 
as sustainable when the deposits in question are being 
exploited in line with appropriate sustainability targets. 
Geomonitoring takes broad-based account of these sus-
tainability goals while at the same time limiting the en-
vironmental impact of the extraction process (Fig. 6). 
By providing for the complete digital integration of all 
the methods available, that is to say aerial (e. g. by satel-
lite, overflying and drones), ground surface (site visits 
and in-situ sensors) and subsoil (e. g. borehole geophys-
ics and mine survey measurements), it is possible to pro-
vide a transparent process understanding of significant 
events in space and time. This process understanding 
forms the basis for communication and hence for the 
development of the social licence to operate.

Fig. 5: Solution-oriented application of radar remote sensing incorporating additional information for the detection of small-scale 
ground movements (research project for the Ruhr basin)

ing operation are to be treated and assessed on an inte-
gral basis [18]. 

When carrying out geomonitoring activities at tail-
ings storage facilities it is not enough just to rely on data 
from Earth observation satellites such as Sentinel-1, 
whose mission forms part of the EU Copernicus Pro-
gramme for mapping ground movements. Additional 
methods have to be employed, such as site visits, inspec-
tions and the setting-up of in situ sensors (bold print in 
Fig. 4). 

When dealing with safety-relevant issues – of the 
kind that generally tend to arise during the lifecycle of a 
mining installation – risk management is of crucial im-
portance. In order to be able to provide a reliable assess-
ment of the risks arising from the operation of tailings 
storage facilities, and make appropriate adjustments to 
the operating regime, it is crucial to have in place as ex-
tensive as possible a (geo-)data, information and knowl-
edge management system with 4D cover. This is directly 
linked to the geomonitoring of the entire mine site and 
its environment [19]. 

The results of a research project aimed at the detec-
tion of small-scale ground movements in an urban and 
non-urban environment can also be used to assist in the 
operation of tailings storage facilities (Fig.  5). In this 
case radar remote sensing, which is used for the detec-
tion of ground motion, is fed with a wide array of addi-
tional spatio-temporal information in order to identify 
any significant filtered ground movement. This digital 
operation, which is controlled and monitored by expert 
personnel, allows the basic geomonitoring measures, 
with all their periodic visits and inspections, to be re-
duced to an event-related level. At the same time the full 
integration of additional 4D datasets (such as meteoro-
logical data) (Fig. 5, stage 4 and stage 5) in the time series 
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The social acceptance of sustainable mining projects 
must cover the entire lifecycle of the mining installation 
from the initial planning concept right through to the 
closure phase and must in addition take account of the 
economic, ecological and social aspects of the overall 
operation. A development of this kind can only then 
be considered as sustainable when the activities being 
engaged in are fact-based and when sufficient trans-
parency is provided through communication with all 
the parties involved. Given the specific physical and 
chronological parameters of the mining process and its 
dynamic mode of operation the need to maintain cred-
ibility and reliability in the eyes of the public at all times 
poses an enormous challenge for the mine operators. A 
continuous geomonitoring regime can provide an effec-
tive answer to this problem (Fig. 7).

Conclusions

The various endeavours associated with the social li-
cence to operate now have a primary role to play in the 
mining lifecycle and activities of this kind are very much 
in the public focus. At the same time current technolog-
ical developments in our society (including digitisation 
and the widespread and rapid diffusion of social me-
dia), as well as the transition to a circular economy, have 
brought about a change of attitude that has seen a de-
cline in the level of acceptance for, and the understand-
ing of, the mining industry. This all generally ties in with 
a heightened need for information. In order to mini-
mise the gradual loss of acceptance, and even to begin to 
reverse this process, greater provision has to be made for 
openness and for participation in the decision-making 
process by introducing, where possible, a transparent 
project management system along with a comprehen-
sive set of integrated geomonitoring measures and tar-
get-oriented external project communication arrange-
ments. The various technical geomonitoring tools that 
have become available can now provide the public with 
a real insight into the workings of the mining industry 
and the kind of operations involved. Furthermore, risk 
management methods mean that changes can be identi-
fied at an early stage so that countermeasures and safe-
guards can be implemented in good time. Incorporating  
a geomonitoring regime directly into the lifecycle of the 
mine is therefore the key to activating the social licence 
to operate required by those with responsibility for the 
management of tailings storage facilities.
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