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Abstract  

Safe design and management of flotation tailings storage facilities represent one of the most 

important aspects of modern mining, considering the potential technical, environmental, and 

social consequences of possible dam failures. Following major tailings storage facility failures 

worldwide, international standards and guidelines have been developed to define requirements for 

the design, construction, operation, monitoring, and closure of tailings facilities. This paper 

provides an overview of the most significant international standards and recommendations applied 

in the field of flotation tailings facility design, with particular emphasis on risk management, 

geotechnical investigations, stability analyses, water management, and monitoring. The possibility 

of their application in domestic engineering practice is also considered, highlighting the benefits 

that the implementation of modern standards can provide in terms of improving the safety, 

reliability, and sustainability of tailings storage facilities. The paper presents an overview of 

current international guidelines and may serve as a basis for improving the practice of designing 

and managing flotation tailings storage facilities. 

Keywords: flotation tailings storage facility, international standards, design, dam stability, 

risk management, monitoring 

1. INTRODUCTION 

Flotation tailings storage facilities (TSFs) are critical structures in the mining industry, 

providing controlled disposal of waste material generated during mineral processing. Their 

design and management require the integrated consideration of geological, geotechnical, 

hydrological, seismic, environmental, and other site-specific conditions that may influence 

facility performance throughout its service life. A particular challenge is that tailings 

properties and hydraulic conditions may change during operation, while storage capacity is 

often increased through successive dam raises. 

The safety of tailings facilities is of paramount importance due to the potential 

occurrence of various failure mechanisms, which may threaten human life, infrastructure, and 

the environment. Experience gained from major tailings dam failures has demonstrated the 

need to improve traditional design approaches by shifting from safety assessment based 

solely on individual engineering calculations toward comprehensive risk management 

throughout the entire life cycle of the facility [1]. 
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In response to these challenges, several international standards and guidelines have 

been developed to establish principles for the safe management of tailings facilities. Among 

the most influential is the Global Industry Standard on Tailings Management 

(GISTM), which applies to both existing and new TSFs and integrates design, construction, 

operation, monitoring, closure, and post-closure activities within a unified safety 

management framework. The standard places particular emphasis on multidisciplinary data 

management, robust engineering design, water management, continuous monitoring, clearly 

defined responsibilities, and systematic risk management. 

In addition to tailings-specific guidelines, internationally recognized standards for 

geotechnical and seismic engineering play a fundamental role in TSF design. Eurocode 7 
(EN 1997) establishes the principles for geotechnical investigations, ground characterization, 

and geotechnical design, while the seismic aspects of geotechnical engineering are 

complemented by the requirements of Eurocode 8 (EN 1998) [2]. 

The aim of this paper is to present the most important international standards and 

guidelines relevant to the design of flotation tailings storage facilities and to review their 

principal requirements in the fields of geotechnical investigations, stability analysis, water 

management, seismic safety, monitoring, and risk management. Particular attention is given 

to the applicability of these principles in domestic engineering practice, with the objective of 

improving the safety, reliability, and long-term performance of tailings storage facilities. 

2. INTERNATIONAL STANDARDS AND GUIDELINES FOR  

    TAILINGS FACILITY DESIGN 

The development of international standards and guidelines for tailings management 

has been driven by the need to establish a systematic framework for safety, 

environmental protection, and risk management. Modern engineering practice no longer 

considers tailings facility design as an isolated phase, but as part of an integrated process 

encompassing site selection, design, construction, operation, monitoring, closure, and 

post-closure management. 

One of the most influential documents in this field is the Global Industry 

Standard on Tailings Management (GISTM). The standard was developed to 

improve the safety of tailings facilities through an integrated approach that combines 

technical, environmental, social, and economic considerations. Its requirements are 

structured around 15 principles and 77 auditable requirements, covering the entire 

life cycle of tailings storage facility. Particular emphasis is placed on site 

characterization, consequence classification of potential failures, data-driven engineering 

design, water management, continuous monitoring, and systematic risk management. 

Unlike GISTM, which provides a comprehensive governance framework for 

tailings management, the International Commission on Large Dams (ICOLD) 

guidelines offer specialized engineering recommendations for the design, construction, 

and safety assessment of dams and tailings storage facilities. Their significance is 

particularly evident in the application of principles related to slope stability, seepage 

control, structural behavior, and safety evaluation during different phases of a facility’s 

operational life. 
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For the geotechnical aspects of design, Eurocode 7 (EN 1997) provides the 

fundamental engineering framework. This standard establishes general principles for 

geotechnical design, including requirements for site investigation, ground 

characterization, laboratory and field testing, and the development of reliable 

geotechnical models. In the context of tailings facilities, accurate material 

characterization and the assessment of groundwater conditions are essential for ensuring 

long-term stability. 

The seismic component of design is addressed by Eurocode 8 (EN 1998), which 

complements Eurocode 7 by defining requirements for geotechnical structures subjected 

to earthquake loading. For tailings storage facilities, seismic design is particularly 

important because earthquakes may alter the stress–strain state of tailings materials, 

reduce shear strength, trigger liquefaction in susceptible deposits, and compromise 

overall dam stability. 

These documents should not be regarded as competing standards, but rather as 

complementary frameworks operating at different levels of engineering practice. GISTM 

establishes the overarching principles of safety governance and risk management, 

whereas Eurocode 7, Eurocode 8, and ICOLD provide the technical basis for the detailed 

design and assessment of tailings facilities. Their combined application enables a 

comprehensive evaluation of safety by integrating engineering analyses, site conditions, 

water management, monitoring systems, and organizational risk control measures. 

Such an integrated approach forms the foundation of contemporary tailings facility 

design, where structural safety is assessed not only through engineering calculations but 

also through the systematic identification, evaluation, and management of risks 

throughout the entire life cycle of the facility. 

3. KEY ASPECTS OF TAILINGS FACILITY DESIGN ACCORDING TO 

    INTERNATIONAL STANDARDS 

The application of international standards in tailings facility design requires the 

facility to be assessed through several interconnected aspects. In addition to the dam 

structure itself, site conditions, tailings characteristics, water regime, stability, seismic 

effects, construction and raising methods, as well as the behavior of the facility during 

operation must be taken into consideration. In this way, the design solution should be 

based on a reliable assessment of the conditions that may affect the safety of the facility. 

3.1. Geotechnical Investigations and Site Characterization 

Reliable characterization of the geological and geotechnical conditions is 

fundamental to the design of tailings storage facilities. Investigations should enable the 

identification of the lithological composition, structural and tectonic characteristics of 

the site, groundwater levels and regime, as well as the properties of the materials used 

for dam construction and the tailings to be deposited. Particular attention should be given 

to determining the relevant physical and mechanical properties of the tailings, including 

grain-size distribution, bulk density, permeability, strength parameters, and deformation 

characteristics. The data obtained provide the basis for developing the geotechnical 

model and selecting the parameters used in engineering analyses. Eurocode 7 

specifically addresses geotechnical design and ground investigation and testing, 
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emphasizing the direct relationship between the quality of site investigations and the 

reliability of design verifications. 

3.2. Stability Analysis 

Stability assessment is one of the fundamental elements of tailings dam design. The 

analysis should consider potential slip surfaces through the dam body, the deposited 

tailings, and the foundation, while accounting for the characteristic conditions that may 

occur during construction, operation, and after closure of the facility. The calculation 

model should take into account the geometry of the structure, geotechnical properties of 

the materials, stress state, groundwater regime, and relevant design situations. 

Depending on the characteristics of the facility and the available data, different methods 

of stability analysis may be applied, with the selected method being consistent with the 

geotechnical model and the complexity of the problem. For tailings storage facilities, 

particular attention should be given to changes in conditions over time. As the dam is 

progressively raised, the geometry of the facility changes, while the volume of deposited 

material increases, and seepage conditions and the stress state may also change. 

3.3. Water Regime and Seepage Management 

The presence of water is one of the key factors affecting the stability of tailings 

storage facilities. Therefore, the design must address the control of water inflow, 

accumulation, and movement through the dam body, tailings, and foundation soil. 

Particular attention should be paid to the water level, seepage flows, pore water 

pressures, and the potential occurrence of erosion or other seepage-related processes. 

The design solution should provide adequate control of the water regime through 

drainage systems and surface water management measures, in accordance with the 

specific characteristics of the site. In geotechnical design, water cannot be considered as 

an isolated factor since its influence directly affects the assessment of the stress state and 

overall stability. Eurocode 7 requires consideration of actions arising from groundwater 

conditions as part of geotechnical design. 

3.4. Seismic Safety 

Seismic loading represents a specific aspect of tailings facility safety, particularly 

for large structures and materials that may exhibit unfavorable behavior under dynamic 

loading. Depending on local seismic conditions, material characteristics, and the 

importance of the facility, additional analyses of the behavior of the dam and tailings 

during an earthquake may be required. 

In addition to assessing overall stability under seismic loading, the potential for 

excessive deformation, settlement, and, where appropriate conditions exist, loss of 

bearing capacity or liquefaction of the materials should be considered. Eurocode 8 

provides additional provisions for seismic geotechnical design, complementing the 

requirements of Eurocode 7. 
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3.5. Monitoring and Risk Management 

The modern approach to tailings facility safety assumes that the design process 

does not end with the preparation of calculations and technical documentation. During 

construction and operation, the behavior of the facility must be monitored, and measured 

parameters should be compared with the expected performance defined by the design. 

Monitoring may include the assessment of displacements and deformations, groundwater 

levels and pressures, flow rates through drainage systems, and other parameters relevant 

to facility safety. The data obtained enable timely identification of deviations and 

implementation of appropriate corrective measures. GISTM further extends this 

approach by requiring systematic risk management throughout the entire life cycle of the 

tailing’s facility, while ICOLD guidelines address issues related to the safety, design, 

construction, operation, and rehabilitation of tailings dams [3–5].  

4. APPLICATION OF INTERNATIONAL STANDARDS  

    IN DOMESTIC ENGINEERING PRACTICE 

The application of international standards and guidelines in domestic engineering 

practice can represent a significant step toward improving the safety of flotation tailings 

storage facilities. However, their application should not be viewed as a simple adoption of 

individual criteria, but rather as the establishment of a systematic approach to design and risk 

management, adapted to the specific geological, geotechnical, hydrological, and seismic 

conditions of the site. During the initial design stage, particular importance should be given to 

high-quality geological and geotechnical investigations, which provide the basis for defining 

site conditions and material characteristics. The results obtained form the basis for developing 

the geotechnical model and selecting appropriate design parameters [6-9]. In accordance with 

the principles of Eurocode 7, site investigations and material testing should be considered an 

integral part of the geotechnical design process, rather than a separate activity completed 

before the commencement of engineering analyses. In the subsequent stage, an appropriate 

dam design and construction and raising method should be defined, while simultaneously 

considering stability, seepage, and deformation. Analyses should be performed for relevant 

design situations corresponding to the different stages of the facility’s life cycle. For more 

complex sites, such as areas characterized by significant heterogeneity, the presence of 

groundwater, or unfavorable geological structures, additional analyses should be conducted 

and, where necessary, more advanced numerical methods should be applied. 

Particular attention should be given to seismic safety. The selection of seismic 

parameters and design situations should be based on the characteristics of the site and the 

importance of the facility, while for materials susceptible to increases in pore water pressure, 

their behavior under dynamic loading should also be assessed. Eurocode 8 provides 

additional provisions for seismic geotechnical design, thereby complementing the 

geotechnical principles established by Eurocode 7. 

International guidelines also emphasize the importance of water management and 

monitoring. In domestic practice, this involves the design and maintenance of appropriate 

systems for controlling surface water and groundwater, as well as the establishment of 

monitoring programs for assessing the behavior of the dam and tailings. Monitoring should 
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enable the assessment of parameters relevant to facility safety, such as deformations, 

displacements, groundwater levels, pore water pressures, and flow rates through drainage 

systems. Monitoring data should be used to compare the actual performance of the facility 

with the design conditions and to enable timely implementation of corrective measures. 

The application of international principles in domestic practice is particularly 

important for existing tailings storage facilities that are progressively raised. In such 

cases, the design of the new configuration should be based on updated data regarding the 

actual condition of the facility, monitoring results, and additional site investigations, 

rather than relying exclusively on the assumptions made in the original design. Table 1 

provides an overview of the relevant standards and their significance for tailings 

management and design. 

Table 1. Overview of international standards and guidelines and their importance for 

the design and management of tailings ponds 

Standard / 

guideline 
Main subject 

Key aspects relevant to 

tailings facilities 

Application in 

engineering practice 

GISTM 

Tailings 

management 

throughout the 

entire life cycle 

Risk management, 

consequence classification, 

design, monitoring, water 

management, closure, and 

emergency response 

Establishment of an 

integrated safety and 

risk management 

system 

ICOLD 

Bulletin 106 

Design, 

construction, 

operation, and 

rehabilitation of 

tailings dams 

Site selection, design, 

construction, operation, and 

rehabilitation 

Basis for the technical 

assessment of 

different phases of the 

dam life cycle 

ICOLD 

Bulletin 121 

Hazardous events 

and lessons learned 

from failures 

Failure mechanisms, lessons 

learned from previous 

incidents, and measures to 

improve safety 

Identification of 

potential failure 

mechanisms and 

preventive measures 

ICOLD 

Bulletin 139 

Improving the 

safety of tailings 

dams 

Design, management, 

monitoring, risk management, 

and closure 

Application of risk 

management 

principles and safety 

control measures 

EN 1997 

(Eurocode 7) 
Geotechnical design 

Geotechnical investigations, 

soil characterization, design 

models, and geotechnical 

verification 

Development of the 

geotechnical model 

and selection of 

design parameters 

EN 1998 

(Eurocode 8) 

Design under 

seismic conditions 

Seismic loading, geotechnical 

aspects, and structural 

behavior during earthquakes 

Verification of 

seismic stability and 

material response 

5. CONCLUSION 

The safety of flotation tailings storage facilities requires a comprehensive approach 

that integrates both sound engineering design and effective risk management throughout 

the construction, operation, and closure phases of the facility. International standards and 

guidelines have been developed in response to the need for higher safety levels and 

provide a robust framework for the systematic management of tailings facilities. The 
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implementation of these international standards in domestic engineering practice can 

significantly improve the reliability of design solutions and strengthen safety 

management systems for both existing and newly constructed tailings storage facilities. 

Their application, however, should be adapted to the specific geological, geotechnical, 

hydrological, and seismic conditions of each site while remaining consistent with 

applicable national regulations. Based on the presented review, the adoption of 

internationally recognized principles offers considerable potential for advancing the 

design and management of flotation tailings storage facilities. Integrating these 

principles throughout the entire life cycle of a facility contributes to more effective risk 

prevention, early hazard identification, and timely decision-making, ultimately 

enhancing the safety, sustainability, and long-term reliability of tailings management 

systems. 
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