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Abstract 
Finnish nationally funded Green Mining Programme has taken an active role by enhancing a wide 
sustainability research context for the Finnish mining sector. Research project SAM (Sustainable Acceptable 
Mining) has a multi-science concept that focuses on environmental, social and economic impacts of mining 
aiming to create tools and practices that would improve dialogue between mining sector and its 
stakeholders. Based on the foresight study and vision paths created at the beginning of the project SAM 
emphasizes on social acceptance and water use. SAM has gathered industry, research, authorities and 
stakeholders together in various workshops in order to create better learning both in general and local level.  
What concerns the water use, SAM has developed Ground water Check-list, a mine-specific Areal water 
balance simulations and mining industry specific approach for water footprint. SAM is also an international 
project by enhancing research exchange and sharing knowledge with researchers in Australia (CSIRO), 
Chile (Fundación Chile) and USA (Consensus Building Institute, CBI) 
 
 
Introduction 
Fresh water availability and quality is in the focus of global mining industry and water is a critical factor for 
any mine in terms of environmental impacts. Water scarcity is a problem in many countries. The question of 
water is a regional issue and needs understanding of the interaction between the local conditions and the 
mine and its value chain. The question is often about water scarcity but also changes in water quality leads 
to ecological, social and also economic impacts. There is a growing need for improved understanding of 
direct and indirect water requirements of processes.  Regional water context allows decision makers to 
consider impacts and risk factors associated with the use of water in their processes and supply chains. 
(Northey et al. 2014) 
 
Exploration and mining companies consider Finland an interesting country as the potential to find new 
deposits is relatively high and the infrastructure and digital networks are in good condition. At the same time 
concerns have risen towards a sufficient balance between regional socio-economic benefits and 
environmental impacts especially in water use. Finnish government has responded to public concerns of 
environmental impacts of mining by launching the Finnish stress tests for mines in 2013. National Green 
Mining programme started to support research that link technology development and responsibility of the 
mining operations. The stress tests process was voluntary self-evaluation made by mines and beneficiation 
plants. The questionnaire presented seven risk situations and asked 15 questions related to  water 
management (exceptionally high precipitation and runoff ), harmful substances, storms and electricity, 
evaluation of ecological and health risks during hazardous situation, communication abilities (inside own 
company as well as to authorities and citizens), and prevention of vandalism. The tests were highly approved 
by mining companies and so the study received answers from 95% of the test mines and beneficiation 
plants. The stress tests highlighted the need to improve water management, even though in general risk 
management was in good control at the Finnish mines. (Välisalo et al 2014) 
 
SAM (Sustainable Acceptable Mining) is a Finnish nationally funded Green Mining Programme project that 
aims at creating tools to achieve eco-intelligent and acceptable mining environment 
(http://virtual.vtt.fi/virtual/sam/english.htm). SAM offers the mining sector a wide, multi-science research 
concept to create new tools and approaches to increase sustainability and responsibility for the Finnish 
mining sector. SAM is a multi-science sustainability project including the whole value chain of a mine. SAM is 
coordinated by VTT Technical Research Centre of Finland Ltd. The main research partners are Geological 
Survey of Finland (GTK), the Finnish Environment Institute (SYKE) and the University of Helsinki, 
Environmental Economy.  Project timeframe is 2013-2015. SAM is also an international networking project 
that has enhanced knowledge transfer with Chile, USA and Australia, and has a strong interaction with the 
mining companies and their stakeholders through several case studies in Finland. 
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Figure 1. Life cycle phases of a mine (Wessman et al, 2014) 
 
 
Methods 
At the beginning of SAM project the present and future primary drivers and barriers for the mining sector in 
Finland were identified. Current and future trends were defined together with a vision and roadmap for 
responsible mining.  Based on the results of this participatory foresight study including several stakeholder 
workshops, it was evident that one of the main aims of SAM is to find tools to improve competence to 
achieve the local social license to operate. 
 
Water and its importance to society but also to the mines were one of the focus areas. Responsible surface 
and ground water management are the important practices to earn social license to operate.  In order to 
enhance environmentally sustainable mining there should be relevant tools for defining the risks and 
evaluating the environmental impacts, which are useful in any stage of mine’s life cycle.  Ground water 
Check –list, an on-line Areal water balance modelling and Illustration impacts of mining were developed in 
SAM in order to improve the regional risk monitoring in the mining area.  
 
Groundwater Checklist is a tool to enhance the groundwater protection, to prevent groundwater 
contamination and ease the groundwater risk management. The Checklist is a knowledge base that contains 
interactions of geology, chemistry and methodology. It is utmost important to give information about 
interaction of groundwater and surface water and this knowledge is incorporated into the list. The Checklist 
includes the information of hydrogeological structure and interaction of groundwater and surface water, 
managing the groundwater flow pattern and transport of contaminants.  
 
Areal water balance simulations and forecast can be used for process monitoring and for risk management. 
The simulations are done with SYKE’s operational Watershed Simulation and Forecasting System (WSFS). 
The areal water balance includes several areal hydrological variables which can be also forecasted with the 
system using meteorological forecasts. 
 
When illustrating impacts of mining, the conceptual models such as causal diagrams could be applied to 
support environmental impact assessment (EIA) to illustrate possible direct and indirect impacts of mining on 
hydrology and biodiversity. 
 
Water Footprint is an environmental tool to assess the impacts of water use, both water volume and water 
quality perspective. It can be used as a communication tool by industries that use high volumes of water or 
change water quality in the recipient area. The development of the water footprint method has been rapid by 
different institutions and organisations (e.g. Boulay, 2011; Riddout and Pfister, 2012; Kounina et al., 2012). 
Guidelines to collect data and the approach to assess Water Footprint for mines were developed in SAM, 
following the principles of Water Footprint standard ISO 14046. Water footprint framework of the mining 
process is applicable in calculating water eco-efficiency that links economics and environmental benefits 
together.  A framework to calculate process water-efficiency was created in SAM based on the needs from 
economic water operation in mines.  



 
Water footprint analysis provides vital knowledge and a ground for improving water usage. Turning attention 
from situation analysis to improvement opportunities requires further analysis e.g. considering the economic 
aspects of potential improvement alternatives. A conceptual framework to approach this consideration has 
also been developed under the SAM project. The idea of the approach is to model the mining process from 
water efficiency viewpoint in order to locate where the best opportunity for improvement lies. 
 
 
Results 
 
Vision paths 
 
As a result a general framework for the transition process of the sustainable acceptable Finnish mining 
industry was generated (Figure 2.). The framework shows that the old regime is in the transition process 
towards a new regime where six vision paths shape the future. The vision paths outline 1) authority 
processes, 2) corporate culture, 3) acceptance, 4) learning and creativeness, 5) communication and 6) life-
cycle. Landscape level drivers, such as environmental values and sustainable development, support the 
transition process. Niche level experiments, such as SAM stakeholder dialogue experiments in SAM project 
give tools to the new regime. Two special workshops were arranged in SAM project, namely an authority 
workshop heading to develop the dialogue between various authorities, and a drama workshop intending to 
enrich the dialogue between local stakeholders. 
 
 

 
 
Figure 2. A general framework for the transition process of the Finnish mining industry (applied Foxon et al. 
2010) 
 
Environmental tools 
 
The Groundwater Checklist includes information about the groundwater in mining operations and selection 
of methods that can produce the knowledge that is required in each case study.  The Checklist consists of 
three documents: a metadata table (Fig 3), a table of methods and a background paper. The material is 
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available free of charge in internet (http://www.syke.fi/groundwaterchecklist). This knowledge base contains 
interactions of geology, chemistry and methodology together with information on hydrogeological structure, 
managing the groundwater flow pattern and transport of contaminants, which can be applied in any mining 
areas. 
 

 
 
Figure 3. Example row from Groundwater Checklist 
 
Areal water balance modelling can provide a better insight to water balance of a mine and the surrounding 
area. With the simulated water balance, it is easier to follow up the hydrological changes that could affect the 
operations of a mine. Information about local hydrology is useful especially in problematic situations to help 
evaluate impacts. The forecasts give more time to prepare for unordinary scenarios.  
  
 

 
 
Figure 4. Use of WSFS for areal water balance simulation 
 
Illustration of causes and effects of mining in causal diagrams explain ecosystem level impacts and create 
transparency to discussions for example during Environmental impact assessment processes.  
 
Water footprint methodology was found applicable for mines and mine products and could be a part of 
environmental sustainability indicator set for any water intensive process industry. Framework of water 
footprint for a mining product (one tonne of copper anode) is presented in Figure 5. The water footprint 
assessment, based on the ISO standard 14046 and existing impact assessment methodologies helped to 
better understand the various direct and indirect water flows, and the impacts of water use related to mining 
operations. The studied case studies showed that the mines and their local environments, regional 
restrictions and water resources, as well as the deposits and the beneficiation processes are different and 
need to be considered in the assessment.  
 



 
 
Figure 5. Framework to collect data and calculate water footprint for a mining product 
 
A conceptual framework for analysing the economic impacts of alternative water efficiency improvement 
solutions was developed. It combines a mine process model and a cost structure model. The mine process 
model depicts the major water consuming phases of a mining site (Fig. 6). From broader perspective, water 
efficiency improvements may be done in two major areas of the mining site: within the core mining process 
(e.g. mining, crushing, grinding, and concentrating), or in the related and supporting water system (e.g. 
pumping, transfer and treatment in water intake or water discharge phases).  
 

 
Figure 6. Mining process and related water system model for analysing the water efficiency of a mine. 
 
The expenses of the treatment solutions in both areas and each phase are evaluated with a simple cost 
structure model which includes both the capital costs and the operating costs (Table 1). Some solutions may 
be more capital intensive while some others have higher operating costs. The judgement regarding the 
superiority between the alternatives depends on the situation of the mine and the investment policies of the 
company operating it. Also, it is important to note that water efficiency is only one goal of improvement and 
has to be balanced with other goals, such as energy efficiency. The framework is in the final phases of 
development and the first validations with companies are under way. One interest from participating 
companies towards this framework so far has been to get data about the distribution of water treatment costs 
in the Finnish mining context. This data could be compared e.g. to Statistics Canada (2009) data according 
to which water acquisition takes 17% of the overall water costs, intake treatment 11%, recirculation 29%, and 
discharge treatment 43%. It is assumed that in Finland the distribution may differ significantly. 
 



 
Table 1. General cost structure for the analysis of water system costs in a mine. 
 

Capital costs Operating costs 

Intangibles • Environmental permit 
• Deposit for mine closure 
• Connection fees of public 

water system and public 
sewer network 
(sanitary/domestic water) 

Fixed costs • Service and maintenance 
of water-related systems 
(personnel/service costs) 

• Water analyzes and 
measurement 
(personnel/service costs) 

Land areas • Lot/land costs Variable costs • Energy (water transfer, 
recycling, treatment) 

• Water-related chemicals 

Buildings and 
infrastructure 

• Ponds 
• Water transfer systems 

(pumps, pipes, ditching) 

Depreciations • Water-related investments 

Machines and 
equipment 

• Water treatment systems 
(intake, recycling, 
discharge) 

• Water analyzing and 
measuring systems 

• Sanitary/domestic water 
system (e.g. drilled well +  
sewage treatment plant) 

Funding costs • Water-related investments 

 
 
Discussion 
Conflicts in mining projects relate to both social process and physical outcomes of environmental change 
and getting the right message through successfully requires public communication and stakeholder co-
operation. Currently, big global mining companies are aiming to apply systematic ways to include knowledge, 
values and objectives of local people into the analysis.  This is however challenging due to the local cultural 
characteristics. Based on these regional needs, tools to improve dialogue between the industry and its 
stakeholders and authorities were developed during the project and should be done us such in practice.  
 
Potential technologies, services and business concepts for the mining sector should be identified and 
evaluated during the whole life cycle. Value chain based environmental load has traditionally been studied in 
relation to production, not to technology changes. However, it is no longer enough to measure and report the 
different emissions; instead there is a need to recognize the environmental effects of different technologies in 
order to gain a wider environmental perspective (Wessman et al. 2014). Mining industry and its water 
technology development should more effectively utilize tools that are based on life cycle thinking and 
furthermore develop their environmental management with knowledge on the life cycle- based environmental 
indicators that are specialised in assessing water consumption and quality change in industrial processes. In 
this technology context, Water footprint approach can be used as a basis for a broader water disclosure, 
providing a deeper understanding of water risks for the companies themselves, the investors and other 
stakeholders.  
 
Question of water is a regional issue and needs understanding of the interaction between the local 
conditions and the mine and its value chain. Groundwater Checklist improves document management, 
clarifies the basis of conclusions and helps finding suitable research methods. The Checklist can be used as 
an advisory list to ensure that all the important knowledge of groundwater issues has been appropriately 
investigated. Areal water balance model gives better understanding to local hydrology around a mine and it 
can be used also for process monitoring and production management, forecasts can be applied to risk 



management. The systematic assessment of the impacts by illustrating the direct and indirect effects benefits 
collaboration with stakeholders.  
 
From business perspective sustainability has become one of the key drivers of industrial development in 
general, mining being no exception. Regarding that perspective the economic impacts analysis approach for 
the water efficiency improvement developed in the SAM project helps bridge the gap from the analysis of 
water efficiency improvement opportunities to making economically justifiable decisions on required solutions 
and investments. The approach supports the diffusion of innovative water efficiency solutions into practice.  
 
SAM is a good start to give specific environmental and societal tools for companies to identify the major 
environmental impacts and their mitigation potential. It is also a good example of national and international 
cooperation, and should be applied globally. This type of wider and cross-sectoral approach in research will 
help the industry and also its stakeholder to identify what are the hotspots in the product value chain – from 
economic, environmental and social point of view. 
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