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Extended Abstract

Introduction

Acidic drainage is recognized as the largest environmental liability facing the Canadian mining industry. Since 1989, the Mine Environment Neutral Drainage (MEND) multi-stakeholder partnership has developed technologies to prevent and control acidic drainage. The initial MEND Program (1989-1997) contributed greatly to the understanding of acidic drainage. Tremendous technical progress was made in the areas of prediction and modelling, prevention and control, disposal technologies, lime treatment, passive treatment and monitoring.  In 1998, a three-year program commenced to further verify MEND-developed technologies in the field, and to build technology transfer capacity through workshops, reports, and a website.  Linkages between Canadian and international industry and government programs were also strengthened. The main activity for 2001 was release of the six-volume MEND Manual, which addressed key acidic drainage issues (MEND 5.4.2).  Information from more than 200 technical documents and workshop notes produced under MEND up to 2000 was summarized, or referenced in this manual. 

In 2002, a renewed MEND initiative was created that focussed on Canadian national and/or regional information needs, with a strong emphasis on technology transfer. A multi-stakeholder Strategy Session held in 2002 developed a research framework based on four broad research themes; mine waste management practices, emerging challenges, prediction, and post-closure management (MEND 8.2). Participants at the session recommended a number of research activities for a multi-year program to advance acidic drainage knowledge across these four fronts. Subsequently, the MEND Network was surveyed to help define research priorities. Top priorities were identified as closure management, verification of technologies, metal leaching, passive treatment, early prediction and sludge management. Strong support was also given for research on cold temperature effects, paste backfill and monitoring methodologies. The need for guidance documents and technology transfer activities (e.g. workshops, updates on emerging technologies) was identified as a crosscutting issue within each of the themes. In addition, case studies were recommended as a vehicle for cost-effective technology transfer, and as a means of comparison of predicted and actual field performance.  In contrast to the earlier MEND work related to control and limitation of liabilities, there was a shift to recognition of environmental and sustainable development issues. 

Since 2003, the MEND Steering Committee has developed an annual work plan to address these key research priorities.  Many of these new projects re-examine issues and re-visit sites that were the subject of earlier MEND studies.  Advances in technologies and knowledge make it timely to re-examine some of these issues. As well, several of the new projects verify the full-scale application of MEND supported technologies, and investigate their long-term performance.  Over the last five years, there has been a shift in some priorities, with a greater interest in cold temperature effects and guidance documents.  
Covers for Acidic Drainage Control

A tremendous amount of work has been completed in this area, but there is a need for further research and development to address areas of uncertainty and reduce costs.  This is a technically complex area and site-specific factors and conditions add to this complexity, and often necessitate site-specific research. As a result, acidic drainage technologies are not universally applicable.  The application of a particular technology to a site may be negated by prohibitive cost or other factors that affect mine waste management. 

Long-term monitoring has been started on full-scale applications at a number of sites to assist in confirming the performance of available technologies. Experience in the closure of acid-generating mine waste sites has shown that the prevention of acidic drainage should be a first objective when this is achievable and affordable. 

MEND research demonstrated that the oxidation of sulphide minerals can be inhibited by the presence of a water cover, as the water acts as a barrier to the diffusion of oxygen from the atmosphere to the submerged sulphides.  Potential disposal options include: 1) the subaqueous disposal of unoxidized sulphidic wastes under a water cover; and 2) the flooding of oxidized wastes.

In Canada, the use of water covers and underwater disposal are being confirmed as the preferred prevention technology for unoxidized sulphide-containing wastes. These aspects were addressed through initial investigations of historically submerged tailings in natural basins with extensive and detailed geochemical investigations.  
Water covers have been applied at many sites, but are not universally applicable.  Related issues, such as the ability to maintain a water cover over the long term, the integrity of the containment structures, locality and site-specific potential risks due to seismic events, severe storm events, etc., can negate the use of this technology.  However, under suitable conditions, the present state of knowledge is sufficient to allow for the responsible design, operation and closure of waste management facilities using water covers for both fresh and oxidized tailings and waste rock. 

Dry cover systems are commonly used to decommission waste rock piles and tailings impoundments at sites around the world.  The key objective of dry cover systems is to provide a barrier that minimizes the influx of atmospheric oxygen to the mine waste, and limits moisture infiltration. Apart from these functions, dry covers are expected to be resistant to erosion, and provide media for vegetation.

Dry covers can range from a single layer of earthen material to several layers of different material types, including native soils, non-reactive tailings and/or waste rock, geosynthetic materials, and oxygen consuming materials. Multi-layer cover systems utilize the capillary barrier concept to keep one (or more) of its layers near saturation under all climatic conditions. This creates a “blanket” of water over the reactive waste material, which reduces the influx of atmospheric oxygen and subsequent production of acidic drainage. 
Case Studies

Case studies, featuring both the successes and the errors, form a large part of the MEND program. Verification of MEND-developed technologies by long-term monitoring of sites will expand the knowledge base and possibly extend application. Case studies also demonstrate practical experiences with different aspects of metal leaching/acid rock drainage (ML/ARD) mitigation and assessment practices at well-characterized sites. Several MEND projects that look at the field performance and sustainability of various aspects of the prediction and mitigation of drainage chemistry are currently underway or recently completed and brief descriptions are provided below. 

MEND 2.12.2   Assessing the Long-Term Performance of a Shallow Water Cover to Limit Oxidation of Reactive Tailings at Louvicourt Mine investigated the long-term performance of the shallow water cover in large test cells by comparing data from the 1996 and 2005 sampling campaigns. This study was initiated nine years after the tailings were submerged, and integrates geochemical, mineralogical and biological data to provide an overall assessment of the long-term performance. The impact of periphyton layers, which developed in the interim, on the performance of shallow-water covers was investigated.  Results indicated that development of the overlying biofilm was beneficial in preventing metal release to the overlying water column.  Further studies at other Canadian sites with a biofilm are to be investigated under the 2009 work plan.

MEND Case Study Assessments assessed and verified the effectiveness of acidic drainage pollution prevention and control techniques at several sites. Prediction methods, prevention and control techniques, monitoring programs, and closure planning were evaluated.  In Phase I of the project, three closed sites were assessed: Dona Lake, Mandy Lake and Heath Steele.  Phase II included further field studies at Heath Steele, where a water cover was used as closure technology for the tailings impoundment. 
MEND 9.1 Case Studies of Metal Leaching/Acid Rock Drainage Assessment and Mitigation in British Columbia illustrated site-specific application of ML/ARD mitigation and assessment at three mine sites in British Columbia with significant ML/ARD concerns: Johnny Mountain Mine, Snip Mine and the Sulphurets project.  Site specific issues and key design and performance parameters were outlined, along with constraints, information gaps, errors and their management implications.  

BHP Rehabilitation Case Studies (in progress) investigated two sites, Mine Poirier (Joutel, Quebec) and East Kemptville Mine (East Kemptville, Nova Scotia).  The long-term performance of the geomembrane liner installed at Poirier in 2000 was investigated.  The liner has been successful at reducing water infiltration into the tailings pile and limiting oxidation of the tailings, thereby reducing the release of acidic drainage and metals to the environment. Two rehabilitation strategies were implemented on the East Kemptville Mine site.  Oxidation of the fine tailings was reduced by an elevated water table, and acidic drainage water produced by the coarse tailings and the mine waste rocks was neutralized through a lime treatment plant.  Water handling strategies were also introduced to improve process efficiency. 
With the large number of mines opening in Northern Canada, the effect of cold temperature on various technologies is of increasing importance.  Oxidation kinetics, permafrost and mine waste management, in cold weather conditions warranted further research.  
MEND 1.61.4 Covers for Reactive Tailings Located in Permafrost Regions gives a brief introduction to permafrost issues and then focuses on covers constructed over reactive tailings in Canadian permafrost regions. Case histories for Nanisivik, Raglan, Lupin and Rankin Inlet are examined, which represent sites with different tailings operations, cover design approaches and physical and climate conditions. MEND 1.61.5a Northern Soil Covers – Phase I  (in final draft)  reviews cold region phenomena that could impact on soil cover performance, including ground freezing, snow-distribution, limits to revegetation, and identifies  research priorities to improve soil cover design and construction methods suitable for cold regions.  The objective of MEND 1.61.5b Northern Soil Covers - Phase II (in progress) is to link the phenomena found in Phase I with actual northern sites where they occur.
Guidance Documents
MEND 5.10 List of Potential Information Requirements in ML/ARD Assessments and Mitigation Work listed potential information requirements and factors to consider for ML/ARD work, and serves as a general guide for the mining industry, consultants, regulators, educators and students, and the public interested or involved in mining issues.  

The manual, MEND 2.21.4 Design, Construction, and Monitoring of Covers Systems for Waste Rock and Tailings incorporates and integrates the best available technology for the design and construction of cover systems over mine wastes.  The report contains a summary document and four supporting technical volumes: theory and background; site characterization and numerical analyses of cover performance; field performance monitoring; sustainable performance of cover systems; and case studies. It is intended for use by mining personnel and stakeholders interested in cover systems. MEND 2.21.5 Manual for Macro-Scale Cover Design and Performance Monitoring introduces design and monitoring guidelines for mine waste soil cover systems on a macro-scale or watershed scale, and discusses challenges that arise due to increased size and complexity as compared to evaluating cover systems on a micro-scale. Macro-scale cover system evolution follows many of the same guidelines and is governed by the same processes as landform evolution.  Challenges and lessons learned in tracking cover system evolution and long-term field performance are illustrated. A number of methods and associated instrumentation for macro-scale monitoring are detailed in the manual and appendix.

Technology Transfer

An integral part of MEND is technology transfer - the distribution of information on developed technologies to the partners and the public.  Information is transferred through a number of routes. The MEND web site at http://mend.nrcan.gc.ca (currently under construction) is regularly updated with report summaries, a publication list, case studies, newsletters, workshop and conference announcements and links to other relevant initiatives.  Workshops are an effective vehicle to transfer information, and MEND hosts one or two workshops each year.  The BC-MEND Annual ARD/ML Workshop selects a research theme each year that reflects current practices, new research technologies and relevant developments. Participants expressed a strong interest in the field-test results and case studies, which are always included in these sessions.  Themes in recent years were performance of dry covers (2004), prediction of drainage chemistry (2005) and open pits and underground workings (2006), collection and treatment of mine drainage (2007), and most recently, management of tailings and tailings impoundments (2008). Workshops in other parts of Canada focus on issues of regional concern, such as sludge management, tailings disposal, neutral pH drainage, site remediation and case studies on mitigation technologies. 

MEND technical reports are available from the MEND Secretariat in paper and/or CD ROM versions.   Over 160 of the 200 MEND technical documents (covering 1988-2000) are available on three CD-ROMs. In addition, the workshop proceedings are available in CD-ROM.
Conclusions

MEND continues to be a model of collaboration among industry, different levels of government and NGOs.  The MEND program has provided a focus to develop solutions for environmental problems that face the mining industry across Canada and internationally. Through the 20 years of the MEND program, a significant reduction in environmental liability has been achieved.  MEND is now recognized world-wide for its contribution to the long-term sustainability of the industry and the environment.
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