Planning to conserve rare fishes within bauxite mines:  a case study from Suriname
Abstract
Integrating conservation measures into mining projects can be difficult, especially when these measures are perceived to have financial repercussions or impose operational limitations on the project’s owners and/or operators.  Nassau Plateau is an isolated lateritic bauxite outcrop located in the central Guiana Shield in northeastern Suriname.  Biological surveys of the plateau’s streams have identified several species of rare endemic catfish, some of which were new to science.  These fishes were identified as species of concern during the ESIA process for mine project proposed on the plateau, and concerns over potential impacts on the fishes presented potentially significant risks to the project.  Integration of robust conservation measures designed specifically to protect the fish as a central aspect of the mine plan was viewed as the only practical strategy for managing these risks.  Such integration relied on several proactive approaches, including early identification the fishes as a concern, close coordination between the mine engineering and biodiversity teams, and creative analytical solutions to the uncertainties posed by species whose habitat requirements are virtually unknown.

Introduction

[image: image1.emf]The Nassau Plateau bauxite mine is a greenfield bauxite mine planned on top of Nassau Plateau, an approximately 500 m tall tropical rainforest plateau in northeastern Suriname (Figure 1).  There are four species of endemic armored catfishes in the small streams on the plateau.  These fishes are some of the most range-restricted and little-known fishes in the world.  All of these species are known from only one or two streams and are endemic to the Plateau.  Extremely little was known about these species’ habitat requirements at the time of the ESIA for the project, but the streams they occupy are some of the most pristine natural water in the world.  Turbidity averages between 5-10 NTU and is often below 5 NTU in these streams in the dry season, dissolved oxygen (DO) levels typically approach saturation, and DO reaches supersaturation often.  Based on grab samples of water quality taken at the point where these fish were captured during three separate surveys on the plateau in the wet and dry seasons, water quality on the plateau is exceptionally high in all seasons.
When the ESIA began, the scientific consensus was that these fishes were likely some of the most sensitive fishes in the world due to their absence from all but the highest quality streams, but there was no empirical evidence to support this conclusion.  The ESIA had to determine whether the fishes were actually as sensitive as they were presumed to be, and therefore whether the mine’s water quality and biodiversity management plan had to be as restrictive as the ambient water quality on the plateau suggested in order to conserve the fishes.  If the fishes were in fact highly sensitive to degraded water quality, the ESIA and Biological Management Plan for the project needed to include conservation measures that would preserve the integrity of the stream ecosystem, without jeopardizing the financial viability of the project if possible.
Analytical Methods Used to Determine the Need for Conservation
[image: image2.emf]Early identification of the challenges that the fishes would pose for mine design and operation was critical to managing the cost implications for the project.  The nearly complete lack of data on these fishes’ habitat requirements necessitated a creative approach to the impact analysis.  In order to gain perspective on their likely habitat requirements, we examined better studied species from North America that occupy similar ecological niches to the Plateau’s rare fishes to determine whether these better known species’ tolerances could suggest anything specific about the Nassau fishes’ sensitivity to changes in water quality.  We called these better documented species environmental surrogates.  Once we identified the environmental surrogates, we queried stream monitoring data from US government agencies that had both abundance data for the surrogates and physiochemical data.  Once we had constructed a data set that contained physiochemical data from several sampling events when the surrogates were captured, we diagnosed the distributions of the abundance data for all the surrogates and the distribution of several physical and chemical parameters that they could be sensitive to (for example DO, turbidity, pH, channel embeddedness, and several others), and we regressed these parameters against the abundance of each of the surrogates (Fig. 2.).  This analysis demonstrated a clear “tipping point” for several physiochemical parameters at which the surrogates disappeared from their native streams.  We translated these tipping points into project specific water quality standards for the Nassau project.  
Early environmental analysis concurrent with the mine design process
The physiochemical standards developed for the Project were more stringent than the IFC’s standards for mines and compliance with these standards were deemed critical for the survival of the rare fishes.  Compliance with such stringent water quality standards could conceivably have posed an unacceptable cost to the project had it arisen late in the planning process, but because it was identified as a requirement early in the process, minimal changes were necessary to fully integrate the measures designed to protect the rare fishes into the mine design and operations plan.  This is unlike the approach taken at many mine projects, where the design is largely complete before the ESIA and management plans are in place, and major components of the Project sometimes have to be redesigned to address unanticipated impacts predicted in the ESIA.  The approach taken for the Nassau Project had the following major advantages over a more conventional ESIA and design approach:  it incorporated conservation of the fishes as a key element of the mine plan at all stages of the design, it eliminated much of the cost that would have been incurred to retrofit protection of the rare fishes into the project design, and it ensured that the ore production estimates were accurate from the beginning of the project and did not have to be revised downward to accommodate the necessary conservation measures.

Using the mine pits as water treatment facilities, and taking advantage of water management opportunities within the larger landscape
Early in the mine design process it became evident that the high amounts of precipitation that occur during the rainy season had the potential to cause highly turbid, warm, hypoxic runoff to enter the streams containing the rare fishes, and that this runoff could cause unacceptable impacts to these species that would likely extend well downstream of the Project.  The large volumes of runoff could not be stored and treated within the Project area long enough to achieve the turbidity standard if the pits were excavated only to the depth required to extract the ore, so the mine was designed to include sediment sumps within the pits so that the pits could act as sediment settling ponds while excavation was ongoing (Fig. 3).  In this design, one or more sumps are located within each mine pit and collect runoff from all disturbed surfaces via gravity flow.  Excavators work radially outward from the central sump rather than along an unconfined pit wall.  This ensures that all impacted runoff flows into, rather than away from, the pit and sumps.  This design also allows water to be retained within the sump(s) until it can be treated to meet the project-specific discharge standards.
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The Plateau has a pseudo-monsoonal climate with a pronounced dry season from about September to December.  The mine designers realized that the potential exists for precipitation during the rainy season to overwhelm the storage capacity of the sumps, in which case discharges of untreated, poor quality water would be necessary to avoid flooding the mine.  An expanded search of the area surrounding the concession identified several streams that had been previously mined by small scale, unregulated gold miners.  These streams had extremely poor water quality and no species of conservation interest.  They represented a low-impact option for discharging poor quality water from the mine.  To take advantage of these streams’ condition and proximity to the Plateau, a pumping system was designed to pump the poor-quality pit water out of the sumps and out of the microwatersheds that contain rare fishes and into the previously mined microwatersheds, where no impacts on sensitive species will occur.  This approach utilized the topography of the plateau itself and prior impacts to the landscape surrounding the plateau to provide a secondary method of eliminating affected runoff to the sensitive streams should the primary sump-based water treatment system be overwhelmed, thereby eliminating one of the most significant potential impacts of the project on the rare fishes.  Whereas baseline surveys outside the area of immediate effect are sometimes viewed as an optional cost in ESIAs, in this case a very modest investment in a few extra field days identified an opportunity to use preexisting disturbed areas as a low-impact mechanism for managing the most significant potential Project-related impact on the rare fishes.
Progressive mining and restoration sequence
The mining approach for the Nassau Plateau mine project was carefully selected to minimize the area disturbed at the Plateau at any one time.  The planned mine sequence consists of sequential excavation of several small panels at a time followed by progressive rehabilitation of the panels.  This approach ensures that no more than 60 to 80 hectares of the plateau will be exposed/disturbed at any one time.  Surface flow to the streams supporting rare fishes will only be restored once the topsoil layer is fully stabilized and revegetated across their entire microwatersheds.  This approach contrasts with the typical mine progression in which restoration occurs after a pit is exhausted, and provides several water quality-related benefits, including:

· minimizing the duration of disturbance/exposure at any specific point within the mine footprint;

· minimizing the total amount of disturbance/exposure within the mine footprint at any specific time; and

· minimizing the percentage of shallow groundwater recharge lost due to pumping poor quality surface water to the previously impacted streams.  
Seasonally sensitive mining sequence

As described above, it is common procedure in the mining industry to mine a pit to exhaustion before moving to a new location because it is generally considered inefficient to move equipment between pits more than absolutely necessary, but the constraints imposed by the rare fishes required a non-traditional approach to the mining sequence on the Nassau Plateau.  The dry season provides an opportunity to mine portions of the pits that are closest to the sensitive streams and therefore would otherwise pose the highest potential threat of creating poor-quality runoff.  The plateau is also relatively small, so moving equipment between pits does not represent as high a cost as it would in a larger, more expansive mine. Consequently, Suralco was able to plan the mining sequence in a manner that mines relatively low-risk areas (i.e.; microwatershed that do not contain rare fishes) during the wet season, and then moves to higher risk areas (i.e.; microwatersheds containing rare fishes) during the dry season while ensuring a consistent feed to the refinery.
Working with government to protect biodiversity within the mine footprint
In addition to the non-traditional mine planning techniques described previously, a program was also put in place within the boundaries of the mining concession to control the access and the activities of small-scale-miners and other unauthorized personnel within the mine concession.  This was necessary to prevent disturbances to critical habitats on the Plateau.  Although it is typical for multinational companies to strictly control access to their concessions elsewhere in the world, it is more of a challenge in Suriname where small scale mining is an individual right of every citizen protected under law, concessions are frequently violated by small scale miners, and some degree of concession violations are often tolerated by multinationals as a cost of doing business in Suriname.  Suralco worked with the government of Suriname to enforce a restricted -access zone to the concession, which included the construction of guard houses at key access points on the and regular patrols around the boundary of the concession.  Suralco’s unique vigilance and willingness to work proactively with the local authorities has simultaneously prevented further impacts to the rare fishes while protecting their own investment and reputation against the impacts of small scale unlicensed mines within their concession.
Conclusion

The Nassau Plateau bauxite mine project faced unique biodiversity challenges arising mainly from a number of endemic fishes located within the concession.  Managing these challenges while maintaining the financial and operational viability of the project required equally unique approaches to the ESIA, mine design, and mine planning process.  Successfully managing these challenges required creative analytical approaches to the ESIA and fully integrating the ESIA into the mine engineering process.  It also required strategically broadening the geographic scope of the baseline surveys to understand the biogeographical implications of the project in the wider watershed, and the capacity to recognize prior impacts not as liabilities, but rather as opportunities for avoiding further degradation of sensitive habitats.  Applying these approaches together allowed Suralco to make an absolute commitment to preserving the rare fishes under challenging operational circumstances while preserving the economic viability of the Nassau Plateau mine project.
