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Abstract

The South Alligator Valley in Australia’s Northern Territory (NT) was the location for 12 or more small uranium mines in the 1950s and 1960s The mines were abandoned un-remediated, and the area continued as a pastoral cattle station for the next 20 years. In the 1980s the area was explored again for platinum and gold whilst simultaneously being handed back to traditional owners and designated as stage three of the dual world heritage listed Kakadu National Park (KNP). In the late 1980s exploration ceased and the area incorporated into KNP through a lease-back arrangement with the traditional owners. A requirement of the lease was that the Federal Government would ensure all evidence of former mining activity was remediated within 15 years of the start of the lease.
Work to assess the scope of the issues began in the mid-1990s and a series of studies were undertaken to locate all the relevant sites characterise them, and carry out assessments for physical, radiological and other risks. All negotiations were undertaken with the traditional owners directly in a major new strategy for such works. The final plan had to take into account the need to meet contemporary safety standards in all areas as well as meeting cultural and other expectations of the traditional owners. At the same time the works had to result in areas still being able to be used as a national park in a sustainable manner with a minimum requirement for specialist management or access restrictions.
The presentation describes the situation at the start of works before describing how issues of safety and sustainability were discussed and agreed with the various stakeholders – Federal and NT governments, Park Authorities- as well as the traditional owners to arrive at a final remediation plan and the works to implement that plan. The story then progresses to the post remediation phase with details of the monitoring regime and checks to ascertain that the long-term sustainability of the work continues to be achieved.  Finally, there is a discussion of the lessons learned from all phases of the programme and an indication of how these lessons are being applied elsewhere to ensure safety and sustainability requirements are met in an optimised manner. 
1. INTRODUCTION
The mining industry has long been regarded as a one-time user of land with a reputation for leaving sites un-remediated and often unsafe. Certainly, many former mining areas have been left in a condition that not only presents a series of risks, both physical and chemical (and perhaps radiological), but also unsuitable for any successive land use. Thus, mining was seen to be a non-sustainable industry. Uranium mining was no different in these respects. Only with the advent of the “green” movement and an increasing awareness of the need to preserve environmental values has the situation been seen to start changing. It was perhaps Rachel Carson’s book “Silent Spring” [1], published in 1962, which has been considered by many to be the ignition point for these changes. Although mining was not specifically targeted by that author, the level of interest created is said to have led to the creation of the United States Environment Protection Agency (USEPA) which has certainly had an interest in reducing environmental impacts of mining.
Uranium mining carries all the stigma of mining with the additional issue of radiation safety and the link to nuclear weapons and accidents such as Chernobyl, Three Mile Island and Fukushima. Whilst modern uranium mining operations are generally regulated in such a way as to ensure that long term site remediation is included in forward mine planning there have been a number of situations around the world where former uranium mining and processing sites had been abandoned. It is only in relatively recent times (since 1980s) that programmes such as the Uranium Mill Tailings Action (UMTRA) programme of the United States Department of Energy (USDOE) and work by mining companies such as Areva (now Orano) in France and Wismut in Germany have begun comprehensive remediation of such sites. 
Australia is no different insofar as the rapid growth of uranium mining post 1946 went into a recession in 1960s and sites were simply abandoned for the most part. In particular, the uranium mining campaign in the South Alligator Valley of Australia’s Northern Territory, which ran from 1953 until 1962, is an example of sites being left un-remediated and creating issues for future land use plans.  While the land was being used for extensive beef cattle raising there was little need to consider remediation. However, the introduction of native land rights in 1976 and a plan to incorporate the valley into an expanding national park meant that action had to be taken. The new traditional aboriginal owners wanted the land cleared up and authorities needed to make sure that when the public accessed the new park they would not be exposed to unnecessary risks. For these reasons a mine site remediation project was begun. 
The mining impacts included unfenced open pits, adits and shafts that were open and accessible, roads and tracks that were unsafe to use through lack of maintenance, waste rock dumps, abandoned machinery and an ore processing plant and buildings that contained asbestos. There were also small amounts of radioactive material in various forms: dried slimes in the bottoms of old process water ponds, ore fragments at old crusher sites and ore dump sites, and  a small township of deteriorating sheds and housing units. All of these issues had to be addressed and cleared up in accordance with contemporary safety standards as well as meeting the cultural and safety concerns of the traditional landowners.

2. THe minING HISTORY AND remediation programmeS
The details and history of the remediation of the South Alligator Valley uranium field have been described in many published references (e.g. [2] [3] [4]). In essence the valley had been the site of some small-scale mining for silver, lead and zinc by the pastoralist Joe Callanan since 1946 [4].  Following World War Two there had been an upsurge in mineral exploration especially uranium. The discovery of significant uranium deposits at Rum Jungle, 175 Km to the north-west of the valley, led to a renewed search around the district and uranium mineralisation was found by Callanan, although he thought it was copper at first. The deposit, initially named as Coronation Hill and now called Guratba, was positively confirmed as a uranium deposit by a Government Geologist in June 1953. Intense aerial and ground exploration of the area followed and about 54 radiometric anomalies were located, of which 16 were deemed worthy of further study. Finally, 13 deposits were mined between 1955 and 1962 using a mix of open pit and underground mining methods, depending on the characteristics of the individual deposits [3,4].  
All production was sold to the British and American Governments with a total of about 975 tonnes of U3O8 being exported, some initially as pitchblende nuggets although a small mill and processing plant was eventually established at a site near the main camp at the El Sherana township which enabled the production of uranium oxide and so make the export easier and more efficient. This is all described in Joe Fisher’s autobiography [4] and other contemporary literature [5]. 
However, once the supply contracts had been filled, mining ceased, and the sites were simply abandoned, and the area reverted to extensive pastoral use by beef cattle. The situation remained like this until the advent of legislation on Aboriginal Land Rights and the creation of a National Park to the north in an area known as Kakadu. The Aboriginal Land Rights Act 1976 determined that the South Alligator Valley was aboriginal traditional land and it would be handed back to traditional aboriginal landowners. At the same time arrangements were put in place to create the Kakadu National Park (KNP) in three stages. 
The uranium mining area fell into what would become Stage Three of KNP. It was further agreed that the Australian Government would rent the land for KNP from the traditional owners. Stages One and Two of KNP went ahead and this was followed by the listing of KNP on the World Heritage register for both natural and cultural values. Work began to extend KNP into Stage Three. A complication at this time, mid 1980s, was that exploration for gold, platinum and palladium had been allowed to commence in the old uranium mining areas. The explorers went into the un-remediated areas and carried out drilling and other mineral exploration activities. A proposed mine at Guratba reached the stage of completing all the processes of environmental impact assessment before a political decision was made to stop all activity and ban any future mining activity within the boundaries of KNP.
By this time, 1986, a survey had been undertaken by the Australian Government to assess the level of disturbance at all the uranium mining sites and some recommendations had been made as to possible remediation options. Once the exploration activity had been stopped a programme was undertaken which was described as “hazard reduction works” as there were no funds for a complete remediation campaign. The aim of the hazard reduction works was to reduce physical and possible radiation risks to the public who were now able to access the valley.  The work was undertaken in 1995-6 and mostly involved identifying physical risks such as accessible underground workings and unfenced open pits listed in the previous survey and implementing measures to make areas safe and to prevent unauthorised access to tunnels as well as blocking trails and fencing off pits and similar hazards. Buildings were demolished, including the old mill and process plant, old ore fragments were collected up along with other scrap materials and all the residues were buried at seven locations around the valley. There was only limited consultation with stakeholders throughout this phase of the works [6]. At that time most negotiation was through the Northern Land Council, a government funded agency set up to assist traditional landowners in managing such situations. There were few direct discussions with local people, although some community members had been known to raise issues directly with mining exploration companies earlier.
One sustainability issue that arose at this time was how to make old tunnels off limits to people but still accessible to various threatened bat species that had taken up residence since the miners’ departure. As many of the bat colonies were found to be breeding sites this was very important. A series of designs were developed for ways to close openings with grilles that would allow bats free access but make human ingress all but impossible. The work was completed in 1996 and a monitoring programme was put in place to ensure that materials were not being exhumed and that radiation does in the areas remained below acceptable limits.
By 1998 the negotiations for the lease of Stage Three of KNP had reached a conclusion and one condition in the lease was that all evidence of former mining activity in the South Alligator Valley (SAV) would be remediated by 2015. Consequently, a campaign of discussions and negotiations with the site-specific traditional owners was begun to establish exactly what their vison was and how it might be achieved in a way that would respect their cultural values and expectations whilst still allowing public access to the more popular attractions in the area such as seasonal waterfalls and camping sites. 
	The programme of consultation was developed to be culturally appropriate with meetings held “on country” during the dry season for the most part, usually at a large campsite.  Meetings in the wet season were generally avoided as the valley was in accessible due to high seasonal flows and suitable venues for large gatherings were generally too far away and involved significant expense and logistical challenges to get traditional owners together. Frequency of meetings was limited to avoid risk of “meeting burn-out” and to make for a more relaxed atmosphere. The conduct of meetings was also adapted to suit more traditional ways of running such events but still ensuring decision making and debate were free and unfettered. Records of meetings and decisions of each meeting were recorded and written up on a flip-chart by the traditional owners as the meeting progressed. These pages were then photographed to become the permanent record of meeting outcomes. The images were trusted by the traditional owners as easier to recall and understand when compared to traditional “minutes” prepared from notes after the meeting. The development and installation of this consultation process has been described elsewhere [7]. The advent of digital photography meant that records could be prepared almost instantly for distribution almost contemporaneously if requested; for example by using the facilities at the Park Ranger office not far from the camp site.
One of the issues that arose early in discussions was who could access certain sites as a number of localities were considered to be gender-specific scared places. For example, part of the hillside at Guratba was considered to be a “men-only place” and so scientific staff had to be aware and plan the composition of working teams accordingly to avoid disturbing cultural sensitivities.  Another issue arose when the traditional owners asked if open cuts could be filled in as part of the remediation.  The scientific team pointed out this was possible in theory but from where could suitable fill material be sourced? This was especially difficult as it had been made clear by the traditional owners that there should be no new excavations and drilling and blasting to obtain fill rock was also forbidden. Searching the countryside the project team found a volcanic outcrop that was mostly fractured rock and it was considered suitable to be exploited simply by use of heavy bulldozing equipment, no blasting required. However, the size of equipment proposed was considered to be likely to be too disruptive by the traditional owners and so further discussions were held to reach a compromise using other locally one materials and smaller equipment. As a result, one particular pit was filled to prevent water accumulating but it did not match the original landform. The outcome was, however, accepted by the traditional owners.
There were several examples of this type of issue; how to achieve the desired level of safety and minimal post-project maintenance requirements whilst meeting the cultural and other wishes of the traditional owners.  While cleaning up the former mining sites was a priority it was essential that the work caused no further environmental damage nor should it expose other cultural sites to unauthorised access, The traditional owners wished to maintain their seasonal activities without concerns about radiation or other risks requiring them to stop using traditional campsites, for example. 
Once the “basic rules” for the remediation had been established through this consultation process detailed design and planning began. Initially several surveys were undertaken to establish flood prone zones and suitable ground water conditions for siting a single containment for all radioactive residues and contaminated arisings from the various small containments established after the hazard reduction works.  Throughout these studies there were meetings with traditional owners at intervals that they considered to be appropriate, i.e.  not too frequent and related to milestones in the programme rather than at pre-set intervals.  The final plan was drawn up to be implemented in two stages. This was partially to spread the funding requirement over time and to allow for only dry season working on site. The site selected was an abandoned gravel airstrip which met all the technical requirements as well as being acceptable to the traditional owners.
Although the plan was completed and agreed by 2004 the funding did not become available until 2006 and this hiatus, nor surprisingly, caused concern amongst all those involved with the project, not least the traditional owners. However, in the dry seasons of 2006 and 2007 the works were undertaken and completed on time and on budget [3]. The first season concentrated on sites with the most radiological issues followed by the more remote sites. Several technical matters arose during the works which called for minor programme revisions, as might be expected. Each was raised with the traditional owners and resolved in turn. However, a major issue was the exposure of larger volumes of uranium mill tailings than had been previously identified.  This required the containment to be extended considerably. Fortunately, the design had been drawn up with such a possibility in mind and the extra volume was constructed with few delays to the overall project. In the final stages of closing out the containment instruments and lysimeters were installed at various locations to facilitate long term monitoring of the state of the contents, as well as a ring of ground water monitoring wells, some run off plots and flumes to measure soil erosion of the cover and a surrounding fence. The site was revegetated using seeds and stock of local provenance to maintain the ecological balance on the site.

3. MONITORING PROGRAMME
The monitoring programme was set up to be able to provide assurance that the containment was not eroding away and that there were no emissions or escapes from the site via the water or air pathways.  The programme was initially twice per year with regular sampling of groundwater and level recording as well as downloading of data from sensors buried at the containment in various locations and radiological measurements. There were also visual checks of the physical state of the cover and vegetation development as well as inspections for any erosion damage and data collection from the erosion measuring devices and lysimeters. The outcomes of the monitoring are reported to the six-monthly meetings of the Alligator Rivers Region Advisory Committee (ARRAC).  This is a body set up under the Environment Protection (Alligator Rivers Region) Act  and chaired by the Supervising Scientist for the Alligator Rivers Region; it functions as an information exchange forum on environmental protection matters related to uranium mining in the Alligator Rivers Region (ARR) and includes all stakeholders including traditional owners, mining and exploration companies, the Northern Land Council and relevant agencies from both the Australian and Northern Territory governments.
The operation of the monitoring programme has had a chequered history with private consultants being employed at one point but the programme is now operated by the Office of the Supervising Scientist on behalf of Parks Australia – the Australian Government authority responsible for managing KNP jointly with the aboriginal traditional owners.  Inspections are timed to allow information gathered in the early dry season (April/May) – soon after the area is accessible after wet season high river levels – to establish if remedial actions are required to be implemented. Any such works can then be implemented and completed before the late dry season inspection in November. The November inspection also enables water samples from bores and lysimeters to be collected when levels are lowest and any remedial works to be checked for completion. The safety of the traditional owners, the park staff and visitors to the area remains the primary concern as well as ensuring that the operation of the KNP is not impacted by the remediation. Thus the sustainability of the park is unaffected.   
Current situation
Over the period since completion there has been very little need for remedial works with one small series of erosion rills needing to be filled and the cover surface realigned to ensure there would be no recurrence of the issue. The vegetation has established well although there has been some invasion by weeds, possibly brought inside the fence on a vehicle during an inspection. There are occasional reports to the scientific community in addition to the regular reports to the stakeholders [8].  The KNP rangers maintain the fence and do undertake some weed control measures as well as clearing a firebreak around the perimeter.  Keeping fire out of a remediated site is a moot point after the vegetation has developed past a certain stage. Fire is a natural part of the natural environment in KNP and if there is no fire some species may grow to dominate the area and then that monoculture may be more susceptible to more severe fire damage when fire eventually, and inevitably, gets into the site. This in turn could facilitate weed infestations following the fire.  So far at the SAV containment there has not been a lot of fire ingress but sufficient that the vegetation population is well balanced and healthy, rather than dominated by one species or heavily infested with weeds.
The valley remains a part of KNP and receives many hundreds of visitors a year in the dry season. The visitors can access the major attractions without risk of exposure to hazards arising from the former uranium mining activities and many are unaware that any mining took place. Thus, the sustainability of the KNP has not been impacted adversely by either the mining or the remediation works in the long term. There were short term impacts during the works period, especially in relation to the transport of materials on roads that had to be shared with tourist traffic. However, good traffic planning and efficient communications with stakeholders ensured that the situation was managed appropriately.
Lessons learnED
The works for hazard reduction and remediation were all designed taking into account the relevant radiological standards at the time. The hazard reduction work was considered to be an “intervention” whereas the term “existing situation” was used for the full remediation. In both cases however, the target dose to the public was to be kept below 1mSv per year. This easily achieved as the area is not accessible by the public all year round and thus the requirement was easily met.
The most important lessons learned from the overall campaign were that it is essential to identify as many of the real stakeholders as possible as soon as possible and then to ensure that communication with the stakeholders is appropriate, both in terms of style and content as well as frequency. Having too many meetings can lead to “burn-out” of the stakeholders, thus frequency should be determined by when stakeholders want to speak or when the authorities have something important to say or a milestone to announce.  It is also very important to have a clear plan that is agreed to by the stakeholders and to ensure they understand what could happen to require changes to the plan e.g. weather patterns or finding unsuitable ground conditions etc.  Stakeholders have usually got local knowledge that can be very useful in planning works, especially in remote areas where access may be seasonal, and they can advise on options or provide better time estimates for changes in river levels and so on.
Cultural and heritage information as well as ecological data are essential and should be collected in the greatest detail possible compatible with cultural sensitivities. In this case the presence of the endangered bat species and cultural considerations for gender specific sites were vital inputs to the final remediation plan and the long-term management of the sites concerned.  Working methods may have to be modified or excluded to meet local sensitivities e.g. avoiding use of very large machines or explosives to move earth and rock piles. It is also a good idea to involve local stakeholders on site; not only as cultural advisers, but also use the work as a training and/or upskilling opportunity. This trained local staff will be available into the future for management and maintenance works.  This develops the sustainability of the local community.
It is essential to work with the objective of acquiring the long-term trust of the stakeholders and to ensure that works are undertaken in an atmosphere of mutual respect. In this way it is easier for either side to raise issues for discussion and to be able to debate how to overcome unforeseen obstacles than can arise all too frequently during construction work and remediation programmes.
The remediation of the South Alligator Valley uranium mines was a programme that was of long duration. The original lease agreement called for works to be completed in 15 years form the start of the lease. The work was finished within that time period despite delays in funding and the need to work only in the dry season. Final sign off by the traditional owners came a little after the period set but there were no issues arising from that. Throughout the process the integrity and sustainability of KNP was maintained and the remediation can be considered very successful. Whilst monitoring will continue for the foreseeable future this is as a means of providing ongoing assurance to the community rather than concerns about sudden failure of the containment or seepage of contaminants. All in all, a successful remediation that is proving to be sustainable and the safety of visitors to KNP remains assured in relation to risks from uranium mining legacies.
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