Involvement of the private sector in the legacy tailings remediation in Central Asia: Reprocessing of tailings for recovery of valuable constituents.

1.
Tailings reprocessing in the context of remediation of the legacy sites
Within the UNDP initiative on solution of the problem of the uranium production legacy tailings in Central Asia, the idea was put forward to involve the private sector in this process. Reprocessing of the tailings for recovery of valuable constituent from the tailings was identified as the most likely area to be of interest to private companies/investors. 
The UNDP initiative builds on the results of the IAEA Regional Project on assessment of the state of uranium mining and processing legacy sites and their monitoring in Central Asia and aims to create the institutional, regulatory and financial conditions for preparation of remediation projects. 
During the regional Conference “Uranium tailings: Local problems, regional Consequences, Global Solutions” in Bishkek, April 12-24, 2009 the idea of involvement of the private sector in the solution of the tailings problem underwent considerable modifications and the scope of the involvement became more clearly defined. On a broader scope it is espected that the involvement of the private companies in reprocessing of the legacy tailings can provide the necessary impetus to commence the overall remediation of the uranium tailings.
From the perspective of a national legacy uranium tailings remediation program any project dealing with reprocessing of legacy tailings is connected with the subsequent remediation of the same site. This is due to the considerable disturbance of the tailings impoundment caused by excavation of the tailings for reprocessing and subsequent discharge/disposal of the residues generated by reprocessing. This impact becomes later inevitably part of the remedial planning. 
While tailings reprocessing is usually attempted by private companies, the legal responsibility for remediation of the legacy tailings lays in all Central Asian countries with the respective governments, i.e. remediation constitutes a public affaire, while reprocessing is a private venture. Accordingly, the remediation of the legacy tailings is financed by the respective governments and the reprocessing by a private venture capital. 
Nonetheless, so far only Kazakhstan has been in the position to allocate sufficient funds from the national budget to establish and run a national program for remediation of the legacy uranium sites. The GNP of the other Central Asian countries is too small to provide for such programs. Because the economic situation in Kyrgyzstan, Tajikistan and Uzbekistan is unlikely to change in the near future, international funding will be required to deal with the problem of legacy tailings sites in these countries. 
There is a number of international financial institutions, such as the World Bank (WB), European Bank for Reconstruction and Development (EBRD), Asian Development Bank (ADB), European Investment Bank (EIB) and others, which are well equipped to finance environmental remediation projects, if the respective governments so request. Recently, the international agencies, such as the Eurasian Economic Community (EAEC) and European Commission (EC) became active in the Central Asian region in this area. 
2.
Feasibility assessment of tailings reprocessing and appraisal of implementation plans
Regarding financing of the tailings recovery and remediation projects it is substantial to realize that 

- in case of tailings reprocessing only the feasibility investigations may cost several millions of US$ and show the project not feasible, which means that the investment into the feasibility study may be fully lost; 

- the level of funding required for remediation of a tailings pond/site to international standards requires ten to several tens of millions US $ including feasibility study that here mainly serves to make the choice among the remedial alternatives, i.e. the investment into the feasibility study is never lost.    

In summary, it is unrealistic to expect that reprocessing of legacy tailings could generate sufficient profit to fully finance the subsequent remediation of the tailings pond; at best, it can only be expected to pay for the disturbance it caused and/or contribute a fraction of the profit to a joint “Central Asian Remediation Fund”. The fund was suggested by the working groups during the Bishkek Conference with the function to support legacy tailings remediation projects. The membership of the fund was proposed to be recruited from the community of donors, the governments of the Central Asian countries, the governments of the uranium buyer countries and the private sector. 

The decision making in a private enterprise whether to invest into a tailings reprocessing project or not depends on the technological and economic feasibility of the project; to carry out a feasibility assessment the following steps are needed:  

(a) A dependable estimate of chemical/mineralogical content of the tailings and a chart of the distribution of the valuable constituents in the tailings body must be developed;

(b) A recovery technology suitable for the valuable constituents of interest must be selected, adjusted or developed; 

(c) The economics of the tailings reprocessing based on (a) and (b) must be assessed.   
Beyond assessment of the technological and economic feasibility, the decision making of any private company regarding reprocessing will first depend on the appraisal of the chance of return on the investment needed and profit to be expected. Nevertheless, the national regulators, if acting in agreement with the international permitting procedures, will demand an environmental impact assessment of the reprocessing project, which evaluates the impact of the tailings reprocessing, of the discharge/disposal of the newly generated residues and the effect of the reprocessing on the subsequent remediation. 

Once all the benefits and costs of a project have been enumerated, the main economic tool for analyzing the private or socio-economic viability of a tailings reprocessing project is discounted cash flow. In discounted cash flow, the annual cash flow expected to be generated by the project, including the value of the social benefits and costs, is discounted to the present value. The discounting accounts for the time value of the money and the riskiness of the venture. If the present value of the cash flow is larger than the cost of installing the processing plant, then the project can be seen as economically viable: The project pays a return to the invested capital.  The return may not be the most productive investment but the project at least produces a positive net return. If the present value of the cash flows –net of initial investment costs- is negative, the project does not generate a sufficient return to warrant investment.
 Besides generating an additional (market) benefit in form of a saleable product, the processing of the tailings leads to an increased exposure of the workers and public to radiation due to increased dust loadings and/or radon emissions caused by excavation and reprocessing of the tailings; this additional exposure must be accounted for in the feasibility assessment as additional costs. 
Although the radiological impact from Rn and dust in a reprocessing project is likely to be very small to negligible, the consideration of the associated risk in the cost-benefit analysis is necessary to be able to demonstrate that all factors on both sides of the equation have been considered. 
During excavation/remediation of tailings the exhalation and concentrations has to be monitored and it is a good habit to keep the stakeholders (including the local public) informed about the results of the monitoring measurements. It is, therefore, paramount to demonstrate that the doses are negligible and that they have been considered in the decision making. 

Concerning implementation of a tailings recovery project, experience shows that the costs of extraction of the valuable constituents are largely due to physical handling and chemical processing of the tailings; the lower the metal grade, the more tailings must be treated per unit of valuable constituent recovered. 

Implicit in the idea of economic recovery is not only the concept that the unit extraction cost should be less than the unit market price of the recovered metal, but that the extraction cost should be far enough below the market price to provide a return to the invested capital, i.e. economic recovery requires that the constituent (e.g.: metal) be recovered from the tailings depository with a sufficient margin to provide a return to capital.
3.
Technical issues affecting the feasibility of tailings reprocessing 
Tailings, although of low value content, can present an attractive source of metals for extraction since the feedstock has already been mined and beneficiated, eliminating the significant costs normally associated with these two activities. 
However, tailings have the disadvantage that, due to their small particle size, their remaining mineralization may have become chemically altered over the time, rendering the values it contains unrecoverable. For example, the tails may have oxidized, or the metal values may have gone into solution and become bound up with undesirable contaminants. The uranium ore processing in Central Asia was by acid leaching, which has likely altered the mineralogical character of the clay fraction of the tailings, in which usually radium-226 concentrates. 

There is also the possibility that the valuable constituents found in the tailings are there precisely because they are the components of the original ore that are physically or chemically difficult to recover. Thus, while tailings depositories may contain significant metal values, this need not imply that the metal values can be economically extracted. Perhaps the most important indication whether a tailings depository is tentatively suitable for reprocessing, is provided by the mineralogical content of the tailings material and the distribution of the concentration of the valuable elements in the tailings.    
There are only limited chemical analysis and no mineralogical analyses of the solid material in the tailings ponds of Central Asia available to day. Element analysis of solid samples from the tailings ponds will be needed to specify the content value of elements of interest and to characterize their variation in the tailings.  Values that prove to be recoverable at low concentrations and are of potential economic interest will then receive further attention. Besides U and Ra, constituents such as Arsenic (As), Chromium (Cr), Selenium (Se), Silver (Ag), Copper (Cu), Zinc (Zn), Cobalt (Co), Titan (Ti), Molybdenum (Mo), Nickel (Ni), Niobium (Nb), Vanadium (V) and Rare Earth Elements (REE) are likely present in the tailings of Central Asia. Some of the constituents can be valuable resources ( Ag, Cu, Zn, Mo, REE) others must be seen as toxic contaminants. The content of recoverable constituents in the tailings ponds will have to be estimated by representative sampling and chemical analysis and the value by the market price.

The distribution of the listed constituents is not homogenous but follows the internal structure of the tailings depository. Furthermore, changes of the feed ore composition and process technology affect both the content and structure of the tailings. Of particular importance is to know whether the ore processing was from a single mine or from several mines.  To obtain reliable average values of the chemical and mineralogical content for a tailings depository/ - layer requires an involved sampling program and is, therefore, expensive. 
In order to give meaning to the estimated average values, the internal structure of the tailings depository must be known. The internal structure varies with the method of discharge (single point discharge, spigotting) and the layering of the tailings depends on the discharge regime. 
Below a minimum velocity of discharge the tailings will settle from the suspension in various distance from the discharge point depending on density of the slurry as well as size, gradation, and specific gravity of the solid particles. Spatial variation of the chemical composition follows the segregation of the tailings particles during settlement: The coarse tailings get deposited around the perimeter of the tailings dam (beach zone), which has a different element content than the fine tailings, which settle in the central part of the impoundment. The relocation of the discharge pipe and spigotting forms a series of adjacent and overlapping deltas. Thus, the content of the tailings varies both horizontally and vertically or, expressed more correctly in accordance with the structures created by settlement (deltas, layers) and distance from the end of the pipe; the mineral/chemical content of the tailings follows the settlement structure. The estimation of the average chemical content of the layers becomes even more complex in cases when the processing plant received various types of uranium ore, e.g. from several mines. Sometimes, even various parts of the same uranium deposit may have a different mineralogy, which is then reflected in the tailings composition. Prior to developing a sampling program it is very useful to study the tailings discharge records of the processing plant and seek advice of the specialists who worked in the processing plant.

In cases when a certain valuable element is present in a distinct tailings layer(s) the possibility arises to selectively “mine” the valuable elements; this can considerably lower the processing costs, since there is less dilution of economic element values with this method of processing than with processing the tails as an agglomeration of various tailings types.

Recovery technology: With current recovery technology it is physically and chemically possible (after adjustments to the specific chemistry of the tailings) to extract, concentrate, and refine to a usable form most of the valuable elements expected in uranium tailings. 
However, certain metals are more difficult to separate and purify than others, and in general the costs of extraction rise as metal concentrations decrease, e.g. when the gold content of ore decreases from 9 to 1 ppm,  the costs of extraction and refinement increase by about 40%. At the legacy sites the processing plants from the production days are either decommissioned or not in working order and for the reprocessing project a new processing plant must be built.  Even in case of a promising feasibility study, the capital investment into a new processing plant presents the largest portion of the business risk for the private company.
4.
Creating conditions for involvement of the private sector  
Both tailings remediation and reprocessing projects require an assessment of feasibility prior to implementation of the works, which, in turn, requires a good knowledge of the targeted uranium tailings depository and of the site.
Presently, the available data and information for most of the legacy sites in Central Asia are neither sufficiently reliable to identify the tentatively suitable tailings ponds for reprocessing or convince entrepreneurs/ investors to take the business risk of investing into investigation of the technological and economical feasibility of the tailings reprocessing.  

The available data and information are also inadequate for implementation of technically sound and cost effective remedial works and even more so for assessment of the feasibility of tailings reprocessing. 

To facilitate the involvement of the business sector, it is proposed to compile all available information regarding the legacy tailings ponds in two data bases, one data base designated for the legacy tailings ponds earmarked for remediation and a second one for the tailings ponds tentatively suitable for reprocessing. The data should specify the tailings in terms of volume, chemical composition and method of mining and processing used, thus creating a basis for selection of the most promising tailings ponds for a feasibility study of reprocessing. However, even if the economic assessment confirms the feasibility of implementation of the reprocessing plans, one still has to bear in mind that the results of the economic feasibility are time dependent and the market price of the valuable constituents/metals to be recovered fluctuates substantially. 
For this reason it is the time independent data and knowledge of the chemical content and mineralogy as well as distribution of the chemical constituents in the tailings deposits, which should be compiled in the Central Asian tailings data base; these data remain valid and useful for selection of the appropriate recovery technology and preparation of a feasibility study for the targeted tailings ponds over the long range.     

To make the data base of the tailings ponds foreseen for reprocessing useful for the private sector, the data and characterization of the tailings ponds should have a level of reliability, which allows the preliminary selection of the recovery technology and the preparation of a pre-feasibility study. The development of the envisaged data bank, associated data gathering and investigations would require seed money. 

Unlike the risk related prioritization of the tailings earmarked for remediation, the prioritization of the tailings ponds for reprocessing should be based on the probable feasibility of recovery of valuable constituents. 

Once the data needed for pre-feasibility assessments become available for the legacy tailings targeted for reprocessing, private companies / governmental agencies could start making pre-feasibility assessments for tailings reprocessing projects without an unnecessary business risk.   
Tailings ponds, which will prove to be unprofitable for reprocessing, will be deleted from the data base and earmarked for direct remediation. 
In spite of the fact that tailings reprocessing does not substantially contribute to mitigation of the health and environmental risks, in case of the legacy tailings depositories of Central Asia it should be considered to what extent a tailings recycling project could contribute to the social welfare in the country by providing employment to the local workforce that would otherwise remain unemployed. In addition, the transfer of tailings recycling technology would benefit the respective countries in the future. The international benefits include the decrease of fears of the neighboring countries caused by the not remediated state of the legacy sites. 
All these socio-economic benefits could be credited to the tailings reprocessing project in form of governmental subsidies in form of state guaranties, exemptions from levies on licensing and taxes or import/ export duties.  Preferential legal and regulatory conditions could provide further incentives to retain the interest of private companies.  

6.
Cases of feasibility assessment and implementation of uranium tailings reprocessing projects
Tailings reprocessing in operating uranium tailings ponds: 

The assessment of tailings reprocessing for recovery of molybdenum and uranium in Kara Balta pursued by Wisutec, Germany is progressing systematically and the implementation of the selected technology promises to be a success. The important elements leading to a successful project are the favorable inventory of chemical constituents in the Kara Balta tailings and the knowledgeable approach to investigations and technology selection. The project receives the undivided attention and support of KBMK. The combination of a knowledgeable specialist company doing the investigations and technology development with a large mining and processing corporation, which lives up to its responsibility as owner of the processing plant, tailings pond and site appears to be a key factor in the good project performance. The issue of an Environmental Impact Assessment (EIA) for the reprocessing activities and later closure, decommissioning of the tailings facility and remediation of the site has been readily accepted by KBMK and is not perceived as a problem. 
Another example concerns a major tailings reprocessing project in South Africa. Rand Uranium, a South African company is currently reviewing project configurations for reprocessing of tailings for gold and uranium extraction. The plans are based on extensive mineralogical test work done on the existing tailings dams. The reprocessing should involve 350-million tons of tailings. An EIA is being carried out for the project. The recovery of the residual gold and uranium value will need a new plant and a site to deposit the reprocessed tailings. The new plant will also treat the gold/uranium ore currently being mined. Because of the large size of the project the permitting processes will be implemented in a staged manner. The step following the plant construction will be the finding of a long-term tailings disposal option. Several alternatives and sites are being considered, including re-deposition at the same site. All disposal options include significant structural engineering and groundwater mitigation challenges. 


The development of a tailings reprocessing project with backing of a financially strong corporation at sites where an effective technical and administrative infrastructure is in place offers good chances for a successful reprocessing project and unit costs of tailings recovery, which can be kept considerably more favorable than at abandoned legacy sites. 

Tailings reprocessing of legacy uranium tailings: 

Requested by the regulator, the feasibility of reprocessing of the tailings at the Helmsdorf site ( ) was investigated, on behalf of the Federal Ministry of Economics, by Wismut GmbH, Germany in 1995. The aim of the regulator was to decrease the hazard potential of the tailings pond by removing the rest uranium from the tailings. Although the processing plant close to the Helmsdorf tailings pond (at Crossen) was still operational, the investigations showed that the recovery would not be economically feasible at the uranium price of the time (). Additional assessments were carried out to see how much would the hazard potential of the tailings pond decrease, if the rest uranium would be removed. The risk potentials of the Helmsdorf tailings pond after remediation with and without the rest uranium and costs of both options were assessed.  The results showed that the degree of decrease of the environmental and health risk could justify uranium removal if the tailings pond were to remain unremediated. However, the difference of the risk potentials after remediation was negligible. Because remediation of the tailings pond was a undisputable requirement anyway, the removal of the rest uranium from the tailings was dismissed.  
The economic comparison for the reprocessing of mill tailings at the Naturita and Moab mill sites provides an evaluation of the recovery of two tailings constituent values and the effect of the evaluation on the decision making regarding reprocessing and remediation/relocation  within the US Department of Energy’s (DOE) UMTRA project
Assessment of uranium tailings reprocessing for uranium and vanadium recovery at the Naturita mill site (November 1977): 
Approximately 700,000 tons of tailings were reprocessed. The U3O8 content was 0.047 %, which equates to 0.94 lbs per ton (U3O8). The V2O5 content was 0.289 % , which equates to 5.78 lbs per ton (V2O5).
The reprocessing went on from 4th Quarter of 1977 through 2nd Quarter of 1979. The market price in 1977 was $42.40 per lb U3O8 and $6.05 per lb V2O5, which presented a value of 

0.94 *$42.40 + 5.78 * $6.05 = $39.86 + $34.97 = $74.83 per ton.
The cost of reprocessing was between $30 ( $34 per ton.

Assessment of uranium tailings reprocessing for uranium and vanadium recovery at the Moab mill site:
Approximately 10,500,000 tons of tailings were considered for reprocessing. The U3O8 content was 72mg/kg U3O8, which equates to 0.144 lbs per ton (U3O8). The V2O5 content was  780 mg/kg V2O5, which equates to1.56 lbs per ton (V2O5). The market price in 2004 was $19.25 per lb U3O8 and $5.00 per lb V2O5, which presents a value of 
0.144 *$19.25 + 1.56 * $5.00 = $2.77 + $7.80 = $10.57 per ton. 
From a strictly economic point of view (notwithstanding 25+ years of inflation, recovery rates, and other factors that could have potentially affected the relocation decision regarding the Moab tailings) the value of the minerals (uranium and vanadium) in the Moab tailings was approximately 7 times below the value of the same minerals in the Naturita tailings.  If reprocessing costs remained equitable to those estimated in 1977 ($30 per ton), reprocessing the Moab tailings would not be economical.
The case of the Australian company Nimrod at the Mailuu Suu site provides an example for abandoning of feasibility investigations because of high costs and unfavourable indications regarding the content of valuable constituents in the tailings.   

Finally it is important to add that excavation and reprocessing of some tailings can be afflicted by oxidation of sulfides (pyrite and pyrrhotite) when present in the ore. Such ore is usually rejected from processing and deposited with the tailings material. Experience from Elliot Lake, Ontario Canada shows that pyrite-bearing uranium tailings discharged with mill effluent at pH of 8 turned after disturbance, 15 years later acidic (pH= 3) due to oxidation by air. This mobilized extensively the metallic and radioactive constituents in the tailings leading to generation of contaminated seepage.    

7.
Conclusions
Irrespective whether financed from the national budget or from monies received by the national government from international financial institutions, remediation of the legacy tailings sites is a governmental responsibility. The goal of the remediation of the legacy tailings is the improvement of the public health, environmental protection and regional development. Tailings reprocessing can be part of the remediation project but the recovery of valuable constituents from the tailings does not substantially contribute to risk reduction of the legacy tailings.   
To assess the feasibility of economic recovery, complex and costly investigations are required. But beyond value content and chemical form of the constituents in tailings, the economic feasibility depends on the market price of the respective constituents to be recovered. 

To get private companies interested to invest into reprocessing of legacy tailings it is recommended that 
· the present data base of the legacy tailings is considerably extended so that companies can carry out pre-feasibility studies without a business risk, and 

· the government introduces legal incentives such as state guaranties, exemptions from levies on licensing and taxes or import/ export duties as well as offering preferential legal and regulatory conditions.  

Tailings reprocessing projects in operating tailings ponds teach us that recovery projects are best done in cooperation of a financially strong partner who is responsible for the long term issues associated with the tailings depository with a technologically astute company flexible enough to tackle even small scale recovery projects. 

The evaluation (and optimization) of a combined “tailings reprocessing and remediation” project must consider the marginal benefits created by recovery of the valuable constituents from the tailings and the marginal private and social costs incurred. For assessment of the economics a discounted cash flow and/or decision analysis should be used to account for the long term effects of the legacy tailings project.

The economic recovery of valuable constituents from the tailings has multiple meanings, on one level, it refers to the recovery that covers the private (i.e. market) costs of the reprocessing plus a return to capital. On a broader level, the economic recovery incorporates social costs and benefits created by the project as well. 

In general, the social benefits of a “tailings reprocessing and remediation” project, will tend to exceed private benefits, meaning that a project that is not economic on a private level could be economic on a social level.  

In case of legacy tailings, it is recommended to create “tailings reprocessing and remediation” projects that would be carried out in form of a public-private partnership. The overall remediation would be funded by the government. For the economic recovery from the tailings a private company would be contracted, which work imbedded in the government project. This would decrease the business risk of the private company when investigating the feasibility of tailings reprocessing and deciding on the investment into a processing plant. Vice versa, the governmental remediation project would secure the remedial follow up to the economic recovery project thus taking care of the long term impact of the legacy site.  

