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Overview
New Mexico was the dominant producer of uranium in the U.S. for almost three decades starting in the mid-1950’s and currently has the 2nd highest reserves in the U.S. at 0.140% (179 million lbs. U3O8) at $50/lb. (US EIA, 2010). From 1951-1980, the Grants uranium district in northwestern New Mexico yielded more uranium than any other mining district in the United States, amounting to just under 350 million pounds of U3O8 or 37.5% of total U.S. production over the 1947-2002 period (McLemore, 2007). While there are several studies looking at the economic benefits of past and proposed uranium mining in New Mexico (Leaming, 1980; Power, 2008; Peach & Popp, 2008), no study to-date has compiled the economic costs of past uranium production in the Grants district. The legacy of uranium mining in New Mexico is still felt today with active mine and mill reclamation at dozens of sites across the state. In addition, past exposures to radon gas in underground uranium mines continues to take its toll on former miners in terms of lung cancer and debilitating respiratory illnesses (Boice et al, 2008). Our paper is the first to provide cost estimates of past, on-going, and projected reclamation and remediation costs as well as estimates of the costs associated with unintended premature deaths and medical expenses for miners in the Grants district over 1955-1989 (all mining ceased in 1989). We limit our analysis to environmental clean-up and human health costs associated with Grants uranium mining and compile a present value estimate of the overall costs borne by the mining companies, Tribal Nations, the state of New Mexico and the Federal government.  
Methodology

Estimating past, present and future projected costs associated with historical uranium mining is chiefly a task of data gathering, extrapolation, and discounting. First, using reclamation and remediation cost data from several series of EPA, NRC and mining company reports, we calculate present value direct environmental clean-up costs of 99 abandoned mines and 5 mills. We have cost data from 1982-2013 and include projected long-term surveillance cost estimates in our analysis where available. Costs for all former Grants mills and all large mines are specifically identified, while only aggregate data on small abandoned mines is available. Some costs are presented as ranges in the data, which requires us to make explicit and reasonable assumptions as to what we include in our analysis. Uncertainty surrounding these assumptions is taken into account in our sensitivity analysis.  Second, we use annual employment data from the New Mexico Bureau of Mine Inspection and previous epidemiological cohort studies (Samet et al, 1991; Boice et al, 2008) to extrapolate the number of statistically significant excess lung cancer deaths due to radon exposure of Grants miners. Using these estimates, we carry out a person-years of life lost (PYLL) analysis to determine the present value cost to society of years of life lost due to unintended lung cancer mortality among Grants miners. This yields an indirect estimate of the human health costs of past mining. Third, using the number of excess lung cancer deaths and the lifetime medical costs of lung cancer diagnosis, we calculate an estimate of the present value medical costs of lung cancer among Grants miners. Finally, we perform a sensitivity analysis of the cost estimates by changing certain input values (e.g. value of a life-year, discount rates) to see their effect on the headline estimates. This approach provides lower and upper-bounds on the present value of the environmental and human health costs associated with past mining in Grants.  
We do not perform a traditional benefit-cost analysis due to severe data limitations on the actual economic benefits associated with uranium mining in New Mexico. While we know the quantity and price of U3O8 sold and purchased each year, we have only limited data on taxes paid by mining companies to city and county governments, and even further limited data on yearly company acquisitions and purchases of goods and materials necessary for mining. In addition, it is unclear what the benefits of physical U3O8 are to society. Therefore, any benefits we could estimate would extremely underestimate actual benefits and would be very sensitive to the assumptions of the modeller. For these reasons, the focus of this paper is only on the economic costs of past uranium mining.   

Results
Results indicate that the environmental and unintended human health costs of past Grants uranium mining are non-trivial with most of the costs stemming from indirect human health effects and on-going reclamation. Specifically, we find (all estimates are in $2012):
· $417 million present value mine & mill reclamation and groundwater remediation costs, which amounts to an average cost of $1.20 per lb. of U3O8 concentrate produced at Grants district mills over 1955-1989. 

· 687 excess lung cancer deaths from exposure over 1955-1989. This amounts to $2.5 billion of PYLL due to unintended lung cancer mortality, or $3.7 million per excess miner death. 

· $156 million in direct medical costs of lung cancer diagnosis and treatment due to excess miner deaths. 

Based on our sensitivity analysis, we find a lower-bound of $374 million and upper-bound of $473 million in mine & mill reclamation and remediation costs, a lower-bound of $740 million and upper-bound of $6.3 billion of PYLL due to excess lung cancer morality, and bounds on direct medical costs of lung cancer treatment ranging from $101 million to $212 million. 
Conclusions

Uranium production in the Grants district over 1955-1989 supplied millions of pounds “yellowcake” to the nation, but at non-trivial costs. Unlike most other ores, components of uranium ore are radioactive for billions of years, which requires costly reclamation projects and long-term surveillance of former mine and mill sites in order to prevent leakage of left-over radioactive material (e.g. mill tailings). However, our results indicate that reclamation costs are dwarfed by the human health costs of prematurely lost lives and medical costs associated with exposures to radon gas among miners working underground. Epidemiology studies find that an average Grants miner died 20 years earlier than an average non-miner. The economic costs of such unintended early loss of life are substantial. However, any renewed uranium production in New Mexico is likely to have lower human health effects due to technological improvements and more regulatory oversight of the industry. Nevertheless, our study provides the first estimate of what the unintended costs may be and can provide improved information for future projects. 
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