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Abstract. In West Virginia, the underground injection of fluids from coal mining operations is regulated by the Groundwater Protection Unit of the Division of Water and Waste Management of the West Virginia Department of Environmental Protection.

In passing the Safe Drinking Water Act (SDWA) in 1974, Congress gave USEPA authority to control, for the protection of underground sources of drinking water, all types of subsurface injection (SDWA, Part C, Sections 1421-1426); EPA granted West Virginia primacy for the state’s Underground Injection Control Program in 1983.  
West Virginia’s program is regulated by Title 47 CSR 13, Underground Injection Control, under the authority of Chapter 22, Article 11, Water Pollution Control Act.  The classification of subsurface disposal wells involved in the emplacement of coal-related wastes into abandoned underground mine voids is the Class 5, Type X13 (5X13) underground injection well.
This paper provides an overview of the key regulatory and environmental issues and also examines the role of an ongoing study, SCR-15, in developing a broader view of the quality and quantity of mine wastes injected underground.
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Introduction

Since January 2000, the UIC/Groundwater Protection Unit has maintained a separate program for underground injection activities at coal mining operations, which includes mining-specific requirements for permit application, issuance, monitoring, maintenance, and transfer, while regulating mining UIC with a single, overarching goal: to protect present and future underground sources of drinking water — and, in West Virginia, all groundwater is considered to be existing or potential drinking water. 
The coal-related wastes that are emplaced underground fall within two general categories:
I. SLUDGE: Acid Mine Drainage (AMD) or AMD Treatment Sludge.  When coal is mined, either from deep underground or from surface mines, large amounts of waste material are produced in the form of rocks and clays.   Often, the water and the mineral solids (“sludge”) from this waste can be returned to the underground coal seam when active mining is finished, thus eliminating the necessity of building and maintaining surface impoundments.

Typically, these involve relatively small volumes of discharge with high levels of mineral solids that settle out quickly once underground. Chemicals used in the process are mostly high-pH materials for neutralizing acidity.   

   II.        SLURRY: Coal preparation plant slurry.  Coal preparation plants, where raw coal is crushed to size and cleaned for sale, use large amounts of water each day and produce equally large amounts of wastewater from the process.  Injecting wastewater back into abandoned underground mines, while simultaneously withdrawing water for use in the plant, recycles the water, eliminating the need for large surface impoundments or for dewatering nearby streams.

A variety of chemicals are used in the processes that produce slurry, typically flocculants and flotation agents.

Chemical Determination of UIC Suitability

The standard for the chemical evaluation of any UIC permit application, whether for sludge or slurry injection, is two-fold: 1) the laboratory analysis of the proposed injectate and, 2) the assessment by means of the manufacturer’s Material Safety Data Sheet, or MSDS, of each chemical used in the process that produces the injectate.  

The words “the process that produces the injectate” are stressed because, even if a toxic chemical to be used in the process will not be present in the waste stream by the time it reaches the injection point under normal operating conditions, the UIC protocols forbid such substances being used at all to prevent accidents or malfunctions allowing toxic materials to reach the groundwater system.

When certain abandoned underground coal mines fill naturally with millions of gallons of high quality water, they become a valuable resource for the people of West Virginia.  Besides supplying abundant drinking water for individuals and even entire communities, these mine pools can be excellent for commercial use because of their volume, purity, and constant temperature. Therefore, WVDEP refuses to issue UIC permits for injection into any of these high-quality mine pools.

In fact, if an existing mine pool is being used as a potable water source for even one person, no permit will be issued for injection into it, notwithstanding the requirement that all UIC injection must meet Federal Safe Drinking Water Standards, also called Primary Drinking Water Maximum Contaminant Levels, or MCLs, at the point of injection.
In all other cases, the mine pool is regarded as a potential drinking water source, regardless of its present quality.  Therefore, the proposed injection is carefully screened to ensure that the injected material (injectate) is capable of meeting MCLs.  If the applicant cannot demonstrate that the injectate can meet these standards, the permit is denied.
Typically, the abandoned coal voids used for underground injection lie significantly deeper than any local drinking water well.  Additionally, once the injectate enters the mine void, the rate of flow slows dramatically, allowing undissolved particulate matter to drop out and settle to the floor of the mine.  These physical characteristics of 5X13 injection wells provide the initial layer of protection for nearby domestic groundwater sources; also, the UIC permit specifies that each injection well is to be installed by a West Virginia certified monitoring well driller and must be cased and grouted to convey the injectate directly into the receiving void to protect intervening strata. 

The mandate that the chemical constituents of the injectate must meet MCLs provides further assurance that the injection activities will not adversely impact potable water supplies in the event the material migrates beyond the receiving mine void.
Volume Limits

Prior to issuing any mining UIC permit, WVDEP must also take into consideration any possible adverse effects beyond those of water quality.  While the USEPA does not regulate the amount of injectate proposed for a mine, WVDEP is charged with protecting both the environment and human safety, and therefore must determine whether the injected fluids will raise the mine pool level above the maximum elevation necessary to securely contain it.  
Considering the multitude of UIC sites and wells, tracking and enforcing restrictions on discharge volumes would be impossible and would create undue hardship on operators, so such limits are not addressed in mining UIC permits.  However, the permits do set maximum limits for the mine pool levels and require the operator maintain such limits by means of cessation of injection activities, dewatering, or both.
Monitoring
Once issued, mining UIC permits require continual monitoring to ensure the injectate is meeting SDWA limits. Most specify monthly sampling and quarterly reporting of approximately 18 different parameters, some of which are not Primary Drinking Water MCLs, but nevertheless bear watching; these are listed as Report Only on the Discharge Monitoring Report (DMR).  
All DMRs, applications, and permit documents for mining UIC are permanently retained by the West Virginia Department of Environmental Protection’s Groundwater Protection Unit.  The Mining UIC Program currently has more than 50 active injection sites, totaling nearly 600 individual injection points. 

In addition to monthly sampling and quarterly reporting, all mining UIC permits require the submittal of Annual Reports giving a summary of each year’s underground injection activity. 

SCR-15
In the fall of 2006, the West Virginia Legislature, responding to citizens’ concerns about the impacts of the underground injection of preparation plant slurry on human health, tasked a committee of scientists from WVDEP, the West Virginia Department of Health and Human Resources (DHHR), and the Federal Office of Surface Mining (OSM) to perform a study to determine the nature, extent, and effects of the practice.  Named Senate Concurrent Resolution 15 (SCR-15), this study is to determine: 1) analysis of the chemical composition of slurry, with an inventory of organic and inorganic constituents, 2) the migration of slurry into groundwater or  to the surface, 3) the effects of slurry on human health, 4) historical epidemiology of health effects from slurry on communities, 5) assessment of injected slurry on surface ecosystems, and, 6) any other considerations the researchers deem to be important. 
Unforeseen impediments, such as the 2007 drought, have necessitated extending the deadline beyond the original date of 31 December 2007 for the chemical/hydrogeologic data, and the study is still in progress as of April 2008.  The assessment of impacts on human health will not be commenced by DHHR until this information has been submitted for their use by WVDEP and OSM.
Conclusion

The permitting and monitoring of the underground injection of coal wastes in West Virginia has been established for the protection of all citizens and to enhance the efficiency of energy production.  The limits of chemical constituents in the injectate are set to the quality of federal drinking water standards; the restrictions on volume are calculated to maintain the hydraulic head in a mine void within reasonable limits for safety and containment.  
With these controls in place, the underground emplacement of sludge and slurry is often environmentally preferable to surface disposal and can be protective of underground sources of potable water supplies now and in the future.
Data collected as the mining UIC program continues, combined with the mandated research from SCR-15, will assist industry, regulators, and the citizens of West Virginia to better understand and manage this practice.
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