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 Minerals and mine
 drainage
 William R. Turney, Bruce M. Thomson

 ENVIRONMENTAL IMPACTS AND
 REGULATIONS

 During the 1990s, it was predicted that oil and gas recovery
 operations would have to change substantially the way they gen
 erate, handle, store, and dispose of hazardous wastes. Require
 ments established under the Resource Conservation and Re
 covery Act (RCRA) and the Hazardous and Solid Waste
 Amendments strongly discourage land disposal of hazardous
 wastes without treatment.1 The U. S. oil and gas industry was
 modifying production activities to comply with the diverse nature
 of these environmental regulations.2 New regulations established
 under the Comprehensive Environmental Response, Compen
 sation, and Liability Act (CERCLA) and Clean Water Act (CWA)
 were forcing U. S. drillers to change the methods for waste dis
 posal or incorporate less-hazardous substances into drilling op
 erations.3 One recent focus in the U. S. was on regulations for
 handling and disposing of wastes generated during drilling op
 erations. With newer and stricter regulations continually being

 established, the industry was pushed to develop more efficient
 low-cost technologies and processes to comply with regulations
 that will essentially eliminate landfarming of wastes.4 Subtitle
 C of RCRA included exemptions for certain wastes associated
 with the exploration, development, and production of crude oil
 or natural gas. These exemptions, however, did not cover every
 material or waste generated at the rig site.5 Polychlorinated bi
 phenyl contamination resulting from natural gas recovery op
 erations plagued the U. S. gas processing industry.6 Some natural
 gas companies were taking actions in anticipation of tougher
 RCRA standards.7

 It was determined that federal laws, including RCRA, CER
 CLA, Title III of the Superfund Amendments and Reauthori
 zation Act, CWA, Clean Air Act, Safe Drinking Water Act, and
 Toxic Substances Control Act, are applicable to all mining fa
 cilities, regardless of whether they are located on federal land.8
 Regulatory requirements continued to increase with passage of
 state and local laws that must be reviewed on a site-by-site basis.
 The Oregon Environmental Quality Commission adopted pol
 icies that will treat all mine operations using cyanide as if they

 were hazardous waste disposal facilities, even if the materials do
 not exhibit hazardous characteristics.9

 Fraser10 summarized the environmental assessment work
 conducted for a high-grade nickel/copper mine/mill operation
 where environmental work and approach were affected when a
 massive water problem was encountered in the mine. The paper
 described the tailings and water management practices of an
 environmentally acceptable procedure to dispose of a large vol
 ume of slightly saline water. Sedam11 presented hydrologie data
 from selected drainage basins in the active coal-mining areas of
 Ohio. The data were collected as part of a second phase of a 7
 year study to assess baseline water quality in Ohio's coal region.
 The effects of surface and deep coal mining on the hydrology
 of small stream basins in southern West Virginia were deter
 mined by Borchers et ali2 The data did not support the theory
 that strip mining causes increased stream runoff but did con
 tribute a large percentage of the dissolved chemical load in the
 outflow from mined basins. Impacts of mining and subsequent
 restoration of a near surface aquifer on the ground and surface
 water resources of a watershed affected by mining was described
 by Garlanger13 in terms of groundwater recharge, groundwater
 levels, and base flow and runoff to the surface streams. Potential

 effects of coal mining included alteration of groundwater flow
 systems and changes in water quality and was addressed by Fogg
 et al.14 Nonpoint source drainage results from stormwater runoff
 from mine facilities, such as haul roads, waste disposal sites, and
 ore bodies. Implementing nonpoint source drainage control plans
 that prevent impacts to water resources can be accomplished
 cost effectively with moderate labor requirements.15

 Vast and increasing tonnages of gypsum (CaS04 2H20) were
 generated by the flue gas desulfurization systems of coal-fired
 power stations.16 Diminishing availability of landfills combined
 with rapidly escalating production underscored the need to use
 the gypsum as a resource rather than disposing it as a waste.

 Maintaining a water balance at milling operations may be dif
 ficult due to inconsistencies in precipitation, discharge slurry
 density, evaporation, recirculation to the mill, and the milling
 rate.17 Efficient effluent management was achieved at one op
 eration by minimizing the watershed and, therefore, minimizing
 runoff, use of large ponds to promote evaporation, ponding a
 high discharge slurry density to minimize the mill water discharge
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 to the basin, and recycling much of the flow back to the mill.
 Grier and Karvinen18 suggested that the dispersion of contam
 inants from existing and planned tailing sites are related to the
 local groundwater regime and not just to surface runoff. Im
 permeable tailings basins and good control on the movement
 of effluent would aid in preventing any contaminating solutions
 from entering the groundwater system or any interaction between

 groundwater and tailings. Impacts on plant growth were dis
 cussed by Guyette et al,19 where growth increments of eastern
 red cedar from sites in the iron-mining district of southeast Mis
 souri were subjected to lead and cadmium analysis.

 PREVENTION, TREATMENT, AND
 RECLAMATION

 The complete elimination of acid mine drainage (AMD) is
 not normally a realistic goal for mine waste management.
 Treatment for AMD can include reduction of rate of oxidation,
 injection of tailings with relatively impervious materials, alkaline
 buffering of waste material, placement of reactive waste into
 mined-out pits, and biological treatment of wastes.20 The use of
 surfactants in controlling the formation of AMD was evaluated
 by the U. S. Bureau of Mines.21 Surfactants possessing high de
 tergent activity were used in solution to wash off the protective
 wax coating formed by bacteria and caused them to be consumed
 by the same acid they produce. Scales22 demonstrated that in
 filtration by precipitation could be reduced from 10 to 40% with
 a corresponding reduction in AMD. AMD effluent was collected
 and treated by pH adjustment. The solution was discharged to
 settling ponds where metals precipitate. Incorporation of cement
 kiln dust (CaO) and limestone (CaC03) neutralized coal waste
 acidity at a coal waste from a site in Montana.23 Seeded vege
 tation was healthy and vigorous where lime was applied.

 AMD was recognized as an environmental and economic li
 ability for the mining industry.24 The U. S. Bureau of Mines,
 Colorado School of Mines, and the Tennessee Valley Authority
 treated AMD by constructing wetlands, with promising results.
 A low-maintenance system was developed by the U. S. Bureau
 of Mines research facility to remove heavy metals from AMD
 from small seeps of AMD at remote sites.25 The system removed
 aluminum, arsenic, cadmium, chromium, cobalt, copper, gold,
 iron, lead, manganese, mercury, nickel, platinum, silver, tho
 rium, uranium, vanadium, and zinc ions from water. The effluent
 water met or exceeded national standards for drinking water.
 The underlying principles and comparative effectiveness of three
 different approaches for treating AMD based on the addition of
 lime products, fertilizers, and bulk organic matter, such as
 wastewater sludge, were discussed by Davison.26

 A relatively new technology, paste backfilling, enabled mine
 operators to use the total tailings (as opposed to just the deslimed
 portions) as underground backfill material.27 The advantages for
 the mining industry included reduction in mine dewatering op
 erations. Also, the size of surface tailing ponds can be cut ap
 proximately in half because the typical mine creates openings
 large enough for about half of the tailings produced in milling.
 Thomson28 discussed underground disposal of wastes from ura
 nium milling and coal mining, focusing on potential impacts
 on groundwater quality.

 Waste stabilization pond systems were found to be suitable
 for treatment of high-strength industrial wastes.29 The long re
 tention times and high buffering capacity of such systems enables

 them to cope more readily with widely fluctuating organic loads
 and biologically toxic compounds. Natural degradation phe
 nomena occurring in a tailings pond at the Lupin Mine 50 miles
 south of the Arctic Circle resulted in pH depression, photode
 compostion of metal-cyanide complexes, oxidation of cyanide
 and gravity sedimentation of precipitated metals, and sparingly
 soluble cyanide complexes in the tailings pond.30 A process for
 removing cyanide and base metal complexes from industrial
 waste streams used S02 (in liquid or gas form or solutions of
 sulfite salts) plus air that was dispersed in the effluent using a
 well-agitated vessel. Acid produced in the oxidation reaction
 was neutralized with lime at a pH of 7-10.31 The process could
 be applied to detoxification of gold and silver mining waste
 streams, such as carbon-in-pulp tailing processes, barren solution
 bleeds, pond waters and heap leach rinse solutions, and also to
 plating shops' wastewaters. The functioning of the nitrogen cycle
 within mining wastes is necessary for revegetation and long
 term stability of the disturbed ecosystem.32 Monthly environ

 mental audits and a search for ways to remove ammonia from
 mill effluent resulted in various research studies on the topic
 concerning ammonia removal.33 Caldwell34 summarized the
 waste pile stabilization technology developed in the Uranium
 Mill Tailings Remedial Action project with respect to cover
 technology, construction of radon barriers, and protection of
 groundwater resources.

 MODELS

 A three-dimensional computer model of the filling and drain
 age of backfilled open stopes was described by Trav?s and
 Isaacs.35 The model is capable of describing irregular stope ge
 ometries and heterogeneous fill and predicting pressures and
 flows at specific locations within a stope. Hao et al36 discussed
 applications of a model for water treatment and AMD control
 for Mn(II) removal with chlorine. Anderson et al37 used mass
 balance calculations and mineralogical and surface chemical
 analyses to identify important chemical processes and minera
 logical alterations occurring during leaching. Trujillo38 proposed
 a model of a treatment technique developed by the U. S. Bureau
 of Mines that used biomass and sphagnum peat moss to selec
 tively remove zinc, cadmium, and other metals from a zinc mine
 wastewater to concentrations below the national drinking water
 standards. An extensive sampling program and the use of a nu
 merical water flow model made it feasible to simulate and com

 pare the dynamics of metal transport at different sites in the
 study area.39 A hydrochemical model based on a fairly simple
 description of the mixing of water from different sources and a
 very simple pH dependence of the concentration of the metals,
 semiquantitatively, reproduced the dynamics of metal concen
 trations and mass transport of metals.

 William R. Turney is a graduate student and Bruce M.
 Thomson is an associate professor in the Civil Engineering De
 partment at the University of New Mexico, Albuquerque, NM
 87131. Correspondence should be addressed to Dr. Thomson.
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 Petroleum processing
 arid synthetic fuels
 James A. Thomas, Gomes Ganapathi,
 Enos L. Stover

 PETROLEUM PROCESSING

 Environmental issues facing the exploration, drilling, pro
 duction, transportation, refining, marketing, petrochemicals, and
 gas processing sectors of the petroleum industry were discussed
 by Williams.1 The sources and characteristics of hazardous and
 solid wastes in a refinery were summarized by Bryant and

 Moore,2 along with disposal alternatives for current and proposed
 regulations. A critical need was seen for exploration and pro
 duction operations to keep waste generation to a minimum, to
 prevent classification of wastes as being hazardous under the
 Resource Conservation and Recovery Act and to find new ways
 to treat and dispose of wastes.3 Waste minimization at BP Oil's
 Alliance refinery in Louisiana includes waste stream inventories,
 identification of waste management opportunities and practices,
 facility specific annual waste management goals, and an annual
 review of achievements.4 Activities and programs in the petro

 leum industry that protect the environment from pollution and
 degradation were described in a series of articles on individual
 companies and their specific accomplishments.5 A bibliography
 containing citations of techniques and equipment used for pol
 lution control in the chemical and petrochemical industries was
 prepared by the National Technical Information Service.6 Pic
 torial simulation models considering pictorial entities (defined
 by shape, size, color, and position) and operations parameters
 were proposed for two water quality management problems: oil
 spill accidents and waste stabilization ponds ecology.7 Thirteen
 papers presented in the American Society of Mechanical Engi
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