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ABSTRACT

A water-quality reconnaissance study during 1986-87 found high concentrations of several potentially toxic elements in water, bottom sediment, and biota in and near Stillwater Wildlife Management Area (WMA). This study prompted the U.S. Department of the Interior to initiate a more detailed study to determine the geochemical and physical processes that control water quality in the Stillwater WMA. The Lead Lake area in Stillwater WMA was studied in detail to determine these processes. Water samples were collected from agricultural drains and canals that carry a mixture of irrigation-return flow and ground-water seepage. The hydrologic characteristics of both the surface and shallow ground water in Stillwater WMA are complex; the water quality of Fernley WMA also was studied because of the area's relatively simple hydrology. The understanding of hydrogeochemical processes in the Fernley WMA were then applied to a definition of the processes active at Stillwater WMA.

Water in Stillwater WMA is of poor quality and, during the recent drought conditions from 1986 to 1990, is substantially reduced in quantity. Constituents of concern that exceeded Federal or State criteria for the protection of aquatic life in surface water are arsenic, boron, and mercury. Dissolved solids and un-ionized ammonia also are present at concentrations that exceed criteria for the protection of aquatic life. Ground water is an important contributor of water to the drains and to Lead Lake, and is the major component of base flow in some of the drains. The quality of the ground water in Stillwater WMA also is poor; nearly all samples exceeded federal or State criteria for arsenic, boron, sodium, and dissolved solids. Uranium concentrations generally are high and exceeded proposed U.S. Environmental Protection Agency criteria for drinking water in many samples. In Fernley WMA, drain water commonly exceeded criteria for arsenic and boron. Water samples form lakes in Fernley WMA commonly exceeded criteria for arsenic, boron, sodium, dissolved solids, and un-ionized ammonia.

Sediment in the drains and lakes of Stillwater and Fernley WMA's is accumulating trace elements from the overlying water column. The trace elements are either incorporated into or adsorbed onto labile coatings on grain surfaces or adsorbed onto clay minerals in the sediment. Arsenic, boron, mercury, lithium, molybdenum, selenium, and uranium are enriched in drain- and lake bottom sediments as compared with soil samples form the Carson River basin.

Processes controlling the composition of ground water at Stillwater and Fernley WMA's include evapotranspiration; dissolution of sedimentary organic matter, calcite, silicates, and possibly iron and manganese oxides; and precipitation of montmorillonite, calcite, and gypsum. Trace-element concentrations are controlled by localized redox conditions in the sediment, evapotranspiration, and interaction with organic matter and surface coatings of iron and manganese oxides on mineral grains.

Surface-water composition is controlled by the inflowing ground water, evapotranspiration, interaction with highly reducing bottom sediment, and precipitation of calcite. Precipitation of iron (oxy) hydroxide removes iron, and probably many trace elements, from the water in South Pond at Fernley Wildlife Management Area.

Stillwater Point Diversion Drain, Stillwater Slough, and TJ Drain contribute the largest part of the dissolved-solids load to Stillwater WMA (41, 23, and 19 percent, respectively, during 1988-89). TJ Drain also delivers the largest load of dissolved solids, boron, and sodium to Lead Lake.
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