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      The sources, biogeochemistry, and ecotoxicology of selenium (Se) combine to produce a widespread potential for ecological risk such as deformities in birds and fish. Linking the understanding of source characteristics to a mechanistic, biodynamic dietary model of Se exposure on an ecosystem-scale improves the prediction of Se effects and its potential remediation.
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Figure 1. A predictive global map of latent risk for environmental Se loading indicates that ancient organic-rich depositional marine basins, unrestricted by age, are linked to the contemporary global distribution of Se source rocks. Given the geographic patterns, Se emerges as a contaminant within specific regions of the globe that may limit phosphate mining, oil refining, and drainage of agricultural lands because of potential ecological risks to vulnerable food webs. Selenium also may serve as a geochemical exploration tool that signals an ancient productive biological environment.

The sources and biogeochemistry of selenium (Se) combine to produce a widespread potential for ecological risk (Figure 1). Documented environmental effects across scientifically investigated sites include deformities in birds and fish, degraded fish communities, and exclusion of habitats for bird use (see Modeling and Irrigation pages).

The large geologic extent of Se sources is connected by human activities that include power generation, oil refining, irrigation drainage, and coal, phosphate, copper, and uranium mining (Figure 2). Study areas from the 1) San Joaquin Valley and San Francisco Bay-Delta Estuary, California, 2) watersheds of the Colorado River and other arid basins of the western US; 3) upper Blackfoot River watershed, Idaho; 4) upper Mud River watershed and other Appalachian basins, West Virginia; and 5) coal ash receiving basins such as Belews Lake in North Carolina include a range of processing activities that call attention to anthropogenic connections to the environment (e.g., production, storage, and disposal of subsurface irrigation drainage, oil refining effluents, and waste shales), in addition to surface processes (weathering, erosion, and runoff), that can ultimately mediate contamination.

The Se sources model components are:

	oceanic depositional environments
	organic carbon-rich marine sediments
	anthropogenic activities that facilitate transfer to the environment
	waste components and source waters and
	affected receiving water bodies
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Figure 2. A selenium sources model that depicts anthropogenic activities that contribute to exposure in the environment.

The global distribution of organic-enriched sedimentary rocks (i.e., black shales, petroleum source rocks, phosphorites, and coals) (Figure 1) depends on the fundamental role of major and trace nutrients in determining primary productivity. Although black shales and their recoverable organic fractions as sources of trace elements are widely recognized, the implications of worldwide reservoirs, site-specific fluxes, and persistent biologic cycling of Se are not. Given the geographic distribution of these source rocks, Se emerges as a contaminant within specific regions of the globe that may limit mineral extraction and agricultural growth or exacerbate environmental toxicity.

Development of technologies for controlling Se pollution and predictive forecasts of ecological effects will become increasingly critical to commercial exploitation, as well as to faunal conservation. Based on our conceptual model, adoption of methodologies to protect fish and wildlife that recognize the full sequence of interacting processes from sources through food webs to vulnerable predators will advance risk management by including all considerations that cause systems to respond differently to Se contamination.
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Figure 3.  Ecosystem-scale selenium modeling conceptualizes processes and parameters important for quantifying and understanding the effects of selenium in the environment. The model can be applied to forecast exposure and to evaluate the implications of management or regulatory choices. Kd = empirically determined environmental partitioning factor between water and particulate material; TTF = biodynamic food-web transfer factor between an animal and its food.

Development of an ecosystem-scale Se modeling methodology (see Modeling page) and its site-specific applications (e.g., San Francisco Bay-Delta Estuary, mountaintop coal mining areas) are examples of a new type of approach that predicts ecological Se effects based on dietary exposure and the major processes that determine how Se is processed through food webs to top fish and bird predator species.

Recent investigation of Lake Koocanusa, a transboundary reservoir between Montana and British Columbia that receives effluent from coal mines in Canada, highlights this methodology (see Lake Koocanusa references below). The developed site- and species-specific model predicts protection of the reservoir’s ecosystems from selenium within a series of hydrodynamic source gradients and food-web exposure scenarios for a recreationally important community of fish. 

 

Links of Interest

U.S. Environmental Protection Agency

	U.S. Environmental Protection Agency, 2016, Aquatic life ambient water quality criterion for seleniumâ€”freshwater: USEPA, Office of Water, Office of Science and Technology, EPA 822-R-16-006, Washington, DC, 807 p.
	https://www.epa.gov/wqc/aquatic-life-criterion-selenium
	U.S. Environmental Protection Agency, 2016, Establishment of Revised Numeric Criteria for Selenium for the San Francisco Bay and Delta, State of California: Proposed Rule, Federal Register 7/15/2016, 81FR46030, 13 p.
	https://www.epa.gov/wqs-tech/water-quality-standards-establishment-revised-numeric-criteria-selenium-san-francisco-bay
	U.S. Environmental Protection Agency, 2016, Technical Support Document for the Proposed Aquatic Life and Aquatic-Dependent Wildlife Selenium Water Quality Criteria For the San Francisco Bay and Delta: USEPA, Region 9, San Francisco, 100 p.
	https://www.federalregister.gov/documents/2016/07/15/2016-16266/water-quality-standards-establishment-of-revised-numeric-criteria-for-selenium-for-the-san-francisco


Lake Koocanusa References

	Montana's Department of Environmental Quality Board of Environmental Review adopts selenium water-quality standards for Lake Koocanusa and the Kootenai River (12/14/2020)
	U.S. Environmental Protection Agency's Action Letter regarding Lake Koocanusa (2/25/2021).  Montana adopted revised selenium criteria for the protection of the Class B-1 designated uses for the portions of Lake Koocanusa and the Kootenai River (summarized in Table 1) in Montana. 40 C.F.R. § 131.11 describes the regulatory requirements for water quality criteria. Today’s action addresses submitted changes to ARM 17.30.602(32) and 17.30.632 that include new or revised WQS requiring EPA’s review and action under CWA section 303(c). EPA is approving ARM 17.30.602(32) and 17.30.632, except for portions of ARM 17.30.632(4) and 17.30.632(6) that EPA has determined are not new or revised WQS requiring EPA action pursuant to CWA section 303(c). The rationale for EPA’s decisions is outlined in the letter.
	USGS National Water Information System:  Current Conditions for Lake Koocanusa at International Boundary (12300110)


San Francisco Bay-Delta, California

	GS Ecology and Contaminants website:
	http://wwwrcamnl.wr.usgs.gov/tracel/data/se_model/
	For an additional library of articles on research of the San Francisco-Bay Delta:
	http://wwwrcamnl.wr.usgs.gov/tracel/bibliography.html#2004


San Joaquin Valley, California

The Bureau of Reclamation is re-evaluating options for providing drainage service to the San Luis Unit of the Central Valley Project. The EIS evaluates seven action alternatives in addition to No Action: In-Valley Disposal, In-Valley/Groundwater Quality Land Retirement, In-Valley/Water Needs Land Retirement, In-Valley/Drainage-Impaired Area Land Retirement, Ocean Disposal, Delta-Chipps Island Disposal, and Delta-Carquinez Strait Disposal. All of the alternatives would include common elements: on-farm and in-district actions, drainwater collection systems, regional reuse facilities, the Firebaugh sumps, and land retirement of at least 44,106 acres. In addition to the common elements, the action alternatives (except Ocean Disposal) involve varying levels of drainwater treatment (reverse osmosis and/or biological selenium treatment) and/or additional land retirement before disposal. http://www.usbr.gov/mp/sccao/sld/

The Grassland Bypass Project (GBP) is based upon an agreement between the U.S. Bureau of
Reclamation and the San Luis and Delta-Mendota Water Authority (Authority) to use a 28-mile segment
of the San Luis Drain. 

The western San Joaquin Valley is one of the most productive farming areas in the United States, but salt-buildup in soils and shallow groundwater aquifers threatens this area’s productivity. Elevated selenium concentrations in soils and groundwater complicate drainage management and salt disposal. In this document, we evaluate constraints on drainage management and implications of various approaches to management considered in: 

	the San Luis Drainage Feature Re-Evaluation (SLDFRE) Environmental Impact Statement (EIS) (about 5,000 pages of documentation, including supporting technical reports and appendices) http://www.usbr.gov/mp/sccao/sld/docs/index.html; 
	recent conceptual plans put forward by the San Luis Unit (SLU) contractors (i.e., the SLU Plans) (about 6 pages of documentation); 
	approaches recommended by the San Joaquin Valley Drainage Program (SJVDP) (1990a); and 
	other U.S. Geological Survey (USGS) models and analysis relevant to the western San Joaquin Valley. 
	http://pubs.usgs.gov/of/2008/1210/


Selenium Treatment Technologies

I. San Luis Unit Feature Re-evaluation Environmental Impact Statement, June 2006 
http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=61 

II. San Luis Drainage Feature Re-evaluation Feasibility Report, March 2008 
http://www.usbr.gov/mp/sccao/sld/docs/sldfr_report/ 
 
III. San Luis Drainage Feature Reevaluation Implementation Demonstration Treatment Facility at Panoche Drainage District Draft Environmental Assessment and Finding of No Significant Impact, September, 2011 
http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=8295

Phosphate Mining

	Real-time stream gauging data for the Blackfoot River above the Blackfoot Reservoir (USGS station 13063000) is available: http://waterdata.usgs.gov/id/nwis/uv?site_no=13063000
	For a complete description of the book entitled Life Cycle of the Phosphoria Formation: From Deposition to the Post-Mining Environment published by Elsevier, New York, containing USGS research on the Phosphoria Formation, go to the site now.
	Chemical Composition of Samples Collected from Waste Rock Dumps and Other Mining-Related Features at Selected Phosphate Mines in Southeastern Idaho, Western Wyoming, and Northern Utah By: Phillip R. Moyle1 and J. Douglas Causey1 Western U.S. Phosphate Project2 Open-File Report 01-41, 2001 https://pubs.er.usgs.gov/publication/ofr01411
	Digital database of mining-related features at selected historic and active phosphate mines, Bannock, Bear Lake, Bingham, and Caribou Counties, Idaho  B y: J. Douglas Causey1 and Phillip R. Moyle1 Western U.S. Phosphate Project2 U.S. Geological Survey Open-File Report 01-142 Digital Database, Online version 1.0, 2001 https://pubs.er.usgs.gov/publication/ofr01142
	An upwelling model for the Phosphoria sea: A Permian, ocean-margin sea in the northwest United States David Z. Piper and Paul Karl Link AAPG Bulletin, v. 86, no. 7 (July 2002), pp. 1217–1235 http://search.datapages.com/data/bulletns/2002/07jul/1217/images/02_1217.pdf
	Geochemistry of Permian Rocks from the Margins of the Phosphoria Basin: Lakeridge Core, Western Wyoming By Robert B. Perkins, Brandie McIntyre, James R. Hein, and David Z. Piper USGS Open-File Report 03-21 https://pubs.er.usgs.gov/publication/ofr0321
	Chemical composition of weathered and unweathered strata of the Meade Peak Phosphatic Shale Member of the Permian Phosphoria Formation--A; Measured sections A and B, central part of Rasmussen Ridge, Caribou County, Idaho By Herring, J.R., Desborough, G.A., Wilson, S.A., Tysdal, R.G., Grauch, R.I., and Gunter, M.E. 1999 USGS Open-File Report 99-147-A, 24 p. https://pubs.er.usgs.gov/publication/ofr99147A
	Herring, J.R., Grauch, R.I., Siems, D.F., Tysdal, R.G., Johnson, E.A., Zielinski, R.A., Desborough, G.A., Knudsen, A.C., and Gunter, M.E. 2001 USGS Open-File Report 01-195, 72 p. https://pubs.er.usgs.gov/publication/ofr01195


Coal Mining

	West Virginia Water Science Center, Water Resources of West Virginia, Coal Topics, Databases, and Related Information: http://wv.usgs.gov/, http://energy.cr.usgs.gov/coal/
	U.S. Geological Survey Open-File Report 2005-1330: Spatial Trends in Ash Yield, Sulfur, Selenium, and Other Selected Trace Element Concentrations in Coal Beds of the Appalachian Plateau Region, U.S.A. Published 2005, Version 1.0, Online only Sandra G. Neuzil, Frank T. Dulong, and C. Blaine Cecil http://pubs.usgs.gov/of/2005/1330/
	National Coal Resources Data System, US Coal Quality Database http://energy.er.usgs.gov/coalqual.htm
	West Virginia Geological and Economic Survey. Trace Elements in West Virginia Coals.  These pages explore the geologic, environmental and economic aspects of trace elements in West Virginia coals. http://www.wvgs.wvnet.edu/www/datastat/te/
	Mountaintop Mining / Valley Fills in Appalachia: Final Programmatic Environmental Impact Statement (Final PEIS) October, 2005. In October 2005, the U.S. Army Corps of Engineers, US Environmental Protection Agency (EPA), US Fish and Wildlife Service, US Office of Surface Mining, and West Virginia Department of Environmental Protection completed their review and evaluation of all comments received on the Draft PEIS and jointly prepared the Final PEIS on mountaintop coal mining and associated valley fills in Appalachia. On October 28, 2005, the agencies announced the availability of the Final PEIS in a Federal Register notice and in a multi-agency press release widely distributed to local and national media. Please use these highlighted links to view these documents and any attachments.  http://www.epa.gov/Region3/mtntop/
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      Below are other science projects associated with the Linking Selenium Sources to Ecosystems project.
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      Below are data or web applications associated with the Linking Selenium Sources to Ecosystems project.
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                Selenium impacts on razorback sucker, Colorado River, Colorado: II. Eggs

              
          

    

    
      Effects on hatching and development of fertilized eggs in adult razorback sucker (Xyrauchen texanus) exposed to selenium in flooded bottomland sites near Grand Junction, Colorado, were determined. After 9 months exposure, fish were collected and induced to spawn and eggs collected for inorganic element analyses. A 9-day egg study was conducted with five spawns from Horsethief ponds, six spawns fro
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                Selenium impacts on razorback sucker, Colorado River, Colorado: I. Adults

              
          

    

    
      Adult razorback sucker (Xyrauchen texanus) were exposed to various selenium concentrations in ponds and isolated river channels of the Colorado River near Grand Junction, CO, to determine effects on their growth and residue accumulation over an 11-month period. Adults at Horsethief ponds were fed a commercial diet, whereas fish at Adobe Creek channel and North Pond foraged on natural food items. S
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                Why is metal bioaccumulation so variable? Biodynamics as a unifying concept

              
          

    

    
      Ecological risks from metal contaminants are difficult to document because responses differ among species, threats differ among metals, and environmental influences are complex. Unifying concepts are needed to better tie together such complexities. Here we suggest that a biologically based conceptualization, the biodynamic model, provides the necessary unification for a key aspect in risk:  metal
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                Selenium loading through the Blackfoot River watershed--linking sources to ecosystem

              
          

    

    
      The upper Blackfoot River watershed in southeast Idaho receives drainage from 11 of 16 phosphate mines that have extracted ore from the Phosphoria Formation, three of which are presently active. Toxic effects from selenium (Se), including death of livestock and deformity in aquatic birds, were documented locally in areas where phosphatic shales are exposed (Piper et al., 2000; Presser et al., Chap
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                The phosphoria formation: A model for forecasting global selenium sources to the environment

              
          

    

    
      Mining of the Permian Phosphoria Formation — a marine, oil-generating, phosphatic shale — provided the selenium (Se) source implicated in the recent deaths of livestock in southeast Idaho. Field studies and the geohydrologic balance of Se in southeast Idaho confirm risk to animals from exposure to Se through leaching of mined waste shale into streams, discharge of regional drainage, and impoundmen

  



        
    
    

    

      Authors

    
      Theresa S. Presser, D. Z. Piper, K. J. Bird, J. P. Skorupa, S. J. Hamilton, S. J. Detwiler, Mark Huebner

  




    

      By

    
      Water Resources Mission Area, Ecosystems Mission Area, Toxic Substances Hydrology, Environmental Health Program

  



  





    
    
            January 1, 2004


        
              
                Food web pathway determines how selenium affects aquatic ecosystems: A San francisco Bay case study

              
          

    

    
      Chemical contaminants disrupt ecosystems, but specific effects may be under-appreciated when poorly known processes such as uptake mechanisms, uptake via diet, food preferences, and food web dynamics are influential. Here we show that a combination of food web structure and the physiology of trace element accumulation explain why some species in San Francisco Bay are threatened by a relatively low
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      Major-element oxides and trace elements in the Phosphoria Formation at the Hot Springs Mine, Idaho were determined by a series of techniques. In this report, we examine the distribution of trace elements between the different solid components aluminosilicates, apatite, organic matter, opal, calcite, and dolomite that largely make up the rocks. High concentrations of several trace elements througho
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                Mass balance approach to selenium cycling through the San Joaquin Valley, sources to river to bay

              
          

    

    
      Surface and ground waters of the Central Valley of California (e.g., rivers, dams, off-stream storage reservoirs, pumping facilities, irrigation and drinking water supply canals, agricultural drainage canals) are part of a hydrologic system that makes up a complex ecosystem extending from the riparian wetlands of the Sacramento and San Joaquin Rivers through the San Francisco Bay/Delta Estuary to
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                Areal distribution of selected trace elements, salinity, and major ions in shallow ground water, Tulare Basin, Southern San Joaquin Valley, California

              
          

    

    
      The distribution of salinity and selected trace elements in shallow ground water in the Tulare Basin, California, was assessed to evaluate potential problems related to disposal in evaporation ponds of irrigation drain water containing elevated concentrations of selenium and other trace elements. The constituents of primary concern were selenium, arsenic, and salinity; uranium, boron, and molybden
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      The sources, biogeochemistry, and ecotoxicology of selenium (Se) combine to produce a widespread potential for ecological risk such as deformities in birds and fish. Linking the understanding of source characteristics to a mechanistic, biodynamic dietary model of Se exposure on an ecosystem-scale improves the prediction of Se effects and its potential remediation.
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Figure 1. A predictive global map of latent risk for environmental Se loading indicates that ancient organic-rich depositional marine basins, unrestricted by age, are linked to the contemporary global distribution of Se source rocks. Given the geographic patterns, Se emerges as a contaminant within specific regions of the globe that may limit phosphate mining, oil refining, and drainage of agricultural lands because of potential ecological risks to vulnerable food webs. Selenium also may serve as a geochemical exploration tool that signals an ancient productive biological environment.

The sources and biogeochemistry of selenium (Se) combine to produce a widespread potential for ecological risk (Figure 1). Documented environmental effects across scientifically investigated sites include deformities in birds and fish, degraded fish communities, and exclusion of habitats for bird use (see Modeling and Irrigation pages).

The large geologic extent of Se sources is connected by human activities that include power generation, oil refining, irrigation drainage, and coal, phosphate, copper, and uranium mining (Figure 2). Study areas from the 1) San Joaquin Valley and San Francisco Bay-Delta Estuary, California, 2) watersheds of the Colorado River and other arid basins of the western US; 3) upper Blackfoot River watershed, Idaho; 4) upper Mud River watershed and other Appalachian basins, West Virginia; and 5) coal ash receiving basins such as Belews Lake in North Carolina include a range of processing activities that call attention to anthropogenic connections to the environment (e.g., production, storage, and disposal of subsurface irrigation drainage, oil refining effluents, and waste shales), in addition to surface processes (weathering, erosion, and runoff), that can ultimately mediate contamination.

The Se sources model components are:

	oceanic depositional environments
	organic carbon-rich marine sediments
	anthropogenic activities that facilitate transfer to the environment
	waste components and source waters and
	affected receiving water bodies
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Figure 2. A selenium sources model that depicts anthropogenic activities that contribute to exposure in the environment.

The global distribution of organic-enriched sedimentary rocks (i.e., black shales, petroleum source rocks, phosphorites, and coals) (Figure 1) depends on the fundamental role of major and trace nutrients in determining primary productivity. Although black shales and their recoverable organic fractions as sources of trace elements are widely recognized, the implications of worldwide reservoirs, site-specific fluxes, and persistent biologic cycling of Se are not. Given the geographic distribution of these source rocks, Se emerges as a contaminant within specific regions of the globe that may limit mineral extraction and agricultural growth or exacerbate environmental toxicity.

Development of technologies for controlling Se pollution and predictive forecasts of ecological effects will become increasingly critical to commercial exploitation, as well as to faunal conservation. Based on our conceptual model, adoption of methodologies to protect fish and wildlife that recognize the full sequence of interacting processes from sources through food webs to vulnerable predators will advance risk management by including all considerations that cause systems to respond differently to Se contamination.
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Figure 3.  Ecosystem-scale selenium modeling conceptualizes processes and parameters important for quantifying and understanding the effects of selenium in the environment. The model can be applied to forecast exposure and to evaluate the implications of management or regulatory choices. Kd = empirically determined environmental partitioning factor between water and particulate material; TTF = biodynamic food-web transfer factor between an animal and its food.

Development of an ecosystem-scale Se modeling methodology (see Modeling page) and its site-specific applications (e.g., San Francisco Bay-Delta Estuary, mountaintop coal mining areas) are examples of a new type of approach that predicts ecological Se effects based on dietary exposure and the major processes that determine how Se is processed through food webs to top fish and bird predator species.

Recent investigation of Lake Koocanusa, a transboundary reservoir between Montana and British Columbia that receives effluent from coal mines in Canada, highlights this methodology (see Lake Koocanusa references below). The developed site- and species-specific model predicts protection of the reservoir’s ecosystems from selenium within a series of hydrodynamic source gradients and food-web exposure scenarios for a recreationally important community of fish. 

 

Links of Interest

U.S. Environmental Protection Agency

	U.S. Environmental Protection Agency, 2016, Aquatic life ambient water quality criterion for seleniumâ€”freshwater: USEPA, Office of Water, Office of Science and Technology, EPA 822-R-16-006, Washington, DC, 807 p.
	https://www.epa.gov/wqc/aquatic-life-criterion-selenium
	U.S. Environmental Protection Agency, 2016, Establishment of Revised Numeric Criteria for Selenium for the San Francisco Bay and Delta, State of California: Proposed Rule, Federal Register 7/15/2016, 81FR46030, 13 p.
	https://www.epa.gov/wqs-tech/water-quality-standards-establishment-revised-numeric-criteria-selenium-san-francisco-bay
	U.S. Environmental Protection Agency, 2016, Technical Support Document for the Proposed Aquatic Life and Aquatic-Dependent Wildlife Selenium Water Quality Criteria For the San Francisco Bay and Delta: USEPA, Region 9, San Francisco, 100 p.
	https://www.federalregister.gov/documents/2016/07/15/2016-16266/water-quality-standards-establishment-of-revised-numeric-criteria-for-selenium-for-the-san-francisco


Lake Koocanusa References

	Montana's Department of Environmental Quality Board of Environmental Review adopts selenium water-quality standards for Lake Koocanusa and the Kootenai River (12/14/2020)
	U.S. Environmental Protection Agency's Action Letter regarding Lake Koocanusa (2/25/2021).  Montana adopted revised selenium criteria for the protection of the Class B-1 designated uses for the portions of Lake Koocanusa and the Kootenai River (summarized in Table 1) in Montana. 40 C.F.R. § 131.11 describes the regulatory requirements for water quality criteria. Today’s action addresses submitted changes to ARM 17.30.602(32) and 17.30.632 that include new or revised WQS requiring EPA’s review and action under CWA section 303(c). EPA is approving ARM 17.30.602(32) and 17.30.632, except for portions of ARM 17.30.632(4) and 17.30.632(6) that EPA has determined are not new or revised WQS requiring EPA action pursuant to CWA section 303(c). The rationale for EPA’s decisions is outlined in the letter.
	USGS National Water Information System:  Current Conditions for Lake Koocanusa at International Boundary (12300110)


San Francisco Bay-Delta, California

	GS Ecology and Contaminants website:
	http://wwwrcamnl.wr.usgs.gov/tracel/data/se_model/
	For an additional library of articles on research of the San Francisco-Bay Delta:
	http://wwwrcamnl.wr.usgs.gov/tracel/bibliography.html#2004


San Joaquin Valley, California

The Bureau of Reclamation is re-evaluating options for providing drainage service to the San Luis Unit of the Central Valley Project. The EIS evaluates seven action alternatives in addition to No Action: In-Valley Disposal, In-Valley/Groundwater Quality Land Retirement, In-Valley/Water Needs Land Retirement, In-Valley/Drainage-Impaired Area Land Retirement, Ocean Disposal, Delta-Chipps Island Disposal, and Delta-Carquinez Strait Disposal. All of the alternatives would include common elements: on-farm and in-district actions, drainwater collection systems, regional reuse facilities, the Firebaugh sumps, and land retirement of at least 44,106 acres. In addition to the common elements, the action alternatives (except Ocean Disposal) involve varying levels of drainwater treatment (reverse osmosis and/or biological selenium treatment) and/or additional land retirement before disposal. http://www.usbr.gov/mp/sccao/sld/

The Grassland Bypass Project (GBP) is based upon an agreement between the U.S. Bureau of
Reclamation and the San Luis and Delta-Mendota Water Authority (Authority) to use a 28-mile segment
of the San Luis Drain. 

The western San Joaquin Valley is one of the most productive farming areas in the United States, but salt-buildup in soils and shallow groundwater aquifers threatens this area’s productivity. Elevated selenium concentrations in soils and groundwater complicate drainage management and salt disposal. In this document, we evaluate constraints on drainage management and implications of various approaches to management considered in: 

	the San Luis Drainage Feature Re-Evaluation (SLDFRE) Environmental Impact Statement (EIS) (about 5,000 pages of documentation, including supporting technical reports and appendices) http://www.usbr.gov/mp/sccao/sld/docs/index.html; 
	recent conceptual plans put forward by the San Luis Unit (SLU) contractors (i.e., the SLU Plans) (about 6 pages of documentation); 
	approaches recommended by the San Joaquin Valley Drainage Program (SJVDP) (1990a); and 
	other U.S. Geological Survey (USGS) models and analysis relevant to the western San Joaquin Valley. 
	http://pubs.usgs.gov/of/2008/1210/


Selenium Treatment Technologies

I. San Luis Unit Feature Re-evaluation Environmental Impact Statement, June 2006 
http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=61 

II. San Luis Drainage Feature Re-evaluation Feasibility Report, March 2008 
http://www.usbr.gov/mp/sccao/sld/docs/sldfr_report/ 
 
III. San Luis Drainage Feature Reevaluation Implementation Demonstration Treatment Facility at Panoche Drainage District Draft Environmental Assessment and Finding of No Significant Impact, September, 2011 
http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=8295

Phosphate Mining

	Real-time stream gauging data for the Blackfoot River above the Blackfoot Reservoir (USGS station 13063000) is available: http://waterdata.usgs.gov/id/nwis/uv?site_no=13063000
	For a complete description of the book entitled Life Cycle of the Phosphoria Formation: From Deposition to the Post-Mining Environment published by Elsevier, New York, containing USGS research on the Phosphoria Formation, go to the site now.
	Chemical Composition of Samples Collected from Waste Rock Dumps and Other Mining-Related Features at Selected Phosphate Mines in Southeastern Idaho, Western Wyoming, and Northern Utah By: Phillip R. Moyle1 and J. Douglas Causey1 Western U.S. Phosphate Project2 Open-File Report 01-41, 2001 https://pubs.er.usgs.gov/publication/ofr01411
	Digital database of mining-related features at selected historic and active phosphate mines, Bannock, Bear Lake, Bingham, and Caribou Counties, Idaho  B y: J. Douglas Causey1 and Phillip R. Moyle1 Western U.S. Phosphate Project2 U.S. Geological Survey Open-File Report 01-142 Digital Database, Online version 1.0, 2001 https://pubs.er.usgs.gov/publication/ofr01142
	An upwelling model for the Phosphoria sea: A Permian, ocean-margin sea in the northwest United States David Z. Piper and Paul Karl Link AAPG Bulletin, v. 86, no. 7 (July 2002), pp. 1217–1235 http://search.datapages.com/data/bulletns/2002/07jul/1217/images/02_1217.pdf
	Geochemistry of Permian Rocks from the Margins of the Phosphoria Basin: Lakeridge Core, Western Wyoming By Robert B. Perkins, Brandie McIntyre, James R. Hein, and David Z. Piper USGS Open-File Report 03-21 https://pubs.er.usgs.gov/publication/ofr0321
	Chemical composition of weathered and unweathered strata of the Meade Peak Phosphatic Shale Member of the Permian Phosphoria Formation--A; Measured sections A and B, central part of Rasmussen Ridge, Caribou County, Idaho By Herring, J.R., Desborough, G.A., Wilson, S.A., Tysdal, R.G., Grauch, R.I., and Gunter, M.E. 1999 USGS Open-File Report 99-147-A, 24 p. https://pubs.er.usgs.gov/publication/ofr99147A
	Herring, J.R., Grauch, R.I., Siems, D.F., Tysdal, R.G., Johnson, E.A., Zielinski, R.A., Desborough, G.A., Knudsen, A.C., and Gunter, M.E. 2001 USGS Open-File Report 01-195, 72 p. https://pubs.er.usgs.gov/publication/ofr01195


Coal Mining

	West Virginia Water Science Center, Water Resources of West Virginia, Coal Topics, Databases, and Related Information: http://wv.usgs.gov/, http://energy.cr.usgs.gov/coal/
	U.S. Geological Survey Open-File Report 2005-1330: Spatial Trends in Ash Yield, Sulfur, Selenium, and Other Selected Trace Element Concentrations in Coal Beds of the Appalachian Plateau Region, U.S.A. Published 2005, Version 1.0, Online only Sandra G. Neuzil, Frank T. Dulong, and C. Blaine Cecil http://pubs.usgs.gov/of/2005/1330/
	National Coal Resources Data System, US Coal Quality Database http://energy.er.usgs.gov/coalqual.htm
	West Virginia Geological and Economic Survey. Trace Elements in West Virginia Coals.  These pages explore the geologic, environmental and economic aspects of trace elements in West Virginia coals. http://www.wvgs.wvnet.edu/www/datastat/te/
	Mountaintop Mining / Valley Fills in Appalachia: Final Programmatic Environmental Impact Statement (Final PEIS) October, 2005. In October 2005, the U.S. Army Corps of Engineers, US Environmental Protection Agency (EPA), US Fish and Wildlife Service, US Office of Surface Mining, and West Virginia Department of Environmental Protection completed their review and evaluation of all comments received on the Draft PEIS and jointly prepared the Final PEIS on mountaintop coal mining and associated valley fills in Appalachia. On October 28, 2005, the agencies announced the availability of the Final PEIS in a Federal Register notice and in a multi-agency press release widely distributed to local and national media. Please use these highlighted links to view these documents and any attachments.  http://www.epa.gov/Region3/mtntop/
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                Selenium impacts on razorback sucker, Colorado River, Colorado: II. Eggs

              
          

    

    
      Effects on hatching and development of fertilized eggs in adult razorback sucker (Xyrauchen texanus) exposed to selenium in flooded bottomland sites near Grand Junction, Colorado, were determined. After 9 months exposure, fish were collected and induced to spawn and eggs collected for inorganic element analyses. A 9-day egg study was conducted with five spawns from Horsethief ponds, six spawns fro
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                Selenium impacts on razorback sucker, Colorado River, Colorado: I. Adults

              
          

    

    
      Adult razorback sucker (Xyrauchen texanus) were exposed to various selenium concentrations in ponds and isolated river channels of the Colorado River near Grand Junction, CO, to determine effects on their growth and residue accumulation over an 11-month period. Adults at Horsethief ponds were fed a commercial diet, whereas fish at Adobe Creek channel and North Pond foraged on natural food items. S
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                Why is metal bioaccumulation so variable? Biodynamics as a unifying concept

              
          

    

    
      Ecological risks from metal contaminants are difficult to document because responses differ among species, threats differ among metals, and environmental influences are complex. Unifying concepts are needed to better tie together such complexities. Here we suggest that a biologically based conceptualization, the biodynamic model, provides the necessary unification for a key aspect in risk:  metal
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                Selenium loading through the Blackfoot River watershed--linking sources to ecosystem

              
          

    

    
      The upper Blackfoot River watershed in southeast Idaho receives drainage from 11 of 16 phosphate mines that have extracted ore from the Phosphoria Formation, three of which are presently active. Toxic effects from selenium (Se), including death of livestock and deformity in aquatic birds, were documented locally in areas where phosphatic shales are exposed (Piper et al., 2000; Presser et al., Chap
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                The phosphoria formation: A model for forecasting global selenium sources to the environment

              
          

    

    
      Mining of the Permian Phosphoria Formation — a marine, oil-generating, phosphatic shale — provided the selenium (Se) source implicated in the recent deaths of livestock in southeast Idaho. Field studies and the geohydrologic balance of Se in southeast Idaho confirm risk to animals from exposure to Se through leaching of mined waste shale into streams, discharge of regional drainage, and impoundmen
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                Food web pathway determines how selenium affects aquatic ecosystems: A San francisco Bay case study

              
          

    

    
      Chemical contaminants disrupt ecosystems, but specific effects may be under-appreciated when poorly known processes such as uptake mechanisms, uptake via diet, food preferences, and food web dynamics are influential. Here we show that a combination of food web structure and the physiology of trace element accumulation explain why some species in San Francisco Bay are threatened by a relatively low
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                The Phosphoria Formation at the Hot Springs Mine in Southeast Idaho: A source of selenium and other trace elements to surface water, ground water, vegetation, and biota

              
          

    

    
      Major-element oxides and trace elements in the Phosphoria Formation at the Hot Springs Mine, Idaho were determined by a series of techniques. In this report, we examine the distribution of trace elements between the different solid components aluminosilicates, apatite, organic matter, opal, calcite, and dolomite that largely make up the rocks. High concentrations of several trace elements througho
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                Mass balance approach to selenium cycling through the San Joaquin Valley, sources to river to bay

              
          

    

    
      Surface and ground waters of the Central Valley of California (e.g., rivers, dams, off-stream storage reservoirs, pumping facilities, irrigation and drinking water supply canals, agricultural drainage canals) are part of a hydrologic system that makes up a complex ecosystem extending from the riparian wetlands of the Sacramento and San Joaquin Rivers through the San Francisco Bay/Delta Estuary to
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                Areal distribution of selected trace elements, salinity, and major ions in shallow ground water, Tulare Basin, Southern San Joaquin Valley, California

              
          

    

    
      The distribution of salinity and selected trace elements in shallow ground water in the Tulare Basin, California, was assessed to evaluate potential problems related to disposal in evaporation ponds of irrigation drain water containing elevated concentrations of selenium and other trace elements. The constituents of primary concern were selenium, arsenic, and salinity; uranium, boron, and molybden
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