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1

Figure 20. Summary of the distribution of solar power potential within sage-grouse habitats (PPH and PGH) by 2

Management Zone.  3
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The primary environmental concerns associated with solar power generation include the large 1

land area required for solar facilities and water consumption. Concentrating solar power systems 2

generally require 5 to 10 acres (2 ha – 4ha) to produce 1 MW, and photovoltaic systems require around 3

10 acres (4 ha) per MW. Additional impacts will include access roads and transmission lines. Although 4

solar developments themselves are not similar to the infrastructure of energy developments discussed 5

above, impacts to sage-grouse from direct habitat loss, habitat fragmentation via roads and transmission 6

lines, noise, and increased human presence (Connelly et al. 2004) may be similar to those discussed for 7

non-renewable energy development. The information presented in this section as well as a detailed 8

discussion of the technology required for generation of solar-based electricity can be found in the Draft 9

Programmatic Environmental Impact Statement (PEIS) for Solar Energy Development in Six 10

Southwestern States (DES 10-59, DOE/EIS-0403; solareis.anl.gov). 11

Geothermal 12

According to the Geothermal Energy Association (geo-energy.org), geothermal energy is 13

defined as heat from the Earth; heat continuously flowing from the Earth’s interior is estimated to be 14

equivalent to 42 million megawatts (MW) of power. Geothermal energy production within the range of 15

sage-grouse is primarily within the Southern and Northern Great Basins MZs. As of 2011, 16

approximately 2,000 km2 (494,200 acres) of sagebrush habitat has been leased for this purpose and an 17

additional 1,140 km2 (281,700 acres) are pending (Knick et al. 2011). The only type of geothermal 18

energy that has been widely developed is hydrothermal energy, which consists of trapped hot water or 19

steam. However, new technologies are being developed to exploit hot dry rock (accessed by drilling 20

deep into rock), geopressured resources (pressurized brine mixed with methane), and magma (Union of 21

Concerned Scientists; www.ucsusa.org) making these developments a consideration of the near future. 22
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Impacts to sage-grouse associated with geothermal energy development have not been assessed 1

because the development has been too recent to identify any immediate or lag effects (Knick et al. 2

2011), but geothermal power plants are similar to fossil fuel-fired power plants in that resources are 3

exploited in a highly centralized fashion, thus surface impacts could include the footprint of the power 4

plant itself, access roads, and transmission lines. Extraction of geothermal fluids (gasses, steam, and 5

water) for power generation generally requires many of the same infrastructure features for construction 6

and operation as do traditional non-renewable energy resources. As such, impacts of geothermal 7

developments to sage-grouse from direct habitat loss, habitat fragmentation via roads and transmission 8

lines, noise, and increased human presence (Connelly et al. 2004) may be similar to those discussed for 9

non-renewable energy development, with comparable effects on local sage-grouse populations also 10

anticipated.  11

Although geothermal development occurs throughout MZs III, IV and V, the direct footprint is 12

relatively small with approximately 244,200 acres (0.41%) of sage-grouse habitat directly impacted by 13

geothermal development in these MZs (Table 15, Figure 21). Geothermal developments are widespread 14

in priority habitats in western portions of MZ III in particular. No geothermal development currently 15

occurs in MZs I and II. However, there is potential for geothermal development in a majority of priority 16

and general habitats throughout the range of sage-grouse, and potential development exists for all sage-17

grouse habitats in MZs IV and V and the Nevada portions of MZ III (Figure 21). Indirect effects of 18

geothermal development were assessed at 19 km (11.8 mi), based on influences estimated for similar 19

infrastructure, suggesting that industrial-scale facilities could influence approximately 16.8% of priority 20

sage-grouse habitats across MZs III, IV and V, if fully developed (however this is currently unlikely). 21

BLM lands account for approximately 72% of priority habitats potentially influenced by geothermal 22

development; therefore, accounting for these facilities may be important for future assessments. 23
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1

Figure 21. Overlap of geothermal potential with sage-grouse habitats (PPH and PGH) by Management Zone. 2
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Air and water pollution, disposal of hazardous waste, siting, and land subsidence are 1

environmental concerns related to geothermal electricity generation; however many of the air and water 2

concerns are eliminated in closed-loop systems (Union of Concerned Scientists year?). In addition to 3

these impacts, geothermal energy extraction may cause the release of toxic gasses (carbon dioxide and 4

hydrogen sulfide) and elements (arsenic) into the environment. The type and effect of these substances 5

depends on the geological formation from which energy is being extracted. Large quantities of water 6

may also be required for drilling and condenser cooling (Suter Ii 1978), and if the water used for these 7

purposes depletes the water resources of the surrounding habitat, riparian and brood-rearing habitats 8

may be affected by water table changes. On site water storage may increase potential WNv (West Nile 9

Virus) exposure in the area (Friend 2001, Zou 2006, Walker et al. 2007a, Walker and Naugle 2011). 10

The only type of geothermal energy that has been widely developed is hydrothermal energy, 11

which consists of trapped hot water or steam. However, new technologies are being developed to exploit 12

hot dry rock (accessed by drilling deep into rock), geopressured resources (pressurized brine mixed with 13

methane), and magma (Union of Concerned Scientists; www.ucsusa.org) making these developments a 14

consideration of the near future, making direct and indirect effects on sage-grouse anticipated and 15

logical, but speculative. 16

Mining 17

Besides oil and natural gas development, the major mining activity within sage-grouse habitats 18

has been for coal (Braun 1998b). Coal mines are widespread, but discretely located in sage-grouse 19

habitats throughout MZ I and southern portions of MZ II and VII, and federal leases developed through 20

surface extraction influence approximately 376,500 acres (1520 km2; 0.45%) of these MZs (Table 16, 21

Figure 22). Additionally, there is potential for coal mining in large portions of priority and general 22

habitats in MZs I and II and VII (Figure 23). Indirect effects of surface coal mines with federal leases 23
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were assessed using a 19km (11.8 mile) effects buffer based on observations of industrial infrastructure 1

effects on sage-grouse, which suggests influence over approximately 5.9% of priority sage-grouse 2

habitats across the range of the species, and approximately 11.8% of priority habitats in MZs I and II 3

and VII. BLM lands account for approximately 37% of priority habitats across the range of the species 4

indirectly influenced by coal mines. According to the World Coal Association (www.worldcoal.org), 5

coal is mined by two methods: surface mining or underground mining; mining method largely 6

determined by the geology of the coal deposit. Surface mining accounts for about 67% of production in 7

the U.S. Coal mining and the use of coal to produce electricity raises a number of environmental 8

challenges including: soil erosion, dust, noise and water pollution, impacts on local biodiversity, acid 9

mine drainage, and primarily air emissions. Burning coal releases oxides (especially of sulfur [SOx] and 10

nitrogen [NOx]), trace elements (e.g., mercury) and particulates. Acid mine drainage is metal-rich water 11

formed from the chemical reaction between water and rocks containing sulfur-bearing minerals. Large 12

opencast mines can cover an area of many square kilometers. 13

14
The magnitude of the impacts of mining activities on sage-grouse and sagebrush habitats is 15

largely unknown (Braun 1998b), but mining of various federal mineral resources currently directly 16

affects approximately 3.5% of potential sage-grouse habitat with indirect effects potentially affecting 17

large portions of some MZs (Table 17; Figure 23). Development of surface mines and associated 18

infrastructure (e.g., roads and power lines), noise and human activity may negatively impact sage-19

grouse numbers in the short term (Braun 1998b), and a variety of mineral claims could result in 20

industrial activities that would disrupt the habitat and life-cycle of sage-grouse (Figure24). The number 21

of displaying sage-grouse on 2 leks within 2 km (1.25 mi) of active mines in northern Colorado declined 22

by approximately 94% over a 5-year period following an increase in mining activity (Remington and 23

Braun 1991). However, Braun (1998) reported recovery of populations in Montana, Wyoming and 24
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Colorado may occur after initial development and subsequent reclamation of mine sites, although 1

populations do not recover to pre-development sizes. Additionally, population re-establishment may 2

take upwards of 30 years (Braun 1998). 3 Comment [SSK47]: Note: the Braun 1998 paper 
occurs twice in the literature cited section. 
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