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Introduction

The installation and continued presence of any structure (building, mall, bridge, or power plant) will impact the environment, and wind turbines are no different. Typically, those impacts are evaluated and quantified, mitigated when possible, and weighed against the public good when mitigation is not possible. Wind turbines are relatively low-impact compared with coal, natural gas, and nuclear power plants—they do not generally cause air, water or ground pollution, produce toxic chemicals or radioactive waste, or require mining or drilling for fuel—but there are still some potential environmental impacts that need to be considered when wind energy projects are sited. Generally, developers and lead agencies1 will investigate any areas of concern as part of the State Environmental Quality Review (SEQR) process, which requires the lead agency to take a “hard look” at potential environmental impacts.

This paper discusses environmental impacts in the following areas:

· Aesthetics of the viewshed

· Sound emissions

· Cultural and archeological

· Telecommunications

· Site Conditions and Construction Impacts

Impacts to bird and bat populations should also be evaluated, and the proposed project site should be inspected for the presence of threatened or endangered species. Those issues are discussed separately, in the Wind Energy Toolkit section titled “Birds & Bats: Potential Impacts and Survey Techniques.”

Aesthetics and Viewshed Analysis

For many wind energy projects, visual impact is the most significant issue that local communities must address. Therefore, it is particularly important that the visual impact assessment conducted for each project accurately predict impacts. The visual impact of wind turbines can be significant because of the height of the turbines, the large area occupied by wind energy projects, their location in exposed (hilltop) areas, and the movement of the rotor. This impact is subjective, and the degree to which it is an issue is a function of the value placed on the landscape and viewshed by the local community.

Typically, developers perform the following steps to quantify the potential visual impact of a project:

· Determine the viewshed

· Identify key viewpoints
· Assess existing conditions
· Document project changes
· Analyze changes
· Develop mitigation where needed
The zone of visual influence, or viewshed, is determined based on the existing environment and land uses. Key points within this viewshed are then determined by field inspection and discussions with local officials or stakeholders. These points may include historic monuments or markers, high traffic routes, dwellings in or adjacent to the project, schools, sports fields, or business districts. As a part of the mitigation process, the potential changes to the viewshed at these key points are documented through visualization modeling and then analyzed. During the analysis the following types of questions are asked and answered:

· To what extent is the project or specific turbines visible?

· When is the project or turbine visible (season or time of day)?

· Who sees the project or turbines and under what circumstances (season, light conditions, or during what activities)?
· To what extent does the visibility of the project alter the character and quality of the viewshed?
· What is the relationship of visual impacts to the policies and values in that location?
Questions like these attempt to quantify what often is a qualitative problem. For example, the project may be visible along a stretch of road, but the impact of that visibility depends on the surrounding environment and land uses (e.g., is the road a scenic byway or is the view already dotted with homes, business, or other structures), the length of time the project is visible (e.g., as the person travels in the car), and at what time is the project visible (e.g., only visible on sunny to partly cloudy days but not at night, or the turbines are visible all day and the FAA lights at night). Understanding impacts at this level helps quantify the impact on the community and helps developers create a project layout that is both sensitive to these issues and optimizes energy production.
Influences on Visual Impact

Visual impacts vary from different viewpoints surrounding a project site. In areas with hilly terrain, the surrounding topography can hide turbine views from many locations. Turbines may also be more visible during different types of lighting conditions and during winter seasons when many surrounding trees are bare.

Turbine spacing can also have an impact on the aesthetics of a wind project. Spacing between turbines is primarily determined to optimize the energy output, but topography also dictates turbine spacing. Sufficient space between turbines is necessary for the turbines to experience the best winds and to reduce turbine-to-turbine turbulence (which could affect long-term turbine life). The use of larger turbines has improved the visual impact of projects because fewer turbines are used and the space between them is greater.
The color of the turbines can also influence the magnitude of visual impacts. Most local agencies require that non-reflective, unobtrusive colors be used to paint the tower and blades. Most wind turbines are painted either a light gray or off-white to blend in with the sky when viewed from the ground, yet remain visible to pilots when viewed from the air.

It is also important to consider the lighting of wind turbines when evaluating the visual impact. FAA requirements could include strobe lighting, red flashing, or steady red lights3. Depending on the lighting requirements, the nighttime visual impact may be greater than the daytime impact.

Uniformity of color, structure types, and surface finishes can also improve the visual impact. Local authorities sometimes specify uniformity requirements in their permits.

Visualization Modeling

Modern visual simulation software can digitally simulate the view of a wind energy project from a variety of locations and in different light conditions. This tool helps communities understand the visual impact and helps developers identify areas that might need a mitigation plan. In New York, it could be valuable to obtain proposed turbine location area photos during summer and winter since the vegetation and lighting during these two seasons are very different. In addition, topographic maps can be incorporated into the software to develop a map overlay that estimates the number of turbines visible from any location within a region. Local communities can request submittal of visualization maps and simulated project views to help assess the impacts.

Visualization modeling is a tool for understanding how a turbine or turbines would look to the unaided eye in a landscape. Programs use a digital elevation model to create a contour map and wire frame of the topography of the area. Aerial photos and/or topological maps provide the background map. Photos taken from various locations around the viewshed are overlaid on the map to produce the visualization. Photos are taken with a 50mm focal length on a 35mm camera or a 50mm equivalent focal length with a digital camera because this focal length most closely represents what the human eye sees. The location of the camera, height of the camera off the ground, as well as the location of identifiable objects in the pictures are taken using a GPS system to ensure a correct fit to the digital (or digitized) pictures onto the modeling wire frame.

Photos are taken from populated spots, such as a shop or school. To model the maximum impact, pictures are taken on a clear day. The time is recorded so the shading of the turbines and surrounding landscapes can be modeled accurately.

Pictures may also be taken at night; however, pictures remove our perception of light intensity. Therefore, it is very difficult to accurately model FAA beacon lights on the turbine(s) compared to any lights in the surrounding viewshed.

Once the pictures are overlaid onto the wire frame, the turbines can be placed into the model. The visualization programs contain digital pictures of most major manufacturer’s turbines, and the user inputs tower dimensions, blade dimensions, nacelle shape, and blade shape, among other parameters to accurately picture the turbine(s) planned for the particular site.

Visualization models can also calculate the shadow zones or ‘flicker’ zones around wind turbines during different times of the day and during different seasons to calculate the affected areas. The location of the receptor (such as windows in a structure, or a public park) is input and the chance of a cast shadow or shadow flicker from moving blades can be determined. These calculations provide a worst case analysis since the models do not account for the blocking effects of trees and structures, only the topography. The distances calculated in the models, along with an understanding of any potential blocking effects, can be used in determining appropriate setbacks or other mitigation measures.

There are several other methods of evaluating the visual impact of a project. For example, a developer may float a weather balloon to help assess visibility at the proposed tower height and location. Once the visual impact has been quantified, numerous mitigation techniques are available. The state Department of Environmental Conservation has published a program policy titled “Assessing and Mitigating Visual Impacts.” This document offers a full range of assessment and mitigation procedures, discussed within the context of SEQR. It is available online at

www.dec.state.ny.us/website/dcs/policy/visual2000.pdf. For more information on aesthetics and mitigation, see the Wind Energy Toolkit section titled “Assessing and Mitigating Visual Impacts.”

Sound Emission

Depending on the size and configuration, a wind turbine can emit up to four types of sounds during operation: tonal, broadband, low frequency, and impulsive. ~


· Tonal sounds emanate at discrete frequencies (e.g., meshing gears, occurs with both upwind and downwind turbines)4

· Broadband sounds are characterized by a continuous distribution of sound pressure with frequencies over 100 Hz (e.g., “whooshing” sound, occurs with both upwind and downwind turbines)

·  Low frequency sounds range from 20 to 100 Hz (occurs with downwind turbines)

· Impulsive sounds are short acoustic impulses (occurs with downwind turbines)5

The sources of the sounds are either mechanical or aerodynamic. Mechanical sounds are produced by components in the nacelle while aerodynamic sounds are produced by the flow of air over the blades. Sound emissions also vary by turbine size. For example, smaller turbines (<30 kW) rotate at much faster speeds than large, utility-scale turbines, and thus tend to emit more sound. Also the component housing for a small turbine may not be insulated as well as a nacelle on a larger turbine. Therefore, sound/noise regulations need to separately address small, residential-scale turbines and large, utility​ scale turbines.

Sound is measured as a sound power level or sound pressure level. Sound power refers to the acoustic power emitted by the source while sound pressure is measured by the observer at a location. Noise is sound that is perceived as annoying by the observer. So while sound pressure levels can be measured, the perception of that sound pressure level cannot. Thus, determination of the sounds as noise becomes a subjective matter that can make control and mitigation of concerns difficult. Additionally, many environmental conditions can have a significant effect on the type of sounds emitted from a turbine as well as the distance sounds travel from the turbine. Wind direction, atmospheric conditions, wind speed, vegetation cover, topography, and local background sounds all affect the reception of sounds from turbines. Sounds from turbines are typically more perceptible in low to moderate wind conditions since the natural background sound of the wind masks turbine sounds in high wind speed conditions.

Noise formerly was a very serious problem for the wind energy industry. Some early types of turbines built in the early 1980s were loud, to the point that it was annoying to hear them from as much as a mile away. The industry quickly realized that this problem needed to be addressed, and manufacturers went to work on making their machines quieter through improved engineering. Aerodynamic sound has been reduced by changing the thickness of the blades’ trailing edges and by making the blades face “upwind” rather than “downwind” so that the wind hits the blades first, then the tower (on downwind designs where the wind hits the tower first, its “shadow” can cause a thumping sound each time a blade passes behind the tower). Improved insulation has reduced the sound emitted by mechanical components, such as the gearbox. Today, an operating wind energy project at a distance of 750 to 1,000 feet emits sounds at a level comparable to a kitchen refrigerator or a moderately quiet room. With appropriate setbacks, wind turbine sound emissions should not affect neighboring residents. Table 1 presents a list of common sources of sound, and their relative decibel levels:

Table 1 Relative Decibel Levels of Common Sounds

	Source or

Activity
	Indicative

Noise Level

(dBA)

	Threshold of hearing
	  0

	Rural night-time
	20​

	background
	40

	Quiet bedroom
	35

	Wind energy project
	35​

	at 1,150 ft (350 m)
	45

	Car at 40 mph at 328 ft (100 m)
	55

	Busy general office
	60

	Truck at 30 mph at 328 ft (100m)
	65

	Pneumatic drill at 23 ft (7 m)


	95

	Jet aircraft at 820 ft (250 m)


	                                 105

	Threshold of pain


	                     140




Source: The Scottish Office, Environment Department, Planning Advice Note, PAN 45, Annex A: Wind Power, A.27. Renewable Energy Technologies, August 1994. Cited in "Noise from Wind Turbines," British Wind Energy Association, http://www.britishwindenergy.co.uk/ref/noise.html
Strategies for assessing or mitigating sound from turbines should consider the different tonal frequency of the sounds emanating from wind turbines, not just overall decibel level. Background sounds should also be considered. Most local requirements use some form of exceedance over measured background levels as a threshold. The exceedance level can vary from 5 to 8 decibels.

Distance is the most effective

mitigating measure in addressing

sound from wind turbines. Utilizing setbacks that specify a certain sound level at a certain distance from the turbine are also effective.

Additional Resources

Most sound/noise studies that test the sound pressure levels produced by turbines are not publicly available, which leaves anecdotal evidence or qualitative studies. Since sound can be described in many different, but equally valid ways, comparing anecdotal evidence can be difficult.

For test results on small wind turbines, see Migliore, P. et. al. (2003) Acoustic Tests of Small Wind Turbines. National Renewable Energy Laboratory, NREL/CP-500-34662. Preprints of the paper were presented at the 2004 Wind Energy Symposium. This document reports the results of acoustic tests (based on international standards) conducted on eight turbines ranging in size from 400 W to 100 kW. Turbines in this size range would be used in residential or commercial applications.

For more detail on sound power and sound pressure as well as measuring sound, see Rogers, Anthony A. et. al. Wind Turbine Noise Issues. Renewable Energy Research Laboratory, Center for Energy Efficiency and Renewable Energy, Department of Mechanical and Industrial Engineering, University of Massachusetts at Amherst, June 2002, amended March 2004. This white paper provides a solid overview of the basics of sound emissions and reception, sound versus noise, and sound power level versus sound pressure level. It also includes more complete discussions on the types of sound emitted by wind turbines and the ability to hear the wind turbine sounds given background sounds. The paper also includes a separate, but brief, discussion on sounds from small wind turbines.

The state DEC has published a policy paper titled “Assessing and Mitigating Noise Impacts.” It is available online at www.dec.state.ny.us/website/dcs/policy/noise2000.pdf.
Cultural and Archeological

Historic, cultural, and archeological surveys are typically conducted as part of the environmental assessment for a proposed project. Because wind projects include vegetation clearance, disturbance of ground surface, excavation below the ground surface, and aesthetic impacts, they have the potential to affect archaeological and historic resources that may be present in the area. Negatively impacting a historic site does not automatically halt a project. Mitigation or offset measures will be created and reviewed before determining whether a project goes forward.

Federal and New York State preservation legislation includes the following:

· National Historic Preservation Act 1966, Section 106. If a project uses federal funds or requires federal approval or permitting, then the involved federal agencies consult with the State Historic Preservation Office (SHPO), which is housed within the state Office of Parks, Recreation and Historic Preservation, regarding efforts to identify and manage historic and cultural resources within the area of potential impact. Sometimes the recipient of federal funds will be required to consult with the SHPO on behalf of the federal agency, although this does not remove the federal agency from ultimate Section 106 compliance responsibility.

· New York State Historic Preservation Act of 1980, Section 14.09. State agencies are required to consult with the state Office of Parks, Recreation and Historic Preservation for undertakings that could impact historical and archeological resources that are listed or eligible for listing on the state Register of Historic Places. Undertakings by a state agency include funding, approval, and/or physical activity conducted by the state agency.

· State Environmental Quality Review Act (SEQR), Article 8. This establishes a set of uniform procedures by which all state, county, and local governmental agencies incorporate consideration of environmental impacts into their planning, review, and decision-making processes. Historic and archeological resources are components of the environment and must be assessed during the SEQR process.
Conducting Surveys

Archeological surveys are often needed when a project involves ground disturbance in areas that are known to contain archeological sites or have conditions favorable to finding such sites. Cultural surveys are conducted as a part of archeological surveys. Many wind energy project developers conduct cultural, historic, and archeological resource surveys as part of their environmental assessment. Surveys in New York are conducted in accordance with the federal and state legislation listed above. If historic or archeological resources are found in the survey area, mitigation plans will be developed to preserve those areas.

The New York State Museum hosts a Cultural Resource Survey Program. They assist state agencies with cultural and archeological surveys. Their website also contains a link to the New York Archeological Council’s Cultural Resource Standards Handbook: Guidance for Understanding and Applying the New York State Standards for Cultural Resource Investigations (2000). The handbook assists non-archeologists in understanding the professional standards for cultural resource investigations.

The SHPO does not maintain a list of archeological consultants, but has developed guidelines to help select a consultant to do the survey.

Additional Resources

SPHINX (State Preservation Historical Information Network Exchange) is a database maintained by the state Office of Parks, Recreation and Historic Preservation. It contains information on national and state register properties (standing historic and archeological sites). A password is required to access the exchange and can be requested through the SHPO.

Geographic Information System (GIS) for Archeological and National Register is an interactive, state-wide map that shows boundaries of registered properties and an overlay of general archeological areas. The user can zoom in to the location of a listed property. The map is located at http://www.oprhp.state.ny.us/nr/main.asp. An explanation of the data is located on the SHPO website at http://nysparks.state.ny.us/shpo/resources/index.htm. 
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Figure 1. Screen shot of GIS for Archeological and National Register

The Preservation League of New York State is compiling 18 GIS layers of environmental, scenic, and historic data. Though not ready as of July 2005, these GIS layers will be valuable for local communities in understanding the resources within their area. Audubon New York, the state program of the National Audubon Society, has an Important Bird Areas GIS layer that communities may request for use in planning.

Additional information can also be found through the following agencies and organizations:

· New York State Department of Environmental Conservation (www.dec.state.ny.us)

· Society for American Archeology (www.saa.org)
· National Trust for Historic Preservation (www.nationaltrust.org)
· Advisory Council on Historic Preservation (www.achp.gov)
· New York Archeological Council (www.nyarchaeology.org)
· New York State Museum (www.nysm.nysed.gov/crsp)
Communications

Several companies have studied how construction of wind turbines (and other structures) impacts various modes of telecommunication. The modes include the following: 

· Microwave communications, point-to-point

· Off-air television reception
· RADAR
· Land Mobile Radio (LMR) 
· Cellular and PCS telephones 
· AM radio coverage 
· Amateur radio operations

The potential impacts on these devices can be studied during development of a project and mitigated, when necessary.

Microwave

Interference of microwaves can be predicted by using a database of microwave licensing and calculating Fresnel zone blockage. Microwaves are transmitted via line-of-sight. If a structure is placed in the line-of-sight, interference occurs. Therefore, it is relatively straightforward to calculate potential interference by turbines at a project based on the Fresnel zones of microwave paths in the area, the turbine dimensions, and the turbine locations. Conducting this analysis in the development stage allows for mitigation measures such as turbine relocation or relocation/re-engineering of the microwave facility.

Over-the-Air Television

The probable interference of over-the-air (aka off-air) television signals can be determined using a database of TV stations within a 100 mile radius of the project, the position of the TV station antennas relative to the wind energy project and communities or clusters of homes near the project, and the signal attenuation and multipath. If reception could be a problem, a developer may offer to provide alternative service preemptively or may conduct a pre-construction baseline study and post-construction follow-up study to determine if any of the structures are causing interference, and to what level. Depending on the level of interference, if any, the developer may offer alternative services such as cable or wireless service.

One pre- and post-construction study determined that signal noise could be generated at low VHF channels within 0.5 miles of the turbines studied, that flicker correlated to propeller motion and was more noticeable in older TV sets, and ghosting could be produced due to multipath reflection off of the turbines.6
Potential Impacts on Other Technologies

RADAR signal blockage could occur in the sector of the wind turbines. A reduction in target detection capability and degradation of range and target tracking can also occur.

Wind facilities have minor effects on LMR, cellular, and PCS systems. Since effects are so minor, turbines and utility towers can also serve dual purposes by hosting repeater antennas for LMR and base station antennas for cellular and PCS.

Wind turbine towers will alter AM radio coverage by affecting the AM antenna pattern. The recommended separation is >1 km for omni-directional antennas and >3 km separation for directional antennas. Wind turbines only affect amateur radio operations when the turbines are in close proximity to the antenna, <1,000 ft.

Additional Resources

Oliver, Kurt. Telecommunications Issues for Wind Turbine Facilities. Presentation at AWEA Conference, Oregon, 2004.

BBC et. al. The Impact of Large Buildings and Structures (including Wind Farms) on Terrestrial Television Reception. United Kingdom. No date.

Agricultural Impacts

Generally, wind energy projects are compatible with agricultural land uses, and may help farmers preserve their farms by providing them a supplemental income if they are able to lease land to wind developers. Because wind turbines physically occupy only a small fraction of the land, most of the leased land remains available for planting and grazing. However, impacts to the agricultural resources can occur as the result of wind projects.

Two types of agricultural impacts can result from the construction of wind energy projects on agricultural land. One is the permanent loss of productive land as a result of the installation of the access roads and turbine towers, as well as the facilities needed for the interconnection between the wind energy project and an existing electric transmission line. The other is the damage to soil resources in areas disturbed during construction. Both of these impacts can be minimized with proper planning and communication.

The proper siting of access roads and towers can significantly reduce the amount of land permanently lost from production as a result of this type of project. Constructing a permanent access road through the center of the field can reduce the efficiency of the farm tillage and harvest operations. Generally, locating the roads and tower sites along the edge of fields results in the least amount of productive land being lost.

Loss of productive farmland can also occur at the point of connection between the wind energy project and the electric transmission line. Good communication is needed between the state Department of Agriculture and Markets (DAM), the project sponsor, the landowner, and the utility company concerning the transmission line interconnection. All parties need to fully understand the type and location of all facilities required for the interconnection.

Another concern is the potential for permanent damage to the soil in areas disturbed during construction. Since the depth of the topsoil layer is generally quite shallow in New York, it is critical to protect this layer in order to achieve maximum crop production. Topsoil should be stripped from any areas disturbed by construction, including along access roads, around tower sites, and any other areas where excavation is necessary, and stockpiled. Following construction, the topsoil must be graded to the original depth. It is important for the project sponsor to negotiate adequate work space with the landowner in order to allow for proper protection of the topsoil resource. When properly coordinated, farmers can successfully plant crops in close proximity to access roads and towers.

Projects of this nature may also cause compaction to the topsoil and subsoil layers. If not properly mitigated, the compaction can reduce crop production for a number of years. Deep soil tillage in agricultural areas is recommended during restoration. On average, approximately 1 acre/MW is disturbed during construction. Of that amount, about half is used permanently by the project during operation and less than a tenth is compacted and leveled for the crane pad. The remaining amount is used for staging, temporary placement of the rotor and tower sections, and the assembly work area. These are light duty areas that may require some leveling, but no compaction.

Many of the soils in the areas where wind energy projects have been constructed or are proposed are shallow to bedrock and/or have a high concentration of rock in the subsoil. Extensive excavation in these types of soils can result in a higher than normal concentration of rock in the upper subsoil and topsoil layer. If not properly removed or used as appropriate for other project needs (e.g. foundation backfill, access road cover), this rock concentration can create difficulties for the farm operator.

Changes in the natural surface and subsurface drainage patterns have also been observed at existing wind energy projects. These changes can occur as a result of the construction of the access roads, as well as from other excavation. Drainage impacts need to be considered during the planning and construction phases and need to be properly mitigated during the restoration phase.

Proper implementation of the DAM’s Guidelines for Agricultural Mitigation for Windpower Projects will help to minimize the impacts to the agricultural resources. This document is available online at

www.agmkt.state.ny.us/AP/agservices/constructWind.html.
Site Conditions and Construction Impacts

Traffic and Road Conditions

The construction phase of a wind project results in a short-term increase in the number and size of tractor trailers present on rural roadways. For example, during construction each turbine may require 10 to 20 concrete trucks to provide sufficient material for the foundation, depending on the type of foundation. Transportation of the tower sections, nacelles, and blades will require multiple deliveries using specialized transport vehicles. Large-capacity conventional crawler cranes required for turbine assembly are transported to the site in pieces by anywhere from 10 to 20 tractor-trailers. Other tractor-trailers are required to deliver supplies, tools, and materials for construction.

The increased truck traffic combined with the increased loading on the roads is a concern for transportation departments responsible for road maintenance and repair. Wind energy project developers recognize that the increased traffic may cause damage to roadways and usually include provisions for the turbine supplier and associated contractors to be responsible for any road repairs that may be necessary upon construction completion.

Town governments, in conjunction with the project developer, should document local road conditions in the vicinity of the project prior to construction. Project approval should stipulate that the developer restore any road damage to the documented pre​construction conditions.

Sometimes roads must be reinforced or widened to accommodate the trailers and trucks that deliver components. These changes are permanent. While some residents welcome the upgrades, others may object, fearing an increase in traffic or traffic speeds after construction is completed.

During and after construction, local roads may also experience increased traffic due to local residents or tourists observing project progress and turbine operation. Residents on small rural roads may object to the unexpected increase in people visiting their area. Others may seize the opportunity to create small businesses selling tours or souvenirs. As the novelty of the project decreases over time, traffic concerns will also decrease. However, installation of roadside information kiosks can help channel tourist traffic to an area or areas acceptable to local residents.

Soil Erosion

The potential for soil erosion is examined during the SEQR process. For almost all types of project development, local agencies have established sediment and soil erosion requirements that take into account local conditions. Road, building, and foundation construction are the principal wind-project construction activities that can cause erosion concerns. Selection of erosion and sediment control measures is guided by local soil conditions, weather environment, project needs, and local or state regulations. Most local agencies require developers to submit grading, erosion, and/or sedimentation plans prior to issuance of building permits. Approaches to minimize or prevent soil erosion for wind energy projects are very similar to requirements for other forms of construction. The following lists the types of prevention and mitigation measures typically employed during construction of a wind energy project.

· Use natural terrain features as much as possible to minimize the amount of

grading required.

· Limit the amount of time that disturbed soil is exposed.

· Keep existing vegetation in place and undisturbed to the extent possible.
· If local conditions warrant, minimize soil transport by employing sediment ponds, hay bales, silt fences, or other measures.
· Prohibit vehicle travel off of access roads.
Stormwater Runoff during Construction

Stormwater runoff during construction can be a potentially significant issue, and both the State government and local governments have codes for addressing this issue. During heavy construction, as soils are disturbed, stormwater runoff may carry away sediment and pollutants from any spills or drips. Stormwater runoff from concrete work areas is also a concern due to elevated acidic content. For a wind energy project, the amount of land disturbed during construction depends on the size and number of turbines, existing infrastructure (e.g., roads and transmission), and topography. Temporary construction disturbance averages 1 acre/MW to accommodate a construction lay-down area at each turbine location, access roads, underground transmission line, substation, and construction vehicle parking. Permanent disturbance averages 0.5 acres/MW. Stormwater pollution prevention plans are filed with the DEC for approval.

Additional resources include the following:

· Stormwater management guidelines for new development are available at http://www.dec.state.ny.us/website/dow/appndixd.htm
· Storm water Management and Erosion Control Plan (Structure and Content) is available at http://www.dec.state.ny.us/website/dow/appndixf.htm
· The NYS Department of State (DOS) maintains the Stormwater Management Guidance Manual for Local Officials. This 75-page document is intended to help regulated communities and local officials in New York manage stormwater. The manual is available at http://www.dos.state.ny.us/lgss/stormwaterpub/pdfs/stormwater11.pdf
Wetlands and Stream Crossings

If during the SEQR process it is determined that a part of the project (e.g., access road, transmission line, or turbine) is located in a wetland or crosses a stream, then the developer applies for wetland and stream crossing permits. Depending on the type of wetland, the agency issuing the permit varies. The DEC issues permits related to tidal wetlands. These areas, according to the DEC, occur along the salt water shoreline, bays, inlets, canals, and estuaries of Long Island, New York City, and Westchester County, as well as along the Hudson River in Westchester and Rockland Counties upstream of the salt line. The DEC maintains a Tidal Wetlands Permit Program on their website. The DEC also maintains a Freshwater Wetlands Permit Program on their website. According to this site the following agencies are involved in protecting freshwater wetland resources and one or more can be involved in issuing freshwater wetland permits: 

· US Army Corps of Engineers
· NYS Department of State
· NYS Office of General Services
· Adirondack Park Agency
· Local governments
These permits will define the allowed work in a particular location, as well as any required mitigation measures. Wetlands are typically identified early in the project development process and developers make significant efforts to avoid disturbing these areas. Wetland concerns are most likely to arise during the construction process when activity at the project site is greatest. Long term operations are not likely to encounter wetland concerns since permanent project features would not be placed in wetland areas.

Solid and Hazardous Waste

As a part of the SEQR, any solid or hazardous waste from construction or operation of the wind energy project will be addressed. Waste from wind energy projects primarily consists of general solid waste associated with the shop office, packaging material from equipment and supply shipments, spent lubricants, and small components that have failed. The shop building may use and store solvents for parts cleaning. Project operations and maintenance (O&M) buildings have conditions typically found within automobile or boat repair facilities. Leaks of hydraulic fluids or lubrication oils from components within the nacelles or shop handling of lubricants represent the most common places for accidental releases of hazardous material into the environment. All projects are required to handle and store lubricants in accordance with local, state, and federal requirements. When minor equipment leaks are identified, project operators investigate the reason for the condition and implement corrective actions with the turbine manufacturer. Releases are almost always contained within the nacelle and/or tower. Failures in the hydraulic blade pitch systems located in the hub can result in the release of oil along the outside of the tower, which poses an environmental risk and results in immediate attention. Manufacturers are more frequently using electric motors for blade control, which is eliminating this potential release pathway. Depending on the fluid type, the DEC may require a project to have a hazardous material handling plan.

Since use of hazardous materials is minimal during the operation of a wind energy facility, complying with solid and hazardous waste permit requirements is relatively straightforward. Solid waste is typically managed through a solid waste removal service contract. Lubricant suppliers have established programs for collecting waste lubricants and oils generated during routine maintenance activities such as gearbox or hydraulic station oil changes. Large components that are replaced can be returned to the manufacturer for refurbishment.

Repowering

Repowering wind energy projects refers to the replacement of old and typically smaller wind turbines with new equipment. As the turbines approach the end of their design life (i.e., 20 years) or if a significant improvement in technology occurs, a project owner may assess the costs associated with repowering a site. An advantage of repowering is that the site conditions and wind resource are well known. In addition, surrounding communities are familiar with the project’s presence. To date, repowering has only occurred in California where wind turbines have been installed since the 1980s. These early wind turbines are significantly smaller in size han the current generation of machines. As a result, project owners can replace numerous small turbines with one large model.

The new wind energy projects in New York are expected to operate for 20 years, but some lease agreements between landowners and the project owners may extend well beyond this period. As a result, wind turbines may be present on the land at these sites for many more years if repowering is acceptable to the landowner and local approval is obtained. Although this type of activity is not expected to occur in New York in the near term, government authorities should recognize the potential for repowering and address any concerns in their permits.

Decommissioning

Decommissioning involves the removal of all evidence of a wind energy project after it has reached the end of its design life. Depending on permit requirements and terms of the land lease agreements, the project owner may also be required to restore the land to original site conditions. Decommissioning includes removal of all turbines and towers, concrete foundations to some reasonable depth below grade, underground cabling, power poles, met towers, substation equipment, and O&M buildings. Site restoration includes regrading and replanting areas where foundations, roads, and buildings were located.

While the State of New York does not have decommissioning requirements for wind energy projects, local governments can include such requirements in their zoning or site plan laws.

Figure 2 presents examples of the types of requirements others have developed or proposed regarding decommissioning. This information may be useful in determining how best to handle decommissioning in your town or village.

Figure 2. Sample Decommissioning Requirements

	State of Minnesota Siting Permit Application Requirement

Decommissioning and Restoration. The applicant shall include the following information regarding decommissioning of the project and restoring the site:

· The anticipated life of the project;

· The estimated decommissioning costs in current dollars;

· The method and schedule for updating the costs of decommissioning and restoration;

· The method of ensuring that funds will be available for decommissioning and restoration; and

· The anticipated manner in which the project will be decommissioned and the site restored.

One Developer’s Proposed Approach for a 53 MW Wind Plant

· Developer proposed to remove all project items to a depth of 36 inches 20-year project life

· $1 million is budgeted for decommissioning

· Decommissioning funds will be set aside in an independent management account

· Independent account management will report status of available funds to the project annually




Local agencies have attempted to address decommissioning concerns in several ways. Some agencies have required that turbines be removed from the site if they are not operational for a specified period of time (i.e., multiple years). Others require the permittee to maintain a fund for removal or post a bond. The most common approach is to require the submission of a decommissioning plan. In the worst-case scenario, salvage value for the scrap metal may be sufficient to cover the dismantling costs. According to the NYS DOS Counsel’s office, municipalities may not require a removal bond as part of a land use approval. They suggest including a removal clause for non-operation for a specified time in a local zoning law. Non-removal would then become a zoning enforcement matter.

A key consideration in decommissioning requirements is determining the need for complete removal of the turbine foundations. (While typically extending 3-5 feet below ground surface for slab type foundations, they can, depending upon the design and soil conditions, extend as much as 30 feet below ground surface.) A common decommissioning standard is removal of all below-ground project elements to a depth of 36 inches. This is considered to be adequate for agriculture or future construction. Disconnected cables buried 36 inches or deeper can sometimes remain in place if their presence does not adversely impact land use and they do not pose a safety hazard.

Site restoration is generally a component handled within the land lease agreement between the developer and landowner. However, local governments may want to establish some minimum requirements that provide a consistent standard for landowners within a common topographical area that is compatible with other land uses in that area.
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