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PREFACE
In the summer of 2008, the North Carolina General Assembly requested the University of
North Carolina to study the feasibility of producing wind energy in the Pamlico and
Albemarle Sounds. S.L. 2008-107, s. 9.12, states as follows:
UNIVERSITY OF NORTH CAROLINA TO STUDY COASTAL SOUNDS
WIND ENERGY SECTION 9.12. The University of North Carolina shall
study the feasibility of establishing wind turbines in the Pamlico and
Albemarle Sounds. The study shall include an analysis of energy
production potential (including the resulting benefits due to a reduction in
dependence on fossil fuel combustion for generation of electricity), siting,
ecological impacts, and statutory or regulatory barriers to construction
and operation of one or more wind turbines and associated support and
interconnection facilities in the coastal sounds. The study shall also
consider the feasibility and potential synergistic benefits of co-siting wind
turbines and artificial oyster reefs. The Board of Governors shall use
available funds from its budget in conducting this study and may apply
for, receive, or accept grants and contributions from any source for the
purposes of conducting the study. The Board of Governors shall report the
results of this study to the House Committee on Energy and Energy
Efficiency and the Senate Committee on Agriculture/Environment/Natural
Resources by July 1, 2009.
Subsequently, the scope of the study was expanded to include waters off the North
Carolina coast.
The University of North Carolina at Chapel Hill was designated as the institution to
conduct the study. Funding was provided by the Research Competitiveness Fund
administered by the University of North Carolina General Administration. The Energy
Services Department, part of the Campus Services Division of Finance and
Administration, took responsibility for managing the study.
The study area included the Pamlico and Albemarle Sounds, and offshore waters less
than 30 meters in depth. The scope of the study included the potential for energy
production, the benefits from reducing dependence on fossil fuel for electricity
generation, an evaluation of ecological impacts, an assessment of statutory or regulatory
barriers, and siting, including the feasibility and synergistic benefits of locating wind
farms where rocky scour apron would develop into a reef habitat (artificial oyster reef in
the sound or live-bottom reef in the ocean).
The scope was divided into discrete components, with teams assigned to each. Where
UNC Chapel Hill faculty and staff expertise was not available, faculty from other UNC

System institutions and consulting firms were brought on board. The components and
their project team members were as follows:
Wind Power Estimation: Evaluation of existing estimates of wind power potential,
in particular AWS Truewind maps, using existing wind observations and atmospheric
models including publicly-available weather data (primarily AWOS and ASOS data
from general aviation airports), NC Solar Center State Observation of Wind (SOW)
meteorological towers, and privately collected (Weatherflow) over-water data from
the sounds, and limited deployments of a Sound Direction and Range (SODAR)
system owned by UNC Chapel Hill that collects vertical profiles of winds.
• Harvey Seim, Professor, Department of Marine Sciences, University of North
Carolina at Chapel Hill, Leader
• Gary Lackmann, Associate Professor, Department of Marine, Earth, and
Atmospheric Sciences, North Carolina State University and Renaissance
Computing Institute
• Jesse A. Cleary, Application Analyst, Department of Marine Sciences,
University of North Carolina at Chapel Hill (now with Duke University)
• Sara Haines, Research Associate, Department of Marine Sciences, University
of North Carolina at Chapel Hill
• Chris Calloway, Systems Analyst, Department of Marine Sciences, University
of North Carolina at Chapel Hill
• Ben Edwards, undergraduate student, Department of Marine Sciences,
University of North Carolina at Chapel Hill
Environmental Impacts, Synergies, and Use Conflicts: Evaluation of risk to birds,
bats, and butterflies and the loss or fragmentation of their terrestrial habitat; risk to
marine mammals, sea turtles, fish, and the bottom-dwelling invertebrates; synergies
between wind farms and other ecosystem services; and use conflicts affecting site
selection including military, mining, cultural resources, and ocean dumping grounds.
• Charles H. Peterson, Distinguished Professor, Institute of Marine Sciences and
Department of Biology, University of North Carolina at Chapel Hill, Leader
• Stephen R. Fegley, Research Associate Professor, Institute of Marine Sciences,
University of North Carolina at Chapel Hill
• Joan M. Meiners, Research Assistant, Institute of Marine Sciences, University
of North Carolina at Chapel Hill
Foundation Concepts: Engineering information regarding wind turbine foundations,
including their structural systems and construction.
• Jerry Schuett, Principal, Affiliated Engineers Inc., Chapel Hill, Leader
• Soren Juel Petersen, Director, Ramboll Wind, Virum, Denmark
• Kim S. Jensen, Project Manager Ramboll Wind, Virum, Denmark
Geologic Framework: Evaluation of the sound and ocean-bottom geology of the
North Carolina Coastal System and its suitability for various types of wind turbine
foundations.
• Stanley R. Riggs, Distinguished Professor, Geological Sciences, East Carolina
University, Leader
• Dorothea V. Ames, Research Instructor, Geologic Sciences, East Carolina
University

Utility Transmission Infrastructure: Assessment of the transmission infrastructure
on the coast of North Carolina and the ability of the transmission system to absorb a
large-scale offshore wind project.
• Kevin C. Higgins, Principal, Energy Strategies, Salt Lake City, Leader
• Caitlin M. Collins, Consultant, Energy Strategies, Salt Lake City
Utility-Related Statutory and Regulatory Barriers: Identification of statutory and
regulatory barriers to the development of offshore wind energy generation and
recommendations for barrier removal.
• Kevin C. Higgins, Principal, Energy Strategies, Salt Lake City, Leader
• Neal Townsend, Senior Consultant, Energy Strategies, Salt Lake City
• Susannah Vale, Master’s Student (now graduated), Nicholas School of the
Environment, Duke University
Legal Framework, Issues, and Policy Concerns: The legal structure that guides any
wind energy development on the outer continental shelf, the legal structure applicable
to wind energy facilities in State ocean or estuarine waters, and recommendations as
to how to address the issues in state waters.
• Joseph J. Kalo, Graham Kenan Profesor of Law, University of North Carolina
at Chapel Hill, and Co-Director, North Carolina Coastal Law, Planning, and
Policy Center
• Lisa Schiavinato, Coastal Law, Policy, and Community Development
Specialist, North Carolina Sea Grant, and Co-Director, North Carolina Coastal
Law, Planning, and Policy Center
Carbon Reduction: Calculation of carbon benefits derived from substituting
electrical power from wind energy for electrical power generated from fossil fuels.
• Daniel K. Arneman, Greenhouse Gas Specialist, Energy Services Department,
University of North Carolina at Chapel Hill, Leader
Preliminary Economic Analysis: Preliminary evaluation of the economics of
constructing wind farms in the sounds or off the coast.
• Elliot R. (Nick) Travis, Principal, Energy Strategies, Salt Lake City, Leader
• Donald Hendrickson, Senior Consultant, Energy Strategies, Salt Lake City
Other members of the project team included Carolyn W. Elfland, Associate Vice
Chancellor for Campus Services, University of North Carolina at Chapel Hill, Project
Leader and David C. McCarthy, Energy Services Department, University of North
Carolina at Chapel Hill, Project Manager. In addition to serving on the Wind Power
Estimation team, Jesse A. Cleary, Applications Analyst, Department of Marine Sciences,
University of North Carolina at Chapel Hill (now with Duke University) served as GIS
and Mapping Coordinator for the entire project.
Numerous students were involved in the research. Students in UNC Chapel Hill capstone
courses at the Institute for Marine Sciences Morehead City Field Site conducted data
collection and analysis for the Wind Power Estimation Team and the Environmental
Impacts, Synergies, and Use Conflicts Team. Law students from the UNC Chapel Hill
School of Law conducted research for the Legal Framework, Issues, and Policy Concerns
Team. An attorney and graduate student from Duke University also participated as a full
team member and is listed above.

The project team gratefully acknowledges the contributions of staff from the many state,
federal, and non-government agencies that assisted with our work. Those not listed in the
individual chapters include staff from the North Carolina Department of Transportation
Aviation Division, the Billy Mitchell Airfield, the National Park Service, and the
National Weather Service, who expedited the permitting and supported the installation of
the wind data collection equipment on the Outer Banks and the United States Marine
Corps and United States Navy who provided maps and other information regarding
military conflicts. We also express our appreciation to the many individual experts and
citizens who contributed their personal knowledge of the birds, fish, and other marine life
along the coast.
For further information regarding the Wind Study or for contact information for project
team members, contact the project leader:
Carolyn W. Elfland
Associate Vice Chancellor for Campus Services
University of North Carolina at Chapel Hill
305 South Building, Campus Box 1000
Chapel Hill, North Carolina 27599-1000
E-mail: CWELFLAND@campus-services.unc.edu
Telephone: 919 962-7244
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EXECUTIVE SUMMARY
At the request of the North Carolina General Assembly, the University of North Carolina
conducted a 9-month study to assess the feasibility of installing wind turbines in the
sounds and off the coast of North Carolina. The request specified that the assessment
include an analysis of the spatial distributions of available wind power, ecological risks
and synergies, use conflicts affecting site selection, foundation systems and their
compatibility with sound and ocean bottom geology and associated geologic dynamics,
electric transmission infrastructure, utility statutory and regulatory barriers, the legal
context, carbon reduction potential, and economics. Discrete work components were
addressed by a project team that drew upon expertise within the University as well as
consultants. Key findings in each of these areas as well as the overall conclusions are
discussed below along with recommendations for next steps.
This study finds there is potential for utility-scale production of wind energy off the coast
of North Carolina and possibly within eastern Pamlico Sound. A synthesis of the
geological, ecological and use conflict components indicates that wind energy
development in North Carolina and offshore waters is subject to a variety of spatiallyvarying constraints. Areas unfavorable for wind energy development are identified and
are found to exclude most State waters with the exception of eastern Pamlico Sound. This
study confirms that because of a promising wind resource large areas offshore of the
North Carolina coastline are potentially well-suited for wind energy development and
worthy of further investigation. A high-level review of utility transmission infrastructure
in eastern North Carolina suggests some capacity to accommodate offshore generation
but that upgrades may be required; further study is needed. Existing State law presents
significant legal and permitting barriers to development in state waters and should be
revised and new federal regulatory processes deserve careful attention. Few regulatory
incentives exist for wind energy; several options to improve incentives are discussed. A
high-level economic screening suggests the levelized cost of generation for either inshore
or offshore development is in the $101-106 per MWh range. Significant carbon emission
reduction is anticipated as a result of a utility-scale generation facility assuming an offset
of fossil fuel power. It is concluded that North Carolina is well positioned to develop
utility scale wind energy production and it is the opinion of the project team that the State
should pursue it aggressively.
Wind Power: Estimates of wind power potential in coastal North Carolina from AWS
Truewind were evaluated using existing wind observations and atmospheric models
including publicly-available weather data, NC State Observation of Wind (SOW)
meteorological towers, and privately collected over-water wind data from the Sounds. In
addition, limited deployments of a Sound Direction and Range (SODAR) system owned
by UNC Chapel Hill collected vertical wind profiles. In general, there is a rapid increase
in wind energy potential as one moves from land over water and offshore. The AWS
Truewind product appears to over-estimate wind speeds over land where wind speeds are
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less than 6 m/s. At the coastline and over water AWS Truewind is more consistent with
the observations but may over-estimate winds in the vicinity of Cape Fear and in
northeast NC. Wind power class abruptly transitions from 1-2 over land to 4 or greater
over water. Wind power class 6 is common offshore and may reach class 7 in the vicinity
of Cape Hatteras. Within the sounds wind power class 5 is likely in eastern Pamlico
Sound and less elsewhere. To examine utility-scale wind generation potential wind
speeds were translated to power using a power curve typical of 3-3.6 MW wind turbines
and the result expressed as a capacity factor. Estimated capacity factors are above 30%
for eastern Pamlico Sound and for most of the offshore region. Capacity factors above
40% are likely on the continental shelf between central Onslow Bay and The Point in
water depths of 30 m and greater and over portions of Cape Lookout and Diamond
Shoals.
Ecological Risks and Synergies: Wind turbines over water may impact birds and bats
plus additional taxa, such as marine mammals, sea turtles, fish, and the bottom-dwelling
invertebrates. Summering and wintering waterbirds are ubiquitous in the sounds, and the
nearshore coastal ocean is heavily used by fish-eating waterbirds, and transited by
migratory songbirds and shorebirds. Most of the area of the sounds and the nearshore
coastal ocean also is subject to intense use by fishermen. Marine mammals could be
harmed by noise during construction of foundations and installation of transmission
cables such that mitigation measures may be needed. Depending upon the specific
location, positive environmental synergies include establishment of oyster reefs in saline
sounds, creation of additional rocky hard-bottom reefs in the coastal ocean, facilitating
offshore mariculture, enhancing local upwelling and thereby mixing oxygen into
seasonally oxygen depleted sound water, and enhancing local upwelling and productivity
in the coastal ocean. Several large coastal areas offshore in federal waters were identified
as being of lower risk to birds, bats, butterflies, and marine life.
Conflicts Affecting Site Selection: Low altitude training flights, traditional navigation
corridors like inlets and marked channels, ocean shipping lanes, commercial fishing
areas, and the presence of radar installations make large areas of the Pamlico Sound and
some regions of the coastal ocean incompatible with the establishment of wind farms.
Other conflicts include heavily instrumented military research facilities, sonar testing
grounds, and the use of the coastal ocean for amphibious training, including bombing
support. Heavily fished areas where bottom dredging or trawling is practiced would pose
dangers to buried transmission cables. Existing oyster reef sanctuaries in Pamlico Sound
and existing live-bottom reef habitats offshore are incompatible with the installation of
wind turbines. Seagrass beds represent an important estuarine habitat to be avoided,
although virtually all are found in waters too shallow for foundation installation.
Shipwrecks have historic cultural value and are also very popular dive sites that are
important to the coastal economy. Conflicts also exist in those areas that contain
extensive beach-quality sand that may be needed for future beach nourishment projects.
Historical military ordinance dumping areas are an obvious hazard to avoid.
Foundation Systems: Foundation systems include monopiles and gravity based systems.
Monopiles are suited to unconsolidated sediment conditions. The monopile foundations
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for 3.0 to 3.6 MW turbines are driven to a depth of 30 to 35 meters below the seafloor.
Monopiles also can be used in softer partially consolidated sediments, but drilling may be
required in localized situations. In soft substrates with numerous harder, rocky interbeds,
a drive-drill-drive approach can be used throughout but increases the cost up to 100%.
Gravity based structures are used where the seafloor consists of rock too hard for piled
foundations. These foundations rely on mass, including ballast material, to withstand the
axial and lateral forces and the overturning moment generated by the local environment
and the turbine. Ballast material typically is rock aggregate but can be iron or concrete as
well, all of which can become important live-bottom habitats. Transportation and
installation of the foundations requires specially adapted vessels having a draft
approaching 4.5 meters.
Geologic Framework: The North Carolina coastal system has a complex geologic
framework with major differences occurring between inshore and offshore segments as
well as between the north and south continental shelf components. The offshore
continental shelf area is subdivided into three regions for this study: south of Cape
Lookout including Onslow and Long Bays, Raleigh Bay between Cape Lookout and
Cape Hatteras, and Hatteras Bay north of Cape Hatteras. The inshore estuarine water
bodies of northeastern North Carolina are analyzed separately. The different geologic
framework produces dissimilar rock and sediment types, topography, land slopes, and
dynamic geologic processes. Onslow and Long Bays have broad, shallow shelves
dominated by hard-bottoms. Raleigh and Hatteras Bays are narrower, slightly steeper,
and dominated by unconsolidated sediments with substantial amounts of surficial relief.
For each of these bays, maps are provided that show the relative degree of geologic
knowledge and that differentiate areas with the best potential for wind turbines from
those areas with little to no potential for foundation systems as well as transitional areas
that may have future potential but require further study.
Utility Transmission Infrastructure: The potential for integrating an offshore wind
project was evaluated separately by electric utility service territory. In all cases, these
assessments are high level, based on the providers’ Open Access Transmission Tariffs,
discussions with transmission planners, and the 2008 North Carolina Transmission
Planning Collaborative report. The Dominion North Carolina Power transmission system
on the northern coast is not designed to accommodate significant power from offshore
wind without a system upgrade. Interconnection feasibility, without upgrade, is likely in
the vicinity of 10 MW, suitable for a pilot project but not a commercial wind farm. The
North Carolina Electric Membership Cooperatives do not own significant infrastructure.
Progress Energy Carolinas’ transmission could accommodate up to 250 MW of offshore
wind energy generation at certain locations without major upgrades. The economics are
significantly impacted by the distance required to reach the transmission grid from the
offshore wind location.
Utility-Related Statutory and Regulatory Barriers: The major regulatory issue for
public utilities is cost recovery. For an independent power producer, the major regulatory
issues concern access to markets and the price paid for generation. There are few
outright regulatory barriers but the regulatory incentives for wind energy are not as great
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as for other forms of alternative energy, resulting in solar energy being pursued more
aggressively by the public utilities in spite of its greater cost. Three possibilities for
increasing incentives for wind power development are (1) including the cost of
externalities (CO2 related costs) in the avoided cost calculation used for determining the
baseline for cost recovery, (2) raising the cost caps applicable to meeting the North
Carolina Renewable Energy Portfolio Standard, and (3) extending the federal Production
Tax Credit beyond 2009. Actions to enhance prospects for independent power producers
include ensuring the efficient access to markets begun by the Public Utility Regulatory
Policies Act (PURPA) of 1978 continues, such as the development of standard contracts
and the extension of the must-take provision to projects greater than 80 MW.
Legal Framework, Issues, and Policy Concerns: Existing North Carolina law presents
significant legal and regulatory barriers to permitting wind energy development in State
coastal waters. Certain State regulations currently impede or prohibit wind energy
projects in State sounds, and there is uncertainty as to the jurisdictional authority over
any permitting process. Furthermore, the federal government now has a regulatory
framework in place to lease federal submerged lands on the Outer Continental Shelf
(OCS) for renewable energy projects. Therefore, North Carolina needs to prepare itself
in the event federal OCS lands are leased for wind energy development in a location that
may impact its coast. In addition, there is a complex suite of federal laws that would
apply to wind energy projects and federal permits that would need to be obtained. This
chapter describes the OCS leasing process promulgated by MMS; identifies the federal
permits that would be required for wind energy projects and the federal laws that would
apply; and, to the extent a project located on the OCS will affect North Carolina’s
interests, describe how the State may protect those interests through the consistency
provision of the federal Coastal Zone Management Act. The chapter then describes the
existing State-level statutory framework for the issuance of submerged lands leases and
makes recommendations to address gaps in that framework as they relate to wind energy
projects; and describes regulatory issues that may impede development of wind energy in
State waters, followed by recommendations on how the State may address these issues.
Carbon Reduction: Electricity purchased from the grid is a blend of energy generated by
coal, nuclear, hydroelectric, gas, oil, and renewable generators. Each kilowatt hour
represents a blend of the generating capacity of the surrounding region, which differs
markedly across regions of the US. The carbon reduction potential of a wind energy
project depends on the fuel generation mix of the utility supplying electric power to the
grid and the fuels in use at the time of day when the wind is most productive. It will vary
over time with changes in the baseline emissions profile. For example, if coal-fired
power plants are replaced with nuclear plants, the carbon reduction potential of wind
energy is diminished. Two scenarios were used to estimate carbon reduction potential.
The first, a small inshore farm with 30 3.6 MW turbines and a capacity factor of 35%,
would generate about 330,000 megawatt hours of electricity per year and offset between
170,000 and 270,000 metric tons of carbon dioxide equivalents (MTCDE). Over a 20
year lifetime, this reduction would be the equivalent of taking 550,000 vehicles off the
road or offsetting the combustion of 16,000 rail cars of coal. The second, a large offshore
farm with 450 3.6 MW turbines with a 40% capacity factor, would generate about 5.7
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million megawatt hours of electricity per year, offsetting between 3 and 5 million
MTCDE at inception, and more than 50 million MTCDE over the project’s lifetime, the
equivalent of displacing 9 million cars or the yearly emissions from 11 coal-fired power
plants.
Economics: A preliminary economic screening analysis was performed on two sample
project scenarios, one inshore with 30 turbines and 108 MW of installed capacity and one
offshore with 450 turbines and 1,620 MW installed capacity. The inshore project is
assumed to be developer owned, and operated as a merchant plant while the offshore
project is owned and operated by an investor owned utility (IOU), resulting in different
capital structures. The offshore project entails high capital costs and operations and
maintenance expense, but offers a better capacity factor and scale. Levelized cost of
generation (LCOG) is used as the measure of economic performance. LCOG is that
constant price per MWh of generation in nominal dollars that results in the recovery of all
project costs including after tax cost of equity. The pricing/delivery point is assumed to
be the busbar, i.e. it excludes transmission and distribution costs beyond the point of
interconnection. The offshore scenario offers slightly better economic performance with
an estimated LCOG of $101 per MWh versus $106 per MWh for the inshore scenario.
See Figures (9A.1 and 9A.2 for comparisons with other sources of generation). Within
the uncertainty ranges considered, LCOG is particularly sensitive to capital cost and loss
of favorable tax treatment. LCOG is also sensitive to capacity factor, operation and
maintenance expense, and capital structure. It is noteworthy that the inshore project
offers a lower LCOG by about $6 per MWh if the capital structure of the two scenarios is
the same.
Synthesis: Each team described the opportunities and constraints for coastal wind energy
development. Information from the individual groups was integrated into a geographic
information system. In synthesizing the data, emphasis was placed on identifying severe
constraints likely to preclude any wind energy development. Areas identified as no-build
(e.g. too shallow, reserved for use by the military) and areas identified as having high
ecological impact or low suitability for foundation construction were eliminated. We
opted to equally weight each constraint and assume an equal degree of certainty to their
extents. This method provides a conservative and introductory look at what areas remain
viable for wind power development. Our analysis found that a limited portion of State
waters, restricted to the eastern half of Pamlico Sound, appears feasible for further study.
Large areas offshore are potentially well-suited for wind energy development. There are
more than 2800 square miles of potential development area in waters less than 50 m deep
and within 50 miles of the coastline. Raleigh and Onslow Bay appear to have the most
promising wind resource, with capacity factors exceeding 40% in water depths greater
than 30 m. Winds over the shelf north of Cape Hatteras do not appear as favorable as
those to the south but it is important to note that there are no direct measurements of
winds on the northern shelf in water depths less than 45 m. The map below shows the
federal MMS lease blocks that do not intersect with any constraint overlain on the wind
capacity factor. There are 190 lease blocks with wind power capacity estimated in excess
of 35%.
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Recommendations: North Carolina is well positioned to develop utility scale wind
energy production and should pursue it aggressively. Other states on the eastern seaboard
are farther along in the development process but swift action would permit North
Carolina to be competitive. A pilot project conducted in inshore waters employing
utility-scale turbines would place the State in a leadership position if it can be initiated
quickly. A pilot program using offshore wind turbines would be the first of its kind in the
country and would be vital to answering a number of questions related to operations and
maintenance, environmental impacts, and compatibility with existing infrastructure.
Action on state regulatory matters to ensure a clear permitting process is needed to
remove potential barriers to informed development, both for the pilot project and for
larger scale wind farms. To clarify exactly where utility-scale installations should be
sited, continued refinement of the mapping of the wind resource, including an economic
analysis, and further investigation of the transmission capacity and build-out potential are
needed. Specific recommendations related to these five main points are provided in
Chapter 10.
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CHAPTER 1: WIND POWER ESTIMATION
Harvey Seim, Professor of Marine Sciences, University of North Carolina at Chapel Hill
Gary Lackmann, Associate Professor, Department of Marine, Earth, and Atmospheric
Sciences, North Carolina State University and Renaissance Computing Institute

INTRODUCTION TO COASTAL NORTH CAROLINA WINDS
Climatological wind conditions in eastern North Carolina vary strongly with time of year
and location. Small-scale wind systems, such as those found in the immediate vicinity of
the coast, can be strongly influenced by local heating differences, which lead to
horizontal temperature and pressure differences. Surface winds will tend to flow from
colder to warmer regions, with the afternoon sea breeze being a good example. On hot
afternoons when the air temperature over land exceeds that of nearby water, an onshore
flow (from cold to hot) develops. For large scale events lasting a day or longer, the
influence of the Earth’s rotation causes the wind to blow more parallel to lines of
constant pressure, rather than from cold to hot.
Prevailing winds are from the southwest, with strongest average winds in winter, when
passing synoptic weather systems often result in a strong pressure gradient across the
state (e.g., NCDC 2008). For low-pressure systems tracking northward along the east
coast, easterly flow can develop ahead of the storms, with strong onshore winds in the
coastal zone followed by westerly or northwesterly winds after the system passes by to
the north. For synoptic systems passing northward to the west of NC, strong southerly
winds are observed. During winter, NC is often near climatological storm tracks, in part
due to the thermal contrast between the warm offshore waters and colder interior
sections.
During periods of strong westerly flow, downslope flow in the lee of the Appalachian
Mountains can be accompanied by strong surface winds across central sections of the
state. Strong winds can also be associated with cold air outbreaks, and in NC trailing
cold fronts often align with coastline and result in strong northerly winds. When the
interior sections of NC are experiencing “cold-air damming” events, light northerly or
northeasterly flow prevails over interior sections (e.g., Bailey et al. 2003). Coastal fronts
can form along the edge of the Gulf Stream or in conjunction with cold-air damming, and
are most common off NC south of Cape Hatteras. These events are accompanied by a
strong wind shift in the vicinity of the front (e.g., Appel et al. 2005).
Violent winds can accompany organized thunderstorms in the spring, and on occasion in
the fall. On a larger scale, the strongest winds in eastern NC accompany hurricanes and
tropical storms. These systems can bring periods of strong sustained wind to the coastal
zone in particular, although in some cases, such as with Hurricane Fran in 1996 or Hugo
in 1989, severe winds can extend well inland (Powell et al. 1991).

7

The wind speed climatology is the average over all these and other processes. It may be
possible to interpret the spatial patterns in terms of the dominance and spatial extent of
the processes and weather systems listed above.

SPECIFIC FEASIBILITY STUDY GOAL
Evaluation of existing estimates of wind power potential, in particular the AWS
Truewind maps purchased by the NC State Energy Office, using existing wind
observations and atmospheric models to develop climatologies, is the specific goal of this
component of the feasibility study. The maps, an example of which is shown in Figure
1.1, are available for a number of elevations above ground level for average wind speed
and average wind power. They suggest that, in places, winds over the NC sounds and
offshore of the NC coast are strong enough to sustain utility-scale wind farms. The
validity of this suggestion is evaluated against observed climatologies to provide
guidance on future wind energy potential studies. We first describe the methodology
employed to generate independent estimates of the winds at appropriate heights, then
present an overview of the results. An emphasis has been placed on assessing the
accuracy of the observed and extrapolated winds to be able to state the accuracy of the
AWS Truewind maps with some level of certainty. Because such a large number of
observations have been employed to assess the existing wind power estimates we have
developed an online report to provide access to all the results, see
www.nccoos.org/projects/nc-wind-study/data-report .

METHODOLOGY
A variety of existing observations are available with which to estimate the wind power at
specific locations in eastern North Carolina. Very few observations, however, have been
collected at the height anticipated for utility-scale wind turbines which, for a typical 3.0 –
3.6 MW structure, is centered at 80 m above ground level. With 50 m long blades, the
turbines experience winds between 30 m and 130 m above ground level. Standard
surface meteorological observations are collected at 10 m above ground level, and a
relatively large number of surface collection sites (50 or more) exist in the area of
interest. More rare are observations collected above 10 m, but we are fortunate to benefit
from a program initiated by the NC Solar Center, the NC State Observation of Wind (NC
SOW),
http://www.ncsc.ncsu.edu/programs/North_Carolina_State_Observation_of_Wind.cfm.
The NC SOW program loans meteorological towers, up to heights of 50 m, for
deployment to support data collection for several months to several years. These
meteorological towers typically host multiple anemometers at varying elevations and
permit an examination of how wind speed varies with height above the ground. Because
of the apparent increase in wind speeds over sounds and offshore, a concerted effort has
been made in this study to use meteorological observations collected over water. These
observations include those collected by a private firm, Weatherflow, that maintains a
mesonet on the Outer Banks which are the only historical over-water observations
available in the NC Sounds. Lastly, there have been limited deployments of a Sound
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Direction and Range (SODAR) system owned by UNC Chapel Hill that collects vertical
profiles of winds. All these sources of information have been utilized.

Figure 1.1. An example AWS Truewind mean wind speed estimate (in m/s) (at 30 m elevation)
overlain with mean measured and log-layer extrapolated observed winds in eastern NC for the 20032007 time period.

Figure 1.2 shows the study area, consisting of the Sounds of North Carolina and offshore
waters less than 50 m in depth and less than 50 miles from shore, the locations of the
surface meteorological stations and meteorological towers used in the report, and place
names used in describing spatial patterns. A variety of sources have supplied the data,
shown in Table 1.1. A full listing of the stations is given in the Appendix.
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Figure 1.2. A map of the study area, the location of observation sites used in the study, and place
names used in the text.

Data processing
To ensure uniform treatment of the observational data a processing routine was
established. Observations were acquired from the provider, and then converted to a
standard form compatible with MATLAB, the software tool used for the analysis.
Careful attention was paid to units of measure to ensure that all observations were in
Scientifique Internationale (SI) units and referenced to Universal Time Coordinate
(UTC). Nearly all stations were supplied as hourly samples but in some cases were
averaged from faster sampling rates to 1 hour. For four stations (SUN2, SUN3, ILM2,
ILM3) hourly values were interpolated from the native 2 hour samples. Start and end
times of sampling was established for each station, and it was noted that coverage was
significantly greater after 2002. A 5-year data window, from 2003-2007, was chosen as
providing the greatest simultaneous spatial coverage over a reasonable multi-year period.
All the observations were visually reviewed using a variety of graphic presentations.
Based on the review, a series of quality control definitions were established that removed
wind speeds less than zero or greater than 50 m/s and wind directions less than zero or
greater than 360 degrees. Additionally, for each station, suspect data, including outlying
extremes or isolated values, prolonged periods of static readings, or anomalous patterns
relative to nearby observations, were removed. Data coverage of the quality controlled
dataset was then assessed as the number of valid observations in the 5 year period divided
by the maximum number of hourly observations possible. Stations with coverage greater
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than 2/5 (more than 2 years of data) were retained, while all others were removed from
further analysis. Three exceptions to this rule were made for offshore buoy observations
in Onslow Bay, where no other data are available: stations 41036, ILM3 and SUN3.
Table 1.1. List of data providers and the number of stations provided by each. NOAA is the National
Oceanic and Atmospheric Administration; ASOS is the Automated Surface Observing System; and
C-MAN is the Coastal Marine Automated System.
Data Provider
Number of stations
NOAA National Weather Service ASOS
24
Weatherflow Inc.
11
NOAA National Ocean Service
4
NOAA National Data Buoy Center C-MAN
5
NOAA National Data Buoy Center buoys
5
UNCW Carolinas Observation and Monitoring Program
3
NCSU (NC SOW)
11
UNC-Chapel Hill North Carolina Coastal Ocean Observing
1
System
USC Carolinas Coastal Ocean Observation and Prediction
2
System
TOTAL
66

A series of summary graphics were then generated for each station, including time series
of the hourly data, box plots of monthly data over the 5 year period, histograms of wind
speed, and average hourly and monthly wind speeds. The full set of graphics is available
online at http://nccoos.org/projects/nc-wind-study/data-report/nc-wind-study-datareport#products .
Vertical extrapolation
Mean wind speeds vary with height above the ground; near the Earth’s surface the
influence of friction produces a boundary layer in which the wind speeds vary most
strongly closest to the ground and approach a more constant value aloft. A number of
factors can influence the shape of the boundary layer. Most important among the factors
are the roughness of the surface, the static stability of the atmosphere and horizontal
changes in these properties. There are a variety of techniques available to represent these
variations and the impact they have on the vertical structure of the wind field. The
environmental information needed and computational power necessary to implement
these techniques vary considerably.
When air moves over a smooth surface, such as a large field with low-lying plants, the
velocity decrease due to friction is concentrated near the surface. Over a rough surface,
such as a forest, the decrease in wind speed occurs significantly further from the ground.
Two simple and common approaches to representing these spatially-variable wind
profiles which we have used in this Phase 1 study are a logarithmic layer (or log layer)
and power law fit. Both of these representations assume a monotonic increase in wind
speed with height, and they are therefore incapable of representing more complicated
conditions such as a low-level jet (e.g. the nocturnal jet). More sophisticated
representations can take into account the stability of the atmosphere; however, the
information requirements exceed the resources available to this study.
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Figure 1.3. Map of AWS Truewind roughness length.

The log layer is a theoretical formulation derived for steady, neutrally-stable,
homogeneous conditions. As utilized for vertical extrapolation, it takes the form

u(z) = uref [ln(z/z0)/ ln(zref /z0)]
where u is estimated wind speed at height z, uref is the measured wind speed at reference
height zref, ln is the natural logarithm and z0 is the one free parameter to specify the
surface roughness length (see, e.g. Archer and Jacobson, 2005). The roughness
parameter z0 is a function of, and loosely related to, the roughness of the surface itself
(Stull, 1988). The AWS Truewind product purchased by the NC Energy Office includes
a spatially explicit grid of roughness values (Figure 1.3), which range from a minimum of
0.001 m over water to 1.25 m maximum values over land. We have used these values
when extrapolating measured winds to a standard height for comparison with the
Truewind wind estimates, deeming this approach to be most consistent with Truewind. It
should be noted that the roughness length over water is a function of wind speed, as the
effective roughness increases with the height of the wave field (e.g. Large and Pond,
1981). It is not known whether Truewind has used a wind-speed dependent roughness
length over water.
The power law representation of the vertical variations in wind speed is a simple
functional form with one adjustable parameter that often provides an accurate
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representation of measured wind profiles. The free parameter is the exponent to which
the ratio of measurement heights is raised, i.e.

u(z) = uref(z/zref)α
where α is the fitting parameter (or friction coefficient). A value of α =1/7 is often used
to represent generic atmospheric conditions, but a range of values are necessary to
capture the observed range of atmospheric conditions (Johnson, 2006).
To estimate appropriate values for use in this study, three information sources have been
considered. First, the NC SOW meteorological tower winds were analyzed between pairs
of sensors on a given tower. All NC SOW measurements are from tower deployments in
eastern NC, as shown in Figure 1.2. A total of 16 pairings were possible. Overall mean
values of α estimated from these observations varied between 0.10 and 0.48, with an
average value of 0.23 (see “Profile Stations” under http://nccoos.org/projects/nc-windstudy/data-report/nc-wind-study-data-report#products ). Though anecdotal, lowest values
of α occur at those locations closest to open water (Atlantic Beach and the Williston
installation). Second, to form values of α over the ocean, long-term average winds from
Frying Pan Shoals and Diamond Shoals at two different elevations are compared. At
both locations, Coast Guard light towers were maintained from the early 1980s until early
the 2000s and hosted National Data Buoy Center (NDBC) Coastal Marine Automated
Network (C-MAN) stations, which collected wind observations at roughly 45 m above
the water surface. When the light towers were decommissioned, the C-MAN stations
were replaced with NDBC buoys, which measure winds at 5 m above the water surface.
Values of α estimated from these locations are 0.07 and 0.074, approximately 1/3 the
magnitude of the average α estimated over land. Third, more continuous wind profiles
have been collected with a SODAR deployed on the roof of the Institute of Marine
Sciences in Morehead City and are currently being collected with a SODAR at Billy
Mitchell airport near Frisco, NC. The observations near Frisco were begun May 20, 2009
and should provide an estimate of α to use over the Outer Banks and are expected to be
intermediate between the land and sea values above. As a tentative coastal value an α of
0.15 has been assigned to stations near the coastline. The values of α used with each
station are indicated in the Appendix.
Mesoscale model – another approach
There are several high-resolution operational numerical model predictions available for
the region of interest. Numerical models have the advantage of high spatial and temporal
coverage, and more complete vertical profile information that can be used in vertical
wind interpolation. However, a disadvantage of model-based wind climatologies is the
possibility of model bias and forecast error contaminating the database. If a model
includes sufficient spatial resolution (typically, a grid length of 4 km or less is considered
high resolution for an operational prediction model), if it is initialized properly with
lower boundary condition information, and if accurate synoptic-scale conditions are
input, then a mesoscale model offers the possibility of downscaling to produce accurate,
high-resolution wind field climatologies. Unfortunately, some of these conditions may
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not be met, for instance proper initialization of the sea-surface temperature or surface
land use (and roughness) properties.
The Renaissance Computing Institute (RENCI) has been running a semi-operational
version of the Weather Research and Forecasting (WRF, Skamarock et al. 2007) model
since 2008. Due to a variety of factors, the model does not run every day, and there are
some gaps in the model output. Furthermore, one year is not sufficient to develop a
complete climatology of high-resolution winds. Nevertheless, examination of daily and
monthly wind averages from the 4-km inner domain of the RENCI WRF forecasts
provides a consistency check on AWS climatologies, and also illustrates the model
changes that would be needed to develop a more complete wind climatology.
The State Climate Office of North Carolina (SCO) is also running a high-resolution
operational prediction model with comparable resolution to the RENCI runs. After we
brought the wind project to their attention, the SCO began archiving the wind output in
late 2008, and have plans to develop a longer-term wind climatology. Due to the shorter
period of record, the analysis presented here will focus on the RENCI model output.
The RENCI WRF wind forecasts
For all available model runs, we computed daily winds as averages of 24 hourly values,
the first an analysis, the next 23 forecasts. These daily values were then averaged into
monthly means. Approximately 12% of model runs are missing, usually for consecutive
days when the RENCI IBM “Ocracoke” computer was down.
The model resolution was sufficient to capture the strengthened wind field in bays, inlets,
and offshore. The monthly average maps appear physically consistent and realistic, with
values comparable to longer-term average conditions (Fig. 1.4). A preliminary
comparison between the RENCI WRF model wind output and observations suggests the
model captures the gross features of the wind field but over-estimates winds over land.
The wind speed maximum around and offshore of Cape Hatteras is a persistent feature in
the model output that deserves further investigation.

RESULTS
We first review the general characteristics of the wind records from eastern North
Carolina analyzed as part of the study. Wind directions, as portrayed in wind roses
formed with the 5 year data records, are quite consistent, portraying two dominant wind
directions, from the southwest and from the northeast. Wind speeds, however, vary
considerably in strength, being slowest over land and increasing eastward over the
Sounds and offshore waters. The trend of increasing wind speed from land to sea persists
year-round, apparent in a comparison of monthly averaged winds from stations along a
cross-shore line (Figure 1.5). The distribution of wind speeds changes quite dramatically
between the over land and offshore stations, with a much greater occurrence of higher
wind speeds at over-water stations (Figure 1.6). In examining time series of observations
it is possible to identify tropical storm passages, as in the record from Cape Lookout
(Figure 1.7).
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Figure 1.4. The average wind speed at 10 m elevation for April 2009 from the RENCI WRF
simulations.

Figure 1.5. Comparison of monthly-averaged wind speeds from Kinston (KISO), New River Marine
Corps Air Station (KNCA), and from buoy 41035 which is roughly 10 km offshore of Sneads Ferry in
Onslow Bay.
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Our focus is to assess the previous estimates of wind power potential using a number of
observations as described above. Examination of observational uncertainty permits us to
place confidence bounds on the wind speed estimates and test whether they are consistent
with the AWS Truewind estimates. We identify three sources of uncertainty: the finite
duration wind samples; wind speeds beneath the stall speed of the sensor; and
extrapolation errors. Each are quantified below, then combined, assuming the errors are
independent of each other, to yield a cumulative confidence bound for the observations.

Figure 1.6. Wind speed distributions from stations KISO and 41025.

Error analysis
Using the 5-year data records for each station the average wind speed and standard error
are readily formed. The average wind speed uavg = (1/n)* Σ u(t) is simply the arithmetic
average of all n available wind speed values u(t). The standard error se = σ/√(n) is the
standard deviation σ of the series divided by the square root of the number of
observations (Emery and Thompson, 2001) and represents uncertainty due to the finite
number of samples.
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Table 1.2. Mean wind speeds, standard errors, and speed differences without zero for the 2003-2007
time period (except for DSLN7 and FPSN7 for which the values are over their full records, 19842003) at measurement height, by station ID.
Mean Wind
Speed at
measurement
Standard Error
Speed difference
height (m/s)
Station_ID
(m/s)
without zeros (m/s)
41013
6.70
0.01
0.020
41025
7.19
0.05
0.018
41035
5.77
0.01
0.019
41036
6.70
0.01
0.030
44014
6.14
0.06
0.018
8639348
2.63
0.16
0.008
8658163
5.15
0.00
0.016
8659897
4.42
0.02
0.012
8661070
4.41
0.15
0.013
CHLV2
7.64
0.11
0.028
CLKN7
5.77
0.04
0.015
DSLN7
8.49
0.05
0.011
DUCN7
6.19
0.03
0.015
FPSN7
7.80
0.07
0.043
ILM2
5.49
0.11
0.026
ILM3
6.16
0.01
0.025
KASJ
1.42
1.27
0.007
KCPC
1.71
1.11
0.008
KCPK
2.30
1.28
0.010
KCRE
3.19
0.66
0.010
KECG
3.99
0.58
0.011
KEDE
2.85
0.68
0.009
KEWN
2.74
0.96
0.010
KEYF
1.59
1.23
0.008
KFFA
3.01
0.40
0.009
KFKN
2.22
1.03
0.008
KHSE
4.38
0.21
0.010
KILM
3.34
0.72
0.011
KISO
2.57
0.98
0.010
KMQI
4.09
0.53
0.012
KMRH
4.35
0.46
0.012
KMYR
3.94
0.49
0.011
KNCA
3.38
0.67
0.011
KNKT
3.65
0.69
0.012
KNTU
4.14
0.54
0.012
KOAJ
2.50
1.33
0.010
KOCW
2.33
0.97
0.009
KONX
2.70
0.88
0.012
KPGV
2.50
0.92
0.009

17

KSFQ
NOCRMET
SUN2
SUN3
WF_ALLIGATOR_BRIDGE
WF_AVON_OCEAN
WF_AVON_SOUND
WF_FRISCO_PIER
WF_FRISCO_WOODS
WF_JOCKEY'S_RIDGE
WF_MANTEO_CSWY
WF_OCRACOKE
WF_PAMLICO
WF_SANDBRIDGE
WF_WAVES
ncsow_00522_30m
ncsow_00522_40m
ncsow_00522_50m
ncsow_1000_20m
ncsow_1000_30m
ncsow_1001_20m
ncsow_1001_30m
ncsow_1002_20m
ncsow_1002_30m
ncsow_4571_20m
ncsow_4571_30m
ncsow_4572_30m
ncsow_4572_40m
ncsow_4572_50m
ncsow_4824_20m
ncsow_4824_30m
ncsow_5337_20m
ncsow_5337_30m
ncsow_5338_20m
ncsow_5338_30m
ncsow_6684_20m
ncsow_6684_30m

0.010
0.010
0.019
0.030
0.018
0.016
0.016
0.019
0.016
0.013
0.017
0.021
0.027
0.006
0.016
0.027
0.028
0.028
0.026
0.026
0.025
0.036
0.024
0.025
0.016
0.017
0.015
0.015
0.016
0.023
0.027
0.016
0.015
0.042
0.047
0.021
0.022

2.39
3.05
4.71
6.05
5.30
5.12
5.83
5.53
5.41
4.25
4.91
6.12
6.77
2.22
5.43
5.24
5.62
5.90
4.77
4.97
5.14
5.57
5.25
5.51
2.92
3.39
4.22
4.71
5.02
4.77
5.49
2.67
3.25
5.39
5.65
4.31
4.64
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1.11
0.00
0.25
0.00
0.48
0.35
0.20
0.10
0.23
0.65
0.24
0.20
0.05
0.09
0.46
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Figure 1.7. Time series of wind speed from the Cape Lookout C-MAN station CLKN7.
Isabel (2003) and Ophelia (2005) stand out as high wind events.

Hurricanes

A second source of observational uncertainty is that associated with the stall speed, or
minimum measurable resolution, of the wind speed sensor. The observations were
collected with either an acoustic wind sensor (most of the ASOS measurements), a cup
anemometer (the most sensitive and least likely to be impacted, as used by NC SOW) or
a propeller (common on buoys and C-MAN stations) which requires a minimum wind
speed to turn. Below this stall speed the sensor will register a wind speed of zero though
the true wind speed may be non-zero but less than the stall speed. For many sensors the
stall speed is not a constant over time but varies as the condition of the sensor varies;
typical values are between 0.5 and 3 m/s. For some inland stations zero wind speed
measurements accounted for 30-50% of the measured values (see, e.g. station KASJ at
http://nccoos.org/projects/nc-wind-study/data-report/ncwind-hist/). Forming the average
wind speed by including the zero wind speed will bias the average towards low values
because the average does not account for the small but non-zero winds. An upper bound
on the average can be established by excluding all zeros when forming the average. The
sample mean unaffected by the stall speed uncertainty must lie between these two values,
hence the difference between them is an additional uncertainty. A comparison of the two
types of averages, including zeros versus not including zeros, indicates that locations with
small mean wind speeds are most affected, some changing by more than 1 m/s (Figure
1.8). Average winds above 5 m/s are minimally impacted by the averaging scheme used.
The uncertainty is incorporated in Table 1.2 as the value of the difference, diff; half this
value is used to broaden the confidence bounds.
The third and generally largest uncertainty is associated with vertical extrapolation. As
noted above, two different schemes have been employed, one based on the spatial
roughness variations present in the AWS Truewind product, the other based on observed
variations in wind speed with height. Though the two schemes yield results which are
highly correlated and follow very nearly a 1-to-1 relationship, there is significant scatter
to the relationship (Figure 1.9). The uncertainty is characterized by the root-mean-square
difference between the two schemes, and is found to be rmsex=0.36 m/s. The greatest
differences in wind speeds are for stations from sites either very near the coastline or on
the Outer Banks and suggest these sites experience the most variable conditions. The
SODAR observations from Billy Mitchell airport will be valuable in defining an
appropriate value of α for these nearshore locations.
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Assuming the observations are taken from a stationary stochastic process and that the
error components are independent of each other the sample parameters can be used to
estimate the bounds in which the true population mean would lie as [uavg - zcl · ce, uavg +
zcl · ce] where zcl is the value of a z distribution at the cl confidence level (Emery and
Thompson, 2001) and ce = (se + diff/2 + rmsex)½. We have used the 95% confidence
level so that zcl = 1.96. The formulation accounts for increased uncertainty of shorter
records and records with greater natural variability but does not address possible nonstationarity of the data records associated with decadal-scale variability.

Figure 1.8. Comparison of average wind speed including all zeros versus including no zeros. A leastsquares linear regression (solid line) and 1-to-1 line (dashed) are overlain.
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Figure 1.9. A comparison of extrapolated 30 m winds based on a power law (x axis) and log layer (y
axis) formulation. A least-squares linear regression (solid line) and 1-to-1 line (dashed) are overlain.

Evaluation of AWS Truewind product
Given an error analysis of the observations it is possible to test the consistency of the
AWS Truewind wind speed estimates with the assembled observations. We concentrate
for the evaluation on the wind speed at 30 m height above ground, as this is the lowest
elevation of Truewind output and requires the least vertical extrapolation. Additionally,
the best coverage in the NC SOW dataset is from 30 m.
The most direct comparison possible is the meteorological tower measured winds at 30 m
elevation against the AWS Truewind estimate for that location. Values were extracted
from the AWS Truewind database for the location closest to the NC SOW sites. The
AWS Truewind estimates exceed the measured winds by 0.04 – 1.14 m/s, averaging 0.67
m/s higher. Of the 10 sites all but one is significantly different at the 95% confidence
level, using the standard error and stall speed difference values shown in Table 1.2. The
regression of the values suggests that the difference is greatest for low wind speed values
(3-5-4.5 m/s) and decreases at higher wind speeds (Figure 1.10). The regression
suggests Truewind estimates equal observed winds at 7.6 m/s.
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Figure 1.10. A comparison of the NC SOW meteorological tower mean wind speeds at 30m vs those
extracted from the AWS Truewind database. A least-squares linear regression (solid line) and 1-to-1
line (dashed) are overlain.

The comparison of near-surface winds extrapolated to 30 m elevation with the AWS
Truewind estimates broadens the range of wind speed being examined. The trend is
similar to that seen for the NC SOW observations, with the greatest differences occurring
at low wind speeds and better correspondence at about 7 m/s winds (Figure 1.11). Error
bars are considerably larger for these values because of the uncertainties associated with
extrapolation, but also indicate a significant overestimate of low winds by Truewind.
The regression suggests Truewind equals the observed values at about 8 m/s, similar to
the trend seen using only the NC SOW observations. The limited offshore extent of the
Truewind product precludes assessment of the validity of their estimate at wind speeds
greater than 7.5 m/s.
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Figure 1.11. A comparison of log-layer extrapolated near-surface wind speeds with AWS Truewind
estimates. A least-squares linear regression (solid line) and 1-to-1 line (dashed) are overlain.

In conclusion, the AWS Truewind estimates would appear to be most accurate near the
shoreline and over the waters of eastern NC where winds at 30 m elevation are 6-7 m/s
on average. Inshore from the coastline the Truewind product appears to significantly
over-estimate the wind speed. Moving offshore, beyond the coverage of the AWS
Truewind product, winds continue to increase, suggesting the best wind resource lies
more than 12 miles seaward of the shoreline. In general, the Truewind product underestimates the steepness of the wind speed gradient moving from land to sea at the NC
coastline but is reasonably consistent with observations over NC coastal waters.
Best estimate of offshore winds – power law fit values
While the log layer extrapolation has been used for comparison of observed winds with
the AWS Truewind products, it is clear that for the offshore stations use of a 0.001 m
roughness length yields questionable results. For example, the light tower observations
on Diamond Shoals are extrapolated from 45 m to 30 m, whereas the buoy data is
extrapolated from 5 m up to 30 m. The buoy-based wind speed of 8.7 m/s is considerably
greater than the tower-based wind speed of 8.15 m/s (see Figure 1.1) and indicates an
over-estimate of the change in wind speed with height. A similar discrepancy is apparent
at Frying Pan Shoals. It is felt that winds aloft are overestimated by the log layer
extrapolation of near-surface (10 m or lower) winds with a 0.001 m roughness length.
The alternative extrapolation uses the power law fit, and gives more consistent values of
the wind speeds on the Shoals (not surprisingly, since the power law coefficient was
chosen to approximate the observed shear at these locations). The power law estimated
wind speeds (Figure 1.12) are generally lower over water than the log layer estimates;
these more conservative estimates are used in subsequent analyses.
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Figure 1.12. Power law extrapolation of wind speeds at observations sites. These values are
considered the best estimates of winds over offshore waters.

Temporal variations – daily and monthly
There are significant variations in wind speed about the average value. Over monthly
time scales a reasonably consistent pattern emerges for eastern NC. Wind speeds are
greatest during winter and spring, least during summer, and intermediate in the fall. For
much of the inland and coastal sites there are two distinct monthly maxima, April and
September, and a distinct minimum in August (Figure 1.13). At most offshore buoys and
as one moves northward along the coastline there is a tendency for the maximum wind to
shift into January and for the minimum to occur earlier in the summer (e.g. stations
41013, 41025 and 44014). In April, nearly all inshore and coastal water experience 6 m/s
or greater winds; Pamlico Sound winds exceed 7 m/s and winds exceed 8 m/s on
Diamond Shoals. The decrease is summer is significant, and brings mean winds below 6
m/s at 10 m elevation throughout the area covered by observations (Fig. 1.14).
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Figure 1.13. Monthly mean wind speed at 10 m elevation at Billy Mitchell airport near Frisco, NC on
the Outer Banks. Vertical bars mark ± one standard deviation.

Hourly variations in wind speed are more complicated. Overland and some shoreline
sites exhibit a distinct mid-day maximum, presumably associated with the sea-breeze
(Figure 1.15). The magnitude of the increase can be quite large, effectively doubling the
wind speed at mid-day relative to evening. Just the opposite is observed at a number of
the over-water sites that are either within the Sounds or within 10 miles of the coastline.
At these sites a mid-day minimum is observed, though it is typically not as pronounced in
magnitude at the maximum seen over land (Figure 1.15). Wind speed is quite constant
over the day at the most offshore sites (and the Duck Pier) which presumably lie seaward
of the influence of the sea-breeze/land-breeze system.
Wind power estimates
Two methods of estimating the wind power potential are considered next. Wind speed
ranges have been related to wind classes (e.g. http://www.nrel.gov/gis/wind.html) that are
then interpreted in terms of wind power generation. These interpretations assume a scale
of use (e.g. operating a local water pump vs. utility-scale energy source) and thus assume
a wind turbine size that may be compatible with the wind resource. The wind classes for
eastern NC as depicted from the AWS Truewind product (Figure 1.16) confirm the rapid
increase in wind energy potential as one moves from land over water and offshore. A
careful comparison of the wind class based on observations with those in the Truewind
product suggest that Truewind may over-estimate wind speed in waters near the
coastline, especially in the region west of Cape Fear (along the South Carolina coastline).
Winds off Cape Hatteras (on Diamond Shoals) may exceed the Truewind estimates and
reach class 7. North of Cape Hatteras there are no offshore measurements except for the
buoy measurements directly off Virginia Beach where the winds are considerably less
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(class 5) than expected from extending the Truewind product offshore. The overall
impression is that offshore winds are greatest in a broad region around Cape Hatteras and
decrease to the north and south.

Figure 1.14. Mean monthly winds for April (top) August (bottom) at 10 m from observed and powerlaw extrapolated winds.
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The Sounds experience class 3-5 winds. Class 5 winds are observed only in Pamlico
Sound and the spatial extent of these winds is not well constrained but is likely limited to
the eastern half of the basin. Winds in Albemarle Sound are considerably lighter and are
unlikely to exceed class 4.

Figure 1.15. Mean hourly winds at New Bern airport (top) on an aid to navigation in Ocracoke Inlet
(bottom).
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Figure 1.16. Wind classes based on AWS Truewind at 30m and observed and extrapolated
measurements.

A more specific and concrete evaluation of wind power is possible if a particular wind
turbine is considered. For a typical 3-3.6 MW offshore wind turbine, cut-in speed is
roughly 4 m/s, rated speed is 15 m/s, and at 25 m/s the wind is spilled by furling (the cutout speed). This defines a power curve that relates wind speed at the height of the hub of
the turbine to output power, an example of which is shown in Figure 1.17. This
functional relationship has been used to estimate power generation from turbines located
at a number of observation sites in the study area. The results are tabulated (Table 1.3)
where power output is presented as a capacity factor. The capacity factor is formed as the
average power output estimated from the power curve relationship using wind time series
extrapolated to 80 m divided by the rated capacity of the turbine, e.g. if the average
power output is 1.5 MW for a 3.0 MW turbine, the capacity factor would be 50%.
The table suggests that capacity factors above 35% are possible for the most offshore
locations sampled to date. Note that stations 41013/FPSN7 and 41025/DSLN7 are
occupations of similar locations (on Frying Pan and Diamond Shoals) with different
platforms over different time periods, hence they provide some measure of certainty in
our calculations – probably 2-3%. Locations nearer to shore (SUN2, ILM2, 41035) and
within the Sounds (WF_ALLIGATOR_BRIDGE, WF_PAMLICO, WF_OCRACOKE)
exhibit considerably lower capacity factors, from 23-35%.
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An estimate of the spatial distribution of the capacity factor indicates the most favorable
conditions for power generation exist in the waters offshore of North Carolina (Figure
1.18). The distance offshore to capacity factors of 35% or greater is least off Cape
Hatteras, Raleigh Bay and Cape Lookout, and is further offshore north and south of this
area. The offshore trajectory of the 35% contour north of Cape Hatteras is speculative
but may be physically based in the reduction of incidence of wintertime coastal front
formation in this region relative to points further south.

Figure 1.17. A power curve, relating wind speed at hub height to output
power, for a Vestas V90-3.0 MW turbine.

SUMMARY
Estimates of wind power potential in coastal North Carolina from AWS Truewind were
evaluated using existing wind observations and atmospheric models including publiclyavailable weather data, NC State Observation of Wind (SOW) meteorological towers,
and privately collected wind data from in and around the Sounds. In addition, limited
deployments of a Sound Direction and Range (SODAR) system owned by UNC Chapel
Hill collected vertical wind profiles. In general, there is a rapid increase in wind energy
potential as one moves from land over water and offshore. The AWS Truewind product
appears to over-estimate wind speeds over land where wind speeds are less than 6 m/s.
At the coastline and over water AWS Truewind is more consistent with the observations
but may over-estimate winds in the vicinity of Cape Fear and in northeast NC. Wind
power class abruptly transitions from 1-2 over land to 4 or greater over water. Wind
power class 6 is common offshore and may reach class 7 in the vicinity of Cape Hatteras.
Within the sounds wind power class 5 is likely in eastern Pamlico Sound and less
elsewhere. To examine utility-scale wind generation potential wind speeds were
translated to power using a power curve typical of 3-3.6 MW wind turbines and the result
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expressed as a capacity factor. Estimated capacity factors are above 30% for eastern
Pamlico Sound and for most of the offshore region. Capacity factors above 40% are
likely on the continental shelf between central Onslow Bay and The Point in water depths
of 30 m and greater and over portions of Cape Lookout and Diamond Shoals.

RECOMMENDATIONS
Evidence points to a promising wind resource off the coast of North Carolina. The state
is fortunate to have benefited from previous observational efforts that have permitted this
study to be undertaken. However, follow-on work needs to be completed and should
consider several recommendations to improve our understanding of the offshore wind
environment.
In assessing the power generation potential for NC, the potential damage to turbines in
the coastal zone due to hurricanes should not be overlooked. An evaluation of the speed,
duration and likelihood of hurricane-force wind as a function of geographic position
would be beneficial in assessing the risk this hazard poses to wind energy development.

Figure 1.18. The estimated spatial distribution of capacity factor for a typical 3-3.6 MW wind
turbine.

Though a large number of the observation stations include air temperature and air
pressure data, there was not sufficient time and resources to explore alternative
extrapolation schemes that account for atmospheric stability. Such investigations would
be a natural next step in analyzing the existing datasets, and would be particularly helpful
in preparing to conduct similar studies in the offshore region.
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A sustained modeling effort that targets the offshore would provide a valuable testing
ground for further observational studies. This first phase was aided by the existing
Truewind products, but they do not extend beyond 12 miles seaward of the coastline. The
model could serve as a tool for evaluation initially, and as important environmental
support information if wind energy production becomes a reality off the coast.
Satellite-derived winds should be examined to extend the observational database
offshore. These products provide fairly coarse resolution but extend across the ocean and
hence may fill the existing offshore information gap. Special attention should be given to
the role of the Gulf Stream in maintaining the offshore winds (see, e.g.
http://numbat.coas.oregonstate.edu/cogow/quikscat/65/mar/one_x_one.html ), to ensure
that the wind is accurately represented in the remotely-sensed products and that we
understand the dynamics that support the enhanced wind to ensure it is correctly
represented in a modeling framework.
Table 1.3. Selected stations and estimated capacity factors
Station_ID
capacity factor
41013
40.8
41025
44.9
41035
30.9
41036
41.0
44014
34.5
8658163
29.4
8661070
22.1
CHLV2
35.3
CLKN7
35.4
DSLN7
43.9
DUCN7
27.5
FPSN7
38.6
ILM2
31.5
ILM3
36.3
KCRE
11.8
KFFA
9.0
KHSE
23.7
KMYR
16.6
SUN2
23.0
SUN3
35.9
WF_ALLIGATOR_BRIDGE
23.6
WF_AVON_OCEAN
26.0
WF_AVON_SOUND
39.2
WF_FRISCO_PIER
28.0
WF_FRISCO_WOODS
35.5
WF_MANTEO_CSWY
26.9
WF_OCRACOKE
30.8
WF_PAMLICO
34.6
WF_WAVES
32.7
ncsow_1001_30m
22.9
ncsow_1002_30m
22.4
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An in-situ offshore wind measurement campaign is needed to more clearly define those
areas with the greatest potential. Satellite-derived winds are contaminated by land and
therefore are not valid close to shore (e.g. within 50-100 km). Buoy-based wind
measurements are likely the most affordable way to obtain measurements in Raleigh Bay
and north of Cape Hatteras where winds look promising but there are no existing
observations. Shore-based remote-sensing (e.g. high-frequency radar) may be a costeffective alternative worth exploring.
Vertical profiling of the atmosphere offshore is also critically needed. The extrapolation
techniques employed in this study are rudimentary and careful study of its validity is
needed. In particular, it is clear, at least from the NC SOW tower data over land, that the
power law exponent varies strongly on a daily cycle (e.g. see “Profile Stations” under
http://nccoos.org/projects/nc-wind-study/data-report/nc-wind-study-datareport#products). North Carolina is fortunate to have some existing offshore platforms,
currently owned and operated by the U.S. Navy, which if made available for use could
permit sophisticated wind observations (such as SODAR or LIDAR profiling) to be
collected relatively inexpensively and quickly compared to other coastal areas which will
need to first build offshore platforms. A combined buoy and platform-based
observational effort would enable a much more constrained estimate of wind power
generation potential off NC.
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Appendix I. Observation Sites
Temporal
coverage
Height
(% 2003- Roughness
Station_ID
Latitude Longitude (m)
2007)
Length
Alpha (α)
41013
33.44
-77.74
5
0.001
0.08
66.4
41025
35.01
-75.4
5
0.001
0.08
80.8
41035
34.48
-77.28
5
0.001
0.08
48.2
41036
34.21
-76.95
5
0.001
0.08
26.6
44014
36.58
-74.84
5
0.001
0.08
71.2
8639348
36.78
-76.3
9.6
0.01
0.23
98.4
8658163
34.2017 -77.7853
10
0.001
0.15
66.4
8661070
33.66
-78.92
10.2
0.001
0.15
75.7
CHLV2
36.91
-75.71
43.3
0.001
0.08
45.1
CLKN7
34.62
-76.52
9.8
0.001
0.15
85.6
DSLN7
35.153 -75.297
46.6
0.001
0.08
0.0
DUCN7
36.18
-75.75
20.4
0.01
0.08
94.7
FPSN7
33.49
-77.59
44.2
0.001
0.08
23.0
ILM2
34.1419 -77.7144
3
0.001
0.08
29.5
ILM3
33.9858 -77.3607
3
0.001
0.08
36.2
KASJ
36.2975 -77.1708
10
0.9
0.23
96.1
KCPC
34.27
-78.72
10
0.01
0.23
90.4
KCPK
36.67
-76.32
10
0.01
0.23
97.7
KCRE
33.8117 -78.7239
10
0.01
0.15
99.5
KECG
36.27
-76.18
10
0.01
0.23
97.8
KEDE
36.02
-76.57
10
0.01
0.23
99.1
KEWN
35.07
-77.05
10
0.01
0.23
99.3
KEYF
34.36
-78.35
10
1.125
0.23
87.1
KFFA
36.02
-75.67
10
0.9
0.15
79.5
KFKN
36.7
-76.9
10
0.01
0.23
98.2
KHSE
35.23
-75.62
10
0.01
0.15
98.4
KILM
34.27
-77.9
10
0.01
0.23
98.7
KISO
35.32
-77.62
10
0.01
0.23
92.8
KMQI
35.92
-75.7
10
0.01
0.23
92.0
KMRH
34.73
-76.65
10
0.3
0.23
98.8
KMYR
33.6833 -78.9333
10
0.01
0.15
96.6
KNCA
34.72
-77.45
10
0.01
0.23
91.9
KNKT
34.88
-76.87
10
1.125
0.23
97.6
KNTU
36.82
-76.02
10
0.01
0.23
97.6
KOAJ
34.82
-77.62
10
0.01
0.23
93.9
KOCW
35.57
-77.05
10
0.01
0.23
98.2
KONX
36.3989 -76.0161
10
0.01
0.23
67.5
KPGV
35.62
-77.4
10
0.66
0.23
99.6
KSFQ
36.68
-76.6
10
0.01
0.23
95.0
NOCRMET
34.1555 -77.8509
3.68
0.001
0.23
75.3
SUN2
33.78
-78.48
3
0.001
0.08
45.6
SUN3
33.31
-78.15
3
0.001
0.08
24.4
WF_ALLIGATOR_BRIDGE 35.9007 -76.0092
12
0.001
0.08
68.7
WF_AVON_OCEAN
35.34732 -75.5003
16
0.9
0.15
85.0
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WF_AVON_SOUND
WF_FRISCO_PIER
WF_FRISCO_WOODS
WF_JOCKEY'S_RIDGE
WF_MANTEO_CSWY
WF_OCRACOKE
WF_PAMLICO
WF_SANDBRIDGE
WF_WAVES
ncsow_00522_30m
ncsow_00522_40m
ncsow_00522_50m
ncsow_1000_20m
ncsow_1000_30m
ncsow_1001_20m
ncsow_1001_30m
ncsow_1002_20m
ncsow_1002_30m
ncsow_4571_20m
ncsow_4571_30m
ncsow_4572_30m
ncsow_4572_40m
ncsow_4572_50m
ncsow_4824_20m
ncsow_4824_30m
ncsow_5337_20m
ncsow_5337_30m
ncsow_5338_20m
ncsow_5338_30m
ncsow_6684_20m
ncsow_6684_30m

35.37067
35.223
35.24732
35.951
35.91594
35.1584
35.42498
36.699
35.573
34.8191
34.8191
34.8191
34.773
34.773
34.9598
34.9598
34.7057
34.7057
35.0314
35.0314
34.54
34.54
34.54
33.9622
33.9622
34.3215
34.3215
34.7057
34.7057
35.5514
35.5514

-75.5068
-75.634
-75.629
-75.633
-75.633
-76.0141
-75.8334
-75.932
-75.469
-76.5558
-76.5558
-76.5558
-76.5005
-76.5005
-76.2782
-76.2782
-76.7604
-76.7604
-78.1335
-78.1335
-77.43
-77.43
-77.43
-77.9272
-77.9272
-77.9142
-77.9142
-76.7604
-76.7604
-76.1578
-76.1578
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8
18
8
7
10
12
15
5
11
30
40
50
20
30
20
30
20
30
20
30
30
40
50
20
30
20
30
20
30
20
30

99.1
57.2
90.2
97.8
60.3
55.4
33.3
87.5
96.3
24.6
24.6
24.6
20.4
20.4
13.3
13.3
23.7
23.7
28.1
28.1
41.9
41.9
41.9
22.6
22.6
30.1
30.1
7.7
7.7
26.2
26.2

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.01
0.3

0.15
0.15
0.15
0.23
0.15
0.08
0.08
0.15
0.15
0.23
0.23
0.23
0.23
0.23
0.15
0.15
0.15
0.15
0.23
0.23
0.23
0.23
0.23
0.15
0.15
0.23
0.23
0.23
0.23
0.23
0.23

CHAPTER 2: ENVIRONMENTAL IMPACTS,
SYNERGIES, AND USE CONFLICTS
Charles H. Peterson, Distinguished Professor, Institute of Marine Sciences, University of
North Carolina at Chapel Hill
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INTRODUCTION
By locating commercial wind farms over large coastal water bodies such as the Pamlico
or Albemarle Sounds or in the coastal ocean, some key constraints that affect permitting
decisions on land may be avoided. Concerns of neighboring property owners over
aesthetics, noise, flickering light, poor reception of radio, cell phone, and television
signals, safety during storm winds, and depreciation of property value (NRC 2007) are
reduced or eliminated, depending on the location of the wind farm. Problems of
terrestrial habitat loss from clearing the area required for the wind farm do not exist if the
wind turbines are positioned over water, although disturbance on land will occur where
the transmission cables come to shore, where power substations are located, and where
new power transmission lines may need to be built to connect to the grid (Figure 1).
Transmission cables from wind farms built over the two major sounds or the coastal
ocean in North Carolina would likely come ashore across wetlands or coastal barrier
habitats, each of which is valued and falls under one or more forms of formal
environmental protection. Existing regulatory programs would apply to determine
required avoidance, minimization, or mitigation of impacts associated with wetlands and
other habitat disturbance from landing of the cables and power substation development
on land. If the cables do not come ashore at a location with sufficient existing capacity
for power transmission, additional development of transmission poles and wires would be
required. These too have negative impacts on wildlife ranging from loss and
fragmentation of terrestrial habitat to bird mortalities from collisions with poles and wires
(NRC 2007, Gehring et al. 2009). A large fraction of the North Carolina coastline lies
wholly within the two National Seashores, Cape Hatteras and Cape Lookout, which
brings special concerns about how wind farm development over water impacts natural
and cultural resources on land. In addition, other potential environmental issues,
synergistic opportunities, and use conflicts arise that differ either in magnitude or in kind
from wind farms on land. These issues represent the focus of this chapter.
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Figure 2.1. Schematic diagram illustrating the principal components of a wind turbine farm
that may have environmental impacts. The inset is an oblique aerial view of a wind turbine
farm consisting of 64 turbines. (Adapted from a figure created by G. Hagerman.)

Risks to birds and bats and environmental impacts of loss or fragmentation of terrestrial
habitat dominate environmental assessments of wind power development on land (NRC
2007). Wind turbines over water also may impact birds and bats plus additional taxa,
such as marine mammals, sea turtles, fish, and the bottom-dwelling (benthic)
invertebrates. Data sets on bird abundances over large water bodies are sparse and,
unlike terrestrial facilities where numerous research surveys of existing wind farms have
documented and quantified bird and bat mortalities, virtually no analogous information
on mortality rates exists for wind farms over water. This absence of data renders
assessment of risk to birds and bats more uncertain for wind turbines over water. Even
less information exists on how fish, benthos, marine mammals, and sea turtles are
affected by wind farms directly or indirectly because none of these taxa are terrestrial.
We assembled all the available information on abundances of those organisms of concern
in North Carolina that could conceivably be affected by wind farm development, studied
results of all available research on environmental impacts of wind farms on land and
those few studied at sea (in Denmark, Sweden, and the UK), read all available EIS
documents for wind farms over water, and conducted interviews with key experts in
government agencies and among the informed public on North Carolina natural resources
and habitats to formulate our conclusions. Consequently, the conclusions reached in this
report should be considered informed expectations or hypotheses to be developed further
through even wider public input, confirmed with site-specific surveys and assessments
conducted after the general locality is selected but before construction, and then tested
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empirically through assessments of impacts of the first (perhaps pilot) installations of
wind farms over water. Some issues of significance to assessing wildlife and human
impacts require new research, specifically impacts of noise, lighting, magnetic fields, and
viewshed modifications. In addition to this text overview of the issues and patterns, we
also provide Appendices I-V identifying the natural resource experts whom we
interviewed to gather North Carolina-explicit information for our assessment (Appendix
I), summarizing the interviews (Appendix II), tabulating information on threatened or
endangered species and species of concern found in or near North Carolina waters where
wind turbines may be placed (Appendix III), listing the citations of publications and
reports that we assembled and used for our assessment (Appendix IV), and gathering
digital copies of the relevant literature (Appendix V).

METHODS AND SOURCES OF BIRD AND BAT INFORMATION
ON WHICH TO INFER RISK FROM WIND FARMS
Limited quantitative information exists on bird and bat use of airspace over Pamlico
Sound, Albemarle Sound, and the coastal ocean off North Carolina. The Audubon
Christmas bird counts provide quantitative records over decades from certain fixed
localities relevant to our investigation of Pamlico Sound, Albemarle Sound, and the
coastal ocean of North Carolina, such as the Buxton area on the Outer Banks. Several
years of Christmas bird counts exist for the over-water transects traveled by the North
Carolina State Ferry System from Cedar Island to Ocracoke and Ocracoke to Swan
Quarter in Hyde County (J. Fussell, pers. com.). Separately, the US Fish and Wildlife
Service has conducted coastal surveys of waterbirds and shorebirds within the relevant
geographic area. We assembled this information and augmented it by gathering expert
knowledge from bird watchers, NGOs (Audubon Society, American Bird Conservancy,
Defenders of Wildlife), duck hunters, field scientists, tour guides, wildlife agency experts
(US Fish and Wildlife Service, NC Wildlife Resources Commission), and fishermen.
Combining an appreciation of the present conservation concerns for certain groups, like
neo-tropical migratory passerines, and certain species already at risk, like piping plovers,
roseate terns, and red knots, with relevant information on behavioral responses of
analogous birds, the available information on bird and bat use of airspace was used to
project how potential risks to birds and bats from wind turbines may vary geographically
over North Carolina water bodies.
Risks of impacts to birds and bats from wind turbines and wind farms over water cannot
be readily inferred from available information on abundance and spatial patterns of use
alone because certain avoidance behaviors can limit risk, whereas other behaviors may
elevate risk. Several studies of impacts of wind turbines to birds and bats have been
conducted in the US (see NRC 2007 for a review), but only a few impact studies, from
Denmark, Sweden, and the UK, exist for wind turbines over large bodies of brackish or
salt water (Desholm and Kahlert 2005, Ahlen et al. 2007, Larsen and Guillemette et al.
2007). Risks to birds arise mostly from collision with the rotating blades; risks to bats
include collisions plus some risk of death from changing air pressure in vortices created
behind the blades. No wind turbines have yet been built over large water bodies in the
US. Wind turbines on land have been documented to cause high mortalities of some
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birds, especially raptors and passerines, and of migrating bats (NRC 2007). A study
using vertical radar at several near-shore (<5 km) locations (presently lacking wind
turbines) off the coast of southern New Jersey demonstrated that many birds fly in the
altitude range (from 30 to 150 m) typically swept by wind turbine rotors (Geo-Marine
2009). This study demonstrated that during the day 49% of birds flew at altitudes where
they would encounter rotors, while at night 34% of birds flew at these heights. Visual
estimations of flying heights of birds made from small boats in the same study found
differences among species. For example, 100% of Canada geese (Branta canadensis)
flew at heights where they would encounter rotors, whereas <4% of black scoters
(Melanitta nigra) flew high enough to be impacted by a rotor blade. Nevertheless, these
observations of existing flight paths of birds over water may not be indicative of
elevations that the birds will use when wind turbines are present. For example,
Scandinavian studies of impacts of wind farms located several miles from the coast
revealed evidence of avoidance of wind farms by eider ducks and geese (Figure 2.2).
They also demonstrated that some species of birds and bats may be attracted to wind
farms for food. No comprehensive impact study has been conducted using adequate
technology to detect and quantify mortality of birds and bats from wind farms over water.
Consequently, the assessment of risks made here based on limited information on
abundance over water and behavior will remain uncertain until tests can be conducted of
one or more pilot wind turbine installations in a sound or coastal ocean.

Figure 2.2. Radar tracks of flying birds (black lines) around and through the Nysted Offshore Wind
Farm (red dots represent the location of individual turbines) located in Danish waters (Desholm and
Kahlert 2005). East-west distance between individual turbines is approximately 1000 m.
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LOCATION ON PAMLICO OR ALBEMARLE SOUNDS
Birds
The birds potentially at risk to impacts from water-based wind turbines located in
Pamlico or Albemarle Sounds can be divided into several categories: (1) migrating
passerines (songbirds), which are terrestrial but do fly over water during migration to
some unknown extent; (2) winter residents; and (3) summer residents. Impacts to
migrating birds are largely limited to mortality caused by contact with the rotating blades
or stationary guy wires (not used for monopiles, the most economical design typically
used over water). In contrast, impacts of terrestrial wind farms to resident birds and the
broader ecosystem also include consequences of habitat loss and fragmentation from the
required disturbance to terrestrial habitat. Over water, an analogous habitat loss to birds
can be caused by their behavioral avoidance of the area occupied by the wind farm
(Figure 2.2). Attraction to an aquatic wind farm is also conceivable for some guilds of
birds or particular species that seek perches over water or whose feeding is facilitated by
indirect effects of the wind power facility, such as provision of additional prey for diving
ducks like scoters that consume mussels that can grow on the hard surfaces of the
underwater portions of the wind turbines. Little behavioral information is available on
which to make confident predictions about which guilds or species may be repelled and
which attracted. Those that are attracted may suffer higher risk of mortality by flying
more frequently in proximity to spinning blades. Those waterbirds that make frequent
flights over water in selecting new foraging areas, like diving ducks in general (J. Wright,
pers. com.) and especially mergansers and other ducks tormented by kleptoparasitic gulls,
may also experience elevated risks.
Neo-tropical migratory passerines (terrestrial songbirds) represent important conservation
concerns because of their declining numbers in North America and worldwide. The most
recent 2009 status report of bird populations by the American Bird Conservancy
identifies dramatic recent declines in many passerine bird populations from a wide
variety of anthropogenic impacts, placing many of these familiar and beloved terrestrial
birds at risk of potential extinction. Consequently, even relatively small additions in
mortality from wind farms may create unacceptable levels of cumulative human impacts.
Passerines undergo seasonal migrations in fall and spring and generally conduct those
long-range flights at high altitudes during the night (J. Fussell, pers. com.). As a rule,
passerine birds fly at higher elevations during migration than the tops of wind turbines of
existing designs (134 m for the monopiles of the Cape Wind plans for Massachusetts).
Individual passerines flying lower generally are ill and do not survive migration (D. Lee,
pers. com.). Thus, the risk to healthy passerines is usually limited to take-off and landing
zones associated with the terrestrial vegetation on which they spend the day before
resuming their nocturnal seasonal migrations. Nevertheless, under inclement weather
conditions, the migrating passerines fly much lower and may come within range of
spinning wind mill blades (J. Fussell, pers. com.). Because birds can be attracted to
lights, especially continuous lighting, the American Bird Conservancy and the US Fish
and Wildlife Service recommend intermittent strobe lights rather than continuous beams
illuminating wind turbines (ABC 2007). These two organizations differ in whether they
consider red strobe lights to be more risky than white strobes. Both groups recommend

41

constructing wind turbines without any horizontal ledges that could serve as perches or
nesting sites, which would attract and endanger birds. A synthesized quantitative risk
assessment of cumulative impacts for some endangered or threatened passerines may
demonstrate that even a small rise in mortality from a new anthropogenic source could
lead to an unacceptable elevation of extinction risk or reduction in the capacity of the
population to recover (NRC 2007). No such analysis has been attempted to assess the
importance of the marginal increase in cumulative mortality to any passerine bird species
from wind turbine installation on land or over water.
The winter residents of the large North Carolina sounds with the greatest potential
susceptibility to wind turbines are water-associated birds from several guilds of
ecologically similar species. These birds may suffer negative impacts from habitat
displacement, from mortality after contact with a revolving blade, or from enhanced
energetic costs of circumventing wind turbines. The guilds of winter residents at risk are:
(1) cormorants, loons, and grebes (fish-eating water birds that conduct surface dives to
forage); (2) ducks, geese, and swans; (3) winter gulls, like herring gull and great blackbacked gull, and terns and pelicans; (4) ospreys, bald eagles, peregrine falcons, and other
“raptors”; (5) shorebirds; and (6) colonially roosting wading birds (herons, egrets, and
ibises).
Risks to resident birds depend upon their relative abundance, their frequency of flight, the
elevation at which they fly, the distances traveled during foraging flights, and the degree
of wind farm avoidance or attraction that they exhibit. If wind farms are restricted to
waters deeper than 4-6 m because of the minimal depth needed for installation barges, the
wind turbines will be sufficiently far from sound shorelines that risks to shorebirds and
wading birds are probably minimal, except perhaps during their seasonal migrations.
Some wading birds, however, make relatively long cross-water movements from nighttime roosts to foraging grounds and back again and thus could become routinely exposed
to spinning blades of wind turbines during such travel. Audubon Christmas bird counts
over multiple decades and US Fish and Wildlife Service data over several years indicate
which waterbirds overwinter in abundance at some specific locations in Pamlico Sound.
Duck hunters also represent a source of traditional ecological knowledge of reliable
specificity for a group of wintering birds of great cultural and economic importance to
North Carolina. Cormorants, ducks, geese, and loons also make seasonal migrations to
overwinter in the sounds of North Carolina, so impacts of wind turbines on these groups
are a concern. Cormorants fly low enough over the water’s surface and can be seen
avoiding obstacles like bridges by flying over them, so that they may not be at great risk
of contacting spinning blades. Overwintering ducks of many species make numerous
short flights every day to move among foraging areas at elevations that do overlap those
of the wind turbine blades, but they appear to shy away from unnatural structures, thus
perhaps avoiding risk of mortality by contact but experiencing higher energy
expenditures by taking longer routes to their destinations. Radar studies of flocks of
water birds at Denmark’s offshore Nysted wind farm revealed that some flying birds,
eider ducks and geese in particular (Figure 2.2), avoid wind turbines (Desholm and
Kahlert 2005). Although criticism has been made of using radar to track birds around
wind turbines because of interference of radar signals by the turbines, studies at terrestrial
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wind farms in the US have found that more than 95% of geese and raptors avoid colliding
with wind turbines (Fernley et al. 2006). Fish-eating birds may be attracted to wind
turbines if fish abundances are enhanced through an “artificial reef effect.” The winter
gulls in North Carolina do not appear to experience any shyness about approaching
unnatural structures built by humans. The fish-eating “raptors” (osprey and bald eagle)
are less abundant during winter than in the warmer months when fish are more available.
Peregrine falcons migrate down the North Carolina coast in fall (J. Wright, pers. com.).
They consistently fly higher than the tops of wind turbines, but are known to nest in
niches on tall buildings and so may be attracted to horizontal ledges on wind turbine
structures for nesting. Constructing the wind turbines so as to avoid any geometry that
could provide perches for birds represents an important means of insuring that no bird
attraction is unnecessarily created. In general, use of Pamlico and Albemarle Sounds by
wintering waterbirds is substantial and includes the entire sound area: no locality stands
out as risk-free, with ducks a group of especially high concern because of their winter
abundance, mobility, and economic importance (J. Braddy, N. Hall, D. Lee, J. Wright,
pers. com.).
The summer birds in residence in the major North Carolina Sounds also fall into several
guilds of water-associated taxa. The guilds of ecologically similar species of waterbirds
present in summer are the same as those of winter, but with substantial seasonal
replacement of species and great changes in abundances from winter to summer. The
guilds of summer residents at risk are thus: (1) cormorants, loons, and grebes (fish-eating
water birds that conduct surface dives to forage); (2) ducks and geese; (3) summer gulls,
like laughing gull, and terns and pelicans; (4) ospreys, bald eagles, peregrine falcons, and
other “raptors”; (5) shorebirds; and (6) colonially roosting wading birds. Risk to resident
foraging shorebirds would again seem minimal in summer under the assumptions that
wind farms would be located at some distance from shore in waters at least 4-6 m deep
and that limited nesting sites are properly protected by enforcing sufficient buffer zones
where the transmission cables come to shore. However, several shorebirds conduct longdistance migrations for summer breeding and to find over-wintering areas of moderate
climatic conditions. Such migrating shorebirds may experience risk of fatal encounters
with spinning wind turbine blades during migration. As in winter, the wading birds
probably suffer little risk from wind turbines placed at some distance from the sound
shore, except for those species that make relatively long over-water movements from the
night-time roost to foraging areas. Duck, goose, and swan abundances are greatly
reduced during summer in North Carolina sounds. The wood duck is atypical in that it is
a year-round resident in North Carolina: based on its evident capacity to fly among dense
trees, the wood duck would seem capable of avoiding collision with a monopile (J.
Wright, pers. com.). Because of the role of the estuary as important summer nursery for
fishes, fish abundance is much higher in summer and fish-eating birds are
correspondingly elevated in numbers. This includes several gulls and terns, the osprey,
and the bald eagle. Depending on their potential avoidance behavior in response to wind
turbines, these birds may be at risk to wind turbine mortality because they search for prey
and hover at elevations commonly within the range of the turning wind turbine blades. In
general, use of Pamlico and Albemarle Sounds by summering waterbirds is substantial
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and includes the entire sound area: no locality stands out as risk-free (J. Braddy, N. Hall,
D. Lee, J. Wright, pers. com.), with fish eaters of especially high concern.
Bats
Wind turbines in operation on land have proven to represent substantial risks to bats,
especially tree-roosting, migratory bats in the eastern US (NRC 2007). Bats die mostly
from being struck by spinning blades but also to a lesser degree from lethal air pressure
changes induced in the turbulence behind the moving blades (Baerwald et al. 2008).
Because all the east-coast bats are insectivores the risk of encountering wind turbines
presumably declines rapidly over water with distance from land, but few data exist with
which to evaluate this presumption. In California, migrating hoary bats, which also
migrate through North Carolina, have been found to travel at least 32 km from the
mainland to their daytime roosting sites on Southeast Farallon Island (Cryan and Brown
2008). These migrating bats use visual cues and are attracted to structures. Observations
made at wind turbines about 14 km from shore in Sweden revealed that even though bats
were not observed before construction, the wind turbines attracted insects and therefore
bats to feed on them (Ahlen et al. 2007). Lights and the color white appear to be
attractive to insects. Higher frequencies of encounters between bats and wind turbines
may be expected in sound locations, closer to their terrestrial daytime habitats, than for
wind farm sites offshore. Loss of bats, if substantial, can have important indirect impacts
because bats can provide the very important ecosystem service of suppressing insect pest
populations that could otherwise harm commercial agriculture of some crops (NRC
2007).
Butterflies
Some migratory butterflies may be at risk to mortality generated by turbulence behind
spinning wind turbine blades, although this group of organisms has not been included
among those at risk to terrestrial wind farms (NRC 2007). Monarchs are probably the
butterfly species in North Carolina of most public and scientific interest. They represent
a conservation concern because of loss of overwintering habitat in Mexico. Migrating
monarchs often travel along shorelines. Thus the issue of cumulative mortality would
arise if this species should prove susceptible to damage from wind turbines. Butterfly
mortality due to collisions with cars decreases as vehicle travel speeds increase,
suggesting that wind turbine blades may pose a greater risk to butterflies at slower speeds
(Grealey and Stevenson 2007).
Marine Mammals
Marine mammals always deserve consideration in any estuarine or marine assessment of
environmental impacts because of the Marine Mammal Protection Act and because many
marine mammals are listed as Threatened or Endangered under the Endangered Species
Act. The presence of the base of a wind turbine is unlikely to pose any hazard to marine
mammals in Pamlico and Albemarle Sounds (A. Read, pers. com.), but the noise and
physical disturbance generated during installation of the monopiles and burial of
transmission cables may be sufficient to repel bottle-nose dolphins or manatees from the
project area. The slow ramping-up of submarine noise prior to beginning construction
activities is sometimes used to clear target animals from an area. This technique might be
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ineffective in the sounds, however, because manatees may even be drawn to the noise (L.
Williams, pers. com.), and bottlenose dolphins have been found not to be deterred from
an area by the use of pingers, or submarine acoustic alarms (Cox et al. 2003). The use of
“T-pods,” echo location-detecting devices, to confirm the localized absence of dolphins
before beginning construction may be an effective tool in reducing impacts (A. Read,
pers.com.). Manatees may also be at risk of collision with the enhanced boat traffic
during installation of the facility. Because of the Endangered status of manatees,
installation may need to be restricted to colder months when the few manatees that occur
in these sounds will have departed for warmer waters to the south. The displacement of
dolphins from the project area during installation is not likely to have a population
consequence because prey fishes are widely available in both sounds and may even be
displaced themselves, therefore not isolating dolphins from their prey. Studies of other
species of dolphins in Denmark have demonstrated rapid return to the project area after
noise of construction ceased (DONG 2006).
Sea Turtles
All five species of Atlantic Ocean sea turtles are federally listed as Threatened or
Endangered. Loggerheads are by far the most common sea turtle utilizing North Carolina
habitats. The 2-3 year-old juveniles of three species, loggerhead, green, and Kemp’s
ridley, regularly use the sounds as foraging grounds. Furthermore, based on their
attraction to benthic invertebrates associated with oil production platforms in the Gulf of
Mexico, loggerheads are likely to be enhanced around wind turbines where they could
feed on benthic invertebrates growing on (mussels) or associated with (crabs) the shaft of
the monopile. Kemp’s ridley sea turtles consume crabs and other invertebrates so they
may be attracted to the wind turbine structures because of enhanced food resources. If
trawling were permitted within the wind farm, loggerheads and Kemp’s ridleys may be at
higher risk of mortality as they travel among monopile bases. Green sea turtles eat
seagrasses so they would not be expected to be attracted to the monopile bases.
Possibility of injury to sea turtles from wind farm development in Pamlico or Albemarle
Sounds would also be a concern during installation of the monopiles and burial of cables,
which may need to be done during colder months when sea turtles are sparse. Very little
is known about sea turtle auditory thresholds, but any noise mitigation conducted to
protect marine mammals should also be sufficient for sea turtles (W. Dow, pers. com.).
The necessary agency consultation process required under the Endangered Species Act
may identify some additional mitigation measures as necessary.
Benthic Invertebrates
The installation and presence of wind turbines in the sounds would also have an impact
on the benthic invertebrates of the system. At each monopile location, sedimentary
habitat occupied by polychaete worms, small crustaceans, Macoma and other clams that
serve as prey to demersal (bottom-dwelling) fishes and some diving ducks, will be
replaced over an area of about 16,000 square feet by a hard rock basal foundation to
protect against scour and add stability. In addition, the submersed shaft of the monopile
itself will provide more hard-bottom habitat for epibiotic (attached) invertebrates and
some seaweeds. Sedimentary bottom habitat is ubiquitous in both Pamlico and
Albemarle Sounds, whereas hard-bottom habitat is rare. Currently, the rarity of hard-
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bottom habitat limits the abundance of oysters, once a vital component of our fisheries
but now reduced to only about 1% of its natural baseline abundance 110 years ago (Kirby
2004). Where water depths do not exceed about 5 m in Pamlico Sound, the basal
foundation should be suitable for oyster colonization. Below that depth, summer oxygen
depletion often develops and kills oysters and other sedentary invertebrates (Lenihan and
Peterson 1998, Lenihan et al. 2001). The waters of Albemarle Sound are too fresh to
support oysters, so this beneficial by-product of wind turbine installation would not apply
there. In addition to supporting oyster reef development on the rock foundations in
Pamlico Sound facilities, the shaft of the monopiles would serve as habitat for mussel
attachment where salinities are high enough to allow mussels to persist. Commercially
fished and cultured blue mussels may colonize shafts and bases of wind turbines located
in higher-salinity waters. The mussels that are most likely to attach are species without
commercial fisheries value but they do serve as prey for blue crabs and several diving
ducks, especially scoters, thus providing ecosystem services. If a wind farm were located
in those areas of Pamlico Sound suitable for oyster reef development, then this effort
would enhance the current state and NGO programs of oyster reef sanctuary creation.
The reefs would provide ecosystem services of local water quality enhancement and of
habitat provision for various recreationally and commercially important bottom fishes,
crabs, and peneaid shrimp (Lenihan and Peterson 1998, Lenihan et al. 2001, Grabowski
and Peterson 2007). Dredging and long-hauling and perhaps also trawling would likely
be prohibited within the area of the wind farm to protect the buried transmission cables
and the gear of the fishermen; however, the area would not likely be closed to boat traffic
and could support other types of commercial fishing gear, such as gill nets, and
recreational hook-and-line fishing, as determined by the NC Marine Fisheries
Commission. Some soft-bottom invertebrates will be buried and killed by disturbance
during burial of transmission cable, but their numbers will recover rapidly within months.
Thus, replacement of ubiquitous sedimentary bottom by additional, now limited hardbottom habitat would be beneficial to ecosystem services provided by the benthos, at
least in Pamlico Sound. Nevertheless, in both Pamlico and Albemarle Sounds, the
augmentation of reef-associated fishes around the bases of monopiles could increase
predation on juvenile fishes and crustaceans, thereby influencing the capacity of these
large estuarine nurseries to continue to produce current large contributions to important
estuarine-dependent fisheries and to forage fishes used by wildlife. Further research on
this topic may be necessary, especially in conjunction with site-specific assessment of
impacts of a pilot installation.

LOCATION IN THE COASTAL OCEAN OFF NORTH CAROLINA
Currently available technology and cost considerations limit anchoring of monopiles to
waters less than 30 m in depth. Consequently, we restrict our consideration of ocean
installation sites to the strip of the coastal ocean extending from the shore out to the 30-m
isobath. Future evolution of the technology may allow installations into even deeper
waters, perhaps to 50 m. The coastal strip off North Carolina out to 30 m includes all of
the state waters, which extend out to 3 miles, and then brings in several miles of federally
regulated waters beyond 3 miles with distance offshore varying along the coast as a
function of changing bathymetry.
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Birds
The categories of birds at risk to wind turbines in the coastal ocean are the same as those
in the major sounds, although the species often differ and the risk levels change.
Migrating passerine (song) birds, winter residents, and summer residents make up the
three broad categories of coastal ocean birds to be evaluated. As on the sounds, the risk
of injury to birds involves loss of foraging habitat for those displaced, loss of life for
those suffering fatal encounters with revolving blades, and energetic penalties for birds
forced to take a more indirect route around the wind farm. Characteristics of birds that
affect their risk level are likewise analogous: relative abundance at the site, frequency of
flight, elevation of flight, distance flown in the area of the wind farm, and behavioral
avoidance of or attraction to the wind turbines. Attraction could be driven indirectly by
the wind turbines through enhancement of prey. Fishes, for example, may be attracted to
and/or nourished by the invertebrates growing on the hard substrate provided by shafts or
scour apron foundations of monopiles (Figure 2.1) and these fishes could in turn attract
fish-eating birds. This process, for example, appears to produce an association between
feeding northern gannets (Morus bassanus) and their rock fish prey associated with
structure (B. Patteson, pers. com.).
The risk of wind turbines to migrating passerine birds presumably declines with distance
off-shore in the coastal ocean. Passerine birds can fly over water during their nocturnal
seasonal migrations, but there is no obvious reason to suspect that natural selection would
favor an oceanic route off North Carolina, except perhaps near the capes. Migrating birds
will use the capes as launching areas for extended flights over water. Normally, greater
distance from shore would imply more energy costs of flying to land to find vegetation in
which to rest and feed during daylight, so passerines would not be expected to frequent
waters where an off-shore wind farm may be located. Storms could and probably do,
however, blow migrating passerines off course and occasionally out to sea, which could
elevate risks of encounters with wind turbines located in the coastal ocean. The
behavioral attraction of passerine birds to lights at night during migration, their tendency
during inclement weather to fly lower, and the higher potential of being blown out to sea
during storms with off-shore winds combine to suggest that even at some distance from
shore wind farms may need to mitigate against losses of passerine birds. Such mitigation
likely involves choosing a turbine design that avoids creating perches and lighting that
does not attract these birds, which may mean avoiding continuously illuminated lights
(NRC 2007, J. Fussell, pers. com.). If heliports are included in the wind farm to facilitate
servicing, perhaps landing by birds could be inhibited by inclusion of some effective
repellent.
The guilds of winter residents at risk to wind turbines in the coastal ocean are: (1)
cormorants, loons, and grebes (fish-eating water birds that conduct surface dives to
forage) and gannets (fish eaters that search from the air to dive on their prey); (2)
seaducks; (3) winter gulls, like herring gull and great black-backed gull, and terns and
pelicans; (4) shorebirds; (5) pelagic seabirds, like petrels and shearwaters; and (6)
colonially roosting wading birds. A large fraction of the east coast flyway’s total
population of northern gannets, double-crested cormorants, and common and red-throated
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loons overwinters in coastal waters off North Carolina. These species from this first
guild are most abundant from the beach out to about 2-3 miles and concentrate in the
most productive waters in the shoals of capes (Cape Hatteras, Lookout, and Fear) and
around inlets. Wintering seaducks are also most common near shore in the coastal ocean,
tied to availability of prey: scoters, for example, dive to capture mussels on jetties and
clams in shallow waters. Winter gulls, terns, and pelicans are similarly concentrated near
shore, influenced not only by availability of fish to feed upon but further motivated by
proximity to loafing locations on the beach itself. Shorebirds and colonially roosting
waders are even more strongly restricted to near-shore flights in the coastal ocean
because they do not forage at all while flying over water. Finally, the pelagic seabirds,
like petrels, are strongly concentrated in waters well beyond the 30-m depth, with peak
populations associated with the western wall of the Gulf Stream (D. Lee, B. Patteson,
pers. com.). This Gulf Stream edge is an especially productive feature of the coastal
ocean off North Carolina with unique biological significance for many other taxa as well.
A biological hotspot of intense production and foraging also exists northeast of Cape
Hatteras in about 320 m of water called “The Point”, in which risks of wind turbines to
several seabirds may be unacceptably high. Consequently, the distribution of wintering
seabirds off North Carolina reveals a zone of exceptionally high bird use inside of 2-3
miles from the beach and another zone of very low bird use extending from about 12
miles off the beach out to a depth of more than 30 m (Golder 2004, D. Lee, pers. com.),
except in areas near the major capes (like Cape Hatteras – B. Patteson, pers. com.) and
perhaps also around inlets.
The guilds of summer residents at risk to wind turbines in the coastal ocean are: (1)
cormorants, loons, and grebes (fish-eating water birds that conduct surface dives to
forage); (2) seaducks; (3) summer gulls, like laughing gull, and terns and pelicans; (4)
ospreys and peregrine falcons, and other “raptors”; (5) shorebirds; (6) pelagic seabirds;
and (7) colonially roosting wading birds. By summer, the massive flocks of cormorants
and gannets plus the large seaduck flocks will have left for northern latitudes. The
summer members of this first and second guild remain concentrated within about 2-3
miles of the beach in response to availability of the fish (and benthic invertebrates in the
case of scoters) that form their diets. Similarly, summer gulls, terns, and pelicans are
most abundant near shore, with concentrations around inlets and the major capes where
fish are most readily found. Ospreys are most common on coastal ponds but those that
forage at sea do so immediately along the shore. Peregrine falcons hunt shorebirds along
the beach and sound shores, so they do not venture out any distance into the coastal
ocean. Although not known to suffer mortality from any existing (terrestrial) wind
turbines, shorebirds represent a group of concern because they are suffering such
dramatic population declines. Red knots (Calidris canutus) are down by 82% over the
past few years, sanderlings (Calidris alba) are decreasing in abundance, and the piping
plover (Charadrius melodus) decline has now elevated that species to the federally
Threatened list (NABCI 2009). This designation brings need for special precaution to
protect piping plovers against any additional anthropogenic intervention that could cause
further cumulative mortality. This guild of birds, shorebirds, is associated with ocean
beaches, inlet shores, and the shoreline flats and vegetation of the sounds. They undergo
frequent flight to relocate as the tide changes or as prey patches become depleted, and
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they migrate long distances seasonally along the coastlines. They are not known to
regularly fly great distances from land, so risks to shorebirds from wind turbines can be
minimized by employing a 2 mile buffer from land that we also propose to protect
migratory passerine birds. As in winter, the true pelagic seabirds are focused on the
productive western wall of the Gulf Stream and approach the shallow coastal ocean over
waters of less than 30 m depth only rarely (C. Haney, D. Lee, B. Patteson, pers. com.).
Consequently, bird utilization of the coastal ocean out to the 30 m isobath exhibits a
similar pattern in all seasons, despite seasonal differences in species of birds: the
nearshore zone out to perhaps 12 miles, the major capes and cape shoals, the inlets, “The
Point” and the broader region where the Gulf Stream and Labrador Currents meet and
mix, and the western wall of the Gulf Stream represent hotspots of biological activity and
avian abundance (Golder 2004). A zone of about 12 miles out to the 30-m depth
represents a region of low bird use (D. Lee, pers. com.).
Bats and Butterflies
Bats and butterflies are regularly observed over the coastal ocean, even though all the
bats of the east coast are insectivores and their insect prey are associated with vegetation
on land. Both bats and butterflies are tied to terrestrial resources, insects and plants,
respectively, for foraging, resting, and reproduction, so extensive use of the coastal ocean
seems unlikely under normal circumstances. We assume that risks to bats and butterflies
from wind turbines decline with distance from land. Nevertheless, after the Swedish
wind turbines were installed 14 km off shore in the coastal ocean, insects became
attracted to the white colored blades and bats followed (Ahlen et al. 2007).
Consequently, as with wind turbines on land, bats do represent a group at risk from wind
farms over North Carolina coastal waters out to some appreciable distance. White colors,
which tend to attract insects, should be avoided as one mitigation measure to protect bats.
Bats perform useful ecosystem services by preying on insects that would otherwise
damage crops. With the exception of Rafinesque’s big-eared bat (Corynorhinus
rafinesquii), none of the migratory bats of the east coast is endangered or threatened, but
some are declining in abundance at rates of concern. No evidence exists to indicate that
migrating butterflies like the monarch suffer injury from wind turbines. When seen at
sea, monarchs fly low over the water, and their presence is likely accidental as a
consequence of being blown away from the beach by offshore winds.
Marine Mammals
Marine mammals are present in the coastal ocean and, in addition to all requiring
protection by the Marine Mammal Protection Act, several are federally listed as
Threatened or Endangered under the Endangered Species Act. As such, extreme caution
is required and species-specific assessments and agency consultations are needed before
any wind farm project could be approved. Right whales, an Endangered species, are
present in the coastal ocean near shore during fall and spring migrations (B. Patteson,
pers. com., A. Read, pers. com.). Some individuals may now be calving in North
Carolina waters instead of in the traditional Georgia-northern Florida region.
Construction noise and vessel collisions represent the most evident risks to right whales
posed by wind farm development in the coastal ocean: these risks may need to be
mitigated by softly ramping up noise during installation and by restricting service vessel
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speeds. Such measures would likewise be an appropriate mitigation for risk to humpback
whales, which also migrate through in the near-shore coastal ocean off North Carolina.
Juvenile humpbacks occasionally overwinter close to shore in North Carolina, most
commonly north of Cape Hatteras between November and April (A. Read, pers. com.).
Fin whales are present but rare at all times of the year and are documented only north of
Cape Hatteras (B. Patteson, pers. com., MMS 2008). Other whales are found in waters
deeper than the 30-m depth limit to wind farm installation. Bottle-nose dolphins are the
most abundant marine mammal in the coastal ocean off North Carolina and construction
noise mitigation, especially if ramped up over time, should help limit risk to this species.
Spotted dolphins are also present, but exist further from shore and over hard bottom, and
are not expected to be attracted to the artificial structures or construction activities (A.
Read, pers. com.). Harbor porpoises, present in northern North Carolina offshore waters
between November and April, may be especially disturbed by construction given their
sensitivity to noises and disturbances. Pingers, or submarine acoustic alarms, have been
successful in clearing this species from an area (Culik et al. 2001). It may also be wise to
use “T-pods,” echo location-detecting devices, to confirm the absence of certain marine
mammals in a given radius before beginning construction (A. Read, pers. com.). Harbor
seals, common winter residents in coastal waters of North Carolina and two species of ice
seals (hooded and harp), which are rare here, are not likely to be affected by wind farm
operation or construction activities (A. Read, pers. com.). Further research on impacts of
construction noise and operation noise from wind turbines can serve to insure that marine
mammals are protected.
Manatees, which are Endangered, are extremely rare in North Carolina waters, with
occasional migrants entering estuaries in summer and leaving before winter cold sets in.
Several isolated records of manatees exist for Bogue Sound and at least one for Pamlico
Sound. Whether the animals migrate through the coastal ocean or in the Intracoastal
Waterway is unclear, although radio-tagging of one individual summering in the
Chesapeake Bay demonstrated travel in the coastal ocean. Risk to manatees in the
coastal ocean off North Carolina is limited to times when these occasional individuals are
actually migrating north or south and doing so in the ocean rather than along the
Intracoastal Waterway passage. At such times, noise during construction and collision
with construction vessels probably represent the greatest risks to manatees, but the
likelihood of manatee presence is so low that establishing mitigation measures such as
limiting service vessel speed during transit between shore and the wind farm site may be
unnecessary.
Sea Turtles
All five species of Atlantic Ocean sea turtles can be found in the coastal ocean off North
Carolina and all are federally listed as Threatened or Endangered. Loggerheads occur in
the coastal ocean of North Carolina year-round, but especially during all warm months,
and are by far the most common sea turtle utilizing North Carolina habitats. Loggerheads
regularly, and Kemp’s ridleys sporadically, lay eggs in nests on North Carolina beaches.
Hatchlings migrate across coastal ocean waters to the Gulf Stream as they leave their
nests in late summer and early fall. There is some risk that lighted turbines could distract
mothers or hatchlings moving to or from nests (C. McClellan, pers. com.). Adult
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loggerheads and leatherbacks, and some juvenile Kemp’s ridleys, can be found in the
coastal ocean foraging off North Carolina beaches. These turtles overlap the relevant
zone for feasible development of wind farms. Furthermore, based on their attraction to
oil production platforms in the Gulf of Mexico (Lohoefener et al. 1990), loggerheads are
likely to be enhanced around wind turbines where they can feed on benthic invertebrates
growing on (mussels) or associated with (crabs) the shaft of the monopile. With a similar
diet, juvenile Kemp’s ridleys may also be attracted to the turbines for foraging
opportunities. These turtles may then experience elevated risk from encounters with
vessels or fishing gear. During winter, instead of migrating some Kemp’s ridleys and
green sea turtles have been found to hibernate in the sediments placing them at risk
during installation of the monopole (Spotila 2004). Nevertheless, injury to sea turtles
from off-shore wind farm development would seem to be only a remote possibility,
although the necessary agency consultation process may identify some required
mitigation measures. Shrimp or flounder trawling around the wind turbines could place
sea turtles at added risk if they are concentrated in the area by augmented prey. Trawls
are required to use TEDs (Turtle Excluder Devices), but the wind farm may need to be
closed to bottom trawling to avoid sediment suspension that would degrade the rocky reef
habitat created by the foundations and to prevent fishermen from snagging their nets. Sea
turtles, including especially the hatchlings that associate with floating Sargassum, are
very sensitive to oil spills, so unusual care to prevent oil discharges from the construction
and service vessels and lubrication fluid release from the wind turbine may be needed
(MMS 2008). Buried transmission cables, among wind turbines and between the wind
farm and the shore, may affect turtle movement patterns, We cannot exclude the
possibility that electromagnetic fields produced by buried transmission cables would
disorient sea turtles as well as other vertebrates and invertebrates that possess magnetic
compasses (Lohmann et al. (2008).
Benthic Invertebrates
The installation and presence of wind farms in the coastal ocean off North Carolina
would have an impact on the benthic invertebrates in the coastal ocean ecosystem. The
approximately 16,000 square-foot bases constructed of rock would displace the
sedimentary habitat occupied by soft-bottom infaunal (buried) taxa like bivalve and
gastropod mollusks, polychaete worms, and crustaceans. Instead, the base would be
occupied by epifaunal (attached) invertebrates, including mussels, barnacles, sponges,
bryozoans, gorgonians, and solitary corals. The laying and burial of transmission cables
among monopiles and from the wind farm to shore would create a temporary disturbance
to the soft-bottom infauna, but recovery would be rapid - within months. So the longlasting outcome of installing a wind farm would be to replace an area of sedimentary
habitat with hard bottom. On the whole, such a replacement is ecologically beneficial
because the sedimentary habitat in the coastal ocean off North Carolina to a depth of 30
m is virtually ubiquitous. Hard-bottom habitat is limited, especially north of Cape
Lookout, and hard-bottom habitat develops invertebrate communities that can support
commercially and recreationally valuable reef fishes like snappers and groupers.
Fisheries management would need to insure that the reef-associated fishes associated
with the bases of the monopiles were not overfished, thereby removing these potential
synergistic benefits (Powers et al. 2003). In addition, the shafts of the monopiles serve as
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hard attachment sites for marine mussels and other organisms that can support feeding by
demersal fishes, crabs, and sea turtles. The existence of buried cable and rock bases
serving as foundations for the monopiles would prevent any dredging and likely lead to
closure of trawling as well, but boat access for recreational and commercial fishing by
hook-and-line or by diving could remain open at the discretion of the North Carolina
Marine Fisheries Commission in state waters and the appropriate regional fisheries
council for federal waters. We discuss below more aspects of the synergies between
wind farm development in the coastal ocean and other ecosystem services.

SPATIAL DISTRIBUTION OF RISK
Birds and Bats
After compiling all of the information on distribution and behavior of birds and bats over
and near the major sounds and coastal waters of North Carolina, we constructed a map
indicating likely areas of high risk (red), moderate risk (yellow), and low risk (green) for
negative interactions between wind turbines and aerial fauna (Figure 2.3).

Figure 2.3. Likely risk for negative interactions between wind turbines and aerial fauna. Areas
colored red have high risk while areas colored yellow have moderate risk of negative interactions

Current information is inadequate to characterize the quantitative risks to nocturnally
migrating passerines, so precautionary avoidance of the most risky areas near shore and
an impact study of a pilot wind turbine installation over water seem appropriate
management responses. Passerine birds are terrestrial and, even during migration, return
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during the day to rest and feed on land so that risk of deadly encounters with wind
turbines is likely to be higher closer to land. Consequently, a buffer zone of 2 miles
along all sound and ocean shorelines is merited. Because they do not generally fly far
from land, shorebirds and bats should also be protected by a 2-mile buffer from land.
Data from a pilot study are needed to assess any remaining risks after avoiding whitecolored wind turbines, avoiding continuous lighting, and separating the wind turbines
from land by at least 2 miles.
The other groups of birds at high potential risk from wind turbines include ducks, swans,
loons, cormorants, and grebes because flocks of these species frequently move from one
foraging location to another on the sounds and at sea. Many fly low to the water, which
may enhance risk of encountering spinning wind turbine blades (Figure 2.4). Such
frequent movements many times daily magnify the risks. Furthermore, ducks are
especially valuable in providing targets for hunting, continuing a cultural legacy, and
generating economic activity of great significance to coastal North Carolina. Danish
studies of how ducks and geese reacted to wind turbines 6-10 km from shore
demonstrated widespread avoidance by these waterbirds and little mortality (Desholm
and Kahlert 2005, Larsen and Guillemette et al. 2007). Although the results are
reassuring, these studies provide quantitative information on just the common eider
(Somateria mollissima) and the black scoter (Melenitta nigra). Additionally, eiders
completely avoided areas where wind turbines were present suggesting that wind farms
could have a negative effect on these diving ducks if placed in locations where eider
feeding habitat was limited or eiders occurred in high enough densities to deplete food
supplies. How readily other duck species and waterbirds that frequent North Carolina
sounds will avoid wind turbines during their frequent flights is unknown – and could be
learned by study of a pilot installation. To reflect the uncertain risk to ducks especially,
the entirety of Albemarle Sound, a prime overwintering and foraging grounds for ducks
and waterfowl, is designated as red (Figure 3), indicating its inappropriateness for wind
farms. Similarly, several bird and wildlife sanctuaries possess red buffers to protect the
birds from interference or injury. This forms the rationale for also marking as red the
Alligator River to reflect its National Wildlife Sanctuary status. Federally defined
buffers are likewise located around the Pea Island, Cedar Island, and Swan Quarter
National Wildlife Sanctuaries. Finally, all near-shore regions of Pamlico Sound are
heavily used by overwintering ducks and waterbirds, resulting in red zones throughout.
The only area within Pamlico Sound that receives a yellow coloration is the central
region away from shore, where risks to waterbirds exist but where use is not as great as in
the more shallow coastal areas, so trade-offs may result in locating a wind farm there.
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Figure 2.4. Aerial photograph of non-migrating eiders moving low over the water while
moving from one feeding area to another. This flock contained >20,000 individuals.
(photograph by Simon Perkins, Massachusetts, Audubon)

Bird uses in the ocean are concentrated in several hotspots of biological productivity,
which caution implies should be precluded from wind farm development and therefore
colored red. These include all inlet areas (to a distance of 5 miles in all directions from
the center of the inlet), large zones off each of the three major capes (Hatteras, Lookout,
and Fear), the entire area swept by the Gulf Stream (which is generally in waters too deep
to be within the depths of feasible wind turbine installation), and the productive coastal
strip out to about 2 miles distance from shore (Figure 3). Birds elsewhere in the coastal
ocean out to 30 m water depth suffer risk from encountering spinning wind turbine
blades, but there is insufficient behavioral information to quantify those risks especially
at the low densities of these birds that occur in some areas. Consequently, the remainder
of the coastal ocean outside the productivity and use hotspots is colored yellow indicating
moderate risk to birds from wind farm establishment, pending site-specific assessment of
risks. Because the hard substrate of the monopile and the rock scour apron base will
attract and nurture fish, fish-eating birds like gulls, terns, shearwaters, petrels, grebes,
cormorants, pelicans, and gannets may be attracted to wind turbine farms. Impact studies
of a pilot wind turbine installation would prove valuable in providing an opportunity to
quantify risk for this fish-eating guild of seabirds. Perhaps the birds of greatest concern
within this group are the largest, which may not be sufficiently nimble in flight to avoid
contact with the wind turbine blades. This concern can likewise best be evaluated by
examining a pilot installation.
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Fish, Fisheries, and Marine Habitats
In addition to the literature, we compiled a map (Figure 2.5) based on North Carolina
Division of Marine Fisheries (DMF) GIS data layers that were completed by the DMF
habitat experts and on prepared inputs by DMF management and field biologists as well
as guidance from commercial and recreational fishermen and information from the North
Carolina Department of Cultural Resources.

Figure 2.5. Likely risk of conflict between wind turbines and fish habitats or fishery activities. Areas
receiving red, yellow, and green designations have high, moderate, and low risks, respectively.

The DMF habitat experts provided GIS maps (Figure 2.5) of Primary and Secondary
Nurseries, Strategic Habitat Areas (SHAs), Artificial Oyster Reef Sanctuaries, Oyster
Cultch Planting Areas, Shell Bottom, Live Bottom, and Wreck Habitats, and SAV
(Submerged Aquatic Vegetation). In addition, we have added important transportation
corridors used by fishermen and others, such as all marked navigation channels, the
Intracoastal Waterway (ICWW), and all inlets between the ocean and sounds, as well as
Artificial Oyster Reef Sanctuaries, Oyster Cultch Planting Areas, Shell Bottom, Live
Bottom, and Wreck Habitats (Figure 2.6). This map thus includes cultural resources of
value, specifically shipwrecks. The NOAA Monitor Sanctuary protects the site of
discovery of the Civil War ironclad, The Monitor (Figure 2.6). German U-boats sunk
during the Second World War are also important cultural sites and targets of divers.
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Figure 2.6. Locations of transportation corridors, shipwrecks, oyster reefs, and live bottom habitats
in areas under consideration for installation of wind farms over water.

The State regulatory structure governing wind energy development presently is
fragmented and potentially lengthy, and there are few incentives for wind energy
development compared to other sources of alternative energy. Enacting comprehensive
statutes governing key components of wind energy development to streamline the
process, and providing incentives for wind energy development would help to ensure that
this resource is effectively utilized.
Again, we used this information to color in three types of areas: red for unacceptable
levels of conflict between sensitive fish habitat, fishing use, transportation, or cultural
resources and potential wind farm presence; yellow for appreciable levels of conflict but
where trade-offs among uses may still lead to approval of wind farms; and green where
wind farms would not appreciably compromise fish habitat, fishing uses, or
transportation by fishing boats, provided that local site assessments prior to installation
fail to identify unanticipated conflicts (Figure 2.5, 2.6). Many of the red areas identified
in Pamlico Sound, Albemarle Sound, and the coastal Atlantic Ocean coincide with red
areas based on other considerations also, such as the near-shore waters too shallow to
float the barges needed for windturbine installation, subject to concern over visual
impacts, and heavily used by waterbirds and recreational boaters alike.
Most of the area of both major sounds, Alligator River, and the coastal ocean is subject to
sufficiently intense levels of use by fish, fishing, or boat transportation to deserve red or
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yellow color indications (Figure 2.5). Within the Albemarle Sound, no area is
unambiguously green; however, a relatively small area north of Manteo and east of the
Intracoastal Waterway, currently designated yellow, may deserve green notation based on
just the compatibility with fish, fishing, and boat transportation. Nevertheless, such an
area would be too small to hold a wind turbine farm of the size typically suggested as
commercially viable (about a 14 km x 14 km square). In addition, a wide buffer zone
around the Intracoastal Waterway to the west, where it lies in open water of the sound,
may be desirable and encroach upon whatever small area may be carved out of Albemarle
Sound in this region.
Within Pamlico Sound, two green areas, one large and one small, exist in which conflicts
between wind farms and fish habitat, fishing, and boat transportation are low enough to
allow wind farm development, based on this criterion alone (Figure 2.5). The smaller of
these areas encompasses Bluff Shoals, running southeast-northwest from around Rose
Bay to Ocracoke. Water depths exceed 3 m but the shoaling may be serious enough to
preclude wind turbine installation if 4-6 m of water is required to float the installation
barge. Little shrimp, crab, or flounder trawling takes place on Bluff Shoals and the crab
potting that does would be compatible with wind turbine presence. Bluff Shoals would
not hold a wind farm as large as a 14 km x 14 km square – so the shape would need to be
rectangular. Provision would need to be made to avoid the NC Ferry channel that cuts
through Bluff Shoals to allow passage by the Ocracoke-to-Swan Quarter ferry service
(Figure 2.6). This would result in two separate groups of wind turbines on Bluff Shoals.
The larger green area (Figure 2.5) is a rectangular zone in the eastern portion of Pamlico
Sound in deeper water behind the Outer Banks and north of the Bluff Shoals. Based on
our interviews with fishery managers, this zone is not used for trawling, is too deep for
submerged aquatic vegetation (SAV), possesses little shell bottom, and should be
generally open for wind farm development. However, some commercial fishermen have
suggested that use of the area by fishermen is increasing and argued that its designation
be changed to yellow. The presence of the Pea Island National Wildlife Sanctuary to the
east of this larger green area also may conflict with the need to avoid negative visual
impacts. We decided to retain a green designation for the present but caution that
consideration of this area for siting wind turbines will require further investigation. A
zone to the west of this larger green zone is colored yellow because, while trawling does
occur there, its intensity appears to be lower and it is less spatially concentrated than the
highly concentrated seasonal trawling between Bluff Shoals and the Cedar Island
“beach”. Consequently, policy trade-offs may possibly result in decisions to allow siting
of a wind farm in this yellow zone. The remainder of Pamlico Sound, including the nearshore zones and rivers and creeks, pose serious conflicts between wind turbines and fish
habitat, fishing, and transportation, producing a red designation.
In the coastal ocean off North Carolina out to a water depth of 30 m, three green zones
exist (Figure 2.5) where wind farms appear compatible with fish habitat function, fishing
uses, and boat transportation corridors. One of those is a zone of off-shore waters
extending from the 15 m water depth to the distance where water depth exceeds 30 m and
beginning north of Oregon Inlet and extending to the off-shore projection of the
Virginia/North Carolina state line. This zone possesses very little live-bottom habitat and
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lies seaward of the region that is seasonally trawled for flounder and other fishes. This
zone lies north of the extremely productive region called “The Point” off Cape Hatteras.
Some limited commercial fishing does occur in this zone, but much of it may prove
compatible with the presence of a wind farm. A second green zone occurs in Raleigh
Bay east of Core Banks from a depth of 15 m to the 30 m isobath. Commercial fishing
intensity in this zone is low and relatively little hard bottom occurs in this large area.
Another green zone, 7 – 8 miles wide, suitable for wind farms exists west of the highly
productive and intensely fished area associated with, and south of, Cape Lookout (Figure
2.5). This region lies about 10 miles offshore of Bogue Banks, beginning around 7 miles
west of the line projecting south from Beaufort Inlet, and continuing westward to about
15 miles offshore of where the line projecting south of New River Inlet would appear.
This zone does include some live bottom habitat, both natural and artificial, including
wreck sites. Using a recommended buffer of 500 m around each live bottom site (based
on testimony to the Coastal Resources Commission from Dr. Larry Cahoon of UNC-W),
presence of a live bottom location could preclude wind farm development because wind
turbines are spaced in a regular array with 0.7-km spacing between them. Consequently,
the specific location of a wind farm in this zone would need to be based on local
recognizance to align the wind farm in a way that avoids these important live-bottom
habitats.
Each of the three main capes in North Carolina possesses associated regions of high
biological productivity and intense fishing, making them unsuitable for wind farm
development, as indicated by the red, irregularly-shaped buffers situated around each
cape (Figure 2.5). Similarly, any area within the Gulf Stream, and especially its western
wall, has high importance as pelagic fish and wildlife habitat and should be excluded
from consideration for wind farms. Normally the Gulf Stream lies well seaward of the 30
m depth limit for economically practical deployment of monopiles, but future
technological advances may extend wind turbine use into even deeper water.
Furthermore, inlets are extremely productive waters for pelagic fishes and associated
wildlife as well as navigation corridors so that wind turbines should be excluded in a
buffer around each inlet and extending out to sea for some distance of perhaps 5 miles or
where inlet influence on productivity may end. A region of the coastal ocean south of the
Cape Fear River may also represent a feasible location for a commercial wind farm.
However, live bottom habitat becomes increasingly common on the North Carolina
continental shelf as one proceeds from north to south. This zone south of Cape Fear and
located in a band from about 8 - 20 miles off the beach may contain so much live bottom
as to remove it from consideration as a wind farm site. However, fishing uses and boat
transportation corridors do not otherwise interfere with wind farm development in this
zone, which we therefore indicate with a yellow color. Adjacent to this yellow zone,
beyond 20 miles off the beach to 30-m depth, fishing is much reduced as indicated by the
green coloration (Figure 2.5). Nevertheless, very little information is available on fish
habitat in this area and site-specific evaluation will be necessary before any permitting of
wind farms.
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SYNERGIES BETWEEN WIND FARMS
AND OTHER ECOSYSTEM SERVICES
The presence of wind farms in the sounds or the coastal ocean occupies space on the
bottom, in the water column, and in the air that can preclude other activities; yet wind
farms can also provide synergistic ecosystem services. These potential services flow
from the addition of hard structure rising from the bottom in an otherwise unstructured
plain of mobile sediments and from impacts on the wind fields in the wake of turbines
and how they affect mixing of surface waters. Consequently, depending upon specific
location, positive environmental effects of wind farms (synergies) include establishment
of oyster reefs in saline sounds, creation of additional rocky hard-bottom reefs in the
coastal ocean, facilitating off-shore mariculture, enhancing local upwelling and thereby
mixing oxygen into seasonally oxygen depleted sound waters, and enhancing local
upwelling in the coastal ocean with potential impacts of enhancing food web production.
The State of North Carolina, the US Army Corps of Engineers, many NGOs (including
The Nature Conservancy and the North Carolina Coastal Federation), and private
individuals now are contributing resources and effort to restoring oyster reefs to serve as
unharvested oyster sanctuaries (Figure 2.7) to improve local water quality by filtration
and to provide more habitat for demersal (bottom) fishes, crabs, and shrimp (Lenihan et
al. 2001, Peterson et al. 2003, Grabowski and Peterson 2007). The process of creating a
restored oyster reef involves introducing hard emergent structure to the estuarine bottom
in an area with salinity and oxygen suitable to allow oyster growth. Where nearby
spawner stocks of oysters are limited, reef restoration also includes planting of seed
oysters raised in a shellfish hatchery. If wind turbines are installed in Pamlico Sound in
waters not so deep as to experience density stratification and summer oxygen depletion at
the bottom (shallower than about 6 m), then each monopile would add 16,000 square
meters of rock foundation in the form of a scour apron around the base of each monopile,
all suitable substrate for the establishment of an oyster reef. This oyster reef would
deliver the ecosystem services of enhanced water filtration to remove sediments and
excess algae, enhanced habitat for and production of reef-associated blue crabs and
demersal fishes such as sheepshead, speckled trout, red drum, black drum, and others,
and enhanced spawner stocks of oysters, which would create more oyster larvae to
colonize other hard bottoms within the circulation path of the currents that transport those
larvae. This same set of ecosystem services would not now flow from wind turbines
located in Albemarle Sound because its salinity is too low to support oysters.
Nevertheless, as sea level continues to rise, the salinity of Albemarle Sound will
ultimately increase, so that over a period of decades, rocks at the base of monopiles in
Albemarle Sound could also provide this added set of benefits to public trust resources.
Whether the augmentation of demersal reef-associated fishes around artificial reefs is a
reflection of augmented production or simply attraction has not been answered with
certainty (Powers et al. 2003). Nevertheless, Peterson et al. (2003) related the fish and
crab augmentation around oyster reefs to the degree of reef-associated prey in the fish
diets and demonstrated that the large majority of production of oyster-reef associated
fishes could be attributed to feeding on reef-associated prey resources. Similar studies
have yet to be done for artificial reefs in the coastal ocean.
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Figure 2.7. Locations of oyster sanctuaries and oyster cultch planting sites in Pamlico Sound.
(Figure provided by NC Division of Marine Fisheries)

How such artificial oyster reefs would be managed falls under the purview of the North
Carolina Marine Fisheries Commission. Other wind farms elsewhere are open to public
boating access. Nevertheless, the presence of buried electrical cable and the rock
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foundations around the base of each monopole implies that dredging would be prohibited
in the interest of public safety and to preserve the integrity of the foundations of the wind
turbines and prevent costly cable damage. Trawling may also be prohibited, at least close
to the rock foundations, which could snag gear, and perhaps also over buried
transmission cable. Currently, the NC Marine Fisheries Commission allows commercial
gill netting and crab potting around oyster reef sanctuaries, although approvals of these
practices are being reconsidered by the commission. The NC Marine Fisheries
Commission would continue to have discretion over how to allocate any enhanced fish,
crab, and shrimp resources among users.
In addition to the structural habitat provided by the rocks at the bases of the monopole
shafts, the shafts themselves provide attachment surface for epibiota. Wilhelmsson et al.
(2006) found wind farm monopiles, located near the southeastern coast of Sweden, were
covered with mussels and had attracted or recruited densities of reef-associated fish that
were higher than those in the surrounding area. Among the epibiota expected in Pamlico
Sound locations are barnacles, oysters, and mussels. These species serve as prey for
some diving ducks like scoters and for several fishes, most notably sheepshead and black
drum. Consequently, the monopole shafts will offer prey that enhance the production of
important avian and fish resources. The fishes are targets of recreational fisheries and so
could provide some social and economic services. Monopiles erected in Albemarle
Sound may become colonized by barnacles and serve to some lesser degree as habitat
feeding sheepshead. However, the lower salinity of this sound inhibits full development
of this function.
Wind farms established in the coastal ocean off North Carolina in waters less than 30 m
in depth will also have great potential to serve as artificial reefs supporting enhanced
production of some demersal (bottom) fishes, such as snappers and groupers, and
aggregating other predatory pelagic fishes, such as king mackerel. Rocky habitat with
sufficient relief to avoid burial by mobile sediments and thus to serve as attachment sites
for epibiota like bryozoans, sponges, gorgonians, and solitary corals is limited off the
North Carolina coast (Figure 2.6). The “reefs” or “rocks” that exist are prime habitat for
many fishes of recreational and commercial value, most of which are so seriously
overfished that NOAA NMFS is currently proposing dramatic reductions in catch and
establishment of MPAs (Marine Protected Areas) in which all fishing will be prohibited
for years until stocks are rebuilt. Constructing wind farms using monopiles or some other
structure utilizing a base of rocks can provide critically limited habitat to promote
rebuilding of overfished stocks in the snapper-grouper complex. If the wind farm
provides extensive enough rocky bottom habitat and is located in prime recruitment
areas, it is even possible that these facilities could relieve the need to close as much
existing reef habitat and thereby help preserve valuable head-boat, charter, recreational,
and commercial fisheries now threatened with closure. Interviews with captains working
in these fisheries can help locate wind farms where recruitment is known to be strong.
For example, the rocks in about 20-30 m of water off Bogue Banks are prime recruitment
habitat for these reef fishes, suggesting that this location may be an excellent candidate
for locating a wind farm. Empirical field confirmation and quantitative assessment of the
effects of installing wind turbines and the rock apron bases are needed in the coastal
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ocean off North Carolina. Such research should include approaches to determine the
degree to which such artificial reefs truly augment production of demersal fishes instead
of just aggregating those fishes. Meta-population modeling could also be conducted to
estimate the contributions that a wind farm with a given area of rock bases and in a given
location might be expected to augment reef fish stocks and thereby relieve the need for
complete closure of currently fished areas planned for MPA status in the near future. To
protect the hard-bottom organisms and habitat from damage by anchors, the wind farms
could be required to set up marine hitching rails on which boats could tie up without
using anchors. Such hitching areas are analogous to what are provided adjacent to some
oil production platforms in the Gulf of Mexico, which also serve this function of
provision of habitat for reef fishes. Thus, an important potential synergy exists between
need for alternative energy and need for reef fish habitat that could be met by wind farms
in the coastal waters off North Carolina. To achieve the benefits of rebuilding stocks of
depleted reef fishes, it is likely that the NC Marine Fisheries Commission or NOAA
NMFS (depending on jurisdiction) will need to close the wind farm to bottom fishing to
prevent overfishing, which is commonly associated with artificial reefs because the
aggregated fish are so easy for fishermen to locate and target (Powers et al. 2003).
Provision of artificial hard substrate can have unintended negative consequences. In
Australia, Glasby et al. (2007), using both observational and experimental data,
documented that artificial substrates, in the form of pilings and pontoons, can facilitate
invasion by non-indigenous species into shallow-water marine habitats. Wilhelmsson
and Malm (2008) found evidence that a non-indigenous species utilized wind farm
monopiles. To date, the positive contributions provided by wind turbine bases in the
form of enhancing ecosystem services of marine habitats exceed the negative effects, but
prudence dictates monitoring the communities that develop on and near monopiles.
There is increasing interest in developing commercial off-shore mariculture. Such
operations growing sea scallops or caged fish could be facilitated by the presence of a
wind farm because the two activities are completely compatible and, more importantly,
the presence of the wind farm structures helps protect the cages and other containers from
inadvertent damage by boats. In theory, mariculture cages could be secured by
attachment to the monopiles, but in practice, the additional drag on the monopiles is
likely too great to be accommodated. The hard surface provided by the wind turbine
shafts located north of Cape Hatteras will become naturally colonized by blue mussels,
which support fisheries and are cultured in many areas. It is possible that natural blue
mussel colonization of monopile shafts in this geographic region could be sufficient to
provide a harvestable crop of blue mussels, analogous to the harvests and sales of
mussels colonizing pilings associated with off-shore oil production platforms in southern
California. Cleaning of these structures is desirable and can be even required by the
engineers so as to reduce drag from currents and waves and thereby preserve the stability
of the installation.
The operation of a wind turbine and a field of wind turbines has local impacts on the
downstream wind field. Specifically, as air flow passes through the spinning blades of
the wind turbines, a divergence of winds is created over the water surface (E. Hoffman,
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pers. com.). This atmospheric phenomenon itself induces local upwelling whereby
deeper waters are brought to the surface. In Pamlico and Albemarle Sounds, where
bottom waters can become oxygen depleted during summer and can even cause fish kills,
wind turbine-induced upwelling and vertical mixing would reintroduce oxygen and
thereby have beneficial impacts on the sound ecosystem to some unknown degree. This
same phenomenon of locally induced upwelling could also be beneficial in the coastal
ocean because it brings deeper nutrients into the lighted surface waters and thus enhances
phytoplankton production, on which the pelagic food chain is based. The scope of these
beneficial impacts of wind turbines on these local oceanographic processes can only be
determined by studying an actual wind turbine in operation.

USE CONFLICTS AFFECTING SITE SELECTION
Military Airspace and Training Grounds plus FAA Restrictions
Several pre-existing uses by aircraft and or vessels are incompatible with establishment
of wind farms. We compiled information on these areas from the U.S. Navy (FACSFAC
VACAPES, Virginia Beach, Virginia) and the U.S. Marine Corps (MCIEAST,
Jacksonville, North Carolina) (Figure 2.8).

Figure 2.8. Military use conflicts with wind turbine installations. Areas or corridors designated
in any shade of red or enclosed by the radar vector circles represent locations where tall
structures and wind farm installations would be incompatible with military activities.
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Necessary restrictions on wind turbines are established to avoid interference with lowaltitude flights, with heavy military and commercial boat traffic, and with radar signals.
Wind turbines disrupt radar and inhibit its use because the spinning rotor blades can hide
targets behind them, imply false targets, and modify a true targets apparent position
(Figure 2.9). Because of these negative effects of wind turbines on radar
communications, wind turbines are more severely restricted than other tall structures.
The Cherry Point Air Station (Craven County), Atlantic Field (Carteret County), and
Piney Island Bombing Range (Carteret County) possess zones of closed air space that
extend across much of southern Pamlico Sound and preempt wind farm development in
those zones (Figure 2.8). Naval activities associated with the Stumpy Point MOA
(Military Operations Area) used heavily by naval aircraft from the Oceana Naval Air
base in Norfolk, VA restrict areas in much of northern Pamlico Sound (Figure 2.8). In
addition, airspace restrictions exist seaward of the northern Outer Banks (for air training
routes as well as in warning areas W-122A and W-72A). A search for a new Outlying
Landing Field (OLF) for training is on-going with a focus on certain northeastern NC
counties like Camden County. Once a site is chosen, there will be a new zone of closed
air space associated with it, which could preempt wind farm development in that zone
over the Albemarle and Pamlico Sounds. Air training corridors for low-altitude flight
also exist in the coastal ocean in Raleigh Bay and Onslow Bay (Figure 2.8).

Figure 2.9. Some effects of wind turbines on radar surveillance.

Other military and civilian uses also preempt wind farm development. The US Army
Corps of Engineers maintains a heavily instrumented research facility at Duck (Dare
County), using sonar and other electronic sensors that could suffer interference from
nearby wind turbines. The Camp Lejeune Marine Base uses the coastal ocean off
Onslow Beach (Onslow County) for amphibious training, including bombing support of
landing operations, which prevent wind farm development in the coastal ocean to about 7
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miles off shore of Onslow Beach and adjacent Brown’s Island. This region of the coastal
ocean already lies within the radar restriction area for Camp Lejeune (Figure 2.8). In
addition, a military sonar testing grounds is under development for a large area of
Onslow Bight: operating wind turbines could interfere with such training, although we do
not yet have a response from the military command on this issue or the area involved.
Commercial airspace around the New Bern airport (Craven County) may conflict with
wind farm development on the upper Neuse River estuary region of Pamlico Sound, but
this area is an unlikely target site for a wind farm for other reasons relating to multiple
public uses of the waters. Small private airfields exist in several locations (e.g., Beaufort,
Buxton) and it is unclear whether their presence preempts air space that may exclude
some zones from wind farm development. Likewise long-range radar facilities operated
by the US Weather Service, the military, communications businesses, television news
stations for weather forecasting, or other private purposes may be compromised by wind
farm development in certain areas, but we do not yet have information on this issue.
Navigation Corridors
Traditional navigation corridors are incompatible with wind farms within them or in close
proximity (Figure 2.6). What the buffer distance should be between such paths in the
sound or sea and a wind farm location is uncertain, but some additional separation seems
necessary as a precaution. Such corridors that preempt wind turbine development within
them and in some buffer zone around them include all marked or charted navigation
channels, and all inlets and the waters inside and outside the inlets extending some
distance of perhaps a mile as a buffer. The Intracoastal Waterway (ICWW) should
probably be granted a wider buffer than those provided for other navigation corridors
because of the intensity of boat traffic and large sizes of some of the commercial and
military craft that use it. Traditional commercial and military shipping lanes should be
avoided, which clearly include pathways into the ports of Morehead City (Carteret
County) and Wilmington (New Hanover County). Nevertheless, other corridors like well
traveled ocean shipping lanes also may need to be considered for exclusion. Traditional
routes used by commercial fishing boats may include corridors that are not marked
channels but nevertheless deserve to be maintained without obstructions of wind
turbines..
Heavily Fished Areas
Although boating access to wind farms would not be excluded and some commercial and
recreational practices could continue within wind farms without inference, other gear
uses and fisheries would be precluded. Consequently, locating wind farms in areas where
such incompatible fisheries are absent seems to be sensible planning. Bottom dredging,
either for oysters in Pamlico Sound or calico scallops, surf clams, Arctica islandica, or
Mercenaria campechiensis clams in the coastal ocean, would almost certainly be
prohibited within a wind farm and in and along the transmission cable corridor from the
wind farm to land. Such dredging could dislodge and even damage the buried
transmission cable, with associated risk to the fishermen. Existing oyster reef
sanctuaries, natural oyster reefs, and cultch planting areas used by the NC Division of
Marine Fisheries for deposition of surface shell to attract settlement of oysters and
enhance fishable oyster populations should be excluded from consideration as wind farm
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sites in the Pamlico Sound (Figure 2.7). The Albemarle Sound is too fresh presently to
support oyster populations. Some limited dredging for blue crabs also takes place in the
Pamlico and Albemarle Sounds, so those areas also preclude compatible wind farm
development. In the coastal ocean off North Carolina, little clam dredging takes place
now because of limited bivalve mollusk resources but traditional dredging grounds could
be considered out of bounds for wind farm development in hopes of recovery of the
resources.
The most extensive fishing activity that interacts with the bottom of both the Pamlico
Sound and coastal ocean in North Carolina is bottom trawling – for penaeid shrimps and
flounders in the sounds and coastal ocean and, less commonly, for blue crabs in the
sounds. It is unclear whether trawling among the wind turbines and over the route of the
transmission cable to shore would be permitted. The tickler chains in front and the trawl
“doors” on the sides do penetrate into the sediments and pose some risk of uncovering
and tangling with the buried transmission cables. Fishermen themselves would wish to
avoid the rock foundations of the monopiles to protect their nets from damage and loss,
so those areas would be lost to the fishery. Thus, it is possible that intensely used
trawling grounds in both the sounds and coastal ocean should be excluded from
consideration as wind farm sites. The related fishing practice of long-hauling, in which
the two ends of the trawl are attached to separate boats, seems even less compatible with
wind farms because of the width of the net and the navigation challenge posed by
operating two boats. Our review of current fishing effort and practices led to a spatial
map indicating where conflicts with current fishing uses are serious enough to imply
preclusion of wind turbines, areas with sufficiently low fishing effort that wind farms
may be appropriate, and other areas where fishing uses should not inhibit wind farm
development (Figure 2.5).
Other commercial fishing activities and gear seem largely compatible with the presence
of wind turbines. Crab pots and other similar stationary devices would not interact
negatively with wind turbines. Gill nets could be set without interference except for the
need to position them such that they would not contact the monopole shaft or rock base
and risk tearing or loss. The NC Marine Fisheries Commission currently permits both
crab potting and gill netting on oyster reef sanctuaries, which represent an analogous
bottom hazard. Pound nets are established in water depths less than the 4-6 m minimum
depth for installing wind turbines so no conflict should arise with that gear.
Recreational fishing does not use gear that interacts sufficiently with the bottom to be
incompatible with wind farms. Trolling of lures and of live baits for finfish could require
difficult navigation to keep the lines away from monopile shafts, especially under
conditions of concentrated boating activity. Thus, to avoid those use conflicts, areas of
importance for trolling for such species as bluefish and Spanish and king mackerel should
probably be excluded from consideration as wind farm sites. Most of these heavily used
trolling grounds are areas relatively close to the beach, within about 2 miles from shore
and especially near inlets and on cape shoals. Key target fishing sites used during fishing
tournaments should also be excluded from wind farm development. These include
especially the wrecks, “rocks”, and the western wall of the Gulf Stream, which lies
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outside the 30 m depth isobath off North Carolina (Figure 2.6). If the bases of the
foundations of the monopiles were melded into an MPA (Marine Protected Area), then
prohibition of bottom fishing for demersal fishes attracted to and nourished by the rocky
reefs would affect recreational and commercial bottom fishermen as well. However, as
we discuss above, there would be opportunity to establish anchoring hitching posts
outside the wind farm that could facilitate boat tie-up without inducing anchor damage to
the reef organisms. Some spill-over of fishes from the rock reefs would be expected to
sustain interest in using the hitching posts and in fishing near the wind farm, even if
bottom fishing were prohibited inside the wind farm.
Some critical habitats for sustaining marine and estuarine fishes would be off limits to
wind farms. For example, seagrass beds (SAV habitat) represent inappropriate places in
which to establish wind turbines because of the bottom disturbance and seagrass loss that
would follow from burial of the monopole shafts and transmission cable and the
introduction of rock foundations. Almost all SAV habitat is in waters shallower than 4
m, so excluding SAV would not represent any expansion of area inappropriate for wind
farms (Figure 2.5). Use of existing rocky reef areas (“live bottoms”) in the coastal ocean
would also be inappropriate because of the limited area covered by such habitat and the
overfished nature of the snapper-grouper complex of demersal fishes associated with
rocky reef habitat. Because many fishes associated with rocky reefs make foraging
journeys of up to 50 m from the reef itself (Lindquist et al. 1994, Posey and Ambrose
1994), a buffer at least this great is also in order. Dr. Larry Cahoon recommended to the
North Carolina Coastal Resources Commission that a 500 m buffer be applied around
live bottom to protect each patch of this important habitat from sedimentation and other
negative consequences of development and construction.
Other Recreational Activities
Several water-dependent recreational activities are conducted in the sounds and coastal
ocean, some of which may be affected by the presence of a wind farm. Kite surfing and
paragliding seem the most obvious of such recreational uses that are incompatible with
wind turbines. These two activities are typically pursued more in the coastal ocean
within about a half mile of the beach, although kite surfing also occurs in the Pamlico
Sound along the Cedar Island shore and at various places along the Dare County
shoreline of the Outer Banks. Paragliding occurs off Bogue Banks beaches and
elsewhere in the state. Sailing and wind surfing may also be considered incompatible
with wind turbines depending upon the navigation skills of the operator, and clearly any
area used to stage sailboat races would conflict with the presence of a wind farm, which
would limit maneuvering important to racing. Sail boats traverse much wider areas of the
two major sounds and of the coastal ocean than kite surfers and paragliders, so that zone
of conflict is accordingly greater. People explore the sounds and coastal ocean in North
Carolina in a wide diversity of pleasure craft, including motor boats, canoes, and kayaks
as well as sail boats. Recreational diving is an important activity and industry in North
Carolina, associated especially with the many shipwrecks. Clearly, these wrecks, rock
reefs, and other dive sites deserve to be protected from any disturbance associated with
installation of wind turbines and their transmission cables. Such sites would probably all
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be excluded from consideration as wind farm sites anyway because of their value as
cultural resources and limited fish habitat.
Cultural Resources
Cultural resources that may require exclusion of wind farms from their vicinity are
relatively numerous in North Carolina waters (Figure 2.6). Many shipwrecks exist with
historic value, including German U-boats that are not only historical but very popular
dive sites driving an important coastal dive economy. Cape Hatteras is nicknamed the
“graveyard of the Atlantic” for all its shipwrecks. Blackbeard’s flagship, the Queen
Anne’s Revenge, has been located in Beaufort Inlet (Carteret County) and archaeologists
from East Carolina University are still excavating the site. Although a portion of the
artifacts from this wreck has been recovered, the remaining portion of the Civil War
ironclad Monitor is protected by a NOAA National Marine Sanctuary off Cape Hatteras
(Figure 2.6). Archaeological sites of colonial and Native American habitations, middens,
and burial grounds exist on the shores and shallow bottoms of Pamlico and Albemarle
Sound and deserve protection. Probably the most efficient way to respect these cultural
resources is to identify them all on GIS maps and to establish site-specific buffers of
some suitable radius around each one. In that fashion, each could be properly and
effectively protected, yet other uses like wind farm development, could proceed at a safe
distance in the general area.
Mining Resources
Conflicts would arise between the presence of wind farms and any seabed mining in the
coastal ocean. Off North Carolina, mining now occurs for beach-quality sands to nourish
beaches. The supply of this resource in proximity to the beaches is greatly limited in the
southern half of the state from about Swansboro south. Consequently, sites identified as
suitable as beach sand sources in that region of the state should be identified as part of the
ongoing BIMP (Beach and Inlet Management Plan) process so that they can be excluded
from consideration as wind farm sites. Outcroppings of phosphates also exist in the nearshore ocean in Onslow Bay and these have value to the mining industry, which now
extracts this resource for fertilizer and other applications from land mines near Aurora
(Beaufort County). Natural gas may be present in commercially viable quantities under
the seafloor off North Carolina, and potential conflicts between future mining sites and
wind farms may need consideration.
Ocean Dumping Grounds
Several areas in the ocean are marked on charts as dumping grounds. Some are identified
as repositories of dredge spoils from harbor, channel, or inlet maintenance dredging by
the US Army Corps of Engineers. Others are indicated as locations where military
ordinance has been dumped. Although the sediment disposal areas would not present a
danger during installation of wind turbines, the existence of a wind farm would
presumably be incompatible with continued safe access and dumping by barges because
of risk of potential collision with the wind turbines. An historical ordinance disposal
area, on the other hand, would represent an obvious hazard that should be avoided in
locating wind farms.

68

Visual and Aesthetic Impacts
One of the major impediments to wind power development on land is the resistance of
neighbors to visually intrusive industrial structures, the wind turbines. Beauty is surely in
the eye of the beholder. Wind turbines in a regular array can strike some people as
attractive and others as unacceptably ugly. Wind farms in either of the major sounds or
in the coastal ocean would almost certainly be visible from shore. The EIS for a
prospective wind farm in Georgia provides depictions of how the wind farm would
appear at varying distances off the ocean beach. Several states have begun to use visual
impairment assessments to regulate development in coastal regions or landscapes with
valued vistas (Ogawa 2007). Given that much of the water under consideration for siting
wind turbines in North Carolina will result in altering viewscapes from National
Seashores, parts of the National Park Service, which have a mission to preserve natural
and cultural resources unimpaired, means that visual impacts cannot be ignored when
considering where a wind farm will be placed. The State of North Carolina is currently
considering legislation (House Bill #809) legislation that would establish a permit
process for wind farms. The bill includes language that requires permit denial if
“construction or operation of the facility would have a significant adverse impact on
views from any state or national park, wilderness area, significant natural heritage area,
or other designated public lands or dedicated private conservations lands with high
recreational values.” About half of North Carolina’s ocean shoreline is part of the
National Park Service as Cape Hatteras or Cape Lookout National Seashores. To date,
the NPS has not established any strict definition of what an adverse impact on the
viewscape would entail, but NPS is actively considering this issue and has concern (B.
Frost and C. McCoy, pers. com.). To respond to concerns about appearance and to
protect the extremely valuable coastal tourism and retirement industries, requiring wind
farms to be placed at some distance, perhaps at least 2 miles, from shore may be prudent.
This zone of the coastal ocean is already indicated as inappropriate for wind farm
development in our maps (Figures 3,4) based on minimizing risks to migrating passerine
and shorebirds and to summer use by fish-eating waterbirds, and on avoiding intense
conflicts with coastal fishing and many recreational boating activities. A survey of the
public, including especially visitors to the National Seashores, showing computergenerated depictions of how wind farms would appear as a function of distance off-shore,
as done in Georgia (Ogawa 2007) would help determine what represents an unacceptable
impact for Cape Hattteras and Cape Lookout National Seashores. This applies to
viewscapes from both the Pamlico Sound and Atlantic Ocean shorelines of the Seashores.
Special care should be taken to avoid interference with the appearance of certain cultural
and historical treasures held in stewardship by the National Park Service. In particular,
NPS has completed Cultural Landscape Reports for Cape Lookout Village, Portsmouth
Village, Cape Hatteras Light Station, and the Wright Brothers Memorial, which can
guide the protection of these iconic resources. Both the Cape Hatteras Lighthouse and
the Wright Brothers Memorial are also designated National Historical Landmarks and
deserve special consideration. Cape Hatteras, Cape Lookout, and Bodie Island represent
special vistas that should require similarly special protections against intrusions.
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Hurricanes
The waters and coast of North Carolina experience a high risk of powerful tropical storms
during summer and fall and damaging northeasters in winter. Storm-damaged wind
turbines would result in debris scattered onto the seafloor and cast upon the shores. This
debris would interfere with many uses of coastal regions and could directly damage
critical habitats. Placement of wind turbine farms in more protected locations would not
only benefit the developers’ economic interests but broader environmental interests as
well. Wind turbines currently mounted on monopiles are designed to withstand forces
generated by Category 3 hurricanes, implying that consideration of the historical paths of
strong storms could reveal locations less exposed to severe storm danger and thus more
appropriate for siting wind farms. Since 1950, very few North Carolina hurricanes that
moved close to shore north of Cape Hatteras maintained category 3 intensity or greater
(Figure 2.10). The eastern extension of the North Carolina coastline into the Atlantic
Ocean separates offshore waters into southern windward and northern leeward portions
with the latter having substantially fewer strong storms.

Figure 2.10. Tracks of hurricanes (category 3 or greater) impinging on North Carolina since 1950.
Storm intensity: yellow = category 2, red = category 3, and brown = category 4. Data from the
NOAA Coastal Services Center.
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APPENDIX I. INDIVIDUALS WHO PROVIDED INFORMATION
VIA INTERVIEWS OR ASSISTED US
IN GATHERING LITERATURE
Interviews
Tom Bachman, charter boat owner (habitat, fisheries)
Jeremy Braddy, waterman (birds)
Mike Bryant, US Fish and Wildlife Service (birds, habitats)
Rich Carpenter, NC Division of Marine Fisheries (fish, fisheries)
James Casey, US Navy (military conflicts)
Mary Clark, NC State Natural History Museum (bats)
David Cobb, NC Wildlife Reserve Commission (birds, fish)
BJ Copeland, NC Marine Fisheries Commission (fish, fisheries)
Barry Costa-Pierce, Rhode Island Sea Grant, URI (synergies)
Jack Cox, commercial fisherman (fisheries, habitats)
Louis Daniel, NC Division of Marine Fisheries (fish, fisheries)
Ann Deaton, NC Division of Marine Fisheries (fish, fisheries)
Wendy Dow, Duke University Marine Lab (marine mammals, sea turtles)
NC Ferry Crew (anonymous) (habitat, birds, fish, sea turtles, fisheries, transportation)
Bert Frost, Associate Director for Natural Resources, US National Park Service (maps)
John Fussell III, naturalist, author (birds)
David Gaskill, waterman (birds, fishing)
Walker Golder, Vice-director, NC Audubon Society (birds)
Tilman Gray, commercial fisherman (fish, fisheries)
Nathan Hall, waterman (birds)
J. Christopher Haney, Defenders of Wildlife (birds)
Craig Hardy, NC Division of Marine Fisheries (fish, fisheries)
Jess Hawkins, NC Marine Fisheries Commission (fish, fisheries, habitat, transportation)
Herb Hendrickson, Professor Emeritus UNCG (birds)
Eileen Hoffman, Old Dominion University (synergies)
Richard W. Lawrence, NC Dept of Cultural Resources (wrecks)
David S. Lee, retired from NC State Natural History Museum, naturalist (birds)
Mike Marshall, NC Division of Marine Fisheries (fish, fisheries)
Catherine McClellan, Duke University Marine Lab (marine mammals, sea turtles)
Carol McCoy, US National Park Service (conflict maps)
Red Munden, NC Division of Marine Fisheries (birds, fish, fisheries)
Francis O’Beirn, Marine Institute, Galway, Ireland (synergies)
Jeff Oden, commercial fisherman (fish, fisheries)
James Parnell, UNCW (birds)
Brian Patteson, offshore bird and fishing cruise leader (birds, fish)
Willie Phillips, formerly NC Marine Fisheries Commission (fish, crabs)
David Plummer, US Marine Corps (military air space)
Andrew Read, Duke University Marine Lab (marine mammals, sea turtles)
Steve Ross, UNCW (fish)
Paul Spitzer, Cooperative Oxford Laboratory (birds)
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David Taylor, NC Division of Marine Fisheries (fish, fisheries)
Paul Thompson, University of Aberdeen (marine mammals)
Billy Carl Tillett, commercial fisherman (fish, fisheries)
David Vela, Regional Director, Southeast Region, US National Park Service (maps)
Danielle Waples, Duke University Marine Lab (marine mammals, sea turtles)
Katy West, NC Division of Marine Fisheries (fish, fisheries)
Mark Wilde-Ramsing, NC Dept of Cultural Resources (wrecks)
Lynne Williams, Duke University Marine Lab (marine mammals, sea turtles)
Sara Winslow, NC Division of Marine Fisheries (fish, fisheries)
Jerry Wright, former Chair of the NC Wildlife Resources Commission (birds)

Gathering Literature
Richard Barber, Duke University Marine Lab
Denene Blackwood, IMS, UNC Chapel Hill
Laura Bradley, IE student, UNC Chapel Hill
Dean Carpenter, NC Albemarle Pamlico National Estuary Program
David Carr, Southeast Law Council
David Cobb, NC Wildlife Resources Commission (birds, fish)
Robert Dunn, IE student, UNC Chapel Hill
Carolyn Elfland, UNC Chapel Hill
Jill Fegley, NOAA NERRS
Scott Gies, NC Department of Environment and Natural Resources
George Hagerman, Director, Virginia Tech Advanced Research Institute
Andrea Hale, IE student, UNC Chapel Hill
Joseph Kalo, UNC Chapel Hill
Wilson Laney, US Fish and Wildlife Service
David S. Lee, retired from NC State Natural History Museum (birds)
David McCarthy, UNC Chapel Hill
Stephanie Miscovich, private citizen
Rachel Noble, IMS, UNC Chapel Hill
Emily Nurminen, IE student, UNC Chapel Hill
Walter Rogers, IE student, UNC Chapel Hill
Harvey Seim, UNC Chapel Hill
Robert Vogt, IE student, UNC Chapel Hill
Steve Wall, NC Department of Environment and Natural Resources
Brianna Young, IE student, UNC Chapel Hill
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APPENDIX II. NOTES FROM EXPERT WITNESS INTERVIEWS
Arranged Chronologically
22 October 2008 – John Fussell III – author of NC bird book & bird expert
(interviewed by CH Peterson)
1. Christmas bird counts – Pamlico Sound (2 ferries), also clam Shoal in Pamlico
Sound ~5 miles N of Frisco – sometimes included in the Cape Hatteras
Christmas count circle (15 miles diameter) many on-line – National Audubon
Society Christmas bird counts (older ones for NC not electronic, but in John
Fussel’s library)
2. Southeastern Migratory Bird Initiative - FWS and Wildlife Resources
Commission - on-line waterbird counts.
3. Bats seen and counted over water on the ocean. Trips out of Manteo and
Hatteras. Brian Patteson - seabirding. He does birding and fishing guide
trips. Works out of Hatteras.
4. Spring / Fall passerine bird migrations – fly at night – generally high (above
300 feet), but in bad weather they fly lower. Attracted to lights (known
because they are audible/visible over towns at night). Outer Banks are very
significant as landing areas by day. Much of what we need for over water is
known already for migrant passerines – guy wires, lights to attract, etc.
5. Lighthouses used to kill lots of birds. Continuous lights appear worse as
flashing lights are less likely to attract.
6. Noises - birds could habituate to noises.
7. Avendex (a commercially available searchable database of NC and SC bird
sightings) – Russ Tyndall (and wife) summarized bird observation data
(especially unusual records). Organized by area.
8. Refuge checklist for Cape Hatteras National Seashore (including Pea Island
Refuge).
31 October 2008 – J. Christopher Haney, Chief Scientist and Vice-President of the
Conservation Science and Economics Department , Defenders of Wildlife
(interviewed by CH Peterson)
1. Red-throated loons overwinter in one of the NC Sounds – ask Paul Spitzer
2. On land - who is liable? (land owner or utility)
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3. Scaling up is a challenge (cumulative effects). one windturbine x 96 ≠ a field
of 96 effects
4. Migratory Bird Treaty Act - no taking but FWS has discretion to sue,
consult with NEPA
5. Atlantic Marine Bird Cooperative - voluntary group, next meeting in
Charleston is 26-29 Jan ’09 (2 days). Digitizing all bird data at sea – includes
Haney’s thesis data and Brian Patteson’s proprietary data, Manomet, etc.
6. Ask Andy Read about marine mammals and noise from wind turbines
7. Wind-energy organized (funded) research group (American Wind Wildlife
Association?) – e-mail Chris to ask Amy.
November 2008 - Tom Bachman, co-owner of the Carolina Princess, Morehead
City-based offshore fishing boat (interviewed by CH Peterson)
Because federal regulations on the snapper-grouper complex are literally driving him
and other boats out of business placing these wind turbines off of Bogue Banks
somewhere and creating extra recruitment habitat for overfished species in this
complex could prove a great benefit for commercial and recreational fishermen. His
feeling is that somewhere 3 miles off the beach or further is an area of intense
snapper-grouper recruitment and therefore reasonable location. He also suggested
that looking at spatially-based modeling might be a way to optimize the value of
these wind turbine bases and the habitats they create to the restoration of reef fishes.
1 November 2008 - Prof Paul Thompson – seal expert, University of Aberdeen
(Interviewed by CH Peterson)
1. Danes tested effects of wind turbine sound on marine mammals including
bottle-nosed dolphins, seals – trivial
2. He tested off Scotland use of radar to measure bird strikes – no good –
ground-truthing impossibly hard – even as to number of birds let alone ID
3. Putting up catchment net for bird mortalities may cause and induce more
mortalities than the wind turbine does
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10 November 2008 - David S. Lee (NC bird expert, retired from NC State Natural
History Museum - DL), Mary Clark (bat expert, NC State Natural History Museum
- MC), Herb Hendrickson (NC bird expert, Professor Emeritus UNCG - HH), and
Walker Golder (NC Audubon Vice-director - WG) (interviewed by SR Fegley)
1. Habitat use
a. Rule of thumb – inland bird activity extends to 12 mi offshore, oceanic
bird activity begins at continental shelf (edge of Gulf Stream in NC). Area
in between is low use area with few exceptions (DL, confirmed by HH and
WG)
i. Royal terns that nest on OBX go 50 mi offshore to feed (WG)
ii. “Cape effects” (DL)
i) Capes are used as jumping off points for migrating birds
(e.g., hawks, songbirds, and loons leave Cape Lookout for
SC – it is not known what red knot use is in these areas)
WG
ii) local bird use is less zonal around capes than off of barrier
islands (DL)
b. 70% of overwintering gannets are off NC
c. DL has data on foraging heights used by offshore birds. Almost all
activity takes place below 100 ft
d. Bald Head Island is a migration “funnel” for birds going to Florida and
Cuba (DL and WG)
e. every scoter that overwinters in NC goes to oyster reefs (WG)
f. Bats (MC)
i. There are no good data (research needs to be done)
i) Migrating bats are generally of greatest concern (in NC this
includes: yellow, red, hoary, silver, and Seminole bats)
ii) Most bat migration is over land but they have been seen at
sea
iii) Bill Adams should have information on bats in estuaries
g. Margins of Pamlico Sound are a major bird use area – radars “light up”
with songbird and waterfowl from Mattamuskeat, Dare Bombing
Range, and along Pamlico Sound (WG)
h. There are two, separate bottlenose dolphin stocks, one is inshore along
the Outer Banks and the other is offshore, out in the Gulf Stream (DL)
2. Comments on wind farm interactions and design-use issues
a. The Virginia Capes region, where the EMPRESS II study was done is
likely to have the least bird impact (DL, HH, and WG)
b. If a wind farm is to be developed in a location, there should be one year
prior to construction (DL and WG)
i. On-site surveys from boats
ii. RADAR studies
c. Continued access to farms to monitor mortality and habitat-use changes
is critical (DL and WG)
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d. Bird mortalities can be reasonably estimated by boating around and
collecting corpses, they float (DL)
e. Fall migration use is of greatest concern because the migrants are more
concentrated in time and space than during the more “ragged” spring
migration (DL and WG), although foggy conditions and ahead of fronts
are other times of concern.
f. Most healthy migrating birds fly very high (day and night), so the body
fat of any dead birds that are found to have encountered wind turbines
should be determined (if body fat is relatively low they were probably
sick birds that would not have survived anyways) DL
g. Bats sink and their mortality could not be so easily estimated (MC and
DL)
h. Most of the bird deterrents (lights, sounds, reflectors, decoys) that have
been tried on land-based wind turbines actually attracted more birds
(DL) Strobes are better than continuous lights.
i. Unless there are dark, protected areas it is unlikely that bats will roost
on the wind turbines. Indeed, the wind turbines may be too warm for
bats to roost regardless of their design (MC)
j. To avoid the blades icing up and throwing ice chunks they may need
heat tape (or some type of warming device) during cold months (DL)
3. Miscellaneous comments and suggestions
a. The Navy has three communications towers off of the OBX that have been
there since the early 70’s. They may be a source of information about
what develops under the surface and aerial effects they have (DL)
b. Hard bottom areas off OBX are of great interest to commercial fishermen
and party boats
c. An off-shore publicity tour for the new governor, Basnight, and other
influential politicians as early as possible in the new year may be good to
educate them
d. More contacts
i. Bob Curry, N.C. Wildlife Resources Commission <(919) 7070221, robert.curry@ncwildlife.org
ii. Curtis Smallings, NC Audubon (here has been designated as their
LEAD person on bird-wind interactions)
iii. Paul Spitzer (loons in Onslow Bay)
iv. Bill McClellen (UNCW)
v. Minnooch and Hutchins (DMF) for offshore fishing and crabbing
areas
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6 November 2008 – Jeremy Braddy – local expert (interviewed by B Young & R
Vogt)
1. What are your interests pertaining to the birds of the NC Coast? What sort of
personal experience do you have birdwatching on the two sounds? Do you have
any information compiles on the migratory flyways and seasonal use areas of the
sounds by bird species?
Look at migratory birds, waterfowl, rails, not much at swallows, martins
2. What birds do you primarily watch or research? (i.e. What species are your
specialties?)
Pamlico Sound, Neuse River, New River
3. Do you know of any migratory flyways for migratory passerines, raptors, or
other groups of water-dependent birds? Which areas of the sounds would you
consider to be high use, medium use, low use, or no use by the birds? Can you
break this up into groups of threatened and endangered species, ducks, and other
species (or if not by species groups)? Are these uses season-dependent (i.e. –
how do summer and winter differ in bird species, concentrations, etc.)
a. Particular pathways look at: every duck has favoritism of landing in open
water, ponds
b Go up as far as 17 bridge on Neuse River
c. Certain spots where birds like to group up in: Cape Lookout
d. Sea Duck doesn’t like to fly over land – come into sound; don’t cruise
over big body of land; fly at 20 yds – 50 yds off water
i. Go to areas mostly for feeding, shelter from winds; feed on bottom
grasses, clams
ii. Areas marked on map are high use areas
iii. Not unusual to see on sound side
e. Range of season: sea ducks seen now; blue bills, ruddy ducks, bufflehead
(diving birds); last through middle March sometimes
f. Along sample points on Neuse River run, will see bluebills - will cross
over land, fly 25 –150 yds above water; will cross big body of water;
won’t frequently land in ponds
g. Ring Neck will land in pond
h. Few Bufflehead in area, but rare
i. Pamlico sound – not too many sea ducks
j. Bluebills, Canvas Backs, Bufflehead, McGangers on Pamlico and Tar
Rivers
4. What birds out of those you mentioned could be the most affected by wind
turbines?
Sea ducks (they like the open water a lot) and divers (can dive 150 ft); divers hug
banks and fly though the center of rivers, roost along banks; there are few
Brant (a low flying duck - 15ft off water)
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5. Do you have any contacts who might be able to help us further in our research?
Nathan Hall – Open Grounds Farm; can help with Tundra Swans; has looked at
patterns
Extra notes:
a. Bluebills all throughout rivers and estuaries – not big problem in open
Pamlico Sound; only gather on open water in really fair conditions
b. Tundra swan – represented by circles on map; stay overnight on water,
fly onto Open Grounds Farm during the day to feed near Neuse River
i. Late December, early January when move in to area
ii. Roost out on open water
iii Fly off water in groups
c. Petrels cross; a few Canvas Backs
d. Biggest open water ducks are Sea Ducks
e. Cormorants on little islands on outer banks – not a bird to worry about.
17 November 2008 - Paul Spitzer - Cooperative Oxford Laboratory (interviewed by
B Young & R Vogt)
1. What birds do you primarily watch or research? (i.e. What species are your
specialties?)
Loons (common and red-throated) and Gannets; knows nothing about passerine
or night birds
2. What birds out of those you mentioned could be the most affected by wind
turbines?
Loons not expected to be affected very much
3. Did you keep a log book of birds while you were birdwatching?
Sounds like he does – referenced having to look back at his notes
4. Do you have any contacts who might be able to help us further in our research?
a. Steve Kress knowledge with seabirds in general – knows puffins; helped
restore them to the coast; cornell lab of ornithology 607-257-7308
skress@audubon.org
i. Coworkers also knowledgeable
ii. Puffins fly over land as little as possible
b. John Fussell – point of entry; interesting/good to ask where to put
turbines; Fussell’s
field book about where to find birds on NC coast
c. General overview of marine life: Keith Rittmaster at maritime museum –
marine mammal movement
5. Where do you bird watch?
a. Common Loons are everywhere on the ocean and sound; they don’t use
the deeper water of the sound that the Red-Throated Loons do
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b. Red-throated loons use ocean coast some for habitat
i. Favor unstable habitat, like Pamlico Sound
ii. Open waters of Pamlico sound accessible from 2 ferry’s; good at
Fort Fisher area where Cape Fear river comes in; up north off
Nag’s Head (high energy coast line)
c. Common Loons like 2 great embayments from Cape Lookout to Myrtle
Beach; Onslow Bay and Myrtle Bay; extend all the way out over shelf
during winter
d. Wintering Gannets on ocean side of the system off the continental shelf;
Spitzer has never seen a flock of feeding Gannets on Pamlico Sound; he
knows nothing about Albemarle sound (which is a much fresher system)
e. Common Loons don’t move at night; don’t know about Red-throated
Loons and Gannets (not known if these species move at night)
f. Presumably structures would be equipped with lights; no problem with
water fowl being confused with lights like small birds
6. Are there any behavioral patterns that you think would put them more at risk
such as roosting or curiosity with structures?
a. Doesn’t think so; question of nocturnal activity of Red-throated Loons,
Gannets, and water fowl
b. Gannets phobic with regard to human structure (Gannets avoid bay
bridge in MD – fly over water rather than bridge)
c. Gannets want to be up in Chesapeake bay occasionally since rich in food
source; Red knots stopping over on coast of NC in May – eat coquina
clams
d. Scoters numerous in Pamlico sound – cash in on food since like artificial
reef there forward to artificial reef group
7. Any suggestions to reduce impact on those species as far as location of the
turbines?
a. Place so turbines are in area to get maximum energy
b. Shoal waters desirable for engineering issues of putting in shallow water
c. Look at Cape Wind project
d. Some people will have more rigorous answer to the question
e. Sound side is easier to deal with than ocean side
f. He’s not sure about energetics; if want max energy, want to go where
outer banks thrust out farthest - somewhere N or S of Hatteras;
g. Tend to put farther offshore since less of a visual problem then and more
sustained winds
h. Don’t want to put them close to Cape Lookout because it’s a very natural
place
8. Do you have any information about their migratory flyways or high use areas for
gannets?
a. Cape Lookout intercepts many birds that migrate north on sea,
particularly Gannets and Loons; last 10 days of March Gannets fly along

79

b.
c.
d.
e.
f.

coastline of Harker’s Island; Gannets are really like albatrosses
ecologically; Cape Lookout bight at the spit is a good place to see birds
– steady stream of Gannets fly over
Gannets in spring migratory pathway at Cape Lookout
Shoals are locus for feeding
Migration mostly related to food
i. Cape Lookout, Beaufort, Morehead City
Gannets migrate March/April – last 10 days of March almost continuous
Gannet migration
Cedar Isle has low density

9. Do you know how high they typically fly?
a. Gannets come pretty low – around all day
b. Gannets fly at the height of elevation of a turbine
c. Common Loons problem for first couple hours of day because gain
elevation slowly over the day; after that not a problem
d. Red throats fly relatively low; true when moving around Pamlico sound
10. Other Notes:
a. Big loon deaths in ‘91
b. Follow up on Danish studies good; they did in depth studies
c. Look at European approaches since very environmentally conscious
there
d. MMS (Minerals Management Service) – responsibilities falls with
minerals management service for watching birds; MMS is a small
section within USDS and Department of Interior
i. Questions of environmental impact for energy in statement
e. Wilson Petrels travel through Cape Lookout in June
f. Strength of Common Loon and Gannets – if they get injured they will
swim to shore, making them available for analysis; large birds so
turbines won’t kill them like small birds if they get hit
g. Alphids and Auks – taxonomic classification for birds; puffins and
razorbills fall in this category
h. Coast of NC is a big wintering ground
i. Ferries across Pamlico Sound good
i. Early and late in the day; last 2 hrs before dusk
j. Winter is mild in Beaufort
i. Good for birds
ii. February to May Cape Lookout bight hotspot for birds
iii. Bight: sea and Core Sound water connect
k. Loons not breeding; opportunistically moving around eating menhaden
l. Loons have a marine creature history
i. Less like birds
ii. Red-throated Loons fly away if approached
ii. Common Loons dive feed – take oysters off platforms – turbines
good for them then.
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20 November 2008 - David Gaskill – local expert (interviewed by A Hale, B Young,
& R Vogt)
1. Biggest problem: cormorants. Lots of them flying looking for fish. Probably
smart enough to go around
2.

Ducks would probably be scared, wouldn't affect migration or feeding, would
go around
a. Ducks flying right on the water to not too far above horizon
b. Ducks start showing up in November-March
c. Swans and geese cross sound near Mattamuskeet
d. Open Grounds farm
e. Depends on where, how many and how close together
f. Doesn't think anything will run into them, ducks probably
g. All species: redhead, scaup, bufflehead, pin tail, swan, geese, sea ducks

2.

No go areas: near Mattamuskeet, close to the shoreline and in the rivers out in
the middle would probably be fine

3. Offshore: gannets during fall/winter, don't fly at night. Not a lot of birds fly at
night, maybe shorebirds. Doesn't know if they would be attracted by flashing or
constant light
20 November 2008 – Dr. Steve Ross – fish expert UNCW (interviewed by W Rogers)
1. "The Point" is an unlikely place for the turbines to be placed in general, it is
nearly 1000m deep and it is in the middle of the Gulf Stream.
2.

Impacts of the turbines depend on density, and the way they are constructed.
Replacing one habitat (soft bottom) with another (hard substrate) is not
necessarily a good thing, are eliminating habitat for fish such as flounder and
other epifaunal and infaunal organisms.

3.

Artificial reef effect: the hard structure provided will not benefit fish unless they
are "hurting" (his words) for such a habitat. In other words, populations of fish
will only be augmented if they are limited by such habitat.

4.

Recreational fishes (such as red drum) would most likely be present in these
areas, but augmentation is questionable. Furthermore, no positive effects on
commercial fish would be foreseeable.

5.

Co-location with oyster reef projects is a good idea because ecosystem services
provided by oysters is lacking.
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January 2009 –Barry Costa-Pierce, Director of Rhode Island Sea Grant
(interviewed by CH Peterson)
The presence of offshore wind turbines could aid another process by providing
protection for offshore aquaculture facilities for which there is a large and growing
interest, including for sea scallops. The engineers will not allow the extra drag
created by attaching these aquaculture structures to the bases of the wind turbines.
4 February 2009 – Nathan Hall – local expert (interviewed by JM Meiners)
Took place in IMS library on Wednesday, Feb. 4 from approx. 3 - 4 PM
Note: Some information is repeated in different sections in order to make all the
following categories complete with the information provided in the interview. There
are also maps available showing the distributions of many species mentioned, the
composition of which was directed by Mr. Hall.
1. About specific taxa
a. Tundra Swans
i. Present in Pamlico late Nov. – Feb. by the 1,000s
ii. Fly at about 30m (60-70’) over land
iii. Concentrated at mouth of Neuse River (a roosting site for them).
iv. Around 9:00 AM every morning they fly south to Open Grounds
Farm at about 30 m off the water.
iv. Might not enter wind farm areas. Might be more likely than some
other birds to avoid the structures, because they are known to avoid
boats and to preferentially land way out in open away from
structures, ditches, etc.
v. Sometimes pile up in creeks during inclement weather.
b. Diving ducks
i. Diving ducks, especially bluebill and scoter, are especially
concentrated (10,000s) in area at mouth of Neuse River along with
tundra swans, but also occur with regularity in other parts of the
Neuse and Sound. Present late Nov. – Feb.
ii. Saw 10,000 redheads in southern Core Sound in winter of 2008-9.
May extend up further, but only saw them in that lower area.
iii. Lots of scoter offshore of Cape Lookout in winter.
iv. Bluebills and scoter fly at about 30m over water in Pamlico area.
vi. Off of Portsmouth, near the Ocracoke Inlet, there is a large sea
grass bed that is almost surrounded with oyster reefs. It is a
famous area for diving ducks and brant (small goose) during the
winter. (Not from personal experience)
vi. Scoter approach boats.
vii. Go up into creeks for shelter during stormy weather.
viii.Redheads migrate from plains, over land to NC.
ix. Ducks migrate at night, especially on a full moon.
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c. Geese - Area famous for brant (and diving duck) abundance in winter
off Portsmouth, near Ocracoke Inlet on a grass flat that is almost
surrounded with oyster reefs.
d. Gulls - Could be attracted to structures for roosting and fish.
e. Cormorants
i. Could be especially attracted to structures for fish and roosting,
since they must land often to dry out wings. Could be at risk of
collisions when they fly in and out of area.
ii. Abundant everywhere in NC: rivers, sounds, offshore.
f. Sparrows - Tend to run into boats during stormy weather. Can’t seem
to navigate or control speed/direction in strong winds. Could make
them at greater risk of turbine collisions.
2. About Structures/Lights/Storms
a. Tundra swans might be more likely than some other birds to avoid the
turbine structures because they tend to avoid boats and try to land way
out in open away from any structures or ditches, etc.
b. Scoters, on the other hand, will approach boats.
c. Feeding areas used by birds are sometimes decided by human structures
because many ducks, etc will avoid highly populated areas, so in that
sense, habitat displacement that may result from the placement of the
wind farm might not be something unlike what these birds are already
dealing with.
d. Structures could attract Gulls, Cormorants and Pelicans looking for
roosting sites and fish brought in by artificial reef effect. They would
then be at higher risk of being hit by blades as they fly in and out of
area. Cormorants, especially, might try to land on turbine structures
since they must often land to dry out wings (Cormorants are abundant
everywhere: rivers, sounds, offshore).
e. Ducks go up into creeks during storms, or strong noresters.
f. Swans sometimes will also pile up in creeks (esp. South River) during a
storm.
g. Sparrows run into boats during storms, can’t navigate or control
speed/direction in strong winds.
3.

About Monitoring
Pound net fisherman catch dead birds. Ask them in fall for counts of dead birds
to see if it is significantly elevated from normal. NOAA might even keep track
of these counts and have a baseline bird mortality levels to compare net levels to
post construction. They check nets every 2-3 days for dead birds. But make
sure, when approaching these fishermen for information on dead bird counts,
that you ask the right way so they don’t think they are in trouble and withhold
information lest you blame them for bird mortalities.
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4.

Other Comments
a. To keep trawlers out of area, try sinking some stuff that will destroy
trawling gear to control commercial fishing activity, and then let the
information about their existence circulate. Ex: crab pots are sometimes
used to enfore a line where trawlers aren’t supposed to go. Without this
kind of intervention, many trawlers won’t abide by rules and limits to
their activities.
b. He doesn’t think there is much specific flyway info for migration routes
available for most of these birds, especially since their routes can change
from year to year. But he “can’t imagine wind farm will have major
effect on large migration route.”
c. Check out website on duck migration: www.ducksunlimited.com
d. Contact Audubon society guy in Wilmington who knows a lot about
birds in this area and specifically about beach nesting birds. He couldn’t
remember his name, but told me I could get it if I contacted Jess
Hawkins who works at Fisheries.

10 February 2009 – Brian Patteson – offshore bird cruise leader (interviewed by JM
Meiners)
Took place at his residence in Hatteras on Tuesday, Feb. 10 from approx. 12:30 2:30 PM.
Note: Some information is repeated in different sections in order to make all the
following categories complete with the information provided in the interview. There
are also maps available showing the distributions of many species mentioned, the
composition of which was directed by Mr. Patteson.
1.

About Specific Species
a. Gannets
i. Fly along first 5-10 miles off shore at about 100’ (definitely in
rotor zone)
ii. Stay in cooler water, when Gulf Stream moves in they get pushed
in to shore and form a more dense aggregation
iii. Might be attracted to structures because of possible increased Rock
Fish (Striped Bass) around them
iv. Pass through in Spring (mid-March through May), but more
numerous in winter (10,000s moving through coastal area in
winter)
b. Petrels
i. Some found in Gulf Stream waters off Cape Hatteras year-round
(but individuals may be different in different seasons)
ii. Fly by gliding along currents, so might be more susceptible to
collisions with structures while navigating through them or during
a storm since they don’t have as much control over their flight
movements as some birds using more energetic flight techniques
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iii. Storm Petrels tend to fly in and collide with ships at night because
they are drawn to the lights. This most likely happens with diving
Petrels also, but is more noticeable with Storm Petrels because
they are more numerous.
iv. Black-capped Petrels are also specifically known to be attracted to
lights—people used to light fires to attract and catch them for
food when they flew towards it.
v. Wilson’s Storm Petrels are especially low fliers and aggressive in
getting chum. Wilson's Storm Petrels are found in coastal Cape
Hatteras area in the summer. They move closer to shore and are
more numerous in the Spring, and then go farther offshore as
water warms up. They migrate south in winter, taking a more
offshore route. Wilson's Storm Petrels fly close to water, probably
too low to be affected by rotors (would probably be able to avoid
them, except maybe in storm).
vi. Black-capped Petrels forage on squid in the twilight in the
sparsely populated Gulf Stream inner waters
c. Shearwaters
i. Audubon Shearwaters, Cory Shearwaters (most common in
summer) and other Shearwaters mostly in Gulf Stream,
sometimes a little closer. They are usually pretty sparse and don’t
flock until they get further offshore.
ii. Fly in up and down pattern, gliding on air currents (don’t fly
straight at one altitude), so might stay away from structures more
than other birds since they might have trouble controlling their
flight enough to avoid collisions if they got too close—typically
stay away from Oregon Inlet bridge after being blown in there by
a storm, act apprehensive about navigating through/past bridge
iii. Since they glide on currents rather than employing more
energetic, controlled flight, they might be more susceptible to
being blown in to structures and off course during storms
iv. Sometimes run into the boat or lines while trying to get bait from
chumming boats, but also seem to know that they don’t have
enough control to attempt it and so it’s more common that they
stay clear of this situation with too many other birds and
structures in the way
d. Terns
i. Royal Terns (most numerous of terns in area), Sandwich terns,
Common terns, Least terns, other terns (all these terns fly within
rotor zone, but royals might be especially at danger of collisions)
ii. Roseate terns seen very few times in Spring out at Gulf Stream
edge, possibly during migration. Also fly within rotor zone.
e. Loons – Red-throated and Common loons present along coastal flyway
(in between coast and Gulf Stream edge) in winter.
f. Piping Plover – Some nesting sites around Oregon Inlet, Cape Hatteras
(other groups have these sites mapped out more specifically)
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g. Cormorants
i. Very numerous everywhere
ii. Fly over Oregon Inlet bridge (successfully avoid structure by
going above)
h. Seaducks - Use same flyway as gannets and loons in winter, can be seen
between coast and Gulf Stream edge.
i. Gulls
i. Laughing gulls abundant in summer up and down coastline in
Cape Hatteras area
ii. Many other kinds of gulls present in winter (and year-round), but
not a conservation concern
j. Pelicans
i. Fly over Oregon Inlet bridge
ii. Found all up and down coastline in Cape Hatteras area yearround, but more in summer
iii. Fly low, close to water, so might not be affected by rotors
k. Red Knots
i. Use flyway between coast and Gulf Stream edge North and South
of Cape Hatteras in winter.
ii. Few even winter on South beach at Cape Hatteras. Small
populations frequent inshore waters but have also been seen out in
Gulf Stream waters.)
l. Black Skimmers – Not many in area
m. Red Bats – Seen rarely out at sea NE of Cape Hatteras in September
n. Whales
i. Fin whales see year round, but never as far south as Cape
Hatteras.
ii. Right whales and Humpback whales are in coastal waters all up
and down NC from October through March.
o. Dolphins – Bottlenose and Spotted Dolphins are in coastal waters all up
and down NC year-round.
p. Turtles – Loggerheads and Leatherbacks present at Gulf Stream edge
off of Cape Hatteras year-round (not same individuals year round, but
some turtles can be seen there at all times of year—mostly Loggerheads
in winter).
2. About Structures/Lights/Storms
a. Structures will attract Rock Fish (Striped Bass), which will attract
Gannets
b Some terns nesting at the bases of land turbines were hit a lot while
going to and fro (in Texas?)
c. Nocturnal migrants are drawn to lights, especially when it’s foggy
d. Lights are a big issue for sea birds in nesting seasons (disruptive to
normal behavior, no other specifics)
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e.
f.

g.
h.

Petrels are attracted to lights—Stormy Petrels especially (possibly only
more noticeable because they are more numerous) fly in and collide
with lighted ships at night.
When have fishing lines out and chumming to attract birds, most larger
birds will stay clear and avoid fishing lines, while smaller birds are
more likely to get in there and get the chum. This might be because
larger birds fly more on wind currents and have less control over small,
corrective movements needed to avoid collisions with structures.
Example: Wilson’s storm petrels fly low, close to water and get chum
easily. Shearwaters sometimes run into the boat or lines trying to get
the bait.
Fly over Oregon Inlet bridge: Gulls, Pelicans, Cormorants
Shearwaters, Petrels susceptible to being blown into structures and off
course during storms because they glide on air currents and have less
fine control over movements

3. About Gulf Stream
a. Comes up under Cape Hatteras within up to 120 feet = closest to shore
in NC
b. High density of seabirds in small cold water patch off Cape Hatteras
inshore of Gulf Stream because those waters more productive,
especially in winter.
c. More birds in offshore Gulf Stream strip in summer, more birds in
closer, colder waters in winter (food more concentrated and abundant in
colder waters off Cape Hatteras in winter, and more concentrated in
Gulf Stream waters in summer).
d. Gulf Stream inner waters not very dense (mostly populated by scattered
Black-capped Petrels who forage on squid in the twilight).
e. Gulf Stream EDGE is area of high productivity, but Gulf Stream inner
waters are not very productive (the clear water is better for visual
predators and therefore a bad hangout for most prey, but the edge is
active because prey abundance is higher due to availability of plankton,
etc. in waters just outside Gulf Stream).
4. Other Comments
a. He’s run many more trips down in Cape Hatteras area than anywhere
else, which artificially limits these species’ ranges to that area, but most
of them probably actually extend farther up and down coast, it’s just not
documented.
b. He takes boats out as far as the Continental Shelf in Northern NC.
c. Usually don’t start bird tallies until get offshore, but do sometimes
make a note of sparrows, etc in coastal areas at beginning of trip.
d. Tip: Check out Christmas bird counts
e. Tip: Find out more exact info on Piping Plover nesting sites (info
available, just need to make right contacts)
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10 February 2009 – Jerry Wright – (interviewed by JM Meiners)
Jerry Wright former Chair of the Wildlife Resources Commission in 1996. He is
now a NC CWMTF trustee, farms and runs Dews Island hunting operation, and owns
Cotton Gin stores and a winery in Currituck. He has observed waterfowl activity
near Albemarle Sound all his life.
Took place in Jarvisburg on Wednesday, Feb. 11 from approx. 1:00 - 3:30 pm.
Note: Some information is repeated in different sections in order to make all the
following categories complete with the information provided in the interview. There
are also maps available showing the distributions of many species mentioned, the
composition of which was directed by Mr. Wright.
1. About the Setting/Specific Locations
a. Wright’s house overlooks the mouth of the N. River, can see across to
where the Wright Brothers lived. Jerry Wright owns 8 miles of shore on
Albemarle, has ducks blinds (saw about 15,000 ducks last week, but
now they are leaving).
b. Albemarle: 40 miles along Currituck, numerous rivers branch off,
mostly from N. River. Roanoke river goes to West, is largest water flow
into Albemarle area.
c. Constructed habitat (flooded field with planted corn, milo, millet etc.) to
attract waterfowl (mostly puddle ducks) near house.
d. Bear sanctuary nearby
e. Mattamuskeet area really building in terms of duck populations. In fact,
the whole landmass between Pamlico and Albemarle Sounds is heavily
used by waterfowl in the winter, especially November.
f. Core Sound has lots of Redheads, diver type ducks
g. Currituck is high use area for all waterfowl—but used to be denser than
they are now that management changes and constructed habitats in other
areas are causing ducks to spread out
h. Popular flyway from Currituck, through Alligator River to the
Mattamuskeet
i. Redheads, pintails, scaup, blackheads, found behind Ocracoke in
shallow water
j. He now runs the Dews Island hunting club in Jarvisburg. This property
overlooks the Currituck Sound across to Sanderling and Duck on the
Outer Banks. The building and artifacts have been there since 1920.
His father used to manage the business before it was sold to people from
Copenhagen, and then to Jerry Wright and his business partners.
k. Lot of vegetation out on shoals or “reef” behind Cape Hatteras, sheltered
by Outer Banks—many ducks there. In general, there are high
abundances of ducks in sheltered, shallow areas behind Outer Banks
(diving slightly deeper than puddle).
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l.

Someone (he couldn’t remember the name) approached him about
installing some turbines along the shoreline of some property he owns
North of Jarvisburg, but the project was held up because there was no
large transmission line available to hook into (there is a large one that
goes down through Currituck onto beach, but that couldn’t be tapped
into for this project for some reason).
m. Refuge for ducks behind Pea Island area and behind Cape Hatteras,
especially later in winter when waters further north ice over. The water
in these impoundment areas is a little fresher than in ponds further north
and is heavily used, along with flyways between there are across
northern Pamlico to mainland in Dare County.
n. Land mass that sticks out where Pamlico and Neuse rivers converge into
Pamlico Sound is an area with a lot of enhanced habitat, impoundments,
and waterfowl activity. (Call Fred Hampton at Jones Island, Hobucken,
NC for more information.)
2.

About Specific Taxa
a. General Waterfowl Comments
i. Ducks used to be denser in Currituck but management changes
caused them to move to areas with grown food (constructed
habitats), so in recent years the ducks have been more dispersed
up and down NC coast.
ii. Ducks are now (mid Feb) leaving to go North, will all be gone by
March 1. They will return in September.
iii. Popular flyway from Currituck, through Alligator River to the
Mattamuskeet
iv. Birds come down off of eastern shore and cut in to Currituck from
Chesapeake
v. Most waterfowl are nocturnal migrators. Most migrate at
altitudes higher than the tops of turbines.
vi. Many waterfowl forage across sounds at night—might be more at
risk of collisions then, but even so he doesn’t think they’ll have
much of a problem adapting to avoid them.
b. Wood Ducks
i. Most abundant group in the area. Massive populations in swamps
all over NC.
ii. Predict that they will have no trouble whatsoever navigating
around turbines and avoiding collisions even though they do fly at
rotor height because they regularly fly through densely forested
areas without running into any trees.
c.
Diving Ducks
i. Don’t like constructed habitat (corn, etc. plated in then-flooded
fields to attract waterfowl)
ii. Greater and Lesser Scaup, Canvasbacks, Redheads, Ring-necked
ducks all fly at rotor height—should be main concern; they’re
found all up and down NC coast
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d.

e.

f.

h.

i.

iii. Lots of Redheads, diver types in Core Sound
iv. Redheads, pintails, scaup, blackheads found behind Ocracoke and
nearby in shallow water
v. When not flying, they’re found in shoals at water depths of 2-5’
vi. Some diving ducks can be found further offshore while migrating,
or just sitting, especially Redheads, who may be found sitting in
the water 1-2 miles offshore (possibly in order to avoid hunting
pressure).
vii. Scaup abundant in North River December 1 – March 1
viii. Scaup fly at 600-800’, but are constantly moving around,
ascending, descending to find areas with more clams and aquatic
vegetation.
Puddle Ducks
i. Will preferentially use constructed habitat (Mattamuskeet
building new areas)
ii. Mallards, Pintail, Teal fly at 4-5,000’, so won’t be in rotor range
except while ascending/descending.
iii. When not flying, they’re found in shoals in shallower water than
the diving ducks (so approx. < 3’), for example, at the edges of
the Albemarle, and behind Cape Hatteras and Pea Island.
Swans
i. Tundra swans fly high when migrating (est. 700-800’), lower
when in wintering grounds (possibly in rotor zone then)
ii. Tundra swans use area all throughout Albemarle Sound and
tributaries for feeding on clams, aquatic vegetation and then once
that is depleted, they move inland and feed on soy and wheat
crops.
iii. Will stay close to shore during migration.
Geese
i. Snow and blue geese in fields nearby
ii. Snow geese fly around sounds all night long. He has not seen any
evidence of their mortality from hitting lighted structures.
Peregrine Falcon
i. Migrate down NC coast, Outer Banks in Fall
ii. Will likely be attracted to these tall structures and try to perch on
them
Passerines
i. Red-winged blackbirds and swallows migrate through this area (in
fall on beach by 1,000s)
ii. Blackbirds winter here

3. About Structures/Lights/Storms
a. Diving ducks and tundra swans will be biggest concern for collisions—
might not adapt as quickly as others (a hunch he has)
b. Puddle ducks fly much higher than the turbines, so won’t be at risk
except when ascending/descending (but when they’re not flying they
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c.
d.

e.
4.

are typically found in very shallow water (i.e. “puddles”), so they may
not be taking off or landing near structures anyway)
Hawks might be attracted to these structures (Peregrine falcons will
probably sit in turbines if they can, “love” tall structures)
“There are major storms in this area from September through October.
I’m out farming every day and I don’t see any mortality of birds from
hitting power structures over water.” He has not observed bird
mortality from collisions with lines and structures. Towers nearby do
not seem to affect birds because of lights of structure. Snow geese fly
around all night long, still he never sees any dead from hitting lighted
structures. There is an unlit 180’ tower near his house, supported by
guy wires and still he does not see birds running into the tower or dead
birds beneath it.
Bottom line: He doesn’t believe birds will have a problem adapting to
avoid collisions, even in inclement weather or bad lighting.

Other Info/Comments/Tips
a. Dr. Cobb at Wildlife Resources Commission can help us get better #s
on ducks in area and their flight patterns
b. Old Dominion University in VA might be doing a study on potential
wind farm off Norfolk, VA
c. Check data on Texas wind farm and bird mortality
d. Fred Hampton would know more about activities around where Neuse
and Pamlico Rivers come together (contact JW for info for Fred
Hampton if can’t find it)
e. Timmy Hodges knows Mattamuskeet area
f. Dick Hamilton (a retired former director of the WRC, at NCWF in
Raleigh now, did PhD work on birds) can give us more information or a
better contact for migrating birds
g. “No fast rule about bird habitat or area usage. Never say never.”

10 February 2009 – Dr. Andrew Read (Other members of Read’s lab provided
additional information/comments: Danielle Waples, Catherine McClellan(CM),
Wendy Dow (WD), Lynne Williams (LW) – marine mammal expert, Duke U.
(interviewed by JM Meiners)
Took place at DUML on Friday, Feb. 13 from approx. 1 - 2 PM
Note: Some information is repeated in different sections in order to make all the
following categories complete with the information provided in the interview. There
are also maps available showing the distributions of many species mentioned, the
composition of which was directed by Mr. Read, etc.
1. About Specific Locations
a. Pamlico Sound
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i.

b.

Bottlenose dolphins (will be found in highest density in shallow
waters less than 2m deep on edges of sound, but some will be
found throughout)
ii. Manatees?? (not sure about the sounds, but if they are here it is
only in summer)
iii. Loggerheads, Greens, Kemp’s Ridleys (especially large juveniles
of all are in Sounds in summer and spring, move offshore to Gulf
Stream edge in winter).
Offshore
i. Bottlenose and Spotted Dolphins and Harbor Porpoises (Spotted
possibly too far out)
ii. Right, Humpback, and Fin Whales (Fins only north of Hatteras,
Right and Humpback are coastal along whole NC shoreline
during migration (Nov – Dec & March – April) and some
overwintering Humpback juveniles)
iii. Manatees (maybe too close to shore to matter much)
iv. Harbor and Ice (Hooded and Harp) Seals (right off beach Nov. –
April)
v. Loggerheads, Kemp’s Ridley, Greens, Hawkbills (occasionally)
in close to shore during summer, move offshore to edge of Gulf
Stream in winter (when in NC in winter, usually stay on
Continental Shelf), or head south past NC.

2. About Specific Taxa
a.
Bottlenose Dolphins
i.
Will be present in both Sound and proposed offshore sites.
ii. Likely to be attracted to structures (hang around oil platforms).
iii. Density greatest around Capes.
b. Spotted Dolphins
i.
Found at highest density away from shore, over hard bottom.
May still be present in some offshore wind farm locations.
ii. Not likely to be attracted to structures
c.
Harbor Porpoises
i.
Found north of Hatteras, all the way to VA line in winter only
(Nov. – April)
ii. Very sensitive to sounds/noise
iii. Responded to pingers, avoided area better than many other
marine mammals
d.
Humpback Whales
i.
Juveniles sometimes over winter here between Nov. - April
ii. Can be found anywhere along coast, but are more commonly
seen north of Hatteras
iii. Stay close to shore, but their migration pattern is not well studied
e.
Right Whales
i. Don’t stop here, but migrate through (Going South in Nov.Dec.; Going North in March – April)
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ii.

f.
g.

h.

i.

Can be very close to shore when they migrate, stay mostly within
the 30m depth proposed project area
Fin Whale
i. Some further offshore than Rights or Humpbacks
ii. Stay north of Hatteras
Seals
i. Harbor seals most common in area, occur right off beach where
they forage between Nov. – April (go to Gulf of ME in summer)
ii. Ice seals (Hooded and Harp) are less common, but present
Manatees
i. Rare, very coastal, mostly in estuaries in summertime (May –
Oct.)
ii. No idea if they are in Sound
iii. Usually in Intercoastal waterway June – Aug. (LW)
iv. Max depth = ~ 1 mile offshore (LW)
v. They’re herbivores, and feed on food on the bottom, so they
won’t be out further than grass beds, etc where light penetrates
entire water column. (LW)
vi. Hear lower frequency sounds (David Mann did work on that).
(LW)
vii. Acoustic deterrents (pingers) may actually be more likely to
attract than deter manatees because they’re so curious (LW).
Sea Turtles
i. Loggerheads, Kemp’s Ridleys, Greens, Hawksbills
(occasionally) here all year long, move farther offshore in winter
all the way to Gulf Stream, usually stay on Continental Shelf in
NC (CM)
ii. In winter, more common south of Cape Hatteras; In summer,
they’re all over and closer to shore (CM)
iii. Large juveniles in sounds in summer and spring, move offshore
to edge of Gulf Stream in winter (CM)
iv. Hatchlings come off beach in August, swim offshore, could be
distracted by lights on turbines, predict that constant white light
would be most disturbing (CM).
v. Construction boats could hit turtles and cause injury/mortality
(CM).
vi. Loggerheads hear less than 1,000 Hz; they will be able to hear
drilling and construction noises. Can be affected physiologically
and/or behaviorally (WD).
vii. Nothing conclusive done on turtle auditory thresholds. There are
a couple of unpublished studies. Nothings ever been done on
Leatherbacks (WD).
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3. About Noise
a.
Noise is a potential issue. NOAA established Injury and Harassment
Thresholds. –-Try to find this information.--b. Pile driving could disturb: Bottlenose dolphins, Spotted dolphins,
Harbor Porpoise (most sensitive to sound and disturbance)
c.
Pingers work well to deter Harbor Porpoises from visiting an area, do
not have much success with Bottlenose dolphins (they tend to go where
they want to go).
d.
“T-pods” are echo-location devices that can be put in the water to
detect the presence of marine mammals and to test the effectiveness of
a deterrent.
e.
They use a “Real Time Acoustic Monitoring System” in Pamlico Sound
to detect when marine mammals are present in an area and warn the
Navy (?) not to drop bombs at that time by sending an automatic text
message.
f.
Loggerheads hear less than 1,000 Hz; they will be able to hear drilling
and construction noises. Can be affected physiologically and/or
behaviorally (WD).
g.
For marine mammals, harm results over 180 dB, and behavioral
responses occur at 160 dB (WD—source to be emailed to me).
h.
Nothing conclusive done on turtle auditory thresholds. There are a
couple of unpublished studies. Nothings ever been done on
Leatherbacks (WD).
i.
Frequencies used to deter marine mammals with alarms are too high for
turtles to hear—use lower frequency alarms if aiming to deter turtles
and fish—and use a ramping-up technique (WD).
4. About Structures/Lights/Storms/Construction
a.
Bottlenose likely to be attracted to structures (known to hang around oil
platforms), could enhance foraging for them.
b.
Spotted dolphins will probably not be attracted to structures
c.
Large whales will probably go around wind farm when migrating
d.
Lights on turbines may distract sea turtle hatchlings when they come
off beach in August and swim to offshore waters. Constant white light
would probably be most distracting (CM).
e.
Construction boats could hit turtles and cause injury/mortality (CM).
5. Other Comments
a.
Check out OBIS seamap website: < http://seamap.env.duke.edu/>
b.
Loss of habitat for marine mammals is probably not significant; the
wind project may even ultimately lead to an increase in habitat.
c.
Check out the “Marine Mammal Stock Assessment Reports” by
NOAA: < http://www.nmfs.noaa.gov/pr/sars/species.htm>
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d.
e.

They suggested that shoals might be a good place because it won’t take
habitat away from anything else, but, on the other hand, would be a
construction nightmare.
Book on Maine Mammal Audition = Aquatic Mammals: Marine
Mammal Noise Exposure Criteria: Initial Scientific Recommendations
(European Association for Aquatic Mammals, Alliance of Marine
Mammal Parks and Aquariums, International Marine Animal Trainer’s
Association)

11 February 2009 e-mail response from Mike Bryant (USFWS) to a query from SRF
Dear Dr. Fegley,
I appreciate you contacting me. There are jurisdictional buffer zones around some of the
refuges you listed. These areas are known as proclamation areas which were designated,
under the authority of the Migratory Bird Treaty Act of 1918, as closed areas in or on
which hunting, taking, capturing, or killing, or attempting to hunt, take, capture, or kill
migratory birds is prohibited. You find them around all or parts of Pea Island, Mackay
Island, & Swanquarter National Wildlife Refuges. This may apply to the development of
wind farms, specifically, or construction of any aerial structures.My agency is interested
in the issue since wind farms and towers can have significant impacts on migratory birds
and other wildlife.
Any use of any refuge would require significant regulatory compliance and since the
refuges in question were established for the purpose of migratory birds and other wildlife
it's unlikely that wind farms would be permitted on refuge.
I recommend you see the wind energy article on pp 18-21 in the U.S. Fish and Wildlife
Service "Fish & Wildlife News" publication which you can find at:
http://www.fws.gov/news/pdf/FWSNewsWin09final.pdf
Also, you need to contact the following folks for further information John Stanton
Supervisory Wildlife Biologist
Migratory Bird Field Office
P.O. Box 210
205 S. Ludington Drive
Columbia, NC 27925
252-796-4909 ext. 228 Office
252-796-6984 Fax
252-473-0219 Cell Phone
John_Stanton@fws.gov
http://www.fws.gov/columbiawildlife

95

Pete Benjamin
Field Supervisor
Raleigh Field Office
U.S. Fish and Wildlife Service
(919) 856-4520 x 11
If you have more questions please contact me.
SRF e-mail to Bryant:
“Dear Mr. Bryant,
I am part of a team of researchers at the University of North Carolina at Chapel Hill
that have been tasked by the NC General Assembly to provide a document reviewing the
advantages, disadvantages, and possible synergies of constructing wind energy farms
over water in North Carolina. We have been directed to include all offshore NC waters
to 30 m depth and all waters in the Pamlico and Albemarle Sounds in our considerations.
My colleague, Charles H. ("Pete") Peterson, and I are crafting the section of the
document focusing on the expected interactions of over-the-water wind energy farms on
biota (birds, bats, fish, oysters, etc.). In addition to gathering and organizing available
information on wind farm - biota interactions, we plan to provide a GIS product to the
General Assembly that essentially zones North Carolina waters into areas in which wind
farms would likely interfere with species versus areas where construction and persistence
of the farms would be expected to have little interference.
Do the wildlife refuges (Alligator River, Mackay I., Pea I., Currituck, and Pocosin
Lakes) have buffer zones around the refuges in which development of wind farms,
specifically, or construction of any aerial structures is proscribed? If such buffer zones
do not exist, would you envision an effort to include buffer zones in future management
plans? Do you have comments or concerns about the presence of wind energy farms in
the vicinity of federal wildlife refuges?
I have directed these questions to you because the web pages for the eastern NC
wildlife refuges indicate that you are the overall manager of the wildlife complex. If I
should direct these questions to other individuals, please advise. If I need explain
anything in more detail before your can answer, please let me know.
Thank you for help,
Steve
Dr. Stephen R. Fegley
Research Associate Professor
UNC Institute of Marine Sciences
Morehead City, NC 28557
(V) 252/726-6841 x 222, (F) 252/726-2426”
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27 February 2009 - David Taylor, Lewis Daniel, Sara Winslow, Katy West, Rich
Carpenter, Mike Marshall, Red Munden, Ann Deaton, Craig Hardy (NCDMF
managers, directors, and personnel – interviewed by CH Peterson)
1.

Joan will interview Red Munden for birds

2.

Someone named Vonn at Morehead DMF has GIS of primary nurseries, etc.

3.

South Altantic Fish. Coun. has Critical Fish Habitat Areas mapped (not EFH)

4.

APNEP had GIS maps of all sorts of things

5.

Caution on snapper-grouper because “reef” pressure could attract fishermen and
effect

6.

FWS expanding area of concern for Pea Island

7.

All of the district managers left with copies of our maps to draw “fishing areas”
on prior to returning them to us.

10 March 2009 – Red Munden, (interviewed by JM Meiners)
Took place at DMF in Morehead City on Tuesday, March. 10 from approx. 10-11:30 am.
Note: Some information is repeated in different sections in order to make all the
following categories complete with the information provided in the interview. There is
also a map available showing the winter distributions of some bird species mentioned, the
composition of which was directed by Mr. Munden.
1. About Carolina Birding Club
a. About 1500 members total
b. Usually run ½ day and full day trips 3 times per year
c. Last bird event was the last weekend of January, 2009: about 125
members attended; it started in Williamston, broke into groups and went
birding at Pea Island, Alligator River, Mattamuskeet; looking primarily
for waterfowl this time of year; saw lots of tundra swan, snow geese,
various ducks, shorebirds, bald eagles and other raptors and hawks; as a
whole group, they sighted a total of 130 different species of waterfowl,
warblers, sparrows, songbirds, etc over the course of the weekend
d. Bird club met at Atlantic Beach several years ago to look for same
waterfowl and shorebirds
e. Next meeting is May 1, 2009 in Clemson, NC: a chance to look for
migrating warblers; they migrate N. in spring and S. in fall through here.
f. Birding event put on by Dare County Chamber of Commerce: “Wings
Over Water”; takes place on Thurs, Fri, Sat, and ½ Sun used to be first
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weekend in October and then they moved it to the first weekend in
November; saw more migrating warblers when it was in October.
2. About Specific Species
a. Saw lots of tundra swan, snow geese, various ducks, shorebirds, bald
eagles, and other raptors and hawks on recent January birding trip
around Pea Island, Alligator River, and Mattamuskeet; group as a whole
sighted a total of 130 different species of waterfowl, warblers, sparrows,
songbirds, etc over the weekend.
b. When looking out over ocean from land on January birding trip, saw
seagulls, northern gannets (from beach out to several miles), and loons.
c. Raptors, hawks fly very, very high but also perch on tall objects and
come down to the ground to feed
d. Gannets fly so high sometimes it’s hard to recognize them, but then they
also dive down to water.
e. Northern gannets offshore in Pamlico Sound
f. Pelicans here year-round; increasing steadily over last 40 years; in past
few years, white pelicans have been seen overwintering near Pea Island;
they are common in FL, but haven’t usually been seen here; one was
sighted at Mattamuskeet also.
g. Swan also typically fly quite high.
h. Anhinga and Cormorants (look similar to each other), perch on
structures, navigational aids, dead trees, occasionally see flock of 50-100
flying close to water or at about 100’ above water.
i. Snow geese, tundra swan abundant in end of January, but are largely
gone by the beginning of Feb (at least that was the case this year—but
the abundance, behavior, etc varies drastically with the season).
j. Ducks, Geese (seasonal, during winter months) and pelicans, gulls,
cormorants, and terns (year-round, but less abundant in summer) are
found anywhere where there is food throughout Pamlico and Albemarle
Sounds.
k. Blue Jays: some populations overwinter here and move N. in summer,
others overwinter south of here and move into this area (NC coast and
inland) in summer—so they can be seen all times of year, but are
different individuals.
l. Woodpeckers (all 5 species are found in NC—usually see all of them on
a weekend birding trip): juvenile red-headed woodpeckers don’t have
any red, they have black heads; see woodpeckers more often in wooded
swamps and upland forests—they need a tree to perch in and feed on;
they would probably stay around wooded areas when they are not
migrating and so would not likely have any interaction with wind farms
when not migrating (don’t know much about migratory pathways).

98

3. About Specific Seasons
a. Snow geese, tundra swan abundant in end of January, but are largely
gone by the beginning of Feb (at least that was the case this year—but
the abundance, behavior, etc varies drastically with the season).
b. Last year in March, drove through Alligator River and saw virtually
nothing in terms of the numbers of waterfowl that are there in January
and February.
c. Birding is better in the winter, fall and spring because you can see more
with fewer leaves on the trees. People just don’t watch and record as
much bird activity in the summer because it’s harder to see and you have
to deal with heat, insects, etc. Therefore, the data on available counts,
abundances, etc is probably skewed away from summer counts.
4. About Specific Locations
a. Area between Cape Hatteras and Avon = “The Point”: where Gulf
Stream and Labrador currents converge; very rich with bird life and
marine life; considered by Mobil, Exxon as a drilling site.
b. Known migration stopover sites: Fort Fisher at the mouth of Cape Fear
River (birds follow land masses, stop at Fort Fisher before crossing Cape
Fear for varying lengths of time depending on weather), North side of
Chesapeake Bay (follow land masses on East side of Chesapeake Bay in
VA).
c. Birds concentrate in National Wildlife Refuges because that’s where
they’re not disturbed, but also use other areas to fly between these sites,
and for migration.
d. Northern gannets offshore in Pamlico Sound
e. Pelicans here year-round; increasing steadily over last 40 years; in past
few years, white pelicans have been seen overwintering near Pea Island;
they are common in FL, but haven’t usually been seen here; one was
sighted at Mattamuskeet also.
f. Coastal and Sound area at NC-VA border is overwintering site for
Canada Geese, Swan, and many waterfowl.
g. The Dismal Swamp State Park is an overwintering and migration
stopover site.
h. Dare County/Alligator River area is an overwintering and migration
stopover site for various species including hawks, eagles, wading birds,
waterfowl, pelicans, shorebirds, red tail, red shoulder, coopers,
woodpeckers, etc.
i. Very high densities of birds overwintering in Mattamuskeet area
between October-March.
j. Ducks, Geese (seasonal, during winter months) and pelicans, gulls,
cormorants, and terns (year-round, but less abundant in summer) are
found anywhere where there is food throughout Pamlico and Albemarle
Sounds.
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k.

There is an airforce bombing range somewhere in S. Dare County where
air traffic and access is restrictied.
l. Cedar Island Wildlife Refuge is both a stopover area during migration
and an overwintering site for many birds.
m. The Cape Fear River area is a stopover site for many migrating birds
including warblers, blue jays, larger migrants, hawks, raptors. They stay
for varying lengths of time before moving on in good weather
conditions.
5. About Flight Heights and Structures
a. Raptors, hawks fly very, very high but also perch on tall objects and
come down to the ground to feed
b. Gannets also fly so high sometimes it’s hard to recognize them, but then
they also dive down to water; same for swan.
c. Anhinga and cormorants (look similar to each other), perch on
structures, navigational aids (so might be at greater risk for collisions),
dead trees, occasionally see flock of 50-100 flying close to water or at
about 100’ above water.
d. It seems like there is always some type of bird flying at some specific
height at all times of year—believe that the flight heights depend on
seasonal activity (migrating, nesting, roosting), weather (barometric
pressure, winds, fog), and other species in the area (competition for
altitudinal niches, different based on species composition in the area).
e. Woodpeckers would probably stay around wooded areas when they are
not migrating and so would not likely have any interaction with wind
farms when not migrating (don’t know much about migratory
pathways).
f. Cormorants fly lower than pelicans and gulls, so high it’s hard to ID
them sometimes
g. Waterfowl don’t perch and are not particularly attracted to structures,
but they fly in large flocks so they may not entirely avoid structures just
because there are so many birds in the air at once.
h. Don’t know how much of a problem these rotors might actually pose to
birds; small rotors on wind turbines in Boone area don’t seem to be
much of a problem for birds
i. Wonder about damage to rotors and turbines from bird collisions. The
plane that crashed into the Hudson had a Canada goose in each engine
and tundra swans are twice the size of Canada geese.
j. Gulls tend to hang around structures: bridge railings, etc.; the great
black-backed gull is smaller than a Canada goose but larger than a duck
(about Cormorant size). They look big, but don’t weigh much so may
not cause the damage that a swan or goose might to the rotor blades.
k. Heard about a design to lower turbines during a hurricane threat to
protect them. E-mailed more info on this.
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11 March 2009 - Mark Wilde-Ramsing and Richard W. Lawrence (interviewed by
JM Meiners)
Richard W. Lawrence, Branch Head, Underwater Archaeology Branch
1528 Ft. Fisher Blvd.
South Kure Beach, NC 28449
Phone: (910) 458-9042 ext. 204
Fax: (910) 458-4093
Richard.lawrence@ncdcr.gov
Dr. Mark Wilde-Ramsing, Underwater Archaeology Branch, Office of State
Archaeology, Division of Historical Resources, Department of Cultural Resources:
Phone: (910) 458-9042 ext. 202
mark.wramsing@ncdcr.edu
Took place at IMS in Morehead City on Wednesday, March 11 from approx. 1:30 - 2 PM
1. I showed them the map we have of the wreck, cultural heritage sites that Jesse and
Harvey put together and explained that we would like to verify its accuracy and
completeness.
2. They gave me an Excel file with GPS locations of some wrecks—said this list
would be more up to date than the one Jesse got from the AWOIS site and that we
should overlap them and compare two data sets. They said they might send me
more if they get more updated info.
3. Said the AWOIS data (one of Jesse’s sources for the wreck data currently on the
map) is “notoriously inaccurate.”
4. Recommended a 300 meter radius around point locations for wrecks that would
account for the whole site, plus some area in most cases.
5. Recommended we look into a study on where to bring fiber optic cables onshore
for comparison to wind project…
6. There is a book by Gary Gentile on dive sites, but the locations might be in Loran,
so might not be all that useful.
7. Other Commnets
a. Contact Dr. James Parnell, who is retired from UNC-Wilmington; he’s
done a lot of work on migrations, and has written several books on
birding; took a group into a cemetery with lots of trees to observe birds;
said birds will delay migration a few days depending on weather, will
also stop over in areas to refuel; migrate using thermal patterns,
prevailing winds, fronts, so timing depends on weather patterns; looked
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b.
c.

at bird mortalities from collisions with a tall TV tower (for Channel 12?)
South of Wilmington (found mortalities increased dramatically during
foggy nights during migrations; hit tower and guy wires; surprised by
some types of birds found dead at base of tower).
Contact John Fussell, a knowledgeable local birder who may have more
info for offshore birds
Contact Dennis Chadwick, who is retired from the ferry service but used
to captain the Cedar Island ÅÆ Ocracoke ferry and is a good birder.
He now lives in Straights, near Harker’s Island and runs some sort of
Eco-tourism business called “Downeast Kayaks” or something like that.

12 March 2009 - Dr. James Parnell (phone interview by JM Meiners)
James Parnell (910-791-1365) was faculty in Biology Department at UNC-W. He is now
retired. He is active with local birding groups, giving lectures, etc. We were referred to
him by Red Munden.
Took place over the phone on Thursday, March. 12 from approx. 4 - 4:45 pm.
1. Cape Fear River area should be off limits because of nesting areas of colonial
water birds, brown pelicans, laughing gulls, terns, white albus
2. The entire lower (S. half of state) coast and inshore waters out to a mile or two is
an important migratory flyway. Walker Golder may have data on that and on
important nesting areas.
3. He is unaware of any offshore database for the SE area of the state that is at all
comparable to what David Lee and Brian Patteson have done in the NE. There
is just very little hard data for offshore water usage South of Cape Lookout.
4. People He Mentioned That We Could Contact For More Info
a. Walker Golder: may have more current information on bird areas and
usage in Wilmington area, SE of state.
b. Susan Campbell: with NCWRC
c. David Lee
d. Brian Patteson
e. Steve Ernslie: Bio dept at UNC-W; may have data on coastal birds;
works with penguins; gave talk at IMS in fall.
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20 March 2009 – Jess Hawkins, former assistant to the director of NC Division of
Marine Fisheries, currently member of the NC Marine Fisheries Commission and
part-time resource educator for the NC Aquarium (interviewed at IMS by CH
Peterson, SR Fegley, and JM Meiners, notes by JM Meiners)
1. About Sites in Sounds
a. The ferry routes are the only channels out there in the Sounds to be
aware of aside from the Intercoastal waterway. All navigation channels
should be “red no-go” areas.
b. The Intracoastal waterway goes down the Alligator river and across
Neuse
c. Albemarle Sound and Alligator River are shallow estuaries with no
trawling or oystering allowed.
d. Pamlico Sound is divided into two circulatory regions; different fish
regions. There is no defined zoning in Pamlico. Whoever has might
makes right in terms of fishing rights there.
e. Bluff Shoals would be an interesting site to consider to wind farm
placement.
f. “The reef” is a section of grassbeds along the inner shore of outer banks
along the Pamlico.
g. Lot of shrimp, crab dragging in spring in Pamlico Sound.
h. There will always be a lot of fishing boats down near Cedar Island
“beach.” The specific area depends a little of where the shrimp are each
year.
i. Pamlico coloration recommendations: Sara’s polygon and Bluff shoals
(but not too close to shore) = green; Area in middle = orange;
Everywhere else = red.
j. Albemarle coloration recommendations: All red because of Intercoastal
waterway, military activity, and not even big enough for a wind farm!
k. Contact Willie Phillips about Alligator River.
2. About Sites Offshore
a. Sara’s marking offshore might be representing a flounder fishery, which
uses big boats = possible conflict.
b. On Red’s map: dogfish fishery just opened back up close to shore; the
snowy grouper and tallfish fisheries are way offshore.
c. Contact Tilman Gray (Avon) and Jeff Oden (Hatteras) about fishing
zones from Hatteras north.
d. Most of the commercially important fish we’ve been talking about occur
in 100+ feet of water, so just outside the proposed wind farm siting area.
e. Sara from fisheries might know about clusters of rocks around inshore
fisheries or if there are any significant rock clusters that are not marked
on the map.
f. Stay away from Wimble Shoals.
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g.

Possible offshore orange/green area near Hatteras = past coastal waters
marked red on Sara’s map N. of Hatteras area (see Sara’s map for gap to
make orange/green).
h. Near Cape Lookout: fish will come around the Cape, fishermen will fish
for them near shore. There are also nearshore gillnet fisheries and lots
of recreational fishing in this area.
i. Could ask experienced local divers (Glen?) about ledges, rocks coming
off shoals near Lookout.
j. Agree with Mike Marshall’s exclusions of waters around MHC,
Lookout.
k. Rocks and wrecks near Ocracoke.
l. Steve Ross has conducted suveys and mapping with a submersible sub
and has a data base that could provide information on bottom structure.
Might also be able to get this information from Scott at DMF next door.
m. Jack Cox (Blue Island Seafood, Homer’s fish) could provide information
about the specific locations of live bottom areas near Morehead City.
Suggest that we go with our maps and ask him to point out areas 10 x 10
miles where there might not be a hard bottom conflict, since he may not
be likely to share all of his bottom mapping information.
n. Also contact Sonny Davis.
o. Info on location of ledges might be lumped in with data on live bottom
sites.
p. There is a lot of live bottom in Onslow Bay.
q. Don’t know much about bottom around Wilmington area.
3. Other Possible Conflicts/Problems
a. Poundnetters work the edges of break out. A pound net fishery can’t
move; it needs certain physical flow sites.
b. Problem of cables resurfacing during strong storms in Pamlico?
c. Shrimpers, trawlers, draggers won’t want the structures but will go right
up against them when they are there if they think they can catch
something there.
4. Other Comments
a. Flounder are attracted to structure, are fished near shoals, etc.
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30 March 2009 – Dave Cobb, Chief, Division of Wildlife Management, NC Wildlife
Resources Commission (interviewed by JM Meiners)
The following is the written response provided by the DWM:
April 2, 2009
MEMORANDUM
TO
FROM
SUBJECT

Joan Meiners, UNC-IMS
David T. Cobb, Ph.D., CWB, Chief, Division of Wildlife Management
Comments on Wind Farm Impact Documents

Per your request and our discussion on March 31, 2009, North Carolina Wildlife
Resources Commission (NCWRC) staff in the Division of Wildlife Management and
Division of Inland Fisheries have reviewed the two documents you provided entitled
“Use and Risk Layer #1: Fish Habitat, Fishing Use, and water Transportation Corridors”
and “Use and Risk Layer #2: Birds and Bats” and the map associated with each
document. As you and I discussed, because NCWRC staff were only just included in this
analysis, we have only evaluated these documents relative to specific terrestrial and
aquatic wildlife. Our comments below are intended to assist you and your colleagues in
finalizing materials to be presented to the General Assembly. These comments do not
indicate, nor should they be taken to imply, that the NCWRC supports or opposes
establishment of a wind farm in any particular geographic area. Establishing an agency
position on this matter will require significant additional details on the project and
sufficient time for a complete review and evaluation.
Overall, we believe that you have done a good job of briefly describing impacts to birds,
bats, and fish, with some notable exceptions listed below. I understand that your team
will be presenting results of your analyses to the General Assembly on April 15. I would
appreciate your advising me as to the time and location of that presentation.
Regarding the Use and Risk Layer #1: Fish Habitat, Fishing Use, and Water
Transportation Corridors, we provide the following comments.
•
We concur with the majority of the risk classifications which are based on the
presence of Division of Marine Fisheries, Primary and Secondary Nursery Areas,
Strategic Habitat Areas, artificial oyster reefs sanctuaries and oyster planting areas, shell
substrates and live bottom habitats, and submerged aquatic vegetation. In addition, areas
around inlets and capes, navigation corridors, fishing grounds, western wall of the Gulf
Stream, and rivers and streams where classified as areas where significant conflict with
fisheries, transportation, and habitat would result. While not specifically stated, it also
appears that waters less that 12 ft in depth were also excluded due to construction barge
access limitations and potential for shoaling.
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•
Without additional information and impact assessment we have concerns about
the low conflict (green) areas within Pamlico Sound. While the value of inlets as
fisheries habitat is recognized in the draft document, little is mentioned about fish
migratory routes away from inlets. The smaller area between Ocracoke and Rose Bay
adjoins the protected area around Ocracoke Inlet and could encompass, depending on
location, migratory routes of anadromous species including striped bass, American and
hickory shad, alewife and blueback herring, and Atlantic and shortnose sturgeon, as well
as other brackish water species. Further analysis and research is needed to assess wind
farm operational impacts on fish migration, movement and behavior.
•
Within Albemarle Sound the small area north of Manteo and east of the
Intracoastal Waterway identified as yellow, appears from the map to extend into shallow
water habitats southwest of Kitty Hawk Bay, especially if waters less than 12 ft in depth
are considered to be in the unacceptable conflict (red) area.
•
The potential offshore area north of Oregon Inlet and extending toward the
Virginia – North Carolina line may be within important wintering grounds and migratory
routes for striped bass, American and hickory shad, alewife, blueback herring, and
Atlantic and shortnose sturgeon. While the potential negative effects of wind farm
operations to fish habitats and fish behavior are not well documented or understood, it
may be prudent to upgrade the classification of this zone to “yellow” should review
indicate significant utilization of this area.
•
Other potential fisheries and habitat issues associated with wind farms, including
construction and operation, substrate alteration, marine cables placement, fish habitat
disruption, wind wake effects and shoreline facilities would need to be addressed on a
site specific basis.
Regarding the Use and Risk Layer #2: Birds and Bats, we provide the following
questions and comments.
•
How are your estimates on acceptable buffer widths determined? These buffers
should likely be larger in some instances. The 2-mile buffer seems to be largely
attributable to passerines which roost on land, but there may be many other birds for
which coastal migration encompasses a wider zone along the coast. Detailed information
on suitable buffer widths for various species is in some cases limited, but some additional
description of how you settled on 2 miles versus 3 miles, or other buffer size would be
helpful.
•
On page 3, you mention studies that show avoidance of wind farms by birds, and
note that is "reassuring". Then you mention the possibility of indirect affects, and then
you state, " How readily other duck species and waterbirds that frequent North Carolina
sounds will avoid wind mills during their frequent flights is unknown - and could be
learned by study of a pilot installation." We recommend that you include the need for
studies of indirect affects also, not just avoidance.
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•
Waterbirds use Pamlico Sound much more that Albemarle Sound, so relative to
potential impacts on waterbirds our biological concern is greater for establishing a wind
farm in the Pamlico Sound.
•
An especially high use area not mentioned in the report is the Onslow Bay, for its
use by wintering diving birds such as red-throated loons and common loons.
•
The inlets are especially important to a wide variety of waterbirds, and although
you have established a red zone of 3 miles around the center of each inlet, we do not
believe that this 3-mile zone is large enough, especially when you take into account that
some of the inlets are over a mile wide. In most cases, the 3 mile buffer you allow
around the inlets barely goes beyond the 2 mile buffer from land. We suggest a
minimum of 5 miles from any inlet. This 5-mile buffer will also help protect a wide
variety of primarily pelagic birds, such as northern gannets, that sometimes forage within
a few miles (both inside and outside) of NC inlets.
•
Because there are numerous small islands that are used by large numbers of
nesting colonial waterbirds, and in some cases wintering shorebirds, we suggest that the
2-mile buffer you use along the mainland and outer banks shoreline also be used around
shorelines of any island, marsh or exposed shoal.
•
Because many waterbirds, such as terns and black skimmers, use the shallower
waters of the Pamlico Sound for foraging, we recommend that the red zones be extend at
least 1 mile from any water less than 4 ft. deep.
•
Regarding sea turtles, we don't really know how significant the impacts will be,
but they probably won't be as significant as impacts to birds and bats. There is some
concern about electro-magnetic fields, particularly if the electrical cables come ashore on
nesting beaches where turtle hatchlings could become disoriented.
•
Regarding potential impacts on waterfowl, there are some other sources of data
that could be looked at, including our NCWRC mid-winter waterfowl survey data that
provides counts of waterfowl (by species) in discrete geographic units. Evaluating these
data could help further refine a risk assessment for waterfowl. The U.S. Fish and
Wildlife Service (USFWS) has recently been conducting sea duck and other waterbird
surveys in portions of our coastal sounds and offshore up to 8 miles in some places.
These data may not yet be available for release, but we recommend that you inquire as to
its availability from the USFWS.
•
Our primary main concern with waterfowl is not direct impacts due to collisions,
but rather avoidance of essential roosting and/or feeding areas.
•
Most of the Pamlico Sound is colored yellow. We suspect that this area regularly
contains large numbers of sea ducks and at times large number of diving ducks,
particularly scaup. For example, the attached map gives an indication of the distribution
of black scoters in the 2008 Atlantic Flyway sea duck survey. Even though the scale of
the map does not give significant detail, but it indicates the potential for large numbers of
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sea ducks in this "yellow" area. In addition, staff regularly observes large numbers of
Brant and sea ducks using the southern end of Pamlico Sound at Royal Shoal and Brant
Island Shoal, and to a lesser extent in the eastern portions of Pamlico Sound in water less
than about 5 ft deep.
•

We recommend several specific changes to the “bird map.”
o The upper reaches of the Pasquotank, Little, Perquimans and Chowan Rivers
are shown in white. We recommend changing these to yellow.
o The upper reaches of the Pungo and Pamlico Rivers as well as several rivers
in southern Carteret Co. are shown in white. We recommend changing these
to red.
o The entirety of the New River (Onslow Co.) is shown in white. We
recommend changing it to red.
o Much of the Cape Fear River is shown in white. We recommend changing it
to yellow

For your information, we have listed several citations of potentially useful publications
below, and have attached some e-copies to the message to which this memo is attached.
David, J.A. 2006. Likely sensitivity of bottlenose dolphins to pile-driving noise. Water
and Environmental Journal. 20:1, 48-54.
Madsen, P.T.; M. Wahlberg; J. Tougard; K. Lucke; P. Tyack. 2006. Wind Turbine
underwater noise and marine mammals: implications of current knowledge and data
needs. Marine Ecology Progress Series. 309:279-295.
Woodbury, D.P. and J.H. Stadler. 2008. A proposed method to assess physical injury to
fishes from underwater sound produced during pile driving. Bioacoustics 17:289-291.
Hawkins A. 2006. Assessing the impact of pile driving upon fish. IN: Proceedings of the
2005 International Conference on Ecology and Transportation, Eds. Irwin CL, Garrett P,
McDermott KP. Center for Transportation and the Environment, North Carolina State
University, Raleigh, NC: p. 22. (Abstract).
Wilson, B. and L.M. Dill. 2002. Pacific herring respond to simulated odontocete
echolocation sounds. Canadian Journal Aquatic Sciences. 59:542-553.
Danish Off shore Wind– Key Environmental Issues. 2006. DONG Energy, Vattenfall,
The Danish Energy Authority and The Danish Forest and Nature Agency, 264 pp. IISBN
87-7844-625-2. Downloaded 4-1-09 from:
http://www.ens.dk/graphics/Publikationer/Havvindmoeller/havvindmoellebog_nov_2006
_skrm.pdf
You can get a review of the above paper at: http://www.capecodtoday.com/news550.htm
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We hope these comments, enclosed information, and attached documents are useful to
your efforts. I look forward to hearing from you regarding the meeting on April 15. If
any NCWRC staff can be of further assistance in this endeavor, please contact me at
919.707.0051 or david.cobb@ncwildlife.org.
Attachments
cc:
NCWRC staff
23 & 24 April 2009 – Jack Cox, commercial fisherman (interviewed by JM Meiners)
Took place at Coffee Affair in Morehead City on Thursday, April 23 between 12-1
pm and on Friday, April 24 between 10-10:30am.
Note: A simple map was created during this interview showing the offshore locations
near Morehead City of some areas Mr. Cox indicated would be best for avoiding hard
bottom during construction of a large-scale wind farm. A small, grainy picture is also
available showing the location of hard bottom areas off Morehead City based on Mr.
Cox’s 30 years of experience.
1. Best Areas for Wind Farms According to Mr. Cox Based on Hard Bottom Character
a. He’d like to see the wind farm go in 80-120’ of water for best fish
enhancement.
b. Ideal location for the wind farm, in his opinion, for fishing purposes and
bottom compatibility (soft bottom) would be off Drum Inlet east of
Beaufort in 60-80’ of water. There is almost no hard bottom there once
you get beyond 4 miles offshore and very little boat traffic since Drum
Inlet is not navigable. The NÆS winds should be good there because
they come off the water. The southern boundary of a wind farm in this
location should be north of N 34˚39.591, which is the northern boundary
of a dense area of live bottom.
c. Larger green area shown on our fish map south of Beaufort Inlet to south
of Bogue Inlet in water deeper than 100’ would be a good place to
establish hard bottom by installing these turbine structures and therefore
enhancing fish and creating additional fishing opportunities. Off Bogue
Inlet may be less than ideal in terms of wind because it is protected from
the prevailing North winds coming across the land first. There may also
be military conflicts in this area.
d. Some portions of the green area closer in to Morehead off Bogue Inlet
may also be a good area for a wind farm, but the siting would have to be
more exact and the site perhaps not square to avoid all live bottom.
e. There is a lot of hard bottom from 50-100’ depth off Bogue Inlet.
f. He has done a lot of very precise bottom mapping (using the Nobeltec
computer program) in the offshore Morehead City area for the past 30
years and has generated a map of the hard bottom areas—he let me take
a picture of it on my phone, but the resolution, size, and quality of the
image are minimal.
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2. About Fishing and Fish
a. Boat fishing takes place mostly in water 100-150’ depth.
b. Fishermen would love to have any additional structure out in water; can
only enhance their fishing opportunities.
c. No idea about how the sound and/or vibrations produced by turbines will
affect fish.
d. Reef fishing requires the use of anchors—can be destructive to bottom.
Could minimize use of anchors and bottom disturbance by fishermen
within wind farm by having places on turbines for fishermen to tie up to.
Some kind of ring around the base of each turbine would be ideal to tie
up close to the structure.
e. Could maybe combine the wind farm zoning area with an MPA so less
of the water is restricted in some way.
f. From 80’ out (water depth) is great fishing. Closer in there is less
current.
3. Types of Fish Turbine Structures Will Attract Off Morehead
a. CLOSER TO BEACH (< 60’ depth):
Sheepshead, Trout, Flounder, King Mackerel
b. FURTHER OFFSHORE (>60’ depth):
King Mackerel, Tuna, Wahoo, Grouper especially
“Everything”
29 April 2009 – J.N. Lewis, Jr., R.K. Willis, H.D. Gaskill, and D.P. Styron, NC
Ferry crew, (interviewed by JM Meiners)
Took place on the Cedar Island Æ Ocracoke ferry on Wednesday, April 29th from
approx. 2:30 - 4:00 PM
1. Attitudes About Wind Farms
a.
Don’t see that is would do any harm, except maybe to birds.
b.
Don’t trust government not to highly restrict fishing within the wind
farm area.
2. About Siting Wind Farm
a. Two miles off the beach from Kitty Hawk offshore might be a good
location.
b. Bluff Shoals would be a good spot; it’s 3.5 miles wide from W. to E.
However, leaving only a half mile corridor between turbines would
prevent all navigation. The ferries would require at least a couple mile
corridor to travel between turbines.
c. Sometimes the ferry from Ocracoke to Swanquarter has to deviate form
it’s route in bad weather and so it would then need a wide corridor there
too.
d. Anywhere in 100’ of water offshore would be good.
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e.

f.
g.
h.
i.
k.

A wind farm in the Sounds could work but not one that is as big as 10 x
10 miles. That size would need to go offshore. Maybe a 3 x 3 mile farm
could work in the Pamlico, but anything larger would take up too much
area and be too disruptive.
The bottom in Pamlico is very soft, worried about cables being buried
deep enough so wouldn’t interfere with trawling. Might need to be 10’
deep or more.
Concerned about interference with radio and about noise and vibrations.
Putting a wind farm in East of Morehead City through up to Cedar
Island offshore would create a lot of public uproar.
There might be some coral in Raleigh Bay that would cause problems
for wind farm siting. There is a 0.25 – 0.5 mile strip between Ocracoke
and Pulver Inlet where you cannot tow because of coral.
Raleigh Bay seems like a good area.

3. About Wildlife Abundances
a. Bluff Shoals: Seen a lot of red heads (5-6,000) in winter. Also
blackheads, brant, mergansers, canvasbacks, swan, and other types of
wildlife that use Bluff Shoals.
b. Swanquarter woods Æ Ocracoke: Flyway for many waterfowl, swan in
October to February.
c. Behind Cedar Island: In March a lot of scoters hang out there in flocks
of ~500.
d. Pea Island: there is a lot of wildlife in the green area behind Pea Island.
e. Pamlico Sound is full of turtles. They cause a lot of damage to crab pots
in the sound trying to get food.
f. The most abundant birds in the Pamlico Sound: Summer: cormorants,
laughing gulls; Fall: scoters, mergansers, blackheads; Winter: red heads,
blackheads; Spring: mergansers, scoters.
4. About Birds/Structures/Lights:
a. Cormorants, pelicans, and seagulls like to hang around structures
looking for bait fish that are drawn to structures, but cormorants might
not fly high enough to be hit by spinning rotor blades.
b. Birds might be attracted to lights, not sure—worked on trawlers and saw
birds being attracted to boat but not sure if it was because of the food, or
structure, or lights.
c. Waterfowl avoid structures.
d. There is a TV tower in Open Grounds with guy wires that birds run into
often during nighttime or when it’s foggy.
e. Flying fish are attracted to lights, but mostly occur further south.
f. Gannets are abundant in the sounds and might be attracted to lights, not
sure about structures. They can be attracted to boats. They dive for
their food from 20’ and so could be at risk of hitting rotor blades.
g. All birds do fly in the rotor range. Some might avoid it by flying over it.
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5. Other Comments
a. Dredging is restricted in the Sound and channel, so how can they disturb
all this bottom by putting in wind turbines?
29 April 2009 – Jeff Oden, commercial fisherman (interviewed by JMMeiners)
Took place at Mr. Oden’s residence in Hatteras on Wednesday, April 29th from approx.
6:30 - 7:30 PM
1. Predicted Fishermen Responses to Wind Farm
a.
Offshore, there won’t be many conflicts with placing turbines.
Fishermen will be fighting to get to them in the morning. The only issue
there might be just as an obstacle to navigating—someone could fall
asleep and run into them like the Navy tower near Oregon Inlet.
b.
In the sound the shrimpers would have issues, but it probably depends
on how many turbines there are and how dense they are. The Sound is
also a big bird flyway.
c.
Longliners, gill-netters won’t be concerned. Structures will probably be
a bonus for them.
d.
Trawlers might have an issue with this if their activities are restricted
(rigging is in 50-60’ of water).
f.
The waters are so regulated these days, any new government plan makes
fishermen suspicious. There are so many MPAs that limit our access to
the water. There’s now one off Wrightsville beach, restricting so much
it “gets me worked up.”
2. About Fish
a.
While fishing in the bight in 50-60’ of water, floating gear or anchored
gear cast shadows that did affect fish, causing them to “bank up,” but
this is probably not that big of an issue in terms of limiting wind
turbines.
b.
Shadows do affect fish migration. Even nets 20’ above where the fish
are swimming will cause them to “bank up” and limit their progress for
the day, and also make them easier prey. Noticed this with striped bass,
weak fish, and croakers fishing using pound nets in the early 80s. They
schooled up around shadows, especially in winter. They’ll move again
in the winter but they were banked up all day. Know it was in reaction
to our nets/rods because when we moved them, the fish would move also
and would bank up wherever we put the nets/rods in again. Continuous
shadows might have detrimental effects on fish migration, so turbines
might cause problem there.
c.
No idea how noise or vibrations will affect fish.
3. About Hard Bottom
a.
When he used to be a pound-netter, he used to try to stick poles in and
often couldn’t get more than 2-3’ deep.
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b.
c.

d.
e.

Off Avon from 3-8 miles out there are patches of hard bottom. It can be
out 15-20 miles.
In Raleigh bay inside of 90’ of water would be a good area—charter
boats would be happy to have a wind farm there as long as they can have
access to it for fishing. There are Mahi fish there outside of 100’, where
there might be a conflict with longliners. The bottom is more clear
between Drum Inlet and Ocracoke offshore in 70-90’ water depth, but
there is some hard bottom there, namely an old wreck sunk in the war,
the Atlas tanker.
“Tons” of hard bottom in Onslow Bay south of Lookout.
There is very little hard bottom on Diamond Shoals, so a row of wind
turbines could be good there.

4. About Our Fish Map
a.
The larger, eastern green area in Pamlico Sound looks to be in shore of
sand reefs that fishermen use for gill netting, poundnetting, shrimp nets,
and is in general a heavily fished area.
b.
There are already three towers in the large green area offshore in the NE
corner of the state. More structures won’t really be an issue because
there is less activity up there in terms of human conflict. That is the best
place is his opinion.
c.
Charter boats use the yellow area east of Hatteras but they might even
like the structures. There is one structure out there now that the charter
boats race to every day.
d.
Closer to shore off of Hatteras and up north in the red shore buffer there
are a few spots with shale bottom that are prime fishing spots. Don’t
know whether this sandstone would be a problem for establishing wind
farms or not.
e.
Raleigh Bay would have fewer fishing conflicts and would be a decent
spot for wind farms, especially in the more southern sections because
there it wouldn’t interfere with the fishing boats out of Ocracoke.
5. Other Comments/Questions
a.
Contact Billy Carl Tillet in Wancheese, owner of Moon Tillet Sea Food,
who has been a captain a long time in this area, does a lot of trawling,
and might have an issue with where the turbines are situated. He can tell
me about local trawling activity and use conflicts.
b.
Wonders how cable might affect trawling activity—whether that will
cause trawling to be limited not just in wind farm area but in wide area
around it also to protect cables.
c.
How will cables be protected from being uncovered by hurricanes/big
storms that can sometimes cover/uncover large objects? Maybe
someone should do a study on how deep the cables should be buried to
be able to withstand NC large storm events.
d.
What are the blades made out of?
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e.
f.

Could post the map to Ahab’s Journal, a forum for local fishermen
online, to get responses to different areas.
Been fighting Audubon society to drive on beach because they have it
restricted because of Piping Plovers; seems like you can never satisfy the
environmental or fisheries groups.

29 April 2009 – Tilman Gray, commercial fisherman (interviewed by JM Meiners)
Took place at Mr. Gray’s residence in Avon on Wednesday, April 29th from approx.
8:00 - 9:00 PM
1. Predicted Fishermen Responses to Wind Farm
a. Commercial fishermen use pound nets (18’), gill nets, fish offshore for
grouper, tuna, crab in 100-150 fathoms and so will be bothered by a
farm in that area.
b. Recreational fishermen will like this wind farm plan, commercial
fishermen won’t.
c. “Who knows who it’s going to affect, but if it works it’ll be great.”
d. Worried that if the wind farm does have some adverse impacts on
turtles, birds, or fish that they’ll [DMF] shut down some other area or
fishing activity to make up for it. Recreational fishermen are not held to
turtle catch quotas, etc, so it won’t affect them.
2. About Fish/Birds/Etc.
a. Since these turbines are not a part of the natural habitat, they’ll probably
spook the fish for a while, who knows how long. They might avoid the
structures, and it could disrupt fish migration routes. And if fish are
going to avoid them, birds will avoid them.
b. Fish might be attracted to the structures themselves, but might avoid
them because of sound and vibrations.
c. The Sound is a high use area for a lot of waterfowl, mergansers, loons,
etc.
d. Offshore there are shearwaters, petrels, cormorants, loons, pelicans that
might be affected. Some of them might be attracted to lighted
structures. The slower moving ones would probably be the most
vulnerable.
3. About Hard Bottom
a. Too much hard/live bottom in Onslow Bay.
b. Live bottom in Raleigh Bay is mostly outside 100. There are some
wrecks and hard bottom to avoid but it’s not a huge deal.
c. 29945 40175 = Time difference coordinates for where break starts
outside Hatteras. From that point, a southwesterly course will bring you
to an area of rocks and hard bottom in 80-100’ depth, which is a good
habitat area with lots of fishing and the start of a lot of live/hard bottom.
d, There is very little hard bottom in Raleigh Bay.
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e.
f.

There is some hard bottom off Portsmouth.
Very little hard bottom from Hatteras Inlet south until you get to
Lookout.

4. About Our Fish Map:
a. Agrees with our fish map colorations for the most part.
b. Surprised that there is so much yellow and green in the Pamlico Sound.
Seems like there is a lot of fishing there and very high bird use.
c. The yellow area east of Cape Hatteras is heavily used by fishermen,
especially trawlers, gill-netters, and commercial.
d. No comment on the green area in NE corner of NC waters.
30 April 2009 – Billy Carl Tillett, commercial fisherman (interviewed by JM
Meiners)
Took place at Moon Tillett Fish Company in Wanchese on Thursday, April 30th from
approx. 8:00 - 9:00 AM
1. About Wind Farm Siting
a. Bluff shoal is an important navigation route. Trawlers don’t drag up it,
they drag up by the side of it, starting at the southern end. Cross Bluff
Shoals to the East of the lighthouse. Everybody goes across shoal in the
same place, where it’s deepest, so if a wide enough channel is left open,
it shouldn’t interfere with boat traffic.
b. Fishing and trawling everywhere inside 100’ fathom contour offshore,
following fish.
c. There is a lot of charter fishing east of Cape Hatteras where there is a lot
of live bottom. That area is not good for trawling.
d. Pound net activity in southeastern portion of the Pamlico Sound closer to
shore than the yellow area restricts trawling there.
e. Not as much trawling south of Hatteras, but a lot of gill netting goes on
there.
f. There is no trawling allowed in Albemarle Sound.
g. Don’t trawl outside of 30 fathom (180’) depth in Raleigh Bay because
there starts to be a lot of rocky bottom.
h. Diamond shoal is a rough and windy place and might not hold structures
well, but he doesn’t think it’s an important area for birds or other
wildlife that would limit wind farm establishment.
i. “The Point” and surrounding area is a major fishing area.
j. Long Shoal is in the northern section of Pamlico and is used for military
bombing, etc and would present a conflict.
2. About Our Fish Map
a. The yellow region in Pamlico Sound is the highest level of shrimping
conflict. That area in the middle of Pamlico Sound is where 90% of
shrimping and trawling take place. If that area were blocked off, there
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b.

c.

d.

would be no more shrimp on the market. The green area on the eastern
end of Pamlico, behind Pea Island, would be better as far as trawling is
concerned. However, any closer to shore and it would create conflict
with gill netters and crab potters.
Bluff shoal could be a good place for a wind farm if a wide enough
navigation channel were left where all the boats cross it where it’s
deepest. All trawling around Bluff shoals goes up the eastern side from
south to north.
Large green area in NE corner of state could have best potential for wind
farm without too much conflict. There are schools of sea herring,
menhaden, and many flying gannets in that area, but not as much gill
netting and trawling as elsewhere.
The Avon rocks coral area (east of Hatteras) should be red instead of
yellow. This area should also be red because it has high use by trawlers,
gill netters, and there are other conflicts.

3. About Wildlife
a. Turtles are more abundant in the sounds than in the ocean in summer. In
the winter, there are more turtles offshore south of Hatteras. There is no
other place in the world where the Labrador Current meets the Gulf
Stream that close to shore. This results in lots of turtles and fast-moving
fish.
b. He’s never caught a turtle in summer while fishing for squid in ocean at
100 fathom contour. Turtles are not as abundant in deeper water.
4. Other Comments
a. Started in 1977 with Moon Tillet Fish Company. Have 2 draggers, fish
for squid and shrimp in summer. In winter, fish for flounder, bluefish,
croaker, “everything.” Main thing in past 10 years has been croaker.
b. There’s a “Blue Line” rule on the books that states a no-trawl line near
the grass beds.
1 May 2009 – Willy Phillips, commercial fisherman (interviewed by JM Meiners)
Information collected and compiled by Joan Meiners: jmmeiner@mtholyoke.edu
Exchanged emails in April about meeting to discuss wind farm zoning and possible
environmental interactions. An in-person meeting was ultimately not possible to
arrange. Sent him a copy of our fish map and explanation of the project via email on
May 1, 2009. This was his response:
“Joan,
The map delineation seems sensitive to the most obvious concerns, however
you must remember that there will have to be transmission lines as well as
onshore infrastructure to consider. Has there been recent study of the affects
of high voltage or even low voltage on fish and crab movements. These are
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critters that know when to rise into the upper water levels to catch the flood
tide into the estuaries, hovering around the inlets for days or even weeks until
the time is right. Presently there is a lot of uncertainty on what influences
movements but when you have recent information detailing species and
subspecies regional imprints that lead spawn to return to the same creek as
their parent it makes you wonder.
Willy”
5 June 2009 – US National Park Service (response to a request from by CH
Peterson)
NATIONAL PARK SERVICE
Southeast Regional Office
Atlanta Federal Center
1924 Building
100 Alabama St., SW.
Atlanta, Georgia 30303
Professor Charles H. Peterson
Institute of Marine Sciences
University of North Carolina at Chapel Hill
3431 Arendell Street
Morehead City, NC 28557
Dear Professor Peterson:
The National Park Service (NPS) appreciates the opportunity to review the draft of your
report entitled, “Wind over Water: Environmental Impacts, Synergies, and Use
Conflicts,” that you forwarded to us on May 22, 2009. We have set forth specific
comments on the draft in the attachment.
This is an especially important report given that its intended audience is the North
Carolina General Assembly. The report provides an overview of the diverse
environmental resources and natural amenities associated with the state’s coast and the
critical need to take them into account before siting wind farm facilities in coastal waters.
It contains a lot of good information and lays out a very useful approach with its
companion maps for helping to guide siting decisions at a macro level. Additional studies
are definitely needed, and the report identifies such a need. It also makes clear that
because of the resources at risk, a prudent approach is called for in harnessing energy
from wind in coastal waters in a manner that safeguards the environment.
To enhance the coverage of the report, the NPS recommends that specific attention be
given to the presence of Cape Hatteras and Cape Lookout National Seashores. These two
units of the National Park System comprise approximately fifty percent of the State of
North Carolina’s coastline. They contain nationally significant natural and cultural
resources and values that play a vital role in the state’s ecosystem and local economies.
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They are also home to many of the species described in the report. To give the national
seashores more prominence, we recommend that a new section be added to the report that
looks at potential conflicts that could arise from wind energy projects outside park
boundaries in state waters, and at opportunities for mitigating those impacts.
As part of such a presentation, we would like to see the report contain an expanded
discussion of viewshed impacts. This is a topic that is touched on at the end of the report.
Viewshed considerations lend themselves to nuanced depictions on maps similar to the
treatment of the other resource conflicts presented in the report’s companion maps. For
example, the two mile setback suggested in the report on page 27 “to protect extremely
valuable coastal tourism and retirement industries” could be rendered on a map.
Similarly, the report could describe and map needed avoidance areas to protect the
viewsheds around the iconic lighthouses located within both seashores, and the historic
villages of Ocracoke, Portsmouth, and Cape Lookout.
As noted in the “Introduction” to the report, additional studies and analyses are needed to
better understand potential impacts and risks to resources and values associated with
wind energy development in coastal waters in the state. To obtain the needed information
for informed decision making, the report suggests the need for pilot projects in coastal
waters to test the technologies and evaluate impacts. Such a measured approach makes
good sense. Ensuring that such studies are well designed and properly monitor impacts
will be critical. In addition to looking at localized impacts, these studies also need to look
at regional impacts.
Because there are unknowns around potential impacts to park resources and values, the
NPS would like to be engaged in helping to fashion studies that would examine
outstanding questions germane to the national seashores. We realize that the particulars
of the needed future studies are outside the scope of your report. To address such study
needs, the NPS offers our expertise and input in the state’s permitting process for wind
projects that have the potential to affect the national seashores, both at the pilot project
and commercial development phases.
In closing, we are looking forward to collaborating with the state in ensuring that wind
projects move forward in an environmentally sound manner that protects the state’s
highly treasured national seashores while also helping the nation make progress in
lowering its carbon footprint and dependence on foreign oil.
If you have any questions about our comments, please contact Sherri Fields, Chief,
Science & Natural Resources Division of my staff at (404) 507-5807.
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Sincerely,
David Vela
Regional Director
Southeast Region
Attachment
cc:

Bert Frost, NPS Associate Director for Natural Resource Stewardship and Science
Sherri Fields, Chief, Science & Natural Resources Division, Southeast Region
Mike Murray, Superintendent, Cape Hatteras National Seashore/Wright Brothers
National Memorial/Fort Raleigh National Historic Site
Russ Wilson, Superintendent, Cape Lookout National Seashore

ATTACHMENT
National Park Service (NPS) Comments on the 5/22/09 Draft of “Wind over Water:
Environmental Impacts, Synergies and Use Conflicts”
by Charles H. Peterson, Stephen R. Fegley and Joan M. Meiners (University of North
Carolina at Chapel Hill)
I. General
In many places, the report calls for research to better understand impacts. However, it
does not consistently note where statements are truly hypotheses and assumptions that
have not yet been substantiated or refuted by research. While in the ending paragraph of
the “Introduction” on page 2, the authors acknowledge that “conclusions reached in this
report should be considered informed expectations and hypotheses to be developed
further through wider public input,” it would be helpful to flag the unknowns and
categories of needed research under each of the presented resource topics. In addition, we
also recommend that the need for additional research on noise, lighting, viewshed, and
magnetic fields; opportunities to mitigate such impacts; and needed protocols for
monitoring the efficacy of mitigation and unforeseen impacts.
Once the general localities are selected, the impact of wind energy projects, both at the
pilot and commercial stage, on coastal processes will need to be evaluated through sitespecific and regional surveys and assessments. Alteration of coastal processes, including
but not limited to waves, currents and sediment transport pathways, can have direct and
indirect impacts on the national seashores. Similarly, studies will need to be undertaken
to examine the potential impacts to the national seashores associated with energy
transmission from off shore wind facilities to on shore location.
A key factor that we recommend be accounted for in subsequent evaluations of the siting
of propose pilot and/or commercial scale wind facilities along the North Carolina coast is
the frequency of severe storms in the area and their potential impact on infrastructure for
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wind turbines and energy transmission. The North Carolina coast has a history of being
impacted by severe storms including tropical storms, hurricanes and northeasters that
either make direct landfall or pass just offshore. Issues surround how wind turbines with
large revolving blades will be secured to withstand hours of tropical storm force or
hurricane force winds. The potential of damage to the large structures, and impacts to
coastal habitats and marine and coastal organisms from resulting debris should also be
evaluated prior to construction of any wind farms.
In looking at the map contained in Fig, EC.4, we only could discern potential areas of
conflict with military operations areas and training routes, not commercial navigational
routes. Perhaps we were not looking at the proper map. Because this is an important
dimension that raises public safety risks and hazards, we recommend that it be clearly
depicted on a map as a use conflict issue related to the siting of wind facilities and
companion transmission lines in coastal waters.
II. Estuarine and Nearshore Fishes
The report discusses potential impacts on birds, bats, butterflies, marine mammals, sea
turtles, and benthic invertebrates in Pamlico and Albemarle Sounds, and off the coast of
the state. However, there is no dedicated discussion of potential impacts on estuarine and
nearshore fishes in a comparable manner to the treatment of other species. While impacts
to fish species and populations come up in the discussion of the “Spatial Distribution of
Risk” section, we recommend that an earlier discussion be present on both estuarine and
nearshore fishes.
Estuaries are nursery areas for many species of commercially and recreationally
important fishes. It would be helpful in considering siting locations for wind energy
facilities, including pilot projects, that the potential impacts on the nursery grounds of
these species be evaluated relative to the placement of monopoles, cables, and
transmission lines. According to the report, rock foundations and monopole shafts would
be beneficial to benthic invertebrates, including mussels and oysters (the "...replacement
of ubiquitous sedimentary bottom by additional, now limited hard-bottom habitat would
be beneficial to ecosystem services provided by the benthos, at least in Pamlico Sound"
(Benthic Invertebrates, p. 9). However, the rock foundations and monopoles
would act as artificial reefs attracting and congregating species that normally would not
occur there, or would occur there only in low numbers. This could increase predation on
juveniles of commercially and recreationally important fishes that use the estuaries as
nursery areas. Further, the 16,000 sq. m. rock foundations would reduce the amount of
habitat for benthic infauna (e.g., polychaetes) and eipifauna (e.g., crustaceans such as
amphipods) and thus the prey of many estuarine fishes.
With respect to nearshore fish, the report concludes that "...the long-lasting outcome of
installing a wind farm would be to replace an area of sedimentary habitat with hard
bottom. On the whole, such a replacement is ecologically beneficial because the
sedimentary habitat in the coastal ocean off North Carolina to a depth of 30 m is virtually
ubiquitous. Hard-bottom habitat is limited, especially north of Cape Lookout, and hard-
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bottom habitat develops invertebrate communities that can support commercially and
recreationally valuable reef fishes like snappers and groupers." (Benthic Invertebrates, p.
14). Like above, this assumes that rock foundations and monopoles would act as artificial
reefs (quite likely) and attract and concentrate snappers and groupers. The rock
foundations and monopoles will also attract and concentrate fishermen who will increase
the mortality on these commercially and recreationally important species. The
key question of benefit to the fishes is will these “reefs” produce numbers of snappers
and groupers in excess of those removed by fishing? In evaluating impacts, this question
should be answered. We are wondering if the literature on artificial reefs of similar size
and materials off the Carolinas offers any evidence that the windfarm “reefs” will result
in fish production, or attraction and congregation.
III. Noise Impacts
We recommend that the report contain a dedicated discussion of the impact of wind
turbine noise on wildlife and humans, and the need for further research. The NPS has
expertise in this arena,and would like to work with you to strengthen this dimension of
your report. Understanding the impact of sound on wildlife and visitor enjoyment has
become a robust yet still nascent research field. The NPS is very involved in this field
and would like to share with you what studies we know of that would be helpful to you.
For example, we are working with researchers at the University of Rhode Island
examining the impacts of sound on wildlife. We realize that you too have been working
with a research group out of Duke University.
As the State of North Carolina begins to consider wind pilot projects, we can assist in
structuring needed baseline research to help understand noise impacts to wildlife and
visitors, and needed mitigation measures.
For more information and assistance from the NPS Natural Sounds Program, please
contact Karen Trevino, the program’s manager, at 970-225-3563.
IV. Lighting Impacts
The report touches on lighting in terms of impacts on wildlife, but not humans. This is
another field that the NPS has specialized expertise and can provide additional help to
you. We can direct you to studies occurring on both dimension of artificial light impact
concerns (humans and wildlife) and opportunities for mitigation. For more information
and assistance, please contact Chad Moore, NPS Night Sky Program, at 970-491-3700.
V. Viewshed Impacts
As noted in the cover letter and relayed to you via an e-mail dated 5/21/09, visual
intrusion of wind turbine on the viewshed is of concern to the NPS. While we realize that
some wind turbines in our viewshed are likely, we want to ensure that the siting of such
facilities takes into account the presence of nationally and locally valuable iconic visual
scenes, especially those associated with the Cape Lookout, Cape Hatteras, Bodie Island,
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and the Ocracoke Island Lighthouses, the historic villages of Ocracoke, Portsmouth, and
Cape Lookout Village. In addition, it is important to note that both the Cape Hatteras
Lighthouse and Wright Brothers Memorial are also designated National Historic
Landmarks. This is a special designation that needs to be accounted for. We recommend
that the report draw special attention to these historic emblems of our national
heritage, and call for studies to ensure that the viewsheds around them are not impaired.
The NPS has available completed Cultural Landscape Reports for Cape Lookout Village
(2005), Portsmouth Village (2007), Cape Hatteras Light Station (2003), and Wright
Brothers Memorial (2002) that identify and address treatment of significant viewsheds.
Page 26 of the report refers to an Environmental Impact Study (EIS) evaluating a wind
farm off the coast of Georgia. To create understanding as to the siting of wind facilities
on viewsheds, it simulates their presence using computer models. It really brings to light
what such facilities will look like at various distances from the shoreline. Similar studies
need to be done on the potential viewshed impacts associated with alternative siting
locations of wind facilities in Pamlico Sound, Albemarle Sound, and in the coastal ocean
off North Carolina. The NPS would very much welcome the opportunity to participate in
such simulation studies to depict how alternative siting decisions could impact the
viewsheds of the national seashores.
VI. Synergies
Under the section on “Synergies Between Wind Farms and Other Ecosystem Services,”
the report focuses on the potential beneficial impacts of rock foundations and monopole
shafts, but does not cite any evidence that these artificial reefs will increase production of
recreationally and commercially important fishes (as opposed to attracting and
congregating fishermen, a source of mortality). Without evidence, such a conclusion is
merely a hypothesis. As a result, we recommend that the report refrain from drawing such
conclusions or rephrase the text to call for needed studies into the potential impacts
associated with various aspects of wind energy generation (like the rock foundations and
monopole shafts).
For example, the report concludes that wind farms can "provide synergistic ecosystem
services...[that] flow from the addition of hard structure rising from the bottom in an
otherwise unstructured plain of mobile sediments..." including "enhancing food web
production" (p. 18). It goes on to state that, "Among the epibiota expected in Pamlico
Sound locations are barnacles, oysters, and mussels. These species serve as prey for some
diving ducks like scoters and for several fishes, most notably sheepshead and black drum.
Consequently, the monopole shafts will offer prey that enhance the production of
important avian and fish resources. The fishes are targets of recreational fisheries and so
could provide some social and economic services." (pp. bottom of 19–top of 20). As the
report does elsewhere, we recommend that it note that the research does not exist at this
time to determine whether artificial reefs will increase production of recreationally and
commercially important fishes (as opposed to attracting and congregating fishermen, a
source of mortality). A similar example exists on page 20 with respect to the impact of
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artificial reefs on commercially important fishes (as opposed to attracting and
congregating fishermen, a source of mortality).
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Have collision risks with turbines while
migrating and disturbance/loss of beach
nesting habitat where transmission
cables come ashore. Recommended 250m buffer of offshore transmission cable
system from nesting beach. Collision
risk is greatest when flying over water at
night or inclement weather, but plovers
generally fly below rotor height. 9
Disorientation by lighting possible
during migration.

Piping Plover
(Charadrius
melodus
melodus) (T, T)

Kirtland’s
Warbler
(Dendroica
kirtlandii) (E,
E)

American
Peregrine
Falcon (Falco
peregrinus) (E,
--)

Roseate tern
(Sterna
dougallii) (E, E)

Issues with wind turbines
Concern about habitat disturbance and
degradation of nesting sites and marsh
feeding areas where cables are brought
on shore. Some collision risk when
migrating.
Temporary habitat displacement and
displacement of fish prey from increased
vessel traffic or other construction
activities. Low collision risk (low, agile
fliers).9
Perch and fly very high. Some collision
risk while trying to perch on turbine
structures, but would not likely be drawn
far out over water as they stay coastal
while hunting rodents (JW) and smaller
birds.13
Total population of <1,000 in 1980; any
loss is unacceptable. Not known to nest
or stay in NC for prolonged periods.13

Species
Gull-Billed tern
(Sterna nilotica)
(T, --)

Migrate at night
across Lake Erie,
northern Ohio, and
Pennsylvania before
turning to follow coast
south .13
Yes, along coast from
NE to NC & from NC
to Yucatan. Travel in
flocks of 3-15. Flight
heights, patterns,
directions, route and
stop-over habits not
well known. 9 They
tend to stay close to
coast unless weather
blows them inland.13

Common winter residents
along Carolina coast between
early August and late May
(Potter et al., 1980). Peak
numbers of migrating birds
pass through VA in SeptDec.11

Migrate along Carolina coast
between April to early May,
and from early September
through October.13

Yes.13

Uncommon fall transient and rare winter
resident along the coast. No nesting activity
currently known in NC.13 Sighted regularly
along Cape Lookout National Seashore and
along Bogue Banks in fall and winter.3
Occur over coastal plain and piedmont
during spring and fall migrations. Three
sightings in fall in Rocky Mount, NC. One
sighting on south shore of Kerr Lake, about
a mile above the VA line and NW of Rocky
Mount.13
NC listed as critical habitat, at Cape
Lookout, Oregon Inlet, Ocracoke Inlet /
Portsmouth Flats, and New Drum Inlet.11
Nesting sites also recorded along
Shackleford banks near Morehead City.13
Complete list of known nesting sites is
available from NC Audubon Society.
Usually found in small flocks on drier
sections of beach and flats.13 Some nest in
NC. Some other stocks winter in NC (N and
S edge of range for diff. colonies).

Rare on coast from late March
to mid May and from late July
to October. One nesting
record in NC in 1973 near
Core Banks.13
During spring and fall
migrations, with some winter
residents along NC coastline.13

Yes, in spring and
summer over ocean in
large, mixed flocks.9

Mostly just along coast during migration,
but at least one nest was recorded in Core
Banks in 1973.13

Season in NC
Common along coast from
mid-April to September.13

Migrate?
Yes.13

Location in NC
Common along Carolina coast. Large
nesting colony known at Cape Romain in
SC. Feed over marshes, predominately on
insects.13

ocean waters, and Pamlico and Albemarle Sounds. State designations precede federal designations in the list of status following each
scientific name (-- = no designation). Superscripts indicate references, full citations of which are found in Appendix IV. General
information relevant to all endangered and threatened species within certain groups (e.g., whales) follows the table.

APPENDIX III. Species that are endangered (E), threatened (T), or of concern (SC) occurring in or near North Carolina coastal
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Humpback
Whale
(Megaptera
novaeangliae) (-, E)

Fin Whale
(Balaenoptera
physalus) (--, E)

Shortnose
Sturgeon
(Acipenser
brevirostrum)
(E,E)

These anadromous fish colonize river
estuaries and do not often venture far out
to sea. Harmed by harvest, dams, river
flow regulation, pollution, and dredging
of estuarine habitats. Pile driving and
cable laying activities that reduce water
quality and increase suspended sediment
could have impacts, but are probably
only a concern when bringing cable to
land since these fish would not be far out
to sea near wind farm site. Spawning in
NC takes place far upstream in winter
some years, where they are probably
safe from impacts by wind farm
construction, but during other years
these fish spend the fall and winter at the
saline edges of their estuarine habitats,
making no season an ideal construction
time.5 Possible impacts from submarine
sound, vibrations, or electromagnetic
fields
Commonly killed by accumulation of
biotoxins in prey. 11 This hazard could be
exaggerated if dangerous levels of toxins
are suspended from sediment
disturbance during construction and
thereby made more available to prey.
This could be avoided by staging
construction when whales are not
present. Possible impacts of submarine
sounds, vibrations, or electromagnetic
fields from wind turbine operation are
unknown.
Tolerance of nearby boats may make
them susceptible to collisions. 11 Build
up of toxins in prey from sediment
disturbance could be harmful. Possible
impacts of submarine sounds, vibrations,
or electromagnetic fields from wind
turbine operation are unknown.
Probably only pass through during
migrations. But route depends on areas
with high food abundance (pelagic
crustaceans, small fish, commericial fish). 11
Juveniles may overwinter in NC waters. 14

Seen off the coast of Cape Hatteras close to
shore. Swim quickly and shallow enough to
be at risk of boat collisions (20-100m: often
along continental shelf 11, but sometimes
closer in to shore as well.12 Some may
winter south of Cape Hatteras, 11 but Fin
whales are more common further north.14
Likely to be abundant where food is
abundant (small schooling fish, crustaceans,
commercial fish). Calving takes place
mostly further north near New Jersey. 11

Most rivers have not been surveyed for this
species. The only known population in NC
is found in the Cape Fear River, where
experts estimated there were fewer than 100
fish in 1994. There have been several
populations identified in SC, particularly in
the following rivers: Pee Dee River, SanteeCooper River, Edisto River, Ashepoo River,
and Savannah River. However, these fish
are not known to make long distance
migrations, so the Cape Fear population is
probably the only known one of relevance.5

Passing through during
migrations. Some populations
may also spend the winter
close to shore south of
Hatteras. 11

Passing through during fall
and spring migrations. 11
Juveniles sometimes
overwinter in NC coastal
waters between November and
April. 14

Yes. 11

The NC fish remain mostly
within their Cape Fear River
habitat, but vary their
proximity to the
freshwater/salt water interface
throughout the year. They are
thermal foragers, feeding when
the water temp is above 7 C.
The Cape Fear population may
spend more of the year in more
saline environments. In winter
months some years, they can
travel up to 200 km upstream
to spawn.5

Yes. 11

Yes. In this region
they migrate upstream
to spawn. Marine
migration is poorly
known. The limited
data suggest that
populations move little
with a restricted home
range within their river
and estuary.5
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American
Alligator
(Alligator
mississippiensis
) (T, T)

Manatee
(Trichechus
manatus) (E, E)

Right Whale
(Eubalaena
australis) (--, E)

Small, declining population needs extra
protection. At elevated risk for vessel
collisions, their current greatest known
cause of mortality, because they
habituate to boat noise easily and fail to
move away from vessels. 11 Habitat
change and degradation as well as build
up of toxins in prey from sediment
disturbance could be harmful. Possible
impacts of submarine sounds, vibrations,
or electromagnetic fields from wind
turbine operation are unknown.
Curious by nature, manatees are
especially vulnerable to near-shore boat
collisions, which account for 25% of
manatee mortalities in U.S. Their
tendency to hang around man-made
structures puts them at risk during
construction, but they will not travel
deeper than the grass beds, which may
keep them away from most offshore
turbines.15 Mixed success with methods
to deter manatees from approaching boat
traffic,7 avoiding summer construction
may be only means of protection.
Disturbance and degradation of seagrass
and other vegetation that make up
feeding grounds could be harmful.
Possible impacts of submarine sounds,
vibrations, or electromagnetic fields
from wind turbine operation are
unknown.
Temporary water quality degradation
due to sediment suspension in pile
driving and cable laying could have
short term negative impacts, especially
where cables are brought aground, but
this is not a high risk since this species is
not abundant in most proposed wind
farm sites.
This species is recovering from being listed
as endangered and now exists in coastal
freshwater areas of all but the most northern
regions of NC. Primarily freshwater
animals, they are found in swampy areas,
rivers, streams, lakes and ponds but do
occasionally visit brackish water
environments.18

Rarely seen in NC Sounds, estuaries or
near-shore coastal areas in summer (May October). 14 Found in Intercoastal waterway
between June and August. Stay within a
mile of shore since they feed in grassbeds.7

Coastal distribution; can be very close to
shore when migrating (within 30m). 11, 14
Some wintering/calving grounds from Cape
Fear, NC south to SC. Their range is often
described by where food is abundant
(calanoid copepods and juvenile
euphausiids). 11

Present year-round and forage
at all times of day, but are less
active in the winter, due to
temperature restrictions on
foraging.18

Summer (May - October). 14

Yes.15

No evidence of
migration.

Passing through during fall
(Nov. - Dec.) and spring
(March - April) migrations. 14
Others use area near Cape Fear
for wintering and calving
between late November and
early March. 11

Yes. 11
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Green sea turtle
(Chelonia
mydas) (T, T)

Kemp’s Ridley
sea turtle
(Lepidochelus
kempii) (E, E)

Because of their very small population
size and limited nesting habitat (Gulf of
Mexico), Kemp's ridleys are of concern.
Juveniles feed on crabs and other
benthos, and are may be attracted to
turbine bases, placing them at risk of
boat collisions and entanglement in
fishing gear used within the wind farm.17
They are more abundant in the sounds
and nearshore waters in the summer
months: winter construction may offer
protection. However, some individuals
hibernate in nearshore sediment in
winter rather than migrating to warmer
waters, raising some concern for their
safety during pile driving and cable
laying activities.11 As visual foragers,
they may experience some temporary
difficulty or habitat displacement during
construction activites that result in short
term suspended sediment and decreased
water quality.11
Disturbance of seagrass beds or foraging
habitats during pile driving or cable
laying could be harmful. .11 Hatchlings
depend on offshore Sargassum mats. 17
Though an unlikely risk, oil spills from
wind farm operations could damage
these important foraging habitats. They
are more abundant in the sounds and
near-shore waters considered for wind
farm siting in the summer months,
therefore planning construction for the
winter may offer some protection.
However, some individuals hibernate in
nearshore sediment in winter rather than
migrating to warmer waters, raising
some concern for their safety during pile
driving and cable laying activities.
Known nesting sites are south of NC. 17
Along the US East coast, greens are found
from along the coast of Texas up to
Virginia, with uncommon extensions up as
far north as Massachusetts. 11, 17 In the
summer they are more common in the
sounds and nearshore waters where seagrass
and algae are present. In the winter, those
that stay in NC move further offshore
toward the Gulf Stream and usually stay
near the Continental shelf.8

Most around East coast of US are juveniles,
sometimes foraging in very shallow coastal
waters (<1m). In the summer they are more
common in the sounds and nearshore
waters. In the winter, those that stay in NC
move further offshore toward the Gulf
Stream and Continental shelf.8 Some
evidence suggests that these turtles cannot
survive winters north of Cape Hatteras and
that the bulk of the migrating juveniles pass
by Cape Hatteras on their way south in
December and January. All nesting takes
place in the Gulf of Mexico. 17

Yes, with very
extensive ranges for
the adults. Hatchlings
migrate up coast from
rookeries to feeding
grounds before
entering juvenile
pelagic stage. 11
Juveniles often remain
in one feeding area for
years before beginning
to migrate. Exhibit
strong nesting site
fidelity. 17

Adults spend most of
their time in the Gulf
of Mexico, but there is
some seasonal
movement by
juveniles up and down
the US's east coast in
waters less than 49m
deep. 17 Some
juveniles spend the
summer in NC sound
and nearshore waters,
then head south or out
to the Gulf Stream
from there for the
winter.11

Abundances are highest in
New England nearshore waters
(juveniles) and in the Gulf of
Mexico (adults). Juveniles
have been spotted foraging
along the entire US East coast
during summer months. 17
Individuals can be found in
NC waters during all times of
year, feeding or passing
through during migrations.
Some studies report juveniles
moving into northern US
waters during May and June
and leaving between
September and November,
passing Cape Hatteras in
December and January. 17
They can't function in water
less than 55.4⁰F, so that is a
possible indicator of their
range presence at any time.11
Individuals can be found in
shallow NC waters during all
times of year, feeding or
passing through during
migrations, but they are most
abundant in the summer
months.8 Greens cannot
tolerate water temperatures
below 50⁰F, which may serve
as an indication of their range
throughout the year. 11
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Leatherback sea
turtle
(Dermochelys
coriacea) (E, E)

Atlantic
hawksbill
(Eretmochelys
imbricata) (E,
E)

Listed as "critically endangered" by the
World Conservation Union, this species
would be highly threatened by any
disturbance of nesting or foraging
habitat. However, they are an
uncommon visitor in NC waters and no
nesting sites have been recorded in NC.
17
Conducting the most disturbing
construction activities in winter may
provide some protection to this species.
These turtles likely feed and migrate in
deeper waters than the proposed wind
farm site, however, in addition to their
diet of mostly jellyfish, they do also
consume crabs, tunicates, and
amphipods and so may be attracted to
turbine bases to forage. 17 As they pass
through NC in warmer months,
conducting the most disturbing
construction activities in winter may
provide some protection to this species.
Known nesting sites are south of NC. 17

Yes, migrate
surprisingly far
distances, but rarely
through US waters. 17

Yes. Tolerance of
colder waters results in
a wide distribution
throughout the year.
Migrate farther
offshore than many
other sea turtles. 11

Found rarely in shallow, coastal waters
from Brazil to Massachusetts. Often
overlaps habitats with green turtles, but can
tolerate even more shallow and muddy bays
and lagoons.1 Seen occasionally in NC
sounds in summer and may move out to
Gulf Stream waters in winter.8

Leatherbacks pass through NC offshore
waters during migrations, but specific
locations or depths at which they swim
along NC coastlines are unspecified. 17

Peak abundances in NC occur
in summer, with 100-900
individuals between Canada
and NC each year.11 Presence
in NC waters is mostly en
route during migrations or
following jellyfish prey. Peak
numbers are seen in southern
Virginia in late April. Nesting
sites are further south and
feeding areas are north of
NC.17

17

Since they are more abundant
in warmer waters, these turtles
would be more likely to be
found in NC nearshore,
shallow waters lagoons,
estuaries, bays, inlets, etc in
summer than any other season.
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As colonial nesters, they may be
disrupted by cable grounding activity.
Forage for insects and small fish by
diving from air into water.13
As colonial nesters, they may be
disrupted by cable grounding activity.
Forage for insects and small fish by
diving from air into water.13

Common Tern
(Sterna
hirundo) (SC)

Least tern
(Sterna
antillarum)
(SC)

Black Skimmer
(Rynchops
niger) (SC)

Loggerheads are the most abundant
turtle in NC waters. Some are present
all year both in the sounds and offshore.
They will likely be attracted to turbine
bases for shelter and to feed on crabs,
mollusks, and crustaceans. As visual
foragers, they may experience temporary
difficulty or habitat displacement during
construction activities resulting in
suspended sediment and decreased water
quality. 11 As they are most abundant in
the coastal waters in summer months,
winter construction may offer
protection. Loggerheads nest on NC
beaches, and may be harmed by
disturbance of beach habitat or extra
lighting which may distract females
attempting to lay eggs. Hatchlings may
also suffer from distracting lighting,
with continuous lighting being most
disruptive.8 Hatchlings depend on
offshore Sargassum mats that are at risk
of contamination by oil spills or minor
discharges from ship and boats during
construction. Loggerheads can hear less
than 1,000 Hz and may be affected by
construction noises.2
Foraging could be disrupted by lights as
they feed on fish in early evening and at
night in coastal areas.13

Loggerhead sea
turtle (Caretta
caretta) (T, T)

Normally only occur along coast, but storms
may bring birds inland. Nest on barrier
islands and remote beaches. Common in
winter North of Cape Lookout.13
Mostly coastal. Occasionally at large inland
lakes in April and May and between July
and mid-October. Nest on Outer Banks and
small sandy islands in Pamlico.13
Mostly coastal. Occasionally blown inland
by a storm and nest near lakes.13

Feed on benthic invertebrates throughout
NC sounds and coastal waters. Most
abundant in summer, but present yearround. Found south of Cape Hatteras or at
edge of Gulf Stream in colder months. 11

Year-round, but most abundant
in summer.13
Some present Year-round but
individual populations
migrate.13
Common along coast from
April to October with smaller
populations into December.13

Yes.13

Yes.13

Most abundant in NC sounds
and coastal waters and on
nesting beaches along entire
NC coastline in summer
months, but are present yearround. Many will move
offshore to warmer Gulf
Stream waters or will at least
be found more often south of
Cape Hatteras in winter.8
Cannot tolerate water
temperatures below 46.4 F. 11

No.13

Yes, cued by sea
surface temperatures.
Migrate along coast in
between beach and
continental shelf,
usually staying in
water depths of around
20m. 11
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Snowy Egret
(Egretta thula)
(SC)

Loggerhead
shrike (Lanius
ludovicianus)
(SC)

Little Blue
Heron (Egretta
caerulea) (SC)

Bachman’s
sparrow
(Aimophila
aestivalis) (SC,
FSC)
Black Vulture
(Coragyps
altratus) (SC)
Cooper’s Hawk
(Accipiter
cooperii) (SC)
Glossy Ibis
(Plegadis
falcinellus) (SC)

Common along coast. Feeds on fish and
other aquatic animals in shallow water, so
stays close to these resources.13

Uncommon to fairly common throughout
Carolinas, but most abundant in piedmont
and lower mountains.13

Feed in shallow waters along coasts,
sometimes move inland after breeding
season (Potter et al., 1980).

Yes.

No Information.

Yes.

Yes.

Common in coastal shallow waters in
summer; in winter, only found south of
Bodie Island. Some flocks move inland
after breeding season.13

Year-round at coast but more
common in summer than
winter. Some seen inland
during post-breeding dispersal
from coastal nesting sites.13

Year-round at coast but more
common in summer (breeding
season) than in winter. Some
seen inland between July and
September during postbreeding dispersal from coastal
nesting sites.13
Year-round. Numbers
increase in winter as birds
move in from north.13

Uncommon in winter. Rare in
summer and usually found in
mountains.13
Common in summer. Rare to
uncommon in winter .13

No Information.

Found in dense woods and adjacent edges.13

Small level of risk associated with
perching habits, however, unlikely to be
attracted to perches over water.
Concern about habitat disturbance and
degradation of nesting sites where cables
are brought on shore. Some risk of
collisions when migrating or crossing
sounds during post-breeding dispersal.
Otherwise, their shallow habitat may
keep them safe from most conflict.
Concern about habitat disturbance and
degradation of nesting sites where cables
are brought on shore. Some risk of
collisions when migrating or crossing
sounds during post-breeding dispersal.
Otherwise, their shallow habitat may
keep them safe from most conflict.
Low level of risk as most are found
further inland. Some risk of attraction to
perches, from which they hunt small,
terrestrial prey.13 May not be attracted
to perches over water.
Concern about habitat disturbance and
degradation of nesting sites where cables
are brought on shore. Some risk of
collisions when migrating or crossing
sounds during post-breeding dispersal.
Otherwise, their shallow habitat may
keep them safe from most conflict.

No Information.

No Information.

Common in lower coastal plain of
Carolinas.13

No Information.

Year-round in southeastern
NC; vacate northeastern NC
sites in winter.13

Some seasonal
movement away from
northern NC regions.13

Nest in open pine woods in coastal plain.13

No obvious conflicts with offshore wind
turbines. This species nests in open pine
woods and feeds on insects, grass, sedge,
pine seeds.13
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Degradation of habitat possible from
transmission cable landing. Thought to
be declining because of disturbed habitat
interfering with effective foraging.4

Sanderling
(Calidris alba)

Red Knot
(Calidris
canutus)

Atlantic
Sturgeon
(Acipenser
oxyrinchus)
(SC)

Rafinesque’s
big-eared bat
(Corynorhinus
rafinesquii
macrotis) (SC)

Concern about habitat disturbance and
degradation of nesting sites where cables
are brought on shore. Some risk of
collisions when migrating or crossing
sounds during post-breeding dispersal.
Otherwise, their shallow habitat may
keep them safe from most conflict.
Forages on insects before dawn and after
dusk.9 Studies at the Horns Rev wind
farm in Denmark suggest that white
wind turbines may attract insects, which
may in turn attract bats, putting them at
risk of collisions with rotor blades and
fatal pressure gradients around nacelles.
Their known attraction to man-made
structures as roosting sites intensifies
this risk, especially if turbine structure
provides any suitable roosting habitat.
This anadromous fish inhabits rivers,
bays, estuaries, coastal and continental
shelf waters and is sensitive to human
disturbances of habitat. They are
negatively impacted by water pollution
and dredging and filling of their
habitats.16 Possible impacts of
submarine sound, vibrations, or
electromagnetic fields from wind turbine
operation is undetermined.
Degradation of feeding, stop-over
habitats by transmission cable grounding
could be an issue. Some collision risk
while migrating.

Tricolored
Heron (Egretta
tricolor) (SC)

Common on ocean beaches. Occasionally
found inland during spring and fall
migrations.13

Shorebird found on beaches and flats along
Carolina coast, mostly while passing
through on migration route. Rarely found
inland.13

Found along entire US coastline. NC
ranked third after SC and GA among states
in landings for this species in 1982 and
1987. Spawning occurs upriver, juveniles
move down to estuarine zone, and adults
often mature in coastal and continental shelf
waters. 16

Roosts near water in hollow trees
(specifically bottomland hardwood in NC)
and man-made structures (especially old
buildings and under bridges) in most NC
coastal counties. Home range size varies
greatly with habitat type and insect
abundance.6,9

Common along coast. Feed by wading into
shallow water.13

Present throughout year on
beaches and flats along coast.
Fairly common along coastline
mid-April through May and
July through mid-October.
Uncommon in summer and
winter and not known to breed
in NC.13
Common throughout the year
along NC beaches. Numbers
decrease in summer as they do
not breed in NC.13

Yes.13

Yes.13

Present in NC year-round.
Migrate away from wind farm
site into rivers for spawning
some years in February/March.
Adults travel between rivers
and continental shelf in fall
and spring. 16

Inhabit hollow trees and manmade structures in coastal
areas in NC throughout the
year. 6,9

Year-round at coast but more
common in summer than
winter. Some seen inland
during post-breeding dispersal
from coastal nesting sites.13

Yes, migrate upriver
to spawn some years
beginning in
February/March. Also
known to undergo
extensive fall and
spring coastal
migrations. 16

No evidence of
migration.

Yes.
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Passerines
Passerine birds are the group of greatest concern for collisions with wind turbine rotor blades since many of these species migrate along the NC coast at night
during fall and spring and are attracted to lighted structures. They may also be highly susceptible to being blown into turbine structures during a storm or
colliding with them in foggy conditions when they tend to fly at lower altitudes.11, 13 The American Bird Conservancy and the USFWS concluded that flashing
white lights may be less attractive to these birds than red or constant lights. Since these birds need to rest during the day on solid ground during migrations,
restricting wind farm construction to at least two miles from any shoreline and designing the turbines to lack any suitable perches or nesting sites may help
protect these birds.

Shorebirds
This group of birds is found mostly in NC in the summer along shorelines and mudflats, building nests on the ground and probing in the sand for small aquatic
animals just beneath the surface in the intertidal zone. Because of their foraging habits, shorebirds would be negatively impacted by excess debris and
degradation of shorelines by activities such as cable laying and boat traffic. Important nesting habitat on beaches and mudflats could also be disrupted by
grounding of transmission cables .13 Care should be taken to observe proper buffers around these sites when choosing a grounding location. Most shorebirds
migrate along the coast in fall and spring, usually close to shore or slightly inland, so collision risk may be lower for these birds than for some others.13

Sea turtles
Cape Wind study concluded "minor" impacts of wind farm construction or operation on sea turtles (except for the rare possibility of oil spills, for which the
impact would be "moderate"). Temporarily decreased water quality from suspended sediment during construction may negatively affect visual foraging abilities
in the immediate area but this is not expected to have lasting impacts. Alternatively, construction activities may result in some temporary habitat displacement of
sea turtles, but since their prey will likely also be temporarily displaced, no serious or lasting conflicts are expected. Turbine structures may even eventually
provide additional shelter and foraging opportunities for some turtles (loggerheads and Kemp's ridleys), albeit at some added risk of boat collisions while
travelling between turbine bases if area is trafficked or trawled by fishermen, etc. Three-core solid dielectric AC cable design buried at six feet was chosen for
Cape Wind to minimize environmental impacts and reduce electomagnetic field to a level with no anticipated impacts. 11 Increased boat activity during
construction or lighting from turbines could hinder mother turtles' abilities to find suitable nesting sites or could fatally distract newly hatched turtles finding their
way into the water. Constant white lights would be most disorienting.8 Possible impacts of submarine sounds or vibrations on turtles are unknown.

GENERAL COMMENTS
Whales
No injury to whales (toothed or baleen) further than 30m away from pile driving is expected (whales can hear 42dBht, toothed whales 45 dBht).11 Estimated
injury threshold = 130dBht; Harrassment threshold = 90dBht. 11 Due to the limited knowledge and complexity of audition in marine mammals, however, stated
thresholds do not necessarily eliminate risk. 11,14 Construction noise is not likely to affect the migration, nursing/breeding, feeding/sheltering, or communication
of any whales, as they are likely to avoid the affected area during construction. 11 During wind turbine operation, whales are not expected to be at risk of any
harm even as close as 20m. 11 Temporary displacement from construction zone habitat from noise disturbance is not expected to have negative impacts since
prey will also likely be temporarily displaced and whales generally move following the prey source. 11 Elevated levels of TSS could also cause an avoidance
response, but again will not alienate whales from prey and is not expected to last more than 2 days at the MA site (time to settle at the NC site will depend on
sediment type and wave currents), therefore no negative impacts from displacement are expected. On the other hand, contamination from released toxins in
sediment could bioaccumulate in prey and cause some harm to whales. The risk of this could be determined by preliminary core sediment toxin analysis.
Whales are not thought to be especially sensitive to minor oil spills, such as those that are unlikely but possible during wind turbine installation and
decommissioning. 11 Three-core solid dielectric AC cable design buried at six feet was chosen for Cape Wind to minimize environmental impacts and reduce
electromagnetic field to a level with no anticipated impacts. 11

134

REFERENCES
1 - Carr 1952
2 - Wendy Dow, pers. comm.
3 - Fussell 1985
4 - Sarah Karpanty, pers. comm.
5 - Kynard 1997
6 - LeGrand et al 2008
7 - Lynne Williams, pers. comm.
8 - Catherine McClellan, pers. comm.
9 - Menzel 2001
10 - MMS 2009 (Cape Wind)
11 - MMS 2008 (Cape Wind, App. C)
12 - Brian Patteson, pers. comm.
13 - Potter et al. 1980
14 - Andy Read, pers. comm.
15 - Reynolds and Powell 2002
16 - Smith and Clugston 1997
17 - Spotila 2004
18 - www.uga.edu/srelherp/alligators/allmis.htm

APPENDIX IV. REFERENCES
(supporting documents available in digital format in Appendix V
unless the citation is followed by an asterisk)
Benthos, marine substrates, and marine organisms
Allan, PG. 1998. Selecting appropriate cable burial depths - A methodology. IBC Conference
on Submarine Communications, The Future of Network Infrastructure. Cannes, France.
13pp.
Carr, A. 1952. Handbook of Turtles: The turtles of the United States, Canada, and Baja
California. Comstock Publishing Associates: Ithaca, NY.*
Cox, TM, AJ Read, D Swanner, K Urian, and D. Waples. 2003. Behavioral responses of
bottlenose dolphins, Tursiops truncates, to gillnets and acoustic alarms. Biological
Conservation 115: 203-212.
Culik, BM, S Koschinski, Nick Tregenza, and GM Ellis. 2001. Reactions of harbor porpoises
Phocoena phocoena and herring Clupea harengus to acoustic alarms. Marine Ecology
Progress Series 211: 255-260.
Einbinder, S, A Perelberg, O Ben-Shaprut, MH Foucart, and N Shashar. 2006. Effects of
artificial reefs on fish grazing in their vicinity: Evidence from algae presentation
experiments. Marine Environmental Research 61: 110 – 119.
Environmental Outreach & Education Program of Savannah River Ecology Laboratory,
University of Georgia. American Alligator, Alligator missippiensis.
<http://www.uga.edu/srelherp/alligators/allmis.htm>
Forward, G. 2005. The potential effects of offshore wind-power facilities on fish and fish
habitat. A literature review. Unpublished manuscript of the Algonquin Fisheries
Assessment Unit, Ontario Ministry of Natural Resources, Ontario, Canada. 12 pp.
Glasby, TM, SD Connell, MG Holloway, and CL Hewitt. 2007. Nonindigenous biota on
artificial structures: could habitat creation facilitate biological invasions? Marine Biology
151: 887 – 895.
Grabowski, JH, and CH Peterson. 2007. Restoring oyster reefs to recover ecosystem services.
Chapter 15 in Cuddington, K, J Byers, W Wilson, and A Hastings (Ed.) Ecosystem
Engineers: Plants to Protists. Elsevier / Academic Press.*
Hawkins, A. 2006. Assessing the impact of pile driving upon fish. IN: Proceedings of the 2005
International Conference on Ecology and Transportation, Eds. Irwin CL, Garrett P,
McDermott KP. Center for Transportation and the Environment, North Carolina State
University, Raleigh, NC: p. 22.
Kirby, MX. 2004. Fishing down the coast: historical expansion and collapse of oyster fisheries
along continental margins. Proceedings of the National Academy of Sciences USA 101:
13096-13099.
Kynard, B. 1997. Life history, latitudinal patterns, and status of the shortnose sturgeon,
Acipenser brevirostrum. Environmental Biology of Fishes. 48: 319-334.
Lenihan, HS and CH Peterson. 1998. How habitat degradation through fishery disturbance
enhances impacts of hypoxia on oyster reefs. Ecological Applications 8: 128-140.
Lenihan, HS, CH Peterson, JE Byers, JH Grabowski, GW Thayer, and DR Colby. 2001.
Cascading of habitat degradation: oyster reefs invaded by refugee fishes escaping stress.
Ecological Applications 11: 764-782.

135

Lindquist, DG, LB Cahoon, IE Clavijo, MH Posey, SK Bolden, LA Pike, SW Burk, and PA
Cardullo. 1994. Reef fish stomach contents and prey abundance on reef and sand substrata
associated with adjacent artificial and natural reefs in Onslow Bay, North Carolina. Bulletin
of Marine Science 55: 308-308.
Lohoefener R, W Hoggard, K Mullin, C Roden, and Carolyn Rogers. 1990. Association of sea
turtles with petroleum platforms in the north-central Gulf of Mexico. OCS Study MMS 900025. 96 pp.
Madsen, PT, M Wahlberg, J Tougaard, K Lucke, and P Tyack. 2006. Wind turbine underwater
noise and marine mammals: implications of current knowledge and data needs. Mar. Ecol.
Prog. Ser. 309: 279-295.
Mallinson, D, SJ Culver, SR Riggs, ER Thieler, D Foster, J Wehmiller, K Farrell, and J Pierson.
in review. Regional seismic stratigraphy and controls on the Quaternary evolution of the
Cape Hatteras region of the Atlantic passive margin; USA. Marine Geology.
Pickering, H and D Whitmarsh. 1997. Artificial reefs and fisheries exploitation: a review of the
'attraction versus production' debate, the influence of design and its significance for policy.
Fisheries Research 31: 39 – 59.
Posey, MH and WG Ambrose, Jr. 1994. Effects of proximity to an offshore hard-bottom reef on
infaunal abundances. Marine Biology 118: 745-753.
Peterson, CH, JH Grabowski, and SP Powers. 2003. Estimated enhancement of fish production
resulting from restoring oyster reef habitat: quantitative valuation. Mar. Ecol. Prog. Ser. 264:
249-264.
Powers, SP, JH Grabowski, CH Peterson, and WJ Lindberg. 2003. Estimating enhancement of
fish production by offshore artificial reefs: uncertainty exhibited by divergent scenarios.
Marine Ecology Progress Series 264: 265 – 277
Reynolds and Powell. 2002. Manatees. In: Perrin, WF, B Wuersig, and JGMThewissen,
Encyclopedia of Marine Mammals. Academic Press: San Diego, 2002 (pp 709-720).*
Smith, TIJ, and JP Clugston. 1997. Status and management of Atlantic sturgeon, Acipenser
oxyrinchus, in North America. Environmental Biology of Fishes 48: 335–346.
Spotila, JR. 2004. Sea Turtles: A complete guide to their biology, behavior, and conservation.
The Johns Hopkins University Press: Baltimore and London.*
Stone, RP, MM Masuda, and PW Malecha. 2005. Effects of bottom trawling on soft-sediment
epibenthic communities in the Gulf of Alaska. American Fisheries Society Symposium 41:
461-475.
Wilhelmsson, D and T Malm. 2008. Fouling assemblages on offshore wind power plants and
adjacent substrata. Estuarine, Coastal and Shelf Science 79: 459 – 466.
Wilhelmsson, D, T Malm, and MC Ohman. 2006 The influence of offshore windpower on
demersal fish. ICES Journal of Marine Science 63: 775 – 784.
Wilson, B and M Dill. 2002. Pacific herring respond to simulated odontocete echolocation
sounds. Can. J. Fish. Aquat. Sci. 59: 542-553.
Interactions with aerial fauna
Ahlen, I, L Bach, HJ Baagoe, and J Pettersson. 2007. Bats and offshore wind turbines studied in
southern Scandinavia. Report 5571. Swedish Environmental Protection Agency,
Stockholm, Sweden. 37 pp.
American Bird Conservancy. 2007. Annual Report. The Plains, VA. 32 pp.

136

Arnett, EB, WK Brown, WP Erickson, JK Fiedler, BL Hamilton, TH Henry, A Jain, GD
Johnson, J Kerns, RR Koford, CP Nicholson, TJ O'Connell, MD Piorkowski, and RD
Tankersley, Jr. 2008. Patterns of bat fatalities at wind energy facilities in North America.
Journal of Wildlife Management 72(1): 61 – 78.
Baerwald, EF, GH D’Amours, BJ Klug, and RMR Barclay. 2008. Barotrauma is a significant
cause of bat fatalities at wind turbines. Current Biology 18: R695-R696.
Barrios, L and A Rodriguez. 2004. Behavioral and environmental correlates of soaring-bird
mortality at on-shore wind turbines. Journal of Applied Ecology 41: 72 – 81.
Bats and Wind Energy Cooperative. 2008. Researchers seek to reduce bat deaths at wind
turbines. 2 pp.
Clapp, RB, D Morgan-Jacobs, and RC Banks. 1982. Marine birds of the southeastern United
States and Gulf of Mexico. Part II: Anseriformes. US Fish and Wildlife Service, Office of
Biological Services, FWS/OBS-82/20, Washington, D.C. 492 pp.
Cryan, PM. 2003. Seasonal distribution of migratory tree bats (Lasiurus and Lasionycteris) in
North America. Journal of Mammalogy 84: 579-593.
Cryan, PM. 2007. Mating behavior as a possible cause of bat fatalities at wind turbines. Journal
of Wildlife Management 72(3): 845 – 849.
Cryan, PM and AC Brown. 2007. Migration of bats past a remote island offers clues toward the
problem of bat fatalities at wind turbines. Biological Conservation 139: 1 – 11.
Desholm, M and J Kahlert. 2005. Avian collision risk at an offshore wind farm. Biology
Letters 1: 296 - 298.
Evers, DC. 2004. Status assessment and conservation plan for the Common Loon (Gavia
immer) in North America. US Fish and Wildlife Service, Hadley, MA. 95 pp.
Fernley, J, S Lowther, and P Whitfield. 2006. A review of goose collisions at operating wind
farms and estimation of the goose avoidance rate. Natural Research, LTD, West Coast
Energy, and Hyder Consulting. 30 pp.*
Fussell, JO, III. 1985. Finding Birds in Carteret County. Private publication.*
Gehring, J, P Kerlinger, AM Manville II. 2009. Communication towers, lights, and birds:
successful methods of reducing the frequency of avian collisions. Ecological Applications
19: 505-514.
Golder, W. 2004. Important Bird Areas of North Carolina. Audubon North Carolina, Chapel
Hill, NC. 156 pp.
Grealey, J and D Stephenson. 2007. Effects of wind turbine operation on butterflies. North
American Wind Power 4(1): 1 – 4.
Horn, JW, EB Arnett, M Jensen, and TH Kunz. 2007. Testing the effectiveness of an
experimental acoustic bat deterrent at the Maple Ridge wind farm. A report submitted to the
Bats and Wind Energy Cooperative. Bat Conservation International, Austin, TX. 30 pp.
Horn, JW, EB Arnett, and TH Kunz. 2008. Behavioral responses of bats to operating wind
turbines. Journal of Wildlife Management 72(1): 123 – 132.
Kunz, TH, EB Arnett, BM Cooper, WP Erickson, RP Larkin, T Mabee, ML Morrison, MD
Strickland, and JM Szewczak. 2007. Assessing impacts of wind-energy development on
nocturnally active birds and bats: A guidance document. Journal of Wildlife Management
71: 2449 – 2486.
Larsen, JK and M Guillemette. 2007. Effects of wind turbines on flight behavior of wintering
common eiders: implications for habitat use and collision risk. Journal of Applied Ecology
44: 516-522.

137

Lee, DS. 2009. Species profiles of Western North Atlantic seabirds. NOAA Fisheries Service,
Southeast Fisheries Science Center, Miami, FL. 65 pp.
LeGrande, HE, SE McRae, SP Hall, and JT Finnegan, John T. 2008. Natural heritage program
list of the rare animal species of North Carolina. North Carolina Natural Heritage Program
Division of Natural Resource Planning and Conservation, N.C. Department of Environment
and Natural Resources.
Menzel, MA, JM Menzel, WM Ford, JW Edwards, TC Carter, JB Churchill, and JC Kilgo. 2001.
Home range and habitat use of male Rafinesque’s big-eared bats (Corynorhinus rafinesquii).
Am. Midl. Nat. 145:402–408.
National Wind Coordinating Committee. 2004. Wind turbine interactions with birds and bats: a
summary of research results and remaining questions. Washington, D.C. 2 pp.
Noer, H, TK Christensen, I Clausager, and IK Petersen. 2000. Effects on birds of an offshore
wind park at Horns Rev: Environmental impact assessment. NERI Report, Ministry of
Environment and Energy, National Environmental Research Institute. Denmark 112 pp.
North American Bird Conservation Initiative, U.S. Committee, 2009. The State of the Birds,
United States of America, 2009. U.S. Department of Interior: Washington, DC. 36 pages.
North Carolina Wildlife Resources Commission. 2007. State and federally listed endangered
and threatened wildlife species of North Carolina. Raleigh, NC. 9 pp.
Patteson, B. 2008. Pelagic birding off Cape Hatteras, North Carolina. Winging It 20: 1 – 4.
Potter, EF, JF Parnell, and RP Teulings. 1980. Birds of the Carolinas. The University of North
Carolina Press: Chapel Hill, NC.*
Spanjer, GR. 2006. Responses of the big brown bat, Eptesicus fuscus, to a proposed acoustic
deterrent device in a lab setting. A report submitted to the Bats and Wind Energy
Cooperative and the Maryland Department of Natural Resources, Bat Conservation
International, Austin, TX. 12 pp.
Stone, M. 2009. A bird’s eye view of wind energy. Fish & Wildlife News. Winter-2009: 18-21.
Strickland, MD, WP Erickson, K Kronner, and S Orloff. 2007. Effects of bird deterrent methods
applied to wind turbines at the CARES wind power site in Washington state. Unpublished
manuscript. 9 pp.
Szewczak, JM and E Arnett. 2006. Ultrasound emissions from wind turbines as a potential
attractant to bats: a preliminary investigation. Submitted Report.
Szewczak, JM and E Arnett. 2007. Field test results of a potential acoustic deterrent to reduce
bat mortality from wind turbines. Unpublished manuscript. 14 pp.
Tinsley, MW. 2003. Effects of offshore wind farms on birds. "Cuisinarts of the sky" or just
tilting at windmills? Undergraduate Thesis. Harvard University, Cambridge, MA. 112 pp.
Environmental Assessments – Wind Farm Specific
British Wind Energy Association UK. 2000. Prospects for offshore wind energy. A report
written for the EU. 53 pp.
Department of Energy and Climate Change. 2009. UK offshore energy strategic environmental
assessment. Future leasing for offshore wind farms and licensing for offshore oil & gas and
gas storage. UK. 472 pp.
DONG Energy. 2006. Danish offshore wind - key environmental issues. Denmark. 144 pp.
Geo-Marine, Inc. 2009. Ocean /wind power ecological baseline studies. January – December
2008 revised interim report. New Jersey Department of Environmental Protection. 677 pp.

138

Georgia Institute of Technology and Southern Company Georgia. 2007. Southern winds.
Summary project report 2007. A study of wind power generation potential off the Georgia
coast. 52 pp.
Great Lakes Wind Study Group. 2008. Harnessing Wisconsin's energy resources: an initial
investigation into Great Lakes wind development. Wisconsin. 194 pp.
Grip, K and K Jansbo. 2008. The environmental impact of wind power. Results from 20052007 within the Vindval research programme. Swedish Environmental Protection Agency,
Stockholm, Sweden. 44 pp.
Minerals Management Service. 2008. Cape Wind energy project Nantucket Sound. Information
on the Presence and Potential Effects to Endangered and Threatened Species in the Proposed
Action Area MMS EIS-EA OCS Publication No. 2008 – 40 – 1. Appendix C. 157 pp.
Minerals Management Service. 2009. Cape Wind energy project. Final environmental impact
statement. MMS EIS-EA OCS Publication No. 2008 – 40 – 1. 800 pp.
National Research Council. Committee on Environmental Impacts of Wind Energy Projects.
2007. Environmental Impacts of Wind-Energy Projects. National Academy of Sciences,
Washington, D.C. 376 pp.*
National Wind Coordinating Collaborative. 2008. Wind and wildlife key research topics.
Washington, D.C. 18 pp.
Soker, H, K Rehfeldt, F Santjer, M Strack, and M Schreiber. 2000. Offshore wind energy in the
North Sea. Technical possibilities and ecological considerations - a study for Greenpeace.
Greenpeace 82 pp.
Stockton, KM. 2003. Utility scale wind on islands. An economic feasibility study of Ilio Point,
Hawaii. Refocus 36: 36.
Talisman Energy (UK) Limited. 2006. Beatrice wind farm demonstrator project.
Environmental statement. UK. 422 pp.
U.S. Army Corps of Engineers. 2004. Draft Environmental Impact Statement for the Cape Wind
Energy Project: Executive Summary. 26 pp.
U.S. Department of Energy. 2008. Report to Congress. Potential environmental effects of
marine and hydrokinetic energy technologies. Washington, D.C. 123 pp.
U.S. Fish and Wildlife Service. 2008. USFWS comments on Cape Wind Energy Project draft
environmental impact statement. Unpublished manuscript. 28 pp.
Washington Department of Fish and Wildlife. 2003. Section I. Baseline and monitoring studies
for wind projects. Wind power guidelines. Washington. 10 pp.
General Environmental Assessments – North Carolina Region
Cunningham, PA, RJ Curry, RW Pratt, SJ Stichter, K West, L Mercer, P Phalen, S Sherman, B
Burns, and S Winslow. 1992. Watershed planning in the Albemarle-Pamlico estuarine
system. Report 5 – fishing practices mapping. Report No. 92-05. 214 pp.
Davis, GJ and MM Brinson. 1990. A survey of submersed aquatic vegetation of the Currituck
Sound and the western Albemarle-Pamlico estuarine system. NC DENR Project No. 89-10.
156 pp.
Department of the Navy. 2003. Final environmental impact statement for the introduction of
F/A-18 E/F (Super Hornet) aircraft to the east coast of the United States. 1087 pp.
Ferguson, RL, JA Rivera, and LL Wood. 1989 . Submerged aquatic vegetation in the
Albemarle-Pamlico estuarine system. NC DENR Project No. 88-10. 89 pp.

139

Frost, CC, HE LeGrand, Jr., and RE Schneider. 1990. Regional inventory for critical natural
areas, wetland ecosystems, and endangered species habitats of the Albemarle-Pamlico
estuarine region: Phase I. NC DENR Project No. 90-01. 474 pp.
LeGrand, HE, Jr., CC Frost, and JO Fussell III. 1992. Regional inventory for critical natural
areas, wetland ecosystems, and endangered species habitats of the Albemarle-Pamlico
estuarine region: Phase 2. NC DENR Project No. 92-07. 229 pp.
Noble, EB and RJ Monroe. 1992. Classification of Pamlico Sound nursery areas:
recommendations for critical habitat criteria. NCDENR Project No. 89-09. 90 pp.
Regan, JE. 2004. Offshore wind in coastal North Carolina: a feasibility study. Master’s Thesis.
Duke University, Durham, NC. 82 pp.
Shepard, AN. 2009. Proposed Cape Hatteras National Marine Sanctuary. DRAFT.
NURC/UNCW. Unpub. manuscript 3 pp.
Smith, IK, HE LeGrand, Jr., SP Hall, ZE Murrell, CW Nordman, and MP Schafale. 1993.
Regional inventory for critical natural areas, wetland ecosystems, and endangered species
habitats of the Albemarle-Pamlico estuarine region: Phase 3. NC DENR Project No. 92-21.
679 pp.
U.S. Fish and Wildlife Service. 2006a. Cedar Island National Wildlife Refuge comprehensive
conservation plan. 178 pp.
U.S. Fish and Wildlife Service. 2006b. Pea Island National Wildlife Refuge comprehensive
conservation plan. 202 pp.
U.S. Fish and Wildlife Service. 2008a. Alligator River National Wildlife Refuge
comprehensive conservation plan. 260 pp.
U.S. Fish and Wildlife Service. 2008b. Mackay Island National Wildlife Refuge comprehensive
conservation plan. 214 pp.
U.S. Fish and Wildlife Service. 2008c. Swanquarter National Wildlife Refuge draft
comprehensive conservation plan and environmental assessment. 235 pp.
Radar and Military Considerations
Brenner, MP, S Cazares, M Cornwall, F Dyson, D Eardley, P Horowitz, M Ruderman, J
Sullivan, J Vesecky, and PJ Weinberger. 2008. Wind farms and radar. JASON JSR-08-125,
The MITER Corporation, McLean VA. Unpub. manuscript.
Lemmon, JJ, JE Carroll, FH Sanders, and D Turner. 2008. Assessment of the effects of wind
turbines on air traffic control radars. NTIA Technical Report TR-08-454. 32 pp.
U.S. Dept. of Defense. 2006. The effect of windmill farms on military readiness. Report to the
Congressional Defense Committees. 62 pp.
Miscellaneous
Ogawa, TY. 2007. Visual impact assessment of coastal development: creating a management
methodology. Proceedings of Coastal Zone 07: 1-5.
U.S. Fish and Wildlife Service. 2007. The U.S. Fish and Wildlife Service’s (USFWS) county
species list for North Carolina. 76 pp.

140

APPENDIX V. SUPPORTING DOCUMENTS

Appendix V is not being published on the Web due to copyright concerns.

141

142

CHAPTER 3: FOUNDATION CONCEPTS
Soren Juel Petersen, Director, Ramboll Wind, Virum, Denmark
Kim S. Jensen, Project Manager, Ramboll Wind, Virum, Denmark
Jerry Schuett, Affiliated Engineers Incorporated, Chapel Hill, North Carolina

DESCRIPTION OF STRUCTURAL SYSTEMS
Generally speaking, offshore wind turbines can be located at water depths from
approximately 6 meters to 40-50 meters. Current turbine installations are at depths of
around 35-38 meters, but offshore wind farms located at depths exceeding 50 meters and
100 kilometers offshore are being planned today.
Monopile Foundations
Assuming very soft soil conditions a monopile suited to support a 3 – 3.6 MW turbine
will be driven to a depth below the seabed around 30-35 meters. The pile will typically
have a diameter of 4.7–5.2 meters and a weight of 30-200 metric ton.
On this pile a transition piece of typically 5 meters diameter is placed and fixed to the
monopile using a grouted connection. The transition piece locates the turbine tower
mounting flange to a height above water level, which is determined by the height of the
waves and wave run-up at the site and the required free-board for the external platform.
In the North Sea the flange height is typically set at 20 meters, but only around 2 meters
at the Middelgrunden offshore wind farm in the sheltered waters near the Copenhagen
harbor.
In addition to providing a base for the mounting flange, the transition piece carries a boat
landing, ladders, and platforms used for service and maintenance crew, and the J-tubes
which carry the cable used for transmitting the power to shore.
If a 10 meter flange is assumed the transition piece will have a length of 12 meters and a
weight of 70-90 metric tons.
The majority of offshore wind turbines in operation or being built today are installed
using monopile foundations, mostly in clayey and sandy soil types.
Monopiles can be used in softer rock or shale-like soil types. From a cost perspective the
ideal scenario is that the pile is driven to the target depth, but drilling may be required if
harder soil or localized rock is encountered.
In hard, rocky soil a drive-drill-drive approach can be used throughout, but this will
increase the cost significantly, by up to 100%.
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Figure 3.1. Transition piece, Kentish Flats, UK

Figure 3.2. Monopile foundation with transition piece and scour protection. Flange height above sea
level approximately 20 meters.
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Foundation and Turbine Installation
The transportation and installation of foundations and turbines can be done using
specially adapted installation vessels such as the “Resolution” or the “Svanen” – or by
employing a combination of barges and jack-up platforms.
In the case of the North Carolina sounds, a solution which takes the shallow water into
account must be developed.
If there are no access channels to the site and dredging is not an option, the issue of
transporting the heavy foundation and turbine components may be solved by using a
barge or a combination of barges with sufficient buoyancy as to not exceed the required
maximum draft. The limiting factor may be the draft of the tug required to tow the barge.
Regarding the installation process it may be difficult to find equipment which is able to
handle the heavy lifting and pile driving equipment while meeting the draft requirements.
The heavy lift vessel “Svanen” comes close with a draft of approximately 4.5 m. A
similar solution may be possible by combining 2 or more barges fitted with the required
heavy lifting equipment. Again the limiting factor may be the draft of the tugs needed to
maneuver the equipment.

Figure 3.3. The installation vessel “Resolution”
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Figure 3.4. The heavy lift vessel “Svanen”

Gravity Based Structures
Where the seabed consists of rock too hard to apply piled foundations, Gravity Based
Structures (GBS) will be the foundation of choice.
The GBS relies on its mass, including ballast material, to withstand the axial and lateral
forces and the overturning moment generated by the local environment and the turbine.
Ballast material is typically sand but also iron ore and concrete also can be used.
The concrete structure consists of a bottom plate placed on top of the seabed. On the
plate is constructed one or more tapered cavities are constructed, which may be open or
closed. The cavities are filled with the ballast material upon the placement of the
structure on the seabed.
The top part of the structure, i.e. on top of the tapered ballast cavities, is a tubular section
interfacing with the turbine tower bottom and serving as a base for the mounting of boat
landings and ladders.
The GBS solution may require the seabed to be prepared, for instanced by replacing the
top layer with a cushion of aggregate before installation. If the soil conditions allow, a
skirt can be used and the seabed preparation may be avoided.
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A general indication of the size and weight of foundations is found in Table 1. Below.
Table 3.1. Size and Weight of GBS Foundations
Turbine size
3 MW
Rotor
90 m
Hub Height
80 – 105 m
Total Turbine Weight
270 – 300 ton
15 m Water Depth
Concrete structure (ton)
1000
Ballast (ton)
2000
Diameter (m)
20
35 m Water Depth
Concrete structure (ton)
3400
Ballast (ton)
4000
Diameter (m)
30

3.6 MW
107 m
80 – 110 m
420 – 450 ton
2300
2900
30
3600
4500
40

GBS foundations are used at several offshore wind farms, including Nysted and
Middelgrunden in Denmark and Klarsarden in Sweden.

Figure 3.5. Open structure without ballast and at water depth of
approximately 20 meters. The design shown includes an ice
deflection cone.
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Figure 3.6. Closed conical structure shown at a water depth
of approximately 30 m

Other Considerations
Even if both monopiles and GBS foundations can be used on the same soil their
characteristics regarding fabrication, construction and cost are very different. As an
example a monopile, transition piece and wind turbine can – in good conditions – be
installed in a cycle of 1 – 2 days. A similar GBS installation may take 5 – 8 days.
Fabrication of monopiles can be done using facilities similar to a shipyard, and as the
components are relatively easy to transport the distance to the installation site is not very
critical. The construction of GBS foundations usually requires a large dry dock, and as
the transportation of the foundation is challenging and time consuming, the distance
between the fabrication site and the installation site is quite critical, as are the weather
conditions during transportation and installation. As a consequence the use of GBS
foundation can make the construction planning more of a challenge than when using
monopiles.
A graphic showing a comparison of the relative total foundation construction costs of
monopile foundations vs GBS foundations can be found below. The illustration is based
on a quantity of one hundred 3.6 MW turbines located in 30 meters of water with an
“average sand” soil type. It should be noted that costs are based on a Euro-basis
economy. In a dollar-based economy the result may be different, as the cost ratio
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between steel and concrete and other cost components may be different. This ratio also is
likely to change during various construction cycles and local economic conditions.

Figure 3.7. Foundation cost comparison
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CHAPTER 4: GEOLOGIC FRAMEWORK OF
NORTH CAROLINA’S COASTAL SYSTEM
Stanley R. Riggs, Distinguished Professor, Geological Sciences, East Carolina University
Dorothea V. Ames, Research Instructor, Geological Sciences, East Carolina University

INTRODUCTION
The North Carolina coastal system (Figure 4.1) is large, complex, and consists of over
3,100 square miles of brackish-water estuaries with more than 5,000 miles of estuarine
shoreline dominated by marshes, swamp forests, and low- to high-sediment banks. The
estuaries are all drowned river portions of the drainage systems flowing east off upland
North Carolina. The drainage systems include five basins (Roanoke, Chowan, Tar,
Neuse, and Cape Fear rivers) that either flow off the front side of the Appalachian
Mountains or originate within the Piedmont Province, whereas seven others (North,
Pasquotank, Perquimans, Alligator, White Oak, New, Waccamaw, along with numerous
other small rivers) are black-water streams that originate within the Coastal Plain.
The estuarine system is separated from the Atlantic Ocean by 325 miles of barrier islands
with 23 inlets/outlets that allow for the critical exchange of water, biota, astronomical
tides, storm surges, and humans (Figure 4.1). The barrier islands are formed and
maintained through time at the air, sea, and land interface by the interaction of oceanic
(e.g., sea-level rise, waves, currents, etc.) and atmospheric forces (e.g., storm surge, wind,
and rain from tropical and extra-tropical storms) with the sediments and rocks of the subaerial coastal plain. Only a small portion of the barrier islands rise above the sea surface;
the greatest portion is hidden below sea level. The sub-aerial portion of the barrier islands
is perched at the top of the shore-face, a ramp that slopes steeply seaward to between 8 to
15 meters below sea level where it flattens out onto the inner continental shelf. This
shore-face ramp along the ocean’s margin functions as an important energy-absorbing
surface for storm waves and surges, as a corridor for long-shore sediment transport, as
well as a source of “new” sediment feeding the adjacent barrier beaches. Seaward of the
barrier islands is the submarine portion of the coastal plain, referred to as the continental
shelf. The continental shelf slopes gradually seaward from the base of the shore-face to
the continental shelf edge that occurs at approximately 50 meters water depth. Below 50
meters of water, the seafloor abruptly steepens and descends into the deep ocean.
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Figure 4.1. Satellite image shows the different types of coastal systems within the central portion of the
U.S. Atlantic seaboard extending from Cape Romain in South Carolina north-eastward to Cape Fear,
Cape Lookout, and Cape Hatteras in North Carolina, and then north to Chesapeake Bay. The satellite
image was taken on October 3, 2000 and is from the SeaWiFS (Sea-viewing Wide Field-of-view Sensor)
Project of NASA Goddard Space Flight Center and ORBIMAGE.

The North Carolina continental shelf consists of four geomorphic compartments (Figure
4.2), each with its own characteristic physical and chemical dynamics and resulting
biological and geological components that comprise the shelf-system. These compartments
are known as “cuspate embayments” because of their cusp-like shape and are defined by
the capes and associated cape shoals (Figure 4.2). Each cape shoal consists of an extensive
shore-perpendicular, submarine sand shoal system that extends seaward for about 14 miles
(Diamond Shoals off Cape Hatteras), 30 miles (Lookout Shoals off Cape Lookout), and 50
miles (Frying Pan Shoals off Cape Fear). These vast, shallow-water shoal systems led
many mariners to their demise and the North Carolina coast to the dubious honor of being
labeled the “graveyard of the Atlantic”.
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Figure 4.2. Generalized geologic map of the North Carolina Coastal Plain shows the two coastal zones
and five geomorphic compartments of the coastal system. The shelf-slope break is drawn on the -50
meter submarine contour. Geologic outcrop patterns are summarized from the Geologic Map of North
Carolina (NCGS, 1985). Figure is modified from Riggs and Ames (2003).

The NC coastal system has a complex geologic framework with major variations that
occur between both the inshore and offshore segments and the north and south
continental shelf components. In this study, four geologic framework maps are presented.
The offshore continental shelf regions are subdivided into the following:
The region south of Cape Lookout including Onslow and Long
Bays (Fig. 4.3).
Raleigh Bay between Cape Lookout and Cape Hatteras (Fig. 4.4).
Hatteras Bay north of Cape Hatteras (Fig. 4.5).
The inshore estuarine water bodies of northeastern NC (Fig. 4.6).
A substantial difference occurs in the degree of scientific understanding of the different
parts of the NC coastal system. Figures 4.3, 4.4, 4.5, and 4.6 summarize the relative
degrees of geologic knowledge that presently exists for each of the four regions. This is a
general summary based upon the 45-year coastal and marine geology research program of
the senior author and his many colleagues within the geology and oceanography
programs of NC’s universities and state agencies, the federal programs involved in
coastal ocean research, as well as the general scientific literature. Some of the more
relevant literature is cited in the attached bibliography.
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Figure 4.3. Map shows the relative degree of geologic knowledge within the Onslow and Long Bay
compartments. Submarine contour interval is 5 meters. See the Bibliography for some of the more
pertinent references.
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Figure 4.4. Map shows the relative degree of geologic knowledge within the Raleigh Bay
compartment. Submarine contour interval is 5 meters. See the Bibliography for some of the more
pertinent references.
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Figure 4.5. Map shows the relative degree of geologic knowledge within the Hatteras Bay
compartment. Submarine contour interval is 5 meters. See the Bibliography for some of the more
pertinent references.
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Figure 4.6. Map shows the relative degree of geologic knowledge within the Albemarle-Pamlico
Estuarine System (APES). Estuarine black contour is -5 meters below MSL and offshore green
contour is -30 meters below MSL. See the Bibliography for some of the more pertinent references.

REGIONAL TECTONIC SETTING:
NORTH CAROLINA CONTINENTAL MARGIN
The regional structural framework of the eastern U.S. Atlantic continental margin was
defined several hundred million years ago with the initial breakup of the Pangaea SuperContinent (Figure 4.7). From about 260 to 230 million years ago, the northwestern
portion of present day Africa was connected to the eastern coast of the present day U.S.
With the initial slow rifting of these two landmasses, a new Atlantic Ocean was initiated
about 180 million years ago. The African continent broke away from the North American
continent much like the opening of a zipper. A series of structural highs, composed of
older crystalline rocks, were ripped off North America leaving a series of structural
basins in their place and occurring in between an alternating series of structural platform
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highs left behind by the rifting (Figure 4.8A). Thus, the Florida, Carolina, and Long
Island platforms form structural highs of crystalline basement rock with only thin covers
(up to hundreds of meters) of marine sediments deposited during the past 180 million
year history of the ever-widening Atlantic Ocean. In between these structural highs are
the coastal basins (the Southeast Georgia, Salisbury, and Gulf of Maine embayments) in
which the crystalline basement rocks have been buried deep beneath a thick cover (up to
12,000 meters) of marine sediments in the offshore portions. These marine sediments
form a wedge that thins onto the Coastal Plain and pinches out onto the crystalline rocks
of the Piedmont Province (Figure 4.8B).

Figure 4.7. Map shows the super-continent of Pangea that existed from about 260 to 230 million
years ago. Rifting of the future Atlantic Ocean took place between about 230 to 180 million years ago
and development of the modern Atlantic Ocean occurred from about 180 million years ago to the
present. Figure is from Dietz and Holden (1970, Scientific American).
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Figure 4.8. Panel A is a map of the U.S. western Atlantic continental margin showing the regional
structural platform highs and adjacent sedimentary basins resulting from the formation of the
Atlantic Ocean. The Carolina Platform dominates the southeastern coastal zone of NC, whereas the
southern flank of the Salisbury Embayment dominates the northeastern NC coastal zone. Panel B is
a schematic cross-section through the Atlantic continental margin showing the 180 million year
accumulation (up to 12,000 meters) of marine sediments that form the sedimentary embayments such
as Salisbury Embayment of northeastern NC and Virginia. Both panels are modified from the U.S.
Geological Survey, Marine Geology Section (N.T. Edgar).

GEOLOGIC FRAMEWORK:
NORTH CAROLINA COASTAL SYSTEM
The general geologic map of the NC Coastal Plain (Figure 4.9) depicts the major
differences between the northern and southern coastal regions that reflect their geological
heritage from the initial formation of the Atlantic Ocean. The southeastern portion of the
NC Coastal Plain is dominated by older rocks that range from Cretaceous through
Pliocene ages and consist primarily of indurated to semi-indurated limestone, sandstone,
and mudstone. In comparison, the surface sediments of the northeastern NC Coastal Plain
are dominated by younger Pliocene and Quaternary sediments and consist primarily of
non-indurated sand, muddy sand, and compacted mud deposits.
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Figure 4.9. Generalized geologic map of the North Carolina Coastal Plain displays the surficial
geologic units within the North Carolina Coastal Plain. Map is from the NC Geological Survey
(1985).

The distribution pattern of the Pliocene through Eocene units in the southeastern Coastal
Plain (Figure 4.9) trends NE-SW and extends offshore in the area from Bogue Banks to the
SC line. These units crop out on the seafloor of the continental shelf. Figure 4.10 is the
general geologic map of the NC continental shelf in Onslow and Long bays. The same
units, plus the Cretaceous Peedee Formation, crop out on the continental shelf seafloor and
wrap around the nose of the mid-Carolina Platform High. The older geologic units
(Cretaceous through Pliocene) extend onto the Coastal Plain in SC and Georgia and into
the Southeast Georgia Embayment (Figure 4.10). On Figure 4.9, the same pattern exists as
the older units become buried in the subsurface on the southern flank of the Salisbury
Embayment in northeastern NC, locally known as the Albemarle sub-basin (Figure 4.10).
The Albemarle sub-basin is dominated by a thick sequence of Quaternary sediments
(ranging up to 75 meters) that bury the older rock units that crop out in the western portions
of the major river valleys (Figure 4.9). Thus, the mid-Carolina Platform High controls the
distribution of these older rock units in the southeastern coastal zone of NC.
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Figure 4.10. Geologic map of the North Carolina Continental Shelf within Onslow Bay (between
Cape Lookout and Cape Fear) and Long Bay (between Cape Fear and Charleston, SC). Map is
modified from Riggs et al. (1990).

Figure 4.2 shows the two coastal provinces, each with its unique geologic framework that
gives rise to distinctive types of continental shelves, barrier islands, inlets, and estuaries.
The coastal system in the Southern Province, from Cape Lookout south to the SC border, is
primarily underlain by rocks of Upper Cretaceous through Pliocene ages (Figs. 9 and 10).
In this region, there is only a thin (generally < 1 to 2 m) and highly variable skim of
surficial sand and mud of Quaternary age. The older units are generally composed of hard
rocks including limestone, sandstone, and mudstone (Figure 4.11) associated with the midCarolina Platform High, a major geologic structure that underlies the region between
Myrtle Beach, SC and Cape Fear, NC. In contrast, the coastal system in the Northern
Province, from Cape Lookout north to the VA border (Figure 4.2), is underlain primarily
by younger sediments of Quaternary age (Figs. 9 and 10). These sediments generally
consist of slightly to unconsolidated sand, muddy sand, and mud (Figure 4.11) that thicken
northward to fill the subsiding Albemarle sub-basin with over 75 meters of soft sediments
that were deposited mostly during many sea-level fluctuations resulting from multiple
glaciations and deglaciations of the Quaternary ice ages. Consequently, the surficial
topography is dominated by young sediments with low slopes and the older rock units are
deeply buried beneath these surficial sediments.
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Figure 4.11. Plot shows the sea-level change for the last 55 million years of earth history and the
general depositional response of marine sediments in the NC coastal zone. The sea-level curve is from
Vail and Mitchum (1979). Figure is modified from Riggs in Schlee et al. (1988).

Figure 4.11 depicts the sedimentation patterns in response to changing climatic
conditions along the NC continental margin for the past 55 million years. The
Cretaceous, Eocene, and Oligocene age units are dominated by indurated to semiindurated carbonate, sandstone, and mudstone. The transition zone includes the latest
Oligocene, Miocene, and Plicoene units and generally consist of inter-bedded sequences
of soft sand, muddy sand and mud with occasional indurated dolomite and limestone
interbeds. The Quaternary (Pleistocene to Modern) sediments are dominated by nonindurated units of sand and mud.
The different geologic frameworks of the Southern and Northern Provinces produce
dissimilar sediment supplies and land slopes. The Southern Province has an average
subaerial slope landward of the coast of 3 m/mi. In contrast, the Northern Province has an
average subaerial slope of 0.15 m/mi landward of the coast. Thus, rising sea level floods
the disparate slopes producing different kinds of barrier island--inlet systems and
associated estuaries (Table 4.1). The steeper land slopes of the Southern Province produce
short, stubby barrier islands with eighteen inlets and narrow back-barrier estuaries. The
gentle slopes of the Northern Province produce long barrier islands with only four inlets,
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and an extensive sequence of drowned-river estuaries that constitute the vast AlbemarlePamlico estuarine system. These northern barrier islands project seaward, forming Cape
Hatteras and the famous Outer Banks--a sand dam that today semi-isolates the AlbemarlePamlico estuarine system from the ocean.
Table 4.1. Coastal characteristics of the Southern and Northern Coastal Zones of North Carolina result
from differences in the underlying geologic framework. Figure 4.2 shows the location of the two zones.
Table is from Riggs and Ames (2003).

The continental shelf morphology within the two coastal provinces also differs and is
dictated by the underlying geologic framework (Table 4.2). In the Southern Province,
Onslow and Long Bays have broad, shallow shelves dominated by hard-bottoms due to the
extensive rock-floored character of eroded Cretaceous to Pliocene strata cropping out in a
broad sweeping arc around the mid-Carolina Platform High. In contrast, the shelf
morphology within the two coastal compartments of the Northern Province is narrower,
slightly steeper, and dominated by soft Quaternary-age sediment units along with
substantial amounts of unconsolidated sediment.
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Table 4.2. Coastal characteristics of the Southern and Northern Continental Shelves of North Carolina
result from differences in the underlying geologic framework. Figure 4.2 shows the location of the two
zones.

The NC continental shelf compartments, or cuspate embayments, are formed by the capes
and associated cape shoals (Figure 4.2). The geographic orientation of each compartment
and the variable continental shelf geometry determine wave and current dynamics,
astronomical and storm tide characteristics, and the type and response to specific storm
systems including the extra-tropical storms (nor’easters) and tropical storms (hurricanes).
Consequently, the coastal systems within the Northern Province consist of very high
energy, wave-dominated barrier islands with few inlets/outlets into deeply embayed,
shallow, irregularly flooded, wind-tide dominated micro- to nanno-tidal estuaries. In
comparison, coastal systems of the Southern Province consist of moderate energy, wavedominated barrier islands with abundant inlets/outlets into narrow, regularly flooded,
micro- to mesotidal dominated estuaries.
The embayed estuaries of northeastern NC occur within the slightly subsiding AlbemarlePamlico estuarine compartment, a Quaternary sub-basin of the Salisbury Embayment
(Figure 4.8). This sub- basin contains a stratigraphic record dominated by multiple episodes
of fluvial incisement during glacial events and depositional sequences that infill the incised
valleys during subsequent interglacials. The sediment sequences grade from fluvial to
estuarine, barrier island, and open marine sediments or some combination thereof.
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GEOLOGIC EVALUATION SUMMARY
Tremendous spatial differences occur throughout the NC coastal system: 1) between the
inshore estuarine and offshore continental shelf systems, 2) between the southern and
northern coastal zones, and 3) between the four offshore coastal compartments (Long,
Onslow, Raleigh, and Hatteras bays) all separated by the shallow, cross-shelf Cape Shoal
Structures. The differences in the underlying geology dictate the geometry of the
continental margin, distribution of rock hard-bottoms, coastal sediment supplies, surface
gradients, character of the associated barrier island—estuarine system, as well as major
differences between the storm tide-wave characteristics and astronomical tidal ranges
between the northern and southern coastal provinces in NC (Tables 4.1 and 4.2).
Onslow Bay has been mapped in great detail with thousands of miles of seismic data,
hundreds of core holes, extensive studies on the hard-grounds and associated sediment
types (Figure 4.12). Long Bay is less well known, but is similar to Onslow Bay; they are
the two flanking sides of the mid-Carolina Platform High and are generally mirror images
of each other. The mid-Carolina Platform High has been rising slightly through geologic
time resulting in both flanking bays being rock-bound systems dominated by the older
Miocene through Cretaceous indurated rock units at the surface of the land and seafloor.

Figure 4.12. Geologic map of Onslow and Long bays show the distribution of stratigraphic units that
crop out on the surface of the continental shelf. Submarine contour interval is 5 meters. Map is
modified from Riggs et al. (1997).

Consequently, the younger Pliocene and Pleistocene sediment units are preserved locally
and are rarely more than a few meters thick on the continental shelf and in the adjacent
barrier island estuarine system. The modern sediment system on the continental shelf
occurs as local patches of thin and ephemeral sand layers. Thus, these two bays have the
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greatest potential for wind turbines mounted on gravity based structures, along with some
smaller areas potentially suitable for monopile foundations.
The northern coastal province differs from the southern coastal province. The Northern
Province is area is associated with the Albemarle Embayment, a sub-basin located on the
southern flank of the Salisbury Embayment, and lies between the structures referred to as
the Cape Lookout Arch to the south and the Norfolk Arch to the north. Raleigh and
Hatteras Bays have been gradually subsiding through geologic time. This has resulted in
the deposition of a relatively thick sequence (over 75 meters) of Quaternary sand, sandy
mud, and mud sediment. The deepest portion of this embayment runs east-west along the
Albemarle Sound where the older Miocene to Cretaceous rock units are buried deep in the
subsurface. Thus, this area has the greatest potential for the wind turbines based on
monopile foundations.

PRELIMINARY GEOLOGIC EVALUATION FOR
LOCATING POTENTIAL WIND TURBINES
The maps for the following components of the NC coastal system are based on a Phase I
evaluation of existing geologic data, the amount of which varies spatially as demonstrated
in Figs. 3, 4, 5, and 6. It must be clearly understood that the different color categories
indicate the potential for locating wind turbines based upon the existing knowledge base,
which will evolve and be greatly refined as we go forward in a more detailed Phase II
evaluation. The general map definitions are as follows.
RED
= NO to LOW POTENTIAL
YELLOW
= MODERATE POTENTIAL
GREEN
= BEST (M1), BETTER (M2), and GOOD (M3) POTENTIAL
for monopile foundation
GREEN
= GOOD (G) POTENTIAL for gravity based structure
ONSLOW AND LONG BAY CONTINENTAL SHELF SYSTEM (Figure 4.13)
1. RED. Red indicates four different portions of the continental shelf that have little to no
potential for the following reasons.
A. The shore zone extends from the modern shoreline seaward to the 15 meter
depth contour and includes a four mile zone around the inlet/outlet systems. This
is the active part of the barrier island system associated with sediment transport,
inlet dynamics, and storm processes and should not be encroached upon.
B. The extremely shallow and active sand bodies of the cross-shelf, cape shoal
structures (Frying Pan and Cape Lookout Shoals) are critical components of the
large-scale and long-term sediment dynamics of the barrier island system and are
characterized by active bed forms and scour.
C. The western portion of Onslow Bay is characterized by highly dissected
outcrops of Oligocene Limestone, Miocene Pungo River Formation, and thin
Quaternary carbonate cap rocks. These extensive hard-bottoms and firm-bottoms
contain tremendous relief, biodiversity, and bioproductivity.
D. A substantial algal reef occurs at the shelf edge and above the steep drop-off of
the continental slope that is dominated by steep clinoform sediment deposits,
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slump blocks, and flow structures.
2. YELLOW. Yellow areas are transitional zones that may contain too many live-bottoms
and/or may not have an adequate substrate. The yellow areas have 15 to 45 meters of
water with moderate potential to have either 30 to 35 meters of soft sediment for monopile
foundations on the inner shelf or a flat rock hard-bottom capable of supporting gravity
based structures on the outer shelf.
3. GREEN (M1). This area has the best potential for wind turbines in Onslow Bay with
greater than 35 meters of soft sediment for monopile foundations within the upper portion
of the Miocene Pungo River Formation.
4. GREEN (G). An extensive Plio-Pleistocene, flat, carbonate rock hard-bottom on the
outer continental shelf may be capable of supporting gravity based structures. This flat,
hard-rock floor is only slightly dissected and is covered with thin and ephemeral sand
deposits that prevent the growth of extensive live bottoms.

Figure 4.13. Map shows the geologic evaluation for potential wind turbine placement on the
continental shelf in Long (West) and Onslow (East) Bays, NC. Submarine contour interval is 5 meters.

RALEIGH BAY CONTINENTAL SHELF SYSTEM (Figure 4.14)
1. RED. Red indicates three different portions of the continental shelf that have little to no
potential for the following reasons.
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A. The shore zone extends from the modern shoreline seaward to the 15 meter
depth contour and includes a four mile zone around the inlet/outlet systems. This
is the active part of the barrier island system associated with sediment transport,
inlet dynamics, and storm processes and should not be encroached upon.
B. The extremely shallow and active sand bodies of the cross-shelf, cape shoal
structures (Cape Lookout and Diamond Shoals) are critical components of the
large-scale and long-term sediment dynamics of the barrier island system and
are characterized by active bed forms and scour.
C. A substantial algal reef occurs at the shelf edge and above the steep drop-off of
the continental slope that is dominated by steep clinoform sediment deposits,
slump blocks, and flow structures.
2. YELLOW. Yellow areas are transitional zones that may contain too many live-bottoms
and/or may not have an adequate substrate. The yellow areas on the inner shelf range from
15 to 20 meters of water with moderate potential to have either 30 to 35 meters of soft
sediment for monopile foundations. The yellow areas on the outer shelf range from 40 to
45 meters of water and are poorly known.
3. GREEN (M3 to M1). The subsurface sediment units dip to the northeast becoming
thicker and deeper. The M3 area appears to have 25 to 35 meters of Pleistocene soft
sediment on top of the carbonate rocks of the Cape Lookout Arch. Off the north flank of
the arch the Pleistocene sediments thicken into the M2 and M1 areas. The latter two areas
probably have the best potential for wind turbines in Raleigh Bay with greater than 35
meters of soft sediment for monopile foundations within the upper sandy portion of the
Pleistocene sediments.
4. GREEN G. There are no known areas that could support gravity based structures in
Raleigh Bay.

168

Figure 4.14. Map shows the geologic evaluation for potential wind turbine placement on the
continental shelf in Raleigh Bay, NC. Submarine contour interval is 5 meters.
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HATTERAS BAY CONTINENTAL SHELF SYSTEM (Figure 4.15)
1. RED. Red indicates three different portions of the continental shelf that have little to no
potential for the following reasons.
A. The shore zone extends from the modern shoreline seaward to the 15 meter
depth contour, includes a four mile zone around the Oregon Inlet/Outlet system,
and zones around the shoreface rock structures and shoal systems. All of these
features are active parts of the barrier island system associated with sediment
transport, inlet dynamics, and storm processes and should not be encroached upon.
B. The extremely shallow and active sand body of the cross-shelf, cape shoal
structure (Diamond Shoals) is a critical feature to the large-scale and long-term
sediment dynamics of the barrier island system and is characterized by active bed
forms and scour.
C. East of Diamond Shoals the shelf edge is characterized by an extremely steep
erosional scarp with a downstream sediment scour and deposition zone that
sweeps off to the northeast. These features are probably the direct result of erosion
and deposition by the Gulf Stream as it is deflected off the North Carolina margin
at Cape Hatteras.
D. A narrow shelf-edge zone extends northward above the very steep drop-off
onto the continental slope that is dominated by major clinoform sediment deposits,
slump blocks, and flow structures.
2. YELLOW. Yellow areas on the inner shelf are transitional zones that contain
substantial relief (from 5 to 15 meters) due to the presence of paleo-headland deposits and
shoal systems. The yellow areas on the inner shelf extend seaward to about 30 meters of
water depth with moderate potential to have either 30 to 35 meters of soft sediment for
monopile foundations. However, most of these shoals probably play a role in the
dynamics of the adjacent barrier islands since they contain substantial amounts of high
quality sand. In addition, these deposits represent potential future sites for obtaining beach
nourishment sand. The yellow area on the outer shelf ranges from 40 to 45 meters of
water, is poorly known, and contains an extensive series of north-south ridge and swale
structures with 5 to 10 meters of relief. It is not known whether these outer shelf features
are active bed forms.
3. GREEN (M3 to M1). Since Hatteras Bay is in the center of the Albemarle
Embayment, the subsurface Pleistocene sediment units are very thick. The M1 area
appears to have the best potential due to the apparent flat nature of the seafloor, however
it is the smallest area and occurs adjacent to the very high energy area of Diamond Shoals.
The M2 area along the northern portion of NC is by far the largest area with plenty of
subsurface sediments for monopile foundations. However, the bathymetry within this
region is not good as indicated by the highly pixilated contour patterns in Figure 4.15. The
M3 area is in 25 to 35 meters of water and is dominated by an extensive series of northsouth ridge and swale structures with 5 to 10 meters of relief. It is not known whether
these outer shelf features are active bed forms.
4. GREEN G. There are no known areas that could support gravity based structures in
Hatteras Bay.
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Figure 4.15. Map shows the geologic evaluation for potential wind turbine placement on the
continental shelf in Hatteras Bay, NC. Submarine contour interval is 5 meters. Highly pixilated in the
northern portion (M2) is a result of poor depth data.
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ALBEMARLE-PAMLICO ESTUARINE SYSTEM (Figure 4.16)
1. RED. Red indicates all shallow shoals that have less than 4 meters of water depth in the
trunk estuaries and all tributary estuaries of the Albemarle-Pamlico estuarine system.
2. YELLOW. Yellow areas have 4 to 5 meters of water depth and probably have 30 to 35
meters of soft sediment for monopile foundations.
3. GREEN M. Green areas have greater than 5 meters of water depth and greater than 35
meters of soft sediment for monopile foundations. The three GREEN M areas have been
prioritized based on the thickness of the preferred Pleistocene section which is maximum
for M1 and minimum for M3.
4. GREEN G. There are no known areas that could support gravity based structures
within the Albemarle-Pamlico estuarine system.

Figure 4.16. Map shows the geologic evaluation for potential wind turbine placement in the
Albemarle-Pamlico estuarine system, NC. Submarine contours in the Albemarle-Pamlico estuarine
system between the red and yellow colors and yellow and green colors are the -4 and -5 meter
contours below MSL, respectively. The green submarine contour on the continental shelf is -30 meters
below MSL.
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CHAPTER 5: UTILITY TRANSMISSION
INFRASTRUCTURE
Kevin C. Higgins, Principal, Energy Strategies, Salt Lake City, Utah
Caitlin M. Collins, Consultant, Energy Strategies, Salt Lake City, Utah

INTRODUCTION
This chapter provides a high-level assessment of the transmission infrastructure on the
coast of North Carolina and the ability of the transmission system to absorb a large scale
offshore wind project. It presents a preliminary overview of whether it might be feasible,
from a transmission standpoint, to interconnect a wind project on the North Carolina
coast.
We begin by evaluating the potential for integrating an offshore wind project on the
northern coast of North Carolina, in the service territory of Dominion North Carolina
Power (“Dominion”), which would require connecting to the PJM Regional Transmission
Organization system. Our conclusion is that the transmission infrastructure in this part of
the state is not likely to be able to accommodate significant offshore wind generation
without significant system upgrades. Interconnection capability without an upgrade is
probably in the vicinity of 10 MW, suitable for a pilot wind project, but not a commercial
wind farm.
Second, we discuss the process for interconnecting with North Carolina Electric Member
Cooperatives.
Third, we evaluate the feasibility of interconnecting on the central and southern coast,
either to one of the electric cooperatives or to the service territory of Progress Energy
Carolinas (“Progress Energy”). Indications are that the Progress Energy transmission
system could accommodate up to 250 MW of off-shore wind generation without major
transmission upgrades.
Finally, we note that project economics will be significantly impacted by the distance
required to reach the transmission grid from the offshore wind location. Offshore wind
generators require the construction of underwater transmission lines to interconnect with
the transmission system along the coast, which are considerably more expensive to build
and maintain than conventional overhead lines located on land. Installation costs are
likely to be in the range of $2 million per mile, exclusive of terminals. Few underwater
transmission lines currently in operation exceed 25 miles.
Our analysis relies upon our assessment of information contained in transmission
providers’ Open Access Transmission Tariffs (“OATTs”), discussions with local
transmission planners, and transmission planning documents. Especially helpful is a
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study produced in December 2008 by the North Carolina Transmission Planning
Collaborative (NCTPC) called Report on the NCTPC 2008-2018 Collaborative
Transmission Plan (2008 NCTPC Report). The 2008 NCTPC Report examines the
feasibility of interconnecting several hypothetical wind farms on the central part of the
North Carolina coast. The report identifies, at a very high level, the potential constraints
associated with an offshore wind farm.
It is important to note that transmission providers regulated by the Federal Energy
Regulatory Commission (“FERC”) adhere to formal procedures for providing
information on transmission interconnection impacts from proposed generation projects.
These procedures are described in each transmission provider’s OATT and are required
by FERC to ensure that information is provided on a non-discriminatory basis to
prospective generators and to prevent discriminatory self-dealing by transmission
providers in favor of their affiliates. Consequently, it is difficult to obtain substantial
information regarding specific transmission impacts outside of the formal OATT study
process. In order to gain a comprehensive understanding of the transmission
interconnection and congestion issues, especially for transmission interconnection with
Dominion or Progress Energy, which are FERC-regulated, a generation and transmission
interconnection request would need to be filed with the appropriate utility and a
comprehensive system study would need to be performed.

UTILITY SERVICE TERRITORIES AND
TRANSMISSION INFRASTRUCTURE
The North Carolina coast is served primarily by two investor owned utilities (“IOUs”)
and several electric cooperatives. Figure 5.1, below, (from Platts) identifies the service
territories of these electric utilities. Progress Energy (denoted on the map as Carolina
Power & Light) has significant service territory on the coast, as does Dominion (denoted
Virginia Electric & Power). There are also several electric cooperatives with service
territories on the North Carolina coast; these cooperatives belong to the North Carolina
Electric Membership Corporation (“NCEMC”) and include Albermarle, Brunswick, Cape
Hatteras, Carteret-Craven, Harkers Island, Jones-Onslow, Roanoke and Tideland.
NCEMC is responsible for electricity contracts and transmission for its members. While
there are several electric cooperatives with service territories on the North Carolina coast,
and although NCEMC owns some infrastructure near the coast, much of the transmission
infrastructure on the North Carolina coast is owned by the Dominion and Progress
Energy (see Figure 5.2 from Platts).1
Progress Energy is the second-largest retail electricity provider in North Carolina, after
Duke Energy (when measured by MWh of retail sales in the state in 2006 as reported in
the Energy Information Administration’s 2006 Electric Power Annual). Progress Energy
sold over 36,225 GWh in North Carolina in 2006, about 29% of the total retail electricity
sold in the state. Progress Energy serves over 1.2 million customers in North Carolina.
1

Note: While more detailed transmission maps were reviewed in preparation of this report, detailed maps
are generally not publically available due to national security reasons.
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In contrast, Dominion provided 3.3% of the retail electricity sold in North Carolina in
2006 or 4,172 GWh and has just over 115,000 retail customers. The aforementioned
electric cooperatives combined sold just over 3,514 GWh of retail electricity sales in
2006.

Figure 5.1. Electric Services Territories on the North Carolina Coast
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Figure 5.2. Transmission Lines and Substations on the North Carolina Coast (by owner)

Figure 5.3 indicates that although there are a number of transmission facilities lines near
the North Carolina coast, none are rated above 230 kV. There is a greater density of 230
kV lines located near the southern coast of North Carolina.
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Figure 5.3. Transmission Lines on the North Carolina Coast (by voltage level)

TRANSMISSION INTERCONNECTION WITH DOMINION –
NORTHERN COAST
The northernmost coast of North Carolina is served by Dominion, which is part of the
PJM Regional Transmission Organization (RTO) that extends north to Pennsylvania and
New Jersey. As part of the PJM system, Dominion participates in the PJM transmission
planning process and is not involved in the NCTPC effort identified above. Generators
seeking to interconnect to the Dominion system must go through the PJM generation and
transmission interconnection process described in the PJM OATT. PJM, as a FERCjurisdictional entity, must ensure that potential interconnection customers are all treated
in a non-discriminatory manner. As such, PJM adheres to a very formal study process for
determining the viability for a generator to interconnect with their system, and outside the
study process, will not disclose any meaningful information about transmission
conditions and the likelihood for transmission interconnection beyond what is already
posted on their website.
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PJM Study Process
In order to gain substantive information about the impacts of interconnecting with PJM’s
system, the interconnection process must be initiated. This process provides for a series
of detailed transmission interconnection studies to determine whether the PJM system
will be able to accommodate the additional generation. These studies include a Feasibility
Study, a System Impact Study and an Interconnection Facilities Study. Generators less
than 20 MW may receive expedited treatment for these processes, which could help
speed along an offshore wind facility of smaller size.
To initiate the interconnection process the project developer will need to provide
preliminary information on the project location, size, equipment configuration,
anticipated in-service date, proof of the right to control the project site, and other data on
the technical specifications for the proposed project. Once the developer provides all of
the needed information, including a point of interconnection and the appropriate
deposits/fees, the Feasibility Study can begin. Once initiated the Feasibility Study takes
between three and six months. The cost of the Feasibility Study varies by the month in
which the generator enters PJM’s interconnection queue (PJM has four queues per year).
These costs are presented below in Table 5.1, which shows the required deposit for the
Feasibility Study.2 Generators who enter this process will be refunded the per-MW cost
(shown below) if the cost of the study is less than or equal to the non-refundable deposit.
However, if the Feasibility Study costs more than the required deposit the generator
would need to pay PJM additional fees to cover that cost.
Table 5.1. PJM Feasibility Study Costs

A developer seeking to interconnect an offshore wind project off the northeastern coast of
North Carolina, adjacent to the Dominion service territory, would need to initiate the
PJM generation and transmission process, starting by obtaining a Feasibility Study, once
project details (i.e. size, location) were determined. The Feasibility Study assesses the
“practicality and cost of incorporating the generating unit or increased generating or
transmission capacity into the PJM system.” 3 The results of the Feasibility Study will
help the project developer determine whether to continue with the subsequent System
Impact and Interconnection Facilities studies. These subsequent studies require
additional fees to be paid to PJM by the developer. The System Impact Study requires a
$50,000 deposit and the Interconnection Facilities Study requires a $100,000 deposit.
2
3

PJM Manual 14-A, p.11.
Ibid., p. 13.
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Best Current Assessment
Given the lack of information available from PJM absent a Feasibility Study, the general
layout of the PJM system in northern North Carolina was used to help gain an
understanding of potential interconnection issues in this area. Dominion owns a 230 kV
transmission line running to Kitty Hawk to which a potential offshore wind facility could
connect. There is already a small generator near Kitty Hawk that provides voltage
support and helps meet peak load in the local area. The 230 kV line is a radial line and
generally transmits electricity from the north (where it is generated) to the south (on the
North Carolina coast where it is consumed). Therefore, a wind facility located near this
area may help meet the electricity needs near Kitty Hawk, and would be expected to
transmit any excess power counter to the current prevalent flow of north to south.
However, there are potentially significant issues with siting a wind farm along this radial
line, as it already experiences high voltages. Adding a wind farm to this transmission
line could exacerbate the voltage situation, especially during off peak times. As the size
of the wind farm increases, voltage concerns would likely become more pronounced.
This issue would need to be further evaluated through the PJM interconnection process to
determine the costs of reliably integrating an offshore wind facility to this area. Given the
current configuration of Dominion’s system, it is not likely that this system could
accommodate significant off-shore wind without a system upgrade. At this juncture,
interconnection feasibility without an upgrade is probably in the vicinity of 10 MW,
suitable for a pilot wind project, but not a commercial wind farm.
Wheeling to Duke Energy
If a project were to connect to the PJM transmission system it may be desirable to deliver
the power to a large utility in North Carolina in order to facilitate compliance with North
Carolina’s Renewable Portfolio Standard (RPS). As the largest provider of electricity in
North Carolina, Duke Energy is an attractive option for power delivery. While a
comprehensive system study would be required to determine the feasibility of delivering
power from the PJM territory into Duke Energy’s territory, several requests for
transmission service from PJM to Duke Energy have been made in the last year. The
record of these requests can be used to help understand the general state of available
transmission capacity between the two service territories.
Initial studies on these requests were completed and posted on the PJM website. The
initial studies are meant to determine whether the requests can be accommodated based
on projected transmission system conditions and topology. In July 2008, an initial study
was issued on two requests for 104 MW of transmission rights from PJM to Duke
Energy. The study identified numerous existing constraints inhibiting the proposed
transfer between PJM and Duke Energy and PJM was unable to accommodate either of
these requests. Further, a study released in September 2008 also concluded that PJM was
unable to accept a 100 MW request for transmission service from PJM to Duke Energy.
These results are a strong indication that there are likely transmission constraints between
PJM and Duke Energy which may prevent wind power connected to the PJM system
from being delivered to Duke Energy without upgrades to the existing transmission
system.
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TRANSMISSION INTERCONNECTION WITH NCEMC –
VARIOUS COASTAL LOCATIONS
A potential offshore wind generator may be interested in connecting to one of the North
Carolina Electric Member Cooperatives that are located intermittently along the northern,
central, and southern coast of North Carolina. The transmission needs for the
cooperatives is managed by NCEMC, and a prospective generator would need to work
with NCEMC if it were interested in interconnecting with one of the cooperatives. Most
transmission infrastructure along the northern and central coast of North Carolina,
including most of the major facilities to which a generator would need to interconnect in
this area, is owned by either Dominion or Progress Energy. Therefore, interconnection in
these areas may be best accomplished through the appropriate investor-owned utilities. In
addition, NCEMC owns some transmission near Wilmington. Interconnection in the
Wilmington area will be discussed in the next section of this chapter.
Regardless of the location, a developer interested in interconnection with NCEMC would
need to work with both NCEMC and the adjacent investor-owned utility, as NCEMC’s
transmission system is generally intertwined with the adjacent transmission systems.
NCEMC is not FERC-jurisdictional and, therefore, its interconnection process is not
prescribed in the same manner as PJM and Progress Energy. Initiating an interconnection
request with NCEMC is best accomplished by contacting their transmission department.
Due to the small size of the electric cooperatives located on the northern and central
North Carolina coast and due to the lack of significant transmission infrastructure owned
by NCEMC in this area, NCEMC does not represent the same opportunity for wind farm
interconnection as Dominion and Progress Energy. The larger utilities will likely have a
greater potential interest in large-scale wind project to meet state renewable energy
requirements.

TRANSMISSION INTERCONNECTION WITH
PROGRESS ENERGY – CENTRAL AND SOUTHERN COAST
Progress Energy, along with the NCEMC and other utilities in North Carolina (such as
Duke Energy) participates in the NCTPC. The most recent NCTPC report was issued in
December 2008. As noted above, this study is very useful in providing an understanding
of the possibility of integrating an offshore wind facility onto the Progress Energy
system. The 2008 NCTPC Report focuses on developing a single, coordinated
transmission plan to reliably expand the transmission system in North Carolina.
The 2008 NCTPC Report completed a sensitivity analysis which evaluates several
hypothetical wind plants, both inland and near the coast in Progress Energy’s service
territory. The wind sensitivity case in the 2008 NCTPC Report modeled 250 MW of
wind generation near the coast. The 250 MW was made up of one 50 MW facility and
two 100 MW facilities. This study modeled a theoretical situation during the summer of
2018, when transmission use was expected to peak. This case did not take into account
all of the operational considerations of a wind farm, such as stability and thermal issues
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during off-peak and intermediate load periods. However, under the conditions studied,
the addition of these wind facilities did not produce any new thermal or voltage issues. In
fact, the wind farms slightly improved the thermal and voltage impacts that resulted from
the base case scenario (which was modeled without these wind resources). The location
of the hypothetical wind farms is illustrated below in Figure 5.4. The wind facilities were
located at the Bayboro (230 kV), Beaufort (115 kV) and North River (115 kV)
substations. Each of these substations is a potential site for consideration for an offshore
wind generator interconnection in this area.

Figure 5.4. Hypothetical Wind Farm Locations from 2008 NCTPC Report

In addition to the interconnection points modeled in the 2008 NCTPC Report, there is a
favorable generator interconnection point for Progress Energy located very close to the
North Carolina coast. Progress Energy’s Open Access Same-Time Information System
(“OASIS”) lists several favorable generator interconnection points that have been
identified through interconnection requests and are based on the current knowledge of
and experience with the Progress Energy transmission system.
One of these points is the Morehead substation in Carteret County, very close to the
North Carolina coast. From a transmission standpoint, this appears to be a favorable
location for an offshore wind generator to interconnect with the Progress Energy system.
This interconnection point can accommodate interconnection voltages of 115 and 230
kV. The Morehead substation was identified as a favorable generator interconnection
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point after a queue request was issued in 2008. The request was for a 130.5 MW wind
facility which would interconnect with the Havelock-Morehead Wildwood 115 kV North
line. The request has since been withdrawn from Progress Energy’ interconnection
queue. This specific request would have required the construction of a new 115 kV
substation to interconnect the facility to the Progress Energy transmission system.
Necessary upgrades, including the construction of the new substation, were estimated to
cost $3 million but the addition of the facility was not expected to require thermal or
short circuit upgrades (which can be substantially more expensive). In other words, with
the addition of the substation, Progress Energy’s transmission system was expected to be
able to absorb the energy of the proposed wind facility. While Progress Energy has
indicated that this location is favorable for generator interconnection, other problems may
exist with interconnection at the Morehead substation, as it is located near Atlantic Beach
and there may be objection from the public if an offshore wind plant was constructed on
the horizon of Atlantic Beach. Figure 5.5, below, illustrates the location of the Morehead
substation.

Figure 5.5. Location of Progress Energy Morehead Substation

If a developer of a wind project off the coast of North Carolina interconnected to the
Progress Energy transmission system, there are two primary options for moving its power
to market. First, the power could be sold to Progress Energy and delivered within the
Progress Energy system. The second option would be to transmit the power out of the
Progress Energy transmission system and sell the output to another utility in the area.
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Either option requires initiating a generation interconnection queue with Progress Energy
and working with Progress Energy to find a favorable interconnection point.
To assess the availability of transmission capacity in the area, we reviewed information
on Progress Energy’s OASIS. The OASIS indicates that there are significant offerings
for firm yearly transmission service from the east side of Progress Energy’s territory,
from its control area into other control areas in the region. A list of the transmission
offerings found on Progress Energy’s OASIS is illustrated below in Table 5.2. This
information indicates that, depending on the interconnection point and specifics of the
wind project, there is likely transmission capacity available to move wind power to other
control areas such as Southern Company (SOCO), South Carolina Electric & Gas
(SCEG), Duke (DUK), or Santee Cooper (SC).
Table 5.2. Progress Energy Yearly Firm Capacity Offerings

Yearly Firm Capacity Offerings with POR of CP&L East
Provider

Path

SC

S/SC/CPLE-SOCO//

SC
SC
SC

POR POD Capacity Increment Class
FIRM

Type

CPLE SOCO

1014 YEARLY

POINT_TO_POINT

S/SC/CPLE-SCEG//

CPLE SCEG

764 YEARLY

FIRM

POINT_TO_POINT

S/SC/CPLE-DUK//

CPLE DUK

685 YEARLY

FIRM

POINT_TO_POINT

S/SC/CPLE-DUK//

CPLE DUK

650 YEARLY

FIRM

POINT_TO_POINT

SCEG

S/SCEG/CPLE:SCEG// CPLE SCEG

525 YEARLY

FIRM

NETWORK

DUK

S/DUK/CPLE-SCEG//

CPLE SCEG

335 YEARLY

FIRM

POINT_TO_POINT

DUK

S/DUK/CPLE-SC//

CPLE SC

335 YEARLY

FIRM

POINT_TO_POINT

310 YEARLY

FIRM

POINT_TO_POINT

22 YEARLY

FIRM

POINT_TO_POINT

DUK

S/DUK/CPLE-SOCO//

CPLE SOCO

DUK

S/DUK/CPLE-DUK//

CPLE DUK

Source: Vacar OATi OASIS, December 2008

Additionally, it is possible that an offshore wind project could connect with Progress
Energy or NCEMC in the southern portion of the state, near Wilmington. It should be
noted that for Progress Energy, as with PJM, an interconnection process would need to be
initiated to interconnect with Progress Energy and system studies would need to be
performed to ensure the system could absorb the energy from the offshore wind project.
There are several substations in the region which might be able to act as an
interconnection point for an offshore wind project in North Carolina. For example,
Progress Energy owns a 115 kV substation near Carolina Beach (south of Wilmington) as
well as several substations near the coast, north of Wilmington in southern Onslow
County, some of which are rated 230 kV. It is plausible that a project of up to about 100
MW project could be integrated onto the existing transmission system fairly readily, but
that as the size of the project increases beyond 100 MW, additional studies would need to
be performed to evaluate the ability of the transmission system to absorb the wind.
Furthermore, depending on the size of the wind farm and the results of system
interconnection studies, it is reasonably likely that a new substation would be required to
accommodate the interconnection of a large offshore wind project in this area. NCEMC
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also owns several substations in the area and has indicated that interconnection would
likely be more favorable than interconnection with the NCEMC system further north.

TRANSMISSION INTERCONNECTION –
DISTANCE AND ECONOMICS
Project economics will be significantly impacted by the distance required to reach the
transmission grid from the offshore wind location. Offshore wind generators require the
construction of underwater transmission lines to interconnect with the transmission
system along the coast. Underwater lines are considerably more expensive to build and
maintain than conventional overhead lines located on land due to the need to remove heat
from the line. Installation costs for underwater transmission are likely to be in the range
of $2 million per mile, exclusive of terminals.
The self-contained, fluid-filled pipe-type of underground transmission line is often the
choice for underwater transmission lines. The conductors are hollow and filled with an
insulating fluid that is pressurized to 25 to 50 psi. Each cable consists of the fluid-filled
conductor insulated with high-quality kraft paper and protected by a lead-bronze or
aluminum sheath and a plastic jacket.4
Few underwater transmission lines currently in operation exceed 25 miles in length,
although plans exist to develop underwater transmission lines that are greater than 100
miles.

4

Public Service Commission of Wisconsin, “Underground Electric Transmission Lines,” p. 4
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CHAPTER 6: UTILITY-RELATED
STATUTORY AND REGULATORY BARRIERS
Kevin C. Higgins, Principal, Energy Strategies, LLC, Salt Lake City, Utah
Neal Townsend, Senior Consultant, Energy Strategies, LLC, Salt Lake City, Utah
Susannah Vale, Nicholas School of the Environment, Duke University

INTRODUCTION
The purpose of this chapter is to address utility-related statutory and regulatory barriers to
the development of off-shore wind energy generation in North Carolina. Our general
conclusion is that there are few utility-related regulatory barriers to this development.
Rather, there are a number of regulatory incentives for renewable energy development,
including wind energy. The open question is whether these regulatory incentives are
sufficient to spur the development of off-shore wind generation given the economic cost,
development risk, and other impediments to developing this resource.
For wind energy development to be feasible off the coast of North Carolina, it must be
economical for the project developer(s). The utility-related statutory and regulatory
barriers to development of this resource are best viewed in the context of the impact of
utility regulation on project economics. If the developer of off-shore wind is a regulated
utility, project development would require the utility to have a high expectation that it
could recover the cost of its investment plus a reasonable rate of return. The utility would
be expected to seek such assurances from the regulatory agency that sets its retail rates,
the North Carolina Public Utilities Commission (“PUC”). Alternatively, if the developer
of off-shore wind is a non-utility party (i.e., independent power producer, or “IPP”), the
IPP developer would need to have assurance that it could sell the power at a price high
enough to earn a rate of return sufficient to compensate for the risk of developing and
operating the project.
In short, for a utility developer, the fundamental regulatory issue concerns assurance of
cost recovery in rates; for an IPP, the fundamental regulatory issue is about access to
markets and the price paid for the generation.
Over the years, a number of statutes have been enacted that are intended to improve the
economic opportunities for wind energy projects. The two primary utility-related statutes
affecting the economics of wind energy development in North Carolina are:
• The Federal Public Utility Regulatory Policies Act of 1978 (“PURPA”)
(as amended by the Energy Policies Acts of 1992 and 2005); and
• North Carolina’s Renewable Portfolio Standard of 2007.
In addition, federal tax credits applicable to wind energy, called the Production Tax
Credit, improve the after-tax economics of wind project development. However, despite
this legislation, North Carolina currently has no major wind energy installations.
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THE MAJOR REGULATORY ISSUE FOR UTILITIES:
COST RECOVERY
The general standard for utility recovery of investment expenditures through regulated
rates is that the investment must be determined to be “prudent” by utility regulators.
Among the factors considered in determination of prudency of a utility investment in
generation plant is whether the power produced by the plant is cost-effective. One means
of assessing cost-effectiveness is to compare the projected unit cost of output from the
investment over its useful life to the cost of alternative sources of supply. If a utility
investment is deemed to be imprudent by the utility’s regulator, then cost recovery can be
denied. Consequently, a significant potential barrier to the development of wind energy
by utilities is the extent to which wind resources may be less cost effective than other
alternatives, and the associated implications for recovery of wind-related generation costs
in rates.
To communicate resource development plans to stakeholders and regulators, North
Carolina utilities prepare integrated resource plans (“IRPs”) every two years. An IRP
provides a comprehensive analysis of potential resource options. This information is used
to determine a plan that provides the least-cost combination of resource options for
meeting the anticipated needs of the system. The resource plan presented in the IRP
provides a baseline for identifying the resource options determined to be most cost
effective, and by extension, a platform for evaluating the prudency of investing in wind
generation.
North Carolina’s investor-owned utilities – Dominion North Carolina Power, Progress
Energy, and Duke Energy Carolinas – filed their most recent IRPs in 2008. Utilities must
also file annual plans for complying with the North Carolina Renewable Energy Portfolio
Standard (REPS), discussed below. Our review of these plans indicates that development
of in-state wind energy is not an area of initial emphasis for North Carolina utilities in
seeking to comply with the RES. More attention is paid to the development of solar
generation. While solar generation is more expensive than wind power, solar energy is
given special emphasis in the RES statute, which largely explains the utilities’ decisions
to pursue this renewable resource first.
North Carolina Renewable Energy Portfolio Standard (REPS)
To encourage renewable energy development (including wind), in 2007, the North
Carolina General Assembly passed Senate Bill 3 (N.C. Gen. Stat. § 62-133.8),
establishing a renewable energy portfolio standard (REPS). The statute requires North
Carolina’s investor-owned utilities to use renewable energy to meet at least 12.5% of
their electricity retail sales by 2021. The requirement begins in 2012 at 3%, then steps up
to 6% in 2015, grows to 10% in 2018, before reaching 12.5% in 2021. Energy efficiency
improvements may be used to meet 25% of the requirement in 2018 and 40% of the
requirement in 2021.
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An RES target is also established for electric cooperatives and municipal utilities. These
entities must provide 10% of electricity retail sales using energy efficiency and renewable
energy by 2018.
Senate Bill 3 also singles out certain renewable technologies for preferential treatment.
For example, at least of 0.02% of retail megawatt-hours must be provided by solar
generation in 2010 and 2011, growing to 0.2% by 2018. Another 0.2% must be fueled by
swine waste by 2018, and 900,000 MWh of generation must be fueled poultry waste by
2014.
According to the statute, renewable energy facilities (“REFs”) are permitted to be either
independent or utility-owned and may be located in North Carolina or out-of-state.
However, utilities with over 150,000 customers may use no more than 25% out-of-state
production to meet their requirements.1 Significantly for off-shore wind development,
there is no size limitation for individual REFs.
REPS Implementation in North Carolina
The REPS compliance plans filed by North Carolina utilities in 2008 place very little
emphasis on wind generation, although wind energy may be a candidate for meeting
REPS resource needs that have not yet been committed to specific technologies or
providers.
According to its 2008 compliance plan, Duke Energy Carolinas intends to maximize its
ability to use energy efficiency for meeting the RES requirement. As energy efficiency is
generally less expensive than most renewable options, such an approach is likely to
minimize the overall total cost of compliance. For the portion of the REPS that cannot be
satisfied through energy efficiency, Duke Energy Carolinas indicates that it plans to use a
combination of new solar generation, existing hydropower generation, and purchases of
Renewable Energy Certificates (“RECs”) from in-state and out-of-state sources, while
exploring the feasibility of using biomass energy resources as fuel in existing generation
facilities. As part of this plan, Duke Energy Carolinas indicates that it intends to develop
10 MW of distributed solar photovoltaic projects and to purchase all of the electrical
output from a 21.5 MW solar farm.
In its compliance plan, Progress Energy indicated that through September 1, 2008, it had
executed six contracts with renewable generators totaling 32 MW. The technologies
covered by these contracts are landfill gas, biomass, and solar photovoltaic. The
company stated in its requests for proposals that preference would be given to solar,
swine and poultry litter energy projects so they could ensure they met the set aside
requirements.2 Progress Energy also intends to use its owned hydroelectric resources to
help meet its REPS requirement. At this juncture, Progress Energy’s proposed wind

1
2

N.C. Gen. Stat. § 62-133.8.
Progress Energy. 2008. “Request for Proposals for Renewable Power Supply Resources.”
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energy program consists of four small turbines in Madison County, NC for educational
purposes.3
Dominion North Carolina Power identifies plans to purchase solar RECs and invest in
energy conservation to meet its REPS requirements through 2011.
Recovery of Incremental Costs
Importantly, Senate Bill 3 permits utilities to recover from customers the “incremental
costs” incurred in complying with the REPS program by passing these costs along in the
form of higher prices.4 At first blush, this provision appears to address the major potential
barrier to wind project development by utilities, i.e., cost recovery. However, as
discussed below, the recovery of incremental costs is subject to a cost cap that may
constrain the dollars available for large-scale wind development.5
For purposes of the statute, incremental costs include all “reasonable and prudent costs in
excess of avoided costs” incurred to meet REPS. “Avoided costs” refers to an electric
power supplier’s most recently approved or established avoided cost rates in North
Carolina for purchases of electricity from qualifying cogeneration and small power
production facilities (“QFs”) pursuant to PURPA.6 Under PURPA, avoided cost is the
incremental cost an electric utility avoids by purchasing an equivalent amount of power
from a QF instead of generating the power itself. Since prudency requires that a utility’s
actions be cost-effective, avoided cost is measured, theoretically at least, with respect to
cost-effective resources. Thus, North Carolina’s assured recovery of “incremental costs”
for complying with REPS assures recovery of those costs in excess of what is
theoretically the most cost-effective alternative(s).
However, as noted above, the assurance of incremental cost recovery under Senate Bill 3
is subject to an annual cost cap in order to limit the total rate impact on customers. The
cost caps are defined on a per-customer basis. The statutory annual caps are as shown in
Table 6.1 below.
Table 6.1. NC REPS customer cost cap.11

Based on information in the utility-filed IRPs, we estimate these cost caps constrain the
annual incremental cost available for REPS cost recovery to approximately $41 million
3

Progress Energy. 2009. “Wind.” Available at http://www.progressenergy.com/environment/ras/windpower.asp. (last accessed March 21, 2009).
4
Id.
5
N.C. Gen. Stat. § 62-133.8(h).
6
Rule 8-67(2), NCUC Docket No. E-100, Sub 113 (3/13/08).
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statewide in 2010, increasing to approximately $153 million by 2015. The distribution of
these statewide estimates across the individual investor-owned utilities is shown in Table
6.2, below. Note that these figures refer to incremental cost recovery that is in excess of
avoided cost. Presumably, avoided cost is also recoverable by utilities investing in, or
purchasing output from, off-shore wind generation facilities for the purpose of meeting
the REPS.
Table 6.2. Estimate of REPS Capped Revenue
($ millions)
Utility
Progress Energy Carolinas7
Duke Energy Carolinas8
Dominion NC Power9
Totals

2010-2011
11.5
27.9
2.1

2012-2014
18.1
47.0
4.3

2015 +
57.3
88.7
7.2

41.5

69.5

153.1

Off-Shore Wind Development Potential at REPS Revenue Caps
The provisions of SB 3 suggest that North Carolina utilities should be able to recover the
cost of off-shore wind projects in an amount equal to “avoided costs + incremental costs
up to the annual cost cap”, if the wind projects are used for meeting the REPS
requirement.
Using the information in Table 6.2, in combination with avoided cost information for
each utility, we have prepared a high-level estimate of the maximum recoverable
investment in off-shore wind that each utility could make, expressed in megawatts of
capacity. This estimate is derived by solving for the megawatts of wind capacity that
could be developed, given the amount of incremental cost funding that is available under
the cost cap, and given each utility’s avoided cost rates. This estimate is presented in
Table 6.3, below. The estimate was made using the following assumptions:
(1) Capital investment cost of $3,000 per kilowatt (excluding transmission);
(2) Off-shore wind capacity factor of 35%;
(3) First year utility revenue requirement;
(4) All of the dollars available under the annual cost cap are devoted to off-shore
wind generation, except as dollar commitments to incremental cost funding
for other uses are specifically quantified by the utility; and
(5) Continuation of the federal production tax credit for wind.

7

Source: Progress Energy 2008 REPS Compliance Plan, Appendix D, Exhibit 6. REPS capped revenue net
of committed projects.
8
Estimated using Duke Energy 2010 customer counts.
9
Estimated using Dominion Power projections of customer counts.
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Table 6.3. Off-Shore Wind Capacity That Could Be Funded
from REPS Capped Revenue
(MW)
Scenario 1 – Capacity Credit Included in Avoided Cost
Utility
Progress Energy Carolinas
Duke Energy Carolinas
Dominion NC Power
Totals

2010-2011
29
79
6

2012-2014
45
132
13

2015 +
143
250
22

114

190

415

Scenario 2 – Capacity Credit Excluded from Avoided Cost
Utility
Progress Energy Carolinas
Duke Energy Carolinas
Dominion NC Power
Totals

2010-2011
27
72
6

2012-2014
43
121
13

2015 +
135
228
21

105

177

384

We recognize that the fourth assumption, that all of the dollars available under the annual
cost cap are used for off-shore wind, is not correct, as the REPS includes mandatory
technology components which will necessarily require funding under the incremental cost
cap. To the extent that dollars under the incremental cost cap are used for non-off-shore
wind investments, the maximum recoverable investment in off-shore wind will
necessarily be reduced. Similarly, to the extent that the capital investment cost exceeds
$3,000 per kilowatt, the maximum recoverable investment in off-shore wind would also
be reduced.
The purpose in deriving the Table 6.3 estimates is not to produce a definitive calculation
of the amount of off-shore wind development that is feasible, but rather to identify a
high-level estimate of the maximum amount of off-shore wind that could be funded under
the existing cost cap requirements.
The estimates in Table 6.3 are calculated under two avoided cost rate scenarios. In
Scenario 1, the capacity portion of each utility’s avoided cost rate is included in the
determination of avoided cost recovery; in Scenario 2, capacity revenues are excluded.
The alternative scenarios are presented because it is not clear how or whether capacity
revenues for wind generation will be recognized by the North Carolina PUC in rate
recovery. As wind resources can only generate power when the wind is blowing, it is
generally not considered to be as firm as thermal generation. For this reason, there may
be some limitations on the recognition of capacity credits in the determination of avoided
cost for wind power.
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The results of this analysis show that the incremental cost recovery provided in Senate
Bill 3 can support a significant level of off-shore wind development, e.g., in excess of
380 MW, if the dollars available under the cost cap are devoted largely to that purpose.
However, as noted above, these results are dependent on an assumed installed capacity
cost of $3,000 per kW. While this cost estimate is similar to others used for off-shore
wind in North America, a published cost estimate for constructing wind generation off
the coast of North Carolina is not available at this time. Cost estimates for North
Carolina, including transmission interconnection costs, may prove to be materially
higher.
Production Tax Credit
The availability of the federal Production Tax Credit (PTC) has had a dramatic effect on
wind energy growth in the United States over the last two decades (see Figure 6.1). The
PTC was first established by the Energy Policy Act of 1992 and is set equal to 1.5
cents/kWh adjusted annually for inflation. The current PTC for wind power equals 2.1
cents/kWh.
The PTC expired on three occasions – in 2000, 2002, and 2004. Each time there was a
marked lull in wind installations following the expiration.10 The PTC is currently set to
expire at the end of 2009 after a last minute extension in 2008.11

Figure 6.1. Growth of U.S. wind capacity 1980 to 2006.12

10

Wiser and Bolinger 2008.
Union of Concerned Scientists. 2008. “Production Tax Credit for Renewable Energy.” Available at
http://www.ucsusa.org/clean_energy/solutions/big_picture_solutions/production-tax-credit-for.html (last
updated 11/14/08).
12
EERE 2008. “20% by 2030.”
11

213

Removal of Barriers
To the extent that the maximum recoverable investment in off-shore wind is viewed as
unduly limiting, the North Carolina legislature may wish to consider modifications to the
REPS to further encourage wind development. One means of addressing this would be to
include the cost of externalities (e.g., CO2-related costs) in the avoided cost calculation
that is used for determining the baseline for cost recovery. Wind generation has
relatively low external cost levels since it uses no water, produces no CO2 emissions, has
no energy security issues, involves no resource extraction, and produces no air pollution.
Its main impact involves potential impacts on bird populations, and land use associated
with the generation site and the potential need for transmission lines to connect remote
wind sites to load. Offshore wind, however, does have higher external costs due to its
placement in the more sensitive marine environment.13 Recognition of externalities in
the determination of avoided cost would likely improve the relative cost-effectiveness of
wind generation relative to fossil-fueled alternatives.
An alternative means of encouraging wind development would be to increase the cost
caps applicable to meeting the REPS. Such a change would require legislation and would
have to be balanced against the cost impact to electric power customers of raising the cap.
Further, development of off-shore wind power in the near term will require extension of
the federal Production Tax Credit well beyond 2009.

THE MAJOR REGULATORY ISSUE FOR IPPS:
ACCESS TO MARKET AND GENERATION PRICING
IPPs have become a major contributor to generation capacity in the United States since
the implementation of PURPA. While, in theory, an IPP can sell its output in wholesale
power markets without a long-term bilateral sales contract with a purchasing utility, IPP
development of renewable energy such as wind requires, as a practical matter, an
arrangement with a purchasing utility that will assure the developer a long-term income
stream that will cover development and operating costs. In this sense, the removal of
regulatory barriers to IPP development of off-shore wind is consistent with IPP
regulatory objectives in general: the primary focus is on ensuring access to markets and
an adequate price paid for the generation.
Public Utility Regulatory Policies Act (PURPA) of 1978 – Section 210
The passage of PURPA in 1978 addressed head-on the fundamental regulatory barriers of
access to markets and reasonable power price. Section 210 of PURPA provides that
utilities must purchase generation from qualifying cogeneration and small renewable
energy facilities at the respective utility’s avoided cost. This “must-take” requirement
substantially changed the development opportunities for IPPs using qualifying
technologies, as prior to PURPA, utilities were not under any obligation to purchase
power from a third party generator.

13

Snyder and Kaiser 2008.
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The “must-take” requirement was later modified in 2006 as part of Order 688 issued by
the Federal Energy Regulatory Commission (“FERC”). Specifically, the must-take
requirement has been rescinded for regions in which QFs have nondiscriminatory access
to: (i) independently administered, auction-based day ahead, and real time wholesale
markets for the sale of electric energy; and (ii) wholesale markets for long-term sales of
capacity and electric energy. Of note, FERC has found that that these conditions are met
in the PJM Regional Transmission Organization, which includes the Dominion North
Carolina Power service territory. Consequently, FERC no longer places a “must-take”
obligation on Dominion; however, Dominion still publishes avoided cost rates for QFs
pursuant to state requirements.
By passing Section 210, of PURPA Congress sought to remove some of the obstacles that
had traditionally hindered small power production. Historically, utilities viewed
independent small power producers as competitors that displaced generation development
opportunities for themselves. Consequently, utilities had little incentive to purchase IPP
power. IPP generation was also discouraged by complex and high rates for backup
power for those independent generators that also intended to serve on-site load.
Section 210 created a new class of non-utility power producers called “Qualifying
Facilities” or QFs.14 QFs could be either qualifying cogeneration facilities or qualifying
small power production facilities.15 Cogeneration facilities use excess waste heat from an
industrial process to produce electricity, or use waste heat from electricity generation to
use in an industrial process.16 Small power production QFs generate electricity using
biomass, waste or renewable energy, such as wind or solar energy.
A potential barrier to developing off-shore wind under the auspices of PURPA is that
qualifying renewable energy facilities (i.e., small power production facilities) may not be
greater than 80 MW. This size limitation potentially inhibits taking full advantage of
economies of scale for off-shore wind development. As noted above, this limitation does
not apply to incremental cost recovery under North Carolina’s RES; however, as the
“must-take” provisions of PURPA are not applicable to a project greater than 80 MW,
IPP development of this resource may be discouraged.
FERC is responsible for promulgating rules to implement PURPA, but the pricing
provisions, such as determining avoided cost, are delegated to state regulatory
commissions. To that end, some state utility commissions chose to set standard contracts,
although PURPA only required that utilities offer a standard contract to QFs with a
capacity less than 100 kW. Standard contracts are intended to facilitate the QF
development by reducing the transactional cost of contract negotiation, and limiting the
ability of reluctant utilities to delay or refuse to come to terms.17 Standardized long-term
14

Martin 1983.
Public Utility Regulatory Policies Act of 1978 (PURPA), PL 96-617 (codified at 16 U.S.C. §§ 796-825r),
approved Nov. 9, 1978, § 201, 17(C).
16
Martin 1983.
17
Redlinger, Robert Y., Per Dannemand Andersen and Paul Erik Morthorst. 2001. WIND ENERGY IN THE
21ST CENTURY: ECONOMICS, POLICY, TECHNOLOGY AND THE CHANGING ELECTRICITY INDUSTRY. New
York, N.Y.: Palgrave Macmillan.
15
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contracts may also reduce the pricing risk associated with renewable energy generation,
improving the ability of developers to obtain financing.18
PURPA Implementation in North Carolina
North Carolina was one of a handful of states to pass a “mini-PURPA” law, which
negated any challenges to the constitutionality of the federal PURPA statute.19 General
Statute 62-156 was passed in 1979 and mirrors PURPA in mandating utility purchases of
QF power at avoided cost. In the event that the utility and small power producer are
unable to agree on a contract, the utility is required to purchase the electricity under rates
and terms set by the PUC. The PUC was directed to set the rate payable for electricity
from QFs biennially at the avoided cost of energy. When setting the avoided cost rate the
PUC was to consider the expected cost of fuel and “the expected security of the supply of
fuel for the utilities’ alternative power sources.” The commission was also to
“encourage” long-term contracts, but no minimum length was set. 20
18

Hirsh 2007.
Morris 1983. Several utilities challenged the constitutionality of a federal agency interfering in state
activities. The Supreme Court found that this was constitutional under the commerce clause since utilities
participated in interstate commerce. FERC v. Mississippi, 456 U.S. 742 (1982).
20
N.C. Gen. Stat. § 62-156. Power sales by small power producers to public utilities.
19

(a) In the event that a small power producer and an electric utility are unable to mutually agree to a
contract for the sale of electricity or to a price for the electricity purchased by the electric utility, the
commission shall require the utility to purchase the power, under rates and terms established as provided in
subsection (b) of this section.
(b) No later than March 1, 1981, and at least every two years thereafter, the commission shall
determine the rates to be paid by electric utilities for power purchased from small power producers,
according to the following standards:
(1)

Term of Contract. – Long-term contracts for the purchase of electricity by the utility
from small power producers shall be encouraged in order to enhance the economic
feasibility of small power production facilities.

(2)

Avoided Cost of Energy to the Utility. – The rates paid by a utility to a small power
producer shall not exceed, over the term of the purchase power contract, the
incremental cost to the electric utility of the electric energy which, but for the
purchase from a small power producer, the utility would generate or purchase from
another source. A determination of the avoided energy costs to the utility shall
include a consideration of the following factors over the term of the power contracts:
the expected costs of the additional or existing generating capacity which could be
displaced, the expected cost of fuel and other operating expenses of electric energy
production which a utility would otherwise incur in generating or purchasing power
from another source, and the expected security of the supply of fuel for the utilities'
alternative power sources.

(3)

Availability and Reliability of Power. – The rates to be paid by electric utilities for
power purchased from a small power producer shall be established with
consideration of the reliability and availability of the power. (1979, 2nd Sess., c.
1219, s. 2.)
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Currently, the PUC approves standard contract terms and provisions, including rates, for
QFs in biennial avoided cost proceedings. In North Carolina, standard contracts are
applicable to wind projects up to 5 MW in size. However, specific contracts may be
negotiated and the resulting contracts need not be approved by the PUC.21
Despite the improvements in the economics of wind energy due to policies of PURPA,
commercial-scale wind energy has not been developed in North Carolina. As North
Carolina’s wind energy sites are either in the second tier of wind energy speed or pose
greater logistical challenges, such as off-shore wind, the basic PURPA guidelines have
not been sufficient to spur development. Instead, QFs in North Carolina are mostly
cogeneration plants, as they are in most of the United States.22 Consequently, PURPA
has not led to a significant increase in renewable energy development in North Carolina.
In 2005, North Carolina produced 1.8 billion KWh using non-hydro renewable energy
sources, comprising just 1% of total electric power generation.23 None of this has
stemmed from wind generation.24
IPPs and REPS
North Carolina utilities may contract with IPPs to meet their respective REPS
requirements, and indeed, a number of contracts with IPPs have been executed for that
purpose. As noted above, unlike PURPA, there is no 80 MW size limit for projects
developed to meet the North Carolina REPS. Thus, larger wind farms are able to take
advantage of economies of scale that are precluded under PURPA.25 At the same time,
however, the REPS does not require utilities to accept any and all renewable energy
offered to them.26 Thus, an IPP may be disadvantaged in developing an off-shore wind
project if a utility would prefer to develop off-shore wind itself. This situation is likely to
result in unequal bargaining power, which is exacerbated by the absence of standard
contract provisions and terms for REFs of this size. Of note, the PUC determined that it
would not review and approve all executed contracted under the REPS program, given
the administrative burden of doing so, despite support for such action from both utilities
and renewable energy groups. 27
Removal of Barriers
Three suggestions for possible removal of utility-related regulatory barriers to the
development of off-shore wind were presented in Section I, above, in the context of
assuring utility cost recovery. These are: (1) including the cost of externalities (e.g.,
21

Issue 36, North Carolina Utilities Commission (NCUC), Docket No. E-100, Sub 113, “In the Matter of
Rulemaking Proceeding to Implement Session Law 2007-397,” Order adopting final rules (2/29/08).
22
NCUC public records.
23
Energy Efficiency and Renewable Energy (EERE). 2008. “Electric Power and Renewable Energy in
North Carolina.” State Information. Available at
http://apps1.eere.energy.gov/states/electricity.cfm/state=NC. (last updated June 12, 2008).
24

EIA 2009. “North Carolina.”
AWEA 2005. “The Economics of Wind Energy.”
26
Issue 38, NCUC Docket No. E-100, Sub 113 (2/29/08).
27
Issue 36, NCUC Docket No. E-100, Sub 113 (2/29/08).
25
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CO2-related costs) in the avoided cost calculation that is used for determining the
baseline for cost recovery; (2) raising the cost caps applicable to meeting the REPS; and
(3) extending the federal PTC well beyond 2009. These options, which are more
accurately described as “increased incentives” as opposed to “reduced barriers,” are also
applicable to promoting IPP development of wind energy.
Other actions to enhance the prospects for IPP development of off-shore wind energy
should continue the efforts to ensure efficient access to markets that started with PURPA,
such as the development of standard contracts or the extension of the must-take provision
to projects greater than 80 MW.
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CHAPTER 7: LEGAL FRAMEWORK, ISSUES
AND POLICY CONCERNS
Joseph J. Kalo, Graham Kenan Professor of Law, University of North Carolina at
Chapel Hill, and Co-Director, North Carolina Coastal Resources Law, Planning, and
Policy Center
Lisa C. Schiavinato, Coastal Law, Policy and Community Development Specialist, North
Carolina Sea Grant, North Carolina State University and Co-Director, North Carolina
Coastal Resources Law, Planning, and Policy Center

INTRODUCTION
From a legal, jurisdictional perspective, water-based wind energy can be divided into two
categories: (1) wind facilities sited in federal waters and (2) wind facilities sited in state
waters. Federal waters consist of that belt of ocean waters that begins three geographical
miles from the North Carolina coast and with its outer boundary two hundred geographic
miles seaward. The Outer Continental Shelf (OCS) lies under these waters. These
waters, submerged lands, and all the natural resources within this area are under the
jurisdiction of the federal government. State waters consist of two subcategories: (1)
State ocean waters, which extend from the coastline out three geographic miles to the
beginning of federal waters; and (2) state internal waters consisting of estuarine waters,
coastal rivers, tidal creeks, and all other internal waters of North Carolina. For the most
part, the legal regime governing State ocean waters and State internal waters is the same.
However, with respect to a few important issues, there is a difference in the controlling
state law and regulations, which is explained in this chapter.
This chapter has two major purposes. The first is to explain the legal structure that will
guide any wind energy development to be located on the OCS. The first part of the
chapter will: (1) describe the leasing process for the issuance of leases to place wind
energy facilities on the OCS; (2) identify what federal permits would be required for such
projects and what are the major federal laws applicable to such projects; and (3) to the
extent that a project located on the OCS will affect North Carolina’s interests, describe
how the State may protect those interests through the Coastal Zone Management Act of
1972. The second major purpose is to explain the legal structure applicable to any
proposals for locating wind energy facilities in the State’s ocean or estuarine waters. The
second part of the chapter will: (1) describe the existing State statutory framework for the
issuance of submerged lands leases and make recommendations to address gaps in that
framework; and (2) describe regulatory issues that may impede the development of wind
energy in State waters and make recommendations as to how to address those issues.
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The major recommendations in this chapter are:
(1) The General Assembly should consider enacting a comprehensive statute for
the leasing of state-owned submerged lands for wind energy facilities and
infrastructure;
(2) The Utilities Commission’s, Coastal Resources Commission’s, and
Environmental Management Commission’s jurisdictional authority over
water-based renewable energy projects should be clarified;
(3) The Coastal Resources Commission should consider amending its Coastal
Energy Policies to include renewable energy projects of less than 300 MW;
(4) The Coastal Resources Commission should examine and, consistent with the
public interests in State waters, consider amending certain rules which would
unnecessarily impede or prohibit the use of state waters for wind energy
projects; and
(5) The General Assembly should consider enacting a single comprehensive
environmental permit process for renewable energy projects, to be
administered by the Department of Environment and Natural Resources.
The basis for each of these recommendations is discussed in detail in this chapter. Charts
describing all the required leases, easements, licenses, and permits for water-based wind
projects are in Appendix A.

WIND ENERGY DEVELOPMENT: LEASING OF FEDERAL OCS
LANDS AND PERMITTING PROCESS
A. MMS Leasing Regulations for Offshore Renewable Energy Projects
1. Introduction
The Energy Policy Act of 20051 amended the Outer Continental Shelf Lands Act2
(OSCLA) to authorize the Secretary of the Department of the Interior to issue leases,
easements, and rights-of-way on the OCS for activities that produce or support the
production, transportation, or transmission of energy from sources other than oil and gas,
or what is generally referred to as “renewable energy.” The Minerals Management
Service (MMS) is the bureau within the Department of the Interior that has developed the
department’s regulatory program for issuing these leases, easements, and rights-of-way.
MMS published its proposed regulations in July 2008, and final regulations rules were
published in April 2009. The following is a discussion of the final regulatory program.

1
2

Pub. L. No. 109-58, 119 Stat. 594 (2005).
43 U.S.C. §1331 et seq.
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The leasing process consists of five basic stages:
(1)
(2)
(3)
(4)
(5)

Area Identification;
Lease Issuance;
Approval of Site Assessment Plan (SAP);
Approval of Construction and Operations Plan (COP); and
Approval of Decommissioning Plan.

Stages (2) through (5) will be discussed below.
2. Issuance of OCS Renewable Energy Leases
MMS’ regulatory program envisions the issuance of both commercial leases and limited
leases. Both types of leases would be issued through either a competitive or noncompetitive process. The difference between a commercial lease and a limited lease is
that a commercial lease conveys the access and operational rights necessary to produce,
sell, and deliver power on a commercial basis;3 whereas a limited lease conveys the
access and operational rights for activities that support renewable energy production, but
that do not result in the production of electricity or other energy product for sale,
distribution or commercial use.4 Commercial leases will have operational terms of up to
25 years,5 but limited leases will have operational terms of up to 5 years.6 MMS
contemplates that limited leases might be sought by entities seeking to test an energy
generating device or collect data and information for resource assessment.7 At the end of
a limited lease, the lessee could apply for a commercial lease. However, having a limited
lease would not give a lessee a preferential right or option to future development of the
lease site.8 Because it is likely that offshore renewable energy companies will seek a
commercial lease and not a limited lease,9 the discussion in this report will focus on
commercial leases. The flow chart in Appendix B shows the life cycle of a commercial
lease.
Commercial leases will be issued either through a competitive leasing process or a noncompetitive leasing process. The competitive process would involve the issuance of
leases through one of four auction formats: (1) sealed bidding;10 (2) ascending bidding;11
3

30 C.F.R. §285.112 (2009).
Id. However, MMS will permit limited leases that generate power during technology testing to sell that
power within limits set forth in the lease. See Renewable Energy and Alternate Uses of Existing Facilities
on the Outer Continental Shelf; Final Rule, 74 Fed. Reg. 19,638, 19,647 (April 29, 2009) [hereinafter
“MMS Final Regulations”].
5
30 C.F.R. §285.235 (2009).
6
30 C.F.R. §285.236 (2009).
7
MMS Final Regulations, 74 Fed. Reg. at 19,657.
8
Id.
9
Id.
10
Id.
11
Id.
4
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(3) two-stage bidding;12 or (4) multiple-factor bidding.13 If MMS receives a non-solicited
bid for an OCS lease tract, and it determines that there is no competitive interest in the
site, then a non-competitive lease may be issued.14 Before MMS will issue a commercial
lease, the applicant must furnish financial assurance. The financial assurance may take
one of two types: (1) a $100,00 lease-specific bond;15 or (2) other approved financial
assurance instrument guaranteeing performance up to $100,000,16 including but not
limited to a pledge of $115,000 in U.S. Department of Treasury securities, negotiable
U.S. government, State, and municipal securities or bonds, investment-grade rates
securities at $100,000 in cash in an account to be maintained by MMS, or $100,000 in
certificates of deposit or savings accounts in a financial institution authorized to transact
business in the United States with minimum net assets of $500,000,000.17 Additional
financial assurances must be provided at later stages in the lease process.18
The rental compensation program proposed by MMS is designed to provide a marketbased and fair return to the United States without discouraging the development of
renewable energy projects.19 Before proposing a payment structure, MMS studied
payments being made to landowners on privately leased lands and programs in foreign
countries. It also conducted its own detailed economic analysis.20 MMS’ calculation of
the payment to the federal government for a commercial lease will be at $3.00 per acre
per year and, once production begins, they would use the complex formula described in
the note below.21 The operating fee may be substantial,22 but MMS stated in its proposed
regulations “that the proposed size of our payments would not adversely affect the rate of
offshore renewable energy development.”23

12

Id.
MMS Final Regulations, 74 Fed. Reg. at 19,657.
14
30 C.F.R. §285.232 (2009).
15
30 C.F.R. §285.515 (2009).
16
Id.
17
See 30 C.F.R. §§285.526-285.529 (2009).
18
30 C.F.R. §285.516 (2009).
19
MMS Final Regulations, 74 Fed. Reg. at 19,679-680.
20
Id.
21
30 C.F.R. §285.503(a) (2009). The proposed formula is: F = M x H x c x P x r. “F” would equal the
annual operating fee in dollars; “M” refers the installed capacity in megawatts; “H” refers to the number of
hours in a year (8,780); “c” refers to the anticipated capacity factor expressed as a decimal; “P” refers to the
retail electric power price in dollars per megawatt hour; and “r” refers to an operating fee rate between zero
and one to be set by MMS. See also 30 C.F.R. 285.506 (2009). An illustration of how this would work is
provided by MMS in its discussion of its proposal.
13

An offshore lease issued non-competitively, on 12,000 acres of the OCS would be required to pay
$36,000 annually to the Government based on a charge of $3.00 per acre in rent during the site
assessment…Once…the operations term begins…operating fees typically are payable. For a lease
with an installed capacity of 200 megawatts and an operating capacity factor of 0.38, i.e., 38
percent, the operating fee payable to the Government would be $333,000 during the first two years
of the operation term and about $666,000 annual thereafter if the applicable electricity price was
$50 per megawatt hour…21
22
See 30 C.F.R. §285.505 (2009).
23
MMS Proposed Rules for Alternative Energy and Alternate Uses of Existing Facilities on the Outer
Continental Shelf, 73 Fed. Reg. 39,376, 39,409 (July 9, 2008) [hereinafter “MMS Proposed Regulations”].
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B. Required Federal Permits and Other Federal Reviews
1. National Environmental Policy Act
NEPA requires the federal government to take into account environmental impacts when
issuing permits to allow federal actions. When a federal action is proposed, the lead
federal agency (multiple agencies would have jurisdiction over a proposed offshore wind
energy project) conducts an Environmental Assessment (EA) to determine whether the
project’s impacts are significant enough to warrant a full Environmental Impact
Statement (EIS), which requires a more rigorous review. If the lead agency determines
instead that a proposed project will not have a significant impact on the environment,
then a Finding of No Significant Impact (or FONSI) is issued. However, it is likely the
impacts of a proposed offshore wind project will be deemed significant enough to
warrant a full EIS. Section 388 of the Energy Policy Act of 2005 makes MMS the lead
agency for the permitting of wind energy projects proposed to be located in federal
waters on the OCS.24
2. Section 10 of the Rivers and Harbors Act of 1899 and Section 404
of the Clean Water Act
Although MMS is the lead agency, the Army Corps of Engineers (Corps) also will have
authority over wind energy projects along the OCS. A developer of an OCS wind energy
project will need a Section 10 permit from the Corps. The Corps’ authority is through
Section 10 of the Rivers and Harbors Act of 1899 and was made applicable to facilities
and other structures placed on the OCS by Section 8(g) of the OCSLA.25 Section 10
requires a permit for construction of structures that would obstruct navigable waterways
of the United States.26 The Section 10 permitting process is administered by the Corps,
and thus is not a part of the MMS leasing process. However, MMS would work with the
Corps as a cooperating agency on the environmental compliance documents that are
required both to issue a lease and a Section 10 permit. The regulatory process that is
applicable to the issuance of a Section 10 permit is in 33 C.F.R. Section 325.8.
3. Coastal Zone Management Act
The Coastal Zone Management Act (CZMA) was passed “to preserve, protect, develop,
and where possible, to restore or enhance” the nation’s coastal resources.27 The CZMA
encourages the participation of coastal states and provides financial and technical
assistance as incentives. For states that choose to participate, they first must develop a
coastal management plan (CMP) that defines permissible land and water uses within their
coastal zone, which must be approved by the Department of Commerce through the
National Oceanic and Atmospheric Administration (NOAA).28 Once a federally
24
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approved CMP is in place, federal activities or project proposals that require a federal
permit can be subject to the consistency provision of the CZMA, which requires an
activity to be “consistent to the maximum extent practicable” with the enforceable
policies of the affected state’s CMP.29 If the affected state determines the activity is
inconsistent with its CMP, then that state may negotiate conditions in order for the
activity to become consistent. If an agreement cannot be reached, and the determination
of “not consistent” remains (thereby disallowing the activity), then the project applicant
may appeal the state’s decision to the Secretary of the Department of Commerce, who
has the authority to override the state’s decision.30
What is important for coastal states such as North Carolina is to have appropriate
enforceable policies in place in their federally approved CMPs. What it means when a
policy is considered “enforceable” is that it is legally binding, as opposed to advisory in
nature. Thus, the application of the CZMA consistency provision to OCS renewable
energy leases is directly related to how a coastal state treats similar projects proposed for
state waters. For example, if a state believes it is (a) important to preserve existing sand
resources for use in beach nourishment projects; and (b) in order to do that, prohibit
structures being placed in areas where those resources exist, then it should promulgate a
rule or rules for such activities in its own waters. If the State does promulgate such a
rule, then the rule would be applicable not only to projects in State waters but also, by
way of the CZMA consistency provision, to projects in federal waters.31 In essence, the
consistency provision directs a federal agency to treat a state’s policies as legally binding,
with limitations, on activities within that agency’s jurisdiction. Section 307(c)(3)(B) of
the CZMA specifically provides that:
Any person who submits to the Secretary of Interior any plan for the exploration
or development of, or production of any area which has been leased under the
Outer Continental Shelf Land Act… and regulations under such Act shall…
attach to such plan a certification that each activity [affecting any land or water or
natural resource of the coastal zone of the relevant state] which is described in
detail in such plan complies with the enforceable policies of [the relevant state’s]
approved coastal management program and will be carried out in a manner
consistent with such program…32
This mandate requires that the planned activities be fully consistent with the relevant
coastal state’s enforceable policies.33 If it is not, and the state files a timely objection,
MMS cannot approve the plan unless the Secretary of Commerce overrides the state’s
consistency objection on the ground that the activity is consistent with the objectives of
the CZMA (in contrast with needing to be consistent with the enforceable policies of that
coastal state’s CMP).
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After a renewable energy lease has been issued for a particular OCS site, a coastal state
may have at least two more opportunities to voice any concerns it has over the proposed
activity. After a lease is issued, the next stage is for the lessee to submit a site assessment
plan (SAP).34 The SAP describes the planned activities for site surveys, data gathering,
and related facilities and operations.35 This plan must be approved by MMS before any
site assessment activities begin.36 This is another opportunity for a state to voice its
concerns, but only under limited circumstances. According to MMS’ regulations, unless
the SAP submitted by the holders of a commercial lease shows impacts different from
those identified in the combined lease/lease assessment, NEPA documents, and CZMA
consistency determination, the SAP would not be subject to a new NEPA document,
CZMA consistency review, or other federal review.37
However, a coastal state may have another opportunity to influence the direction of OCS
renewable energy activities, as it relates to its own coastal resources. After the site
assessment has been performed, the next stage is the submission of a Construction and
Operations Plan (COP).38 The COP must cover all proposed activities and operations
associated with the construction and operation of the renewable energy facility39 and
demonstrate that the activities are safe; do not unreasonably interfere with other uses of
the OCS;40 do not cause undue harm or damage; use the best available and safest
technology;41 use the best management practices; and use properly trained personnel.42
MMS’ review of the COP includes assuring that the plan satisfies the requirements of
NEPA and other applicable federal laws.43 At this time, a coastal state has an opportunity
to address any inconsistencies between the proposed renewable energy operations and the
state’s enforceable policies of its federally approved CMP.44
One interesting aspect of the MMS regulations is the treatment of decommissioning.45
MMS originally considered postponing decommissioning regulations because there are

34
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no large-scale renewable energy facilities on the OCS yet, and it may be 20, 25, or more
years before any such facilities would be decommissioned.46 A lot could change between
now and then. Nonetheless, MMS decided that decommissioning should be addressed to
inform lessees what would be required at the end of a project.47 Under the regulations,
the COP would include a “conceptual” decommissioning plan, the general requirements
for which are described in the regulations.48 Although a coastal state has an opportunity
to assert a consistency objection at the time the COP is presented to MMS for review,
which is before the actual decommissioning takes place, the state should have another
opportunity to raise any new consistency objections arising from new information or
federally approved amendments of the state’s CMP.
Although a lessee is required to submit a conceptual decommissioning plan to MMS for
approval before actual decommissioning takes place, it is only when the lessee is ready to
actually decommission the renewable energy facility and seeks MMS’ approval of its
decommissioning application that the details will be known.49 The decommissioning will
take place years after MMS’ approval of the COP and potentially under different
ecological conditions and a changed legal regime, as new state-level coastal legislation or
regulations may be passed or older statutes and regulations amended. The issue is
whether, at the time of actual decommissioning, another CZMA consistency review
should be required. The MMS regulations suggest that another CZMA consistency
review would be required only if the submitted application results in a significant change
in the impacts previously identified; requires any additional authorizations; or proposes
activities not previously identified and evaluated.50 This implies that impacts from
associated changed ecological conditions or decommissioning activity not described in
the COP will be subject to a CZMA consistency review at the time of the
decommissioning application.
However, MMS’ regulations do not discuss the relevance of any changes in the state’s
enforceable policies of its federally approved CMP to this process. May a new
consistency objection to the decommissioning plan be based on such a change in a state
CMP? On one hand, if the state had its opportunity to object to the decommissioning
plan set forth in the COP, but stated no objections, then the federal lessee should be able
to rely upon its submitted COP. On the other hand, it seems that the consistency of an
activity that was not intended to take place until some date long into the future should be
based on compliance with the enforceable policies of the state’s CMP in existence at the
time of actual decommissioning. Because the Secretary of Commerce can override a
state’s consistency objection, the better path would be to require the decommissioning
additional report must be filed 60 days after decommissioning is complete. MMS Final Regulations, 74
Fed. Reg. 19,707-19,708.
46
See MMS Proposed Regulations, 73 Fed. Reg. at 39,432-39,433.
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See MMS Final Regulations, 74 Fed. Reg. at 19,706-19,708.
48
MMS Final Regulations, 74 Fed. Reg. at 19,695 (requiring that the COP include a conceptual
decommissioning plan). See also MMS Final Regulations, 74 Fed. Reg. at 19,707 (noting that “[w]hile the
conceptual decommissioning plans will be included in the SAP, COP, or GAP, in many cases the project
will not be decommissioned until many years after the approval of the plan”).
49
See 30 C.F.R. §285.902(c) (2009).
50
30 C.F.R. §285.907(b) (2009).
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applicant to submit a consistency certification at that time in order to allow the state to
object if there are grounds and, if no satisfactory resolution can be reached among the
parties, to allow the applicant to appeal to the Secretary of Commerce and seek an
override of the state’s objection.
The actual utility of the consistency review is dependent upon the state having
enforceable policies in its federally approved CMP that comprehensively address the
important ecological, environmental, and economic issues likely to be presented by
locating renewable energy facilities in ocean waters. North Carolina’s CMP, which has
been amended several times, was approved by NOAA in 1981.51 The enforceable
policies in that plan include all “policies, which are legally binding through constitutional
provisions, laws, regulations, land use plans, ordinances, or judicial or administrative
decisions by which… [North Carolina] exerts control over private and public land and
water uses and natural resources in the coastal zone.”52 North Carolina’s Coastal Area
Management Act (CAMA)53 then is only one body of laws which are part of the State’s
CMP, and the Coastal Resources Commission (CRC)54 is only one of a number of State
commissions and entities promulgating regulations and issuing permits to implement the
State’s CMP.55
With such a large body of statutes and regulations potentially applicable to renewable
energy projects proposed for ocean waters, only a few major areas of concern will be
addressed in this report. For the most part, there are only a few major areas of concern
because, as a general matter, past experience has prepared the State for consistency
review of renewable energy projects. In early 1988, the State reviewed a proposal by
Mobil Oil to drill an exploratory well in federal waters approximately 32 miles east of the
town of Salvo.56 In preparing for the consistency review of that project, the State
reviewed its existing policies and made amendments.57 That project never materialized
and subsequently, in 1990, President George H.W. Bush issued an executive moratorium
on the issuance of oil and gas leases in locations other than areas off the coasts of Texas,
Louisiana, Alabama, and limited parts of Alaska.58 However, President George W. Bush
lifted the executive moratorium in the summer of 2008,59 and Congress allowed its own
leasing prohibition to expire in the fall of 2008. In response to these events, MMS put
51
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forth a proposal to begin issuing leases in the South Atlantic.60 In light of those events
and the interest in locating renewable energy facilities in ocean waters, the time is ripe for
the State once again to review the adequacy of its existing policies, and a number of such
reviews are underway.61 The following discussion will be limited to major issues directly
related to renewable energy facilities.
4.

Other Federal Authorities

A number of other federal statutes and regulations also may be applicable to wind energy
projects proposed to be located on the OCS depending on the particular location and
resources likely to be impacted. These are statutes and regulations are identified in the
tables located in Appendix A. Among these myriad of authorities include the
Endangered Species Act,62 Marine Protection, Research, and Sanctuaries Act,63
Magnuson-Stevens Fishery Conservation and Management Act,64 Marine Mammal
Protection Act,65 Migratory Bird Treaty Act,66 and National Historic Preservation Act.67
U.S. Coast Guard regulations68 and Federal Aviation Administration regulations69 also
apply. The requirements of these laws and regulations generally will be addressed in the
EIS filed by the applicant for a lease and necessary permits to construct, maintain and
operated wind energy facilities on the OCS.
C.

Federal Laws Applicable to OCS Infrastructure Located in State Waters

Transmission lines and other support infrastructure for OCS wind facilities will pass
through State waters in order to reach a land-based receiving facility which would allow
the offshore wind project to be connected to the onshore electrical grid. For such
activities, additional federal statutes are applicable. Two of the most significant are
Section 401 and Section 404 of the Clean Water Act.
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1. Section 401 of the Clean Water Act and National Pollutant
Discharge Elimination System
Section 401 of the Clean Water Act requires a permit for an activity that may result in
any discharge into the navigable waters of the United States.70 The permit is issued by
the licensing or permitting agency in the form of a water quality certification. The
licensing or permitting agency is usually the State from which the discharge originates or
will the discharge of pollutants into waters of the United States. EPA has delegated water
quality certification authority for North Carolina to the N.C. Division of Water Quality
(DWQ).
The National Pollutant Discharge Elimination System (NPDES) tracks and controls the
discharge of pollutants from point sources, as polluted surface waters can render them
unsafe for drinking, swimming, fishing, or other activities. Point sources include discrete
conveyances such as pipes or human-made ditches. EPA likewise has delegated NPDES
permitting authority for North Carolina to DWQ. In both cases, the State has established
water quality standards that apply to both water quality certifications and NPDES
permits. Chapter 143-215.1 of the North Carolina General Statutes sets forth the permits
required regarding water quality in the state. Title 15A, Subchapter B of the North
Carolina Administrative Code contains NPDES regulations. Water quality certification
rules are located at 15A N.C.A.C. 2H.0500.
Both may be applicable to a wind energy project, due to the dredging and backfilling that
likely would be required for construction of the project. For example, installation of
transmissions cables for the onshore transmission line route and installation of submarine
transmission cables likely would require authorization from DWQ under both Section
401 and the NPDES programs.
2. Section 404 of the Clean Water Act
Section 404 of the Clean Water Act prohibits the discharge of dredged or fill material
into waters of the United States, including wetlands, without a permit from the Corps.71
Section 404 defines the landward limit of the “waters of the United States”72 as the high
tide line in tidal waters unless adjacent wetlands are present, and then jurisdiction extends
to the limit of the wetland. 73 The seaward limit is the limit of the state’s jurisdiction over
federal waters; in the case of North Carolina, this is three miles out.74 The installation of
any transmission lines extending from offshore facilities to onshore receiving facilities,
whether sited in State or federal waters, will require a Section 404 permit from the Corps.
At the minimum, the installation of such lines will require dredging and filling of
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submerged lands, which will result in a “discharge” in waters of the United States and
thus trigger the Section 404 permit requirement.75

WIND ENERGY PROJECTS PROPOSED FOR STATE WATERS,
LEASING STATE-OWNED SUBMERGED LANDS, AND THE
PERMITTING PROCESS
A. Leasing State-Owned Submerged Lands: Issues and Recommendations
As North Carolina prepares for possible applications for leases of State-owned estuarine
or ocean submerged lands as sites for wind energy facilities and infrastructure, and
permits to construct and operate such facilities, it must evaluate the adequacy of the
statutes and procedures governing the granting of rights to use and occupy State-owned
submerged lands and public trust waters.
1. Inadequacy of Existing Statutes and Regulations
A wind energy project proposed to be located in State waters will need to obtain a
submerged lands lease and related easement rights. Existing North Carolina statutes do
not specifically authorize leasing State-owned submerged lands for use as sites for wind
energy or any other form of renewable energy. However, N.C. Gen. Stat. Section 146-10
appears to grant the N.C. Department of Administration (DOA) the authority to enter into
such leases. Section 146-10 authorizes the DOA to “lease or rent the vacant and
unappropriated, swamplands, and lands acquired by the State by virtue of being sold for
taxes…”76 Although Section 146-10 does not specifically include the leasing of
“submerged lands,” it is clear that “vacant and unappropriated” lands include “submerged
lands.” Section 146-64(9), which includes the definitions for terms used in Chapter 146,
defines “submerged lands” as a subcategory of “vacant and unappropriated lands.” It
states that “’vacant and unappropriated lands means all State Lands title to which is
vested in the State as sovereign.”77 Because the definition of “State Lands” includes
“submerged lands,”78 and title to submerged lands is held by the State as sovereign,
“vacant and unappropriated lands” would include all “submerged lands.” In addition,
ancestors of Chapter 146 would support the inclusion of “submerged lands” within
“vacant and unappropriated lands.” An 1854 act of the General Assembly, “An Act
Concerning Entries and Grants,” provided that: “All vacant and unappropriated lands,
75
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belonging to the State, shall be subject to entry… except… Lands covered by navigable
waters.”79 Because “submerged lands” are by definition “lands covered by navigable
waters,” this early statute shows that the General Assembly intends to include
“submerged lands” within any statute using the phrase “vacant and unappropriated
lands,” unless the General Assembly decided to specifically state otherwise.
Even though Section 146-10 provides the necessary leasing authority, it nonetheless may
be advisable for the General Assembly to enact a new statute specifically designed to
address the multitude of issues associated with leasing State-owned submerged lands for
wind energy projects. Unlike other activities involving occupying State submerged lands,
such as piers, bridges, power line, pipeline, and transmission lines, for which leases or
easements are issued under these statutes, a wind facility will occupy a large water area,
and likely will contain a high number of wind turbine towers, extending over 400 feet
above the water surface with deep, broad foundations, the placement of which and
connecting transfer lines and other connections will necessitate substantial disruptions of
the water bottom. Arguably, under such conditions, the wind project developer will need
not only the rights to occupy the submerged lands, but also explicit rights to occupy
significant parts of the water column and air space above the water surface. Authority to
lease or grant water column rights and air space rights is not specifically authorized by
Section 146-10.80 To avoid any uncertainties about, or challenges to, the granting of
water column rights and air space occupy rights for wind energy projects, specific
comprehensive legislature should be passed by the General Assembly to address these
and other important and related questions. Having a comprehensive lease statute would
also provide an established framework for such projects. Many of these matters could be
left for the DOA to address on a case-by-case basis, but having a comprehensive statute
would provide a clear, consistent legal framework for investors and developers in the
wind energy field who may be considering North Carolina waters as potential sites for
wind energy facilities. It also would provide the transparency needed to assure that the
public interest in both energy development and appropriate use of state waters was taken
into account when the state enters into any such leases.
A potential general model for such a statute would be N.C. Gen. Stat. Section 146-12,
enacted by the General Assembly in 1999, to provide a comprehensive framework for the
issuance of riparian leases for piers and other structures extending into state navigable
waters. MMS’ regulations for renewable energy leasing of OCS lands, and its discussion
of the reasoning underlying those proposed regulations, also provide useful guidance for
North Carolina in the development of any state program for leasing State-owned
submerged lands for commercial use as sites for renewable energy facilities, especially
wind energy.
A comprehensive statute to address wind energy projects located in State coastal waters
could address a number of issues in an efficient manner. Below are examples of issues
79
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such a comprehensive statute could address, along with MMS’ approach to some of the
same issues for leasing in federal waters along the OCS.
•
•

•

•

•

•
•
•

What type of leases will DOA be authorized to issue (exploration versus
development)?
Will the submerged lands renewable energy leases be issued on a competitive
or non-competitive basis? MMS’ regulations allow for the issuance of noncompetitive leases commercial leases in situations in which, after public notice,
MMS determines there is no competitive interest.81 If competitive interest exists,
then MMS would follow an auction procedure similar to that used for oil and gas
OCS leasing.
What will be the lease terms? MMS has proposed commercial leases that may
contain three distinct terms: a 6-month preliminary term, a 5-year site assessment
term, and a 25-year operations term. In its proposed regulations, MMS explicitly
rejected the idea of open-ended leases and opted for an operations term of 25
years for two major reasons. First, it is anticipated that this is the likely term of
that a lessee and a utility would establish in a power purchase agreement.82
Second, technology may improve substantially over a 25-year period, and the 30year lease term is some assurance that a wind energy facility would not continue
to operate with obsolete and inefficient equipment.83 At the same time, the 25year period would be sufficient to allow for reasonable profitable operations.
What approvals will the lessee need at different stages? According to MMS’
regulations, after a lease is issued, a lessee must submit to MMS a Site
Assessment Plan and receive MMS approval before beginning construction and
operations. Before construction and operations begin, the lessee must submit a
Construction and Operations Plan to MMS and receive approval. Finally, before
decommissioning can take place, a detailed decommissioning plan must be
submitted and approved.
Required approval of a SAP, COP, and
decommissioning plan should be part of the State’s leasing requirements as well.
What specific rights will the holder of a renewable energy lease possess? The
lease should contain specific provisions relating to the area of submerged lands
that may be occupied by wind turbines and related infrastructure and facilities, the
degree and area of the water column, which the operator may control, and the
areas of airspace that may be occupied by the wind turbines and blades.
What other public trust or other public or private uses will be allowed within
the area encompassed by a renewable energy lease?
What will be the proposed lessee’s obligations in providing information
necessary for the State to make environmental, economic, and other
assessments related to issuance of either a lease or state permits?
With what requirements must the lessee comply and what will be the
consequences of non-compliance? If there is non-compliance, will the state
be able to issue a cessation order and, if so, what State entity will have that
authority?
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•
•
•
•

•
•

•
•

Will the lease be assignable? If so, what must be the qualifications of the
assignee and what state approvals will be necessary for any assignment?
If there is an assignment, how does that affect the assignor’s liabilities? Will
the assignor remain responsible for performance of any obligation that the
assignee fails to perform?
Under what circumstances may the State suspend or cancel a lease?
May a lease be renewed before the end of its original term? If so, what will
be the criteria applied by the State in determining whether to renew such a
lease? Among the criteria put forth by MMS are: availability and feasibility of
new technology, environmental and safety record of the lessee, operational and
financial compliance record of lessee, and competitive interest and fair return
considerations.84 The first criterion is very important. Renewable energy
operators should be encouraged to use the most technologically advanced and
efficient technology. Renewals should not be granted when it would result in
obsolete and inefficient technology remaining in place.
How may a lessee relinquish a lessee and what is the effect of a
relinquishment on the lessee’s obligations?
What will be the compensation system for submerged lands renewable
energy leases? In its discussion of its’ proposed rates for federal offshore wind
energy leases, MMS recognizes that external costs of fossil fuels may be reduced
by substitution of wind energy. MMS believes that existing incentives, such as
federal production tax credits and renewable energy portfolio programs, are the
principal compensation to projects for the social benefits derived from renewable
energy production. Its goal in establishing rates was to insure that the rate
structure does not seriously undermine the purpose of that compensation.85 At the
same time, MMS believes that the country is entitled to receive fair compensation
for the use of federal resources. For an offshore lease of 12,000 OCS acres, the
expected federal revenue would be substantial – over $600,000 annually over the
25-year life of the lease once the project is operational.86 Arguably, the State has a
fiduciary obligation to the public to assure that the State-issued leases provide for
commensurate rent for state-owned submerged lands. In its annual leases for
offshore tracts, Texas includes an annual fee per tract until production begins.
Once production begins royalty fees are paid. The royalty fees start at 3.5% of
the revenue and increase to 6.4% over the productive life of the lease.87
What will be the leases financial assurance requirements? Financial
assurances will be required in order to minimize the risk to the State that lessees
will default and the State will have to bear the costs of such a default.
What will be the lessee’s decommissioning obligations and what financial
assurances will be required? Because, in the normal course of events,
decommissioning will not occur for perhaps 20 years or 25 years, MMS’
regulations only require a general plan for decommissioning submitted as part of a
lessee’s COP. In addition, MMS’ proposed regulations require that, prior to
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•
•

•

actual decommissioning, the lessee must file a decommissioning application that
must satisfy existing state environmental and legal requirements and must be
approved by MMS before decommissioning can commence. A similar procedure
should be established by the State for any renewable energy submerged lands
leases. Decommissioning should include the lessee’s remediation and restoration
obligations. In addition, the lease should include detailed provisions that
guarantee the existence of the funds necessary for decommissioning and restoring
a site at the end of its functional life.88 This could be accomplished by setting
aside a percentage of the revenues into a decommission/restoration fund or by
requiring the project developer to provide a performance bond.
Will the revenues derived from renewable energy leases be part of the
general fund, or will all or portions of those revenues be placed in special
purpose funds such as funds to preserve and protect public trust resources?
In addition to a submerged lands renewable energy lease, what other State
permits will the developer/operator of a renewable energy facility need? Will
a consolidated permit process be established and, if so, what agency will be
the lead agency with permitting authority?
Will the DOA develop a form lease for use in leasing State-owned submerged
lands for renewable energy purposes?

In addition to any guidance that the General Assembly might provide through a
comprehensive statute, DOA should develop a detailed lease form. A wind energy lease
is, and should be, a very complex instrument. This complexity is illustrated by the fortyseven-page wind energy lease used by Texas General Lands Office, which is attached as
Appendix C. Careful development of such a lease for use by North Carolina for projects
proposed for State waters would avoid the unintentional oversights and mistakes that
sometimes occur when faced with the pressure of a pending project.
2. Inadequacy of Existing Statutes and Regulations for Obtaining
Easements
Obtaining easements for transmission lines or other similar infrastructure would not pose
a significant problem. N.C. Gen. Stat. Section 146-11 authorizes the DOA to:
Grant easements, [and] right of ways… in State lands for the purpose of:
(1) Co-operating with the federal government
(2) Utilizing the natural resources of the State, or
(3) Otherwise serving the public interest.89
Each of these three grounds provides a basis for issuing easements related to the
development of wind energy facilities. The first would certainly apply to wind energy
projects sited in federal waters, which need easements across state lands to shore-based
88

Id. at 39,412. If remediation is not possible, then the public should be compensated for the damage that
has occurred.
89
N.C. Gen. Stat. §146-11.

236

facilities. The second could be broadly interpreted to include “wind” as a natural
resource. The third would encompass the public interest in development of renewable
energy sources.
Again, even though sufficient statutory authority exists for DOA to issue easements
relating to wind energy development, any easements should be carefully tailored to
conform to the parameters of any leases being issued. For example, the easements
should be terminable for the same reasons that a lease may be terminated; the easements
should be of the same duration as the supporting submerged lands lease; and the
easements should be subject to all the same conditions as the submerged land lease.
B. Significant State Regulatory Issues and Recommendations
1. Who is in charge?
Three important State entities – the CRC, the Utilities Commission,90 and the
Environmental Management Commission (EMC)91 – each may play a role in developing
the applicable policies and rules. There is some overlap in the jurisdictional authority of
these three commissions that should be addressed to assure that there is no conflict in the
applicable rules, and that jurisdictional authority is clearly outlined.
a. The CRC and the Utilities Commission
CAMA could provide a comprehensive environmental review of any proposed waterbased wind energy project. Under CAMA, the CRC has the authority to designate areas
of environmental concern (AECs).92 State estuarine and coastal waters are designated as
public trust AECs.93 With limited exceptions, any “development” in an AEC requires a
permit from the CRC.94 Normally, any significant water-based development in estuarine
or coastal waters, such as a wind energy project, would require a major development
permit from the CRC.95 However, certain activities are excluded by CAMA from being
considered “development” and are not subject to CAMA permit requirements.96 Waterbased wind turbine facilities are potentially such an activity. N.C. Gen. Stat. Section
113A-118(5)(b)(3) excludes from the CAMA definition of “development”:
Work by any utility and other persons for the purpose of construction of facilities
for the development, generation, and transmission of energy to the extent that
such activities are regulated by other law or by present or future rules of the State
Utilities Commission…97
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Therefore, an important jurisdictional question is whether the Utilities Commission has
implemented, or plans to implement, any such regulations and pre-empt the CRC’s
CAMA permit jurisdiction.
Water-based wind energy facilities have three major components: (1) wind turbine
generators, (2) transmission lines crossing submerged lands, and (3) onshore receiving
facilities. The first two relate directly to activities in AECs and raise the potential of a
conflict between the authority of the Utilities Commission and the CRC.
Construction of water-based wind turbines would require a certificate of convenience and
public necessity from the Utilities Commission.98
However, environmental
considerations are not a factor in the issuance of the certificate.99 In the absence of any
Utilities Commission rules addressing environmental factors, by default, relevant CRC
rules apply. Therefore, the siting of water-based wind turbines does not pose a conflict
between the CRC and Utilities Commission at this time. However, unless the Utilities
Commission defers to the CRC, the siting of transmission lines presents a more direct
possibility of conflict.
The Utilities Commission has the authority to regulate the siting of transmission lines.100
In deciding whether to grant a transmission line certificate, the Utilities Commission is to
consider “environmental compatibility”101 and must find that the impact of the proposed
transmission line will have on the environment is justified considering the state of
available technology, the nature and economics of the various alternatives, and other
material considerations.102
To date, the Utilities Commission has enacted no specific rules addressing the
environmental impact of the siting of water-based renewable energy facilities and
transmission lines. At the present time, with respect to environmental issues, the practice
is for the Utilities Commission to defer to the CRC.103 Will the Utilities Commission
continue to defer to the CRC? One assumes so because the CRC, with its Division of
Coastal Management support staff, is the entity with the most experience in regulating
coastal development in a manner consistent with the public interest in coastal waters and
natural resources. However, a clarification of the respective roles of the two entities
would provide guidance to potential applicants for permits for water-based wind energy
facilities and transmission lines.
b.

The CRC and EMC: Water-Based Wind Energy

With respect to water-based wind energy development, the relationship of the work of the
Environmental Management Commission and the CRC is more uncertain. In 2007, in an
98
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amendment to N.C. Gen. Stat. Section 143B-282(a), the General Assembly granted the
EMC the authority to:
Establish a procedure for evaluating renewable energy technologies that are, or
are proposed to be, employed as part of a renewable energy facility… to establish
standards to ensure that renewable energy technologies do not harm the
environment, natural resources, cultural resources, or public health, safety, or
welfare of the State; and, to the extent that there is not an environmental
regulatory program, establish an environmental regulatory program to implement
these protective standards.104
This statute grants the EMC, if it chooses to exercise it, primary authority to develop
standards to address the environmental impacts of wind energy projects wherever
proposed to be located in the state.105 On the other hand, the CRC has more experience in
regulating development in state coastal and estuarine waters, has an established CAMA
permit program, and could provide the vehicle for a comprehensive review of wind
projects proposed for location in estuarine or state ocean waters.106 In fact, the CRC has
in place coastal energy policies that would be applicable to some water-based wind
energy projects and other rules that also would apply.107 The adequacy of these policies
and rules is discussed later.
However, the EMC reasonably could choose to defer to the CRC and limit itself to the
development of the rules applicable to land-based wind energy facilities proposed for
location outside the State’s coastal zone, which itself is a large task. In any event,
because the CAMA program is an environmental regulatory program capable of
implementing any “protective standards,” there is neither need nor the authority for the
EMC to establish a new one to regulate water based wind technologies.108 If the EMC
decides to develop comprehensive protective environmental standards, the CRC would be
the entity that would apply those standards in its evaluation of CAMA development
permit applications. Therefore, as the State prepares to address future proposals to site
wind facilities in state waters, it needs to resolve the uncertain relationship between the
EMC and CRC and the manner in which regulatory jurisdiction over water-based wind
energy proposals will be exercised.
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2. Existing CRC Authority and Rules and Water-Based Wind Energy
a. CAMA Coastal Energy Policies
Until the EMC acts to assert its authority to promulgate environmental standards waterbased wind energy projects, the CRC has adequate authority to address proposals to
locate these facilities in State coastal and ocean waters. N.C. Gen. Stat. Section 113A120 sets forth the standards for the grant or denial of development permits. Section
113A-120 requires that permits be denied based on any one of a number of environmental
and ecological factors, such as significant impacts to coastal wetlands and estuarine
waters, loss of long-term productivity of certain coastal resources, major damage to
historic, cultural, scientific, or other values, interference with public trust rights, and
location in a natural hazard area.109 Section 113A-120 specifically requires denial of a
permit for a “key facility,” if the CRC finds that “the development would be inconsistent
with State guidelines [for coastal development] or local land use plans.110
In addition, the CRC has promulgated a rule that sets forth a set of comprehensive coastal
energy policies that are applicable to projects proposed for either State waters or federal
ocean waters.111 However, the rule focuses on oil and gas development. Under this rule,
energy projects of less than 300 MW are not considered to be major energy facilities and
therefore fall outside that set of rules.112 If facilities under 300 MW are excluded, then
that could exclude wind farms of up to 100 wind turbines.113 Therefore, the CRC should
revisit those policies and revise them accordingly.
The CRC’s coastal energy policies are also applicable to projects proposed for siting in
the estuarine waters. The exclusion in those policies of facilities generating less than 300
MW from the definition of “major energy facilities” could be of concern with respect to
projects targeting the waters of the sounds. The smaller size of the sounds, the closer
distance to land, and other factors suggest that any sound-based project could be smaller
than ones proposed for ocean waters. Therefore, it is imperative that the coastal energy
policies rule be amended to assure facilities of less than 300 MW are included. In fact,
the interest in, and research and development of, forms of renewable energy production
facilities other than wind, such as current, tidal, or wave that might generate considerably
less than 300 MW, suggest a careful reconsideration of the definition of “major energy
facilities.”
If a proposed wind facility is classified as a “major energy facility,” then the coastal
energy policies set forth a number of conditions that must be met. One significant policy
is the protection of “[t]he scenic and visual qualities of coastal areas.”114 That particular
policy requires that “[e]nergy development shall be sited and designed to provide
109
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maximum protection of views to and along the oceans, sounds and scenic coastal
areas…”115 How this policy is actually implemented would affect the distance from
shore for the siting of wind turbines. Generally, wind turbines located within 10 miles of
the coast or estuarine shorelines would be visible on clear days. In addition, the CRC
rule contains a number of other criteria that must be satisfied before a CAMA permit will
be issued for a major energy facility.116 These policies and criteria apply to projects
proposed for siting in state waters and would be enforceable policies for purposes of a
consistency review of a project to be sited in federal waters.
b. CRC Rules and Transmission Lines
In order to transfer the electricity generated to the electrical grid, transmission lines from
the offshore facilities will have to pass through State waters and cross or pass under State
coastal shores. The placement of those transmission lines could require a major CAMA
development permit.117 A CAMA general permit exists for the installation of utility
lines; however, that rule authorizing the general permit provides that “[d]evelopment
carried out under this permit must be consistent with…AEC guidelines…”118 One of the
guidelines, CAMA rule 7M.0403(f)(10)(G), 119 states that “In the siting of energy
facilities and related structures, the following areas shall be avoided…(G) Primary dunes
and frontal dunes [and} (H) established recreation areas…”120 If transmission lines are
viewed as “related structures,” the rule would prohibit such lines crossing any ocean
beach. Even if transmissions lines fall outside this rule, other CAMA rules prohibit
almost all forms of “development” seaward of the erosion setback lines and on or through
the beach and adjacent dunes.121 Because transmission lines are not one of the exempted
activities, a CAMA permit could not be obtained to cross or pass under coastal
shorelines. This would leave the inlets as the only other possible passage area.122
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c. CRC Water Dependency Rules
Assuming North Carolina chooses to promote and support water-based wind energy
located in State waters, there is another existing CRC rule that could be a potential
impediment. Generation of wind energy is a non-water dependent activity. There is
nothing inherent in wind energy facilities that require them to be sited in water.123 It may
be desirable to put them in a specific water area, but not essential because wind turbines
work as well on land as on water. Although the wind may be more constant and stronger
in some water areas than some land areas, but that natural characteristic does not make a
wind turbine water-dependent. A water location is not essential to the function of a wind
turbine generator.
Existing CAMA general use standards, with limited exceptions, do not allow the siting of
non-water dependent structures within the public trust areas, which include ocean waters,
or estuarine waters. Although House Bill 809/Senate Bill 1068 (Permitting of Wind
Energy Facilities, discussed later in this chapter) would resolve this issue if passed into
law, it is nevertheless important to describe the law as it exists currently. CRC rule 15A
N.C.A.C. 7H.208(a)(1) states that: “[u]ses that are not water dependent shall not be
permitted in coastal wetlands, estuarine waters, and public trust areas…124 It is possible
to get a permit for development that does not follow this rule. CRC rule 15A N.C.A.C.
7H.208(a)(3) states that:
When a proposed development is in conflict with the general use or specific standards set
forth in 15 N.C.A.C. 7H.0208, the CRC may approve the development if the applicant
can demonstrate that the activity associated with the proposed project will have public
benefits as identified in the findings and goals of CAMA, that the public benefits clearly
outweigh the long range adverse effects of the project, that there is no reasonable and
prudent renewable site available for the project, and that all reasonable means and
measures to mitigate adverse impacts of the project have been incorporated into the
project design…125 A properly designed water-based wind energy project should be able
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to satisfy these requirements, thereby allowing the CRC to issue a permit for a wind
energy facility even though it is non-water dependent.126
3. Comprehensive Permitting: Vesting Permitting Authority in the
Department of Environment and Natural Resources
Eliminating the need for multiple permits from different state agencies and commissions
in favor of a single comprehensive environmental permit for renewable energy facilities
wherever such facilities are proposed to be located in the state would streamline the
permitting process and reduce unnecessary regulatory delays. One potential avenue for
accomplishing this would be through the State Environmental Policy Act process and to
vest authority for permitting renewable energy facilities in one entity, such as the
Department of Environment and Natural Resources (DENR). In this situation, there
would be a consolidated permit process administered by DOA through the North Carolina
Environmental Policy Act of 1971 (also known as the State Environmental Policy Act, or
SEPA),127 with DENR acting as the State Project Agency that will conduct any necessary
environmental review of the proposed project. Under SEPA, State agencies are required,
to the fullest extent possible, to identify significant environmental impacts that may result
from their actions (e.g., issuance of a permit) involving expenditure of public monies or
use of public lands and to mitigate any such impacts.128 DOA administers the SEPA
process and adopts rules to implement the act.129 DOA also maintains a clearinghouse to
coordinate and administer SEPA requirements.130 The State Clearinghouse:
•
•
•
•
•

Receives and circulates environmental documents for review and comment;
Forwards all comments generated by the review process to the State Project
Agency and prepare a single integrated letter of response when appropriate;
Retains a complete record of environmental documents, review documents, and
other substantive materials related to the operation of the Clearinghouse;
Trains review coordinators from within all state agencies; and
Coordinates the establishment of minimum criteria and ensure that thresholds are
consistent among all agencies.131

If a wind energy development project proposed for North Carolina’s coastal waters were
to be large enough to trigger SEPA, an environmental review of the proposal would need
to be conducted to determine whether or not it may proceed; and if so under what
conditions, if any. Below is a brief overview of the SEPA process, and how the
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environmental review process would proceed for a wind energy project proposed for
North Carolina’s coastal waters.132
SEPA applies to any project that is: (1) an expenditure of public monies or use of public
land; (2) an action by a state agency subject to the chapter; and (3) has a potential
environmental effect.133 It is important to note that the project must meet all three criteria
in order for SEPA to apply. While DOA adopts rules to implement SEPA,134 one State
agency with the necessary technical expertise is designated to take the lead on any
environmental review of the project that would need to be conducted.135 This agency is
known as the State Project Agency.136 DOA would assist the State Project Agency to
ensure compliance with the act.137 For wind energy projects that would require the use of
State-owned submerged lands, it would be logical to designate DENR as the State Project
Agency. The State Project Agency has the authority to set minimum levels of
environmental impact and exempts projects with impacts that do not meet the threshold
criteria from filling environmental documents.138 If, however, the project exceeds those
minimum requirements, then it will be necessary for the State Project Agency to file the
appropriate environmental documents.139
When a project does exceed the State Project Agency’s minimum criteria, then an
environmental assessment is conducted to determine whether impacts would be
significant enough to warrant a full environmental impact statement. In the event a full
EIS is not warranted, a finding of no significant impact is issued.140 After preparing an
EA or FONSI, the State Project Agency submits the documents to the State
Clearinghouse to review.141 The EA or FONSI is then circulated to State and local
agencies,142 providing reviewing agencies and interested parties with the opportunity to
comment on the adequacy of the EA and FONSI.143 The State Clearinghouse advises the
State Project Agency in one of four ways: (1) the document is insufficient and request
supplemental documentation; (2) the document does not satisfy a FONSI, and an EIS
should be prepared; (3) the document is adequate, and the next level of documentation
should be prepared for review; or (4) the document is adequate, and the review process is
complete.144
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If either the State Project Agency or State Clearinghouse finds that the project will have a
significant adverse environmental impact, then the State Project Agency prepares an EIS,
which must include a description and analysis of alternatives to the project as proposed
and why these alternatives were deemed unsuitable.145 For projects of significant public
interest, the State Project Agency may hold a public hearing to complement the EIS
process to increase public awareness, clarify issues, and gather additional comments from
the public.146 The EIS is then submitted to the Clearinghouse by the State Project Agency
for a review process similar to an EA.147 If the EIS is deemed to be adequate, and the
State Project Agency decides to proceed with the project, it will prepare a Record of
Decision (ROD).148 The ROD will include a statement of the decision, a discussion of the
alternatives considered and why the chosen alternative is most appropriate, and a
certification that all means of avoiding or minimizing environmental impacts set out in
the EIS will be incorporated into the project.149 The ROD is then submitted to the State
Clearinghouse and is sent to all reviewing agencies completing the review process.150
The SEPA process is illustrated in the flow chart in Appendix E.
4.

Pending House Bill 809 and Senate Bill 1068

In March 2009, the EMC sent recommended draft legislation to the General Assembly,
which was subsequently introduced as House Bill 809 and Senate Bill 1068. Under these
bills, jurisdiction over wind energy projects would be divided between the CRC and
DENR. The CRC would be responsible for issuing permits for wind energy projects to be
undertaken within the twenty coastal counties, while DENR would issue permits for wind
energy projects to be undertaken in other areas of the state. Because environmental
permitting of water-based wind energy projects along the coast would be in a single
entity – the CRC – and SEPA would be triggered by such projects, the practical effect
would be to create a consolidated process for the review of environmental impacts of any
proposed water-based wind energy project. This course of action would be consistent
with the spirit of the recommendations of this chapter.
Three aspects of this legislation deserve comment. First, one may question the wisdom
of placing the responsibility and burden upon the CRC of permitting of both land-based
wind projects and water-based projects located anywhere in the twenty coastal counties,
interior water areas, and State ocean waters which comprise the North Carolina’s coastal
zone. At the present time, the CRC’s authority is limited to CAMA jurisdictional
activities within AECs, which comprise approximately seven percent of the land and all
of the public waters in the coastal area. Even with this limited jurisdiction, the CRC is
already responsible for a high number of coastal permitting and other regulatory matters.
Because many coastal land areas also may provide good locations for wind energy
projects, placing permitting responsibility within the CRC for such land-based wind
projects may severely tax its staff resources and take time away from matters more
145
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directly related to activities in AECs and to the purposes of CAMA. Therefore, if the
General Assembly decides to follow this course of action, it also should provide the CRC
and DCM with adequate resources to effectively implement this legislation.
Second, the proposed legislation does remove a major impediment to the permitting of
water-based wind energy. The existing CRC water dependency rules and policies present
a barrier to water-based wind energy. The proposed legislation would remove that barrier
by declaring “a wind energy facility in the coastal area is a water-dependent use.” This
would eliminate the need for the CRC to go through the rule making process to create
such an exception.
Finally, one of the proposed grounds for denial of a wind energy permit is that either its
construction or operation would have an adverse impact on certain scenic views. In the
proposed legislation, however, the scenic views component is limited to projects having a
“significant adverse impact on views from any State or national park, wilderness area,
significant natural heritage area, or other designated public lands or dedicated private
conservation lands with high recreational values.” This standard would preclude the
placement of wind turbines in locations from which they might be visible from the Cape
Hatteras National Seashore, Shackleford Banks, Fort Macon, and other similar areas.
Although this scenic view protection criterion might seem to introduce a new factor in
CAMA permit process, it in fact does not. Existing CAMA coastal energy policy rules
already provide a broader scenic views protection requirement. CAMA’s coastal energy
rule requires that “[e]nergy development shall be sited and designed to provide maximum
protection of views to and along the ocean, sounds and scenic coastal areas.”151 Strict
application of this rule would take into consideration views from virtually any coastal
location and not just areas of special scenic significance. Because the legislation would
continue to allow the CRC to deny permits for reasons for which permits could be denied
prior to the passage of the legislation, the CAMA coastal policies scenic view rule would
not be displaced. Nonetheless, having an additional specific visual standard in the
legislation is useful for two reasons. First, that standard is applicable to all water-based
wind energy projects and not just those that are classified as “major facilities.” Unless
amended, the CAMA rule will only apply to “major facilities,” meaning facilities
generating over 300MW. Second, the legislation reinforces the CRC’s authority to take
visual impacts into account.
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APPENDIX A:
REGULATORY JURISDICTION CHARTS AND MAPS FOR WIND
ENERGY FACILITIES LOCATED IN NORTH CAROLINA’S
COASTAL SOUNDS
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Charts Prepared by the North Carolina Coastal Resources Law, Planning and Policy Center
Maps Adapted from an Original Created by the NC Solar Center

Required Leases And Permits For Proposed Wind Turbine Facility In Waters More
Than Three Miles From North Carolina’s Shore
Agency

Minerals
Management
Service

1

Jurisdiction

Leases for
renewable
energy facilities
on the Outer
Continental
Shelf must be
approved by
MMS1

Permit
Description

Agency
Coordination

Estimated
Approval Time

Federal Permits to be Considered
The OCS leasing Corps of
1 ½ years3
process is
Engineers;
comprised of
Coast Guard
several steps,
which begin
with a Request
for Information
Published2

Applicable Statutes &
Regulations
Outer Continental Shelf
Lands Act4

43 U.S.C. §1337.
It is important to note that these are proposed rules for the Minerals Management Service that have yet to be formally adopted. The
interim policies of the MMS are consistent with this framework, however.
3
Minerals Management Service, “The OCS Leasing Process,” at http://www.mms.gov/5-year/PDFs/LeasingProcessSteps-Diagram072008.pdf.
4
43 U.S.C. §1331.
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2

Army Corps of
Engineers

Section 10 of
Rivers and
Harbors Act
authorizes
jurisdiction over
any structures in
the navigable
waters of the
United States,
including the
Outer
Continental
Shelf5

Individual
Permit under
Section 10 of
Rivers and
Harbors Act for
obstructions to
navigation.6

Environmental
Protection
Agency;
Department of
Energy;
Fish and
Wildlife Service;
National Marine
Fisheries Service

6 to 24 months
(3 years if EIS is
required)

Council on
Environmental
Quality

National
Environmental
Policy Act
requires federal
agencies to
prepare
environmental
impact
statements on
projects which
may affect
environment
Regulation of air
emissions
associated with
facility within 25
miles of the
state’s
corresponding
seaward
boundary12

Programmatic
Environmental
Impact
Statement is
prepared by
MMS (lease
applicant must
provide
necessary
information)

Minerals
Management
Service;
Department of
Energy;
Fish and
Wildlife Service

Unclear

Notice of Intent
for changes in
air quality13

Any state agency
with related
jurisdiction

90 days unless a
demonstration is
made that
project would
affect state’s
ability to achieve
air standards14

Environmental
Protection
Agency

5

Endangered Species Act;7
Federal Power Act;8
Clean Water Act;9
Marine Protection, Research
and Sanctuaries Act;10
National Environmental
Policy Act; Fish and
Wildlife Coordination Act;
the Historical and
Archeological Preservation
Act; National Historic
Preservation Act; Coastal
Zone Management Act;
Marine Protection, Research
and Sanctuaries Act;
Archeological Resources
Act11
42 U.S.C. §§4321–47;
40 C.F.R. §1500–08

40 C.F.R. §55.4

Press Release, Corps of Engineers Delivers Wind Energy DEIS to MMS, United States Army Corps of Engineers,
http://www.nap.usace.army.mil/cenap-op/regulatory/windenergy.pdf. Note that Section 10 jurisdiction is concurrent for wind energy
project proposed for the OCS.
6
33 U.S.C. §403.
7
Requires the Corps of Engineers to consult with EPA to determine whether action with harm endangered or threatened species in the
area. 16 U.S.C. §1531 et seq.
8
“Permits under Section 10 of the Rivers and Harbors Act of 1899 are required for power transmission lines crossing navigable waters
of the United States unless those lines are part of a water power project subject to the regulatory authorities of the Department of
Energy under the Federal Power Act of 1920. If an application is received for a permit for lines, which are part of such a water power
project, the applicant will be instructed to submit the application to the Department of Energy. If the lines are not part of such a water
power project, the application will be processed in accordance with the procedures of these regulations.” 33 C.F.R. §322.5(i)(1).
9
Any federal permit applicant must obtain state certification prior to discharging pollutants into waters of the United States. 33
C.F.R. §320.3(a).
10
If a proposed wind energy facility would be located in a marine sanctuary, then no permit will be issued unless the Secretary of
Commerce provides certification. 33 C.F.R. §320.4(i).
11
33 C.F.R. §320.4(j)(4).
12
42 U.S.C. §7627(a).
13
40 C.F.R. §55.4(a).
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Clean Water Act
Section 403
establishes
criteria for
discharges into
the territorial
sea15
Federal Aviation
Administration

FAA must be
notified of any
construction
exceeding 200
feet in height

Coast Guard

Permission to
establish aids to
maritime
navigation
FERC approval
needed before
facility can
begin
transmitting
power

Federal Energy
Regulatory
Commission

14

Facilities must
also apply for
NPDES permit
before
constructing
inland
transmission
lines
FAA Form
7460-1, Notice
of Proposed
Construction or
Alteration, must
be submitted 30
days prior to
start of
construction16
Private Aids to
Navigation
application
Electric
transmission
construction
permit needed if
facility is located
in a National
Corridor.
Notice of Intent
required for
major projects.

None unless
project is subject
to Federal
Communications
Act17

6 months

14 C.F.R. §77 (Authorized
by 49 U.S.C. §44718)

Corps of
Engineers
approval must be
obtained18
Department of
Energy

Not Specified

33 C.F.R. §66
(Authorized by 14 U.S.C.
§83)

3-4 months19

Federal Power Act20

40 C.F.R. §55.5(c).
33 U.S.C §1343.
16
14 C.F.R. §77.17.
17
14 C.F.R. §77.17.
18
33 C.F.R. §66.01-30.
19
Federal Energy Regulatory Commission, “A Guide to FERC Electric Transmission Facilities Permit Process,”
http://www.ferc.gov/EventCalendar/Files/20070129190117-guide-transmission.pdf at 9.
20
16 U.S.C. §791 et seq.
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North Carolina State Permits and Processes To Be Considered For CZMA
Consistency Review
(Wind Turbine Facility Located In Federal Waters)
Agency
NC Coastal
Resources
Commission

1

Jurisdiction
NC Coastal Area
Management
Act gives the
CRC power to
regulate areas of
environmental
concern (AECs)
within threemile state
jurisdictional
limit1

State Permits to be Considered
Permit
Agency
Estimated
Description
Coordination
Approval Time
CAMA permits
NC Departments Within 25 days
in public trust
of
for minor
waters will
Transportation,
permit; Major
consider factors
Cultural
permits can take
such as whether
Resources and
75 days unless
project will
Administration;
extension is
impact longNC Wildlife
needed.
term
Resources
productivity of
Commission;
coastal
various divisions
resources; cause
within the NC
damage to
Department of
certain values or Environment
systems; or
and Natural
interfere with
Resources;3 and
navigation of
federal agencies
public trust
with
waters.2
jurisdiction.4

Application Statutes &
Regulations
N.C. Gen. Stat. §113A et
seq.

N.C. Gen. Stat. §113A-113.
These include “historic, cultural, scientific, environmental or scenic values or natural systems.” N.C. Gen. Stat. §113A-120.
3
Including the Divisions of Water Quality, Water Resources, Marine Fisheries, Parks, Air Quality and Environmental Health.
4
Including the Corps of Engineers, Environmental Protection Agency, National Marine Fisheries Service and Fish and Wildlife
Service.
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2

North Carolina
Utilities
Commission

Local Land Use
Ordinances

5

The NCUC does
not currently
have any rules
relating
specifically to
wind energy
facilities, though
it may create
rules in the
future

Certificate of
Environmental
Compatibility5

N/A

30 days

N.C. Gen. Stat. §62-101;
N.C. Gen. Stat. §62-102;
N.C. Gen. Stat. §62-105;
North Carolina Utilities;
Commission Rule R8-62

The NCUC
considers
environmental
issues in
authorizing
transmission
lines6
NC’s Coastal
Area
Management
Act requires
coastal counties
to develop land
use plans.8
Some aspects of
the project may
be subject to
local land use.
If so, this
becomes a
federal
consistency
requirement.

Certificate of
Public
Convenience7

N/A

30 days

N.C. Gen. Stat. §62-101;
N.C. Gen. Stat. §62-102;
N.C. Gen. Stat. §62-105;
North Carolina Utilities
Commission Rule R8-62

Most cities with
populations over
5,000 have
stormwater
ordinances.9
Local
governments
have power to
adopt
sedimentation
and erosion
control
ordinances.10

NC Division of
Water Quality;
Coastal
Resources
Commission

Depends on
nature of local
ordinance

NC Coastal Area
Management Act;11
Sedimentation Pollution
Control Act12

N.C. Gen. Stat. §62-101(a); see also §62-102.
North Carolina Utilities Commission Rule R8-62.
7
N.C. Gen. Stat. §62-101(a); see also §62-102.
8
N.C. Gen. Stat. §113A-110.
9
DAVID W. OWENS & NATHAN BRANSCOME, AN INVENTORY OF LOCAL GOVERNMENT LAND USE ORDINANCES IN NORTH CAROLINA
11 (May 2006), available at http://www.sog.unc.edu/pubs/electronicversions/pdfs/ss21.pdf.
10
Id.
11
N.C. Gen. Stat. §113A-100 et seq.
12
N.C. Gen. Stat. §113A-50.
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North Carolina State Permits and Processes To Be Considered For Transmission
Lines in State Waters
(Wind Turbine Facility Located In Federal Waters)
Agency

NC Department
of
Administration

NC Coastal
Resources
Commission

1

Jurisdiction

DOA has the
power to grant
easements in
order to utilize
state natural
resources or
otherwise serve
the public
interests of the
state
NC Coastal Area
Management Act
gives the CRC
power to regulate
areas of
environmental
concern (AECs)
within three mile
state jurisdictional
limit1

Permit
Agency
Estimated
Description
Coordination
Approval Time
State Permits to be Considered
Upon proposal,
Must be
None specified
the Council of
approved by
State consults
Governor,
with the Joint
Secretary of
Legislative
State and
Commission on
Council of State
Governmental
Operations
CAMA permits
in public trust
waters will
consider factors
such as whether
project will
impact long-term
productivity of
coastal
resources; cause

NC Departments
of
Transportation,
Cultural
Resources and
Administration;
NC Wildlife
Resources
Commission;
various divisions

N.C. Gen. Stat. §113A-113.
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Within 25 days
for minor permit;
Major permits
can take 75 days
unless extension
is needed.

Application Statutes &
Regulations
N.C. Gen. Stat. §146-10;
N.C. Gen. Stat. §146-11

N.C. Gen. Stat. §113A1205

damage to
certain values or
systems; or
interfere with
navigation of
public trust
waters.2
North Carolina
Utilities
Commission

NC
Environmental
Management
Commission

NC Division of
Water Quality

The NCUC
considers
environmental
issues in
authorizing
transmission
lines6
The
Environmental
Management
Commission is
charged with
developing
recommendations
for evaluating and
regulating
renewable energy
technologies.8
The Clean Water
Act requires
NDPES permit
for the discharge
of pollutants into
navigable waters10

Certificate of
Public
Convenience7

within the NC
Department of
Environment and
Natural
Resources;3 and
federal agencies
with
jurisdiction.4
N/A

30 days

N.C. Gen. Stat. §62-101;
N.C. Gen. Stat. §62-102;
N.C. Gen. Stat. §62-105;
North Carolina Utilities
Commission Rule R8-62

Energy facilities
must meet EMC
Renewable
Energy and
Efficiency
Portfolio
Standards9

NC Utilities
Commission;
Federal Energy
Regulatory
Commission

N/A

N.C. Gen. Stat. §62-2 et
seq.

NDPES General
Permit allows
operator to
discharge
adequately
treated
stormwater into
surface waters of
North Carolina.
DWQ issues a
certification
following the
Corps’ Section
401 review.

Environmental
Management
Commission;
Environmental
Protection
Agency

2 months unless
public hearing
process is
triggered by
comments11

Clean Water Act;12
Endangered Species Act13

2

These include “historic, cultural, scientific, environmental or scenic values or natural systems.” N.C. Gen. Stat. §113A-120.
Including the Divisions of Water Quality, Water Resources, Marine Fisheries, Parks, Air Quality and Environmental Health.
4
Including the Corps of Engineers, Environmental Protection Agency, National Marine Fisheries Service and Fish and Wildlife
Service.
5
This statute states the framework for how CAMA permits may be granted or denied.
6
N.C. Gen. Stat. §62-101(a) and §62-102.
7
North Carolina Utilities Commission Rule R8-62.
8
N.C. Gen. Stat. §62-2 et seq.
9
Id.
10
33 U.S.C. §1342.
11
NC Division of Water Quality, NPDES Permitting Process, at http://h2o.enr.state.nc.us/NPDES/permits.html.
12
33 U.S.C. §1251 et seq.
13
16 U.S.C. §1531 et seq.
3
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Local Land Use
Ordinances

NC’s Coastal
Area Management
Act requires
coastal counties to
develop land use
plans.14
Some aspects of
the project may be
subject to local
land use. If so,
this becomes a
federal
consistency
requirement.

Most cities with
populations over
5,000 have
stormwater
ordinances.15
Local
governments
have power to
adopt
sedimentation
and erosion
control
ordinances.16

NC Division of
Water Quality;
Coastal
Resources
Commission

14

Depends on
nature of local
ordinance

NC Coastal Area
Management Act;17
Sedimentation Pollution
Control Act18

N.C. Gen. Stat. §113A-110.
DAVID W. OWENS & NATHAN BRANSCOME, AN INVENTORY OF LOCAL GOVERNMENT LAND USE ORDINANCES IN NORTH CAROLINA
11 (May 2006), available at http://www.sog.unc.edu/pubs/electronicversions/pdfs/ss21.pdf.
16
Id.
17
N.C. Gen. Stat. §113A-100 et seq.
18
N.C. Gen. Stat. §113A-50.
15
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Required State Permits For Proposed Wind Turbine Facility Located In North
Carolina State Waters
Agency

NC Department
of
Administration

NC Coastal
Resources
Commission

1

Jurisdiction

DOA has the
power to grant
easements in
order to utilize
state natural
resources or
otherwise serve
the public
interests of the
state
NC Coastal Area
Management Act
gives the CRC
power to regulate
areas of
environmental
concern (AECs)
within the threemile state
jurisdictional
limit1

N.C. Gen. Stat. §113A-113.

Permit
Agency
Estimated
Description
Coordination
Approval Time
State Permits to be Considered
Upon proposal,
Must be
None specified
the Council of
approved by
State consults
Governor,
with the Joint
Secretary of
Legislative
State and
Commission on
Council of State
Governmental
Operations
CAMA permits
in public trust
waters will
consider factors
such as whether
project will
impact long-term
productivity of
coastal
resources; cause
damage to
certain values or
systems; or
interfere with
navigation of
public trust

NC Departments
of
Transportation,
Cultural
Resources and
Administration;
NC Wildlife
Resources
Commission;
various divisions
within the NC
Department of
Environment and
Natural
Resources;3 and
federal agencies
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Within 25 days
for minor permit;
Major permits
can take 75 days
unless extension
is needed.

Application Statutes &
Regulations
N.C. Gen. Stat. §146-10;
N.C. Gen. Stat. §146-11

N.C. Gen. Stat. §113A1205

waters.2
North Carolina
Utilities
Commission

NC Division of
Water Quality

Local Land Use
Ordinances

2

The NCUC
considers
environmental
issues in
authorizing
transmission
lines6
The Clean Water
Act requires
NDPES permit
for the discharge
of pollutants into
navigable waters8

NC’s Coastal
Area Management
Act requires
coastal counties to
develop land use
plans.12
Some aspects of
the project may be
subject to local
land use. If so,
this becomes a
federal
consistency
requirement.

Certificate of
Public
Convenience7

NDPES General
Permit allows
operator to
discharge
adequately
treated storm
water into
surface waters of
North Carolina.
DWQ issues a
certification
following the
Corps’ Section
401 review.
Most cities with
populations over
5,000 have
stormwater
ordinances.13
Local
governments
have power to
adopt
sedimentation
and erosion
control
ordinances.14

with
jurisdiction.4
N/A

30 days

N.C. Gen. Stat. §62-101;
N.C. Gen. Stat. §62-102;
N.C. Gen. Stat. §62-105;
North Carolina Utilities
Commission Rule R8-62

Environmental
Management
Commission;
Environmental
Protection
Agency

2 months unless
public hearing
process is
triggered by
comments9

Clean Water Act;10
Endangered Species Act11

NC Division of
Water Quality;
Coastal
Resources
Commission

Depends on
nature of local
ordinance

NC Coastal Area
Management Act;15
Sedimentation Pollution
Control Act16

These include “historic, cultural, scientific, environmental or scenic values or natural systems.” N.C. Gen. Stat. §113A-120.
Including the Divisions of Water Quality, Water Resources, Marine Fisheries, Parks, Air Quality and Environmental Health.
4
Including the Army Corps of Engineers, Environmental Protection Agency, National Marine Fisheries Service and Fish and Wildlife
Service.
5
This statute states the framework for how CAMA permits may be granted or denied.
6
N.C. Gen. Stat. §62-101(a) and §62-102.
7
North Carolina Utilities Commission Rule R8-62.
8
33 U.S.C. §1342.
9
NC Division of Water Quality, NPDES Permitting Processes, at http://h2o.enr.state.nc.us/NPDES/permits.html.
10
33 U.S.C. §1251 et seq.
11
16 U.S.C. §1531 et seq.
12
N.C. Gen. Stat. §113A-110.
13
DAVID W. OWENS & NATHAN BRANSCOME, AN INVENTORY OF LOCAL GOVERNMENT LAND USE ORDINANCES IN NORTH CAROLINA
11 (May 2006), available at http://www.sog.unc.edu/pubs/electronicversions/pdfs/ss21.pdf at 11.
14
Id.
15
N.C. Gen. Stat. §113A-100 et seq.
16
N.C. Gen. Stat. §113A-50.
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Required Federal Permits for Proposed Wind Turbine Facility Located In North
Carolina State Waters
Agency

Army Corps of
Engineers

1

Jurisdiction

Section 10 of
Rivers and
Harbors Act
authorizes
jurisdiction in
navigable waters
concurrent with
MMS1

Permit
Agency
Estimated
Description
Coordination
Approval Time
Federal Permits to be Considered
Individual Permit EPA;
6 to 24 months
under Section 10 Department of
(3 years if EIS is
of Rivers and
Energy;
required)
Harbors Act for
Fish and Wildlife
any obstruction
Service;
to navigation2
National Marine
Fisheries Service

Application Statutes &
Regulations
Endangered Species Act;3
Federal Power Act;4
Clean Water Act;5
Marine Protection,
Research and Sanctuaries
Act;6
National Environmental
Policy Act; Fish and
Wildlife Coordination Act;
Historical and
Archeological Preservation
Act; National Historic

Press Release, Corps of Engineers Delivers Wind Energy DEIS to MMS, United States Army Corps of Engineers,
http://www.nap.usace.army.mil/cenap-op/regulatory/windenergy.pdf. Note that Section 10 jurisdiction is concurrent for wind energy
project proposed for the OCS.
2
33 U.S.C. §403.
3
Requires Army Corps to consult with EPA to determine whether action with harm endangered or threatened species in the area. 16
U.S.C. §1531 et seq.
4
“Permits under Section 10 of the Rivers and Harbors Act of 1899 are required for power transmission lines crossing navigable waters
of the United States unless those lines are part of a water power project subject to the regulatory authorities of the Department of
Energy under the Federal Power Act of 1920. If an application is received for a permit for lines that are part of such a water power
project, the applicant will be instructed to submit the application to the Department of Energy. If the lines are not part of such a water
power project, the application will be processed in accordance with the procedures of these regulations.” 33 C.F.R. §322.5(i)(1).
5
Any federal permit applicant must obtain state certification prior to discharging pollutants into waters of the United States. 33
C.F.R. §320.3(a).
6
If a proposed wind energy facility is located in marine sanctuary, no permit will be issued unless certification is given by the
Secretary of Commerce. 33 C.F.R. §320.4(i).
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Council on
Environmental
Quality

Environmental
Protection
Agency

National
Environmental
Policy Act
requires federal
agencies to
prepare
environmental
impact
statements on
projects that may
affect
environment.
Regulation of air
emissions
associated with
project within 25
miles of state’s
corresponding
seaward
boundary.8

Federal Aviation
Administration

FAA must be
notified of any
construction
exceeding 200
feet in height

Coast Guard

Permission to
establish aids to
maritime
navigation
FERC approval
needed before
project can begin
transmitting
power

Federal Energy
Regulatory
Commission

7

Preservation Act; Coastal
Zone Management Act;
Marine Protection,
Research and Sanctuaries;
the Archeological
Resources Act7
42 U.S.C. §§4321–47;
40 C.F.R. §1500–08

Programmatic
Environmental
Impact Statement
is prepared by
MMS (lease
applicant must
provide
necessary info)

Minerals
Management
Service;
Deptartment of
Energy;
Fish and Wildlife
Service

Unclear

Notice of Intent
for changes in air
quality.9
Projects must
also apply for
NPDES permit
for inland
transmission
lines
FAA Form 74601, Notice of
Proposed
Construction or
Alteration, must
be submitted 30
days prior to start
of construction11
Private Aids to
Navigation
Application

Any potentially
affected state
agencies

90 days unless a
demonstration is
made that project
would affect
state’s ability to
achieve air
standards10

40 C.F.R. §55.4

None unless
project is subject
to Federal
Communications
Act12

6 months

14 C.F.R. §77 (Authorized
by 49 U.S.C. §44718)

Corps of
Engineers
approval must be
obtained13
Department of
Energy

Not Specified

33 C.F.R. §66
(Authorized 14 U.S.C.
§83)

3-4 months14

Federal Power Act15

Electric
transmission
construction
permit needed
for projects
located in a
“National
Corridor.”
Notice of Intent
required for
major projects.

33 C.F.R. §320.4(j)(4).
42 U.S.C. §7627(a).
9
Required by 40 C.F.R. §55.4(a).
10
40 C.F.R. §55.5(c).
11
14 C.F.R. §77.17.
12
14 C.F.R. §77.17.
13
33 C.F.R. §66.01-30.
14
Federal Energy Regulatory Commission, “A Guide to FERC Electric Transmission Facilities Permit Process,”
http://www.ferc.gov/EventCalendar/Files/20070129190117-guide-transmission.pdf at 9.
15
16 U.S.C. §791 et seq.
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Site
Assessment
Activities: 5 yrs
years.

6onths.

Site
Assessment
Plan submitted
to MMS

Commercial
Lease Awarded

Construction
and Operations
Plan submitted
to MMS

Operations
Term: 25 years
years.

Decommissioning complete
within 1 year of
lease termination

Optional Lease
Renewal

Lease
Termination

Life Cycle of a Competitively Awarded Commercial
Lease Issued by the Minerals Management Service

APPENDIX B:
LIFE CYCLE OF A COMPETITVELY AWARDED COMMERCIAL
LEASE ISSUED BY THE MINERALS MANAGEMENT SERVICE
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APPENDIX C:
WIND ENERGY LEASE FROM THE TEXAS GENERAL LAND
OFFICE
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TEXAS GENERAL LAND OFFICE

WIND LEASE: WL –
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WIND POWER LEASE FOR RESEARCH, ANALYSIS, AND POTENTIAL
PRODUCTION OF WIND-GENERATED ELECTRICITY, WL By virtue of the authority granted by Chapter 51 of the Texas Natural Resource Code all
amendments thereto, all other applicable statutes, and subject to all rules and regulations
promulgated pursuant thereto, the State of Texas (the “Lessor”), acting by and through the
Commissioner of the General Land Office (the “GLO”) on behalf of the Permanent School Fund (the
“PSF”), hereby grants to [Name of Lessee] (the “Lessee”), a lease for state-owned real property,
which property is definitively described in Attachment A attached hereto (the “Premises”), for
the purposes described in this lease (the “Lease”).
RECITALS
WHEREAS, the Lessee, in accordance with Chapter 13 of Title 31 of the Texas
Administrative Code, has filed an application with the GLO to lease the Premises for the exclusive
right to measure and study the Wind Resources on the Premises for the purpose of producing
Electricity;
WHEREAS, the Lessor, acting by and through Jerry Patterson, the Commissioner of the
GLO who is acting for and on behalf of the PSF, has a duty to manage the real property assets of
the PSF in a manner that takes into account their highest and best use;
WHEREAS, the Lessee’s activities will help establish the nature and extent of the Wind
Resources on the Premises and may further establish that the Premises have sufficient Wind
Resources for the Lessee to commercially produce Electricity;
WHEREAS, the Lessor desires to grant to the Lessee an exclusive lease for the
aforementioned research and subsequent production of Electricity;
WHEREAS, upon the approval of the Lessee’s research and analysis plan (Research Plan),
the Lessee shall conduct the studies and measurements of the Wind Resources on the Premises as
outlined in the Research Plan;
WHEREAS, if the Lessee decides to continue onto Phase II upon satisfactory completion
of the activities embodied in the Lessee’s Research Plan, the Lessee shall submit a development
and production plan (Production Plan) describing its strategy to develop and produce Electricity
from the Wind Resources on the Premises; and
WHEREAS, upon the Lessor’s approval of the Lessee’s Production Plan, the Lessee may
begin development and production of Electricity through the Wind Resources found on or above
the Premises and the construction and/or installation of the Improvements.
NOW, THEREFORE, in consideration of the mutual covenants and agreements set forth
in this Lease, and for other good and valuable consideration identified in this Lease, the receipt
and sufficiency of which is acknowledged by both parties, the Lessor has agreed to grant to the
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Lessee this exclusive Lease of state-owned submerged lands dedicated to the PSF for the
purposes identified below, on the stated terms and conditions that follow:
REMAINDER OF PAGE INTENTIONALLY LEFT BLANK
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ARTICLE I: DEFINITIONS AND INTERPRETIVE PROVISIONS
1.1

Definitions
For the purpose of this Lease, the terms listed below are defined as follows:
“Affiliated Party” means a subsidiary, parent, or any other entity that the Lessee or an
owner of the Lessee has a financial interest in by stock ownership of ten percent (10%) or
more. Conversely, a non-affiliated party is defined as one without any of the
aforementioned characteristics.
“Avian Specialist” means a commercially available consultant or consulting firm with i) at
least ten (10) years of experience in studying the migration, movement, and flight patterns
of birds and bats, and ii) at least five (5) years of experience in studying the degree to
which proposed wind turbines might interact with the migration, movement, and flight
patters of birds and bats.
"Board” means the School Land Board.
"Byproducts” means any product that the Lessee creates and/or generates on or through
the Improvements, including, but not limited to, hydrogen or desalinated water.
"Capacity Block” means the portion of the Project Capacity, as more definitively described
in the Maximum Construction Periods section of Article III.
"Commercial Production” means the production of Electricity (or Electricity Products) for
sale to the wholesale electricity market according to the terms of a contract or on a Spot
Market Basis.
"Commissioner” means the commissioner of the GLO.
“Construction Period” means the first term of Phase II, as definitively described in the
Term section of Article III.
“Contracted Capacity” means the portion of Project Capacity under contract with a term
of 30 days or more, as more definitively described in the Consideration for the Production
Period of Phase II section of Article IV.
“Effective Date” means the date that this Lease becomes binding on the parties, which
shall be the date it is executed by the last party, unless the parties specify a different date.
“Electricity” or “Electricity Products” means (i) electricity, or generation-based ancillary
services, from the Project, meeting the prevailing requirements of ERCOT protocols, and
(ii) the capacity of the Project to produce electricity.
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“ERCOT” means the Electric Reliability Council of Texas.
“Force Majeure Condition” means the state or condition where an event that is beyond the
control of the Lessee suspends the Lessee’s obligations to comply with certain covenants
of the Lease under certain conditions, as more definitively described in the Force Majeure
section of Article III.
“Generally Accepted Accounting Principles” or “GAAP” means the conventions, rules,
and procedures that define approved accounting practices at a particular time and are
issued by the Financial Accounting Standards Board for use by accountants in preparing
financial statements. The principles include not only broad guidelines of general
application but also detailed practices and procedures.
"GLO” means the Texas General Land Office.
“Gross Revenue” means the sum of:
(a)

the total amount of money or other consideration (without subtraction of operating
expenses) received by the Lessee or any Affiliated Party from the sale of Electricity
or Byproducts produced or created by the Lessee through the Improvements on
the Premises; plus

(b)

the total amount of money or other consideration received by Lessee as
compensation for lost production capability and intended to replace revenues that
would have otherwise been received for the sale of Electricity or Byproducts,
including payments for production lost due to transmission or production
curtailments, payments under turbine availability or power curve warranties, or the
portion of any applicable insurance payment for business interruption or other
covered losses.

If Electricity or Byproducts are sold to an Affiliated Party, then the gross revenue from the
sale of Electricity under such a contract shall be determined by a competent and mutually
agreeable independent third-party.
The sale of Electricity or Byproducts is inclusive of the consideration received for the sale
of the power and all of the ancillary environmental benefits, such as credits, credit
certificates, or similar items, including renewable energy credits (collectively the
“Credits”) as defined in 16 Texas Administrative Code 25.173 (or the successor thereto);
but specifically excluding any and all federal production tax credits, investment tax credits,
and any other tax credits (collectively the “Investment Tax Credits”).
“Hazardous Substances" means any substance or material defined or designated as a
hazardous waste, toxic substance, or other pollutant or contaminant, by any applicable law
or regulation.
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“Improvements” means all wind energy conversion turbines, supporting structures and
towers, platforms and footings, electrical transformers and substations, electrical
distribution and transmission lines, interconnection facilities, meteorological towers and
related equipment, and staging areas for the construction, installation, operation, and
maintenance of any such equipment or facilities installed and operated by Lessee on the
Premises.
“Insolvency Event” means any of the following:
(a)

Any writ, judgment, warrant of attachment, execution, or similar process issued or
levied against a substantial part of the Lessee’s properties, and any such
proceeding or petition shall not be dismissed, or such writ, judgment, warrant of
attachment, execution, or similar process shall not be released, vacated, or fully
bonded within 90 days after commencement, filing, or levy;

(b)

The Lessee files a voluntary petition for liquidation, or equivalent relief, under the
U.S. Bankruptcy Code or of a pleading in any court of record admitting in writing
its inability to pay its debts as they become due;

(c)

Any general assignment, composition, marshalling of assets, or other similar
arrangement with respect to all or some of its creditors, undertaken under U.S.
federal, state, or foreign law, including the U.S. Bankruptcy Code;

(d)

The Lessee files an answer admitting the material allegations of, or consenting to
or defaulting in answering, a petition for involuntary relief filed against it in any
proceeding under the U.S. Bankruptcy Code; or

(e)

The Lessee acquiesces in the appointment of a receiver, trustee, custodian,
conservator, liquidator, mortgagee in possession (or agent thereof), or other
similar person for itself or a substantial portion of its property or business.

“Lessee” means [Name of Lessee], or a permitted assignee
“Lessor” means the State of Texas, acting by and through Jerry Patterson, the
Commissioner of the GLO.
“Maximum Construction Period” means the maximum amount of time allotted to the
Lessee to complete construction and/or installation of the Improvements beginning on the
first day of Phase II, as definitively described in the Term section of Article III.
“Megawatt Installed” or “MW Installed” means the aggregate megawatt capacity of the
turbines installed by the Lessee at a given time.
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“Notification of Commercial Production Letter” means the notification letter that states
the date on which the Lessee intends to begin Commercial Production of Electricity or
Byproducts and where such date shall be considered the Production Commencement Date.
“Off-Site Improvements” means any equipment that is required to produce or transmit
Electricity from the Premises to a sales point that is installed outside of the Premises or the
Retained Acreage.
“Partial Commercial Production” means the production of Electricity, prior to the
Production Commencement Date, for sale to the wholesale electricity market according to
the terms of a contract or on a Spot Market Basis.
“Phase I” means the first term of this Lease, which is intended to be the research and
analysis phase of the Lease.
“Phase I Final Report” means the report, as definitively described in the Phase I Final
Report section of Article IV, that the Lessee shall submit at the completion of the
Research Plan’s objectives and activities, which will trigger the Lessee’s option to either
terminate the Lease or submit the Production Plan.
“Phase I Termination Date” means 48 months from the Effective Date.
“Phase II” means the second term of this Lease, which is intended to be the construction
and production phase of the Lease.
“Phase II Construction and/or Installation Final Report” means the report, as definitively
described in the Phase II Construction and/or Installation Final Report section of Article
IV.
“Phase II Final Report” means the report, as definitively described in the Phase II Final
Report section of Article IV, that the Lessee shall submit at the end of Phase II or upon
earlier termination of the Lease.
“Premises" means the state-owned lands, as definitively described in Attachment A.
Upon the Production Commencement Date, the area encompassing the Premises shall be
reduced to the Retained Acreage as defined below.
“Production Commencement Date” means the date on which the Lessee determines that
the Improvements on the Premises are ready to commercially produce Electricity or
Byproducts; provided, however, that the Production Commencement Date shall not be
later than the Maximum Construction Period for the first Capacity Block. The Lessee
shall state the date on which the Lessee intends to begin Commercial Production of
Electricity or Byproducts through a Notification of Commercial Production Letter, and
where such date shall be considered the Production Commencement Date. The Lessee
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shall deliver the Notification of Commercial Production Letter to the Lessor, at least ten
(10) days prior to such date.
“Production Period” means the second term of Phase II, as definitively described in the
Term section of Article III, which is from the Production Commencement Date and until
30 years from such date, unless the Lessor extends the Lease.
“Production Plan” means the comprehensive plan submitted by the Lessee at the
completion of Phase I, which outlines the studies, test data, analytical reports, and other
information developed during Phase I, as well as the strategy derived during Phase I by the
Lessee for the Commercial Production of Electricity or Byproducts consistent with the
Wind Resources found on or above the Premises, as definitively described in the
Production Plan section of Article IV.
“Production Royalty” means the royalty, as definitively described in the Consideration for
the Production Period of Phase II section of Article IV, due to the Lessor by the Lessee
beginning on the Production Commencement Date.
“Project” means the Improvements, Off-Site Improvements, and any other assets useful
and necessary for the generation and sale of Electricity from the Wind Resources on the
Premises.
“Project Capacity” means the aggregate megawatt capacity of the wind turbines located
on the Premises according to the Lessee’s approved Production Plan.
"PSF” means the Permanent School Fund.
“QICP” means Qualified Interruption of Commercial Production, as definitively described
in the Consideration for the Production Period of Phase II of Article IV.
“Quarterly Basis” means every calendar quarter and any reports or other items required to
be submitted on a Quarterly Basis shall be considered timely if submitted at any time
within seven (7) days either prior to or after the end of any such calendar quartermeans
every calendar quarter.
“Records” means all records, accounts, contracts, and data, as definitively described in the
Audit section of Article VI, that the Lessee is required to provide to the Lessor under this
Lease.
“Registered Lender” means any Lender for which Lessee has given or updated contact
information in compliance with the Notice provision of this Lease.
“Reports” means all reports, contracts, statements, or related work product that the
Lessee is required to provide to the Lessor under this Lease.
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“Research Plan" means the integrated and comprehensive plan submitted by the Lessee, as
definitively described in the Research and Analysis Plan section of Article IV, which
illustrates the Lessee’s strategy for testing, analyzing, and performing other research
activities related to the potential Commercial Production of Electricity or Byproducts
consistent with the Wind Resources found on or above the Premises.
“Retained Acreage” means the acreage retained by the Lessee upon the Production
Commencement Date, as definitively described in the Retained Acreage section of Article
III.
“Spot Market Basis” means any agreement for the sale of Electricity from a project that is
shorter than 30 days.
“State” means the State of Texas and any state agency; as well as the Board or agency
identified in this Lease and their officers, employees, or authorized agents.
“Uncontracted Capacity” means the Project Capacity other than Contracted Capacity, as
more definitively described in the Consideration for the Production Period of Phase II
section of Article IV.
“Wind Easement” means the easement that is part of the retained acreage and will be
described in detail in the Lessee’s approved Production Plan. The Wind Easement, as
definitively described in the Retained Acreage section of Article III, is intended to prevent
the installation of any other structures on the submerged land that might cause an
obstruction to the wind.
"Wind Resources" means the wind, moving across the Premises, that the Lessee intends to
research and analyze for the potential Commercial Production of Electricity or
Byproducts.
1.2

Interpretive Provisions
(a)

The meanings of defined terms are equally applicable to the singular and plural
forms of the defined terms.

(b)

The term “including” is not limiting and means “including without limitation” and,
unless otherwise expressly provided in this Lease, (i) references to agreements
(including this Lease) and other contractual instruments shall be deemed to include
all subsequent amendments and other modifications thereto, but only to the extent
that such amendments and other modifications are not prohibited by the terms of
this Lease; and (ii) references to any statute or regulation are to be construed as
including all statutory and regulatory provisions consolidating, amending,
replacing, supplementing, or interpreting the statute or regulation.
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1.3

(c)

The captions and headings of this Lease are for convenience of reference only and
shall not affect the interpretation of this Lease.

(d)

All attachments referenced within this Lease and any amendments are attached
hereto and are considered part of the terms of this Lease.

(e)

This Lease may use several different limitations, regulations, or policies to regulate
the same or similar matters. All such limitations, regulations, and policies are
cumulative and each shall be performed in accordance with its terms.

(f)

All due dates and/or deadlines referenced in this Lease that occur on a weekend or
holiday shall be considered as if occurring on the next business day.

(g)

All time periods in this Lease shall commence on the day after the date on which
the applicable event occurred, report is submitted, or request is received.

(h)

Time is of the essence in this Lease.

Accounting Principles
Unless the context otherwise clearly requires, all accounting terms shall be construed, and
all financial computations required under this Lease shall be made, in accordance with
GAAP, consistently applied.
REMAINDER OF PAGE INTENTIONALLY LEFT BLANK
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ARTICLE II: GRANTING CLAUSE; RESERVATIONS
2.1

Granting Clause
In consideration of the payment of the amounts stated in Article IV of this Lease, the
receipt and sufficiency of which are hereby acknowledged, and according to the covenants
and commitments herein agreed to be kept and performed by the Lessee, the Lessor
grants, leases, and lets to the Lessee an exclusive wind lease on the Leased Premises for
the purpose of researching and developing a Project to convert the Wind Resources on the
Leased Premises to Electricity and for the subsequent collection and transmission of that
Electricity to market. Pursuant to this Lease, the Lessee shall have the exclusive right to
make use of and convert the Wind Resources on the Leased Premises to Electricity.

2.2

Scope of Granting Clause
The scope of this grant is limited to the development of the aforementioned Project on the
Leased Premises and any other related activities that include, but are not limited to:

2.3

(a)

installing meteorological towers to study wind speed, wind direction, and other
meteorological data necessary to analyze the potential of the Wind Resources on
the Premises;

(b)

accessing the Premises for permitting, site analysis, extraction of soil and water
samples, and other geotechnical analyses and tests necessary to determine the
feasibility of converting the Wind Resources to Electricity; and

(c)

constructing, installing, using, replacing, upgrading, relocating, removing,
maintaining, and operating the Improvements necessary for the Project.

Easements
Easements on PSF lands not within the Premises shall be granted by the Lessor subject to
the provisions of the Texas Natural Resources Code Chapter 51, Subchapter G at the sole
cost and expense of the Lessee. The Lessor agrees to cooperate with the Lessee to obtain
any necessary easements for the Project. Notwithstanding the preceding sentence, any
necessary easements over privately owned lands must be obtained solely by the Lessee and
at the sole cost and expense of the Lessee.
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2.4

Phases of the Lease
The Lease shall be divided into two phases as follows:
2.4.1 Phase I: Research and Analysis
Phase I is intended to be the research and analysis phase of the Lease. During
Phase I, the Lessee shall have all the necessary access to the Premises for the
exclusive purpose of performing, at the Lessee’s sole cost and expense, the
activities stated in the Lessee’s approved Research Plan. During Phase I, the
Lessee shall also prepare and submit to the Lessor Phase I progress reports on a
Quarterly Basis and a Phase I Final Report.
2.4.2 Phase II: Development and Production
Phase II is intended to be the construction and production phase of the Lease.
During Phase II, the Lessee shall have all the necessary access to the Premises for
the exclusive purpose of performing, at the Lessee’s sole cost and expense, all the
activities permitted under this Lease, including those stated in the Lessee’s
approved Production Plan. During Phase II, the Lessee shall also prepare and
submit to the Lessor Phase II construction and/or installation progress reports on a
Quarterly Basis, Phase II construction and/or installation final reports, Phase II
miscellaneous reports, and a Phase II final report.

2.5

Reservations
The Lessor excepts and reserves the full use of the Premises and all rights with respect to
its surface and subsurface for any and all purposes except for those granted to the Lessee.
The aforementioned excepted and reserved full use of the Premises by the Lessor
includes, but is not limited to, the right of ingress, egress, and use of the Premises by the
Lessor, its surface lessees, and its mineral lessees, for any purpose set forth in the Lessor’s
lease agreements with such other lessees.

2.6

As Is
THE LESSEE HAS INSPECTED THE PHYSICAL AND TOPOGRAPHIC CONDITION OF THE
PREMISES AND ACCEPTS THE SAME “AS IS,” IN ITS EXISTING PHYSICAL AND
TOPOGRAPHIC CONDITION. THE LESSEE ACKNOWLEDGES THAT IT IS NOT RELYING ON
ANY REPRESENTATION, STATEMENT, OR OTHER ASSERTION OF THE LESSOR WITH
RESPECT TO THE CONDITION OF THE PREMISES, BUT IS RELYING ON THE LESSEE’S
OWN INSPECTION OF THE PREMISES.
THE LESSOR DISCLAIMS ANY AND ALL
WARRANTIES OF HABITABILITY, MERCHANTABILITY, SUITABILITY, FITNESS FOR ANY
PURPOSE, AND ANY OTHER EXPRESS OR IMPLIED WARRANTY NOT EXPRESSLY
SETFORTH IN THIS LEASE. THE USE OF THE TERM “GRANT” AND/OR THE TERM
“CONVEY” IN NO WAY IMPLIES THAT THIS LEASE IS FREE OF LIENS, ENCUMBRANCES,
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AND/OR PRIOR RIGHTS. THE LESSEE IS PUT ON NOTICE THAT ANY PRIOROTHER GRANT
AND/OR ENCUMBRANCE MAY BE OF RECORD, AND THE LESSEE IS ADVISED TO EXAMINE
THE RECORDS IN THE ARCHIVES AND RECORDS DIVISION OF THE GLO, 1700 NORTH
CONGRESS AVENUE, AUSTIN, TEXAS 78701-1495, AND ALL LAND TITLE AND RECORDS
OF THE COUNTY IN WHICH THE PREMISES ARE LOCATED.
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ARTICLE III: TERM
3.1

Term
Except as otherwise provided for in this Lease, the term of this Lease shall be comprised
of two phases, Phase I and Phase II, further described as follows:
(a)

Phase I of this Lease shall run from the Effective Date until either the Lessor
approves the Lessee’s Production Plan or the Lessee exercises its option to
terminate the Lease, whichever comes first, but no later than close of business on
the Phase I Termination Date.
Notwithstanding the preceding sentence,
submission by the Lessee of a Production Plan will toll the Phase I Termination
Date until the Lessor either approves or rejects the plan. Consequently, for any
period that a Production Plan is being considered by the Lessor, the Phase I
Termination Date will be extended by such a period. If the Lessee fails to submit a
Production Plan by the Phase I Termination Date, the Lessor shall deem this to be
a rejection of Phase II and shall terminate the Lease. However, not later than 180
days prior to the Phase I Termination Date, the Lessee may request an extension,
and the Lessor may, at its own discretion, extend the Phase I Termination Date.
At the end of Phase I or in case of default or termination, the Lessee, at its sole
cost, shall remove any meteorological towers from the Premises within a
reasonable time period. Notwithstanding the preceding sentence, if the Lessee
intends to continue using the meteorological towers for research beyond the term
of Phase I, the Lessee shall not be required to remove the meteorological towers,
so long as (i) the Lease has not been terminated; (ii) the Lessee is continuing its
research, (iii) the Lessee is delivering reports to the GLO with any data acquired
from that research, and (iv) the Lessee is maintaining the meteorological towers in
a good and proper working condition.

(b)

Phase II of this Lease shall consist of two (2) terms, the Construction Period and
the Production Period. The Construction Period shall run from the approval of the
Lessee’s Production Plan by the Lessor until the Lessee completes the construction
of all Improvements outlined in the Lessee’s Production Plan, but no later than the
last Maximum Construction Period. The Construction Period may overlap the
Production Period if the Lessee’s Production Plan contains more then one (1)
Capacity Block. The Lessee shall trigger the Production Commencement Date
through the Notification of Commercial Production Letter that shall state such
date on which the Lessee intends to begin Commercial Production of Electricity or
Byproducts; provided, however, that such date shall not exceed the Maximum
Construction Period for the first (1st) Capacity Block, plus any extensions granted
in accordance with the Construction Period Extension section of Article III. The
Lessee shall deliver the Notification of Commercial Production Letter to the
Lessor at least ten (10) days prior to such date. Partial Commercial Production of
Electricity or Byproducts shall not trigger the Production Commencement Date.
The Production Period shall run from the Production Commencement Date and
shall terminate 30 years from such date.
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At the end of Phase II, this Lease shall terminate unless an extension is requested and
granted. Not later than 180 days prior to the expiration of this Lease, the Lessee may
advise the Lessor of its desire to obtain an extension of the Lease and enter into
negotiations regarding terms and conditions. At the end of Phase II or any extension of
the Lease or in case of default or termination, the Lessee, at its sole cost, shall remove all
Improvements from the Premises within a reasonable time, subject to the Ownership of
Improvements section in Article VI.
3.2

Lessee’s Option to Terminate or Proceed to Phase II
Upon the Lessee’s delivery of a Phase I Final Report, the Lessee shall have an option for a
period of 90 days to either terminate the Lease or notify the Lessor of its intent to submit
a Production Plan that meets the requirements of the Production Plan section of Article
IV. Notwithstanding the preceding sentence, Phase I of the Lease shall terminate no later
than close of business on the Phase I Termination Date, as more definitively described in
the Term section of Article III.

3.3

Maximum Construction Periods
The Maximum Construction Periods shall depend on the Project Capacity and will be
separated into blocks (“Capacity Blocks”) according to the following chart:

Capacity
Block

Installed Capacity
(in MW)

1
2
3

0-250
251-375
More than 375

Maximum Construction Periods
(in months from commencement
of Phase II)
36
48
60

Construction
Period Extension
(in months)
12
12
None

For example, if the Lessee’s Project Capacity according to their Production Plan is 450
megawatts, then the Lessee shall have 36 months from the commencement of Phase II to
construct the first Capacity Block (with possible extensions up to 12 months); 48 months
from the commencement of Phase II to construct the second Capacity Block (with
possible extensions up to 12 months); and 60 months from the commencement of Phase II
to construct the third Capacity Block (with no further extensions). Extensions are not
intended to toll or extend the Maximum Construction Period for any subsequent Capacity
Block, as such, all Maximum Construction Periods shall commence as of the
commencement of Phase II. If the Maximum Construction Period and/or any approved
extensions for the first Capacity Block have expired, and the Lessee has not commenced
Commercial Production of Electricity or Byproducts, the Lessor may terminate the Lease.
The Construction Period may overlap the Production Period if the Lessee’s Project
Capacity according to their Production Plan exceeds 250 megawatts.
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3.4

Construction Period Extension
The Lessee shall conduct its activities under this Lease according to the Lessee’s
Production Plan and the chart above. Any request from the Lessee to extend or modify
the first two Maximum Construction Periods must be delivered to the Lessor in writing.
The Lessor must, within 30 days, approve any extensions where the Lessee’s deviation
from the approved Maximum Construction Period was beyond the Lessee’s control and
where the Lessee was otherwise acting as a reasonable and prudent operator.

3.5

Retained Acreage
The Lessee’s approved Production Plan will contain the amount of acreage the Lessee will
retain for the entire Project, including the Wind Easement. Upon the commencement of
Phase II, the Lessee shall only retain the aforementioned leased acreage (herein after the
“Retained Acreage”). This Lease will then be amended to release all acreage outside the
Retained Acreage boundaries. It is mutually understood and agreed that the Wind
Easement merely precludes the authority of the Lessor to allow the installation or
construction by others of structures, vehicles, or objects on the surface of the submerged
land that is encompassed by the Wind Easement, except for those reservations referenced
in the Reservations section of Article II. The Lessee agrees that the Wind Easement shall
not convey to the Lessee any rights, or limit any rights of third parties, that are not owned,
possessed, or capable of being possessed by the Lessor. The Lessor may, at its sole
discretion, add acreage to the Premises at any time to allow the Lessee to relocate any
Improvements.

3.6

Force Majeure
a)

If, after a good faith effort, the Lessee is prevented from:
(i)

complying with any express or implied covenant of this Lease;

(ii)

constructing wind turbines on the Premises;

(iii)

producing or transmitting Electricity to market; or

(iv)

performing any other activity reasonably related to and/or required by this
Lease

by reason of war; terrorism; rebellion; riots; strikes; acts of God; any valid order,
rule, or regulation of governmental authority (e.g., a third-party contest to any
governmental approval or any legal action intended to prevent issuance of a permit
or approval); or similar events that are beyond the control of the Lessee
(collectively referred to as a “Force Majeure Condition”), then, while so
prevented, the Lessee’s obligation to comply with such covenant shall be
suspended, and the Lessee shall not be liable for damages for failure to comply
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with such covenant. This Provision should not extend the Production Period,
unless the Force Majeure Condition impacts the entire Project. However, if nonperformance continues for more than 24 months, the Lessor may terminate this
Lease immediately upon written notification to Lessee; provided, however, for
good cause shown, the Lessor may extend the Lease. It is mutually agreed and
understood that a reduction or cessation of wind from natural causes on the
Premises is not an act of God.
(b)

Upon reasonable proof submitted by the Lessee to the Lessor of an event of Force
Majeure, any time periods set forth in this Lease shall be tolled while the Lessee is
prevented, by any such event, from conducting any activities described in the
Research Plan or the Production Plan, or any other activity contemplated by this
Lease. For example, if there is a Force Majeure Condition in effect for 30 days
during the Construction Period, then the end of the Maximum Construction Period
for the Capacity Block(s) shall be extended by an equivalent 30-day period.

(c)

The Lessee may qualify for a 12-month extension of the 24-month Force Majeure
period stated above if the following criteria are met:
(i)

The event of Force Majeure can reasonably be expected to be remedied
within an additional 12 months;

(ii)

The Lessee notifies the Lessor, in writing prior to the expiration of the 24month period, of the Lessee’s intention to continue working to eliminate
the condition of Force Majeure;

(iii)

The Lessee, as a reasonable and prudent operator, continues to work
diligently to eliminate the Force Majeure Condition; and

(iv)

The event of Force Majeure was a hurricane, storm, natural disaster, or a
collision with a vessel.
REMAINDER OF PAGE INTENTIONALLY LEFT BLANK
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ARTICLE IV: CONSIDERATION
In consideration of the mutual covenants and agreements set forth in this Lease, the Lessee agrees
to pay the Lessor as follows:
4.1

Consideration for Phase I and the Construction Period of Phase II
The Lessee shall pay, as consideration for the use of the Premises between the Effective
Date and the Production Commencement Date on which construction for the final
Capacity Block has been completed, the annual fees listed on the table below on or before
the due date:
Due Date
Effective Date
1st Anniversary of
Effective date
2nd Anniversary of
Effective date
3rd Anniversary of
Effective date
4th Anniversary of
Effective date
5th Anniversary of
Effective date
6th Anniversary of
Effective date
7th Anniversary of
Effective date

Annual Fee

The annual fee will be pro-rated to the nearest month for the last year of Phase I, if that
period is a partial year. The Lessee may, at its own discretion, begin Partial Commercial
Production of Electricity or Byproducts without triggering the Production
Commencement Date. However, any such Partial Commercial Production of Electricity
or Byproduct shall require the Lessee to pay a Production Royalty at the rate required
under the following section, along with the Annual Fee for that same calendar year. The
Minimum Annual Royalty defined below shall not apply to Partial Commercial Production.
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4.2

Consideration for the Production Period of Phase II
4.2.1 Production Royalty
The Lessee shall pay the Lessor a Production Royalty payment on a Quarterly
Basis, subject to Sections 4.2.2 through 4.2.4 and the following rates:
(a)

On a Quarterly Basis, from the Production Commencement Date to the end
of the eighth (8th) year of production, the Lessee shall pay
percent (
%) of Gross Revenues.

(b)

On a Quarterly Basis, from the beginning of the ninth (9th) year of
production to the end of the 16th year of production, the Lessee shall pay
percent (
%) of Gross Revenues.

(c)

On a Quarterly Basis, from the beginning of the 17th year of production to
the end of the 30th year of production, the Lessee shall pay
percent (
%) of Gross Revenues.

4.2.2 Minimum Annual Royalty
At the end of each calendar year, the Lessee shall pay the Lessor the positive
difference, if any, between the Minimum Annual Royalty and the aggregate
Production Royalty paid over that year. The Minimum Annual Royalty rates are as
follows:
(a)

From the Production Commencement Date to the end of the eighth (8th)
year of production, the Minimum Annual Royalty shall be
DOLLARS ($
) per MW Installed.

(b)

From the beginning of the ninth (9th) year of production to the end of the
16th year of production, the Minimum Annual Royalty shall be
DOLLARS ($
) per MW Installed.

(c)

From the beginning of the 17th year of production to the end of the 30th
year of production, the Minimum Annual Royalty shall be
DOLLARS ($
) per MW Installed.

The Minimum Annual Royalty due during the first (1st) calendar year shall be prorated.
In the event of a Force Majeure Condition, the Minimum Annual Royalty shall be
pro-rata on a yearly basis according to the following formula:
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Inoperative Capacity (IC)
MW Installed (MWI)
Time Inoperative (TI)
Year (Y)
Minimum Royalty (MR)

The megawatt capacity of the turbine that was
inoperative due to a Force Majeure Condition.
The MW Installed at the time of the Force Majeure
Condition.
The total number of days the aforementioned turbine
was inoperative due to a Force Majeure Condition.
The number of days in the given calendar year.
The Minimum Annual Royalty for the given Year as
defined in this section.

MR–[MR/(MWI*Y)]*[(IC1*TI1)+(ICn*TIn) + …] = Pro-Rata Minimum Annual Royalty
Note: THE SUBSCRIPTS DENOTE THE SPECIFIC TURBINES AFFECTED BY THE
FORCE MAJEURE. AS SUCH, “n” DENOTES THE TOTAL NUMBER OF
AFFECTED TURBINES.
For example, if there is a Force Majeure Condition that prevents the Lessee from
operating a 3.6 MW turbine and a 5 MW turbine in a wind farm that has 80 MW
Installed, and the 3.6 MW turbine was down for 30 days while the 5 MW turbine
was down for 60 days on a year that has 365 days, then the pro-rata Minimum
Annual Royalty (assuming an Minimum Annual Royalty of $100,000) shall be
calculated as follows:
$100,000-[$100,000/(80*365)]*[(3.6*30)+(5*60)]=$98,604.64
4.2.3 Royalty In-Kind
(a)

Uncontracted Capacity Royalty In-Kind
On not less than 60 days’ notice to the Lessee, the Lessor may require at
any time or from time to time that, for a period of not less than 30 days,
payment of all Production Royalties accruing to the Lessor attributable to
the Project Capacity and not subject to a sales agreement with a term of
greater than 30 days (the “Uncontracted Capacity”) be made in-kind. If the
Lessor provides such indication to receive payment in-kind, the Lessor
shall be responsible for complying with all ERCOT protocols (physical and
financial) associated with receipt of such in-kind payment.

(b)

Contracted Capacity Royalty In-Kind
Prior to entering into any agreement with a term greater than 30 days
pursuant to which the Lessee anticipates receiving payment for Electricity
Products (“Contracted Capacity”), the Lessee shall notify the Lessor as to
the anticipated payment terms of such agreement. Within ten (10) days of
the Lessee’s notice, the Lessor may submit an indication to the Lessee
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requiring that, for the duration of such agreement, payment of all
Production Royalties accruing to the Lessor under attributable to the
Project Capacity that is subject to sales agreements be made in-kind. If the
Lessor provides such indication, the Lessor shall be responsible for
complying with all ERCOT protocols (physical and financial) associated
with receipt of such in-kind payment.
4.2.4 Qualified Interruption of Commercial Production
This provision applies to the Production Period of Phase II. The Lessee may
qualify for a reduction in its Minimum Annual Royalty if there is a Qualified
Interruption of Commercial Production (QICP) of Electricity during a calendar
year, and the aggregate Production Royalty payments over the same year total less
than the Minimum Annual Royalty.
A QICP is defined as a lapse in Commercial Production of Electricity that meets
the following criteria:
(a)

The lapse is the result of mechanical failures, equipment shortages, or other
similar industry or supplier related shortcomings, not the result of a Force
Majeure;

(b)

Such mechanical failures, equipment shortages, or other similar industry or
supplier related shortcomings are not the result of the Lessee’s or any
Affiliated Party’s negligence;

(c)

The Lessee, as a reasonable and prudent operator, has made every
commercially reasonable attempt to resolve the problem(s);

(d)

The lapse in Commercial Production of Electricity is longer than 15
continuous days; and

(e)

Within 30 days of such lapse, the Lessee provides the Lessor, in writing, a
notice explaining the reason for such mechanical failures, equipment
shortages, or other industry or supplier related shortcomings, together with
a declaration that these qualify as a QICP.

If the Lessee meets the requirements of this provision, the Lessee’s Minimum
Annual Royalty shall be replaced, during the period of the QICP, by that year’s
Production Royalty rate. For example, if the respective QICP is two (2) months
long and takes place during the first year of this Lease, the Minimum Annual
Royalty shall be prorated and replaced by the
percent (
%) Production
Royalty for those two (2) months. Notwithstanding this provision, a prolonged
and continuous QICP of more than 12 months may be construed as an Event of
Default.
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4.2.5 Royalty Payments
(a)

Production Royalty
Production Royalty payments shall be due and must be received by the
Lessor on a Quarterly Basis on or before the fifth (5th) day of the second
month that follows the end of the calendar quarter. Production Royalty
Payments will be pro-rated to the nearest month for any partial calendar
quarter.

(b)

Minimum Annual Royalty
In the event that the Minimum Annual Royalty is greater than the
aggregate Production Royalty paid over a calendar year, the Lessee shall
pay the Lessor the positive difference, if any, on or before the fifth (5th) day
of the second (2nd) month that follows the end of the fourth (4th) calendar
quarter of any given calendar year. Minimum Annual Royalty payments
will be pro-rated to the nearest month for any partial calendar year.

4.2.6 Past Due Royalties
Past due royalty and other past due payments shall bear interest from maturity at
the rate of ten percent (10%) per annum from the due date until actually paid, as
provided in Section 51.301 of the Texas Natural Resource Code.
4.3

Removal Deposits
Prior to initiating construction of any Improvements related to or necessary for the
Research Phase, the Lessee shall deposit with the Lessor a removal deposit. Similarly,
Prior to initiating construction of any Improvements related to or necessary for the
Production Phase, the Lessee shall deposit with the Lessor an additional removal deposit.
At the Lessee’s option, the removal deposits may be:
(a)

A bond (from an issuer with an A.M. Best’s Rating of not less than A);

(b)

An irrevocable letter of credit from a bank; or

(c)

A cash deposit.

Each removal deposit must be in an amount sufficient to cover the surface and subsurface
restoration costs and the estimated removal of the respective types of Improvements. The
Lessee, with approval from the Lessor, shall determine the removal deposit amount based
on the type and quantity of Improvements the Lessee intends to install according to the
Research Plan (for research equipment related Improvements) or the Production Plan (for
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production equipment related Improvements). If the actual quantity or type of
Improvements exceeds the estimated quantity and type, the Lessor, at its option, may
demand an increase in the removal deposit. Further, the Lessor reserves the right, at any
time, to review each of the removal deposits, ascertain their adequacy, and require any
adjustment to the amount of the removal deposits that may be necessary, such that the
removal deposits continue to cover the surface and subsurface restoration costs and
removal of the Improvements. Failure to (i) obtain approval of the required removal
deposits, (ii) post the required removal deposits prior to construction of the
Improvements, (iii) to increase the removal deposits within 90 days of demand by the
Lessor in the event the actual quantity or type of Improvements exceeds the estimated
quantity and type, or (iv) increase the removal deposits within 90 days of notice by the
Lessor in the event an adjustment in the removal deposits is required may be construed as
an Event of Default. If at the end of Phase I (for research equipment related
Improvements) or the end of Phase II (for production equipment related Improvements),
or in case of default or termination, the Lessee fails to remove the Improvements
according to the terms of this Lease, the Lessor may use the removal deposits to cover the
surface restoration costs and the actual and reasonable costs of removal of such
Improvements.
4.4

Holdover
If the Lessee holds over and continues in possession of the Premises after expiration or
earlier termination of this ContractLease, the Lessee will be deemed to be occupying the
Premises on the basis of a month-to-month tenancy subject to all of the terms and
conditions of this ContractLease, except that, as liquidated damages by reason of such
holding over, the amounts payable by the Lessee under this ContractLease shall be
increased such that the RentConsideration and any other sums payable hereunder shall be
200%) of the amount payable to the Lessor by the Lessee for the applicable period
immediately preceding the first day of the holdover period. The Lessee acknowledges that
in the event it holds over, the Lessor's actual damages will be difficult, if not impossible, to
ascertain, and the liquidated damages herein agreed to be paid are reasonable in amount
and are payable in lieu of actual damages and are not a penalty. The LesseeLessee further
acknowledges that acceptance of consideration under this pProvision does not imply the
LessorLessor consented to hold over. This month-to-month tenancy may be terminated
by either party upon thirty (30) days’ written notice to the other.

4.5

Research and Analysis Plan
Within 60 days after the Effective Date of this Lease and before initiating any physical
activities on the Premises, the Lessee shall submit the Research Plan to the Lessor for
review and approval. The Research Plan must be consistent with the applicable Coastal
Management Program (CMP) goals and policies as outlined in Title 31, Section 505.30 of
the Texas Administrative Code. If there is an Army Corps permitting process, then any
applicable CMP consistency process is satisfied. The Lessor has 60 days to either approve
the Lessee’s Research Plan or reject the Research Plan. If the Lessor rejects the Lessee’s
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Research Plan, it must do so in writing and include a detailed explanation as to why the
Research Plan was rejected. Upon receipt of the Lessor’s notice of rejection, the Lessee
has 30 days to submit a revised Research Plan, or the Lease shall terminate and the Lessor
will refund any consideration received from the Lessee. The Lessor’s failure to approve
or reject the Research Plan within the allotted 60 days shall constitute approval of the
Research Plan. The Lessor must approve the Lessee’s Research Plan if it is determined by
the Lessor to include and be consistent with the applicable CMP goals and policies and it
contains, at a minimum, the following:
4.5.1 Administrative information
The names and mailing addresses of the Lessee’s primary Research Plan
supervisors and operators. Additionally, upon request, the Lessee shall be required
to provide contact information of any other personnel associated with the project.
4.5.2 Schedule
A projected schedule and discussion of proposed material research methods and
activities to be conducted on the Premises. The Lessee shall in good faith make
every commercially reasonable effort to work expeditiously and stay within this
schedule.
4.5.3 Research Equipment and/or Improvement Sites
The Lessee should submit maps and other information sufficient to locate
proposed areas of operations and placement of any research equipment and
Improvements.
When choosing the location of research equipment and
Improvements, the Lessee should take careful consideration of this Lease’s
Reservation Provision. The Lessee should also specify the approximate location
and size of any surface area that may be disturbed for the placement of the
proposed research equipment and Improvements.
4.5.4 Data/Information
The Lessee should describe the type of data/information that it intends to collect
on the Premises during Phase I. If the Lessee has collected any such
data/information prior to commencement of Phase I, the Lessee should submit
such data/information, subject to the Lease’s Confidentiality and Public Records
provisions. This data/information shall include, but is not limited to, actual wind
speeds on or above the Premises at various times during the day, and any
information on other climatic or geo-technical conditions that must be analyzed to
successfully develop the Wind Resources on or above the Premises.
4.5.5 Environmental Impact Studies
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The Lessee shall submit plans outlining how it intends to prepare and/or respond
to, at its own cost and expense, any necessary environmental studies. The Lessee
shall, at a minimum, retain an Avian Specialist to prepare a reasonable plan to
determine the manner in which birds and bats migrate, move, and fly across the
Premises and the degree to which, if any, the Project might affect the activity of
any such birds and bats. The Lessee shall be required to provide the Avian
Specialist’s initial scope of work, and any amendments to such scope of work, to
the Lessor for review and approval as to content. The scope of the avian study
shall, at a minimum, require the Avian Specialist to submit a report that would
provide reasonable recommendations and requirements that would mitigate or
lessen any material adverse impact(s) that the Project would have on any avian
species. The Lessor’s approval of the Avian Specialist’s scope or work and any
amendment thereto shall not be unreasonably withheld. A copy of any status or
final reports provided by the Avian Specialists to the Lessee shall be delivered
promptly to the Lessor, and the Lessor shall not be bound by the Lease’s
Confidentiality and Public Records provisions.
4.5.6 Additional information
Within the Lessor’s 60-day evaluation period, the Lessor may request from the
Lessee additional information not encompassed within Sections 4.5.1 through
4.5.5 to reasonably evaluate the Project. The Lessee shall have an additional 60
days to submit this information, and the Lessee’s obligation in Section 5.1(g) shall
be extended on a day-per-day basis until the Lessee submits the information, but
no longer than 60 days.
4.6

Phase I Progress Reports
The Lessee shall submit a Phase I progress report on a Quarterly Basis during Phase I of
this Lease. Progress reports shall include, at a minimum:
(a)

A brief narrative of the overall progress since the beginning of Phase I or since the
last progress report;

(b)

One (1) copy of any and all studies, data, surveys, or test reports compiled or
completed during the given period. All such reports, information, and relevant
data constituting proprietary business records are to remain confidential, subject to
the Lease’s Confidentiality and Public Records provisions and if marked or
designated “confidential,” or words to that effect, by the Lessee;

(c)

A brief description of any problems that were encountered during the previous
reporting period that might affect compliance with the approved Research Plan or
cause a change in any of the Research Plan objectives; and
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(d)

4.7

A description of any action the Lessee has taken or plans to undertake to correct
any problems that were encountered.

Phase I Final Report
The Lessee shall prepare and submit to the Lessor the Phase I Final Report when, in the
Lessee’s judgment, the Lessee has completed the Research Plan’s objectives and activities,
but no later than 90 days prior to the Phase I Termination Date; or within 60 days of the
Lessee electing to terminate the Lease. The obligation to deliver a Final Phase I Report
shall survive any termination of the Lease. The Phase I Final Report shall include, at a
minimum:

4.8

(a)

A comprehensive narrative of the Phase I research activities and their results as
outlined by the Lessee’s Research Plan;

(b)

One (1) copy of any and all studies (including the final report received from the
Avian Specialist), data, surveys, or test reports compiled or completed during
Phase I, along with a report summarizing the aforementioned information. All
such reports, information, and relevant data constituting proprietary business
records are to remain confidential, subject to the Lease’s Confidentiality and Public
Records provisions and if marked or designated “confidential,” or words to that
effect, by the Lessee;

(c)

A brief description of the Lessee’s schedule and method for removing the
Improvements that will not be necessary during Phase II of the Lease;

(d)

A brief description of any problems that were encountered during Phase I that
affected compliance with the approved Research Plan or caused a change in any of
the Research Plan objectives; and

(e)

A description of any action the Lessee undertook to correct any problems that
were encountered.

Production Plan
Within 90 days after the Lessee delivers its notice of intent to submit a Production Plan,
and before initiating any production related activities on the Premises, the Lessee shall
submit a Production Plan to the Lessor for review and approval. The Production Plan
must be consistent with the applicable Coastal Management Program (CMP) goals and
policies as outlined in Title 31, Section 505.30 of the Texas Administrative Code, as
applicable at the time. If there is an Army Corps permitting process, then any applicable
CMP consistency process is satisfied. The Lessee’s failure to submit a Production Plan
within the aforementioned 90 days or prior to the close of business on the Phase I
Termination Date, whichever comes first, shall be considered an Event of Default. The
Lessor has 60 days to either approve the Lessee’s Production Plan or reject the
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Production Plan. If the Lessor rejects the Lessee’s Production Plan, it must do so in
writing and include a detailed explanation as to why the Production Plan was rejected.
Upon receipt of the Lessor’s notice of rejection, the Lessee has 30 days to submit a
revised Production Plan, or the Lease shall terminate. The Lessor’s failure to approve or
reject the Production Plan within the allotted 60 days shall constitute approval of the
Production Plan. The Lessor must approve the Lessee’s Production Plan if it is
determined by the Lessor to include and be consistent with the applicable CMP goals and
policies and it contains, at a minimum, the following:
4.8.1 Administrative information
The names and mailing addresses of the Lessee’s primary Production Plan
supervisors and operators. Additionally, upon request, the Lessee shall be required
to provide contact information of any other personnel associated with the project.
4.8.2 Schedule
A projected schedule and discussion of proposed material production activities to
be conducted on the Premises. The Lessee shall in good faith make every
commercially reasonable effort to work expeditiously and stay within this schedule.
4.8.3 Analysis of Market Potential
Documentation of the Lessee’s marketing activities and the interest of any
municipal providers that may be potential purchasers of Electricity or Byproducts.
4.8.4 Improvements
Maps and other information sufficient to locate proposed areas of construction
and/or production and the placement of Improvements. Topographic maps should
show the approximate location and size of any surface area that may be disturbed
with the placement of the proposed Improvements. When choosing the location of
such Improvements, the Lessee should take careful consideration of the Lease’s
Reservation Provision.
4.8.5 Development Strategy
The Lessee’s strategy for developing the Premises’ Wind Resources, including the
number of turbines to be installed; the capacity of each turbine; the total capacity
for the Project (totaling a minimum of 250 MW); the type and manufacturer of the
turbines, the location of each turbine within the Premises, and the reasonable
amount of Retained Acreage required by the turbines and the Improvements
collectively. The Retained Acreage proposed by the Lessee must be substantiated
by manufacturer and industry standards.
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4.8.6 Lessee Environmental Requirements
The Lessee affirms that, if required by the Army Corps of Engineers, the Lessee
will perform all of the tasks associated with an Environmental Impact Study
(“EIS”) that are specified by the Army Corps of Engineers. In the event that the
Lessee is not required to perform an EIS for the Project and the Avian Specialist’s
final report concludes that the Project would reasonably be expected to have a
material adverse impact on one or more avian species, then the Lessee shall be
obligated to prepare and implement a plan to adhere to the pre-construction and
post-construction impact mitigation requirements presented in the final report
delivered by the Avian Specialist.
4.8.7 Post-Construction Research
The Lessee affirms that it will provide and implement a post-construction avian
monitoring plan based on the results of the research conducted in accordance with
the Approved Research Plan, the configuration of the wind farm as proposed in the
Production Plan, prevailing technology reasonably available to the Lessee, the
reasonable recommendation of the Avian Specialist, and any permit requirements
placed on the Lessee or the Project by a governmental entity with legal and valid
authority to impose such requirements. The Lessor and the Lessee agree that the
portions of the post-construction monitoring plan that are not associated with any
permit requirement may be modified based on changes in technology and results
gathered as the post-construction monitoring plan is implemented, provided that
the Lessor reasonably approves such modifications.
4.9

Phase II Construction and/or Installation Progress Reports
Upon the commencement of the Construction Period of Phase II and up to the
construction of the entire Project, the Lessee shall submit construction and/or installation
progress reports on a Quarterly Basis. The construction and/or installation progress
reports shall include:
(a)

A brief narrative of the overall progress since the beginning of Phase II or the last
progress report, including the number of wind turbines that are under construction
or have been installed, the stage of construction and installation for each wind
turbine, and the estimated time of completion for all wind turbines, including those
not yet under construction;

(b)

A brief description of any material problems that were encountered during the
previous reporting period that might affect compliance with the approved
Production Plan or cause a material change in any of the Production Plan
objectives; and
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(c)

4.10

A description of any action the Lessee has taken or plans to undertake to correct
any problems that have been encountered.

Phase II Construction and/or Installation Final Report
At the completion of the construction and/or installation of the wind turbines as outlined
in the Lessee’s Production Plan or within 90 days after to the Production Commencement
Date, the Lessee shall submit a Phase II Construction and/or Installation Final Report.
This report shall include, at a minimum:

4.11

(a)

A comprehensive narrative of the Phase II construction and/or installation
activities and their results as outlined by the Lessee’s Production plan;

(b)

A brief description of any material problems that were encountered during
construction and/or installation of the wind turbines that affected compliance with
the approved Production Plan or cause a change in any of the Production Plan
objectives; and

(c)

A description of any action the Lessee undertook to correct any material problems
that were encountered.

Phase II Miscellaneous Reports
4.11.1 Contracts
Within 30 days after entering or making contracts under which Electricity or
Byproducts are sold, the Lessee shall furnish the Lessor with notice of such
contracts and all subsequent amendments to those contracts. All contracts and
records pertaining to the production and disposition of Electricity produced on the
Premises shall, at all times, be subject to inspection and examination by the
Commissioner, the Attorney General, the State Auditor, the Governor, or any one
of their representatives, in each case, of the State of Texas. The foregoing shall, to
the extent allowed by law, remain confidential so as to protect the commercial
interests of all relevant parties.
4.11.2 Certified Statement
Upon payment of any Production Royalties, the Lessee shall submit a statement
certifying the accuracy of any documented reports submitted by the Lessee. Such
reports may be in the form of utility invoices and/or meter readings to the extent
they are relevant to actual Commercial Production. Any power lost during
transmission to the grid should never be included. The Lessee is responsible for
proving up such losses to the Lessor.

4.12

Phase II Final Report
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At the end of Phase II or upon earlier termination of the Lease, the Lessee shall submit a
Phase II Final Report to the Lessor. The Phase II Final Report shall include, at a
minimum:
(a)

A comprehensive narrative of the Phase II activities and their results as outlined by
the Lessee’s Production plan; and

(b)

A brief description of the Lessee’s schedule and method for removing the
Improvements.
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ARTICLE V: DEFAULT
5.1

Events of Default
With respect to the Lesseee, it shall be an event of default “Event of Default” hereunder
(“Event of Default”) if:
(a)

the Lessee fails or refuses to timely pay Rent Consideration or any other
paymentsconsideration required by this ContractLease after itit becomes dues;

(b)

the Lessee fails or refuses to comply, timely perform, or observe any of with the
covenants, duties, obligations, and/or conditions under this of the scope of the
granting clause of this ContractLease;

(c)

Grantee fails or refuses to timely perform or observe any covenant, duty, or
obligation under this Contract;

(d)

the Lessee abandons or vacates the Improvements, the Premises, or any significant
portion thereof;

(e)

The occurrence of any insolvency event, whether voluntary or involuntary,
involving Grantee;

(df)

there is an entry of a court order requiring the dissolution, winding up, or
termination of the Lessee’s business affairs; and

(ge)

the Lessee fails to materially comply with rules and regulations in the Texas
Administrative Code, the Texas Natural Resources Code, or any other rules or
regulations promulgated by the GLO, the Board, or any other state or federal
governmental entity with proper jurisdiction over any of the uses permitted under
this ContractLease, unless such a failure to comply is redressed through an
enforcement action by an applicable state agency with proper jurisdiction;

(f)

the occurrence of any Insolvency Event, whether voluntary or involuntary;

(g)

the Lessee ceases or fails to initiate construction of the meteorological towers,
during Phase I of this Lease, on the Premises for reasons other than Force Majeure
for a period in excess of 90 days from obtaining all requisite permits or 16 months
from the Effective Date, whichever is later; provided, however, that the Lessee
diligently and in good faith pursues measures that may reasonably be expected to
be necessary to obtain the required permits, and further provided that the Lessee
provide to the Lessor a monthly status report regarding its efforts to obtain the
necessary permits and employ the requisite engineers and contractors required for
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such project for every month beginning with the ninth (9th) month after the
Effective Date until such meteorological towers have been installed; or
(h)

the Lessee ceases Commercial Production of Electricity for reasons other than
Force Majeure or a QICP for any continuous period in excess of six (6) months.

With respect to the Lessor, it shall be an Event of Default hereunder if:

5.2

(a)

the Lessor commits a material breach of this Lease; or

(b)

the Lessor fails to provide or allow access by the Lessee to the Premises at any
time during the term of the Lease or otherwise materially interferes with the
Lessee’s exercise of its rights under this Lease.

Notice and Cure
There shall be no consequences for an Event of Default under this ContractLease, unless
the defaulting party receives written notice of the Event of Default, and such Event of
Default continues for a period of 30 days after the defaulting party receives the notice. A
notice of Event of Default shall specify the event or events constituting the default. This
30 day period shall be extended iNo Event of Default shall be deemed to exist wheref the
act, event, or condition is one that by its nature or circumstances reasonably requires more
than 30 days to cure;, provided, however, that the defaulting party shall promptly and in
good faith initiates and diligently pursues measures that aremay expected to reasonably be
expected to have cured or eliminated the Event of Default in a reasonable period of time.
If either party fails to cure an Event of Default, the non-defaulting party shall be entitled to
terminate this ContractLease by written notice. If either party fails to cure an Event of
Default, the non-defaulting party shall be entitled to terminate this Lease by written notice,
subject to the Rights of Lender provision of this Lease.

5.3

Winding Up
In the event of termination of this Lease, an Event of Default, or at the end of the term of
this Lease, the Lessee shall perform the winding up tasks specified in this section. The
Lessee agrees that the provisions of this section shall survive termination of this Lease.
(a)

the Lessee and the Lessor shall account for, and properly present to each other, all
claims for fees and expenses and pay those which are undisputed and otherwise not
subject to set-off under this Lease;

(b)

the Lessee shall restore the surface of the Premises and remove any Improvements.
If the Lessee fails to remove the Improvements, the Lessor may use the removal
deposit to cover the surface restoration costs and the actual reasonable costs for
removal of the Improvements; and
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(c)

5.4

the Lessee shall prepare and deliver to the Lessor any reports required to be
delivered under this Lease at such time.

Cumulative Rights and Remedies; No Waiver
A right or remedy conferred by this Lease upon or reserved by this Lease to either the
Lessee or the Lessor is not intended to be exclusive of any other right or remedy, and each
and every right and remedy shall be cumulative and in addition to any other right or
remedy given under this Lease, or now or hereafter legally existing upon the occurrence of
an Event of Default hereunder. The failure of either the Lessee or the Lessor to insist at
any time upon the strict observance or performance of any of the provisions of this Lease
or to exercise any right or remedy as provided in this Lease shall not impair any such right
or remedy or be construed as a waiver or relinquishment thereof with respect to
subsequent defaults. Every right and remedy given by this Lease to the Lessee or Lessor
may be exercised from time-to-time and as often as may be deemed expedient by the
Lessee or Lessor, as the case may be.
REMAINDER OF PAGE INTENTIONALLY LEFT BLANK
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6.1

ARTICLE VI: GENERAL TERMS, CONDITIONS, AND EXCEPTIONS
Assignment
Except as set forth in the Rights of Lender provision of this Lease, the Lease may not be
assigned, nor the Premises subleased, without the prior written consent of the Lessor,
which consent shall not be unreasonably withheld. A change in ownership in the Lessee’s
business entity of 30% or more shall be deemed an assignment subject to reasonable
approval by the Lessor. The preceding notwithstanding, the Lessee may subcontract for
some or all of the services or work to be performed on the Premises. The Lessee shall
legally bind any such subcontractors to perform and make such subcontractors comply
with all applicable certifications, duties, requirements, and obligations of the Lessee as
specified in this Lease. Nothing in this Lease shall be construed to relieve the Lessee of
the responsibility for ensuring that the services and work rendered comply with all the
terms and provisions of this Lease. Upon request by the Lessor, and subject to the
Confidentiality provision of this Lease, the Lessee will provide the Lessor the opportunity
to review, inspect, and examine any subcontracts and all amendments, cancellations, or
terminations to such subcontracts, which at a minimum shall include the identity of the
subcontractor, the scope of its work on the Project, and the projected schedule under
which it will be working.

6.2

Indemnity
THE LESSEE SHALL INDEMNIFY AND HOLD HARMLESS THE LESSOR; THE GLO; AND THE
LESSOR’S AND THE GLO’S OFFICERS, AGENTS, AND EMPLOYEES FROM ALL LIABILITY AND
DAMAGES FOR ANY AND ALL INJURIES OR DAMAGES SUSTAINED BY ANY PERSON OR
PROPERTY AS A CONSEQUENCE OF ANY NEGLIGENCE IN THE PERFORMANCE OF THE
SERVICES REFERENCED IN THIS LEASE AND FROM ANY CLAIMS OR AMOUNTS ARISING OR
RECOVERABLE UNDER BOTH FEDERAL AND STATE WORKERS’ COMPENSATION LAWS,
TEXAS TORT CLAIMS ACT (CHAPTER 101, TEX. CIV. PRAC. AND REM. CODE), OR ANY
OTHER SUCH LAWS. THE LESSEE SHALL FURTHER INDEMNIFY AND BE RESPONSIBLE FOR
ALL DAMAGES OR INJURY TO PROPERTY OF ANY CHARACTER OCCURRING AND
PROSECUTION OF CLAIMS RESULTING FROM ANY ACT, OMISSION, NEGLECT, OR
MISCONDUCT OF LESSEE, LESSEE'S AGENTS, OR LESSEE’S EMPLOYEES, IN THE MANNER
OR METHOD OF EXECUTION OF THE SERVICES HEREIN TO BE PERFORMED; FROM FAILURE
TO PROPERLY PERFORM THE SERVICES; FROM DEFECTIVE WORK OR MATERIALS; OR
FROM BREACH OF ANY REPRESENTATION OR WARRANTY IN THIS LEASE. THESE
REQUIREMENTS SHALL SURVIVE THE TERM OF THIS LEASE UNTIL ALL CLAIMS HAVE BEEN
SETTLED OR RESOLVED AND SUITABLE EVIDENCE TO THAT EFFECT HAS BEEN FURNISHED
TO THE LESSOR.

6.3

Insurance
Prior to the Lessor’s approval of the Research Plan, the Lessee shall acquire insurance
and/or bonds, with financially sound and reputable independent insurers licensed by the
Texas Department of Insurance, in the type, amount, and under the conditions listed in
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Formatted

Attachment B for the duration of this Lease. Furthermore, the Lessee agrees to provide to
the Lessor, annually, certificates of insurance for all insurance policies obtained by Lessee
under the terms of this Lease, including a schedule of coverage (or “underwriter’s
schedules”) establishing to the satisfaction of the Lessor the nature and extent of coverage
granted by each such policy. In the event that following any audit by the Lessor any such
policies are found to be deficient to comply with the terms of this Lease, the Lessee will
provide such additional policies as the Lessor may reasonably request or that are required
by law or regulation.
6.4

Condition of Premises
Except as otherwise provided in this Lease, the Premises are to remain in their current
topographical and hydrologic condition during the term of the Lease. The Lessee is
specifically prohibited from modifying the Premises in any manner not authorized in this
Lease and from using, or allowing the use by others, of the Premises for any other
purpose.

6.5

Protection of Natural and Historical Resources
6.5.1 Pollution
The Lessee shall take no action on the Leased Premises that will result in the
discharge of any solid or liquid material. The Lessee shall use the highest degree
of care and all appropriate safeguards to:
(a)

Prevent pollution of air, ground, and water in and around the Leased
Premises; and

(b)

To protect and preserve natural resources and wildlife habitat.

The Lessee shall comply with all applicable rules and regulations of the GLO and
other governmental agencies responsible for the protection and preservation of
public lands and waters. In the event of pollution, or an incident that may result in
pollution of the Leased Premises or adjacent property, which is the result of the
Lessee's (or the Lessee's employees, contractors, invitees, and agents) acts or
omissions, the Lessee shall immediately notify the Lessor, use all means reasonably
available to recapture any pollutants that have escaped or may escape, and mitigate
for any and all natural resources damages caused thereby. Without limiting the
foregoing, pollution of coastal wetlands, natural waterways, rivers, and impounded
water shall be prevented by the use of containment facilities sufficient to prevent
spillage, seepage, or ground water contamination. No discharge of solid waste or
garbage shall be allowed into state waters from any construction or support
vessels, platforms, crew or supply boat, barge, or other equipment on the Leased
Premises. Solid waste includes, but is not limited to, containers, equipment,
rubbish, plastic, glass, or any other man-made non-biodegradable items. A sign
must be displayed in a high traffic area on all vessels and platforms stating,
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“Discharge of any solid waste or garbage into State Waters from vessels or
platforms is strictly prohibited and may subject a State of Texas Lease to
forfeiture.” Such statement shall be in lettering at least 1” in size.
6.5.2 Natural Historical Preservation Act and Antiquities Code of Texas
THE LESSEE IS EXPRESSLY PLACED ON NOTICE OF THE NATIONAL HISTORICAL
PRESERVATION ACT OF 1966, (PB-89-66, 80 STATUTE 915; §470) AND THE
ANTIQUITIES CODE OF TEXAS, CHAPTER 191, TEX. NAT. RES. CODE ANN. IN THE
EVENT THAT ANY SITE, OBJECT, LOCATION, ARTIFACT, OR OTHER FEATURE OF
ARCHEOLOGICAL, SCIENTIFIC, EDUCATIONAL, CULTURAL, OR HISTORIC INTEREST
IS ENCOUNTERED DURING ANY ACTIVITY ON THE LEASED PREMISES, THE LESSEE
WILL IMMEDIATELY CEASE SUCH ACTIVITIES AND WILL IMMEDIATELY NOTIFY
THE LESSOR AND THE TEXAS HISTORICAL COMMISSION, P.O. BOX 12276, AUSTIN,
TEXAS 78711, SO THAT ADEQUATE MEASURES MAY BE UNDERTAKEN TO PROTECT
OR RECOVER SUCH DISCOVERIES OR FINDINGS, AS APPROPRIATE.

6.6

Ownership of Improvements
The Lessee shall own any and all right, title, and interest in and to all Improvements on the
Premises. The Lessor, however, reserves the right to receive an assignment at the end of
the term of the Lease to all or any portion of any platform or other structure that supports
the wind turbines for the associated benefits of creating or maintaining an artificial reef on
said structure. Notwithstanding this provision, the Removal Deposit required per this
Lease shall encompass the removal of this lower section. No later than six (6) months
prior to the expiration of the Lease, the Lessor shall notify the Lessee if the Lessor elects
to receive an assignment as set forth herein. If the Lessor elects to receive an assignment,
the Lessee shall be excused from its obligation to remove the lower section, but the Lessor
shall retain the portion of the Removal Deposit designated for the future removal of the
lower section.

6.7

Confidentiality
The Lessor shall keep confidential all information, in whatever form produced, prepared,
observed, or received by the Lessor, to the extent that such information is: (a) confidential
by law; (b) marked or designated “confidential” (or words to that effect); or (c)
information that the Lessor is otherwise required to keep confidential by this Lease for a
period of no less than 60 months from the delivery of such reports, information, and
relevant data, unless otherwise specified. The Lessor may contract with third parties, at
its sole cost and expense, to undertake action or review confidential information provided
by the Lessee under this Lease; provided, however, that prior to disclosing information to
any such party (i) the Lessor shall provide the Lessee with 14-days’ written notice of the
scope and purpose of such disclosure, and (ii) the Lessor shall obtain from any such party
a written agreement to maintain any information shared as confidential in form and
substance satisfactory to the Lessee, whose approval shall not be unreasonably withheld.
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Upon the expiration of this 60-month period, the aforementioned confidential information
shall become public domain, and the Lessor shall retain all reports and similar work
product delivered to it by the Lessee during the entire term of the Lease. Notwithstanding
the preceding, any data gathered by the Lessee regarding the Wind Resources on the
Premises, such as wind velocity, wind direction, etc., shall remain confidential for a period
of no less than 24 months from the delivery of such reports, information, and relevant
data, unless otherwise specified.
6.8

Public Records
Pursuant to Chapter 552 of the Texas Government Code, the Texas Public Information
Act (the “Act”), information or documents received from the Lessee may be open to
public inspection and copying. The Lessor will have the duty to disclose unless a
particular record is made confidential by law or is exempted from the Act. The Lessee
may clearly label individual documents as a "trade secret" provided that the Lessee thereby
agrees to indemnify and defend the Lessor for honoring such a designation. The failure to
so label any document that is released by the Lessee shall constitute a complete waiver of
any and all claims for damages caused by any release of the records. If a public records
request for a labeled document is received by the Lessor, the Lessor will notify the Lessee
of the request in accordance with the Act.

6.9

Compliance with Other Laws; Nuisance
The Lessee, at its own expense, will comply with all federal, state, municipal, and other
laws, codes, ordinances, rules, and regulations applicable to the Leased Premises. The
Lessee will likewise install, remove, and alter such fixtures, equipment, and facilities in,
and make such alterations to, the Leased Premises as may be necessary so to comply with
such laws, codes, ordinances, rules, and regulations. Finally, the Lessee will comply with
such generally applicable regulations as the State of Texas may promulgate, regarding
sanitation, cleanliness, and other health and/or environmental matters. The Lessee will not
make any unlawful use of the Leased Premises or permit any unlawful use thereof.
The Lessee shall not allow the presence on or within the Leased Premises of any
Hazardous Substance in any manner that violates Laws and Regulations. The Lessee shall
not allow any Hazardous Substances to migrate off the Leased Premises or the release of
any Hazardous Substances into adjacent surface waters, soils, underground waters, or air
in violation of Laws and Regulations. To the extent applicable, Lessee shall provide
Lessor with Lessee's USEPA Waste Generator Number and with copies of all Material
Safety Data Sheets, Generator Annual Dangerous Waste Reports, environmentally related
regulatory permits or approvals (including revisions or renewals), and any correspondence
Lessee receives from, or provides to, any governmental unit or agency in connection with
Lessee's handling of Hazardous Substances or the presence, or possible presence, of any
Hazardous Substance on the Leased Premises.
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If the Lessee violates any Law or Regulation concerning the presence, use, handling, or
storage of Hazardous Substances at, or affecting, the Leased Premises, the Lessee shall
promptly take whatever action is necessary to determine the type or extent of the release
to mitigate and to correct the violation. If the Lessee does not act in a prudent and
prompt manner, the Lessor may, but is not obligated to, come onto the Leased Premises,
act in place of the Lessee and take such action as the Lessor deems necessary to ensure
compliance with such Law or Regulation or to mitigate any violation thereof. If the
Lessor reasonably believes that the Lessee is in violation of any Law or Regulation, or that
the Lessee's actions or inactions present a threat or violation of any Law or Regulation or
a threat of damage to the Leased Premises, the Lessor, after presenting the Lessee with
the required notice and opportunity to cure, may enter the Leased Premises and take such
corrective or mitigating action as the Lessor deems necessary. All direct costs and actual
expenses incurred by the Lessor in connection with any such actions shall become
immediately due and payable by the Lessee upon presentation of an invoice.
The Lessor shall have access to the Leased Premises to conduct, at its own discretion, an
annual environmental inspection. In addition, the Lessee shall permit the Lessor access to
the Leased Premises at any time upon reasonable notice for the purpose of conducting
environmental testing at the Lessor's expense, provided any such test does not
unreasonably interfere with the business operations of the Lessee and complies with all of
the Lessee’s insurance and reasonable security requirements. The Lessee shall promptly
inform the Lessor of the existence of any environmental study, evaluation, investigation,
or results of any environmental testing conducted on the Leased Premises whenever the
same becomes known to the Lessee and shall provide copies thereof to the Lessor.
Prior to vacating the Leased Premises, in addition to all other requirements under this
Lease, the Lessee shall remove any Hazardous Substances placed on the Leased Premises
by the Lessee, its invitees, or licensees during all the terms of this Lease or during the
Lessee's possession or use of the Leased Premises and shall demonstrate such removal to
the Lessor's reasonable satisfaction.
No remedy provided herein shall be deemed to be exclusive. In addition to any remedy
provided in this section, the Lessor shall be entitled to full reimbursement from the Lessee
whenever the Lessor incurs any costs resulting from the Lessee's use or management or
sufferance of Hazardous Substances on the Leased Premises, including but not limited to,
costs of clean-up or other remedial activities, fines, or penalties assessed directly against
the Lessor or the Leased Premises and payments relating to injuries to third persons or
other properties.
The obligations of the Lessee under this section shall survive any termination of this
Lease.
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6.10

Governing Law and Venue
This Lease and the rights and obligations of the parties hereto shall be governed by, and
construed according to, the laws of the State of Texas, exclusive of conflicts of law
provisions. Venue of any suit brought under this Lease shall be in a court of competent
jurisdiction in Travis County, Texas. The Lessee irrevocably waives any objection,
including any objection to personal jurisdiction or the laying of venue or based on the
grounds of forum non conveniens that it may now or hereafter have to the bringing of any
action or proceeding in such jurisdiction in respect of this Lease or any document related
hereto. NOTHING CONTAINED IN THIS LEASE SHALL BE CONSTRUED AS A WAIVER OF
SOVEREIGN IMMUNITY OF THE STATE.

6.11

Severability
If any provision contained in this Lease is held to be unenforceable by a court of law or
equity, this Lease shall be construed as if such provision did not exist and the nonenforceability of such provision shall not be held to render any other provision or
provisions of this Lease unenforceable.

6.12

Entire Lease and Modification
This Lease and its attachments constitute the entire agreement of the parties and such are
intended as a complete and exclusive statement of the promises, representations,
negotiations, discussions, and other agreements that may have been made in connection
with the subject matter hereof. Unless an attachment to this Lease specifically displays a
mutual intent to amend a particular part of this Lease, general conflicts in language
between any such attachment and this Lease shall be construed consistently with the terms
of this Lease. Unless otherwise expressly authorized by the terms of this Lease, no
modification, renewal, extension, or amendment to this Lease shall be binding upon the
parties unless the same is in writing and signed by the respective parties hereto.

6.13

Lease Filing
Within 30 days of the execution of this Lease, the Lessee shall file a memorandum of this
Lease for record in the office of the County Clerk in any county in which all or any part of
the Premises are located, and file stamped copies thereof must be filed in the GLO. The
memorandum must be signed and acknowledged by the Lessee before it is filed in the
county records. Similar to Chapter 9 of the Tex. Bus. & Com. Code, such a filing
provides a security interest in favor of the Lessor, which is perfected automatically
without the filing of a financing statement. In the event the Lessee fails to timely file the
memorandum, the Lessor may execute a memorandum setting forth the terms and
provisions of the Lease and record the same at the Lessee's cost and expense.
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6.14

Waiver of Privilege
The Lessee and the Lessor agree that any applicable attorney-client or other legal privilege
shall not be deemed waived by this Lease.

6.15

Attorney’s Fees
If any action at law or in equity (other than a mediation) is necessary to enforce or
interpret the terms of this Lease or any other agreement or document to be executed or
delivered pursuant hereto, the prevailing party shall be entitled to reasonable attorney’s
fees, costs, and disbursements in addition to any other relief to which such party may be
entitled, if allowed by law.

6.16

Audit
For a period of four (4) years from the date of their creation, the Lessee shall keep true,
accurate, and complete books, records, accounts, contracts, and data (collectively
“Records”) sufficient to support and verify the calculation of Consideration owed under
this Lease. All records pertaining to the production and disposition of Electricity
produced on the Premises shall, at all times, be subject to inspection and examination by
the Commissioner, the Texas Attorney General, the Texas State Auditor, the Governor, or
any one of their representatives, in each case, of the State of Texas, upon advanced
written notice to the Lessee. Any audit or inquiry conducted pursuant to this section shall
be at the sole expense of the Lessor and shall be conducted during normal business hours
at the Lessee’s office or such other place as designated by the Lessee. Acceptance of any
payments by the Lessor shall not prejudice the right of the Lessor to protest or question
the correctness thereof.

6.17

Rights of Lender
(a)

The Lessee may at any time, under this Lease, mortgage or otherwise collaterally
assign all or any part of its interest or rights under this Lease to any entity
providing financing (Lender) without the consent of the Lessor. Any Lender shall
have no obligations under this Lease until such time as it exercises its rights to
acquire the Lessee’s interest or rights subject to the lien of Lender’s mortgage by
foreclosure or otherwise assumes the obligations of the Lessee directly.

(b)

The Lessor and the Lessee agree that, once all or any part of the Lessee’s interests
in the Lease is mortgaged or otherwise collaterally assigned to a Lender, the
Lessor will not terminate this Lease, or materially modify the term or
compensation due to the Lessee under this Lease without the prior written consent
of the Lender, unless the Lender fails to cure any Event of Default as required
under the terms of this Lease.

(c)

The Lessor agrees that the Lender shall have the right to make any payment and to
do any other act or thing required to be performed by the Lessee under this Lease.
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Any such payment, act, or thing performed by the Lender shall be effective to
prevent a default under this Lease as if done by the Lessee itself.
(d)

During the time all or any part of the Lessee’s interests in the Lease is mortgaged
or otherwise collaterally assigned to any Lender, if the Lessee defaults under any
of its obligations and the Lessor is required to give the Lessee notice of the
default, the Lessor shall also be required to give any Registered Lender notice of
such default. Registered Lenders are those Lenders for which the Lessee has given
or updated contact information in compliance with this Lease.

(e)

If the Lessor becomes entitled to terminate this Lease due to an uncured default by
the Lessee, the Lessor will not terminate this Lease, unless, as required by
preceding paragraph, the Lessor has given written notice of the Lessee’s default to
any Registered Lender, and the Lessee or the Lender did not cure the default
within 30 days or such longer period as may be provided by the terms of the Lease.
If within such period the Lender notifies the Lessor that it must foreclose on the
Lessee’s interest under this Lease, or otherwise take possession of the Lessee’s
interest under this Lease, in order to cure the default, the Lessor shall not
terminate this Lease until the Lender has been given a reasonable period of time
necessary for the Lender, with the exercise of due diligence, to foreclose or
acquire the Lessee’s interest under this Lease and to perform, or cause to be
performed, all of the Lessee’s covenants and agreements under this Lease. The
time within which the Lender must foreclose or acquire the Lessee’s interest shall
be extended to the extent the Lender is prohibited by an order or injunction issued
by a court or the operation of any bankruptcy or insolvency law from commencing
or prosecuting the necessary foreclosure or acquisition.

(f)

In the event this Lease is rejected by a trustee or debtor-in-possession in any
bankruptcy or insolvency proceeding, the Lessor agrees, upon request by the
Lender within 60 days after the rejection or termination, to negotiate in good faith
with the Lessee or the Lender a new Lease for the Premises that shall:
(i)
(ii)
(iii)

be effective as of the date of the rejection or termination of this Lease;
be for a term equal to the remainder of the term of this Lease before giving
effect to such rejection or termination; and
substantially contain the same terms, covenants, agreements, provisions,
conditions, and limitations as are contained in this Lease (except for any
obligations or requirements that have been fulfilled by the Lessee or the
Lender prior to rejection or termination).

Prior to the execution and delivery of any such contemplated new agreement, the
Lessee or the Lender shall:
(i)

pay the Lessor any amounts which would have been due the Lessor from
the Lessee;
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(ii)

(iii)

pay the Lessor any and all amounts that would have been due under this
Lease but for the rejection or termination from the date of such rejection or
termination to the date of the new agreement; and
agree in writing to perform or cause to be performed all of the other
covenants and agreements to be performed by the Lessee under this Lease
to the extent the Lessee failed to perform them prior to the execution and
delivery of the new lease.

Once the new lease is executed and delivered, the Lessee or the Lender must cure
all material non-monetary defaults under this Lease within a reasonable time not to
exceed 120 days from the execution of the new lease, excluding those defaults that
are not susceptible to cure.
(g)

The acquisition of all or any part of the Lessee’s interests in the Lease by any
Lender through foreclosure or other judicial or nonjudicial proceedings in the
nature of foreclosure, or by any conveyance in lieu of foreclosure, shall not require
the consent of the Lessor nor constitute a breach or default of this Lease by the
Lessee, and, upon the completion of the acquisition or conveyance, the Lessor
shall acknowledge and recognize the Lender as the Lessee’s proper successor
under this Lease upon the Lender’s cure of any existing defaults from the Lessee
and assumption of the obligations of the Lessee under this Lease prospectively.

(h)

The Lessor shall, within 20 days after receiving a written request by the Lessee or
any existing or proposed Lender, execute and deliver to the Lessee and such
Lender a letter or any other documents certifying, among other things, that:
(i)
(ii)

(iii)

(iv)
(v)

the Lease is in full force and effect and has not been modified (or, if
modified, stating with particularity the nature thereof);
all required payments under this Lease have been paid in full to Lessor (or,
if any payments then due and payable to Lessor have not been made,
stating with particularity the nature and amount thereof);
to the best of Lessor’s knowledge, after due inquiry, there are no uncured
defaults hereunder, and no condition or event exists which, with the
passage of time or the giving of notice, would become a default (or, if any
uncured defaults exist or are anticipated, stating with particularity the
nature thereof);
the Lessor recognizes such Lender as a Registered Lender under this Lease
and will accord to such Lender all rights of Lender under this section; and
containing any other certifications as may reasonably be requested by such
Lender. Any such statements may be conclusively relied upon by such
Lender.

Notwithstanding the preceding, if items (i) through (v) in this section are not true
and correct in all material respects, then the Lessor shall except such items from
the letter.
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6.18

Dispute Resolution
The dispute resolution process provided for in Section 68.27 of Title 1, Part 3 of the
Texas Administrative Code must be used by the parties, to the extent possible, to attempt
to resolve any disputes arising under this Lease. This provision shall not apply to any
matter with respect to which either party may make a decision within its respective sole
discretion. In the event the parties fail to resolve any dispute under this provision, then
either party shall have the right to utilize any other remedy available at law or equity. If
the dispute involves a good faith issue as to whether the Lease may be terminated, the
party claiming the right to terminate shall not be allowed to terminate until the conclusion
of the dispute resolution process described above or for 120 days, whichever is earlier.

6.19

Public Disclosure
Entering into this Lease should not in any matter be construed as an endorsement of the
viability or potential success of the Lessee or its business ventures. Without prior written
consent of the Lessor, the Lessee will not issue a press release or hold a press conference,
advertise that it is doing business with the Lessor, or publicize this Lease as a marketing or
sales tool.

6.20

Notice
Any notices or Reports which may or shall be given under the terms of this Lease shall be
in writing and shall be either delivered by hand, by facsimile, or sent by United States first
class mail, adequate postage prepaid, to the specific persons listed below. Any party's
address may be changed from time-to-time by such party by giving notice as provided
above. No change of address of either party shall be binding on the other party until
notice of such change of address is given as herein provided. The Lessee is responsible for
updating the Lender’s information. Any notice requirements in this Lease to the Lender
shall be deemed satisfied if such notice is sent to the last known address as listed in this
section. The provisions of this section are inapplicable in the event of automatic
termination of the Lease.
6.20.1 Lessor’s Contact Information
Name:
Title:
Address:
Address:
Phone:
Fax:

Texas General Land Office
Renewable Energy Program
1700 N. Congress Ave.
Austin, Texas 78701
(512) 463-9210
(512) 463-9211
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6.20.2 Lessee’s Contact Information
Name:
Title:
Address:
Address:
Phone:
Fax:
e-mail:
6.21

Further Assurance
Each party hereto shall from time-to-time, do and perform such further acts and execute
and deliver such further instruments, assignments, and documents as may be required or
reasonably requested by any other party to establish, maintain, or protect the respective
rights and remedies of the parties hereto and carry out and effect the intentions and
purposes of this Lease, including taking such steps as may be required to ensure that any
Project located on the Premises shall be certified by the Public Utility Commission under
16 Texas Administrative Code §25.173.

6.22

Inspection and Data Gathering Equipment
Upon ten (10) days’ prior notice, the Lessee shall provide the Lessor access to the
Improvements for purposes of inspecting the same. Inspection shall be conducted at the
Lessor’s sole expense and must not interfere with the Lessee’s operations. Subject to
prior coordination between the Lessor and the Lessee, the Lessor shall also have the right
to install data gathering equipment on the Improvements. The data gathering equipment
must be installed and maintained at the Lessor’s sole cost and expense and must not
interfere with the Lessee’s operations.

IN TESTIMONY WHEREOF, witness the signature of the Commissioner of the General Land
Office, under the seal of the General Land Office, effective as of the ** day of ** 20**.
LESSOR
THE STATE OF TEXAS

ACKNOWLEDGED, AGREED AND
ACCEPTED:
LESSEE:

JERRY E. PATTERSON
Commissioner, Texas General Land Office

Name

APPROVED
Division
Legal
Executive
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Appropriate Party

State of Texas
County of ___________

§
§
§

Subscribed to me before by [Name], who acknowledged to me that he had executed the
above and foregoing Lease as his free act and deed as [Title] of [Co.] for purposes and
consideration therein expressed on this [Date].

My commission expires:

________________________________
Notary Public in and for the State of Texas

_______________

- 44 -

311

ATTACHMENT A: PREMISES

45

312

ATTACHMENT B: REQUIRED INSURANCE

INSURANCE
( A)

GENERALLY
Unless expressly waived in writing by the Lessor, the Lessee shall acquire, maintain, and
keep in force policies of insurance and/or bonds in amounts specified in this Attachment
and pay all premiums, taxes, and fees incident thereto. Furthermore, unless specified or
otherwise agreed to by the Lessor, the required insurance shall be submitted for review
and approval by the Lessor, in effect prior to the commencement of work by the Lessee,
and shall continue in full force until the earlier as appropriate of (i) the expiration of this
Lease; or (ii) such time as the Lessor notifies the Lessee that such insurance is no longer
required. Any bonds, insurance or self-insurance available to the Lessor shall be in excess
of, and non-contributing with, any insurance required from the Lessee. The Lessee’s
insurance policies shall apply on a primary basis. If, at any time during the Lease, an
insurer or surety shall fail to provide insurance to the Lessee, or otherwise fails to comply
with the requirements of this Lease, the Lessee shall immediately notify the Lessor as soon
as it has knowledge of any such failure, and shall immediately replace such insurance or
bond with insurance meeting such requirements.

Specific Coverage:
Required Type of Coverage

Limits Required (in dollars)

Workers Compensation

Statutory

General Liability

1,000,000 per occurrence

Comprehensive Auto

1,000,000 per occurrence

Officers and Director’s Liability

Reasonable Limits TBD

Maritime (Longshoreman’s Act)

Reasonable Limits TBD

Environmental Pollution

Reasonable Limits TBD

46

313

(B)

RENEWAL
The Lessee shall provide the Lessor with renewal or replacement evidence of insurance no
less than 30 days before the expiration or replacement of the required insurance.

( C)

ADDITIONAL INSURED
The Lessor, its officers, employees, and authorized agents shall be named as additional
insureds for all liability arising under this Lease except on Workers’ Compensation and
Professional Liability policies. An original additional insured endorsement signed by an
authorized insurance company representative must be submitted to the Lessor to evidence
the endorsement of the Lessor as an additional insured on all policies. Each liability
insurance policy, except Professional Liability and Workers’ Compensation, shall provide
for a waiver of subrogation as to all additional insureds, and shall be issued by insurance
companies authorized to do business in the State of Texas, and currently rated by A.M.
Best as “A-” or better.

( D)

POLICY CANCELLATION ENDORSEMENT
Except for ten (10) days’ notice for non-payment of premium, each insurance policy shall
be endorsed to specify that without 30 days’ prior written notice to the Lessor, the policy
shall not be canceled, non-renewed, or coverage and/or limits reduced or materially
altered, and shall provide that notices required by this paragraph shall be sent by certified
mail to Lessor’s address as provided for in this Lease. A copy of this signed endorsement
must be attached to this Lease.

(E)

ALTERNATIVE INSURABILITY
Notwithstanding the requirements of this Attachment, the Lessor reserves the right to
consider reasonable alternative methods of insuring the contract in lieu of the insurance
policies and/or bonds required. It will be the Lessee’s responsibility to recommend to the
Lessor alternative methods of insuring the Lease. Any alternatives proposed by the Lessee
should be accompanied by a detailed explanation regarding the Lessee’s inability to obtain
insurance coverage as described in this Lease. The Lessor shall be the sole and final judge
as to the adequacy of any substitute form of insurance coverage.
REMAINDER OF PAGE INTENTIONALLY LEFT BLANK
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SECTION .0400 – COASTAL ENERGY POLICIES
15A NCAC 07M .0401 DECLARATION OF GENERAL POLICY
(a) It is hereby declared that the general welfare and public interest require that reliable sources of energy be made available
to the citizens of North Carolina. It is further declared that the development of energy facilities and energy resources within
the state and in offshore waters can serve important regional and national interests. However, unwise development of energy
facilities or energy resources can conflict with the recognized and equally important public interest that rests in conserving
and protecting the valuable land and water resources of the state and nation, particularly coastal lands and waters. Therefore,
in order to balance the public benefits attached to necessary energy development against the need to protect valuable coastal
resources, the planning of future land uses, the exercise of regulatory authority, and determinations of consistency with the
North Carolina Coastal Management Program shall assure that the development of energy facilities and energy resources shall
avoid significant adverse impact upon vital coastal resources or uses, public trust areas and public access rights.
(b) Exploration for the development of offshore and Outer Continental Shelf (OCS) energy resources has the potential to
affect coastal resources. The Federal Coastal Zone Management Act of 1972, as amended, requires that federal oil and gas
leasing actions of the US Department of the Interior be consistent to the maximum extent practicable with the enforceable
policies of the federally approved North Carolina Coastal Management Program, and that exploration, development and
production activities associated with such leases comply with those enforceable policies. Enforceable policies applicable to
OCS activities include all the provisions and policies of this Rule, as well as any other applicable federally approved
components of the North Carolina Coastal Management Program. All permit applications, plans and assessments related to
exploration or development of OCS resources and other relevant energy facilities must contain sufficient information to allow
adequate analysis of the consistency of all proposed activities with these Rules and policies.
History Note:

Authority G.S. 113A-102(b); 113A-107; 113A-124;
Eff. March 1, 1979;
Amended Eff. November 3, 1997 pursuant to E.O. 121, James B. Hunt Jr., 1997;
Temporary Amendment Eff. July 8, 1999; December 22, 1998;
Amended Eff. August 1, 2000.

15A NCAC 07M .0402 DEFINITIONS
(a) "Impact Assessment" is an analysis which fully discusses the potential environmental, economic and social consequences,
including cumulative and secondary impacts, of a proposed project. At a minimum, the assessment shall include the
following and for each of the following shall discuss and assess any effects on any land or water use or natural resource of the
coastal area, including the effects within the coastal area caused by activities outside the coastal area:
(1)
a full discussion of the preferred sites for those elements of the project affecting any land or water use or
natural resource of the coastal area:
(A)
In all cases where the preferred site is located within an area of environmental concern (AEC) or
on a barrier island, the applicant shall identify alternative sites considered and present a full
discussion [in terms of Subparagraphs (a)(2) through (9) of this Rule] of the reasons why the
chosen location was deemed more suitable than another feasible alternate site;
(B)
If the preferred site is not located within an AEC or on a barrier island, the applicant shall present
reasonable evidence to support the proposed location over a feasible alternate site;
(C)
In those cases where an applicant chooses a site previously identified by the state as suitable for
such development and the site is outside an AEC or not on a barrier island, alternative site
considerations shall not be required as part of this assessment procedure;
(2)
a full discussion of the economic impacts, both positive and negative, of the proposed project. This
discussion shall focus on economic impacts to the public, not on matters that are purely internal to the
corporate operation of the applicant. No proprietary or confidential economic data shall be required. This
discussion shall include analysis of likely adverse impacts upon the ability of any governmental unit to
furnish necessary services or facilities as well as other secondary impacts of significance;
(3)
a full discussion of potential adverse impacts on coastal resources, including marine and estuarine
resources and wildlife resources, as defined in G.S. 113-129;
(4)
a full discussion of potential adverse impacts on existing industry and potential limitations on the
availability of natural resources, particularly water, for future industrial development;
(5)
a full discussion of potential significant adverse impacts on recreational uses and scenic, archaeological
and historic resources;
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(6)
(7)

a full discussion of potential risks of danger to human life or property;
a full discussion of the procedures and time needed to secure an energy facility in the event of severe
weather conditions, such as extreme wind, currents and waves due to northeasters and hurricanes;
(8)
other specific data necessary for the various state and federal agencies and commissions with jurisdiction to
evaluate the consistency of the proposed project with relevant standards and guidelines;
(9)
a specific demonstration that the proposed project is consistent with relevant local land use plans and with
guidelines governing land uses in AECs.
Any impact assessment for a proposal for oil or gas exploration activities shall include a full discussion of the items described
in Subparagraphs (a)(1) through (9) of this Rule for associated exploration activity, including all reasonably foreseeable
exploration wells and any delineation activities that are reasonably likely to follow a discovery of oil or gas.
(b) "Major energy facilities" are those energy facilities which because of their size, magnitude or scope of impacts, have the
potential to affect any land or water use or natural resource of the coastal area. For purposes of this definition, major energy
facilities shall include, but are not necessarily limited to, the following:
(1)
Any facility capable of refining oil;
(2)
Any terminals (and associated facilities) capable of handling, processing, or storing liquid propane gas,
liquid natural gas, or synthetic natural gas;
(3)
Any oil or gas storage facility that is capable of storing 15 million gallons or more on a single site;
(4)
Electric generating facilities 300 MGW or larger;
(5)
Thermal energy generation;
(6)
Major pipelines 12 inches or more in diameter that carry crude petroleum, natural gas, liquid natural gas,
liquid propane gas, or synthetic gas;
(7)
Structures, including drillships and floating platforms and structures relocated from other states or
countries, located in offshore waters for the purposes of exploration for, or development or production of,
oil or natural gas; and
(8)
Onshore support or staging facilities related to exploration for, or development or production of, oil or
natural gas.
(c) "Offshore waters" are those waters seaward of the state's three-mile offshore jurisdictional boundary in which
development activities may impact any land or water use or natural resource of the state's coastal area.
History Note:

Authority G.S. 113A-102(b); 113A-107; 113A-124;
Eff. March 1, 1979;
Amended Eff. October 1, 1988;
Amended Eff. November 3, 1997 pursuant to E.O. 121, James B. Hunt Jr., 1997.
Temporary Amendment Eff. July 8, 1999; December 22, 1998;
Amended Eff. August 1, 2000.

15A NCAC 07M .0403 POLICY STATEMENTS
(a) The placement and operations of major energy facilities in or affecting any land or water use or natural resource of the
North Carolina coastal area shall be done in a manner that allows for protection of the environment and local and regional
socio-economic goals as set forth in the local land-use plan(s) and State guidelines in 15A NCAC 7H and 7M. The placement
and operation of such facilities shall be consistent with state rules and statutory standards and shall comply with local land use
plans and with rules for land uses in AECs.
(b) Proposals, plans and permit applications for major energy facilities to be located in or affecting any land or water use or
natural resource of the North Carolina coastal area shall include a full disclosure of all costs and benefits associated with the
project. This disclosure shall be prepared at the earliest feasible stage in planning for the project and shall be in the form of
an impact assessment prepared by the applicant as defined in 15A NCAC 7M .0402. If appropriate environmental documents
are prepared and reviewed under the provisions of the National Environmental Policy Act (NEPA) or the North Carolina
Environmental Policy Act (NCEPA), this review will satisfy the definition of "impact assessment" if all issues listed in this
Rule are addressed and these documents are submitted in sufficient time to be used to review state permit applications for the
project or subsequent consistency determinations.
(c) Local governments shall not unreasonably restrict the development of necessary energy facilities; however, they may
develop siting measures that will minimize impacts to local resources and to identify potential sites suitable for energy
facilities.
(d) Energy facilities that do not require shorefront access shall be sited inland of the shoreline areas. In instances when
shoreline portions of the coastal zone area are necessary locations, shoreline siting shall be acceptable only if it can be
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demonstrated that coastal resources and public trust waters will be protected, the public's right to access and passage will not
be unreasonably restricted, and all reasonable mitigating measures have been taken to minimize impacts to AECs. Whether
restrictions or mitigating measures are reasonable shall be determined after consideration of, as appropriate, economics,
technical feasibility, areal extent of impacts, uniqueness of impacted area, and other relevant factors.
(e) The scenic and visual qualities of coastal areas shall be considered and protected as important public resources. Energy
development shall be sited and designed to provide maximum protection of views to and along the ocean, sounds and scenic
coastal areas, and to minimize the alteration of natural landforms.
(f) All energy facilities in or affecting any land or water use or natural resource of the coastal area shall be sited and operated
so as to comply with the following criteria:
(1)
Activities that could result in adverse impacts on resources of the coastal area, including marine and
estuarine resources and wildlife resources, as defined in G.S. 113-129, and adverse impacts on land or
water uses in the coastal area shall be avoided unless site specific information demonstrates that each such
activity will result in no adverse impacts on land or water uses or natural resources of the coastal area.
(2)
Necessary data and information required by the state for state permits and federal consistency reviews,
pursuant to 15 CFR part 930, shall completely assess the risks of oil spills, evaluate possible trajectories,
and enumerate response and mitigation measures employing the best available technology to be followed in
the event of a spill. The information must demonstrate that the potential for oil spills and ensuing damage
to coastal resources has been minimized and shall factor environmental conditions, currents, winds, and
inclement events such as northeasters and hurricanes, in trajectory scenarios. For facilities requiring an Oil
Spill Response Plan, this information shall be included in such a plan.
(3)
Dredging, spoil disposal and construction of related structures that are reasonably likely to affect any land
or water use or natural resource of the coastal area shall be minimized, and any unavoidable actions of this
sort shall minimize damage to the marine environment.
(4)
Damage to or interference with existing or traditional uses, such as fishing, navigation and access to public
trust areas, and areas with high biological or recreational value, such as those listed in Subparagraphs
(f)(10)(A) and (H) of this Rule, shall be avoided to the extent that such damage or interference is
reasonably likely to affect any land or water use or natural resource of the coastal area.
(5)
Placement of structures in geologically unstable areas, such as unstable sediments and active faults, shall
be avoided to the extent that damage to such structures resulting from geological phenomena is reasonably
likely to affect any land or water use or natural resource of the coastal area.
(6)
Procedures necessary to secure an energy facility in the event of severe weather conditions, such as
extreme wind, currents and waves due to northeasters and hurricanes, shall be initiated sufficiently in
advance of the commencement of severe weather to ensure that adverse impacts on any land or water use
or natural resource of the coastal area shall be avoided.
(7)
Adverse impacts on species identified as threatened or endangered on Federal or State lists shall be
avoided.
(8)
Major energy facilities are not appropriate uses in fragile or historic areas, and other areas containing
environmental or natural resources of more than local significance, as defined in G.S. 113A-113(b)(4),
such as parks, recreation areas, wildlife refuges, and historic sites.
(9)
No energy facilities shall be sited in areas where they pose a threat to the integrity of the facility and
surrounding areas, such as ocean front areas with high erosion rates, areas having a history of overwash or
inlet formation, and areas in the vicinity of existing inlets.
(10)
In the siting of energy facilities and related structures, the following areas shall be avoided:
(A)
areas of high biological significance, including offshore reefs, rock outcrops and hard bottom
areas, sea turtle nesting beaches, freshwater and saltwater wetlands, primary or secondary nursery
areas and essential fish habitat-habitat areas of particular concern as designated by the appropriate
fisheries management agency, submerged aquatic vegetation beds, shellfish beds, anadromous
fish spawning and nursery areas, and colonial bird nesting colonies;
(B)
Tracts of maritime forest in excess of 12 contiguous acres and areas identified as eligible for
registration or dedication by the North Carolina Natural Heritage Program;
(C)
crossings of streams, rivers, and lakes except for existing readily-accessible corridors;
(D)
anchorage areas and congested port areas;
(E)
artificial reefs, shipwrecks, and submerged archaeological resources;
(F)
dump sites;
(G)
primary dunes and frontal dunes;

319

(H)

established recreation areas, such as federal, state and local parks, and other areas used in a like
manner.
(11)
Construction of energy facilities shall occur only during periods of lowest biological vulnerability. Nesting
and spawning periods shall be avoided.
(12)
If facilities located in the coastal area are abandoned, habitat of equal value to or greater than that existing
prior to construction shall be restored as soon as practicable following abandonment. For abandoned
facilities outside the coastal area, habitat in the areas shall be restored to its preconstruction state and
functions as soon as practicable if the abandonment of the structure is reasonably likely to affect any land
or water use or natural resource of the coastal area.
(g) As used in this Section, an event that is "reasonable likely" to occur if credible evidence supports the conclusion that the
event will likely occur.
History Note:

Authority G.S. 113A-102(b); 113A-107; 113A-124;
Eff. March 1, 1979;
Amended Eff. April 1, 1992;
Amended Eff. November 3, 1997 pursuant to E.O. 121, James B. Hunt Jr., 1997;
Temporary Amendment Eff. July 8, 1999; December 22, 1998;
Amended Eff. August 1, 2000.
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CHAPTER 8: CARBON REDUCTION
Daniel K. Arneman, Greenhouse Gas Specialist,
University of North Carolina at Chapel Hill

INTRODUCTION
Wind energy is attractive as a renewable resource and for its ability to reduce dependence
on fossil fuels for electricity generation. Aside from the financial benefits of keeping
energy dollars within the state, there is considerable interest in reducing emission of the
greenhouse gasses that contribute to global warming. Grid-connected renewable energy
systems have the ability to reduce the need for generation by conventional fossil fuel
plants, and therefore represent an opportunity for carbon reduction.
The challenge in assessing the carbon mitigation potential of a wind installation is to
measure what did not occur – that is, to determine how much carbon dioxide would be
released by traditional power plants in the absence of a wind installation. There are a
variety of methods for estimating the avoided emissions from a grid-connected renewable
energy project, each with its own considerations1. The current feasibility study adopts a
simplified estimation approach with a focus on transparency in order to assess the relative
magnitude of potential carbon mitigation.

BACKGROUND
Carbon accounting is a comparatively new field, developed in response to the Kyoto
agreement to curb greenhouse gas emissions in the late 1990s. The de facto standard for
carbon accounting was developed by the World Resources Institute (WRI) in partnership
with the World Business Council for Sustainable Development (WBCSD) earlier this
decade. Their “Greenhouse Gas Protocol” is the most widely used international
accounting tool and has been adopted with minor modifications by the US Environmental
Protection Agency (EPA) and the International Standards Organization (ISO). Its
principles are used here to estimate the carbon impact of grid connected electricity.
In an active grid, electrical consumption must remain in balance with production or else
instability and voltage fluctuations can result. To maintain this balance amidst load
fluctuations that occur over seconds, hours, and days, electricity producers manage a fleet
of power plants and scale their output to match regional demand as closely as possible.
Addition of wind turbines or other renewable electricity capacity allows other plants to
scale back their generation, and if coal, oil, and gas fired plants reduce production, there
is a necessary decrease in fuel combustion and greenhouse gas emissions.

1

“Estimating Avoided Emissions Achieved Through Renewable Electricity” (Hanson, 2006)
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To estimate the effect of wind generation on regional electrical generation and carbon
emissions, a baseline scenario must be established2. The baseline is considered a
“business as usual” case, demonstrating the carbon emissions that would have occurred in
the absence of the proposed project. Next, project emissions are calculated, taking into
account any greenhouse gases associated with wind farm operation. The difference
between these two scenarios, carried out over the lifetime of the project, gives the total
carbon mitigation of installing wind capacity (Figure 8.1)

Figure 8.1. Quantifying GHG reductions relative to baseline scenario3

GEOGRAPHIC SCOPE
Electricity purchased from the grid is a blend of energy generated by coal, nuclear,
hydroelectric, gas, oil and renewable generators. As such, each kilowatt hour represents
a blend of the generating capacity of the surrounding region. This blend is markedly
different in different parts of the country, representing the varying regulatory systems,
natural resources, and fuel prices in each state and region. For example, states along the
Pacific coast generate about 60% of their energy with carbon-free hydroelectric, nuclear,
and renewable sources, with only 5% generated by coal or fuel oil. Contrast this with the
mid-west, which generates about 75% of its power with carbon intensive coal. Because
of these differences, a wind installation in the mid-west will displace more coal
combustion than the same installation in California, and thus the magnitude of carbon
reduction is greater for mid-western wind farms.

2

Guidelines for Quantifying GHG Reductions from Grid-Connected Electricity Projects, WRI/WBCSD.
Guidelines for Quantifying GHG Reductions from Grid-Connected Electricity Projects, World Resources
Institute/World Business council for Sustainable Development, P.11

3
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Figure 8.2. Electric Generation Fuel Mix by Region4

Accounting for the decrease in fossil fuel combustion requires a detailed knowledge of
the generation mix for a particular region. Federal and State environmental regulations
require that power generators over a certain size report their fuel consumption, electricity
production, and pollutant emissions on a regular basis, down to the level of individual
boilers or units. Furthermore, North Carolina operates under a regulated electrical
market, which gives electricity consumers a clear relationship with a single local power
producer. Emissions data are thus available to consumers and regulators at all levels,
aggregated by boiler, plant, company, state, region, and country through the US EPA’s
eGrid data source.
Despite the availability of plant and company specific emission factors, current best
practices in carbon accounting recommend that GHG offset calculations be performed
using emission factors based on the regional power pool. While the majority of
electricity reaching the consumer was generated by a designated utility company, once on
the grid, it is impossible to determine exactly where the energy originated. In addition,
individual utilities will buy and sell power on the market, and “wheel” this energy
between territories, further concealing the power’s origin and carbon intensity.
4

Edison Electric Institute, 2009.
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In the United States, utility grids are interconnected and managed on the national level by
the North American Electric Reliability Corporation (NERC). NERC subdivides the
national grid into 10 regions, placing North Carolina under the SERC Reliability Council
(SERC) (Figure 8.3). Greenhouse gas emission factors for each region are calculated by
summing total greenhouse gas emissions from all power plants in the region and dividing
by the total electricity production.
The US EPA’s eGrid framework further subdivides the NERC regions into smaller areas,
providing a more granular view of electric generation and carbon emissions intensity.
Because the current study focuses on waters off the coast of North Carolina, in the
service regions of Duke Energy, Progress Energy, and Dominion Power, this analysis
will utilize emission factors for the SERC Virginia/Carolina (SRVC) subregion as
defined by eGrid (Figure 8.4. US EPA eGrid sub-regions).

Figure 8.3. North American Electric Reliability Corporation Regions
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Figure 8.4. US EPA eGrid sub-regions
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Table 8.1. eGRID2007 Version 1.1 Year 2005 GHG Annual Output Emission Rates
Annual output emission rates
eGRID
subregion
acronym

eGRID subregion name

Annual non-baseload output emission rates

Carbon dioxide

Methane

Nitrous
oxide

Carbon dioxide

Methane

Nitrous
oxide

(CO2)

(CH4)

(N2O)

(CO2)

(CH4)

(N2O)

(kg/MWh)

(kg/GWh)

(kg/GWh)

(kg/MWh)

(kg/GWh)

(kg/GWh)

AKGD

ASCC Alaska Grid

558.99

11.61

2.95

668.34

16.52

3.74

AKMS

ASCC Miscellaneous

226.28

9.41

1.85

660.94

27.43

5.38

AZNM

WECC Southwest

594.69

7.92

8.14

544.97

9.43

3.86

CAMX

WECC California

328.46

13.72

3.67

491.25

17.80

2.52

ERCT

ERCOT All

600.72

8.46

6.85

507.51

9.14

2.58

FRCC

FRCC All

598.10

20.83

7.68

614.04

21.85

5.87

HIMS

HICC Miscellaneous

687.16

142.74

21.26

759.39

153.52

23.32

HIOA

HICC Oahu

821.91

49.66

10.71

841.47

54.48

9.43

MROE

MRO East

832.22

12.51

13.77

829.46

13.07

11.43

MROW

MRO West

826.38

12.70

13.93

979.22

20.67

15.98

NEWE

NPCC New England

420.79

39.23

7.72

596.27

35.14

7.27

NWPP

WECC Northwest

409.25

8.68

6.76

604.94

22.35

8.50

NYCW

NPCC
NYC/Westchester

369.89

16.34

2.48

691.76

25.76

4.12

NYLI

NPCC Long Island

697.09

52.35

8.21

684.86

27.36

4.89

NYUP

NPCC Upstate NY

326.95

11.26

5.08

686.80

20.55

8.35

RFCE

RFC East

516.68

13.73

8.49

812.17

18.87

11.05

RFCM

RFC Michigan

709.10

15.39

12.32

754.40

13.34

11.90

RFCW

RFC West

697.55

8.27

11.66

903.96

11.11

14.39

RMPA

WECC Rockies

854.16

10.38

13.04

733.79

10.17

9.14

SPNO

SPP North

889.48

10.80

14.56

984.19

14.14

14.51

SPSO

SPP South

752.13

11.33

10.26

625.53

11.07

5.46

SRMV

SERC Mississippi
Valley

462.55

11.03

5.31

570.22

13.38

4.45

SRMW

SERC Midwest

830.31

9.59

13.83

953.08

11.64

14.93

SRSO

SERC South

675.65

11.92

11.55

769.85

15.97

11.98

SRTV

SERC Tennessee
Valley

685.13

9.09

11.63

906.45

12.81

14.91

SRVC

SERC
Virginia/Carolina

514.78

10.78

8.98

807.98

18.18

12.46
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TEMPORAL SCALE
Power generation and GHG emissions are highly variable over time. This variation
includes the moment-to-moment changes in load - daily, weekly, and seasonal cycles and long-term growth and build-out. Figure 8.5 shows a typical load profile for a single
day, with the minute-scale variations superimposed on a smoother hourly curve.
Methods for estimating the value of a grid-connected renewable energy project vary in
their complexity and sensitivity to these temporal changes.

Figure 8.5. Aggregate load data for a typical utility5

Individual power plants can be organized into fleets, and managed together so that they
scale their output to meet demand. The moment to moment mix of generation capacity is
known as the “operating margin” and this instantaneous mix of generating capacity
affects the carbon impact of renewable energy, just as regional fuel mixes do. Wind
power is highly variable over the course of a day, and so it is important to understand the
types of fuel being used during a wind installation’s most productive hours.
Below (Figure 8.6) is a simplified example of a power fleet’s operating margin. Under
the lowest load conditions (12 AM), this hypothetical utility runs only its coal-fired
plants, presumably because these are the least expensive to operate and maintain. As
load increases throughout the afternoon, natural gas-based generators are added,
representing the next best value. Finally, at the highest peak demand in this example, oil
capacity is added, and the higher cost of generation at these times is reflected in a higher
electrical rate during peak load.
5

Parsons et al. “Grid Impacts of Wind Power: A Summary of Recent Studies in the United States,” 2003
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Figure 8.6. Simplified example of operating margin6

If a wind installation were added to this hypothetical grid, it may generate a greater
proportion of its energy at night and impact coal-fired generation during those hours.
Thus, the carbon reduction potential would be greater than if the turbines operated during
the day when the marginal production was provided by natural gas.
In North Carolina, a significant portion of the electricity is generated by carbon-free
nuclear power, and these plants are often “base-loaded” and operated consistently
throughout the day. The operating margin in this region, then, is made largely of coal
generation, with peaking plants that burn natural gas. In North Carolina, renewable
electricity generation will likely decrease the combustion of fossil fuels, with little impact
on nuclear generation.
If detailed plant dispatch data are available, complex computer models can be used to
attain further levels of precision, but this is rarely feasible outside of the power
6

Guidelines for Quantifying GHG Reductions from Grid-Connected Electricity Projects, World Resources
Institute/World Business council for Sustainable Development, P.14
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generation sector. Hourly plant operation records are not often available to the general
public, and the data contained in eGrid represents the most transparent emission rate
calculations. Since eGrid only supplies an average annual emission rate, detailed operating
margin analysis is outside the scope of the current study.

Beyond the short term effects of load balancing on the regional grid, energy installations
have the ability to offset future power plant construction, or the so-called “build margin.”
Typically, variable or soft power sources like wind have little effect on the need for
increased firm capacity offered by nuclear, coal, or biomass. To make an impact on the
build margin, wind capacity would need to be geographically distributed with some
assurance that a proportion of the capacity would be reliable at all times. Because this
study covers only offshore sites in a relatively limited geographic region, it is assumed
that any future plans for turbine installation will not directly affect the build margin.
This does not mean that grid composition will remain static. Legislative and regulatory
programs like the Renewable Energy Portfolio Standard require utilities to add renewable
and low-carbon energy sources to the grid as they phase out coal and oil plants, lowering
the bar on overall emissions intensity. Therefore, the relative amount of carbon savings
from a wind energy project will vary based not only on the turbine’s output, but also on
changes to the grid’s overall fuel mix. This change must be reflected in the baseline
scenario, discounting the project’s carbon savings over time.

INTEGRATION
A key component of estimating the carbon impact of renewable energy projects involves
an investigation of the secondary and tertiary effects on carbon producing infrastructure.
Wind’s primary effect is to offset power generation by fossil fuel plants, but there are
other impacts that are less obvious. One key area under investigation is the carbon
impact of integrating wind energy into the grid.
As noted previously, the grid must be carefully balanced to maintain a consistent link
between production and consumption. The variable nature of wind energy necessitates
special attention to programs and technologies that can match and offset this variation,
scaling up rapidly if wind output decreases. Many firm power sources, such as coal and
nuclear energy, scale relatively slowly, and their production is planned in advance based
on forecasts of energy use for the following days. It is difficult to forecast the momentto-moment changes in wind energy output for an individual turbine, and so fossil-fueled
infrastructure is often added to compensate for any variation.
According to the National Renewable Energy Labs (NREL), “Electric power is unique in
that aggregate production and consumption must be balanced essentially instantaneously
and continuously; there is little practical storage. Fluctuations in the power being
consumed by loads and uncontrolled generators must be matched by fluctuations of
controlled generators.7” In other words, additional generation capacity, most often fossil
fuel based, must be built and/or operated to manage varying production from wind
7

Parsons et al. “Grid Impacts of Wind Power: A Summary of Recent Studies in the United States,” 2003
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power. These fossil fuel emissions are secondary effects of installed wind capacity, and
contribute to wind power’s carbon footprint.
“Fortunately,” NREL states, “it is not necessary to compensate for each individual’s
fluctuations individually. Only the aggregate control area load and generation need to be
balanced.8” This is precisely the realm of the North American Electric Reliability
Council and its sub regions. NERC’s special report, “Accommodating High Levels of
Variable Generation,” published in April 2009, details the challenges of addressing
electrical reliability with the addition of large-scale solar and wind installations. They
describe a number of technologies, both at the turbine level and throughout the grid, that
can be used to match production to demand. Each of these solutions would affect the
wind farm’s carbon impact in different ways, and analysis of each scenario would require
special consideration when designing a wind installation. Further assessment of the
carbon impacts of grid integration are beyond the scope of the current study.

WIND FARM SCENARIO IMPACTS
The current study is intended as a preliminary assessment of coastal wind energy. As
such, we do not currently have sufficient information to create an advanced model of how
the installation may affect hourly generation capacity of the grid infrastructure. For this
reason, we recommend the use of average annual emission factor for the SRVC power
pool sub-region. This number will provide conservative estimates of the project’s carbon
reduction potential and can be further revised and expanded as the project scope is
refined. In addition, we will also assess each scenario using a “Non-Baseload” emission
factor, attempting to account for wind power’s effect on the operating margin over the
course of a year.

BASELINE EMISSIONS
The most recent eGrid emission factors represent grid emissions for the 2005 calendar
year. In that year, the SRVC sub region emitted an average 0.52 metric tons of CO2
equivalent (MTCDE) per megawatt hour (MWh). The marginal emission rate was 0.81
MTCDE/MWh, substantially higher due to a higher proportion of fossil fuel combustion
to match varying loads. These numbers are projected to remain relatively steady until
new generation capacity is added, or federal legislation forces utilities to curb carbon
emissions through a carbon tax or cap and trade system.
For this study, we have modeled steadily decreasing emission intensity due to national
legislation beginning with a 1% decrease in 2015. This reduction continues over the
lifetime 20 years, ending in 2030 with a 30% reduction in carbon emissions. Figure 8.7
shows the range of emissions intensities possible over the life of the project. The grid
average represents the lower bound of possible carbon reduction, encompassing both
fossil fuel and nuclear generation, while the operating margin defines the upper bound
scenario if all of the offset energy came from reductions in fossil fuel combustion.
8

Ibid.
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PROJECT SCENA
ARIOS
Two project scen
narios are prooposed – a sm
maller inshoore installatioon in the Souunds, and a
large offshore insstallation.
Table 8.2. Assumptions for Inshore and Offsh
hore Project Scenarios

Assumptionns by Project Scenario
Sccenario
Assuumption
Instaalled Capacity
y
-Turb
rbine Size
-Num
mber of Turbiines
Leasse Blocks
Capaacity Factor
Annuual Generatio
on

Unit
MW
MW

Projeect Life

Years

MMS
%
MWh

Inshore
108
3.6
30
0.6
35%
331,128

Offshore
16620
3
3.6
4
450
9
400%
5,676,4480
20

The smaller
s
insho
ore installatiion will expeerience loweer wind veloccities on aveerage and has
a cappacity factor of 35%. Ovver the coursse of a year, it would gennerate approxximately
330,0000 MWh off electricity and
a offset beetween 170,0000 and 2700,000 metric tons of CO2
equivvalent. This amount steaadily decreasses over timee as federal regulation
r
leeads to
reducced carbon in
ntensity of thhe grid. Oveer the lifetim
me of the prooject, this sm
mall wind
installlation will prevent
p
the release
r
of over 3,000,0000 metric tonss of CO2 equuivalent, akinn
to takking 550,000
0 vehicles offf the road orr offsetting the
t combustiion of almosst 16,000 raill
9
cars of
o coal .
9

http://www.epa.go
ov/cleanenergyy/energy-resourrces/refs.html
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The larger,
l
offsho
ore installatiion generates approximaately 5.7 milllion MWh per
p year, and
can offset
o
betweeen 3 and 5 million
m
MTCD
DE per year at its incepttion. This suums to
greater than 50,00
00,000 MTC
CDE over the project’s liifetime, the equivalent of
o displacingg
10
9 milllion cars or the yearly em
missions froom 11 coal fiired power plants
p
.

10

Ibidd.

336

90

4,5
500,000

80

60

Annual MTCDE

3,5
500,000

Cumulative
70
Carbon
Reduction

Annual
A
Carbon
Range
Mitigation R

3,0
000,000
50

2,5
500,000
40

2,0
000,000
30

1,5
500,000

20

1,0
000,000

10

5
500,000
0
2010

0
2012

2014
4

2016

20
018

2020

2022

2024
4

2026

20
028

2030

Figure 8.9. Carbon
n Savings from
m the Offshoree Wind Scenarrio
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mpacts of griid
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CHAPTER 9: PRELIMINARY ECONOMIC
EVALUATION
Elliot R. (Nick) Travis, Principal and Managing Director, Project Development and
Investment Services, Energy Strategies, LLC, Salt Lake City, Utah
Donald Hendrickson, Senior Consultant, Energy Strategies, LLC, Salt Lake City, Utah

INTRODUCTION
The purpose of this chapter is to provide a preliminary economic evaluation of the
opportunity to install wind turbines in the sounds and off the coast of North Carolina.
“Levelized cost of generation” (LCOG) is used as the measure of economic performance.
As used herein, LCOG is that constant price per MWh of generation in nominal dollars
that results in the recovery of all project costs including the after tax cost of equity. The
levelized cost methodology is widely used to facilitate comparison among alternative
electricity technologies and projects. The pricing/delivery point is assumed to be the
busbar, i.e. it excludes transmission and distribution costs beyond the point of
interconnection.

CONSTRUCTION AND OPERATIONS ANALYSIS
A preliminary economic screening analysis has been performed on two sample project
scenarios, one inshore and the other offshore, located in the sounds and ocean
respectively. The installed capacity and capacity factor selected for each scenario are
consistent with the initial screening of potential sites in the sounds and ocean, but no
effort has been made to assign a specific location to either scenario. The inshore scenario
involves 30, 3.6 MW turbines with 108 MW of installed capacity; the offshore scenario is
larger with 450, 3.6 MW turbines and 1,620 MW installed capacity within 9 federal
Mineral Management Service (MMS) lease blocks. It is assumed the inshore project is
developed, owned and operated as a merchant plant while the offshore project is owned
and operated by an investor owned utility (IOU).
Key economic drivers are: capacity factor, capital cost, operation and maintenance
expense, financing structure, and tax treatment. Transmission costs, including integration
services, are also a key economic consideration but are outside the scope of this
economic evaluation. As illustrated in Table 9.1, the offshore scenario involves higher
capital and operating costs than the hypothetical inshore project, but offers an increased
capacity factor and scale.
The LCOG is estimated using the “Cost of Generation Calculator” model adopted by the
California Energy Commission to compare electric generation technologies and projects
under its Renewable Energy Transmission Initiative (RETI). The model is used because
it is in the public domain and has been widely used for economic screening purposes. It
has been modified to incorporate decommissioning expense. The results of the model
were tested using a more rigorous proprietary model and found to be reasonable. The
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higher capacity factor and relatively attractive financial structure available to an IOU in
the offshore scenario more than offset the higher initial and ongoing costs. The
respective estimated LCOGs are:
-

Inshore scenario:
Offshore scenario:

$106 per MWh
$101 per MWh.

Table 9.1. Key economic assumptions.
Table 9.1
Assumption
Installed Capacity
- Turbine Size
- Number of Turbines
Capacity Factor
Capital Cost

Key Economic Assumptions by Project Scenario
Scenario
Inshore
Offshore
Unit
MW
108
1620
MW
3.6
3.6
30
450
%

35%

40%

$/kW

$2,800

$3,360

$75.00
$4.50

$86.25
$5.18

Date

1-Jan-10

1-Jan-10

% of Capital

3%

3%

Years

20

20

Operation & Maintenance
$/kW/year
- Fixed
$/MWh
- Variable
Commercial Operation
Decommissioning
Economic life

Capacity factors are assumed to represent a “net capacity factor”. In other words, they
reflect the energy delivered to the interconnection point after taking into account such
considerations as turbine availability, wake effect, and high wind hysteresis. The
assumed capacity factors, i.e. 35% and 40% for the inshore and offshore scenarios
respectively, are consistent with the study’s estimates of wind power potential for the
remaining viable areas in Pamlico Sound and the ocean waters off the North Carolina
coast. Recognizing the variability in the wind resource, sensitivity of LCOG to capacity
factor has been tested over a -5% (low) +5% (high) uncertainty range as reflected in
Figure 9.1 below. The resulting LCOGs vary by roughly -$15 to +$20 per MWh.
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$/MWH

LCOG vs. Capacity Factor
$140
$130
$120
$110
$100
$90
$80
$70
$60

Inshore
LCOG
Off
Shore
LCOG

30% 32% 34% 36% 38% 40% 42% 44% 46% 48% 50%

Figure 9.1. Sensitivity of levelized cost of generation to capacity factor.

No similar wind projects have been installed in North America and engineering-based
cost estimates have not been prepared as part of this study. Accordingly, the assumptions
in Table 9.1 with respect to capital cost, operation and maintenance expense,
decommissioning expense and economic life are based on a review of publicly available
information regarding existing European projects, proposed U.S. projects, and offshore
wind potential in the Unites States1.
Capital cost, operation and maintenance expense and decommissioning expense are each
briefly discussed below:
•
1

Capital cost. Capital cost encompasses all engineering and development costs,
turbines, foundations, and all other facilities to collect energy and interconnect to

The following studies of U.S. wind potential have been reviewed:
•
•
•
•
•
•
•

California Energy Commission Staff Workshop Present and Future Central Station Renewable
Plant Costs, Input for Levelized Cost of Generation Model, KEMA, Inc. April 16, 2009
“Harnessing Wisconsin’s Energy Resources: An Initial Investigation into Great Lakes Wind
Development, Draft Distribution for Public Comment”, PSCW Docket 5-EI-144, October 2008
“20% Wind Energy by 2030, Increasing Wind Energy's Contribution to U.S. Electricity Supply”,
U.S. Department of Energy, July 2008
“Analysis of Renewable Energy Potential in South Carolina, Final Report”. Prepared for Central
Electric Power Cooperative, Inc. by GDS Associates, Inc. and LaCapra Associates, Inc.,
September 12, 2007
“Southern Winds, Summary Project Report 2007, A Study of Wind Power Generation Potential
Off the Georgia Coast”, The Georgia Institute of Technology and Southern Company, June 2007
“Analysis of a Renewable Portfolio Standard for the State of North Carolina, Technical Report”
prepared for the North Carolina Public Utilities Commission, December 2006
“A Framework for Offshore Wind Energy Development in the United States”, Offshore Wind
Collaborative Organizing Group, September 2005.
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the grid transmission system. It does not include the cost of required upgrades to
the grid transmission system which may also involve facilities for integration
services. The capital cost reflects a premium to land-based wind generation
facilities which are estimated to cost about $2,000 per kW (2009 dollars). The
magnitude of the premium will, in part, be a function of water depth, bottom type,
and distance from shore. It is assumed that the inshore project capital cost carries
a 40 percent premium to land-based projects. The capital cost for the offshore
project scenario reflects a 20 percent premium to the inshore scenario as a result
primarily of increased water depth and distance from shore. Sensitivity of LCOG
to capital cost has been tested over a -25% (low) to +35% (high) uncertainty range
as reflected in Figure 9.2 below. The resulting LCOGs vary by about -$25 to
+$35 per MWh.

$150
$140
$130
$120
$110
$100
$90
$80
$70
$60

Inshore
LCOG

35%

30%

25%

20%

15%

10%

5%

0%

-5%

-10%

-15%

-20%

Off Shore
LCOG

-25%

$/MWH

LCOG vs. Capital Costs

Figure 9.2. Sensitivity of levelized cost of generation to capital costs.

•

Operation and maintenance expense. Operation and maintenance expense
includes scheduled and unscheduled maintenance as well as property taxes, rents
and royalties, and insurance. It is typically expressed as having fixed and variable
components. The former is expressed as a function of installed capacity, i.e. $ per
installed kW per year. The latter is expressed as a function of energy produced,
e.g. $/MWh. The operation and maintenance costs reflect a premium to landbased wind generation facilities which are assumed to cost $50 per kW and $3 per
MWh (2009 dollars). The magnitude of the premium will, in part, be a function
of water depth, bottom type, and distance from shore. It is assumed that the
inshore project carries a 50 percent premium to land-based projects. The operation
and maintenance expense for the offshore project scenario reflects a 15 percent
premium to the inshore scenario as a result primarily of increased water depth and
distance from shore. Sensitivity of LCOG to operation and maintenance expense
has been tested over the same uncertainty range as capital cost, i.e. -25% (low) to
+35% (high) as reflected in Figure 9.3 below. The resulting LCOGs vary by
about -$8 to +$11 per MWh.

342

LCOG vs. O&M Costs
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Figure 9.3. Sensitivity of levelized cost of generation to operations and maintenance costs.

•

Decommissioning. Decommissioning requires equipment similar to that
employed during installation. A decommissioning expense equal to three percent
of installed cost is assumed. This amount is at the lower range of what has been
estimated by the National Renewable Energy Laboratory (NREL). LCOG is not
highly sensitive to decommissioning expense within the range defined by NREL.

FINANCIAL STRUCTURE
The financing structure and tax treatment contemplate ownership by a taxable entity.
Related assumptions are reflected in Table 9.2. In the case of the inshore scenario, the
wind farm is assumed to be a merchant facility that is developed, owned and operated by
a non-utility generator. The weighted average cost of capital after tax (WACC) for the
merchant plant is 9.9%. In the offshore scenario, ownership resides with an investor
owned utility (IOU) with a WACC of 8.5%. The higher debt ratio of the merchant
facility is more than offset by the lower cost of debt and equity for the IOU in
determining WACC. The LCOG of the inshore scenario would decrease by about $11.00
per MWh to $95 per MWh if it were subject to the IOU capital structure. The LCOG for
the offshore scenario would increase by about $11.00 per MWh as a merchant project. In
other words, the inshore project scenario offers a lower LCOG by about $6 per MWh if
capital structures are assumed to be the same.
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Table 9.2. Financial Structure and Tax Treatment
Financing Structure and
Tax Treatment
Inshore

Offshore

Merchant
Taxable

IOU
Taxable

%
years
%

60%
15
40%

50%
20
50%

%
%

6.5%
15%

6.0%
11%

Income Tax Rate

%

40%

40%

WACC

%

9.9%

8.5%

MACRS, years
2009$/MWh
years
%

5
$21
10
0%

5
$21
10
0%

%/year
%/year

0%
1.5%

0%
1.5%

Table 9.2
Assumption
Ownership
Type
Tax Status
Capital Structure
Debt
Term
Equity
Cost of Capital
Debt
Equity (after-tax)

Tax Treatment
Depreciation term
Production Tax Credits
Term
Investment Tax Credit
Escalation
- Cost of Generation
- Other

Unit

Favorable tax treatment is assumed to be available to the project owners in the form of
accelerated depreciation and production tax credits (PTCs). The elimination of favorable
tax treatment would have a significant effect on LCOG. In the absence of PTCs, LCOG
would increase about $30 per MWh. The reversion to a longer depreciation (e.g. 15 year
MACRS) schedule would increase LCOG by $20 per MWh (offshore scenario) to $30
per MWh (inshore scenario). The complete elimination of favorable tax treatment would
increase LCOG by about $50 per MWh.
A snapshot of the first 10 years of the forecasts from the Cost of Generation Calculator
model is provided for the inshore and offshore scenarios in Tables 9.3 and 9.4. In
addition, several 3rd party comparisons of LCOGs for alternative renewable energy
technologies are provided in Appendix A as context.
The recommended next step is to perform a more rigorous economic analysis of specific
candidate sites and facilities applying engineering based cost estimates and including
transmission costs.
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345

(120,960,000)

0.2
0.1429
0.05
0.0375

2

0.32
0.2449
0.095
0.07219

0.192
0.1749
0.0855
0.06677

30,708,911

($24,702,523)

($40,003,630)
46,156,027

$58,060,800
($43,544,266)
$7,284,816

$10,786,503
$8,510,146
$19,296,649

$8,344,823
$1,535,114
$0
$0
$9,879,936

331,128
$106.25
$35,182,973

3

0.1152
0.1249
0.077
0.06177

21,108,999

($15,250,810)

$34,836,480
($19,914,986)
$7,284,816

$10,233,344
$9,063,305
$19,296,649

$8,469,995
$1,558,140
$0
$0
$10,028,135

331,128
$106.25
$35,182,973

4

0.1152
0.0893
0.0693
0.05713

20,783,100

($15,075,333)

$34,836,480
($19,476,293)
$7,284,816

$9,644,229
$9,652,420
$19,296,649

$8,597,045
$1,581,512
$0
$0
$10,178,557

331,128
$106.25
$35,182,973

5

9.9%

Discount Rate

$96,768,000
($82,624,856)
$6,953,688

$11,305,902
$7,990,747
$19,296,649

$8,221,500
$1,512,427
$0
$0
$9,733,927

331,128
$106.25
$35,182,973

60%
6.5%
15
20
5
100%
0.0%
40%
15%

Financial/Economic Assumptions
Debt Percentage
Debt Rate
Debt Term (years)
Economic Life (years)
Depreciation Term (years)
Percent Depreciated
Cost of Generation Escalation
Tax Rate
Cost of Equity

6

0.0576
0.0892
0.0623
0.05285

13,804,362

($8,249,274)

$17,418,240
($1,583,324)
$7,615,944

$9,016,822
$10,279,827
$19,296,649

$8,726,000
$1,605,235
$0
$0
$10,331,235

331,128
$106.25
$35,182,973

0
0.0893
0.059
0.04888

6,476,810

($1,076,690)

$0
$16,348,136
$7,615,944

$8,348,633
$10,948,016
$19,296,649

$8,856,890
$1,629,314
$0
$0
$10,486,204

331,128
$106.25
$35,182,973

7

8

0
0.0446
0.059
0.04522

6,097,785

($854,958)

$0
$16,902,464
$7,615,944

$7,637,012
$11,659,637
$19,296,649

$8,989,744
$1,653,753
$0
$0
$10,643,497

331,128
$106.25
$35,182,973

Levelized Cost of Generation

Outputs
NPV for Equity Return

Incentives
PTC ($/MWh)
PTC Escalation
PTC Term (years)
ITC

North Carolina Wind - Inshore Project Scenario

0
0
0.0591
0.04462

6,029,971

($946,797)

$0
$17,500,688
$7,947,072

$6,879,135
$12,417,514
$19,296,649

$9,124,590
$1,678,560
$0
$0
$10,803,150

331,128
$106.25
$35,182,973

9

$106.25

$0

$21
1.5%
10
0%

10

0
0
0.059
0.04461

5,609,888

($688,760)

$0
$18,145,779
$7,947,072

$6,071,997
$13,224,652
$19,296,649

$9,261,459
$1,703,738
$0
$0
$10,965,197

331,128
$106.25
$35,182,973

The “Cost of Generation Calculator” model adopted by the California Energy Commission to compare electric generation technologies and projects under its Renewable Energy Transmission Initiative
(RETI). (Decommissioning expense functionality added.)

MACRS Depreciation Schedules
5
7
15
20

31,922,217

$60,480,000
($46,680,703)
$6,953,688
$0
($25,625,969)

Tax Depreciation
Taxable Income
PTC
ITC
Taxes

Total

$11,793,600
$7,503,049
$19,296,649

$8,100,000
$1,490,076
$0
$0
$9,590,076

331,128
$106.25
$35,182,973

1

108
$2,800
$75
1.5%
$4.50
1.5%
$0
1.5%
0
3%
1.5%
35%

Interest Payment
Principal Payment
Debt Service

Fixed O&M
Variable O&M
Fuel Cost
Decommissioning
Operating Expenses

Annual Generation (MWh)
Cost of Generation
Operating Revenues

Year

Technology Assumptions
Project Capacity (MW)
Capital Cost ($/kW)
Fixed O&M ($/kW)
Fixed O&M Escalation
Variable O&M ($/MWh)
Variable O&M Escalation
Fuel Cost ($/MBtu)
Fuel Cost Escalation
Heat Rate (Btu/kWh)
Decommissioning, % of Capital
Decommissioning Escalation
Capacity Factor

All inputs are in blue.

Cost of Generation Calculator

Table 9.3. Cost of Generation Calculator Model for Inshore Scenario (First 10 of 20 years)

346
$158,856,871
$78,424,620
$237,281,490

$141,820,875
$29,816,421
$0
$0
$171,637,296

0.2
0.1429
0.05
0.0375

624,122,255

0.32
0.2449
0.095
0.07219

882,098,296

0.192
0.1749
0.0855
0.06677

0.1152
0.1249
0.077
0.06177

434,877,876

($277,511,507)

($445,676,463)
605,656,009

$627,056,640
($381,572,368)
$124,882,560

$149,163,588
$88,117,903
$237,281,490

$146,107,411
$30,717,622
$0
$0
$176,825,033

5,676,480
$100.67
$571,472,892

$1,045,094,400
($801,984,756)
$124,882,560

$154,151,393
$83,130,097
$237,281,490

$143,948,188
$30,263,667
$0
$0
$174,211,855

5,676,480
$100.67
$571,472,892

4

0.1152
0.0893
0.0693
0.05713

431,171,621

($276,457,628)

$627,056,640
($378,937,670)
$124,882,560

$143,876,513
$93,404,977
$237,281,490

$148,299,022
$31,178,386
$0
$0
$179,477,409

5,676,480
$100.67
$571,472,892

5

8.5%

Discount Rate

3

50%
6.0%
20
20
5
100%
0.0%
40%
11%

Financial/Economic Assumptions
Debt Percentage
Debt Rate
Debt Term (years)
Economic Life (years)
Depreciation Term (years)
Percent Depreciated
Cost of Generation Escalation
Tax Rate
Cost of Equity

6

0.0576
0.0892
0.0623
0.05285

307,579,757

($155,557,925)

$313,528,320
($62,497,212)
$130,559,040

$138,272,215
$99,009,275
$237,281,490

$150,523,507
$31,646,062
$0
$0
$182,169,570

5,676,480
$100.67
$571,472,892

0
0.0893
0.059
0.04888

178,152,680

($28,863,392)

$0
$254,239,121
$130,559,040

$132,331,658
$104,949,832
$237,281,490

$152,781,360
$32,120,753
$0
$0
$184,902,113

5,676,480
$100.67
$571,472,892

7

8

0
0.0446
0.059
0.04522

173,969,765

($27,454,008)

$0
$257,762,579
$130,559,040

$126,034,668
$111,246,822
$237,281,490

$155,073,080
$32,602,564
$0
$0
$187,675,645

5,676,480
$100.67
$571,472,892

Levelized Cost of Generation

Outputs
NPV for Equity Return

Incentives
PTC ($/MWh)
PTC Escalation
PTC Term (years)
ITC

North Carolina Wind - Offshore Project Scenario

0
0
0.0591
0.04462

175,287,241

($31,586,619)

$0
$261,622,254
$136,235,520

$119,359,859
$117,921,631
$237,281,490

$157,399,177
$33,091,603
$0
$0
$190,490,780

5,676,480
$100.67
$571,472,892

9

$100.67

$0

$21
1.5%
10
0%

10

0
0
0.059
0.04461

170,742,705

($29,899,444)

$0
$265,840,190
$136,235,520

$112,284,561
$124,996,929
$237,281,490

$159,760,164
$33,587,977
$0
$0
$193,348,141

5,676,480
$100.67
$571,472,892

The “Cost of Generation Calculator” model adopted by the California Energy Commission to compare electric generation technologies and projects under its Renewable Energy Transmission Initiative
(RETI). (Decommissioning expense functionality added.)

MACRS Depreciation Schedules
5
7
15
20

Total

(2,721,600,000)

$163,296,000
$73,985,490
$237,281,490

Interest Payment
Principal Payment
Debt Service

2
5,676,480
$100.67
$571,472,892

$1,088,640,000 $1,741,824,000
($849,563,892) ($1,500,845,274)
$119,206,080
$119,206,080
$0
($459,031,637) ($719,544,190)

$139,725,000
$29,375,784
$0
$0
$169,100,784

Fixed O&M
Variable O&M
Fuel Cost
Decommissioning
Operating Expenses

Tax Depreciation
Taxable Income
PTC
ITC
Taxes

5,676,480
$100.67
$571,472,892

1

1620
$3,360
$86
1.5%
$5.18
1.5%
$0
1.5%
0
3%
1.5%
40%

Annual Generation (MWh)
Cost of Generation
Operating Revenues

Year

Technology Assumptions
Project Capacity (MW)
Capital Cost ($/kW)
Fixed O&M ($/kW)
Fixed O&M Escalation
Variable O&M ($/MWh)
Variable O&M Escalation
Fuel Cost ($/MBtu)
Fuel Cost Escalation
Heat Rate (Btu/kWh)
Decommissioning, % of Capital
Decommissioning Escalation
Capacity Factor

All inputs are in blue.

Cost of Generation Calculator

Table 9.4. Cost of Generation Calculator Model for Offshore Scenario (First 10 of 20 years)
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Figure 9A.2. Source: “Analysis of Renewable Energy Potential in South Carolina, Renewable Resource Potential –
Final Report”, Prepared for: Central Electric Power Cooperative Inc, September 12, 2007, by GDS Associates, Inc.
and LaCapra Associates, Inc.. The relatively high cost attributed to offshore wind results largely from a lower
capacity factor (30 to 35%) and a financial structure that does not fully capture tax incentives that are currently
available.
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Chapter 10: SYNTHESIS AND
RECOMMENDATIONS FOR FUTURE WORK
INTRODUCTION
The previous chapters describe studies of specific issues that impact the feasibility of
developing utility-scale wind energy production in coastal North Carolina. Each chapter
examines the issue in enough detail to identify constraints to moving forward. In most
cases the constraints vary depending on location, and a spatial mapping has been used to
portray the spatial distribution and degree of the impediments.
Given the short time frame available to complete this initial study, an emphasis has been
placed on identifying where severe constraints are likely to preclude any development of
wind energy facilities. By removing these areas from consideration, future attention and
resources can be focused on detailed investigation of the remaining viable areas. This
approach allows limited resources to be used in the most efficient manner. In this chapter
the methodology employed to identify infeasible and likely feasible areas is described, as
are the results of this synthesis, and recommendations are provided for appropriate next
steps.

METHODOLOGY
Data Integration
Each group recommended, collected, and created data describing the opportunities for,
and constraints to, coastal and offshore wind development in North Carolina. These data
took the form of written descriptions, spreadsheets, paper maps, digital maps, PowerPoint
files, and recommended existing Geographic Information System (GIS) datasets.
Integrating such a diverse set of data into map-ready data layers required the use of a
GIS. ESRI ArcMap 9.2 was used as the software platform to georeference, convert,
map, analyze and synthesize these disparate data.
It is important to note that the spatial coverage for the constraints is not entirely
consistent. At the outset of the study it was agreed that the study would consider inshore
waters and offshore waters less than 30m in depth. This study limitation was based on
largely on early information that, in general, available technology and cost
considerations limit anchoring of wind turbines to waters less than 30m in depth.
However, near the end of the study period more new information was acquired that, in
Europe, turbines are currently being installed at depths of 35-38m and that evolving
technology may allow economically feasible installation at depths of 50 or more meters
in depth. In response to this new information, some study components were adjusted
accordingly. However, time constraints did not permit an evaluation of possible
adverse ecological impacts that may exist if turbines are placed in water depths greater
than 50 meters.
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An initial GIS mapfile was created from existing contextual data showing the coastline,
bathymetry, and county boundaries of coastal North Carolina. Data layers from each
group, depending on form, were converted to a relevant spatial data format. This GIS
framework was used to georeference and overlay project data to ensure accurate spatial
representation. Once integrated into the GIS environment, each data layer was ready to
apply to an overlay analysis and future site suitability analyses. More information on
input layer format, conversion, and uncertainty is presented below.
Data Layers
Wind Resources: AWS Truewind model outputs were available in GIS formats. Data
included mean wind speed and power classes at several heights above the ground (30m,
50m, 70m, 100m) and also contained model input parameters useful in subsequent in-situ
point comparisons. In-situ wind-station data were obtained from a variety of
meteorological and oceanographic observing programs in a tabular form. These tables
were processed into averaged wind speed and wind capacity and then imported into the
GIS. The uncertainty in the AWS Truewind product is not specified. For the in-situ
wind measurements the uncertainties are quantified in Chapter 1. The spatial distribution
of stations is uneven and irregular in space, with the least coverage over water. Special
allowances were made in acceptance thresholds (the percent coverage in time) for some
over-water stations; those stations are marked with an asterisk in the mapped layer.
Bird and Bird Habitat Conflicts: Data were submitted as a single map image containing
three classes (levels: low, moderate, high) of impact risk to birds. Coverage, as agreed to
in the early stages of the study, was limited to inshore waters and offshore waters of less
than 30 m water depth. This image was imported into the GIS, georeferenced against
existing base layers, and the conflict classes extracted into a separate GIS file.
Information on the position of the Gulf Stream was created by combining the frontal
analysis of Miller (1994), which covers the region south of Cape Hatteras, with the
frontal analysis of Gulf Stream frontal position east and north of Cape Hatteras (T. Shay,
pers. comm.) based on an analysis by Cayula and Cornillon (1992). The data depict the
mean position of the front and its variability as ± 2 standard deviations. The process of
interviewing experts to solicit their experience and knowledge about distribution and
behavior of all species of birds and bats and how that knowledge converts to spatial
distribution of risk associated with potential wind farms is intrinsically inexact. The
boundaries between classes of risk are estimated, not known. Additional boundary
uncertainty is possible from the georeferencing process run on the submitted digital map
image.
Fishery and Fish Habitat Conflicts: Data were submitted as a single map image
containing three classes (levels: low, moderate, high) of impact risk to fishing and fish
habitat. This image was imported into the GIS, georeferenced against existing base
layers, and the conflict classes extracted into a separate GIS file. The process of
interviewing experts to solicit their experience and knowledge about spatial distribution
of fishing effort is intrinsically inexact. Fish can move to new places and thus there is
error in assuming that past fishing effort will have the same spatial distribution as future
effort. Fish habitat data are mapped by fishery agencies, but those maps are imperfect,
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containing errors of omission where some key habitat areas are unknown. Additional
boundary uncertainty is possible from the georeferencing process run on the submitted
digital map image.
Foundation Suitability Based of Geology and Geologic Dynamics: Data were submitted
as a series of digital map images containing foundation suitability classes. These images
were imported into the GIS. Each image was then georeferenced against existing base
layers and the foundation suitability classes were extracted into a separate GIS file. The
coastal geology has not been mapped in sufficient detail everywhere on the continental
shelf to provide exact boundaries for foundation types. The mapping of boundaries
between units should therefore be treated as approximate, with considerable variation
between regions of the shelf based on the level of geologic knowledge as presented in
Figures 4.3 through 4.6 in Chapter 4. Detailed studies will be needed to clearly delineate
the geology and its variability at a chosen site for development. Additional boundary
uncertainly is possible from the georeferencing process run on the submitted digital map
image.
Transportation Corridors, Cultural Resources, and Reef Habitats: Shipping lane data
were available as an existing GIS file. Shipping lanes were buffered at 1 km on either
side. IntraCoastal Waterway data were available as an existing GIS file. Waterway
routes were buffered at 1 km on either side. NC DOT Ferry routes were available as an
existing GIS file. Routes were buffered at 1 km on either side. A spreadsheet containing
shipwreck data was obtained from the Underwater Archaeology Branch of the NC
Department of Cultural Resources. The spreadsheet was imported into the GIS and
mapped. At the recommendation of NC DENR Division of Marine Fisheries wrecks
were buffered at a 300 m radius. Monitor National Marine Sanctuary data were available
as an existing GIS file. Sanctuary boundaries extend 1 nm beyond the wreck site. NC
Artificial Reefs data were available as an existing GIS file. An existing hardbottom GIS
dataset was obtained from the SEAMAP project and NC DENR. Points and lines from
each dataset classified as “Hard Bottom” or “Probable Hard Bottom” were included.
These features were buffered at 500 m. Oyster Reef Sanctuaries were available as an
existing GIS file. Existing bathymetry datasets were available in GIS format for the
coastal ocean and sounds. Areas less than 4 m in depth were extracted from each dataset
and combined to a single < 4 m bathymetry mask file. The available sound bathymetry
dataset does not represent dredged inlet depth accurately. There are a number of
important considerations that should be borne in mind concerning these mapped
quantities. A 1 km buffer on shipping and navigation routes is somewhat arbitrary
because it does not account for the level of activity on a given route. For example, ferry
routes are variable on a daily basis but this was not represented in the depiction. The
minimum depth limit of 4 m is more correctly determined by actual installation vessel
characteristics, and no search has been made for the specific vessels available for turbine
installation. Turbine selection drives vessel needs. In this study the 4 m constraint is
based on common vessel characteristics operating in European waters supporting 3.0-3.6
MW turbine installation. As noted, the mapping is not accurate in the rapidly-changing
waters of the inlets. It will likely be necessary to work with the US Army Corps of
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Engineers to establish the maintained depth of specific inlets and their suitability for
transit of installation vessels.
Military Airspace and Use Conflicts: US Marine Corps Airspace Conflicts were
determined from existing GIS dataset of radar footprints, special use air space, and flight
paths. An additional power point file with maps of conflict areas was obtained to help
determine absolute no-build zones within this dataset. Written descriptions of US Marine
Corps Firing Ranges were identified in the Code of Federal Regulations (CFR) and
drafted into the GIS. US Navy Airspace Conflicts were determined from a Power Point
with digital maps of airspace conflicts, bombing ranges, and flight paths. The Power
Point was converted into map images, imported, and geoferenced in the GIS. Conflict
areas were then hand digitized into the GIS. In addition, the Dare Bombing Range User’s
Manual was obtained which contained written descriptions of several additional airspace
conflict zones. These zones were drafted into the GIS. Due to the complex nature of
military activities in coastal North Carolina, it is possible that some military use conflict
zones were missed in this survey. A military use data integration project is now
underway between the various branches of the US Armed Forces in North Carolina to
generate a single point of reference for these datasets. In addition, several of the
collected sources indicated some differences in exclusion zone firmness, with some
sources indicating no wind farm compatibility and others indicating that development
could be undertaken only after consultation with the appropriate branch of the military.
Additional boundary uncertainly is possible from the georeferencing process run on the
submitted digital map images.
Electrical Transmission Infrastructure: An existing dataset for transmission lines,
substations, and power plants was purchased from Platts, Inc. Potential interconnection
substations were identified from the Platts dataset (see Figure 5.2). These stations were
buffered at 10 mile intervals out to 50 miles. An existing coastline GIS dataset was
buffered at 10 mile increments out to 50 miles offshore. This depiction of infrastructure
does not account for possible upgrades or improvements; as detailed in Chapter 5, further
study will be required to scope out these possibilities. The maximum distance of 50
miles is based on planned European installations that propose offshore transmission lines
of this length. The immediate feasibility within the U.S. has not been fully explored.
Overlay Analysis
Once each group’s data were integrated into the GIS, a map was constructed showing all
of the input data layers. However, a presentation of all the constraints simultaneously
was overly complex and thus required some further distillation to develop actionable
information.
An initial goal was to identify broad portions of the study area that were eliminated by
the various constraint datasets developed across the groups. The suite of input datasets
presented several different approaches to mapping wind development constraints. Many
of the input datasets identified areas that were absolute no-build areas (for example areas
with < 4 m of water depth, military firing ranges). Other data presented an impact range
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from wind development, from little impact to unacceptably high levels of impact (for
example impacts on birds and fish habitat).
The overlay combines all absolute no-build layers, with the highest impact categories
from the impact range datasets, and includes data representing known impacts to project
cost (distance to shoreline, depth, and wind resource). Several datasets were comprised
of very small, discrete no-build points (shipwrecks, artificial reefs, hard bottom). These
data will be useful for more site specific analyses and are less applicable to a broad
regional analysis. These discrete features were not used in the regional overlay analysis.
The specific no-build constraint layers are:
• Bathymetry: areas < 4 m in depth
• Military Use areas: radar zones, bombing ranges, special use air space
• Dredged material disposal sites
• Transportation corridors: shipping lanes, ferry routes, Intracoastal
Waterway route
The impact range layers are:
• Foundation Suitability Based on Geology: “low potential” class used as
no-build
• Bird and Bird Habitat Conflicts: “high level of conflict” class used as nobuild
• Fishery and Fish Habitat Conflicts: “high level of conflict” class used as
no-build
As mentioned above, these layers contain some uncertainly and their impacts may be less
than absolute. Quantifying this uncertainty and the fuzziness of constraint extents are
beyond the scope of this effort. This initial analysis opts to weight each constraint layer
equally and assumes an equal degree of certainty to their extents. This method yields the
most extensive representation of the exclusion zones and provides an introductory look at
what areas remain viable for wind power development, depicting any area that falls
within a no-build zone as grey (Figure 10.1). A map of these constraints was created,
filtering the input constraint layers as mentioned above, and is layered above the wind
power capacity data. In addition the US Minerals Management Service (MMS) lease
blocks were included as the spatial decision-making unit for wind development in Federal
waters.
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Figure 10.1: Overlay map showing all of the constraint layers (gray), the wind resource as a capacity
factor, and MMS lease blocks

RESULTS
The issues impacting feasibility of wind power development in aggregate define a large
area of coastal North Carolina as incompatible with development (Figure 10.1). An
approximately four-mile wide swath bounding the coastline is excluded for a variety of
reasons that include physical limitations to installation (due to shallow water depths), a
range of environmental conflicts (avian and aquatic migratory pathways and habitats),
and sediment dynamics conflicts. Most of the sounds are excluded due to restricted
military airspace, shallow water depths and environmental conflicts; eastern Pamlico
Sound is the only area of significant size within the two large sounds that remains viable,
and this conclusion of viability is dependent on access of appropriate installation vessels
to eastern Pamlico Sound through Ocracoke Inlet. Albemarle Sound is excluded because
of conflicts associated with birds and because of shallow depths bounding the Sound that
prohibit access by installation vessels. Offshore of North Carolina, the Shoals (Frying
Pan, Cape Lookout, and Diamond) are excluded because of their critical role as bird and
fish habitat and because of the large mobile sands they hold which are tied to the
maintenance of the Outer Banks and beaches along the coast. The Point, the area
northeast of Cape Hatteras, is renowned for the diversity and density of avian and marine
life which populates it and is excluded on this basis alone. Although ecological risks
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were not fully assessed for the region between 30 and 50 m water depth, the path of the
Gulf Stream should be excluded from consideration for wind farm siting because of its
significance to seabirds, marine mammals, and fishes. The western half of Onslow Bay
is characterized by a biologically-rich hard bottom which is topographically highstructured and incompatible with both monopile and gravity-based foundations and is
excluded on the engineering and fish habitat basis.
Despite these exclusions, portions of Pamlico Sound and large areas offshore of North
Carolina are tentatively viable for wind energy development. Roughly 150 square miles
within Pamlico Sound is the only area identified within State waters. A tally and
breakdown of the characteristics of areas within state waters is provided in Table 10.1.
The table is organized by the capacity factor, defined in this study as the average power
output by a 3.0 MW turbine divided by its maximum output times 100 (see Chapter 1).
The wind resource within eastern Pamlico Sound is variable and it is likely that only a
fraction of the area (25 square miles) nearest Cape Hatteras experiences winds of
sufficient strength to support an economically prudent generation facility.
Table 10.1 - Characteristics of viable areas within state waters. Within Foundation suitability M
represents monopile and MOD represents moderate feasibility (are area of transition between
acceptable and unacceptable geological conditions to support either monopile or gravity-based
turbine foundations).

Area
(sq miles)

# of
Distinct
Sections

Avg
Depth
[Range]
(m)

Foundation
Suitability

Average
Distance
to Shore
(miles)

5.4
[3.6, 6.8]
5.8
[3.2, 7.0]
5.2
[3.8, 6.3]

81.1% M
18.9% MOD
84.4% M
15.6% MOD
62.2% M
37.8% MOD

6.1
[2.7, 8.6]
7.3
[2.4, 12.1]
5.1
[2.0, 8.6]

Capacity factor <30%

38.8

3

Capacity factor 3035%
Capacity factor 3540%

87.18

7

25.45

4

A much greater area (2871 square miles) remains viable for further investigation off the
coast. Nearly all of the offshore region experiences winds sufficient to warrant more
detailed study, and a large fraction of the area (marked as dark green on Figure 10.1) may
experience quite favorable winds. Only in the most southern offshore waters are the
winds estimated to be too weak for utility-scale wind energy generation.
For ocean waters off North Carolina a further spatial selection was performed on the
MMS lease block dataset. First, all MMS lease blocks within the study area were
selected from the full MMS lease block dataset. Next, lease blocks that intersected any
portion of any of the constraint layers (as defined above) were removed from the initial
section. After each constraint layer was completed, a total of 319 MMS lease blocks
remained as potentially viable, given these rough constraints (Figure 10.2). These MMS
lease blocks are found north of Cape Hatteras, in Raleigh Bay and in Onslow Bay, with
similar numbers in each area.
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Figure 10.2: MMS lease blocks (pink) that do not intersect with any wind constraint layer overlain on
the wind capacity factor.

The average value and range of values of water depth and distance to shore and
percentage of area suitable for specific foundation type for the three wind categories with
capacity factors greater than 30% provide some characterization of the offshore resource
(Table 10.2). The 127 MMS lease blocks with the lower range of capacity factors mostly
lie north of Cape Hatteras, are found in water depths of 14-56 m, are on average 20 miles
from shore, and 78% of the blocks are suitable for monopile foundations. The 89 MMS
lease blocks within the intermediate range of capacity factors are found largely south of
Cape Hatteras. On average, these lease blocks are more than 20 miles from the shoreline
and in water depths of 30 m. Half are in areas deemed suitable for monopole
foundations, but half are in areas of moderate suitability.
The 101 MMS blocks with the highest wind capacities are only found in outer Raleigh
and Onslow Bays. These blocks are the farthest from shore, averaging 34 miles from the
coastline, and are in water depths of 22 m and greater, averaging 35 m. About 60% of
these lease blocks are suitable for monopole foundations, and 27.5% are suitable for
gravity-based foundations, the rest being in the moderate category. Because much of the
area covered lies in water depths greater than 30 m the constraints posed by conflict with
birds and marine species have not been documented and are not resolved.
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Table 10.2 - Characteristics of MMS lease blocks considered viable for further
investigation. Within foundation suitability M represents monopile, G represents gravitybased and MOD represents moderate feasibility (areas of transition between acceptable and
unacceptable geological conditions to support either monopile or gravity-based turbine
foundations).

Area
(sq
miles)

# of
MMS
lease
blocks
2

Avg. Depth
[Range] (m)

Foundation
Suitability

Avg Distance
[Range] to
Shore (miles)

16.5
[14.3, 18.8]

14.2
[12.5, 15.7]

Wind Power Capacity 1143
30-35%

127

26.9
[14.1, 56.5]

Wind Power Capacity 801
35-40%

89

28.4
[8, 44.2]

Wind Power Capacity 909
>40%

101

34.5
[22, 47.3]

0 %M
0 %G
100 %MOD
78.0 %M
0 %G
22.0 %MOD
47.7 %M
0 %G
52.3 %MOD
58.8 %M
27.5 %G
13.7 %MOD

Wind Power Capacity 18
<30%

21.7
[3.5, 51.5]
23.8
[3.8, 50.1]
34.1
[12.3, 52.1]

DISCUSSION
A synthesis of the study components indicates that wind energy development in North
Carolina and offshore waters is subject to a variety of spatially-varying constraints.
Conservatively estimating the areas in which conflicts will preclude development as the
union of all the constraints, a limited portion of State waters appears feasible for further
study, restricted to the eastern half of Pamlico Sound. Military air-space use and shallow
water depths are well-defined no-build constraints and together exclude all of Albemarle
Sound and significant portions of Pamlico Sound from development. Bird and marine
species use conflicts, when considered significant enough to preclude development,
increase the area excluded from development, but may warrant further refinement in
terms of the spatial extent and specific threat wind turbines pose to given species. The
area within Pamlico Sound that is most promising for further study is of limited spatial
extent (10s of square miles), and is therefore capable of hosting at most a moderate-sized
wind farm (100s of MW of installed capacity). The greatest uncertainty impacting
development is the restriction posed by the shallow depths of Ocracoke Inlet, but
additional concerns may arise from the proximity to National Seashore lands and possible
impacts to the viewscape. Careful consideration is needed of the size of turbines, and the
foundations they require, followed by a review of vessels capable of supporting the
installation. If the draft of the vessels exceeds the maintained depth of the channel it may
be possible to deepen the channel, though the expense may be prohibitive.
This study confirms that large areas offshore of the North Carolina coastline are
potentially well-suited for wind energy development and worthy of further investigation.
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Offshore waters within approximately 4 miles of the coastline are excluded from
development because of significant conflicts with birds, fishing and marine species, and
with sediment transport processes along the shoreface. Wind turbine foundations are no
different than other manmade hardened structures in disrupting the flow of sand along the
coastline, the active part of the barrier island system associated with sediment transport,
inlet dynamics, and storm processes. The shoals off Cape Hatteras, Cape Lookout and
Cape Fear are excluded for the same reasons, as is The Point, the coastal ocean northeast
of Cape Hatteras renowned for the density and diversity of sea life it hosts. Despite these
broad exclusion zones more than 2,800 square miles of potential development area in
waters less than 50 m deep and within 50 miles of the coastline remain. Constraints
resulting from conflicts with birds and marine species between 30 m and 50 m water
depths have not yet been established. Raleigh Bay and Onslow Bay appear to have the
most promising wind resource, with offshore regions of capacity factors exceeding 40%
based on existing observations. Winds over the shelf north of Cape Hatteras do not
appear as favorable as those to the south but it is important to recognize that there are no
direct measurements of winds on the northern shelf in water depths of less than 45 m. In
general, the best winds are farthest from shore. The difference in cost effectiveness of an
installation well offshore to take advantage of the superior winds versus an installation
closer to shore that minimizes installation and interconnection costs is not obvious and
will require a careful economic analysis to establish prioritization of locations for
development. The present synthesis is well positioned to support this kind of subsequent
analysis in the future.
The study has identified locations over water where the wind resource is promising and
these locations have been characterized by depth, bottom type and distance to shore.
Remaining unresolved is the way in which offshore generation at any particular site is
best connected to the existing utility infrastructure. Eastern North Carolina is not
heavily populated and, as a result, has limited capacity to carry new generation facilities
(see Chapter 5). Until additional studies clarify existing and future potential
interconnection capacity along the coast, it is not possible to identify optimal
interconnection sites, and this uncertainty limits what can be concluded about economic
feasibility of developing specific sites. For these reasons, distance to shoreline from
offshore lease blocks is the most appropriate metric at present.
A special concern for certain stretches of coastline is worth noting. The Cape Hatteras
and Cape Lookout National Seashores are national parks that form the shoreline along all
of Raleigh Bay and a significant fraction of the coast north of Cape Hatteras. The
National Park Service (NPS) is under Congressional mandate to preserve these natural
areas and may prohibit significant shore-based utility infrastructure installation.
Development seaward of the National Seashore will require permission from and
coordination with the NPS. Without NPS permission to install utility infrastructure for
interconnection the feasibility of development in Raleigh Bay and in the southern half of
the region north of Cape Hatteras is significantly impacted.
An estimate of the maximum potential wind power generation is possible by assuming a
turbine size and spacing. If 3.6 MW turbines are used, with a spacing of 6 rotor
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diameters, it should be possible to install 49 turbines within a MMS lease block of 9
square miles. Within Pamlico Sound, the most favorable wind resource is 25 square
miles in area and can hold 138 turbines which is an installed capacity of 497 MW.
Assuming a capacity factor of 37.5%, a wind farm of this size could be expected to
ideally produce an average output of 186 MW, assuming no additional losses due to
interconnection, self-shading, and maintenance downtime. A considerably larger area
(87 square miles) has a less favorable wind resource that is borderline in terms of its
economic feasibility. Assuming this area was fully populated it would hold an additional
473 turbines, an installed capacity of 1703 MW, which given a capacity factor of 32.5%
could ideally produce an average output of 553 MW. Thus a total upper bound of 739
MW average power generation is possible in state waters, though a more realistic figure,
assuming only the region of best wind resource were developed, would be 186 MW.
A similar exercise for the offshore region produces impressive figures. Considering first
the region with capacity factors between 35% and 40% (light green on Figure 10.1), the
89 MMS lease blocks can hold 4,361 turbines if fully populated, an installed capacity of
15,700 MW, for which a capacity factor 37.5% would produce an average output of
5,887 MW. The region of most favorable winds marked as dark green in Figure 10.1 can
hold up to 4,949 turbines, an installed capacity of 17,816 MW that, for a capacity factor
of 42.5%, would produce an average output of 7,572 MW. The region with marginal
winds (yellow on Figure 10.1) is the largest and can hold as many as 6,223 turbines, or
22,403 MW of installed capacity, with an average output of 7,281 MW. Thus the
maximum wind power generation achievable from fully populating the MMS lease
blocks remaining after excluding those with conflicts exceeds 20 GW.
To place this resource in perspective, total power consumption in North Carolina in 2007
was 133,881 GW-hours. The annual output from a 20 GW wind farm would be 175,200
GW-hours, or 130% of the total power consumption of the state. Development of wind
farms in 15% of the offshore region could supply 20% of the state’s power need.

RECOMMENDATIONS FOR NEXT STEPS
This study concludes there is potential for utility-scale production of wind energy off the
coast of North Carolina and possibly within eastern Pamlico Sound. Although the focus
of the study is the feasibility for wind energy development, rather than research and
recommendations regarding the path forward, the project team offers the following
suggestions and observations.
North Carolina is well positioned to develop utility scale wind energy production and
should pursue it aggressively. Other states are further along in the development process,
but North Carolina can catch up. North Carolina needs to study actions taken by other
states to advance wind energy development and define a strategy and a structure for the
State to move forward aggressively with an appropriate mix of State and private
development.

359

The State’s current regulatory structure governing wind energy development presently is
fragmented and potentially lengthy, and the incentives for wind energy development are
nominal compared to other sources of alternative energy. Enacting comprehensive
statutes governing key components of wind energy development to streamline the
process, and providing incentives for wind energy development would help to ensure that
this resource is effectively utilized and that North Carolina is well-positioned to
maximize the environmental and economic opportunities of its wind energy resources.
The following suggestions address statutory and regulatory barriers and gaps identified
by the project team:
• Enact comprehensive submerged lands leasing statute: The General Assembly
should consider enacting a comprehensive statute for the leasing of State-owned
submerged lands for wind energy facilities and infrastructure. Guidance on this
suggestion is provided in Chapter 7 of this report.
• Enact a single comprehensive environmental permitting process: The General
Assembly should consider enacting legislation to establish a single
comprehensive environmental permit process for renewable energy projects, to be
administered by the Department of Environment and Natural Resources.
Guidance on this suggestion is provided in Chapter 7 of this report.
• Amend SL 2007-397 (SB3) to provide specific wind energy incentives: The
General Assembly should consider amending S.L., 2007-397 (SB3) to provide
wind energy targets similar to those for solar energy and swine waste. Wind
energy is considerably less expensive per unit of power produced than solar
energy and proper incentives for promoting wind energy should be established as
public utilities presently are focusing on meeting the mandates of the current law.
• Modify the avoided cost calculation baseline for utility cost recovery: The
General Assembly should consider requiring the inclusion of non-market
measures of cost (externalities) in the avoided cost calculation that is used as the
baseline for utility cost recovery of renewable energy facilities. This change
would have the effect of making more funding available for wind projects under
the current statutory cost caps.
• Allocate a modest amount of ARRA money for further analysis: The General
Assembly should consider allocating a modest amount of the ARRA money
provided to the State Energy Office for further analysis of the offshore wind
resource..
• Amend the CRC’s Coastal Energy Policies The Coastal Resources Commission
should consider amending its Coastal Energy Policies to include renewable
energy projects of less than 300 MW.
• Amend CRC rules impeding use of state waters for wind energy: The Coastal
Resources Commission should examine and, consistent with the public interests
in State waters, consider amending certain rules which would unnecessarily
impede or prohibit the use of state waters for wind energy projects.
• Encourage the NC congressional delegation to support extension of the
Production Tax Credit: The North Carolina congressional delegation should be
encouraged to support extension of the Production Tax Credit applicable to wind
power generation beyond 2009.

360

•

Prepare for projects in federal waters: The State should fully prepare itself for
any projects along the Outer Continental Shelf that may impact NC’s coastal
resources. The State has authority to comment on proposed projects in federal
waters that may impact its coastal resources through the consistency provision of
the federal Coastal Zone Management Act to insure projects taking place in
federal waters minimally impact NC’s coastal resources. Therefore, the State
should update the policies in its coastal management plan to address renewable
energy development, including wind energy development.

North Carolina has some advantages that can be capitalized on immediately to catch up.
• Develop demonstration turbines: There are no water-based wind turbine pilot
projects ongoing in the US at this time. The area in the Pamlico Sound identified
as potentially suitable offers an opportunity for a pilot project to test empirically
the ecological risks and to conduct engineering research. An inshore location will
potentially streamline permitting and provide easy access for research.
• Support additional wind research: More detailed wind resource analysis,
including alternative extrapolation schemes, a sustained modeling effort, an insitu offshore wind measurement campaign including vertical profiling of the
atmosphere is a high priority for any wind energy development. The US Navy
has existing offshore platforms that, if made available for use, could permit
sophisticated wind observations (such as SODAR or LIDAR profiling) to be
collected relatively inexpensively and quickly compared to other coastal areas
which will need to first build offshore platforms.
• Support additional utility transmission research: Another priority is more
detailed evaluation of the existing electrical transmission facilities to
accommodate large-scale offshore wind development. The North Carolina
Transmission Planning Cooperative already exists and could be engaged at no
cost to conduct such an evaluation for the central and southern portions of the
coast to identify system upgrades needed for capacity development up to 1000
MW. In addition, NC investor-owned utilities could be asked to evaluate the
costs for each to integrate large-scale wind energy into their generation dispatch.
• Leverage the expertise of the public universities: North Carolina has a robust
university system, including highly-regarded research universities capable of
leading research efforts and garnering grant support.
North Carolina needs to develop a closer working relationship with federal agencies
involved with wind energy development, particularly the US Minerals Management
Service and the Department of Energy (DOE). A recent MMS evaluation of wind energy
development in the U.S. lists North Carolina as having made little progress, in part
because MMS is not aware of ongoing activities. Engagement with MMS will help
promote wind energy development by clarifying the development process and clarifying
the state’s role in constraining development in offshore waters. The DOE is actively
growing its renewable energy programs and may provide significant incentives for testing
and assessment of wind energy facilities.
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These recommendations should not be considered exhaustive. Wind energy development
is a multi-faceted undertaking and requires the perspective of a broad array of interests.
The feasibility study has hopefully informed State interests on the perspectives it
addressed; it finds that the potential for this industry is promising. State interests would
be well-served by continued and expanded exploration of wind energy development in
and offshore of North Carolina.
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