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Figure 14. Map of resource and use conflict categories in Virginia state waters. Source:
Reference 45.
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Figure 15. Map of offshore wind resource classes in Lesser Conflict areas of Virginia state
waters. Source: Reference 45.
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Figure 16. Hurricane 5-second gust wind speeds at 10 m above ground level over open terrain,
in statute miles per hour (mph; 1 mph = 0.869 knots = 0.447 m/sec = 1.61 km/hr) in Virginia,
North Carolina and South Carolina at mean storm recurrence intervals of (a) 50 and (b) 100 years
(Reference 46). Contoured data have a spatial resolution of 6-digit postal zip codes. Dividing
the 5-second gust speed by 1.385 yields the 10-minute mean wind speed over open water. Wind
speeds at an elevation of 10 m must be extrapolated to turbine hub height using hurricane shear
profile coefficients, for which industry-accepted standards have yet to be developed.

Offshore Wind and Offshore Oil and Gas: On 31 March 2010, the Obama Administration
affirmed its commitment to offshore oil and gas exploration and development. MMS activities
off the Virginia coast will include proceeding with seismic exploration in the Mid and South
Atlantic OCS and resuming preparations for a previously planned offshore oil and gas lease sale
by 2012 (Reference 47). This section provides a brief overview of MMS offshore oil and gas
resource estimates in the Virginia OCS lease sale area, how the gas resource estimate compares
with the natural gas equivalent of Virginia’s near-term offshore wind energy resource, and
environmental permitting concerns that should be addressed to ensure that these two new
offshore industries can coexist with minimal interference between them.

Under the current MMS Five-Year Program for U.S. offshore oil and gas leasing in 2007-2012,
the only area included off the east coast is Sale 220, on Virginia’s outer shelf (Figure 17). Mean
Undiscovered Technically Recoverable Resources for this lease sale area are estimated to be
1,140 billion cubic feet of gas and 130 million barrels of oil (www.mms.gov/offshore/220.htm).

These estimates are based on geophysical data 25 years old, and MMS has already taken steps to
develop a revised resource assessment. MMS is now preparing a Programmatic Environmental
Impact Statement (PEIS) for geophysical and geological surveys of the Atlantic OCS, and has
received applications from five companies to conduct surveys, all of which include the Sale 220
area off Virginia. The geological and geophysical survey PEIS is scheduled for completion by
MMS in 2010 (www.gomr.mms.gov/homepg/offshore/atlocs/gandg.html).
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Figure 17. Virginia’s offshore administrative boundaries associated with MMS planned oil and
gas leasing. The Lease Sale 220 area is indicated by a yellow overlay that is semi-transparent so
that underlying bathymetric contours can be seen. Most of the lease sale area lies in water depths
greater than 200 m, beyond the edge of Virginia’s continental shelf. The Lease Sale 220 area is
circumscribed by Virginia’s OCS lateral administrative boundaries as determined by MMS,
truncated to the west-northwest by the 50-statute-mile line, and truncated to the south-southwest
by the northern edge of the Navy’s non-obstruction zone. Lease Sale 220 has a geographic area
of 11,800 km? and is shown to scale with the rectangular VCERC offshore wind study area off
Virginia Beach, which is detail-mapped in Figure 9.

As detailed elsewhere in this report, VCERC has identified 25 lease blocks of Class 6 winds just
beyond the Territorial Sea limit 12 nautical miles offshore, which could support 3,200 MW of
wind capacity and generate 11 million MWh per year. Because wind energy is primarily a “must
run” resource, except in certain cases of transmission congestion PJM dispatchers will request
other generators to reduce their output whenever wind generation increases. This will directly
affect the output of so-called “marginal units” in PJIM. The type of marginal fuel displaced will
depend on the level of the wind turbine output, the unit’s location, the load at the given time of
day, and projected wind output duration.

An analysis of marginal fuel displacement by onshore wind in PJM during 2009 has been carried
out by Monitoring Analytics, who compared the hourly average proportion of marginal units by
fuel type to the hourly average wind generation. This analysis indicates that the approximate
average breakdown of marginal fuel type displaced by onshore wind in PJM during 2009 was
70% coal, 20% natural gas, and 10% all other fuel types (see Reference 20, Figure 3-13).
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Offshore wind has a higher capacity factor than onshore wind and would be injecting power into
the eastern part of the region rather than in the west, where most onshore wind projects are
located in PJM, so it might displace a different mixture of fuel types, and this is an important
topic for future study. As a starting point, however, we assume that offshore wind would
displace the same marginal fuel type mixture, then of the 11 million MWh per year annual output
that would be injected from 3,200 MW of offshore wind capacity in 25 lease blocks off Virginia,
20% of this, or 2.2 million MWh, would displace gas-fired generation.

The U.S. Energy Information Administration reports state-by-state fuel consumption and electric
power generation data at www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html, which we use
to calculate Virginia’s gas-fired generation fuel consumption rate. For the two most recent years
of data, 2007 and 2008, this amounted to 8,630 and 8,530 cubic feet per MWh. Applying these
rates to the displacement of 2.2 million MWh of gas-fired generation operating at the margin
suggests that 3,200 MW of offshore wind capacity would save 18.8 to 19.0 billion cubic feet
(BCF) per year of natural gas. During 25 years of offshore wind project service life, this
displaced gas would total 469 to 475 BCF, as compared with the MMS estimate of technically
recoverable reserves in Lease Sale 220 area off Virginia, which is 1,140 BCF. Thus a single
generation of offshore wind development in the 25 VCERC-identified lease blocks would save
the equivalent of 41-42% of Virginia’s technically recoverable offshore gas resource.

As shown in Figure 14, there is no geographic overlap between the primary offshore wind study
area and the MMS offshore oil and gas Lease Sale 220 area. This suggests that both industries
can readily coexist, but the Commonwealth should ensure that MMS includes offshore wind
energy development within the scope of the Lease Sale 220 Environmental Impact Statement
(EIS) as a credible alternative scenario whereby offshore wind energy development would also
occur in the federal OCS off Virginia, concurrent with offshore oil and gas exploration and
development. This EIS scenario should be included in order to account for the following
potential interactions between these two different offshore energy industries.

1. Potential competition (and associated need for coordinated planning) for vessels, labor,
port space, fabrication and repair facilities, marine equipment and supplies, and business
financing for installation services and for offshore support services.

2. Potential conflict between the routing of any offshore gas pipeline(s) and the placement
of offshore wind turbine towers, the placement of offshore substation platforms, the
routing of submarine power cables that connect offshore wind turbines to offshore
substations, and that connect offshore substations to coastal substations.

3. Cumulative environmental effects, including

a. Multiple physical footprints of oil and gas platforms, wind turbine towers, and other
structures on the seafloor, which would have cumulative ecological impacts

b. Combined build-up of onshore fabrication, installation, and operational support
infrastructure, which would have cumulative socio-economic impacts

c. Multiple increases in ship and helicopter traffic for offshore support services, which
would have cumulative ecological and navigation impacts
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Regional Policy Recommendations: On 11 November 2009, the governors of Virginia,
Maryland, and Delaware announced that they had “signed a Memorandum of Understanding
(MOU) creating a formal partnership that will build on the region’s significant offshore wind
resources to generate clean, renewable energy and a sustainable market that will bring new
economic opportunities.” The MOU indicates that “other Atlantic coastal states should be
welcomed to join in this agreement.” The addition of North Carolina is particularly important
for the following reasons:

« Limited availability of high-voltage transmission lines in northeastern North Carolina
means that large (hundreds of megawatts to gigawatt-scale) offshore wind projects on the
OCS north of Cape Hatteras would have to connect through the 500 kV substation in
Fentress, Virginia, to reach customers in the Raleigh-Durham or Charlotte areas.

« The U.S. Navy’s most important training range complex, the Virginia Capes Operating
Area, covers the OCS off Virginia and northeastern North Carolina, and fleet forces will
want to make sure that offshore wind developments off both states are well coordinated to
minimize interference with training exercises.

« Dominion Resources owns regulated electric utilities that cover both eastern Virginia and
northeastern North Carolina and their integrated resource planning would benefit from
coordinating offshore wind development across both service territories.

« The U.S. Army Corps of Engineers operates a research pier at Duck, NC. Naval Air
Station Oceana operates four air combat training towers off Oregon Inlet, NC, which will
be decommissioned in April 2010. These structures are potential locations for tall
meteorological measurement towers that can be used for validating atmosphere-ocean
numerical simulation models that are vitally needed to map the offshore wind resource.

« Ocean scientists and energy researchers in both the Virginia and North Carolina state
university systems already have strong ties and would benefit from a more formal
collaboration to seek federal and industry research funding.

The MOU identifies three actions to be of primary importance: (i) regional planning of a
common transmission strategy that would reduce offshore wind energy costs; (ii) collaboration
to encourage sustainable market demand by developing policies and incentives that can be used
across state boundaries for the benefit of the industry as a whole; and (iii) coordinated pursuit
of federal policies that would advance offshore wind in the Mid-Atlantic region, including
communication of collective concerns to Congress and the Executive Branch and its agencies.
Avreas identified for later examination are regional coordination of supply chain development,
academic research, and workforce training.
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Including but not limited to the above actions described in the three-state MOU announcement,
VCERC advocates a multi-state collaborative approach on the following specific items:

(1) Development of a regional, coupled atmosphere-ocean numerical simulation model of the
offshore wind resource and associated waves and currents, with accurate representation
of local air-sea-land heat fluxes, distinguishing the different thermal regimes of shallow
sounds and bays from oceanic waters, as well as accounting for Gulf Stream effects

(2) Regionally coordinated physical validation of the above model using public data from
existing coastal and offshore meteorological stations, new tall towers established by the
academic research community, and private data from tall towers built by offshore wind
project developers, with private data used by researchers, but protected from publication

(3) Regional operation of validated model in both hindcast mode (for design) and forecast
mode (for planning offshore installation, maintenance, and repair activities, as well as
providing electrical output forecasts for optimal utility grid integration)

(4) Regional research by appropriate experts on potential environmental impacts to birds,
bats, marine mammals, sea turtles and finfish. While some studies exist, more could be
done to ensure minimal impacts on populations of these already depleted species. The
Virginia Coastal Zone Management Program has a contract in place with the College of
William & Mary’s Center for Conservation Biology to lay out a research protocol for
determining potential avian impacts.

(5) Supply chain design for maximum economic efficiency and minimal environmental
footprint, so that each state doesn’t have to reproduce the entire gamut of fabrication and
assembly facilities, which would lead to over-industrialization of the coastal zone. For
example, existing shipyards in Newport News and Portsmouth-Norfolk, Virginia might
focus on steel fabrication for support structures and large steel components in the turbine
nacelle. Wilmington, Delaware might focus on composite design and fabrication for
turbine blades. Baltimore, Maryland and Richmond, Virginia might focus on industrial
systems integration of component suppliers with just-in-time waterborne delivery of same
to turbine nacelle assembly plants at the entrances to the Chesapeake and Delaware Bays.
This would enable our three-state region to utilize fuel efficient, waterborne transport
between major industrial centers, reducing delay of shipments caused by winter weather
or traffic congestion and minimizing supply chain environmental impacts on heavily
travelled road and rail corridors.

(6) Coordinated workforce training targeted at regional supply chains, building on endemic
workforce strengths (e.g. experienced welders and machinists at existing shipyards).

(7) Coordinated, phased development of multiple projects, to avoid “boom-bust” cycles and
their socio-economic consequences on coastal communities

(8) Coordinated scheduling of offshore construction activities to minimize environmental
effect on migratory and pelagic species (e.g., North Atlantic Right Whale)

(9) Planning of a multi-state offshore transmission backbone as described earlier, to avoid
each project having its own power cable to shore, which would create a “spaghetti” of
individual cable corridors through state waters and shore crossings, all of which would
have a much larger cumulative environmental impact on the Mid-Atlantic region
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In addition to the three-state MOU specifically focused on offshore wind energy research and
development, there are two regional organizations that include offshore wind energy activities
within their broader portfolios: the Mid-Atlantic Coastal Ocean Observing Regional Association
(MACOORA), and the Mid-Atlantic Regional Council on the Ocean (MARCO).

The Mid-Atlantic Coastal Ocean Observing Regional Association (MACOORA) is a 501c3
member-based organization of ocean and estuarine data providers and users from federal and
state agencies, private industry, non-governmental organizations, and academia, which collects,
delivers, and applies observations of the coastal ocean in the Mid-Atlantic Bight, between Cape
Hatteras, NC and Cape Cod, MA, encompassing nine states. Its research arm is the Mid-Atlantic
Regional Coastal Ocean Observing System (MARCOOQS), a research project with 30 Principal
Investigators from 20 academic, governmental and private institutions, funded by the National
Oceanic and Atmospheric Administration (NOAA). MARCOOS deploys and operates an
integrated array of observing hardware (underwater gliders, high-frequency coastal radars,
measurement buoys) and compiles these observations into databases, as well as assimilating
them into numerical ocean and atmospheric models. More information may be found at
WWW.Mmacoora.org and Www.marco0s.us.

MACOORA would be an ideal agent to undertake our recommended regional action Items (1)
through (3) in the above list, possibly expanding the existing MARCOQOS project to include
development, physical validation, and operation of a region-wide numerical model of offshore
winds, currents, and waves. As already mentioned, this is needed for proper site evaluation and
design of offshore wind projects, as well as the safe and cost-effective scheduling of installation,
maintenance and repair activities. Such a model is also needed to understand the project-level
and multiple-project cumulative impacts of large-scale offshore wind development on physical
oceanographic features such as surface currents and wave-driven sediment transport.

In June 2009, the Governors of New York, New Jersey, Delaware, Maryland, and Virginia
signed the Mid-Atlantic Governors’ Agreement on Ocean Conservation, bringing the five
Governors together as the Mid-Atlantic Regional Council on the Ocean (MARCO), to provide a
lasting forum for interstate collaboration on actions to improve the health of the region’s coastal
and ocean resources. MARCO?’s priorities for shared action are (i) coordinated protection of
important habitats and sensitive/unique offshore areas; (ii) support for sustainable development
of offshore renewable energy; (iii) preparing the region’s coastal communities for the impacts of
climate change on ocean and coastal resources; and (iv) promoting improvements in the region’s
coastal water quality. More information may be found at http://midatlanticocean.org.

The Governors’ Agreement also called for a meeting of regional ocean stakeholders to create
new partnerships in the development and implementation of these actions, which was held in
New York on 09-10 December 2009. The previously described MOU among the three southern
MARCO states could be considered just such a new partnership, focusing initial collaboration
on priority (i) of the Governors’ Agreement at a geographic scale that is more manageable than
encompassing the full MARCO region. Items (4) through (9) of our recommended regional
actions listed on the previous page might well be launched by the three MARCO states that have
now signed the MOU specifically dedicated to offshore wind.
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OFFSHORE WIND CONCLUDING REMARKS

In the Summer 2008 issue of the Marine Technology Society Journal, Greg Watson, editor of
that special issue devoted to offshore wind, writes in his opening article (Reference 48):

We have come a long way since 2001 when Cape Wind Associates proposed to construct this
nation’s first offshore wind farm off the coast of Cape Cod, Massachusetts. At that time the
concept of offshore wind energy development was still untested in the U.S., even though the first
offshore wind project was installed 10 years earlier in Denmark.

The physical and political climates in the United States and European Union differ markedly.
These differences are reflected in their respective approaches to foster offshore wind energy
development. In E.U. countries like Britain and Denmark, offshore wind is a focus of national
policies designed to mitigate climate change and promote energy security. More protected
shallow water sites—the marine environments where current offshore wind technology can
operate reliably and economically—are more available in the E.U. than the U.S. That means that
E.U. countries have more options for building offshore using existing technology.

Perhaps most importantly, offshore wind developers in the E.U. have been the beneficiaries of
substantial government support. This has in effect minimized if not removed much of the risks for
developers to build in the costlier offshore environment. ... these projects have taught us little
about the true costs and financial risks of building in marine environments. [emphasis added]

Despite the doubling of project costs over a decade, European offshore wind projects continue

to be built because legally binding requirements for renewable energy supply portfolios and/or
carbon emission reduction obligations have enabled national governments to provide generous
financial incentives. This enables European offshore projects to be commercially viable, even
though they use erection techniques derived from their land-based predecessors, by assembling
three-bladed upwind turbines on tower sections bolted together in sequential crane lifts. Since
European-style financial incentives are unlikely in the U.S., we must lower capital costs by using
turbine designs, support structures, and erection methods specifically developed for the ocean
environment of the southern Mid-Atlantic Bight (Cape Henlopen, DE to Cape Hatteras, NC).

The southern Mid-Atlantic region must study, inform, and make investment decisions about
building a dedicated offshore wind supply chain where none presently exists. In order for several
hundred to a few thousand megawatts of offshore wind power to come on line in this region by
2017-2018, these studies and investment decisions must be completed by year-end 2011.

If our region simply replicates the European model, we run the risk of developing and building
offshore wind projects that cannot be commercially viable without government policy incentives
and financial subsidies comparable to those available in Europe. This report describes an
alternative path of commercial development, applied research, and government policy-making
that VCERC believes is more likely to yield offshore projects with sustainably profitable
financial returns, creating an entirely new energy economy. Given the large offshore wind
resource that exists in shallow waters beyond the visual horizon off Virginia and the center

of shipbuilding and military-trained workforce candidates that exist in Hampton Roads, the
Commonwealth has every reason to become a national leader in this development.

Final Report 53 20 April 2010



Virginia Offshore Wind Studies, July 2007 to March 2010

LI1ST OF REFERENCES

All Web links were last visited on 05-09 April 2010 to confirm content.

1. Al-Juaied, M. A., and A. Whitmore, 2009. “Realistic Costs of Carbon Capture” Discussion
Paper 2009-08, Cambridge, Mass.: Belfer Center for Science and International Affairs, July 2009
(http://belfercenter.ksg.harvard.edu/publication/19185/realistic_costs_of carbon_capture.html).

2. SAIC, 2009. “Analysis of the Waxman-Markey Bill, “The American Clean Energy and
Security Act of 2009” (H.R. 2454), Using the National Energy Modeling System (NEMS/ACCF-
NAM 2).” August 2009 (www.accf.org/publications/126/accf-nam-study). Figure 3 was taken
from the PowerPoint presentation at this link: www.accf.org/media/dynamic/3/media_377.ppt.

3. Wiser, R., and M. Bolinger, 2009. “2008 Wind Technologies Market Report.” Lawrence
Berkeley National Laboratory, July 2009 (http://eetd.lbl.gov/ea/EMS/reports/2008-wind-
technologies.pdf).

4. Heidell, J., and M. King, 2009. “Valuing Fossil Fuel Generation Assets in a Green
Economy.” Energy Market Insights, Issue 2. New York, NY: NERA Economic Consulting,
April 2009 (www.nera.com/Newsletterlssue/NL_EMI_Issue_2 0409 _final.pdf)

5. Dominion Virginia Power. “Our fuel sources for 2009.” Customer Connection, March 2010
(www.dom.com/dominion-virginia-power/customer-service/your-bill/pdf/connection mar10.pdf).

6. “London Array signs contracts worth almost €2bn for work on world’s largest offshore wind
farm.” London Array, 14 December 2009 (www.londonarray.com/london-array-signs-contracts-
worth-almost-e2bn-for-work-on-world%E2%80%99s-largest-offshore-wind-farm).

7. Baeten, Koen (Smulders Projects, B.V.), “RE: Thanet foundations hours allocation and
contract value.” Email to George Hagerman, dated 05 March 2010.

Monopile and transition piece weights were originally obtained from Koen Baeten’s
presentation titled “500 and Beyond... Production of Monopile Foundations” given at the
Marine Technology for Offshore Wind Power workshop held by the Marine Technology
Society in Arlington, VA on 29-30 June 2009.

8. “Nexans wins £90 million London Array cable contract.” NewEnergyFocus, 14 December
2009 (www.newenergyfocus.com/do/ecco/view_item?listid=1&listcatid=32&listitemid=3344).

9. Twiggs, C., 2009. “Global Steel Prices.” Chart embedded in author’s trading diary posted
on 15 July 2009 (www.incrediblecharts.com/tradingdiary/images/20090716_steel.png).

10. “The Economics of Wind Energy.” European Wind Energy Association, March 2009
(www.ewea.org/fileadmin/ewea documents/documents/publications/reports/Economics of
Wind Main Report FINAL-Ir.pdf).

Final Report 54 20 April 2010



Virginia Offshore Wind Studies, July 2007 to March 2010

11. “Coastal Wind: Energy for North Carolina's Future.” University of North Carolina at
Chapel Hill, June 2009 (various report documents posted at www.climate.unc.edu/coastal-wind).

12 . “Vattenfall orders 100 turbines for Thanet offshore project.” NewEnergyFocus, 02
December 2008
(www.newenergyfocus.com/do/ecco/view item?listid=1&listcatid=109&listitemid=1989).

“Vattenfall acquired the 300MW Thanet Offshore Wind Farm last month from hedge
fund Christofferson Robb, reportedly for £35 million. And, although there were
conflicting reports of the exact acquisition price, it is believed that the wind farm will
require a further £780 million in investment.” Thus the total project cost is £815 million.
At the prevailing currency exchange rate of 1.18 € per £ in November 2008, this amounts
to €962 million.

13. Barton, Georg (RWE Innogy), “Electricity production in the Wadden Sea Region: Power
from the sea,” November 2009, Wadden Sea Forum WG EII International Energy Symposium
(www.waddensea-forum.org/WGs/EIl/Symposium%20BHV/RWE%20Innogy-Barton.pdf).

14. U.S. Bureau of Labor Statistics “International Comparisons of Hourly Compensation Costs
in Manufacturing, 2007.” Economic News Release — International Programs, 26 March 2009
(www.bls.gov/news.release/pdf/ichcc.pdf).

15. “New 3MW offshore wind turbine by Vestas.” Cleanergy.org, 14 September 2009
(http://cleanergy.blogspot.com/2009/09/new-3mw-offshore-wind-turbine-by-vestas.html).

16. “Siemens launches new 3.6 MW offshore turbine.” Recharge, 14 September 2009
(www.rechargenews.com/business area/finance/article187994.ece).

17. Jens Goesswein (REpower). “REpower's Offshore Experience. Pushing the Limits.”
RIH 2009 — L'éolien en mer. Le Havre, 04 November 2009 (www.wind-eole.com/fileadmin/
user upload/Downloads/Offshore/Rencontres du Havre/session4/Mohr Goesswein.pdf)

18. “5MW Wind Turbine Areva Multibrid M5000 — Technical data.” Renewable Energy
Sources, 19 February 2009 (www.renewable-energy-sources.com/2009/02/19/areva-multribrid-
m5000-technical-data).

19. Pacella, R.M. “How It Works: The Next-Gen Wind Turbine.” Popular Science, 26 March
2010 (www.popsci.com/technology/article/2010-03/next-gen-wind-turbine).

20. “PJM State of the Market — 2009.” Monitoring Analytics, 11 March 2010.
(www.monitoringanalytics.com/reports/PJM_State _of the Market/2009.shtml).

“Characteristics of Wind Units,” pp. 186-190 of Section 3 — Energy Market, Part 2.

21. Center for Conservation Biology, College of William and Mary. Whimbrel tracking project
home page (www.cch-wm.org/programs/migration/Whimbrel/whimbrel.htm).

Final Report 55 20 April 2010



Virginia Offshore Wind Studies, July 2007 to March 2010

22. U.S. Fish and Wildlife Service Wind Turbine Guidelines Advisory Committee. “Committee

Recommended Guidelines.” Submitted to the Secretary of the Interior, 04 March 2010

(www.fws.gov/habitatconservation/windpower/Wind_Turbine_Guidelines_Advisory Committee
Recommendations_Secretary.pdf).

23. “Plane crash was second fatal accident in week related to wind-turbine research.” Original
article dated 21 May 2008 by Rob Spahr in Press of Atlantic City is no longer available, but has
been archived by the Industrial Wind Action Group (www.windaction.org/news/15962).

24. “Potential Effects of Proposed Climate Change Policies on PJIM’s Energy Market.” 23
January 2009 (www.pjm.com/documents/~/media/documents/reports/20090127-carbon-
emissions-whitepaper.ashx).

25. Miller AW., A.C., Reynolds, C. Sobrino, and G.F. Riedel, 2009. “Shellfish Face Uncertain
Future in High CO, World: Influence of Acidification on Oyster Larvae Calcification and
Growth in Estuaries.” PLoS ONE Vol. 4, Issue 5: Article 5661
(www.plosone.org/article/info:doi/10.1371/journal.pone.0005661).

26. Talmage, S.C. and C. J. Gobler, 2009. “The effects of elevated carbon dioxide
concentrations on the metamorphosis, size, and survival of larval hard clams (Mercenaria
mercenaria), bay scallops (Argopecten irradians), and Eastern oysters (Crassostrea virginica).”
Limnology and Oceanography, Vol. 54, Issue 6: pp. 2072-280

27 Sakashita, M. “Legal Settlement Will Require EPA to Evaluate How to Regulate Ocean
Acidification Under Clean Water Act.” Center for Biological Diversity, 11 March 2010
(www.biologicaldiversity.org/news/press_releases/2010/ocean-acidification-03-11-2010.html).

28. Sgrensen, T., M.L. Thg, P. Nielsen, A. Grétzner, and S. Chun, 2008. “Adapting and
calibration of Existing wake models to meet the conditions inside offshore wind farms.”
EMD International A/S (www.emd.dk/files/PSO%20projekt%205899.pdf).

29. Barthelmie, R.J., S.T. Fransen, O. Rathmann, K. Hansen, E.S. Politis, J. Propathopoulos,
D. Cabezon, K. Rados, S.P. van der Pijl, J.G. Schepers, W. Schlez, J. Phillips, and A. Neubert,
2008. “Flow and wakes in large wind farms in complex terrain and offshore.” European Wind
Energy Conference, Brussels, Belgium, 31 March — 03 April 2008
(www.ewec2008proceedings.info/ewec2008/allfiles2/138 EWEC2008fullpaper.pdf).

30. Barco, S.G. G.G. Lockhart, K. M. Lagueux, A. R. Knowlton and W.M. Swingle, 2009.
“Characterizing Large Vessel Traffic in the Chesapeake Bay ocean approach using AlS and
RADAR.” Final Report for NFWF Award #2006-0093-009 and VDGIF Contract #2007-10280.
Virginia Aquarium Foundation Scientific Report 2009-05. Virginia Beach, VA, August 20009.

31. Musial, W., 2007. “Offshore Wind Electricity: a Viable Energy Option for the Coastal
United States.” Marine Technology Society Journal, VVol. 41, No. 3: pp. 32-43.

Final Report 56 20 April 2010



Virginia Offshore Wind Studies, July 2007 to March 2010

32. U.S. Minerals Management Service, 2009 “Renewable Energy and Alternative Uses of
Existing Facilities on the Outer Continental Shelf, Final Rule.” 30 CFR Parts 250, 285, and 290,
29 April 2009 (www.mms.gov/offshore/RenewableEnergy/PDF/FinalRenewableEnergyRule.pdf).

33. Harper, S., 2010. “Proposals seek OK for wind farms off Beach coast.” The Virginian Pilot,
26 February 2010 (http://hamptonroads.com/2010/02/proposals-seek-ok-wind-farms-beach-coast).

34. Szkotak, S. (The Associated Press), 2010. “Two Virginia companies seek offshore wind
farms.” Richmond Times-Dispatch, 26 February 2010.
(http://www?2.timesdispatch.com/rtd/business/energy/article/B-WIND26_20100225-
221607/326902).

35. “Comparative Study of Offshore Wind Turbine Generators (OWTG) Standards.” Minerals
Management Service Technology Assessment & Research Program, Project No. 618, MMI
Engineering, 01 July 2009 (www.mms.gov/tarprojects/618.htm).

36. U.S. Department of Energy, 2008. “20% Wind Energy by 2030: Increasing Wind Energy’s
Contribution to U.S. Electricity Supply.” National Renewable Energy Laboratory, Golden, CO.
NREL/SR-500-41869 (full report, individual report sections and appendices are posted at
www.20percentwind.org/20p.aspx?page=Report).

37. Sudres, J., 2008. “Innovative design for Farwind locations: New 1 MW turbine from
VERGNET.” Affordable Low Emission Energy and Water , French-Australian Bilateral
Dialogue Roundtable organized by the Embassy of France and the Forum for European-
Australian Science and Technology (FEAST) cooperation, 11 November 2008
(www.feast.org/roundtable2008/presentations/1.3_Sudres.pdf).

38. Nagao, T., H. Kato, Y. Noborisaka, S. Yoshida, T. Shiraish, 2007. “Development of Subaru
2MW Downwind Turbine.” European Wind Energy Conference (EWEC 2007), Milan, Italy,
7-10 May 2007 (www.ewec2007proceedings.info/allfiles2/72_Ewec2007fullpaper.pdf).

39. Yoshida, S., and S. Kiyoki, 2008. “Advantage of Downwind Turbines in Nacelle Yaw
Measurement in Complex Terrain.” European Wind Energy Conference (EWEC 2008),
Brussels, Belgium, 31 March — 03 April 2007
(www.ewec2008proceedings.info/ewec2008/allfiles2/205 EWEC2008fullpaper.pdf).

40. Peels, Herbert (2-B Energy). Untitled. Cleantech Forum Copenhagen, 28-30 April 2009
(http://cleantech.com/documents/forums/2009/xxii copenhagen/presentations/Offshore Cleantec
h-2-b Enerqy-Peels.pdf).

41. “Nordic Windpower’s First Utility Scale Wind Turbines Headed for Uruguay.” Nordic
Windpower, 07 December 2009 (www.nordicwindpower.com/news/releases/firstshipments.pdf).

42. Bland, Tim (The Engineering Business, Ltd.) “Merlin Offshore Wind Turbine Installation
System, Final Report.” W/61/00641/00/REP, United Kingdom: Department of Trade and
Industry, 2004 (www.bis.gov.uk/files/file18240.pdf).

Final Report 57 20 April 2010



Virginia Offshore Wind Studies, July 2007 to March 2010

43. Van Julle, F. (European Wind Energy Association). “Enabling offshore wind development
by integration in the European power supply,” Offshore Wind in Mediterranean and European
Seas (OWEMES), 22 April 2006 (http://192.107.92.31/test/owemes/Hulle_closing.ppt).

44. “Joint Comments of the Governors of New Jersey, Delaware, Maryland, and Virginia before
the Federal Energy Regulatory Commission.” Transmission Planning Processes Under Order
No. 890, Docket No. AD09-8-000, 25 November 2009
(http://elibrary.ferc.gov/idmws/common/opennat.asp?filelD=12206691).

Access to FERC Notice requesting comments and access to all Comments Filed is
available at www.ferc.gov/industries/electric/indus-act/oatt-reform.asp.

45. Virginia Marine Resources Commission. 2010 "Opportunities for Offshore Wind Energy in
State Territorial Waters." Senate Document No. 10, February 2010
(http://leg2.state.va.us/dls/h&sdocs.nsf/fc86c2b17a1cf388852570f9006f1299/6195a26e90b1329
b852576d60076aa99/$FILE/SD10.pdf).

46. Lee, K.H. and D.V. Rosowsky, 2007. “Synthetic Hurricane Wind Speed Records:
Development of a Database for Hazard Analysis and Risk Studies,” Natural Hazards Review,
Vol. 8, Issue 2, pp. 23-34.

47. “Secretary Salazar Announces Comprehensive Strategy for Offshore Oil and Gas
Development and Exploration.” U.S. Department of the Interior Press Release, 31 March 2010
(www.doi.gov/news/pressreleases/2010 03 31_release.cfm).

48. Watson, G., 2008. “The Promise and Challenges of Offshore Wind Energy in U.S. Waters.”
Marine Technology Society Journal, VVol. 42, No. 2: pp. 4-7.

Final Report 58 20 April 2010



