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1.0 INTRODUCTION

Coastal and offshore locales are favored regions for wind power utilization because of the generally high wind resource and lower surface roughness characteristic of the ocean environment. Recently, offshore sites in the US have attracted considerable attention, with projects now in various stages of development in Nantucket Sound (Cape Wind Associates) and south of Long Island (Long Island Power Authority’s Offshore Wind Initiative). However, the lack of representative observations necessary for estimating the available wind power resource in the offshore environment and physically consistent modeling of the dynamics within and above the air-sea interface are major issues that need attention. No field studies to date have focused exclusively on the marine boundary layer environment as it relates to wind energy, although in Europe, an extensive program of applied research in offshore wind energy is now underway at the Risø National Laboratory. Thus, as one component of this study, we seek to establish a facility dedicated to wind energy research in the coastal/offshore zones south of Long Island and in the lower Great Lakes (i.e. Erie and Ontario).

In the case of wind energy applications, the available wind power resource is related to the cube of the wind speed. Wind energy, therefore, represents a stringent test of in situ and, increasingly, remotely sensed observations. Hence, to develop wind resource estimates for any location it is necessary not only to adequately characterize the mean wind speed but also the higher moments or other descriptive parameters of the wind speed probability distribution (Pryor and Barthelmie 2002). As wind turbine-rated capacities (and corresponding hub heights) have increased, traditional methods (i.e. singular point tower-based measurements) of estimating the wind resource at hub height and describing environmental conditions across the rotor plane are fast becoming less representative and more expensive. Thus, remote-sensing methods (e.g. SODAR/LIDAR) will need to be incorporated and standardized in order to achieve realistic measurements over the entire turbine structure. The integration of remote-sensing methods with buoy wave and weather measurement systems is an innovative approach that we also seek to develop.

Speed and directional shear (change of wind speed and direction with height) over the rotor plane are frequently connected to the occurrence of low-level jets (LLJs). LLJs have been observed in offshore environments similar to that of Ambrose Light (A-S. Smedman et al. 2002). Profile measurements could lead to additional turbine design and siting factors: directional shear over the rotor plane (which could be calculated from Ekman-layer theory) and an extreme shear which can occur with a certain probability. Observation of LLJs and its descriptive meteorological environment (and possible consequences for offshore turbines) will be one of the objectives of the field program.

Modeling of the wind and wave climate in the coastal environment requires detailed knowledge about air-sea interactions. Until recently, direct, accurate measurements of turbulent air-sea fluxes have been problematic because of difficulties associated with platform motion, flow distortion, and the effects of sea-spray. Instead, flux-profile relationships that relate the turbulence fluxes of momentum, heat and moisture (or mass) to their respective profiles of velocity, temperature, and water vapor (or other gases) have been used. Flux-profile or flux-gradient relationships are also used extensively in numerical models to provide lower boundary conditions and to “close” the model by approximating higher order terms from low order variables. Recent developments in air-sea interaction measurement systems, such as corrections for the angular and axial movements platforms (Anctil et al. 1994; Edson et al. 1998; Graber et al. 2000) and flow distortion modeling (e.g. Frederickson et al. 1997) have led to more accurate and representative direct measurements of turbulent fluxes in the marine boundary layer.  The development and verification of advanced modeling techniques of the wave and atmospheric environment is another goal of this research.

Interest in offshore wind energy resources in the coastal waters of the US is rapidly developing. Thus, there is a need for research focusing on accurately describing the physical and dynamical processes that operate within and just above the marine boundary layer over a spectrum of spatial and temporal scales. This includes the coincidence of wind and wave conditions, including extreme events. The results of this research are aimed at providing wind system designers with more precise, site-specific design criteria and loading data necessary to cost-effectively engineer and optimize the overall wind plant system, including foundations, rotor components and control systems.  Being so equipped will enable the wind energy industry to achieve the lower cost-of-energy (COE) objectives of the LWST program with higher certainty.  Cost optimization opportunities exist not only for the development of the physical wind plant system but also to the siting, permitting, construction, and operations and maintenance (O&M) components that together have a significant bearing on the life-cycle economics and availability of an offshore project.  

Project Objective

The objective of this conceptual design study is to characterize the offshore wind and wave environment of the Atlantic and lower Great Lakes regions through the development and application of innovative measurement and modeling techniques. The results of this work are intended to assist the offshore wind industry in more precisely quantifying the design load conditions at specific sites, thereby enabling projects to be engineered and operated more cost-effectively and with lower risk. This objective will be achieved through the combination of an assimilation of existing monitoring and observation network data, a six-month intensive field measurement campaign at an offshore platform, a modeling analysis and verification study of the coastal wave and meteorological regime, and initial steps towards the development of a buoy-adapted atmospheric profiling system.  

Project Participants and Co-Sponsors

To accomplish these objectives, a team of leading marine science, atmospheric measurement/ modeling and wind energy organizations has been assembled.  This multi-disciplinary team consists of AWS Scientific (Project Manager), TrueWind Solutions, the National Data Buoy Center, and the Woods Hole Oceanographic Institution.  These organizations are leaders in their respective fields of expertise and share a common interest in addressing the technical demands of designing, siting, and operating offshore wind projects. 

Joining NREL in the financial support of this project are the Long Island Power Authority (LIPA) and the New York State Energy Research and Development Authority (NYSERDA).  LIPA has embarked on a 100-140 MW offshore wind development program to be commissioned in late 2007. NYSERDA supports business and industry partners to share the risk of developing and commercializing new products and technologies. Both organizations recognize that offshore wind energy can be an important part of New York’s future energy mix to meet the state’s 25% RPS goal by 2013. They also recognize that improved cost-effectiveness of offshore wind energy is required to realize its potential within a reasonable timeframe.

Through the formation of an advisory committee, the project will also incorporate the input and advice from the intended users and “customers” of the results of this conceptual design study.  GE Wind Energy and Vestas both endorse the need for the proposed concept to support their offshore turbine development activities. The County of Erie, NY, where interest in offshore wind development is growing and where a shoreline resource assessment study has recently begun (with funding from NYSERDA), also endorses this initiative. Stakeholders from other wind energy sectors will also be invited to participate on the advisory committee.

2.0 PROJECT DESCRIPTION  

This conceptual design study consists of five tasks, which are detailed in this section. The work first involves the production of a coordinated data set with information on regional coastal climate at the scales of decades (climate station data), years (weather station network), and seasons (intensive field observations). The nexus of this study will be the establishment of an offshore research observatory whose focal point will be Ambrose Light, an existing US Coast Guard platform located 6 nm south of Long Island; a companion onshore observation station in Rockaway, NY will also be part of this facility. We also intend to utilize data from ongoing and planned field deployments sponsored by the Woods Hole Oceanographic Institute (WHOI)—specifically the Martha’s Vineyard Coastal Observatory (MVCO).  These activities will support the development and verification of atmospheric and wave models tailored to the ocean and boundary layer environment in which offshore wind systems will operate.  They will also support the initial development phase of a buoy-adapted atmospheric profiling system which is intended to overcome the limitations of fixed meteorological towers and provide environmental design data across the full vertical breadth of a wind system.

Task 1 - Preliminary Data Analysis
Integration of existing surface observation networks and historical datasets.  Within and adjacent to the project domain, several different agencies and other entities operate meteorological surface and tidal observation networks (Figure 1). These data sources will be compiled and assessed for their effectiveness (accuracy, coverage, resolution) at defining the coastal and offshore wind regime in the Long Island, New England, and lower Great Lakes regions.  Gaps in the quality or applicability of these data sources for offshore wind plant applications will be characterized in the context of engineering and financing requirements.  The degree of further reduction in uncertainty needed to meet the requirements of these stakeholders will define the requirements of subsequent on-site measurement equipment. The following is a summary of the existing surface marine/meteorological networks:

National Data Buoy Center. The National Oceanographic and Atmospheric Administration’s (NOAA) National Data Buoy Center (NDBC) operates several marine-based platforms in the region, including C-MAN stations and moored buoys. These observe and archive hourly measurements of temperature, humidity, wind speed, wind direction, sea surface temperature, pressure, wave height, and wave period Hourly archived data is available online. See http://www.ndbc.noaa.gov/faq.shtml. 

National Ocean Service. NOAA’s National Ocean Service (NOS) Center for Operational Oceanographic Products and Services (CO-OPS) collects and distributes observations and predictions of water levels, currents, and for a sub-set of stations, meteorological parameters such as air temperature, barometric pressure, and wind speed and direction. Hourly archived data is available online. See http://www.co-ops.nos.noaa.gov/mission.html. 

Automated Surface/Weather Observing System stations. The National Weather Service (NWS) and Federal Aviation Administration (FAA) operate and maintain Automated Surface Observing System (ASOS) and Automated Weather Observing System (AWOS) stations that measure temperature, humidity, pressure, wind direction, wind speed, sky condition, and precipitation. Archived 1-minute, 5-minute, and hourly data is available from the National Climatic Data Center (NCDC). See http://www.nws.noaa.gov/asos. 

The New York State Department of Environmental Conservation. The New York State Department of Environmental Conservation (NYSDEC) manages a few field stations in the region that provide hourly observations of meteorological data such as temperature, humidity, and wind speed and direction. See http://www.dec.state.ny.us/website/dar/bts/airmon/index.htm. Archived data are available from the NYSDEC and online from the US Environmental Protection Agency’s AirData website. See http://www.epa.gov/air/data/index.html. 
Recent Field Projects. As part of the New England Air Quality Study (NEAQS), several instrument platforms, including the NOAA’s ship the Ronald H. Brown and the WP-3D aircraft were deployed off and adjacent to the New England Coast during the summer of 2002. Similar deployments are expected during the summer of 2004. We will endeavor to incorporate relevant measurements (e.g. temperature, winds, and airborne lidar profiles of the marine boundary layer) made from these platforms from both field campaigns. Finally, we will also incorporate data and findings from continuing WHOI MVCO-based field projects (e.g. Coupled Boundary-Layers Air-Sea Transfer, or CBLAST).
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Figure 1. Map of Offshore and Coastal Measurement Stations

Satellite Observation and Other Remote Sensing Platforms. Several remote sensing instruments aboard satellite platforms have been deployed to make estimates of marine surface (10 m) winds. These include NASA's Quick Scatterometer (QuikSCAT), the European Space Agency’s (ESA) ERS-2 Scatterometer, and the Special Sensor Microwave Imager (SSM/I), a passive microwave radiometer flown aboard Defense Meteorological Satellite Program (DMSP) satellites. Finally, WindSat is a polarimetric microwave radiometer developed by the U.S. Navy and the National Polar-orbiting Operational Environmental Satellite System (NPOESS) Integrated Program Office (IPO) for measuring ocean surface wind speed and direction. The resolution of these instruments is about 25 km.

Synthetic Aperture Radar (SAR) images are currently available from the European Remote-Sensing Satellite- 2 (ERS-2 2) and the Canadian Synthetic Aperture Radar Satellite-1 (RADARSAT-1). The operational resolution is on the order of 300 m X 300 m; thus, SAR provides the highest spatial resolution among existing remote sensing instruments. Unfortunately, there are a number of biases inherent in satellite retrieval of wind speeds that are of sufficient magnitude to render current use of remote sensing for generating power estimations for prospective offshore wind farms highly speculative (Barthelmie and Pryor 2003). Nevertheless, we will explore the use of satellite-derived surface wind speed estimates for threshold studies of the offshore wind resource.

Task 2 - Field Measurement Campaign. 

Background—the Marine Boundary Layer. The marine boundary layer (MBL) is characterized by certain features distinguishable from land-based boundary layers. These include:

· The roughness length (z0) is very small (~0.001 – 0.1) for moderate wind speeds; it varies with

· Wind speed (z0 increases rapidly with increasing speed)

· Upstream distance to land (higher roughness close to land) 

· Water depth 

· Stability conditions are different from inland conditions because of the high heat capacity of the sea—the average stratification is slightly stable in mid-latitudes away from warm or cold sea currents (Garratt 1992) 

· The daily cycle in the stability variation over land is replaced by a seasonal cycle with stable conditions in spring-summer and unstable conditions in fall-winter. 

· Turbulence intensities are generally lower

· Over most of the ocean during most times, the surface heat flux does not play a large role in determining BL structure

· Over large areas, the sea surface is relatively uniform

· Dynamic interaction occurs between water waves and surface-layer turbulence

· In coastal regions (such as around Ambrose Light and Martha’s Vineyard) advection of air across the coastline results in the growth of a thermal internal boundary (TIBL) (Garratt 1992). The sea breeze circulation is one example of a TIBL

The Surface Layer—Monin-Obhukov Similarity Theory. A series of land-based field experiments in the late 1960s ad 1970s led to the validation of a powerful set of statistical tools derived from Monin-Obukhov (MO) similarity theory (Lumley and Panofsky 1963; Wyngaard 1973; Stull 1988). Obukhov (1946) and Monin and Obukhov (1954) were the first to describe a similarity hypothesis about the statistical nature of the turbulent flow based on the relative strength of mechanical and thermal forcing. MO similarity theory states that the structure of turbulence is determined by the height above the surface, z, the buoyancy parameter g/(v, the friction velocity, u* , and the surface buoyancy flux, 
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 (see e.g., Wyngaard 1973). In sum, various turbulent statistics, when normalized by these scaling parameters, are a universal function of the stability parameter ( = z/L, where
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is the Obukhov length, g is the acceleration due to gravity (~9.81 m s-2), k is the von Karman constant (~ 0.4), the overbars denote averages, the primes represent turbulent fluctuations, and the subscript 0 denotes a surface layer value. The magnitude of L is determined by the relative contributions of the mechanical stress and the buoyancy flux; it’s dependent upon stability (negative in unstable conditions and positive in stable states). Several decades of research using this procedure has provided parameterizations of the dimensional shear that vary only slightly from one another (e.g. Dyer and Hicks 1970; Wyngaard and Coté 1971; Kaimal et al. 1972; Champagne et al. 1977; Dyer and Bradley 1982; Frenzen and Vogel 1992; Oncley et al. 1996). These relationships are often used to estimate the desired turbulent quantities from mean measurements over the ocean where direct measurement of the fluxes is very difficult.

Wave Boundary Layer. Since MO similarity theory is formulated for turbulently driven processes (mechanical and thermal forcing), it may not be applicable in regions of the marine surface layer where the flow is also influenced by ocean waves. Many investigations (e.g., Geernaert et al. 1986; Donelan et al. 1993; and Hare et al. 1997) have demonstrated that additional scaling parameters are required to describe turbulent variables within the wave boundary layers (WBLs). The WBLs are defined as the region where the total momentum flux, even if assumed constant with height, has appreciable turbulent and wave-induced components (Edson et al 1999). Long-term measurements at Östergarnsholm, a small island in the Baltic Sea east of Gotland, Sweden, showed that the structure of the wind profile can be divided into three height layers, whose depth is a strong function of the wave age: a wave influenced layer close to the surface, a transition layer and an undisturbed constant-flux layer (Sjöblom 2002). Other field studies have also shown the strong influence of wave-state on the marine surface layer (Edson et al 1999; Vickers and Mahrt 1999; Edson and Fairell 1998). 

Thus, key objectives of this project are to identify wind/wave/stability regimes where the normalized wind gradient deviates from MO theory (by making flux-gradient measurements within the SBL and just above the WBL) and to develop modified similarity relationships that can be applied in offshore waters such as south of Long Island, New England, and the Great Lakes.

Field Deployment

Ambrose Light. A Coastal-Marine Automated Network (C-MAN) station is located on the Ambrose Light, a platform operated and maintained by the USCG (see Figure 2). Ambrose Light is situated in 70 feet of water 7.4 miles east of Sandy Hook and 7 miles south of Rockaway, New York. (This location is approximately 10 miles west of and in similar depths to the proposed LIPA offshore wind energy facility.) Station measurements include air temperature (28.3 m AMSL), wind speed and direction (29.0 m AMSL), and pressure (21.3 m AMSL). To achieve the goals of the proposed project, additional instrumentation will be installed on the facility to measure the stress and buoyancy fluxes, precipitation, and net radiation, and profiles of wind speed and direction, temperature and humidity (see Table 1 for a description of instruments to be used on Ambrose Light).
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Figure 2. Ambrose Light Station

Tower Measurements. Three levels of fast response (~ 20 Hz) measurements of temperature and the u, v, and w velocity components will be made on the Ambrose Light platform, at 10, 20, and 30 m. This will assure that at least two flux measurements in the surface layer (under stable conditions the SBL can be less than 25 m over the ocean). Temperature and humidity measurements will also be made near these levels. Net radiation (total incoming and outgoing—to estimate the surface energy budget) will be measured at 30 m. However, as the overarching goal of this project is to describe the wind environment over the range of expected turbine/rotor plane, observations at higher levels need to be made.

Sodar—A SODAR (Sound Detecting And Ranging) is a wind measurement device with several distinctive advantages over conventional cup anemometry. Depending on the specifications of the different models from several manufacturers, SODARs can measure wind speeds up to several hundreds of meters, with a vertical resolution of 5 to 20 m and a minimum height of 10 to 30 m.

The SODAR (as other ranging remote sensing devices like RADAR and LIDAR) yields nearly simultaneous information from a height range (typically up to a few hundred meters above ground) whereas classical in-situ instruments only yield information for one height. This offers several advantages: first, a measurement directly at hub height is possible and no extrapolation from a point measurement is necessary. Second, vertical profiles over the entire rotor plane will be available. Third, a SODAR distinguishes between the horizontal wind components and the vertical wind component (only the horizontal components are used when computing the mean wind speed.), whereas cup anemometer is driven not only by horizontal wind components but also by the vertical wind component (see e.g. Antoniou et al. 2003). 

We intend to install a SODAR near the top of Ambrose Light (around 25 m). This should provide wind profiles on a nearly continuous basis upwards of 200 – 300 m.

Surface Buoy. A 3-m discus buoy will be deployed near Ambrose Light to make standard meteorological and sea state observations. These include barometric pressure; wind direction, speed, and gust; air and sea temperature; and wave energy spectra from which significant wave height, dominant wave period, and average wave period are derived. Direction of wave propagation will also be measured on the buoy. The buoy will tentatively be provided by the NDBC; although an alternative but similar buoy design from the WHOI having some measurement enhancements will be considered.

The proposed offshore instrumentation deployment will result in a complete profile of meteorological measurements, from the surface upwards of 300 m, enabling a comprehensive analysis of flux-profile relationships versus stability and sea state, and wind profiles (and therefore calculation of wind power spectrum and wind loading statistics) through the highest rotor plane heights.

On-shore meteorological station (Rockaway, NY). To complement the offshore measurements, an on-shore meteorological station will be deployed in the vicinity of Rockaway, NY, and 6 miles north of Ambrose Light Station. This station will feature a 10 m instrumented flux tower used to characterize the near-shore environment. Periodically, a “roving” SODAR will operate near this tower, to complement wind profile measurements and to conduct land-based platform studies (see Task 4-reference to buoy development) 

Cooperating Facility - Martha’s Vineyard Coastal Observatory (Woods Hole Oceanographic Institute)

Air-Sea Interaction Tower (ASIT). ASIT is located 2 miles due south of Edgartown Great Pond in 50 feet of water (see Figure 3). ASIT extends approximately 76 feet into the marine atmosphere and is roughly the same height as the Buzzard’s Bay Tower located west of Cuttyhunk. It has been specifically designed to make measurements in the ocean and atmosphere to investigate ocean processes that include air-sea interactions, ocean mixing, gas exchange, bio-optics, and sediment transport. Measurements on ASIT include at least three levels of heat, moisture, and momentum fluxes, profiles of temperature, humidity, and wind speed and direction.

Onshore 10-m meteorological mast. Located near the South Beach Donnelly House, the core set of instruments at the meteorological mast measure wind speed and direction, temperature, humidity, precipitation, CO2, solar and IR radiation, and momentum, heat, and moisture fluxes.
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Figure 3. ASIT at Martha’s Vineyard

Task 3 – Atmospheric and Wave Modeling

The characteristics of the low-level wind field at a particular location are determined by a variety of atmospheric processes operating on a broad spectrum of space and time scales. The amount of energy within specific portions of the atmospheric space-time spectrum can vary significantly by location, time of year and other factors and therefore the amount and the space-time scale of wind variability can also vary substantially.  At one end of the spectrum, there are planetary and synoptic scale circulation features that have characteristic scales of thousands of kilometers. They are driven by the planetary-scale equator to pole temperature differences. These features control the general multi-day and day-to-day wind variability.  Smaller scale atmospheric circulation systems, which have characteristic sizes of tens to hundreds of kilometers, are typically called mesoscale features.  These systems are generated and maintained by mesoscale temperature differences caused by varying physical properties of the earth’s surface such as land-water boundaries and sea surface temperature differences as well as by the interaction of larger scale features. The mesoscale features control the variations in wind speed and direction on time scales of a few hours up to almost a day. Atmospheric features on the short end of the atmospheric spectrum of motion are referred to as microscale.  These features have typical sizes from meters up to a few kilometers.  They control the variability of the wind on time scales of a few minutes to an hour or two.  These features are driven mostly by the instabilities associated with the vertical profile of temperature and wind, which are strongly influenced by the physical properties (roughness etc.) of the earth’s surface.  Over water the vertical profiles of temperature and wind are strongly influenced by the surface roughness and the air-water temperature difference. The roughness of a water surface is controlled to a large extent by the wind speed.  For example, higher wind speeds will produce a rougher water surface and more atmospheric mixing. 

The purpose of this task is to determine how well physics-based numerical models, using only standard offsite data, can reproduce the atmospheric and sea state conditions that are critical to offshore wind applications.  The field data collected in the previous task will be used in two ways. First, it will be used along with offsite data from other sources (e.g. NOAA) to improve the understanding of the multi-scale physical processes that control the spatial and temporal variability of the wind and sea state in the vicinity of an offshore site. It will also be used to determine how to configure physics-based atmospheric and sea surface numerical models to produce the best possible simulations of an offshore site’s horizontal and vertical wind profiles and sea state conditions. 

The proposed approach is to perform an extensive analytical comparison of the output from numerical simulations with quality-controlled measurement data for several cases selected from the datasets gathered during the field program.  The cases will be selected based on the criteria that the physics-based modeling system was able to produce a good simulation of the large scale (hundreds of kilometers and larger) atmospheric features but had difficulty reproducing the local wind profiles and sea state conditions.  The fact that the large-scale structure of the atmosphere was well simulated will permit the focus to be placed on processes occurring within the short end of the mesoscale and the microscale portions of the atmospheric spectrum.   The first step in each case study will be to use the field data to understand the mesoscale and microscale boundary layer processes that play a significant role in each case.   The second step will be to execute a series of numerical simulation experiments with a modeling system composed of a water surface wave model coupled with an atmospheric model.  The simulation experiments will test the impact of changes in the configuration of the coupled modeling system on its ability to accurately reproduce the observed wind profile and wave conditions.  The configurations that will be tested will include different formulations of the equations which model (1) the turbulent structure of the boundary layer, (2) the fluxes of heat, moisture and momentum between the atmosphere and the underlying surface and (3) the specification of roughness and other surface properties as a function of sea state.  A demonstration of the modeling system’s ability to reproduce accurate estimates of the wind and wave conditions for the selected offshore sites will provide an incentive to further develop the use of such a modeling system to estimate these conditions when no onsite measurement data is available.  

The atmospheric model to be used is the Mesoscale Atmospheric Simulation System (MASS) model (Kaplan et al. 1982, Manobianco et al, 1996). It is a numerical weather model that has been developed over the past 20 years both as a research tool and to provide commercial weather forecasting services. It has also been used to develop wind maps for most of the U.S., including its offshore areas within approximately 20 km of the east and west coasts, plus the lower Great Lakes. The core of the MASS model is a set of differential equations which embody the fundamental physical principles of conservation of mass, momentum, and energy and the equation of state for air. The equations are used to simulate the evolution of the atmosphere by calculating their terms on a three-dimensional grid and using time steps as small as a few seconds to map the transformation from one atmospheric state to another.  MASS also models the effect of sub-grid scale turbulence on the wind profile through the use of a predictive equation for turbulent kinetic energy that accounts for the modulation of turbulent mixing by roughness, buoyancy and wind shear effects.

The wave model employed by this project will be WAVEWATCH III (Tolman 1997, 1999a), a third generation wave model developed at NOAA/NCEP in the spirit of the WAM model (WAMDIG 1988, Komen et al. 1994). It is a further development of the model WAVEWATCH I, as developed at Delft University of Technology and WAVEWATCH II, developed at NASA, Goddard Space Flight Center. WAVEWATCH III has been coupled to the MASS model and the coupled system is currently being used to provide forecasts of wave conditions for an application in the Mediterranean Sea.

As a process, this task will consist of the following steps:

· Select a substantial number (~50) of 24-hr data sets from the data gathered during the measurement program to serve as candidates for modeling case studies. The objective is to identify cases that span a diverse set of meteorological conditions. 
· Run the atmospheric and wave models for the days chosen and generate an automated quantitative comparison between model results and measured data. 

· Identify the cases with significant discrepancies between simulated and observed wind profiles and sea state conditions. 

· Select a set of approximately 5 cases with significant discrepancies for the intensive set of numerical simulation experiments. The selection will be based on the significance of the discrepancies and the desire to have cases with a diverse range of atmospheric conditions. 

· Conduct a detailed analysis of the measured data and the simulated-measured differences for each of the selected cases. 

· Run a series of simulation experiments with the coupled wave-atmospheric modeling system by modifying equation formulations or key parameters based on the analysis of the measured data and the simulated-measured discrepancies. 

· Analyze results of simulation experiments and determine the model configuration that yields the best performance in the simulation of off-shore wind profiles and sea state conditions. 

· Document the results of the simulation experiments and quantitatively assess the performance of the final model configuration. 

· Consider future research to assess the performance of the final configuration of the modeling system in other offshore locations with a diverse mix of environmental conditions (e.g. coastal geometry, season etc.) and repeating the process of identifying cases with discrepancies (if any) and intensively investigating them to determine how the modeling system can be improved. 

Task 4 - Development of a Buoy-Mounted Atmospheric Profiler

The measurement of marine environmental conditions has traditionally been done using buoy and C-MAN wave/meteorological stations, ship observations, and satellite imagery.  While providing a broad overview of wave, wind and weather conditions, these data sources are not sufficient to address the needs of offshore wind turbine manufacturers and developers.  Precise measurements at specific sites contemplated for wind development are required to optimize the siting and design of offshore wind systems.  Conventional approaches to meteorological measurements use fixed towers with heights near or at the anticipated turbine hub height.  However, such towers are expensive to build offshore—typically costing $1-2 million—and may not be feasible in relatively deep waters. In addition, they require a permitting and approval process prior to construction that can extend the overall timetable for project development.  The cost and efforts involved in offshore resource assessment are so high that they discourage prospecting activities that the wind industry normally conducts for land-based wind projects.

To overcome the limitations of fixed towers in offshore applications, this project plans to develop a conceptual design and conduct preliminary tests for a buoy-mounted atmospheric profiling system that would displace the need for a fixed meteorological tower, with the bonus of providing more extensive data. The buoy would have to be sufficiently stable in pitch and roll to facilitate active remote sensing, and its motion would have to be measured in order to transform measurements from buoy- into earth-referenced coordinates.  The system would measure: (1) wind profiles (u, v, w components) up to 200 m above the surface using SODAR, (2) wave frequency-direction spectra,  (3) surface wind stress, (4) weather parameters such as temperature, relative humidity, solar, etc., as well as sea surface temperature, and (5) ocean currents.  Other requirements are that the system operate in waters of virtually any depth, be self-contained with on-board power and communication systems, and that the system be durable, and easy to handle and maintain. 

The surface platform for this concept will be the Air-Sea Interaction Spar (ASIS) buoy (Graber et al., 2000).  The ASIS buoy (Figure 4) is a relatively stable platform having low flow disturbance characteristics in both atmospheric and oceanic surface boundary layers.  It has been used successfully in nine major oceanographic experiments, in locations as diverse as the U.S. eastern continental shelf, the Gulf of Mexico, the equatorial Pacific Ocean, and the Mediterranean and Baltic Seas.  In the early spring of 2004 it will be deployed in the Labrador Sea.  Observations from ASIS form the central data sets in five refereed scientific publications, and the buoy is generally acknowledged in the marine atmospheric boundary layer research community as an excellent platform for making correlation measurements of air-sea fluxes.  Winds, waves and currents are measured with respect to the buoy, which, by design, follows the long waves.  These data are transformed into earth-referenced coordinates using measurements of the buoy motion provided by a six degree-of-freedom strap down inertial package.  This package consists of three accelerometers (heave, surge, and sway), three angular rate gyros (to measure pitch, roll, and yaw), and a three-axis magnetometer which provides heading as well as redundant measurements of inclination.  The buoy construction is modular, and when disassembled it fits inside a standard 20-ft shipping container.  ASIS can be used in both a freely-drifting or tethered mode.  When tethered, it is attached via a floating tether to a conventionally moored surface buoy that itself can carry sensors, as well as providing additional power and data storage capacity.   We note here that we are using the term “ASIS” to refer to a class of short, multi-leg spar buoys that are geometrically similar to the sketch shown in Figure 4.
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Figure 4. Engineering sketch of the ASIS buoy with sensor placement

The most innovative component of this concept development program is the marriage of a SODAR with the ASIS buoy.  The accuracy of SODAR velocities has been well documented on land, where the instrument is fixed.  Experience with its use in the marine environment has been equivocal, although Barthelmie et al. (2003) have reported good results from a multipoint-anchored vessel. The degree to which SODAR measurements are affected by instrument motion is currently unknown.  Although the angular pitch and roll motion of ASIS is much less than other surface-following platforms, such as discus buoys, nonetheless ASIS does move, following the low frequency motion of the surface (this is by design in order to decrease the dynamic range required of the on-board wave measuring system).  However its motion is relatively gentle, even in high sea states (note that because ASIS is laterally tethered, it does not suffer the exaggerated mooring-induced heave motion typical of a vertically-moored buoy in high seas), and hence it is expected to provide a good platform for SODAR measurements.  The dimensions of the buoy are determined by the weight and size of the SODAR, as well as its power consumption (which determines the required battery load, solar panel area, etc.).

Since we are interested in estimating the mean winds from the SODAR measurements, platform motion is unlikely to be a source of bias (at least to leading order in the motion). Instead, we expect that motion will reduce the correlation time scale of the received signal, thus increasing the sampling variability.  The objective of this development phase is to understand the expected motion of ASIS in a variety of sea states, and the effect of this motion on SODAR observations.  To do this we propose to carry out the following tasks:  (1) choose one or two candidate SODARs, (2) design suitable ASIS buoys compatible with these SODARs (in terms of their weight, windage, and power requirements), (3) model the response of the design ASIS buoys in a variety of sea states, (4) evaluate ambient ocean noise and atmospheric acoustic propagation characteristics as they relate to SODAR performance, and (5) attempt to test the sensitivity of a SODAR to angular motion by placing it on a rocking platform (this test will be conducted on land). We expect that at the conclusion of this work we will have a reasonably firm understanding of whether this is a feasible route for developing a mobile ocean-atmosphere profiling system.  If the answer to this question is affirmative, this work will also yield a preliminary design of the system.

Task 5 - Meetings and Reporting

Meetings: As requested for Conceptual Design studies, we have planned for a final review meeting with NREL as well participation in one DOE/NREL Subcontractor Review Meeting.  In addition, there will be internal planning meetings scheduled periodically throughout the project to which NREL will be invited.  We recommend that NREL consider attending a kick-off meeting in New York in spring 2004 as well as an interim meeting midway through the field measurement program (Fall 2004).  

Quarterly Reports: Given the duration of the Conceptual Design study, we plan on issuing quarterly progress reports.  The progress reports will focus on accomplishments since the last report, as well as on problems or variances from the planned work scope.

Final Report: A final report will be prepared in accordance with NREL guidelines (Attachment A of the solicitation).  The report will include a thorough description of the proposed concept, the studies conducted, their results and implications, and progress toward the COE objective.  

3.0 COST OF ENERGY ANALYSIS

The concept proposed here pertains to the development of ways to more accurately and efficiently quantify the environmental operating conditions of offshore wind turbines.  The resulting information will provide wind system designers with more precise, site-specific design criteria and loading data needed by them to cost-effectively engineer and optimize the overall wind plant system.  Being equipped with better information will enable the engineers to achieve the lower cost-of-energy (COE) objectives of the LWST program with higher certainty.  Opportunities for cost optimization are applicable not only to the development of the physical wind plant system but also to the siting, permitting, construction, and operations and maintenance (O&M) components that together have a significant bearing on the life-cycle economics and availability of an offshore project.  

With these factors in mind, and given that this proposal is not dedicated to designing wind turbine hardware or functionality directly, it is not appropriate to provide a COE analysis of turbine design tradeoffs as requested in NREL’s proposal solicitation. Instead we submit an alternative analysis and discussion that identifies different value nodes where the proposed concept is likely have a positive impact on an offshore wind plant’s COE. In some cases the predicted economic benefits are quantified and in others they are only qualified in general terms. The goal of this analysis is to illustrate the far-reaching need for, and benefits of, the proposed conceptual work to achieve more favorable economics in offshore environments. 

Node 1: Offshore Meteorology – The conventional approach to on-site meteorological characterization is the installation of a tall, fixed meteorological tower equipped with wind sensors at multiple heights.  Based on experience in northern Europe and in Nantucket Sound, the installed cost of such a tower is on the order of $1 to $2 million.  The majority of this cost is dictated by the tower’s fixed attachment to the seabed. In comparison, the cost of a buoy-based atmospheric profiling system would be roughly $200,000 using the proposed Air-Sea Interaction Spar (ASIS) buoy design. The cost elements of this buoy design are approximately as follows:

· ASIS skeleton - $30,000

· Tether buoy, tether & mooring gear - $11,000 (includes navigation beacon)

· Data acquisition system - $25,000 (includes inertial motion package)

· Electronics housings (5) - $4,000 (housings/connectors/cables)

· Met. sensors and Campbell logger - $30,000

· Wave measurement system - $6,000 (electronics & capacitance wires)

· SODAR - $50,000

· PV power system - $15,000

· Batteries - $3,000

· Ship for deployment and ASIS handlers - $17,000

The cost advantages of the buoy system result in a five- to ten-fold cost savings over a single fixed tower.  Additionally, the buoy system can be relocated and recycled from site to site, resulting in compounded savings (i.e., millions of dollars) over several sites.  Such portability also encourages broader site surveys and more accurate plant production projections. Lastly, as offshore projects become viable in relatively deep waters (>40 m), fixed meteorological towers become cost prohibitive and logistically impractical.

Node 2: Wind System Engineering – The design and control elements of a wind system are inclusive of the foundation, tower, drive train, rotor, and balance of plant components.  Environmental conditions expressed in terms of means, frequencies, standard deviations, and extremes are required to understand and design for the wind and wave loadings over the expected lifetime of the project. The objective of reducing the COE from offshore wind systems cannot be fully achieved unless the design parameters are better quantified for their eventual sites and their associated uncertainties reduced. This will allow designers to more appropriately match a turbine or foundation designed for a particular load regime with the conditions that are expected at a particular site. This proposal aims to satisfy this objective by providing a more practical and effective means for supplying this information to the wind system designer. Manufacturers of offshore wind systems have defined relevant environmental design parameters needed for site-specific applications, including:

· Hub height wind speed and direction (mean speed, frequency distribution by direction sector, wind rose, etc.)

· U, V, W wind components 

· Extreme gusts (3-s, 5-s, 1-min, 10-min) for 50-yr return period

· Annual operating gust amplitude 

· Wind shear exponent and structure across rotor plane

· Turbulence (ambient and wake induced) (magnitude and integral length scales)

· Significant wave heights for multiple return periods

· Storm surge levels

· Currents (tidal, storm surge)

These parameters will be critical in determining the appropriate structural loading on the turbine as required for Germanischer Lloyd certification, and to satisfy the safety requirements of IEC 61400-1 (1997).  The environmental loading parameters provide either the total loading environment, or a base to which other loads are added for the following external conditions (GL Rules and Programs 4.0 (2002) Chapter IV Part 1 Appendix A):

· Normal external conditions up to rated wind speed (10 minute average and shorter time scales)

· Normal Operating Gust

· Oblique inflow

· Grid failure/loss of load

· Effects due to temperature change

· Extreme operating gust

· Extreme change in wind direction

· Extreme wind gradient (change in wind speed across rotor)

· Extreme consumer influence (grid voltage and frequency stability)

· Annual wind

· Annual gust

· 50-year wind

· 50-year gust

· Ice loads

· Earthquake

In addition to deployment costs, the proposed buoy and modeling alternative is advantageous in that it provides boundary layer measurements across the entire rotor plane of the wind turbine as opposed to a conventional hub-height (or shorter) meteorological mast. 

Node 3: Project Permitting and Financing – A fixed meteorological tower is subject to a formal permitting and approval process through an applicable government agency (e.g., US Army Corps of Engineers) before it can be installed in offshore waters.  This process typically takes at least six months to complete and effectively extends the time required to bring a project to fruition. Tower construction and commissioning may take several additional months to complete due to the difficulties of working at sea.  Any project delay introduces risk, which in turn translates into higher costs. Since financial incentives available to wind projects (PTC, RPS, etc.) and financing terms are typically time sensitive or have expiration dates, the avoidance of delays is likely to be advantageous to the long-term COE of an offshore wind project. In contrast, a relatively simple approval from the Coast Guard is needed for an instrumented buoy.  Avoiding shipping lanes and including an appropriate light beacon and/or radar reflector is normally sufficient for approval. 

Node 4: Wind Plant Operations and Forecasting – After commissioning, environmental conditions affect an offshore wind plant’s energy productivity, maintenance costs, personnel safety, and site accessibility, which in turn influences plant availability.  Improved prediction and control of these impacts can be realized through better understanding the sea state and marine boundary layer in advance of project construction. On-site monitoring following commissioning will support operational activities and will also support the scheduling of generation as required by the local utility or Independent System Operator.  Since most offshore projects will cover several square miles of area, significant differences in environmental conditions will sometimes exist across large expanses that would otherwise not be observed by a single reference meteorological mast.  The relatively low cost and portability of buoy monitoring systems, complemented by coupled wave/atmospheric models, will provide better spatial information and foreknowledge about environmental conditions so that wind plants can be operated, maintained, and scheduled more intelligently and cost-effectively.

Installed costs of offshore projects are highly sensitive to extreme wave and wind loadings and other environmental factors, making such projects 60% to 110% more expensive than comparable land-based projects. Foundations, where the design is highly site dependent, can be the single largest capital cost component. And approximately 25 percent of the COE from an offshore project is due to O&M. Since the site-specific environmental conditions at an offshore project play such a major role in determining overall project costs, improvements in understanding the operating environment at proposed sites should lead to a reduction in project costs. All combined the value nodes described above have the potential of reducing the cost of energy from offshore wind projects by perhaps 10 percent or more. 

4.0 STUDY PLAN 

The prime contractor and Project Manager will be AWS Scientific. Subcontracts or equipment purchases will be established with Woods Hole Oceanographic Institution, TrueWind Solutions, the National Data Buoy Center, individual specialists, the sodar supplier, and suppliers of other meteorological monitoring equipment. 

The proposed project sponsors are the National Renewable Energy Laboratory (NREL), New York State Energy Research and Development Authority (NYSERDA), and the Long Island Power Authority (LIPA). The Massachusetts Technology Collaborative (MTC) has expressed interest in this initiative but was unable to make a commitment for sponsorship in time for this proposal submission.

An advisory panel will be formed to ensure that the program’s measurement parameters and analysis products are consistent with the needs of wind turbine manufacturers (e.g., GE Wind, Vestas), project developers (e.g., developer to be selected by LIPA), and other stakeholders (e.g., Erie County, NY). 

Figure 5 outlines the proposed project organization.  A description of each organization is presented in Section 5.0, together with the qualifications of key personnel.
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Figure 5. Project Organization Chart
Schedule

The project duration will be approximately 14 months, beginning in the spring of 2004. This period is longer than envisioned by NREL for a Conceptual Design Study, however the nature of the proposed concept, and the comprehensive field, modeling, and testing investigations related to it, demand a longer time frame.  Figure 6 charts the project schedule by task, with completion planned by April 30, 2005. 
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Figure 6. Conceptual Design Study Project Schedule
The overall project budget is $600,000 and will be contributed by three individual sponsors (NREL, NYSERDA, LIPA) each funding $200,000. The budget breakdown to accomplish Tasks 1-5 is as follows: 

Table 1. Project Budget Breakdown

	Budget
	

	AWS Scientific/Consultants
	$280,000

	Woods Hole Oceanographic Institution
	$ 40,000

	National Data Buoy Center (buoy lease)
	$ 80,000

	TrueWind Solutions
	$ 40,000

	Measurement Equipment
	$160,000

	
	

	Total
	$600,000


The total labor effort for this study will entail approximately 3,000 person-hours. The labor effort assigned to NREL’s one-third portion of the total project budget is listed in Table 2.  A breakdown of these labor hours by staff person is disclosed in Appendix II.

Table 2. Planned Labor Hours by Task for NREL-funded Portion of Project

	Task 1
	Assimilation of Existing Atmospheric Systems
	244

	Task 2
	Field Measurement Campaign
	464

	Task 3
	Data Analysis and Modeling
	283

	Task 4
	Early Development of Buoy-mounted Profiler
	260

	Task 5
	Meetings/Final Report
	286

	
	Total Hours
	1537


The methods and procedures to be used for environmental measurement, modeling, and testing have been described in Section 2.0. Through our relationship with NREL technical staff and with the project’s advisory committee, we will seek ongoing feedback to ensure that the measures and approaches taken are consistent with industry needs and with the objectives of reducing the COE of offshore applications. The following table itemizes the instrumentation planned for Task 2.

Table 3. Proposed Instrumentation for Ambrose Light and On-shore Tower 

	Level (m)
	Measurement
	Instrument

	Ambrose Light
	
	

	30 – 300+ m
	U, V, W
	SODAR

	30 m
	u’, v’, w’, Tv’
	3D sonic anemometer

	30 m
	S(up), S(down), L(up), L(down)
	Net radiometer

	29 m*
	U, Dir
	Prop vane anemometer

	28.3 m*
	T, q
	Temperature/humidity

	25 m
	Precipitation
	Tipping bucket

	21.3 m*
	Pressure
	Barometer

	20 m 
	u’, v’, w’, Tv’
	3D sonic anemometer

	20 m
	T, q
	Temperature/humidity

	10 m
	u’, v’, w’, Tv’
	3D sonic anemometer

	10 m
	T, q
	Temperature/humidity

	-1 m*
	SST
	Sea surface temperature

	Onshore station
	
	

	10 m
	u’, v’, w’, Tv’
	3D sonic anemometer

	10 m
	S(down), S(up)
	Pyranometers

	2 m
	T, q
	Temperature/humidity

	2 m
	Precipitation
	Tipping bucket

	20 – 300+ m
	U, V, W
	SODAR



*Existing instrumentation from NDBC

It is anticipated that a follow-on phase may be proposed at the end of this project. A second phase effort would likely extend the field measurement program by another six months, thereby capturing a complete year of sea and atmospheric conditions.  This is important given that the boundary layer structure of the atmosphere over the ocean changes dramatically with season in response to the reversing relationship in temperature differential between the sea surface and lower atmosphere. This differential results in very stable and unstable boundary layer conditions, which in turn significantly alter the vertical wind profile.  

Assuming that there are successful results from the early buoy-mounted atmospheric profiler tests, the second phase would also advance the development work and conduct tests on a floating buoy in water.  The potential for LIDAR as an alternative profiler technology may also be assessed at that time. (When preparing the current proposal, it was determined that LIDAR is not advanced enough in terms of cost, portability, and power requirements to be viable for buoy adaptations at this time.  However, we are maintaining a dialogue with at least one supplier (e.g., QinetiQ) for future consideration.) 

Lastly, the next phase will like expand the field measurement program to include Lake Erie, the shallower of the two lower Great Lakes.

5.0 PROJECT TEAM

This proposal assembles several leading organizations to accomplish the objectives of the conceptual design study.  The teamed organizations are interdisciplinary in skill and complementary in role.  They collectively represent the wind energy, marine sciences, and atmospheric measurement and modeling communities, all of who are essential for advancing the state-of-the-art of offshore wind energy technology development.

AWS Scientific – AWS is one of the country’s leading firms providing planning, implementation, and evaluation services to project developers, electric utilities, and government agencies in the field of renewable energy technologies, notably wind energy. Established in 1983, AWS also provides services in the areas of environmental monitoring and weather-related research. AWS has a broad background in wind energy applications, ranging from wind resource assessment to wind turbine operations, both on land and offshore. The firm is well known for its expertise in wind plant siting and design, field measurements (including SODAR), wind turbine technologies, performance prediction, and the assessment of innovative applications. The feasibility of over 200 locations in the U.S. and abroad has been assessed via wind measurement programs and engineering studies. 

In the offshore arena, AWS is involved in several offshore assessment and project development efforts.  They include:

· LIPA’s 140 MW offshore wind project, which is scheduled for commissioning in late 2007. AWS has been LIPA’s technical project manager responsible for conducting project feasibility and siting studies (www.lioffshorewindenergy.org) and for assisting in the RFP process to select a developer. AWS also managed a team of technical, environmental and legal consultants to address a broad array of siting issues.

· Cape Wind’s 420 MW offshore project in Nantucket Sound. AWS is the project meteorologist supplying services for wind plant layout optimization, energy production prediction, definition of environmental load conditions (including collaboration with GE Wind Energy, the turbine supplier), mesoscale modeling of wind conditions within the Sound, and analysis of data from the offshore met. tower. 

· Atlantic Renewable Energy Corporation’s consultant for conducting an offshore wind energy feasibility study of coastal New Jersey on behalf of the NJ Board of Public Utilities. This project is just underway and will address technology, economic, environmental, interconnection, and legal issues. 

· The U.S. Trade and Development Agency’s and Morskie Electrownie Wiatrowe’s (a Polish developer) contractor to conduct a feasibility study for the 250 MW Slupsk Shoals Offshore Wind Project in the Baltic Sea. Activities include technical assessment studies, wind flow modeling/mapping, and collaboration with turbine manufacturers and financial institutions.

· Project manager for the Massachusetts Technology Collaborative, the Connecticut Clean Energy Fund, and Northeast Utilities for a coastal and offshore wind resource assessment and mapping study.  In collaboration with the University of Massachusetts, wind measurements were conducted for two years at the Coast Guard’s offshore Bishop and Clerks Station. High-resolution wind resource, bathymetric, and transmission grid maps also were developed to facilitate MTC’s stakeholder deliberations concerning the proposed Cape Wind project. 

In the field of remote sensing over the past two years, AWS has been advancing the utilization of SODAR technology for wind energy applications, particularly to probe deeper into the boundary layer than conventional meteorological towers permit. AWS has deployed sodar at over 20 proposed wind projects in Canada and the U.S.  Its staff is experienced with operating various sodar models including Aerovironment, Atmospheric Research and Technology, Remtech, and Scintec.

Dr. Bruce Bailey, President of AWS, will be the Project Manager.  He has been active in the wind energy field for 27 years and is a recognized expert in wind resource assessment and project development.  His range of expertise includes project siting and design, engineering and financial analysis, meteorology, field measurements, wind flow modeling and forecasting, wind turbine simulation, systems integration, environmental assessment, due diligence, and the evaluation of value-added benefits.  Bruce has extensive project development consulting experience, ranging from distributed energy technology applications to large-scale wind projects. He has consulted for most of the wind projects now operating in the eastern U.S., and is advising on over 2000 MW of planned new capacity throughout North America, including several offshore projects. He works on behalf of most of the country’s leading project developers as well as for the National Renewable Energy Laboratory, the Electric Power Research Institute, and major utility companies.

Bruce has a bachelor’s degree in Meteorology (Cornell U.) and a doctorate in Engineering Management (California Coast U.).  He is also a Certified Consulting Meteorologist licensed by the American Meteorological Society.  Prior to working full-time with AWS Scientific beginning in 1985, he was a tenured research scientist with the State University of New York at Albany where he began his career in wind energy.  Dr. Bailey has authored over 90 publications including the “Wind Resource Assessment Handbook: Fundamentals for Conducting a Successful Monitoring Program.” This NREL publication is the current U.S. standard that establishes industry guidelines for selecting, installing, and operating wind measurement equipment.  He is a member of the Board of Directors of the American Wind Energy Association, a member of that organization’s Standards Coordinating Committee, and the Chair of the Offshore Committee.

Mr. Skip Brennan, Director of Operations for AWS, will be the Assistant Project Manager. He has worked at AWS for over a year and is already involved in several land and offshore wind energy development studies. Notably, he is the project manager for the 250 MW Slupsk Shoals offshore project feasibility study in the Baltic Sea. Other offshore wind project involvement includes the LIPA, Cape Wind, and AREC studies, plus a proprietary study of the lower Great Lakes for a developer. He has also participated in recent offshore meetings on offshore deep water technologies (Washington, DC) and on offshore environmental issues (Husum, Germany). Mr. Brennan holds a M.S. in Environmental Management and Policy from Rensselaer Polytechnic Institute and a B. A. in Geology from New England College.  Prior relevant work experience includes Senior Geologist for TRC Environmental Consultants (New Jersey), Offshore Field Engineer for Teleco Oilfield Services (Louisiana), and Bathymetric Cartographer for Martel Laboratories (Florida).

Dr. Jeff Freedman is a consulting scientist and will be the Lead Project Scientist for the field measurement and analysis components of this project. He has an extensive background in boundary layer research, especially in seasonal and climatological aspects of surface-atmosphere exchange and cloud-radiation relationships. He has academic and professional degrees in meteorology and oceanography, atmospheric science, and the law. He is also founder and owner of Atmospheric Information Services, which partners with business and government in applied meteorological and climatological research, and EnviroLaw, which provides legal and environmental regulatory consulting services. Recent fieldwork includes participation (as co-principal investigator) in the Hudson Valley Ambient Meteorology Study (HVAMS), a National Science Foundation sponsored project to study local circulations in the Hudson Valley of New York. Other recent projects and field studies include the Boreal Ecosystem and Exchange Study (BOREAS, Thompson, Manitoba), and the Long Term Ecological Research Site (Environmental Measuring Station) at Harvard Forest. He worked closely with AWS on other projects, including the LIPA 140 MW offshore project and a separate project investigating the feasibility of offshore development in the lower Great Lakes.  Dr. Freedman is a member of the American Meteorological Society, the American Geophysical Union, He is a Certified Consulting Meteorologist and member of the New York Bar (admitted 1985).

Woods Hole Oceanographic Institution – WHOI is dedicated to research and higher education at the frontiers of ocean science. Its primary mission is to develop and effectively communicate a fundamental understanding of the processes and characteristics governing how the oceans function and how they interact with Earth as a whole. The largest independent, not-for-profit, oceanographic research institution in the U.S., WHOI is a unique collection of individuals working in a number of disciplines toward one primary goal: world leadership in advancing and communicating a basic understanding of the oceans and their decisive role in addressing global questions.  The Applied Ocean Physics and Engineering (AOPE) Department is a unique collection of scientists, engineers, technical support personnel and students conducting research into ocean processes from the turbulent surf zone to the abyssal depths. This research encompasses air-sea interaction on local and global scales, mixing processes, sediment transport, estuarine and coastal hydrodynamics, ocean acoustics, underwater communication, internal waves, signal processing, mooring dynamics, and physical-biological processes.
Scientists at the Woods Hole Oceanographic Institution manage the Air-Sea Interaction Tower (ASIT) off the south shore of Martha’s Vineyard as part of the Coupled Boundary Layers and Air-Sea Transfer (CBLAST) program.
 The ASIT is a one-of-a kind platform for studying coastal processes in the Atlantic Ocean.  It is instrumented with sensors capable of directly measuring momentum, heat, and mass exchange between the atmosphere and ocean. The ASIT is located 2 miles due south of Edgartown Great Pond in 50 feet of water. ASIT extends approximately 76 feet into the marine atmosphere and is roughly the same height as the Buzzard’s Bay Tower located west of Cuttyhunk.  ASIT is directly connected to the Martha’s Vineyard Coastal Observatory (MVCO) for data transmission. Data from the ASIT will be integrated with the MVCO data and is available to all users via the MVCO web site. The actual data includes wind speed and direction, air and sea temperature, wave height and direction, and currents at the offshore site.  

Dr. Eugene Terray, who is a Research Specialist in the Department of Applied Ocean Physics and Engineering, will be WHOI’s contact for this project. He will play a significant role in addressing the integration of a SODAR system with the ASIS buoy.  He has extensive experience with air-sea interface measurement and analysis, acoustic sensing, and wave dynamics. Dr. Terray received his Ph.D. in Theoretical Physics from Cornell University and a B.S. in Physical Science from Union College. He has been with WHOI for over 20 years. 

TrueWind Solutions – TrueWind provides advanced wind forecasting and atmospheric modeling services to the wind energy industry. It has pioneered the development of high-resolution wind mapping at the meso- and micro-scales to facilitate wind energy planning at the national, state, and project levels. Offshore wind resource simulations have been run for the east and west coasts of the U.S., the Hawaiian Islands, and portions of the lower Great Lakes. The results are presented in regional and state wind maps that have been co-funded by NREL/DOE, states, and utility companies. TrueWind is a joint venture of AWS Scientific, Brower & Company and MESO. Brower & Company has developed advanced computer wind mapping software (WindMap() and specializes in electric utility resource planning, tools and models. MESO lends its world-class expertise in atmospheric research and mesoscale weather forecasting and modeling, and independently operates the eWeather forecasting service specializing in agricultural applications. MESO’s MASS model, which will be utilized in this project, has undergone development and application in a variety of research projects funded by NASA, the EPA, the Defense Nuclear Agency, and the U.S. Air Force. MESO has been a pioneer in the area of workstation-based mesoscale simulation systems, which beginning in the early 1990s were tailored to the needs of NASA's Kennedy Space Center and the U.S. Army's White Sands Missile Range.

Dr. John Zack will lead TrueWind’s modeling efforts using both the MASS and WaveWatch models. He has over 23 years of experience in developing physically consistent computer modeling systems of the atmosphere, and is an expert in both synoptic and dynamic meteorology. He is very accomplished in analyzing model generated data and applying meteorological knowledge to understand and improve atmospheric modeling techniques. Dr. Zack is now recognized as a leading authority in the application of atmospheric modeling techniques for the purpose of producing wind maps and forecasts for the wind energy industry. He has great expertise in system design and in many programming languages including Fortran, Unix shell scripts, Basic, Pascal, Perl, and HTML. He has been the principal investigator of several multi-year research projects and published numerous papers and journal articles.  He has Ph.D. and M.S. degrees in Atmospheric Sciences from Cornell University, and a B.S. in Meteorology and Oceanography from New York University.  He is a member of the American Meteorological Society and the American Wind Energy Association.

National Data Buoy Center – The NDBC is a part of the National Weather Service and develops, operates, and maintains a network of buoy and C-MAN stations. NDBC provides hourly observations from a network of about 70 buoys and 60 C-MAN stations to help meet weather forecasting needs. All stations measure wind speed, direction, and gust; barometric pressure; and air temperature. In addition, all buoy stations, and some C-MAN stations, measure sea surface temperature and wave heights and periods. To support these stations and work on other engineering and data collection projects, NDBC employs engineers, meteorologists, oceanographers, computer scientists, and other professionals. U.S. Coast Guard members serve on the government staff providing unique skills and interface with USCG for transportation support. 

NDBC's Industrial Operations and Engineering Complex, which is located in Mississippi, has specialized equipment and provides NDBC with the environment needed to support the assembling and servicing of buoy and C-MAN stations. Buoy hulls are refurbished in the onsite Sandblast and Painting Facility. Equipment integration and testing aboard the buoys are accomplished in high bays. Sensors are calibrated in wind tunnels or environmental chambers, and later tested with the onboard station microprocessors, called payloads, on test stands. Final calibration and testing of the completed buoy systems are accomplished in the onsite canal.

The NDBC’s operational contact for this project will be Shannon McArthur, Engineer and Project Manager for the Observing Systems Branch.  In cooperation with the U.S. Coast Guard, he will assist in coordinating the logistics for mounting the project’s meteorological equipment at the Ambrose C-MAN Light Station and for providing a 3-m disc buoy for the measurement of sea state and surface meteorological conditions during the six-month field campaign.
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