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REPORT SUMMARY

In 1992, EPRI and the U.S. Department of Energy (DOE) initiated the Utility Wind
Turbine Verification Program (TVP). The goals of the program were to help electric
utility companies gain field experience with wind power; evaluate early commercial
wind turbines at several U.S. sites; and transfer the experience to the wind power
community. This report describes the project development experience at the 6.05 MW
Green Mountain Power wind power project near Searsburg, Vermont. The lessons
learned in the project will be valuable to other utilities planning wind power projects.

Background
A previous TVP report described the project development experience at the 6.6 MW
wind turbine project owned by Central and South West at a site near Fort Davis, Texas
(EPRI TR-107300, December 1996). The second wind project to be implemented under
the TVP was the 6.05 MW wind turbine project owned by Green Mountain Power
(GMP) at a site near Searsburg, Vermont. The plant consists of 11 Zond Z-40-FS wind
turbines. Each turbine has a 40-meter diameter, three-bladed rotor and a constant-speed
turbine-generator mounted on top of a 40-meter tubular tower. Plant construction
occurred in 1996, and turbine acceptance testing was completed in June 1997.

Objectives
• • To document GMP's project development approach

• • To describe the experience gained and problems encountered in the project

• • To transfer the lessons learned to other utilities that are planning projects

Approach
Project investigators documented the project development experience at the GMP
project, from initial planning and site selection through construction, startup, and
acceptance testing. This report describes the project background, site selection, land
acquisition, permitting and public acceptance studies, environmental studies, turbine
vendor selection, project design, engineering and construction, turbine commissioning
and acceptance, project cost and schedule, operation and maintenance and performance
evaluation plan, and outreach activities during the project development process.
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Results
GMP has successfully developed and constructed a wind power plant in Southern
Vermont that is now in operation. Issues that arose during project development included
permitting and weather delays to the project schedule; contract negotiations with the
equipment vendor; and start-up problems on a number of turbine components. Some of
the issues were related to the lack of experience with installing wind energy projects in
cold and wet conditions similar to the environment at GMP's project site. The host utility
successfully used the wind project to educate the surrounding community and state and
national interest groups on the benefits of renewable energy.

EPRI Perspective
An important goal of the TVP has been to transfer the experience gained in the TVP
projects to other utilities, wind power developers and turbine vendors, government
agencies, and others so that lessons learned can be incorporated into future projects.
The GMP project development report should be very helpful in this regard, because it
describes negative as well as positive experiences. The information in the report should
help others avoid, or at least reduce, the impact of the problems encountered. Future
reports on the TVP will describe the operating experience of the GMP and Central and
South West TVP projects and operating experience of five new distributed wind
generation projects selected for funding under the TVP during 1997.

TR-109061
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ABSTRACT

The Wind Turbine Verification Program (TVP) is a collaborative effort of the US
Department of Energy, the Electric Power Research Institute, and host utilities to
develop, construct, and operate wind power plants.

Through their involvement as a TVP host utility, Green Mountain Power Corporation
(GMP), has developed and constructed a commercial wind power plant. GMP
completed construction of its new wind facility near Searsburg, Vermont, in December
1996 and the project was commissioned in June 1997.  The facility is situated in a
sparsely-populated, forested area on privately-owned land.  The 6.05 MW plant
consists of 11 Zond 550-kW Z-40-FS (full span) turbines which are expected to generate
about 14 GWh of electricity a year in normal wind conditions.  Zond turbines were
selected by competitive solicitation.  The estimated project cost is $11 million, of which
EPRI and DOE are each contributing $1.75 million in TVP funds, and EPRI and GMP
are each contributing $477,000 in Tailored-Collaboration funds.  GMP will conduct a
three-year testing and evaluation program.

This report discusses GMP’s activities and experiences from the initial project
conception to the commissioning of the wind turbines.  It includes site selection,
permitting, vendor selection, project design and construction, cost and schedule, and
equipment acceptance.  Some of the experience gained from the development phase of
the project is common to any construction project, some is unique to developing a wind
power plant, and some is related to the specific project location and GMP’s research
objectives.  Subsequent annual reports on the GMP project are planned to document the
first three years of operating experience.
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1 
INTRODUCTION

1.1  Background

The Wind Turbine Verification Program (TVP) is a collaborative effort of the US
Department of Energy (DOE), the Electric Power Research Institute (EPRI), and host
utilities to develop, construct, and operate wind power plants. The objective of the
program is to provide a bridge between the wind turbine development programs
currently underway in the US and utility purchases and evaluation of commercial,
utility-grade wind turbines.  The TVP is intended to assist utilities in learning about
wind power through first-hand experience and to build and operate enough turbines to
gain statistically significant operating and maintenance data.  A further objective of the
TVP is to provide other utilities with information about wind technology and the
project development process from the perspective of a utility owner and operator.

The TVP has been implemented in three phases.  A Request for Proposal (RFP) for the
first round of the TVP (TVP I) was released in 1993.  It stipulated that each proposed
project was to include up to 30 turbines of at least 250 kW each.  The RFP also specified
a minimum project size of 6 MW, the use of wind turbines incorporating the latest
technology, and a US-manufacturing content of at least 50%.  As a result of this
solicitation, Central and South West Services (CSW) and Green Mountain Power
Corporation (GMP) were chosen to host the first two TVP projects.1   EPRI and DOE
awarded funds to cover a portion of the costs associated with the selected projects
based on a number of criteria that demonstrated the ability of the project to help
commercialize state-of-the-art wind technology.  A third utility was selected to host a
project in the second phase of the program (TVP II), but negotiations were never
finalized.

In 1996, an RFP for TVP III was released and the solicitation focused on distributed
generation.  TVP III projects must be connected to a distribution line, consist of at least
two wind turbines, and be less than 5 MW in total size.  Contracts for up to five TVP III
projects are expected to be finalized in 1997.  In addition to the TVP I and III hosts,
other utility wind projects were incorporated into the TVP as “associate projects” in

                                               
1 A separate report on the Central and South West TVP project was prepared and published in 1996:  Central and
South West Wind Power Project Development, TR-107300, Electric Power Research Institute, December 1996.
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1997.  These projects receive limited funding from the program but benefit from the
information exchange and technical assistance.  In return, the program sponsors receive
performance data and other valuable information.

EPRI manages the TVP program on behalf of the funding organizations.  EPRI and
DOE, through its National Renewable Energy Laboratory (NREL), also provide
valuable technical and management assistance to the host utilities.  Additional TVP
solicitations are under consideration for the future.

This report focuses on the project development experiences of one of the TVP I host
utilities, Green Mountain Power Corporation.  The report discusses GMP’s activities
and experiences from the initial project conception to the commissioning of the wind
turbines.  Subsequent annual reports on the GMP project are planned to document the
first three years of operating experience.  Reports are also planned to document the
experiences of the other TVP projects.

1.2  Objectives and Scope

One of the major components of the TVP is to verify the performance of the wind
turbines installed in the projects and to transfer the lessons learned to others in the
utility and wind industries.  Because the CSW TVP project is roughly one year ahead of
the GMP project, GMP was able to benefit from CSW’s early experiences and
incorporate many of the lessons learned into their own decision-making processes.
Both of the projects use Zond Z-40 wind turbines.  The CSW Z-40 turbines have
ailerons for power regulation and overspeed control, and they are mounted on tubular
towers.  The GMP Z-40 turbines employ full span pitch control and are mounted on
tubular towers.  In addition, the site characteristics, climate, rationale for participating
in the TVP, and other factors are unique to each project.  The purpose of this report is to
document the development process of GMP’s  TVP wind power plant so that other
utilities can benefit from this experience.

The principle objectives of the report are to summarize the approach taken by GMP to
develop the project, describe any problems that were encountered in the process, and
detail the accomplishments and experiences that occurred along the way.  The report is
intended to document GMP’s rationale for decisions.  However, it is not necessarily the
recommended approach to developing a wind project.  Another utility may choose a
different approach that better suits its particular needs.  Explanatory footnotes are used
throughout the report to clarify and expand on those areas in which GMP’s approach
varies from the typical process for developing a commercial wind power plant or to
offer EPRI’s perspective on a topic.  Additional information on wind power plant
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development and operation is available in other EPRI publications.2

1.3  Report Organization

The report is organized into 11 sections, in the approximate chronological order of the
project development steps followed by GMP.  Following the introduction, Section 2
provides background information including a brief description of GMP’s wind project
to set the context for the rest of the report, a summary of GMP’s rationale for
participating in the project, and a discussion of the wind monitoring activities that
GMP conducted prior to its participation in the TVP program.  Section 3 discusses
GMP’s site selection and land acquisition process for the TVP wind power plant.  A
brief summary of the site wind resource characteristics is included in this section.
Section 4 contains a description of the permitting process, and technical, environmental,
and public acceptance studies that were conducted or are planned as part of the
program.  Section 5 discusses the turbine vendor selection process, including a
description of the bidding process, the evaluation criteria, and the contract negotiation
issues.  Section 6 discusses project design, engineering, and construction activities, and
Section 7 summarizes the turbine acceptance and project commissioning procedures.
Section 8 summarizes the costs and schedule for the project.  The operation,
maintenance, and performance plans are summarized in  Section 9.  Section 10
discusses the outreach activities that were conducted as part of the program.  Section 11
contains conclusions and summarizes the experience gained from the development
process.

                                               
2 In particular, see Planning Your First Wind Power Project, A Primer for Utilities, TR-104398, Electric Power
Research Institute, December 1994.
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2 
PROJECT BACKGROUND

2.1  Project Description

GMP is a small investor-owned electric utility, headquartered in South Burlington,
Vermont. The utility serves about 80,000 retail customers, and its service territory is
entirely within the State of Vermont.  It is a winter-peaking utility with a maximum
peak load of less than 350 MW.  The TVP wind energy project represents about 0.5% of
GMP’s power supply resources.

GMP selected Zond Development Corporation and Zond Constructors Incorporated of
Tehachapi, California to supply the wind turbines, electrical interconnection
equipment, and construction and installation services for the project on a turnkey basis.
Both of these companies are wholly-owned subsidiaries of Zond Systems Incorporated
(Zond).  In January 1997, Zond was acquired by Enron Corporation and it has
subsequently been re-named Enron Wind Corporation.

The GMP TVP wind power plant is a 6.05 MW facility of commercial-scale wind
turbines.  It is currently the largest wind project in the eastern United States.  The
project consists of 11 model Z-40-FS 550-kW wind turbines manufactured by Zond.
The turbines include a cold weather package to address the Vermont climate.  The 11
turbines are installed along a ridgeline in a string stretching approximately 1.2 km (.75
mile).  The turbine sites are at elevations between 823 and 884 meters (2,700 and 2,900
feet) above sea level.

The project site is located on private property in the town of Searsburg, Vermont, in
Windham County.  The site is in a heavily-forested section of the uplands region of the
Green Mountains in southern Vermont, approximately 11 km (7 miles) north of the
Massachusetts border.  Figure  2-1 shows the location of the project relative to the
surrounding towns and states.  The topography in the vicinity is shown in Figure 2-2.

GMP awarded a contract to Zond in late 1995 to provide a turnkey project, and
construction was substantially completed in December 1996.  Commissioning took
place in June 1997 and GMP accepted ownership of the project later that month.  A
project dedication ceremony was held in August 1997.  Additional details on the project
characteristics are provided in later sections of the report.
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Figure  2-1
Location of GMP Project Site Relative to Surrounding Towns

2.2  Green Mountain Power’s Renewable Energy Program

Like CSW, GMP has been involved with renewable energy projects, including wind
power, prior to their participation in the TVP.  If hydroelectric facilities’ production and
purchase agreements are considered, approximately 50% of GMP’s generation supply is
renewable energy.  GMP’s wind energy program was initiated close to 20 years ago
when they began studying the wind power potential in or near their service territory in
the late 1970s.  Since that time, they have been an advocate of the utility use of wind
power and maintained an active role in a number of wind energy industry
organizations.
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Figure  2-2
Topographic Map of GMP Project Site

GMP’s first wind resource monitoring station was installed in the early 1980s.  In
addition, they operated two 100-kW turbines near Manchester, Vermont from 1990 to
1994 to evaluate cold climate issues and public acceptance of wind turbines.  The TVP
project is seen as the next important step in verifying the performance of wind power in
cold regions.
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An important goal of GMP’s wind program is to help diversify its energy supply mix
through the use of in-state renewable sources of energy.  Through its monitoring
program, GMP had already identified potential project sites with significant wind
resources.  The TVP provided an opportunity to proceed with plans to install a
commercial-scale facility approximately two to three years earlier than would
otherwise be economically viable.  In addition, GMP is participating in the TVP project
to gain hands-on knowledge about emerging wind energy technologies with the goal of
identifying renewable energy alternatives that are reliable, dependable, and lower in
cost than other renewable technologies.

The objectives of the EPRI-DOE and GMP TVP program are as follows:

• Determine the economic viability of wind turbines in the Vermont operating
environment;

• Determine and document the performance of the wind turbines;

• Share the cost of the project so it can be considered a prudent capital investment;

• Provide a limited market for newly designed wind turbines prior to their
achievement of a fully commercial status;

• Document and communicate the experiences gained in a turbine verification project
to other utilities and turbine manufacturers;

• Enable the utility to maintain its leadership position in the utility use of wind
power; and,

• Create a project whereby the expertise available through EPRI and NREL is readily
accessible to GMP in their early use of wind power.

In response to the first TVP solicitation, GMP submitted a proposal for a 6 MW project
and was awarded a contract in 1994.  In addition to the EPRI-DOE TVP funding, GMP
was also able to use EPRI Tailored-Collaboration funds to supplement their own
contribution.�

2.3  Early Wind Monitoring Experience

In the early 1980s, GMP initiated a wind energy prospecting and site evaluation
program.  As a result of this program, wind monitoring stations were established at

                                               
3 As  a member of EPRI, GMP was able to use approximately $477,000 in EPRI Tailored-Collaboration funds.
Under this program, EPRI matches a portion of a member utility’s funds for applicable projects.
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seven sites identified as having wind energy development potential.  In the vicinity of
the current TVP project, two areas on either side of State Route 8, an “Eastern Site
Area” and a “Western Site Area,”  were initially identified as promising, and the first
measurement tower was installed in this vicinity in the fall of 1981.  This station,
located on the top of a hill in the Western Site Area, served as the long-term reference
station for the site area.  Although this station was de-activated between 1984 and 1987,
there are still more than 13 years of data available in the vicinity of the TVP project site.
Since 1981, GMP has operated 13 other measurement towers for shorter periods in the
area.  One of the measurement towers to the immediate south of the TVP project area
now serves as the long-term reference for the site.

To assist them with their resource assessment activities, GMP contracted with
consultants experienced in wind energy meteorology.  In the 1980s, there was little
experience with wind resource assessment outside of California.  In climates similar to
Vermont, or in heavily forested areas, the practical experience with wind resource
assessment techniques was even more limited.  As a result, GMP and their consultants
developed several innovative studies to assess their wind resource and gain
information about the impact of the environment on wind turbine operation.

One example of this approach is the partnership GMP formed with NRG Systems
(NRG), a Vermont meteorological equipment manufacturer, to develop and test heated
measurement  sensors.  GMP was concerned about the impact of icing not only on wind
turbines but also on the wind measurement sensors.  On three of their measurement
towers, GMP installed heated anemometers as well as conventional sensors to compare
the data from the heated and non-heated instruments.  Subsequent analyses were
conducted to determine the effects of icing on wind speed and direction measurements.
The heated sensors, developed as part of this project, are now commercially available
through NRG. Several years later NRG partnered with GMP again to test their new
cellular data loggers on GMP’s sites.

GMP also developed a unique financial agreement with NRG for data collection.
Rather than purchase the monitoring equipment and collect the data themselves, GMP
contracted with NRG to purchase only the data from their monitoring stations.  This
idea stemmed, in part, from GMP’s concerns about the equipment becoming obsolete
over the lifetime of the monitoring program.  Under the agreement, GMP pays NRG to
install, remove, or relocate equipment, but NRG retains ownership of the equipment
and assumes responsibility for the cost to maintain and replace components.  Thus, the
burden for data recovery is shifted from GMP to NRG because NRG is only paid for the
data it delivers.  As a result of this agreement, NRG chose to use redundant sensors and
redundant data loggers on the GMP monitoring stations.  Both NRG and GMP have
found this approach, and their agreement, to be satisfactory.

 As part of another study, GMP obtained permission from the US Forest Service to
remove the trees in a 10-acre area surrounding one of its monitoring stations.  A full
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year of data were collected prior to the tree removal and a second year of data were
collected after the tree clearing.  Additional sensors were added to the tower to
measure parameters at four heights.  Data analyses, including shear and turbulence
studies, were conducted on the two data sets to determine the impact of the trees on the
wind resource characteristics.  The study concluded that the tree removal did not
significantly increase the wind speed; therefore, clearing did not provide a benefit for
wind energy development.4

Overall, the logistics of installation, data collection, and maintenance of monitoring
stations are complicated in Vermont because of the dense vegetation and the cold
climate.  To install a monitoring station in the Green Mountains, some clearing is
generally required for the tower base and the guy wire anchors.  Guy wire placement
requires careful planning, and the guy wires are typically different lengths due to the
topography.  At the Searsburg sites, access during the winter months to collect data or
perform maintenance was only by foot or snowmobile.  The development of cellular
data loggers was beneficial for data collection.  However, maintenance of the loggers
continues to be challenging.

In 1990, GMP installed two 100-kW US Windpower wind turbines on Mount Equinox
in southwestern Vermont.  The turbines were operated through three successive
winters in a severe climate that included extreme cold temperatures and significant
icing events.  GMP conducted a number of performance analyses on this project
including quantifying the effects of icing on wind turbine performance and the
variability of icing with respect to elevation above sea level.

                                               
4 This conclusion is specific to this site.  In other wooded areas, the height of the trees, the ridge shape and slope,
meteorological conditions, and other factors may indicate that tree removal will have a different impact.
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3 
SITE SELECTION AND LAND ACQUISITION

3.1  Site Selection for the TVP Wind Power Plant

GMP’s site selection process began with its Wind Turbine Site Prospecting and
Evaluation Program, which was designed and initiated in the late 1970s.  The objective
of the program was to locate the best potential wind sites in, or near, GMP’s service
territory.  Several previous investigations indicated that the windiest areas in New
England’s interior were at the highest elevation sites.  As a starting point for their
prospecting study, GMP identified several hundred sites in Vermont with an elevation
above 1,500 feet, and then applied a screening process to prioritize and/or eliminate
sites from further consideration based on the following set of evaluation criteria:5

• The environmental impacts of developing the site;

• Compatibility of wind energy development with existing land-use;

• Location within a reasonable distance to existing access roads & transmission lines;
and,

• Exposure to winds from all directions.

 The screening process reduced the number of original high-elevation sites from several
hundred to less than ten.  Monitoring equipment was subsequently installed at seven of
these sites to characterize each site’s wind resource.  Long term data from nearby
National Weather Service stations and airports were used to further define the area’s
climatology and determine the long-term representativeness of the data from the new
monitoring sites.  Based on the wind data and an additional examination of each site’s
suitability for a wind energy project, the following four candidate sites were identified
as having the best potential for development:

• A ridge to the north of Bolton Ski Area in Bolton, Vermont;

                                               
5 Additional factors that are often considered in the site selection process include potential for expansion, match of
wind patterns with demand requirements, suitability of physical site characteristics for construction and operation,
public acceptance, and others.
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• A ridge between Haystack Mountain and Mt. Snow in Wilmington and Dover,
Vermont;

• A series of high points on either side of State Route 8 in Searsburg and Readsboro,
Vermont (the Eastern and Western Site Area); and,

• A ridge straddling the Vermont/Massachusetts border in Stamford, Vermont and
Florida, Massachusetts.

The Searsburg/Readsboro sites were ultimately selected as the most promising for
early wind energy development because of a lower potential for land-use conflict than
at the other sites.  In addition, GMP considered input from local citizens, public interest
groups, and regional authorities.  The area’s moderate elevation relative to other
candidate sites also contributed to its selection.  At between 823 and 884 meters (2,700
and 2,900 feet) above sea level, the Searsburg/Readsboro sites exhibited a strong wind
resource without the heavy icing and potentially damaging winds found at higher
elevation sites in the Northeast.

Although GMP’s general methodology and approach to selecting a site are commonly
employed in the wind industry, the challenges posed by the physical environment in
Vermont and the timing of the work are particularly unique.  The site selection work
was initiated in the early days of the US wind industry.  At that time, and even today,
there is little experience with developing wind projects in areas with such dense forest,
extreme temperatures, and icing frequency.  GMP, other utilities, and the wind energy
community in general will use the project experience gained at this site to make
decisions regarding future implementation of wind energy projects in similar
environments.

3.2  Land Acquisition Process

GMP originally considered building its wind power plant on a combination of private
and federal lands in the Eastern Site Area.  The US Forest Service (USFS) administrates
the federal lands in this region and the use of this land requires a Special Use Permit.
GMP initially applied for the permit in 1993.  However, the review of their application
was delayed due to limited staff resources within the USFS.  In 1994, to help expedite
the review process, GMP agreed to pay for a consultant to assist the USFS with its
workload.

Shortly after the consultant was hired, the process was again halted due to an unrelated
dispute regarding the proposed use of a neighboring land parcel.  The conflict revolved
around the USFS’s proposal for timber management in the Lamb Brook section of the
Green Mountain Forest.  The USFS land that was part of GMP’s proposed project site
was outside of, but adjacent to, the Lamb Brook area.  For political reasons, the USFS
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decided that they wanted to resolve the timbering issue before considering the wind
project.

Although the USFS was working with the interested parties to settle the conflict in the
Lamb Brook area, the delay continued for several months and worst-case projections
for a resolution were estimated to be another year or two.  Because more than a year
had already passed from the date of the original submission to the USFS, GMP began to
evaluate other options for locating the project.  In conjunction with their meteorological
consultants, GMP developed an alternative layout for the project at the Searsburg site
that included only the private land in the area.  The Western Site Area was also
considered; however, additional meteorological investigation and other factors
indicated that the private-land alternative in the Eastern Site Area was the most
favorable option.  This approach would benefit from using the same transmission line
plans, substation location, and access roads as the original project layout.  The revised
layout was also deemed to have fewer visual impacts.

The TVP project was ultimately constructed on privately-owned land in the northern
part of the Eastern Site Area.  The ridgeline is heavily forested and has a northeast to
southwest orientation.  The nearest year-round resident is more than a mile away and
there are no residences within four miles downwind of the site.  Since the project
includes no federal land, the only permit that was necessary was a Certificate of Public
Good from the Vermont Public Service Board.  The permitting process is discussed in a
later section of the report.

GMP estimates that the larger tract of land adjacent to the project site could be
developed to a maximum capacity of between 20 and 25 MW of wind power based on
commercially available turbine sizes.  Any future expansion of the wind power plant
will require the use of federal lands.

3.3  Land Lease

For the privately-owned parcels, the land acquisition and lease negotiation process was
relatively easy.  The land ultimately used for the project is owned by a single
landowner.  In the 1980s, during the early stages of their monitoring program, GMP
executed a lease option for the parcels of interest and the landowner had no significant
objections to the project development plans.  The terms of the lease were negotiated
and finalized in the spring of 1996.

The lease gives GMP the right to use a defined, 70-acre section of the property for wind
generation purposes for 99 years, with a renewal option.  The lease rate includes both a
fixed and variable component.  On a quarterly basis, GMP pays the landowner a
specific amount per acre, which escalates each year with inflation.  In addition, on an
annual basis, GMP pays the landowner a variable amount based on the prior year’s
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energy output from the project.  GMP has the right to terminate the lease at any time.
Based on the estimated output from the project, the current cost of the lease is
approximately $4,000 per year.6

Several of the terms and conditions that GMP incorporated into their land lease were
the direct result of experiences CSW had with the land owner at their project site.  For
example, after he signed the lease, the landowner of the CSW site indicated that he was
concerned about the amount of traffic on the site access road.  GMP added specific
language to their lease to address potential site access issues, particularly for tour buses
and heavy equipment.

The land required for the transmission line, substation, and access road is owned by the
same landowner.  For these parcels, GMP compensates the landowner based on the
acreage.

3.4  Site-Specific Wind Resource Assessment

GMP operated several wind monitoring stations in the Eastern Site Area during various
times between 1981 and 1989.  Additional stations were also installed in the Western
Site Area.  Although the original monitoring towers were 100 feet or less, taller towers
were later installed at heights of 105 and 120 feet to obtain data at higher levels above
the tree line.   Data were collected at two measurement heights on each tower.

In 1993, when the TVP award was announced, GMP was still operating only the long-
term reference station in the Western Site Area.  Following the announcement, GMP
activated five monitoring stations in the Eastern Site Area, four of which were installed
at different locations than those used in the earlier measurement program.  As part of
their micro-siting activity, GMP also installed monitoring stations at two additional
locations in the summer of 1995 to collect short-term data to optimize the project layout
and identify specific turbine locations.  Figure 3-1 shows the location of GMP’s
monitoring stations.

Micro-siting wind measurement activity was discontinued in November 1995 at some
of the measurement towers along the ridge where the turbines are now located.  Those
towers were located along the proposed project service road and their continuing
operation would have interfered with construction.  GMP and its meteorologist
concluded that sufficient data had been collected by this time to characterize the wind

                                               
6Although there are examples of land purchases for wind energy projects, land leasing is the most common land
acquisition approach in the US.  A combination of a fixed payment, either an up-front fee or a continuing per acre
amount, and a variable payment based on energy is also common.  An independent power producer typically bases
the variable portion of the lease on a percentage of gross revenues.



Site Selection and Land Acquisition

3-5

resource.  Measurements continued over the winter months at two towers that are
outside the immediate project area.

Figure  3-1
Location of GMP's Monitoring Stations
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In October 1996, GMP installed a permanent 40-meter monitoring tower, 2.5 rotor
diameters upwind of one of the turbine sites, to use for evaluating project performance.
GMP, Zond, EPRI, NREL, and other consultants worked together to locate this tower in
the most appropriate location for power curve verification measurements in accordance
with available standards.7  This station will continue to operate for the life of the
project.

Altogether, data from eight different measurement stations along the 4.03 km (2.5 mile)
ridge in the Eastern Site Area were used to assess the wind resource at potential turbine
sites in the last four years.  Most of these stations are located in the final development
area on the privately-owned land.

Wind speed measurements from the various monitoring stations show the site to have
an annual average wind speed ranging from 7.15-8.49 m/s (16-19 mph) at the 40-meter
hub height of the Z-40-FS turbine.  Figure 3-2 shows the monthly pattern of the wind
resource at a representative monitoring station.   As shown in the figure, the highest
winds occur in the winter, matching GMP’s  load peaks.

Figure 3-3 shows the diurnal pattern of the wind resource in the project area.  The
highest winds typically occur in the evening and early morning hours.  During the
winter months, the peak load in the Searsburg area occurs between 6 PM and midnight.

A representative wind rose for the site is shown in Figure 3-4.  The predominant wind
direction is from the northwest, roughly perpendicular to the orientation of the
ridgeline.

                                               
7 For power performance verification purposes, IEC Draft Standard 1400-12 recommends placement of the
meteorological tower between 2 and 4 rotor diameters upwind of the turbine.  AWEA Standard 1.1-1988
recommends placement between 1.5 and 6 rotor diameters upwind.  At the GMP site, the topography upwind of
Turbine #6 offered the only viable location for the placement of the permanent meteorological tower.
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Figure  3-2
Monthly Pattern of Wind Resource at GMP Project Site

Figure  3-3
Diurnal Pattern of Wind Resource at GMP Project Site
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Figure  3-4
Representative Wind Rose for GMP Project Site
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4 
PERMITTING AND ENVIRONMENTAL STUDIES

4.1  Permitting Requirements

GMP is subject to the regulatory jurisdiction of the State of Vermont Public Service
Board.  Pursuant to 30 V.S.A Section 248, GMP was required to obtain a Certificate of
Public Good for the construction and operation of their 6.05 MW wind power plant and
the associated transmission line extensions.  The petition for the certificate was filed
with the Vermont Public Service Board on May 5, 1995.8

Compliance with the applicable Public Service Board regulation (30 V.S.A. Section 248)
requires that proposed construction:

• Will not unduly interfere with the orderly development of the region after due
consideration is given to the recommendations of the municipal and regional
planning commissions, the municipal legislative bodies, and the land conservation
measures contained in the municipal plans;

• Will meet the need for present and future demand for service that could not
otherwise be provided in a more cost-effective manner through energy conservation
and load-management measures;

• Will not adversely affect system stability and reliability;

• Will result in an economic benefit to the State and its residents;

• Will not have an undue adverse effect on aesthetics, historic sites, air and water
purity, the natural environment and the public health and safety, with due
consideration to the criteria of [10 V.S.A. Section 1424a(d), and Section 6086(a) (1)-
(8), and (9) (k)]:

 The project does not affect any Outstanding Water Resources;

                                               
8 Docket No. 5823, Petition of Green Mountain Power Corporation for a Certificate of Public Good for Authority to
Construct a 6 MW Wind Generation Facility and Associated Line Extensions in Searsburg, Vermont.



Permitting and Environmental Studies

4-2

— The project will not result in undue water or air pollution;

— The project has sufficient water available for its needs and it will not cause an
unreasonable burden on an existing water supply;

— The project will not cause unreasonable soil erosion or a reduction in the
capacity of the land to hold water such that a dangerous or unhealthy condition
would exist;

— The project will not cause unreasonable congestion or unsafe conditions with
respect to use of highways, waterways, railways, airports, airways, and other
means of transportation, existing or proposed;

— The project will not provide any burden on the ability of a municipality to
provide educational services;

— The project will not place an unreasonable burden on the ability of the local
governments to provide municipal or governmental services;

— The project will not have an undue adverse effect on the scenic or natural beauty
of the area, aesthetics, historic sites, rare and irreplaceable natural areas or
wildlife habitat and endangered species;

— The project will not destroy or significantly imperil necessary wildlife or
endangered species habitat;

— The project will not unnecessarily or unreasonably endanger the public
investment in the Green Mountain National Forest or interfere with the function,
efficiency, or safety of, or the public’s use or enjoyment of, or access to the Green
Mountain National Forest; and,

— The project does not affect nor is it located on any segment of the waters of the
state that have been designated as outstanding resource waters by the Water
Resources Board.

• Is in compliance with the electric energy plan of the Department of Public Service
under 30 V.S.A. Section 202;

• Will not have an undue adverse effect upon, and is not located on, any segment of
the waters of the State that has been designated as outstanding resource waters by
the Water Resources Board; and,

• Can be served economically by existing or planned transmission facilities without
undue adverse effect on Vermont utilities or customers.
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 In response to the state permitting requirements, GMP researched a number of
potential issues associated with the project development and expended a considerable
amount of effort to support the review process.  This work included the environmental
studies, economic and technical analyses, supporting evidence and documentation,
responding to interrogatories, site inspections, public hearings, and a “Technical
Hearing.”  The Technical Hearing had a quasi-judicial format in which expert witnesses
presented testimony and were cross-examined by other parties to the proceedings.  As
a result of this process, and in direct contrast with CSW’s experience, GMP provided
extensive detail on all aspects of the project development to the Public Service Board
and the information was recorded in the public domain.�

 In November 1995, the parties to the certification review process submitted briefs.  The
Vermont Department of Public Service and the Agency of Natural Resources filed
letters supporting GMP’s brief.  One group, the Green Mountain Forest Watch, filed a
brief opposing the approval of the project.  The basis of their opposition was that the
site was adjacent to a wilderness area.  A few landowners voiced objections to the
project on aesthetic grounds.  The approval was issued by the Public Service Board in
April 1996.

 The following sections outline the approach and major findings of several studies
conducted by GMP to support the permitting process.  Some of the work was planned
and initiated prior to the permitting application, either as part of their site selection
work, to support other activities associated with the wind project, or as general
research to support their on-going planning processes.  In some cases, the studies are
continuing and only initial results are available at this time.��

4.2  Avian Impacts

 GMP used several consultants to conduct avian studies in the vicinity of the project site
over a period of several years.  Dr. Paul Kerlinger and Nancy Martin, independent
consultants, and David Capen from the University of Vermont, took inventories of bird
activity and conducted other work to assess the potential impacts of the proposed wind
project on various bird populations in the vicinity of the project.  Because previous
studies indicated that raptors are particularly susceptible to wind turbine impacts, an
inventory of raptors was conducted in the vicinity of the project during their migrating
seasons in the fall of 1993 and the fall of 1994.  A study of the spring time songbird
migration was conducted in May 1995 and June 1996.

                                               

 9 Although CSW performed various technical, environmental, and public acceptance studies to determine the
potential impact of their project, no local, state, or federal permits were required.
 10 Study results will be reported in subsequent reports on the operation of the GMP TVP project.
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 It was determined that no extraordinary concentrations of breeding birds occur at this
site, that the breeding community is typical of much of southern Vermont forests, and
that none of the breeding birds found on the site are endangered or threatened.  It was
also concluded that no significant impacts to songbird populations were expected to
occur.  With respect to migrating raptors, the studies summarized that it was unlikely
that the proposed wind turbine project at Searsburg would have an undue adverse
impact on these birds, based on the following factors:

• Few hawks migrate through or near the Searsburg site;

• Those birds that migrate through the site area generally do so at heights above the
proposed turbine blades;

• Birds migrating or flying near wind turbines usually avoid the towers and blades;

• By using tubular rather than lattice towers, raptors and other birds cannot perch on
the towers and thus will not be attracted to the site; and,

• By encouraging the growth of shrubby vegetation and small trees, and avoiding
grassy fields, the area will not attract hawks as a hunting site.

GMP specified the use of tubular towers in their bidding documents to eliminate the
opportunity for birds to perch, as well as to provide protection from the weather for
maintenance activities during the winter months.  In addition, the transmission line
design incorporated single pole construction to reduce the chance for electrocution of
birds with large wingspans.

The State of Vermont applied for, and was awarded, a DOE Sustainable Technology
Energy Partnerships (STEP) grant to continue the avian studies in 1997.  NREL is
administering the grant and providing technical assistance.  State wildlife officials are
leading the work and GMP will participate as a partner in the continuing effort.  As
part of the work, a control site has been identified near the long-term monitoring site in
the Western Site Area.  Surveys will be taken in both the control area and the project
site area, and the results will be compared to evaluate how operation of the wind
power plant affects avian populations and behavior.  Results of this study will be
included in subsequent project operation reports.

4.3  Wildlife Impacts

Multiple Resource Management (MRM), of Leicester, Vermont, conducted an analysis
of the impacts of the project on wildlife other than avian species.  This GMP study was
coordinated with the Vermont State Department of Fish and Wildlife who had recently
collected data on wildlife in the region.  Of particular interest in the study was the
impact of the project on the black bear population because there are critical habitat
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areas for black bear near the site.  MRM determined that the critical bear habitat nearest
the project area was protected from significant impact by substantial separation
distances combined with dense forest vegetation.  As a result, potential visual or noise
disturbances to this habitat were judged to be minimal.  In addition, human activity on
the site was expected to be small after the construction was completed, reducing
potential long-term disturbances.  Minimizing the clearing and allowing the vegetation
to grow back along the transmission line route and access road will further reduce the
potential for impacts on wildlife movements in the area.

MRM’s study concluded that no critical wildlife habitat was found that would be
directly impacted by the project, and any indirect impacts were mitigated “to the point
of insignificance.”  As a condition of the permit, GMP agreed to monitor bear
movement by looking for corridors where bears travel between habitats and
documenting the effect of the turbines on their movements.  This task was
accomplished, in part, by constructing “bear fences” in the project area to track the
movement of the bears from one side of the project to the other.  The fence consists of
barbed wire strung between fence posts at a height slightly lower than the height of a
bear’s shoulder.  The bears can navigate under the wire; however, as the wire slides
across the bear’s back it catches a tuft of the animal’s fur.  The fence is inspected on a
regular basis for shags of bear fur on the wire.

During the construction period, there were indicators that the bears continued to move
through the project site, despite the activity.  Figure 4-1 shows the location of the
identified bear habitat, bear fences and observed bear shags.  A second bear fence,
closer to the turbines, was installed on the project in the summer of 1996, and
information on bear shags on this fence are not available at this time.  GMP is
continuing to monitor bear movement in the post-construction period of the project.

4.4  Impacts on Areas of Archeological, Cultural, and Historical Significance

GMP commissioned the Cultural Group at Louis Berger and Associates (LBA) of
Halsted, New Jersey to conduct a study of archeological, cultural, and historical areas
of significance in the vicinity of the project site.  In the first phase of their study, LBA
identified a high probability that cultural resources may be found in the project area.
The second phase of the LBA study, developed in conjunction with the Vermont
Division of Historic Preservation, included selective excavation work to determine
whether the project would impact the identified resources.  Of particular concern were
ruins of the Crosier homestead, which bordered the site, and the Fairington Cemetery
(also known as the Crosier Cemetery), located near the junction of the site access road
and the existing town road (shown on Figure 2-2).  The Crosier family founded the first
settlement near Searsburg and occupied the homestead in the early 1800s.
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The final report was completed in early December 1995 and filed with the Public
Service Board shortly thereafter.  The study concluded that no significant historic or
cultural resources would be disturbed by the project.  The study recommended that

Figure  4-1
Location of Bear Habitat and Bear Fence
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temporary fencing be erected around the cemetery to prevent disturbance during
construction.  The work included over 200 “shovel tests” and the excavation of several
trenches throughout the project site areas that would be disturbed by the development.
Although several artifacts were recovered and analyzed, none were found to have
significant historical or cultural value.

4.5  Visual and Aesthetic Impacts

GMP retained Cavendish Partnership and T.J. Boyle & Associates, both of Vermont, to
assess the potential effects of the proposed wind power facility, including the access
road, transmission line, and substation, on the visual resources of the area.  The
consultants’ work included the following:

• conducting a visual inventory of the surroundings;

• identifying potential viewpoints;

• characterizing the viewing public in terms of approximate number of viewers, types
of viewers and viewer perceptions; and

• conducting an evaluation of the visual impact of the proposed facility to determine
if the project would create an undue visual impact on the scenic and natural beauty
of the area.

A series of computer-generated representations were developed showing the view of
the wind project from the most prominent viewpoints in the area.  Figure 4-2 shows
examples of the computer generated graphics from two viewpoints.  GMP
subsequently used these graphics for a variety of public meetings and other events.

The analyses concluded that the project will not be seen from sensitive areas such as
population centers, scenic corridors, major recreation areas, wilderness areas, or
historic sites.  While the project was found to have an adverse impact upon the scenic
and natural beauty of the area, the impact was not judged to be “unduly adverse” by
the consultants, thereby complying with 30 V.S.A. Section 248.

To further reduce the visibility of the project, GMP specified that the towers be painted
a neutral color to minimize contrast with the background under average lighting
conditions.  Minimizing the tree clearing also reduced the visual impacts of the project.
Three neighboring landowners objected to the project based on its visual impact.  GMP
met individually with these residents to discuss their concerns and took these
comments into consideration when deciding what steps to take to reduce visual
impacts.



Permitting and Environmental Studies

4-8

Figure  4-2
Computer Simulated Views of Project Site
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4.6  Noise Impacts

Resource Systems Group, Inc. (RSG), from White River Junction,Vermont, conducted a
study for GMP to determine the potential noise impact of the proposed wind project on
the surrounding area.  The work included an evaluation of potential noise impacts from
both construction activities and the operation of the wind turbines.  In addition to the
noise impact on nearby residents, RSG also evaluated the noise impact at critical
wildlife habitat areas in the vicinity.

Neither Searsburg nor Readsboro have ordinances restricting noise levels.  As a point of
reference, the Town of Colchester, Vermont has zoning regulations that require that
noise levels shall not exceed 70 dBa in residential areas and 75 dBa on “developed
land.”  The Town of Georgia, Vermont has a performance standard which permits
noise levels to 70 dBa at the property line.  The US Federal Highway Administration,
Department of Housing and Urban Development, and Environmental Protection
Agency also have standards or guidelines for noise levels.

To obtain baseline data, RSG measured background noise levels during the evening
and early morning hours in early spring at the nearest residences and at wildlife
habitat areas identified by GMP’s wildlife biologists.  The measurement period was
chosen because it represents times when background noises are likely to be lowest.  In
early spring, deciduous trees have little or no leaves and thus the area tends to be
quieter.  Because the measurement period was during a light wind period, adjustments
were made to the data to reflect conditions during higher winds when the turbines
would actually be operating.

The background data were compared to modeling results of projected noise emissions
from the proposed project.  The model used measured noise levels for the Zond Z-40-FS
wind turbines and assumed 12 turbines would be used in the project.  The model also
considered the effects of the forest, topography, and wind speed and wind direction
data.  In all cases, the assumptions used in the study were conservative.  For example,
the project contains only 11 turbines, rather than the 12 turbines assumed in the model.

Table 4-1 provides the projected noise levels at three nearby residences and three
critical wildlife habitat locations.  Figure 4-3 is a noise contour map that was developed
in the study.  The modeled noise levels are near or below current ambient levels at
critical wildlife habitats and nearby residences.  The results indicate that noise should
not be noticeable during most periods of the day and night.  One exception is House 3
where some noise from the turbines may be noticeable during very quiet times and
light winds.  Inside the house, the noise should not be noticeable at all, even with the
windows open.
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Table  4-1
Calculated Noise Levels at Critical Wildlife Habitat Locations and Nearby Residences
(Leq = "equivalent" noise level)

Receptor Background Noise
(Leq)

Noise from Turbine
(dB(A))

Total Noise (Leq)

 House 1 50.6 37.3 50.8

 House 2 50.6 est 35.4 50.7

 House 3 35.0 est 31.3 36.5

 Bear Habitat 1 34.2 35.2 37.7

 Bear Habitat 2 35.0 11.3 35.0

 Bear Habitat 3 37.9 30.9 38.7

RSG’s findings indicate that the loudest noise will be associated with the drilling and
blasting of ledge during the construction of the project.  Obviously, this impact was
judged to be temporary and all construction activities were expected to occur between 7
am and 7 pm.  RSG concluded that the wind energy project will not create any undue
adverse noise impact on critical wildlife habitat or neighboring residences.
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Figure  4-3
Critical Receptor Locations at Wildlife Habitat and Nearby Residences and 10
dB(A) Noise Contours From Turbines
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4.7  Tree Removal

The permitting documents include a cautionary note about tree removal and
stipulations that the clearing activities associated with the project be kept to a
minimum.  The requirements of the re-vegetation plan for the site and the treatment of
the access road with respect to clearing are specifically detailed.  The documents
stipulate that plants should be allowed to grow up along the road and under the
transmission line following the construction period.  This recommendation was
supported by mitigation strategies that were suggested in some of GMP’s other work,
including the studies on the visual impact and wildlife habitat.

The permitting stipulations on tree removal were consistent with GMP’s stated intent to
minimize the clearing at the site.  As previously mentioned, GMP had conducted a
study at one of their monitoring towers to determine the effect of tree removal on the
wind speeds at the likely hub-heights of commercial wind turbines.  The results of this
study indicated that increases in wind speed from tree clearing would be modest at
best.  Therefore, there was no need to clear-cut areas of the project site other than for
construction and access purposes.  Based on the size of the turbine rotor, the assembly
and installation methods, and site topography, GMP and Zond determined that the
clearing around each turbine could be minimized to an area with a diameter of
between 100-150 ft.  Additional tree clearing was required for the access roads, the
transmission corridor, and the substation.

4.8  Societal Acceptance Study

Clinton Solutions of Fayetteville, New York is conducting a societal acceptance study
for GMP.  A pre-construction societal acceptance survey was mailed to residents of
Searsburg and the surrounding towns, which will be followed by a post-construction
survey when the wind plant is operational.  The responses were grouped and analyzed
by several categories:  the full sample was analyzed to determine general support for
the project; the responses of seasonal residents were compared to the responses of year-
round residents; and, Searsburg respondents were compared to respondents from
surrounding towns.  The majority of the respondents expressed support for the project.
Seasonal residents were generally less supportive than year-round residents.

GMP was particularly conscious about involving local community leaders and
environmental groups early in the site selection process.  In general, they got favorable
response on their plans.  When a local resident expressed some concerns, GMP met
with the resident individually.  In addition, they continued to update the local planning
commission as to their on-going plans and any changes in their schedule.



Permitting and Environmental Studies

4-13

4.9  Other Permitting Submissions

GMP also submitted information on a number of topics for which the project had a
limited impact, such as increases in vehicular traffic, demand on local services, and
potential for water contamination.  More detailed information was submitted on
economic analyses, utility integration studies, erosion prevention plans, and
transmission line routing to support their permitting application.  When significant,
this information is discussed in other sections of the report.
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5 
TURBINE VENDOR SELECTION

5.1  Preliminary Vendor Qualifications

In February 1994, GMP sent a Request for Information to more than 20 domestic and
foreign wind turbine suppliers.  The objective of this request was to notify prospective
bidders of GMP’s interest in wind projects, obtain cost and other information to use in
their economic models, and familiarize themselves with the status and characteristics of
various wind turbines that are under development or currently available.  They
received an excellent response to their request and scheduled meetings with a number
of vendors to obtain additional information about available products.

As a host utility in the TVP, GMP was responsible for selecting the wind turbines and
other equipment to be purchased for the project based on guidelines provided by EPRI
and DOE.  The TVP grant included stipulations that the wind turbines installed in the
project are:

1. New in design, but not yet fully proven in the commercial market; and,

2. In the economic interest of the United States, as evidenced by the manufacturers’
investment in US research, engineering, and manufacturing of the product.

The first criterion was a requirement for participation in the TVP program.  The second
was a condition required for the $1.75 million DOE portion of the TVP funding.
Turbines that did not meet the second criteria were still eligible to be bid on the project;
however, such bids were at an economic disadvantage because GMP planned to
consider the loss of DOE funds in the bid evaluation process when they calculated their
cost of energy.

In order to determine the eligibility of specific turbines according to the criteria, GMP
issued a Solicitation of Interest in Receiving the Request for Proposals and a Determination of
Wind Turbine Eligibility Form prior to releasing the bid documents.  The one-page
eligibility form was designed to solicit specific information on turbine models so that
GMP could inform vendors of their qualification to bid before they expended effort on
a full proposal.  EPRI and DOE provided assistance in making these pre-qualification
determinations.  Nine vendors submitted the form for one or more of their turbine
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models.  Eleven turbine models met the criteria for newness of design and 12 met the
criteria for US content.  The eligibility form is included in Appendix A.

5.2  Development and Content of the RFP

To develop their bid package, GMP reviewed other utility wind procurement
documents, including CSW’s, and solicited comments from EPRI, DOE, NREL, and
others.  A formal Request for Proposal (RFP) was issued on May 1, 1995, with a
proposal due date of June 7.

GMP’s procurement strategy was to encourage turbine suppliers to submit proposals
for a turnkey project including final design and engineering work, the supply and
installation of the wind turbines and related infrastructure equipment, and all
necessary balance of station construction.  GMP does not have power plant construction
capabilities, and since most of the turbine suppliers also developed projects, they
thought a turnkey project would be the most efficient and cost-effective method to
complete the work.  However, the RFP also allowed bidders to submit proposals for
just the wind turbines and their installation.

Because GMP had little prior experience in operating and maintaining a wind facility of
this type, the RFP indicated GMP’s desire to enter into a contractual arrangement for
operation and maintenance (O&M) services.  Bidders were also requested to include
proposals for financing the project with their submission.

The RFP was divided into three parts:

1. INFORMATION:  This section provided general information on the scope and
schedule of the work; location and description of the site; and data describing the
physical environment and climate. In the RFP, wind resource data were limited to a
representative wind speed and direction distribution, extreme measured gust, and
general information on wind shear and turbulence intensity.��  Only a general
description of the soil conditions was available in the document.��

2. SCOPE OF WORK AND SPECIFICATIONS:  This section included the technical
specifications for the wind turbines and other equipment, and a description of the
services to be provided.  The scope of work was divided between the turbine and

                                               
11 GMP included a clause in their contract with EPRI so that they would not have to release details of their wind
data collected prior to signing the TVP contract.
12 Information on the soil conditions is necessary to determine the foundation and electrical grounding grid
designs.  When available, this type of information is generally included in a bid document to allow the bidders to
accurately determine their foundation and grounding costs.
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the balance of plant requirements.  Information on the design specifications and
drawings of GMP’s preliminary project design work was included in an appendix.

3. SUBMITTAL AND EVALUATION CRITERIA:  This section included the proposal
preparation instructions, the evaluation criteria, and the bid submission format.
GMP asked the bidders to submit their proposals in three parts: technical proposal,
cost proposal, and financial proposal.  Standardized forms were included for the
cost information.

GMP’s consulting engineers developed the technical specifications for the electrical
interconnection equipment and access roads.  For the wind-energy-related items,
including the turbines, control system, testing, commissioning, training, and
maintenance, GMP obtained assistance from EPRI, DOE, CSW and other consultants to
develop technical specifications.  The desired role and responsibilities of the winning
bidder in terms of the final design, financing, construction, performance, testing,
acceptance, warranty and documentation were outlined to the greatest extent possible.

The exact terms and conditions of the warranty were left to the bidder to propose.
However, GMP specified minimum conditions of 95% availability, 95% of energy
projections based on a guaranteed power curve, and a term of three years.  A power
curve adjusted for the site elevation and average temperature was requested as part of
the bid submission.13  They also requested costs for extensions of the warranty to five
years or more.  Noise limits and measurement techniques were also specified.

For O&M services, GMP requested a cost proposal to tie at least 50% of the annual
maintenance payments to the achieved energy production of the project for a three year
period.  This was done as an incentive to respond to downtime events in a timely
manner and plan preventive maintenance during low wind periods.

GMP listed the following general evaluation criteria in the RFP:

• Technical Capability of the Bidder
• Technical Merit of the Proposal
• Quality of the Warranties
• Ability to Meet Schedule
• Financial Capability of Bidder
• Cost Competitiveness and Realism
• Financing Terms and Conditions

                                               
13Turbine sale information typically includes a power curve for standard atmosphere, sea-level conditions.  Since
the energy in the wind is directly proportional to the air density, it is important to have a power curve
representative of the site elevation and temperature.
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They specifically did not include a weighted scoring system because they had found
such systems to be too restrictive in past bid evaluations.

GMP’s RFP was fairly short and straightforward.  Compared to a typical utility RFP for
other types of generating equipment, there was a minimal amount of information
provided or requested in the document.14  GMP considered incorporating additional
specifications, but they were concerned about limiting their flexibility to negotiate on
items later.  In addition, GMP required the winning bidder to provide detailed
specifications for the electrical and civil work to GMP, subject to GMP approval, so it
was not necessary to specify this type of information in the RFP.

5.3  Bid Evaluation

In response to their RFP, GMP received three bids for the project.  All of the bids were
for turnkey projects.

GMP organized its RFP to facilitate the evaluation process by asking for information in
a specific manner and by defining the response format.  For the CSW project, the bid
evaluation process was cumbersome, and GMP drew on this experience in developing
their own approach.  CSW indicated that their RFP was too general and therefore, the
content and detail of the bids they received was variable and inconsistent.  As a result,
CSW had a difficult time in conducting their bid evaluations and made multiple
requests to the bidders for additional information.

To conduct the evaluations, GMP developed a series of tables to assist them in
organizing and comparing the information in the bids.  Their approach included
summarizing similar information from the proposals into four tables to allow easy,
direct comparisons.  These tables included the following information in a side-by-side
format:

• Specific characteristics of the proposed turbines to allow for quick access to
pertinent information without going through the bulky proposals.

• Observations regarding the bidders’ responsiveness to the RFP as illustrated by the
completeness and clarity of the responses, the level of detail and documentation
included, and the quality of the information provided.

• A breakdown of costs, including a cost-of-energy calculation.

                                               
14 Because a wind turbine model is a fixed configuration, it is generally not necessary or appropriate to include
detailed design or component-level requirements for the equipment other than the inclusion of optional “packages”
that may be available for some turbines to address concerns such as cold weather or corrosive environments.
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• A description of services offered, including specific terms, conditions, and
exceptions.

This comparison provided a qualitative evaluation that incorporated the use of
engineering judgment more than quantitative scoring systems.  GMP put significant
emphasis on the ability of the bidder to work in Vermont and the ability of the bidder
to work with GMP in developing a long-term relationship.

A committee of GMP employees and consultants reviewed the proposals.  EPRI and
DOE also contributed to the review process.  GMP found it necessary to request only
limited additional information from the bidders, and their evaluation was completed
relatively quickly.  In early July 1995, Zond was selected as the winning bidder and a
press release was issued on July 26, 1995 to announce the award.

5.4  Contract Negotiation and Issues

Although GMP met with Zond to sign a letter of intent and begin informal discussions
following the award announcement, serious contract negotiations did not begin until
October 1995.  GMP used the services of outside counsel to facilitate the contract
negotiation process.  Zond also provided GMP with copies of contract documents they
had available from past projects.

GMP chose to split the scope of work into three contracts:  a Turbine Purchase
Agreement that covers the equipment purchase; a Construction Agreement that covers
the design work, installation, and construction; and an Operation and Maintenance
(O&M) Agreement that covers Zond’s role and responsibilities after commissioning.
Their efforts were initially focused on completing the Turbine Purchase Agreement and
the Construction Agreement.  The goal was to complete these agreements before the
permit for the project was issued.  The permit review occurred concurrently with the
contract negotiation.  It was also important to order the turbines as soon as possible so
that delivery and installation could be completed in accordance with the construction
schedule.

One of the more time-critical elements included in the agreements was the final design
and engineering of the project.  Some aspects of this work and the final drawings were
required to complete the permit documentation; other portions of the work were critical
so that orders for long-lead time equipment could be placed in a timely manner.  Zond
agreed to begin work on the final design before the agreement was completed so as not
to delay the project development and permitting review any further.

The contract negotiations focused on details that either were not requested in the RFP,
were not fully described in Zond’s proposal, or required modifications prior to contract
signing.  For example, the payment terms were a point of negotiation, in part because
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they were not specifically defined in either the RFP or Zond’s proposal.  GMP thought
that the bulk of the payment for a turnkey project should be made when the project was
commissioned and turned over to the utility.  Zond wanted progress payments as
significant construction milestones were achieved, and as turbines were shipped.  GMP
viewed progress payments as shifting a significant amount of the risk from Zond to
GMP.  Although they reached a compromise that included small progress payments
during the construction period and a larger payment at acceptance and turnover, GMP
believes they carried more risk than they originally intended.15

The contract negotiation was also affected by the operating experience at the CSW TVP
project.  For example, Zond and GMP were both familiar with, and concerned about,
the lightning damage experienced at the CSW site.  As a result, the responsibility for
the grounding grid design and any subsequent damage due to lightning events was a
sensitive contract issue to both GMP and Zond.  The soil resistivity at the GMP project
site was expected to be poor.  Although the frequency and magnitude of the lightning
events in Vermont are less than in Texas, the duration of the lightning season is
potentially longer.

GMP had already designed a grounding system for the substation with an objective of
obtaining a ground resistance of approximately two ohms, but no grounding work had
been done for the turbines.  Zond ultimately assumed responsibility for designing the
grounding and lightning protection system on the turbines, and GMP retained the right
to review and approve the design prior to construction.  Damage due to lightning
events was negotiated as an exclusion to the warranty, so any damage due to lightning
events is the responsibility of the project owner.  Until commissioning and acceptance
by GMP, Zond is the project owner.

GMP was particularly interested in negotiating modifications to Zond’s proposed cold
weather package and incorporating these specifications into the contract.  The cold
weather measures incorporated into the turbine are discussed in more detail in the next
section.

The schedule was also an important negotiation point.  Both parties agreed to a work
plan that included completing the substantial construction tasks by mid-October 1996
to allow for some contingency time before the onset of winter.  GMP included
substantial penalties in the contract for not completing the construction work on
schedule.  Although Zond was confident that they could meet the schedule, GMP had
more experience, and a better appreciation for the potential difficulties of construction
in the Green Mountain environment.  Any delays in the schedule due to force majeure
events were treated as extensions to the schedule and not subject to the penalties.

                                               
15 It is common for an equipment supplier to require partial payments at milestones such as placement of the order,
shipping from the factory or arrival at the site, and completion of acceptance tests.
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Although Zond originally proposed 12 wind turbines, GMP decided to reduce the
project size to 11 turbines for several reasons.  First, eleven turbines reduced the overall
cost of the project.  In addition, GMP was considering the re-location of the project to
private land, and 11 turbines allowed more flexibility in the development of a project
layout on a smaller land parcel.

The equipment purchase and construction contracts were signed on April 18, 1996,
following the approval by the Vermont Public Service Board on April 1, 1996.  GMP
was reluctant to sign the contracts until the permit was obtained, therefore the delay in
obtaining the permit resulted in the delay of the contract signing.  The contracts were
not finalized, however, until shortly before this time due to delays in the completion of
Zond’s final design and engineering plans, and the final cost determination.  In
addition, the weather and the timing of the construction season probably indirectly
contributed to the delay.  Because it was clear that construction would not begin until
the spring, there was a noticeable lack of urgency among the project participants until
the construction period became imminent.  GMP worked extensively with both Zond
and the Public Service Board to ensure that the tasks progressed; however, neither the
contract nor the permit were completed until the last minute.

The final Turbine Purchase and Construction Agreements include the turbine
manufacture, project design, construction, and installation.  The scope of Zond’s
services includes the final design and engineering work for all aspects of the project;
the procurement and construction of all the electrical interconnection equipment;
construction of the access roads, turbine foundations, control buildings, and control
equipment; the Zond SCADA system; and, supply and installation of the turbines.

The contract specifies 11 Z-40-FS turbines, each rated at 550 kW, for a total rated
capacity of 6.05 MW.  This is the first commercial installation of the Z-40-FS model.
The major difference between these turbines and the Z-40 turbines installed at the CSW
site is the use of full-span blade pitch for power regulation and overspeed control,
rather than the aileron control employed by the CSW model.  Also, tubular towers are
used in Vermont and truss towers are used in Texas.  Prior to construction of the GMP
wind plant, one prototype of the Z-40-FS was field-tested at Zond’s facilities in
Tehachapi.  The turbine is shown in Figure 5-1 along with the weights and dimensions
for the major components.  A complete description of the Z-40-FS wind turbine is
included in Appendix B.

Although GMP intended to keep the procurement contracts as simple as possible, they
found that the level of detail expanded substantially during the contract negotiation.  A
number of issues, including the development of the final design and engineering plans,
cold weather modifications to the turbines, and others, required significantly more
explanation and detail than originally anticipated.
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After commissioning, Zond will operate and perform the maintenance work for the
plant under a three-year contract during which it will also train GMP personnel.  Zond
will also provide a five-year warranty for the wind turbine equipment.  The contractual
arrangements for these items will be included in the O&M Agreement, which, at this
time, has not been finalized.  GMP and Zond agree on the basic content of the O&M
Agreement.  However, preliminary discussions indicate that the specific details will
require substantial negotiation.  GMP and Zond have continued to work together in
good faith with the understanding that they will be able to reach acceptable terms for
both parties.

Figure  5-1
Weights and Dimensions for Zond Z-P40-FS Wind Turbine
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5.5 Cold Weather Considerations

In the process of developing the wind turbine specifications to be included in the
contract, and prior to placing an order for turbines, GMP conducted some research on
cold weather applications and decided to further clarify the cold weather specifications
for the turbines.  The Searsburg site’s annual low temperature is typically about minus
30 degrees F.  Over the life of the Searsburg project, the minimum temperature will
likely be in the range of minus 35 to minus 40 degrees F.

Considering these temperature extremes, Zond’s original specifications were
considered to be sufficient for the environmental conditions.  However, GMP noted
some exceptions during the contract negotiations, and worked with Zond to
incorporate modifications to the cold-weather measures into the Turbine Purchase
Agreement.  For example:

• Zond’s control system was specified to operate as low as minus 25 degrees C (minus
13 degrees F).  In response to GMP’s inquiries, Zond indicated that they would
provide thermostatically controlled heaters in the controller enclosure to allow
operation of the turbine in extremely cold temperatures.  The heaters operate
independently from the controller electronics and are designed to keep the interior
of the cabinet above a minimum established set point.  Heaters were also included
in the variable pitch controller enclosure, gearbox, hydraulic unit, and generator
windings.

• GMP was concerned about the tower steel specified in Zond’s proposal.  NREL and
GMP conducted a literature search on cold weather applications and provided this
information to Zond.  Zond agreed to use a special grade of ASTM No. A36 steel
with a toughness consistent with use in the low temperature climate that was
anticipated.

• GMP also wanted to specify the use of black blades for the project to absorb solar
energy and reduce the persistence of  icing accumulation in the winter.  Zond
resisted this suggestion because they were concerned that black blades would get
too hot in the summer and could potentially warp.  Also, they had no experience
with black blades and did not include any additional cost for this process in their
bid price.  GMP conducted their own research and solicited NREL’s assistance in
discussing options with Zond.  They also provided Zond with historical information
on maximum and minimum low temperatures and icing occurrences.  Zond
subsequently performed finite element analyses and determined that the expected
increase in the temperatures of black blades in the summer months would be
acceptable.  The black color of the blades that were eventually installed at the site is
provided by the color of the gelcoat of the fiberglass rather than a coating of paint.
GMP also encouraged Zond to investigate the use of StaClean, a Teflon-based,   ice-
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phobic coating that was applied to the blades of GMP’s Mt. Equinox turbines.  Zond
also found this suggestion to be acceptable, and StaClean was applied to the blades
to minimize icing impacts.

GMP also specified use of low-temperature-tolerant seals and lubricants, such as the
gearbox oil and hydraulic fluids, in the contract.  They also required heated
anemometers and vanes on the turbine nacelles, as well as the meteorological tower.
Other features of the turbine that are well suited to the cold environment include the
full span, variable-pitch blades and the tubular tower.  Like the ailerons at CSW, the
full-span pitch rotor is designed for power regulation and overspeed control, but may
be better suited than ailerons to operate reliably in icing conditions.  The 40-meter (132 
foot) freestanding tubular tower provides access to the nacelle by an internal ladder,
thereby protecting workers from inclement weather.

GMP and Zond are currently investigating modifications to the Zond Supervisory
Control and Data Acquisition (SCADA) system to assist the project operators in
identifying potentially dangerous icing conditions.  The proposed modifications would
allow a turbine to poll the performance of its neighbors to confirm if its own
performance is within an acceptable range.  If incorporated, this feature could provide
indications of other potential problems, as well as the presence of icing conditions.

GMP’s cold weather experience and first-hand knowledge of the harsh climate drove
their research activities and literature search for information on other applications with
cold weather and icing problems.  They also talked to cold weather research
organizations, ski resort operators, and other Vermont industries about their
experiences with rotating machinery in winter conditions.

GMP’s experience with this issue illustrates the value in taking advantage of the
expertise available on both sides of a negotiation to reach the best possible conclusion
for the project.  GMP is also likely to incorporate different wording into their future
RFP’s and contract documents to reflect their knowledge and experience.  For example,
there could be a potentially significant difference between the phrase “turbines will
operate in the specified environment” and the phrase “turbines are designed to operate
under the following conditions.”  The operating experience of the turbines will also
contribute heavily to the wording of any future documents.

5.6 Project Ownership and Financing

GMP could not take full advantage of the federal production tax credit for wind energy
projects16 in a timely manner so they investigated a number of alternative ownership

                                               
16 The Federal Production Tax Credit (PTC) was established as part of the Energy Policy and Conservation Act of
1992, commonly called Epact, and is available for a ten year period to wind energy projects installed and operating
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options that would make more efficient use of the tax benefits that were available to the
project.  GMP was committed to retain a minimum of 25% ownership interest in the
project but were open to a range of potential partnership or leasing possibilities.
During this period, they determined that resolution of this issue was not a priority
given their existing time constraints.  They also concluded that it may be easier to
generate more interest in various ownership structures once the project was constructed
and operating.

As part of the contract negotiation, a work plan for pursuing a third-party financing
partner was drafted by Zond and GMP.  The basic financing structure was discussed
with EPRI to ensure there were no conflicts with the TVP funding.  The proposal was
also discussed with GMP’s Chief Financial Officer to gain his concurrence, and with a
tax attorney to insure its consistency with income tax regulations.

Zond and GMP jointly solicited proposals from seven regional lenders to provide the
construction and long-term debt financing for the project.  GMP expected that Zond
could obtain construction financing for the entire project and GMP could defer their
purchase of the project until it was substantially completed.  Proposals for the
construction financing were reviewed by GMP’s Finance Department and found to be
more expensive than anticipated.  In addition, most of the proposals required GMP to
guarantee repayment of amounts borrowed, even if the project was not completed.
This condition had the effect of shifting a portion of the construction risk to GMP and
significantly diminished the advantages of financing through Zond.  Traditional project
financing approaches may not have imposed such conditions; however, GMP believed
that it could finance the project at costs lower than traditional project finance levels.
The trade-off for the reduced financing costs was the recourse to GMP.  Nonetheless,
GMP decided to finance the construction of the project with their internal funds rather
than accept any of the construction financing offers.  At the same time, they continued
to negotiate with Zond on the contract terms to further mitigate the increased exposure
to construction risk that resulted from this financing method.

The long-term debt financing proposals were more in line with GMP’s expectation.
However, plans to pursue this financing were put on hold pending the completion of
the GMP-Zond agreements and an assessment of GMP’s expected federal income tax
status that is underway by their Finance Department.

                                                                                                                                                      

prior to July 1999.  The PTC is equivalent to approximately 1.5 cents/kWh, adjusted annually for inflation.
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6 
PROJECT DESIGN, ENGINEERING AND

CONSTRUCTION

6.1  Project Design

GMP had already completed a significant amount of the project layout work before
Zond’s involvement in the project.  During the process of relocating the turbines to
private land, GMP and their consultants developed preliminary layouts and associated
energy estimates to ensure that there was sufficient private land available and that they
were not making a significant compromise on energy production by eliminating the use
of USFS land.  In 1994, GMP completed topographic maps with five-foot contour
intervals of the entire project area, including the transmission corridor and access road.

The project layout was also affected by recommendations from the visual and wildlife
consultants.  In particular, the consultants recommended changes in the location of the
substation and transmission line.  GMP worked with the consultants to develop a list of
mutually acceptable changes to the siting plan that would further reduce the visual and
wildlife impacts of the interconnection facilities.  These recommendations were
provided to Zond to be incorporated in their final design work.

Following the award announcement, Zond contracted with a New England civil
engineering firm to do the field survey work required for the preparation of the final
civil design and engineering.  Several modifications were made to the designs as a
result of their initial site visits.  As part of the review process, it was necessary to
submit each set of modifications to the Public Service Board.  After the Public Service
Board’s Technical Hearing, several additional issues were raised including a request to
further define the method and facilities that would be used to handle visitors at the site,
facilities necessary for the operation and maintenance functions, and the final size and
orientation of the substation.

Zond and GMP engineers worked together to address the areas of uncertainty,
complete the design and engineering work, and address the permitting requirements.
Zond conducted additional field work that included a more detailed topographical
survey in the vicinity of the substation and percolation tests.  Geological borings were
made at selected locations along the ridge to collect data on the soil conditions and rock



Project Design, Engineering and Construction

6-2

structure to facilitate the preparation of the foundation designs.  These tests confirmed
the poor soil resistivity at the site.  Final project design drawings showing the location
of all major project features were prepared and submitted to the Public Service Board in
January 1996.  Figure 6-1 shows the final site plan for the project.

6.2  Transmission Line Studies

A stability and reliability study was conducted for GMP by Vermont Electric Power
Company (VELCO) under the direction of GMP’s Engineering Department.  VELCO is
owned by several of the electric utilities in Vermont.  It is engaged in the transmission
of electric power within Vermont and performs the statewide transmission planning
and coordination work for Vermont’s electrical transmission system.  GMP also
contracted with GE Power Systems, of Schenectady, New York, to conduct load flow
and transient stability analyses based on the characteristics and output of the Zond
Z-40-FS turbines.  GE obtained databases from both GMP and New England Power
Company which were modified to represent 1997 conditions. Their report concluded
that the wind generation facility would have no adverse impact on the local system’s
load flow and transient stability performance.  On the contrary, the study concluded
that the project would have a beneficial effect by reducing the loading on the existing
69 kV line and slightly improving the voltage performance at the two nearby 69 kV
substations.

GMP also conducted a transmission line routing study to determine the best connection
point to the existing 69 kV transmission line.  The study, which was one of the
submissions to the Public Service Board, was completed in 1994.  A subsequent analysis
by GMP’s engineering consultants, Dufresne-Henry, was performed to evaluate the
feasibility and cost implications of a number of alternative locations for the
transmission lines, substation, and access road.  Their recommendations took into
account the possibility of expanding the project in the future.

The final location of the transmission line and substation was determined by response
to visual concerns.  The 69 kV transmission line was moved from a route directly along
the side of the road to a parallel route set further back from the road out of view.  The
purpose of the relocation was to allow for a buffer of trees between the road and the
transmission line to reduce the visual impact of the line.  Similarly, the substation was
reduced slightly in size and re-positioned to address visual concerns.

6.3  Performance Projections

GMP’s meteorological consultant prepared a revised estimate of the energy output for
the project based on the site adjusted power curve for the Z-40-FS turbine, wind data
from the  on-site met towers, and the final siting configuration for the 11 turbines.  The
revised estimate of the net annual output for the 6.05 MW plant is 14.36 million kWh.
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This estimate assumes 6% annual energy loss for icing, 5-6% annual energy loss for
wake interference, and 9% for other energy losses related to the control system, line
losses, and downtime.

6.4 Engineering and Construction Responsibilities

Although the project is discussed as a turnkey project, GMP had already completed
much of the necessary engineering and development work and made substantial
progress on the project design prior to Zond’s involvement.  After the contract signing,
GMP intended for Zond to take over the engineering and design work for the project
completely.

Transferring the final design and engineering work to Zond was more difficult than
GMP anticipated.  Besides having limited experience with the climate, Zond did not
have the long-term involvement and the associated wealth of knowledge that GMP had
accumulated over years of evaluation work on the site and surrounding environment.
GMP also has extensive electrical system design capabilities.  Because of these and
other factors, GMP expended more effort after the award than they anticipated by
working with Zond on completing the final design and engineering to their satisfaction.

As the general contractor, Zond prepared the final drawings and bid documents for the
subcontracted work which included the land clearing, substation installation, and
power collection line work.  A significant number of local subcontractors were used for
various phases of the project.  Despite the remote location of the project, Zond was
pleased with the availability of equipment and services in the area.

GMP engineers assisted Zond in preparing the substation and transmission line
specifications that were included in the package sent to potential subcontractors.  GMP
negotiated a clause in the contract with Zond to ensure these items were completed to
GMP’s satisfaction.  During the bid process, GMP worked with Zond to answer many
of the subcontractors’ technical questions.

In addition to their designated Project Managers, GMP contracted with a former
employee, an experienced Construction Manager, to coordinate and oversee the
construction activities.  He submitted weekly reports to GMP’s Project Managers and
other interested parties which described the progress made during the week, any
potential problems that arose, the implications on the schedule, and general comments
about the construction activities.  GMP gained significantly more experience by
participating in the construction process in this way than they would have gained in a
strictly turnkey project.

Zond provided monthly construction reports to GMP that included information similar
to the weekly reports.  Zond’s reports also included photographs of the construction
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progress and notations about any events that had contract implications.  For example,
days were noted in the reports in which poor weather conditions affected the work
because schedule penalties incorporated into the contract excluded weather delays.
Both sets of reports were valuable to GMP because they offered different perspectives.

The weekly reports also kept GMP apprised of events as they were occurring so that
any issues could be addressed in a timely manner.17

Although GMP did not manage the construction activities, the project management
responsibilities for the overall development of the project were much greater than
experienced in a typical turnkey project.  GMP was responsible for the permitting,
associated studies, public relations, construction oversight, and TVP participation.

6.5  Construction Process

Construction activities began in May 1996 with the installation of the on-site office, a
temporary phone line, and a buffer zone and protection fence around the cemetery and
old homestead foundation.  As is typical during this season, site conditions were still
wet and muddy so it was not yet possible to begin any significant civil work.

The unusually wet conditions continued through June and posed a number of problems
for the clearing and construction crews.  The resulting mud made it nearly impossible
to move large equipment that was used for site clearing and chipping.  The
construction reports include numerous incidences when efforts were re-directed or
work stoppages occurred because heavy equipment was stuck in the mud, often
blocking access to other sections of the site.  Weather records indicate that the spring of
1996 was wetter than normal.

It was necessary to clear certain areas of the site before other construction activities
could be initiated.  As a result of the wet conditions, the bulk of the tree clearing was
delayed until June and was not completed until July.  For clearing the trees, Zond
worked with a local contractor that sheared and chipped the trees.  A portion of the
wood chips were shipped to Burlington, Vermont and used for fuel in a wood-fueled
power plant.  An area equivalent to approximately 35 acres of the 280-acre parcel were
cleared for the project.

The access road to the site was constructed in July and August.  The road alignment
was designed to minimize the slope and number of turns as well as the amount of cut
and fill that was required.  The road is approximately 13 meters (40 feet) wide and
11,300 meters (3,700 feet) in length.  It has a grade ranging from 2% to 14%, and the

                                               
17CSW and TVP also strongly recommend a full-time presence at the site during construction activities and a
weekly progress review to identify opportunities for proactive measures.
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finished surface of the road consists of gravel and crushed gravel.  Figure 6-2 shows the
access road at the site under construction.

 

Figure  6-1
Access Road at Site Under Construction

Although the actual construction of the on-site roads was fairly routine, particular care
was taken to avoid potential soil erosion problems.  For example, stone-lined swales
were constructed along the uphill side of the road in areas with steep slopes.  During
construction, hay bales and other temporary measures were used to minimize erosion
in disturbed areas.  The affected ground was seeded and mulched as soon as possible
after disturbance.  A gate was installed to control vehicle access where the site road
intersects with the existing town road.  A permanent 20 by 50 foot parking area,
designed to hold five vehicles, was constructed near the substation.

A pad-mounted transformer near the base of each turbine electrically interconnects the
turbines to a 12 kV circuit paralleling the service road that runs along the ridgeline.  For
turbines 1 through 7, the 12 kV circuit is underground.  For turbines 8 through 11, the
12 kV circuit is overhead beside the road, but underground in the vicinity of the
turbines.  This line is connected to an overhead 12 kV line that runs along the access
road from the ridgeline to the substation at the base of the hill.  The substation
transforms the voltage from 12 kV to 69 kV.  Two 50 kVAR power factor correction
capacitor banks are located in each turbine and 3.6 MVAR of capacitors are located at
the 12 kV collection bus.  A one-line diagram for the project is shown in Figure 6-3.
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Figure  6-2
One-line Electrical Drawing for Power Collection System at GMP Project Site
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From the substation, a new 69 kV transmission line runs 2.42 km (1.5 miles) in a
parallel path along an existing road.  This new line is interconnected to an existing 69
kV line owned by New England Power Company.

GMP originally specified overhead lines for the entire project because of the rockiness
of the soil.  Zond recommended underground lines in the vicinity of the turbines and
proposed this approach during the final electrical design work.  The underground lines
also reduce potential avian interaction with the transmission lines, are less affected by
environmental factors such as icing and lightning, allow for much easier movement of
cranes and large turbine parts, and improve the safety and aesthetic characteristics of
the site.

New England Power Company built the line tap connection from the new 69 kV
transmission line to their existing 69 kV transmission line.  GMP installed the fiber
optics utility communication line that runs alongside the transmission line and installed
the safety and relay equipment in the substation control building.

Zond was responsible for the design and installation of the turbine foundations.
Foundation diameters and depths were selected by Zond based on allowable soil/rock
geotechnical design criteria and applied loads.  Each foundation is a reinforced
concrete slab.  The foundations have a base that is 36 feet square, three feet thick, and a
pedestal that is 15 feet square, three feet thick, for a total of approximately 200 cubic
yards of concrete.  Despite early delays in clearing as a result of the wet weather in
June, the foundations were complete in August on schedule.

The control building for the project was constructed adjacent to the substation inside
the entrance gate.  The 48.77 by 97.54 meter (16 by 32 foot) building is a single story,
windowless structure that houses various control and protection equipment for the
electrical facilities.  The central computer for the control and monitoring system is also
located in the building.  One of the drawbacks to the building design is that the on-site
technician can not see the turbines from inside the building.

6.6  Equipment Delivery and Installation

Coordination of the equipment delivery was particularly important at the GMP site due
to the tight construction schedule, limited storage area on or near the site, and the
confining cleared space near each turbine site.  In addition, because the assembly and
erection of the equipment was one of the final tasks and occurred in the fall, the days
were shorter and there were increasing concerns about the weather as winter
approached.  A 165-ton crane, the largest mobile crane in Vermont, was used for
installation of the turbines and towers.  The first turbine was installed in late September
and last turbine was lifted into place in early November.  The heavy construction
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equipment was removed from the site just days before a snowstorm left almost a foot of
snow on the mountain.

The turbine installation at the GMP site was more difficult than usual because the
amount of cleared space was intentionally small, and the dense forest around the
clearings eliminated any possibility to negotiate beyond the cleared area, even for a few
feet.  For example, the space around each turbine foundation was not large enough to
lay down the tower sections, and so these were unloaded and placed along the service
road.  While the roads were wide enough for the tower sections, they were not wide
enough to allow construction equipment to pass around the tower sections.

Transportation issues also required close attention.  For the GMP project, the blades
and turbines were supplied from California and the towers were supplied from
Minnesota.  These components are awkward to ship and sometimes difficult to route
through small communities.  For the GMP project, the fabrication of the towers was the
critical path item that drove the equipment delivery schedule.  Obviously, the arrival of
a nacelle or blades for a turbine is not particularly useful if the tower has been delayed.
Zond’s experience was evident in this area and demonstrated by their carefully
planned manufacturing, shipping, and installation schedule.

Because the schedule was particularly important, GMP, like CSW, hired an
independent expediter to track the progress of major manufacturing and assembly
tasks.  “Manufacturing” of most wind turbines consists of assembling components
supplied by various subvendors.  Both utilities found the use of an expediter to be
important because delays in the completion or delivery of one component to the
assembly shop can set back the shipping date for the entire turbine.

Construction activities were substantially completed by early December 1996, within a
few days of the scheduled completion date.  The substation was energized on
December 17, 1996.  Figures 6-4 through 6-7 show construction activities on GMP’s
project site.  Construction of the entire facility was completed in under 8 months.

Figure  6-3
Foundation Construction at the GMP Project Site
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Figure  6-4
Off Loading a Bottom Tower Section at the Site

Figure  6-5
Installation of a Top Tower Section
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Figure  6-6
Lifting the Rotor Assembly for Attachment to the Nacelle.  Note the limited area for
lay-down purposes.
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7 
TURBINE TESTING AND ACCEPTANCE

GMP required that Zond conduct or confirm a number of tests prior to project turnover
in order to ensure the manufacturing quality of the wind turbines, verify the
performance characteristics, and determine that the project was appropriately
constructed and installed according to applicable standards.   Figure 7-1 shows a
summary of the turbine testing activities.

Figure  7-1
Wind Turbine Testing Activities

To supplement their own expertise, GMP hired an independent engineer with wind
turbine knowledge to assist them with the turbine-related tests and inspections.  The
engineer was expected to:
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• Assist in the development of procedures for the on-site testing activities;

• Monitor a representative sample of the tests completed on-site and verify that the
turbines are assembled according to specification, the safety and control systems
properly function, and the turbines are ready to operate in automatic, unattended
mode;

• Assist in verifying that the turbines meet their power curve; and,

• Review the factory test data, quality control procedures, and any other
documentation provided by Zond.

7.1  Pre-shipment Inspections

Under the terms of the Turbine Purchase Agreement, Zond was responsible for
ensuring that their fabricators and suppliers performed component tests for function
and capability prior to shipment.  GMP reserved the right to witness any or all of these
factory tests, and they required Zond to notify them in advance of the date and location
for spin-testing of a representative turbine.  GMP also retained the right to inspect and
observe the testing on major components such as the gearbox, generator and blades.18

GMP visited the facilities of some of Zond’s suppliers, including the blade and gearbox
manufacturers, and made multiple trips to inspect the activities at Zond’s
manufacturing facility in Tehachapi.  In addition, their expediter visited other
subvendor facilities.  A GMP representative also witnessed the acceptance tests
conducted on Zond turbines at the CSW site.

Zond has a contractual obligation to provide GMP with all certifications, specifications,
and test results for sub-assemblies and major equipment, if requested.

7.2  Approach to Acceptance Testing

During the contract negotiation, GMP and Zond agreed to conduct acceptance testing
for the project in two steps.  The first step, designated a Ready-to-Operate (RTO) test,
was intended to demonstrate the basic operation of a turbine after its installation prior
to being connected to the grid.  The second step, or final acceptance, included further
testing of the turbines under load and the acceptance of the other work included in
Zond’s contract.

                                               
18TVP recommends witnessing factory tests, visiting the major component suppliers, and monitoring other testing
activities to the extent practical.
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The decision to use a two-part process was driven by several factors.  The original
project schedule included a time gap between the turbine installation and the
energizing of the electrical system due to the schedule for New England Power
Company’s interconnection work.  Because of the increasing possibility of weather
constraints during that part of the year, Zond suggested that some of the testing
activities be started during this period if a portable generator was available for
powering up the control circuits, hydraulic pump, and yaw motor.  Also, because GMP
intended to retain a large percentage of the purchase price until after the project was
completed, Zond was concerned about any potential delays in completing the testing.
As a result, GMP and Zond negotiated to provide for a significant progress payment
after successful completion of the RTO tests and a smaller payment at final acceptance
and turnover.

Another consideration was that both parties wanted to avoid the project acceptance
complications experienced at the CSW site, where the project operated for more than
nine months before it was turned over to, and accepted by, CSW.  Project acceptance at
the CSW site was initially delayed until CSW and Zond resolved some outstanding
issues.  Although it seemed reasonable to operate the CSW project during this time, the
roles and responsibilities of the project participants were unclear in the interim, and
new issues developed that extended the discussions and further delayed the final
turnover.

The general concept of the two-part acceptance testing (see Figure 7-1) was included in
the Turbine Purchase Agreement, and Zond agreed to develop updated, detailed
acceptance test procedures prior to the testing.19  As a fallback position, both parties
agreed to use the CSW acceptance test procedure to the extent that it could be applied
to the full-span pitch turbine.  However, the CSW turbines do not include any of the
cold weather features of GMP’s turbines or the two-step acceptance approach.  As a
result, the usefulness of the CSW document was less than desired, and Zond eventually
developed a GMP-specific procedure for each test.

The RTO procedure was designed to confirm proper field installation of the turbines
and demonstrate basic machine functionality in a step-by-step manner.  To conduct the
test, correct electrical connections are confirmed and the function of the Emergency
Stop circuit is verified.  The rotor is turned, and the brakes are inspected and adjusted
as necessary during the rotation.  The brakes are then burnished (a wearing-in process)
by commanding repeated stops.

To complete the final commissioning of the turbines, the Acceptance Test Procedure
(ATP) was designed to verify all operational and fault monitoring functions before

                                               
19TVP recommends that the buyer require the turbine vendor to provide the acceptance test procedures at least 30
days before the turbines are shipped.
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placing the turbines in service.  The ATP is conducted once the pad-mounted
transformers are energized.  This test includes powering the turbines off the utility line,
simulating all previously untested faults, demonstrating the power regulation, and
confirming the overall operation in accordance with the design parameters.

The acceptance procedures for the other work associated with the project were much
more standard.  The roads were accepted based on compaction tests and an inspection
to confirm they were completed according to the specifications.  The electrical
interconnection facilities and collection circuit were accepted after GMP’s engineering
department verified that the installation and operation was in accordance with the
specifications, and that New England Power Company was satisfied with the
connection.

7.3 Testing Experience

A portable 25 kV generator was transported to the site since the utility interconnection
was not available, and the RTO tests were started on the turbines in early November
1996.  During the RTO test on the sixth turbine, the gears slipped on an intermediate
shaft in the gearbox during the brake burnishing procedure.  Zond initially speculated
that the damage was caused by a combination of factors including the lack of grid
power available to the turbines, no previous operation of the gearbox under load, cold
temperatures, and freezing moisture.  Subsequent investigation indicated that the brake
was applied more quickly than intended because of a missing throttling orifice in the
brake hydraulic system.

Zond and GMP inspected the five other turbines that had undergone this test and
found evidence of markings on the intermediate pinions and gears in each turbine.
Zond replaced the turbine that experienced the gear slippage, and an inspection plan
was developed for the other five turbines to determine if the damage was sufficient to
require repair.

Zond modified the RTO procedures by making the hard braking tests part of the ATP
and eliminating the brake-burnishing task in the field.  The brakes on future turbines
will be burnished in the factory.  The missing hydraulic component was installed in all
the turbines and modified RTO tests were completed by the end of 1996.

When the testing resumed in early 1997, Zond technicians discovered approximately
nine broken blade bolts on several turbines.  As a result, Zond replaced over 2,600 bolts
on the site with bolts of a different grade.  They eventually determined that the failures
were due to a quality control and materials problem at the supplier.  Completion of the
task at each turbine took a two-man crew more than three days.  The machine is
designed with sufficient space so that the bolts can be replaced from inside the hub;
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therefore, the bolt replacement did not require a crane.  Following the replacements,
there have been no subsequent problems with the bolts.

When the ATP was finally re-initiated, an additional problem was encountered.  Zond
technicians discovered fretting corrosion in a gearbox while investigating a thumping
sound.  The damage was likely caused by the slight back and forth movement of the
rotor while it was in a locked position over the previous several months when the
turbines were not operated or even rotated.  The slight movement was believed to be
sufficient to have squeezed out the lubrication between the teeth of the gears allowing
moisture inside the gearbox to condense on the bare metal surfaces and cause
corrosion.

The damage from fretting corrosion was significant enough to warrant replacement of
all the gearboxes at the GMP site.  Zond removed each turbine and shipped it to
Tehachapi, where the gearbox was replaced and other slight modifications were
incorporated.  Each nacelle was shipped back to the site and re-installed on its original
tower.  Zond also modified its shipping and operating procedures, and changed the
specified lubricants as additional protective measures.  The entire process took several
months.  Manufacturing of the new gears was the critical path item in the schedule.

Zond addressed the problems promptly and effectively.  Although the events caused a
significant delay, there was little cost to GMP, and Zond repeatedly demonstrated its
commitment to the project through its responsiveness and diligence.

Condensation was a fundamental contributor to the fretting corrosion and a number of
other problems at the site.  Although cold temperatures and icing had been anticipated,
the quantity of moisture that can condense and accumulate inside the nacelle, and the
resulting impact on the turbines, may not have been adequately considered.  In
December 1996, at the end of the construction period, it was actually warmer than
normal and the technicians reported condensation and occurrences of “rain” inside the
nacelles.  The inability of the turbines to operate because they were locked in place also
contributed to the problem.  The turbines are warmer when generating energy and
their rotation disperses the lubricants.

An unfortunate side effect of these problems was the low morale of the on-site
technicians, most of which were from California.  The project was originally scheduled
to be completed before Thanksgiving.  In addition to disrupting holiday plans, many of
the technicians spent long days working throughout the harshest of the winter months
in Vermont.  Both GMP and Zond were concerned about the impact of morale on
worker safety, efficiency, and productivity.

Since the turbines were not shipped back to California until replacement gearboxes
were available, GMP and Zond agreed that the machines in the field be placed in a
semi-operational mode until they were removed from their towers.  In this “virtual
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operating” mode, the rotors were unlocked and allowed to rotate, oil was circulated
through the gearbox to lubricate the gears, and the turbines were allowed to yaw with
changing wind direction.  To prevent the turbines from coming on line, the controller
limited the generator speed to 800 rpm.  The virtual operation of the turbines also had a
side benefit in that the rotating blades may have been more visually pleasing to the
local townspeople.

GMP continued their cold weather research effort during this period by working with
the Cold Regions Research and Engineering Laboratory in Hanover, New Hampshire,
talking with wind plant operators in Canada and Europe, and consulting with drive
train experts in the ski industry.

 In addition to concern for its customer and its product, there were additional
incentives for Zond to place the facility in service as soon as was practical.  This is a
high-profile project in the utility industry and the visibility of the project meant that the
delay in the schedule would be apparent to many individuals and organizations who
were following the project’s progress.  To address the inevitable questions and prevent
unsubstantiated rumors, GMP took a proactive stance and issued a briefing on the
situation to describe the cause and duration of the expected delay.  They also described
the acceptance test events in detail in their project newsletter,20 which was distributed to
town leaders, some local citizens, state agencies, environmental groups and other
interested parties.

7.5  Final Acceptance and Commissioning

The first turbine was returned to the site in mid-May 1997 and the acceptance testing
for the project was completed in late June.  It took a crew of three men approximately
1.5 days to complete the ATP on each turbine.  GMP representatives and their
independent engineer reviewed the acceptance test documentation provided by Zond
and conducted a physical inspection of the turbines as the tests were completed.

When the final turbine was placed in service, there were still a number of minor
outstanding items, such as documentation requirements and the submission of as-built
drawings, which had not been completed in accordance with the terms of the contract.
In addition, Zond’s SCADA system was not yet fully operational.  GMP considered the
majority of these items to be fairly small and they had confidence in their long-term
relationship with Zond, so they were willing to move forward with the commissioning
despite the status of these events.

                                               
20 Wind Power News, A Newsletter for Green Mountain Power’s Wind Program Activities, Volume 3, Issue 1,
March 1997.
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GMP commissioned the project immediately following the completion of the
acceptance tests and they assumed ownership on July 1, 1997.  In this case,
“commissioning” indicated that GMP accepted all work performed by Zond including
the construction and installation of the turbines, electrical interconnection facilities and
access road.  The commissioning date also marks the turnover in ownership from Zond
to GMP.
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8 
PROJECT COST AND SCHEDULE

8.1  Project Cost

The total cost of the GMP project was approximately $11 million.  This cost represents
an installed cost of approximately $1800/kW based on the 6.05 MW project size.  This
cost is higher than would be expected from a large commercial wind power plant for a
number of reasons.  First, the size of the project is relatively small and there is little
opportunity in either the capital or operating costs to take advantage of any economies
of scale or quantity discounts.  The costs associated with permitting the project were
also particularly high.  For a larger project, these costs would likely have been the
same, but the impact of the permitting costs would have been significantly less on a
$/kW basis.  Also, there is a learning curve associated with developing a first project,
and GMP’s and Zond’s costs reflect this learning curve as well as the research nature of
the project.  Some of the work that was completed and included in the project
development costs will benefit the parties, and others, in wind projects in the future.

The costs are also higher in Vermont than they would be in some other locations due to
the physical site conditions and the local environment.  With CSW, some pre-
construction activities conducted at the GMP site such as tree removal and extensive
permitting were not required.  The GMP turbines were also more expensive than the
CSW turbines because of the additional cold weather features and the tubular towers.

The actual project cost was higher than initially expected.  This is attributable primarily
to project management costs that were approximately 40% more than estimated, change
orders, and the costs incurred by GMP in assisting Zond in the design and engineering
of the electrical interconnection facilities.  Table 8-1 shows the projected cost estimate
for the project.  The site selection work and a significant amount of the wind resource
assessment work is listed as “Cost Prior to 8/1/93.”  As previously discussed, the
construction costs contribute a larger fraction of the total cost than in a typical wind
project.

Considering DOE and EPRI’s financial contribution, GMP estimated their net installed
cost to be $1010/kW.  The actual cost was closer to $1100/kW.  These net costs 
allow for the $477,000 contributed by EPRI Tailored Collaboration funding.  They also
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include the costs of the early wind resource and site selection work.  GMP’s portion of
the project costs are included in their ratebase.

Table  8-1
GMP Project Cost Estimate, May 1995

COST CATEGORY
% of 

Project 
Cost

A.  PROJECT MANAGEMENT $253,868 3%
B.  PERMITTING $240,521 3%
C.  WIND RESOURCE ASSESSMENT $107,872 1%
D.  DESIGN AND ENGINEERING

Management $35,856
Preliminary Design $99,007
Final Design – Turbine, Project Site $93,488
Final Design – Turbine Sites $51,344
Job Inspection $36,569
Contingency $56,082
  Subtotal Design and Engineering $372,346 4%

E.  EQUIPMENT PROCUREMENT
Management $9,184
Construction Contract Administration $17,391
Services $32,057
    Equipment – Turbines $3,773,520
    Equipment – Substation Tran $192,785
         Subtotal $3,966,305
  Subtotal Equipment Procurement $4,024,937 42%

F.  CONSTRUCTION
Management $46,110
Site – roads, civil work $417,669
Turbines – installation $2,316,929
Support Facilities $190,330
Electrical – High Voltage
   Transmission Line $132,246
    Substation $541,926
    Relay and Metering $12,852
    SCADA $63,379
         Subtotal $750,403
Electrical – Low Voltage
    Collection System $230,638
    Site Transformers $207,443
         Subtotal $438,081
Contingency $445,689
  Subtotal Construction $4,605,211 48%

TOTAL INSTALLED PROJECT COST $9,604,755 100%

Cost Prior to 8/1/93 $480,000
EPRI-DOE TVP Contribution ($3,500,000)
EPRI Tailored-Collaboration Contribution ($477,000)

GMP NET INSTALLED COST, $ $6,107,755

GMP NET INSTALLED COST, $/KW $1,010
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The estimated cost of energy for the project exceeds the projected avoided cost for
several years.  GMP considers the long-term economics to be acceptable and believes
they will benefit from the non-economic research results of the project.  Their decision
to proceed with the project was also based on the opportunity to take advantage of the
significant technical and financial assistance that was available from the TVP and the
chance to mitigate future risk by gaining experience with a small project.

Because GMP is part of the New England Power Pool (NEPOOL), they investigated the
capacity credit of the project based on NEPOOL guidelines.  The capacity credit does
not significantly affect the economics of the project due to the fact that the region
currently has excess capacity and capacity values are low.  However, GMP determined
that wind projects would receive a modest capacity credit under the NEPOOL
accreditation method.

8.2 Project Schedule

The actual pre-construction and construction schedules for the project are shown in
Figures 8-1 and 8-2.  Although there was some variation between the actual schedule
and the dates assumed in the original work plan developed for the contract,
construction was substantially completed within a few days of the planned completion
date.  GMP had included significant schedule penalties in the contract, but none of
these were imposed.

GMP’s project schedule is not necessarily typical for a project of this type.  The time
interval allowed for the bidders to prepare their proposals and GMP’s own evaluation
schedule were fairly short for a number of reasons.  GMP’s intentions to develop the
project were well known in the wind industry due to their information solicitations,
their outreach activities, and the TVP publicity.  Because of permitting delays, there
was a significant amount of time for potential bidders to familiarize themselves with
the project concept and site conditions.  In addition, GMP had already completed or
was intending to complete a number of the time consuming development tasks such as
wind resource assessment and permitting.

The schedule was also driven by the fact that the construction season at these elevations
is limited to about six months during the summer and fall seasons.  This is a relatively
short construction time for a project of this type.  Slight schedule slips could result in
almost a yearlong delay if the construction season was missed.

Zond used a more detailed milestone schedule to monitor and control progress of
activities over the duration of their involvement in the project.  This schedule was
updated regularly and included in the monthly construction reports they submitted to
GMP.  The poor weather at the beginning of the construction period added slightly to
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Zond’s overall costs even though they considered some delays as part of their
contingency.

Figure  8-1
Project Schedule for Permitting and Contracting Tasks
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Figure  8-2
Project Schedule for Procurement, Construction, and Testing Tasks
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9 
OPERATION, MAINTENANCE AND PERFORMANCE

EVALUATION PLAN

This section presents GMP’s plans and rationale for operating, maintaining, and
evaluating the performance of their wind power plant.  The actual operating,
maintenance, and performance experience will be described in subsequent reports on
this project.

9.1  O&M Plan

GMP originally planned to operate the plant themselves by using a half-time person.
After reviewing the vendors’ responses from their Request for Information, they
modified their plan to a full-time person for the first two years coupled with a part-
time person to assist with maintenance activities that required turbine climbing.  Then,
during the development of the RFP, they decided to request O&M services from the
vendor for an initial three-year period during which GMP personnel would receive
training and be phased into the O&M activities.

Consistent with this final decision, Zond assumed responsibility for the O&M of the
plant following commissioning.  A Zond employee was brought in as the site manager
and Zond intends for a second, local Zond technician to work with the site manager.
GMP is considering sharing the cost of the second technician with Zond.

9.2  Training

The Turbine Purchase Agreement specified that Zond will train up to two technicians
selected by GMP in the operation, maintenance, and repair of the turbines at Zond
facilities in Tehachapi, California.  The training will be approximately two weeks in
length and will be scheduled at GMP’s discretion.  Although the contract states that the
training will occur in Tehachapi, it may be more appropriate to cover some aspects of
the course at GMP’s project site.  The content of the course will also be impacted by the
final staffing agreements between Zond and GMP, particularly if a GMP employee
begins working at the site and receives on-the-job experience.
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9.3  Performance Warranties

Zond provided a five-year warranty with their equipment, which began on the
commissioning date of the project.  The power output for each individual turbine is
warranted to exceed 95% of the theoretical energy based on the actual wind speed
distribution and the guaranteed power curve.  Figure 9-1 shows a sea level power
curve for the Z-40-FS wind turbine and the warranted power curve, adjusted to GMP’s
site conditions.

Figure  9-1
Z-40-FS Warranted and Sea Level Power Curves

GMP did not originally include a permanent meteorological (met) tower in the project
plans for power curve measurement.  Zond wanted to reduce the performance
guarantee unless a met tower was installed at a location appropriate for data collection
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in accordance with the American Wind Energy Association (AWEA) performance
measurement standards.21  The importance of this issue became clear only after GMP
had submitted their permit documentation and they were reluctant to submit an
amendment to the package for fear of derailing the review process.  As a result, a
temporary tower which did not require a permit was installed at an agreed upon
location until permits could be obtained for a permanent structure.

The methodology for power curve verification has been discussed extensively between
GMP, Zond, and other TVP participants.  This topic received considerable attention
because of the difficulties CSW experienced in conducting power curve measurements
at their project site.  A more comprehensive standard for power performance
measurements is currently under development by the International Electrotechnical
Commission (IEC).22  The TVP sponsors are exploring the possibility of conducting the
power curve performance testing for the host utilities, in accordance with the IEC
standards, on all the TVP sites to ensure a consistent methodology and the
documentation of test results.

The permanent met tower was located to permit power curve measurements on GMP’s
Turbine #6.  There were limited opportunities to site the met tower in an appropriate
location due to the topography of the site.  The power curve will not be measured until
at least three months after the commissioning date to allow for resolution of any start-
up problems.

In areas of complex terrain, such as the GMP site, the IEC standard recommends that a
“site correlation” be developed between the met tower and the turbine site.  The
correlation can then be used to estimate the wind at the rotor hub based on observed
met tower data.  GMP took two approaches to developing a site correlation between the
met tower and Turbine #6.  First, they mounted an anemometer on a boom and
installed it off the back of the turbine nacelle pointed in the direction of the met tower
(upwind).  With the yaw locked in that direction, data from the stinger anemometer
were collected and compared to concurrent data from the met tower.  GMP also
installed an anemometer on the top of the turbine tower during the period when the
nacelle was removed for the gearbox replacement.  Zond altered the turbine re-
installation schedule to allow the maximum amount of data to be collected from this
sensor.  The availability of these data sets will allow GMP to analyze the variation
between the different site correlation approaches, and the results could potentially
provide valuable insight on power performance testing to the wind industry
community.

                                               
21 Standard Performance Testing of Wind Energy Systems – 1.1 American Wind Energy Association, 1988.
22 IEC draft standard 1400-12, Wind Turbine Performance Testing, May 1996.
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GMP’s performance warranty includes provisions requiring Zond to pay for any
shortfalls in energy production that result from power curve deficiencies based on a
specified payment rate.  However, the warranty covers only a five-year period.  If the
turbines do not achieve their power curve, there is no clause in the contract to address
long-term compensation.23  In hindsight, GMP believes that this issue should have been
specified in their RFP and purchase agreement.

9.4 Availability.

The availability warranty is included in the O&M Agreement which has not yet been
finalized.  The terms of this warranty are one of the most significant negotiation points
in finalizing this contract.  GMP anticipates that the turbines will be warranted to have
a 90% availability.  This level is slightly lower than a typical warranty for a wind
energy project but does not include exclusions for potential access problems during the
winter.  The calculation methodology is still under discussion.  Additional comments
on availability are included in the SCADA discussion below.

9.5 Other Guarantees

The output of the wind power project is warranted to meet the power quality
requirements of IEEE 519 at the interconnection point with New England Power
Company’s line.  The individual components provided by Zond are also warranted to
perform their intended functions and be free of defects in design, materials, and
workmanship.  For many of the individual turbine components, Zond’s warranty is
backed up by their suppliers’ warranties.

9.6 SCADA System Considerations

The GMP project includes a Zond Supervisory Control and Data Acquisition (SCADA)
system which collects and stores information from each individual turbine, as well as
from the permanent met tower.  Met data is recorded from both heated and non-heated
sensors at the 40-meter level.  The data recorded by the system can be accessed, viewed,
and downloaded remotely by modem.  This information includes operating hours,
power output, cumulative energy production, and a variety of other sensor readings.
The GMP SCADA system is identical to the one used by CSW.

                                               
23 Some contracts and/or performance warranties specify reparation requirements or compensation in the event of a
power curve deficiency.  For example, the vendor could be required to make modifications to the turbines to
increase their output, or in extreme cases, even add additional turbines to the project to bring it up to expected
production levels.
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For on-going performance evaluation and warranty calculation purposes, the
capabilities and limitations of the SCADA system are important to GMP and the TVP
sponsors.  One of the primary objectives of the TVP is to obtain and disseminate data
on the performance characteristics of the wind projects included in the program.  Based
on the experience at the CSW site, GMP and TVP have requested several modifications
to the SCADA software.  Of particular interest to the program is an additional measure
of availability that considers all downtime events experienced by the turbines,
regardless of their cause or the manner in which the downtime was initiated.24  The
goal is to develop a consistent definition and calculation methodology for availability
reporting that is used by all TVP projects.

GMP installed an independent data logger at the permanent met station to provide
redundancy to the wind data recorded by the SCADA system.  This logger will ensure
that wind data are recorded during periods in which the SCADA system is unable to
function.

9.7 Performance Evaluation Plans

GMP plans to evaluate the performance of the project in conjunction with Zond, and
with assistance from their consultants.  EPRI required a number of parameters to be
monitored for three years after start-up of the wind power plant.  For individual
turbines, the following parameters will be monitored and reported:

• Hourly energy output;
• Hourly average wind speed, wind direction, turbulence intensity, and temperature

from a representative meteorological tower;
• Scheduled outage hours;
• Unscheduled outage hours;
• Unit capacity factor;
• Availability factor;
• Summary of scheduled and unscheduled maintenance performed; and
• Power curves showing actual compared to theoretical.

 The following data and analyses will be provided for the sum of the machines included
in the project:

• Hourly energy output;
• Hourly average wind speed (from a meteorological tower);
• Plant capacity factor;
• Equivalent forced outage rate;

                                               
24The TVP definition of availability takes into account all downtime hours experienced by a turbine.  The
remaining available hours are divided by the total hours in the period to obtain TVP availability.
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• Summary of major scheduled and unscheduled maintenance performed;
• Summary of operation cost;
• Summary of maintenance cost;
 
• Calculated O&M cost per kWh; and
• Overall TVP power curves showing actual versus theoretical.

9.8 Other Factors

Since commissioning, Zond has assumed responsibility for the O&M activities, despite
the fact that the O&M contract has not yet been finalized.  For both parties, the time
constraints and priority of other project tasks has been used as the reason for the delay
in finalizing the agreement. A side benefit of the delay is that Zond and GMP gained
experience during the 1996-1997 winter months prior to finishing the contract.
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PROJECT OUTREACH ACTIVITIES

One of the objectives of the TVP is to disseminate information and provide outreach
activities to other utilities and members of the wind industry.  GMP also has a
corporate objective of providing outreach activities to the local community, state and
regional entities, and personnel within their own company.

GMP participates in TVP meetings with EPRI and NREL three to four times a year to
discuss the status of the project and recent experience with other TVP utility and
program management participants.  These meetings also provide a forum for the
sponsors to provide guidance and technical assistance to the program participants.  The
TVP also conducts periodic outreach workshops open to utility personnel and other
interested parties to provide information on the technology and its operation.  The first
TVP outreach workshop was held in Fort Davis, Texas in September 1995 as part of the
CSW dedication program.  The second workshop was held in Wilmington, Vermont in
September 1996.25  The agenda for the workshop is included in Appendix C.  One of the
highlights of the Vermont workshop was a visit to the GMP site to observe the
construction and turbine installation in progress.

GMP has made presentations on their experience at industry conferences and they are
active in a number of wind energy interest groups, including the National Wind
Coordinating Committee, the Utility Wind Interest Group, and the American Wind
Energy Association (AWEA).  GMP is also currently represented on AWEA’s Board of
Directors, and they have actively sought and obtained the support of Vermont’s
congressional delegation for a number of federal wind energy incentives.

GMP developed a newsletter, Wind Power News, to report on their wind program
activities.  The first issue was published in September 1992 and GMP has continued to
issue newsletters on a periodic basis since that time.  The newsletter is distributed to
state and local government agencies, environmental groups, local citizens, GMP
employees, industry members, and other interested parties.  Newsletters have focused
on permitting and environmental studies, construction activities and project
complications as project development and construction was completed.

                                               
25 Presentation materials and other information from the workshop are available from EPRI .
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Because Searsburg and the neighboring communities are fairly small, the development
of the project was big local news.  GMP involved members of the local communities at
an early stage in the project development.  They solicited input and kept the
government officials informed of their progress to the greatest extent possible.  They
believe that public perception is easily affected by the attitude and actions of the project
participants.

In early September 1996, the arrival of components over a period of several weeks
made an unusual parade through the local community.  Figure 10-1 shows a tower
section being transported through the town of Wilmington. These and other events
received a significant amount of local press.

Figure  10-1
A Bottom Tower Section Moving Through the Town of Wilmington, Vermont

As the first commercial wind project in the Northeast, the project had its share of
regional and national attention as well.  In addition to the numerous published articles,
GMP used a photograph of the project in one of its regional newspaper ads.

In general, GMP has been applauded for its effort by the local press.  In a September 26,
1996 editorial in the Deerfield Valley News, GMP was praised for making every effort
to include the state and local community, and show sensitivity to the environment.  The
editorial stressed the efforts to minimize the facility’s impact by burying cables,
painting the towers to reduce their visibility, hiding the transmission lines with a buffer
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of trees, and cutting a narrow swath for the access road.  It also mentioned the
extensive use of local contractors, and summarized by labeling GMP as a good
corporate neighbor.

GMP constructed a roadside interpretive sign and public parking area for the project.
The kiosk-type exhibit is sited nearby but away from the substation and access road
area to avoid disturbing the cemetery.  GMP also installed the cemetery fence with
input from Searsburg town officials to ensure protection of the cemetery.  The objective
is to provide a place for local citizens and tourists to pull off the road to view the
turbines and learn about wind technology and its potential without harming historical
town property.  Figures 10-2 and 10-3 show the roadside exhibit and cemetery fence
with the turbines in the background.

As information about the development of the project spread, a number of people hiked
up to the site for unofficial visits.  To address the potential safety problems, GMP hired
a local resident to offer guided tours on the weekends.  Hundreds of elementary and
high school age children visited the facility throughout the fall construction season.
Tours are currently conducted by appointment only.

GMP coordinated a series of outreach activities over a weekend in mid-August 1997 to
celebrate the project’s completion and operation.  The project was formally dedicated
on August 15, 1997.  The by-invitation-only dedication ceremony was attended by
about 120 people.  Both of Vermont’s US Senators attended the ceremony and
expressed their support for wind energy.

The Governor of Vermont declared August 16, 1997 as Wind Energy Day.  As part of a
local fair on this day,  GMP sponsored wind energy exhibits, crafts, and games.
Approximately 1,000 people from across the northeast participated in public tours of
the site offered by GMP as part of the festivities.  Tour guides for this event were
specially trained local high school students and teachers interested in being involved in
the project.  The dedication ceremony program and brochures produced by GMP for
public dissemination during the dedication weekend are included in Appendix C.

To start off the dedication weekend, GMP employees staged a run covering 176 miles
from their headquarters in South Burlington to the project site.  GMP’s CEO ran the
first leg of the 3-day relay and GMP’s Public Relations Director ran the last leg up the
access road to the project.  A wooden wind turbine model was passed from runner to
runner.
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Figure  10-2
Roadside Interpretive Sign and Parking Area

Figure  10-3
Cemetery Near Project Site
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CONCLUSIONS

Through its involvement in the TVP, GMP has successfully developed, constructed, and
is now operating a wind power plant in Searsburg, Vermont.  Like the CSW project,
some of the experience gained from the development phase is common to any
construction project, some is unique to developing a wind power plant, and some is
related to the specific Vermont location.

Overall, Zond and GMP worked together to successfully overcome some
environmental challenges and complete the construction of the project within a tight
scheduling window.  Each party demonstrated a commitment to make the project a
success and the experiences are within the realm of expectations for a project of this
type.

The TVP projects are intended to have a strong research content to them and to provide
an opportunity for both the utilities and the vendors to gain experience with new
technology.  The type of start-up problems experienced with the turbines at the GMP
site are more likely to occur in this framework than in a commercial project, and the
TVP provides the vendors with an opportunity to identify and resolve potential
technical problems prior to large-scale deployment of new technology.

In addition to providing a market for unproven wind turbines, the program aims to
gather operational data from a range of environments.  As such, it was expected that
the majority of the problems that arose during the development of GMP’s wind power
plant would be directly related to the harsh climate and the physical conditions at the
site.  GMP and Zond are furthering TVP goals by gaining knowledge and
understanding of what is required for a successful wind project in cold and wet
mountainous environments.

The environment at GMP’s Vermont project site offers a striking contrast to CSW’s
warm and dry West Texas site.  Nonetheless, the project development experience was
at times similar.  Both projects were successfully constructed on schedule despite strict
time constraints.  Both projects were also impacted by uncertainties associated with
turbine warranties and turnover, the lack of established procedures, and incomplete
documentation.  Both utilities, however, have expressed interest in being involved in
additional wind projects in the future.
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GMP’s permitting requirements and experience were much more stringent than CSW’s.
Permitting and land acquisition for the GMP site played a major role in dictating the
project schedule as well as the project design.  The level of effort expended on the
project permitting was much greater at the GMP site than has typically been
experienced at other wind project locations in the United States.

GMP and CSW also took different approaches to developing the project.  GMP and
Zond have both indicated a preference for a turnkey approach to the project
construction.  CSW assumed responsibility for the majority of the civil work on their
project site.  Because of their experience with electrical system and substation design,
GMP may separate the project responsibilities at the low voltage side of the substation
for future projects, rather than include the substation in the vendor’s scope of work.

Despite the turnkey contract with Zond, it was necessary for GMP to have considerable
responsibility in the overall development of the project.  They were fully responsible
for the site selection, land acquisition, resource assessment, environmental studies, and
permitting.  They also made significant contributions to the electrical system design
and specification, and they have gained valuable experience through their construction
oversight activities, on-going studies, and planned role in the project O&M.  Their
longtime interest in wind energy and the knowledge gained from previous wind
projects was demonstrated during the development of the Searsburg project in areas
such as their wind resource assessment activities, their approach to public relations and
their technical suggestions for cold weather modifications.

As with CSW, additional consideration of acceptance test procedures, warranty
calculations, and performance evaluations would have been beneficial at an earlier
stage.  Neither GMP nor Zond intend to divide the equipment testing into Ready-to-
Operate and Acceptance Test procedures for future projects.

Because both parties were focused on completing the installation and testing activities,
the operation and maintenance plans were a low priority.  As a result, the O&M
Agreement has not been completed despite the fact that the project is operating and
Zond has a full-time employee on site.  Start-up problems with the SCADA system, also
a low priority, has limited the ability to conduct performance evaluation tasks at the
site.  Although both GMP and Zond are now directing attention at these tasks, their
delayed implementation may make the process more time consuming and problematic
than necessary.  In addition, TVP will lose valuable operational data during the first
months of operation.

GMP has been extremely effective in their community outreach activities.  Although
their wind power plant is relatively small, GMP has used the experience gained
through the project development to educate the surrounding community, state and
national interest groups, and their own staff on the challenges and benefits of
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renewable energy.  These efforts should be a positive influence on the acceptance and
implementation of future wind energy projects in the region.

The TVP is continuing to make progress towards the goal of providing a bridge from
turbine development programs to commercial purchases of wind turbines.  Utilities
and turbine manufacturers are obtaining valuable experience in wind power plant
development, operation and maintenance, and technology transfer.  The lessons
learned through the TVP in the GMP and CSW projects will be passed on to other
projects in which EPRI and DOE have a management role and to the rest of the wind
and utility industry through continuing outreach activities.
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B 
TECHNICAL SPECIFICATIONS OF Z-40-FS WIND

TURBINE

TECHNICAL SPECIFICATIONS

1. Rotor

Number of  blades. . . . . . . . . . . . . . . . . . . . . . . . 3

Diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.0 m/131.2 ft

Swept area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1257 m2/13,526 sq ft

Hub Height. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.65 m/133.37 sq ft

Nominal rotational speed. . . . . . . . . . . . . . . . . . 29.5 rpm

Rotational direction. . . . . . . . . . . . . . . . . . . . . . . Clockwise, looking downwind

Nominal tip speed. . . . . . . . . . . . . . . . . . . . . . . . 60.7 m/s /135.8 mps

Orientation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Upwind

Power regulation. . . . . . . . . . . . . . . . . . . . . . . . . Variable Pitch

Overspeed control. . . . . . . . . . . . . . . . . . . . . . . . Full span aerodynamic braking

Rotor shaft tilt angle. . . . . . . . . . . . . . . . . . . . . . 4.0 degrees

Cone angle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . None

Weight (Includes blades, hub, and bearings). . 9,222kg/20,335 lb
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2. Blades

Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ZOND 40.0 M FS

Length (root to tip) . . . . . . . . . . . . . . . . . . . . . . . 19.47 m/63.87 ft

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Full span

Material. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fiberglass

Pitch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Full span controlled

3. Hub

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rigid

Material. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cast ductile iron

Protection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sandblasted & multi-layer coated

4. Pitch System

Pitch bearings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 point contact

Actuation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hydraulic

Linkage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rod through mainshaft, spider, &
bell cranks

5. Drivetrain

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Integrated gearbox

Gearbox. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 stage with parallel shafts

Ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:33.95 (50 Hz), 1:40.65 (60 Hz)

Input speed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29.5 rpm

Output speed. . . . . . . . . . . . . . . . . . . . . . . . . . . . .1,000 rpm (50 Hz), or 1,200 rpm 
(60 Hz)

Nominal power. . . . . . . . . . . . . . . . . . . . . . . . . . . 550 kW
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Shaft covers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Maintenance-free labyrinth seals

Lubrication. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Mechanical oil pressure pump

Oil sump. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174.1 liters/46.0 gal

6. Gear Housing

Material. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cast ductile iron

Protection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Sandblasted & multi-layer coated

7. Drivetrain Bearings

Type, rotor shaft. . . . . . . . . . . . . . . . . . . . . . . . . . Spherical roller & straight 
cylindrical roller bearings

Type, other shafts. . . . . . . . . . . . . . . . . . . . . . . . . Double conical & cylindrical 
roller bearings

8. Gear Lubrication Pump

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gear pump

9. Operating Brake

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Multiple disk/fail-safe/dual 
torque

Number of disk. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 disks

Location. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Highspeed shaft, upwind side of 
gearbox

Failsafe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Spring actuated, hydraulic 
pressure release

10. Yaw System

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Electrical yaw gear units

Slewing ring. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Internal gear teeth

Damping system. . . . . . . . . . . . . . . . . . . . . . . . . . Frictional
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11. Yaw Gears and Motors

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Planetary drives

Yaw rate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.73°/s

Motor types. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Asynchronous, 4-pole, 1500 rpm

Voltage/frequency. . . . . . . . . . . . . . . . . . . . . . . . 3 x 690 V AC/50 Hz, or                
4 x 480 V AC/60 Hz

12. Hydraulic Power Unit

Oil pump capacity. . . . . . . . . . . . . . . . . . . . . . . . 11.7 ltr/min/3.1 gal/min

Oil capacity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 ltr/20 gal

Motor type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Asynchronous, 4-pole, 1,500 
rpm/50 Hz, or Asynchronous,   
4-pole, 1,800 rpm/60 Hz

Voltage/frequency. . . . . . . . . . . . . . . . . . . . . . . . 3 x 690 V AC/50 Hz, or                
4 x 480 V AC/60 Hz

13. Generator

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Asynchronous, 6-pole (Two        
3-phase “Y” windings)

Insulation Class. . . . . . . . . . . . . . . . . . . . . . . . . . . “F”

Nominal output. . . . . . . . . . . . . . . . . . . . . . . . . . .550 kW at class “B”

Full load current. . . . . . . . . . . . . . . . . . . . . . . . . . 485 A at 550 kW (50 Hz), or      
701 A at 550 kW (60 Hz)

No load current. . . . . . . . . . . . . . . . . . . . . . . . . . . 159 A

Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 690 V AC ± 10% (50 Hz), or      
480 V AC ± 10% (60 Hz)

Frequency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 Hz or 60 Hz
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Nominal speed. . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000 rpm (50 Hz), or              
1,200 rpm (60 Hz)

kVAr no load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297 kVAr

Power factor @ full load/w/ capacitor banks. . 0.86/0.95

Life of bearings. . . . . . . . . . . . . . . . . . . . . . . . . . . 300,000 hours

14. Wind Turbine Control System

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Distributed multi-
microcontroller; Zond 
Winteligence mode DCS 6932 
and VPC 6932

Master Processor. . . . . . . . . . . . . . . . . . . . . . . . . . 17 MHZ, 32 bit

Soft start. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Solid state SCR control; no 
bypass contactor

SCADA Interface. . . . . . . . . . . . . . . . . . . . . . . . . .RS-422 serial line output for 
remote communications

Line current protection. . . . . . . . . . . . . . . . . . . . .Fast magnetic circuit breaker for 
overall controller and generator 
protection; subsystems protected 
by circuit breakers

Environmental Protection. . . . . . . . . . . . . . . . . . Overall enclosure NEMA 4 rated;
electronic enclosures rated 
NEMA 1, 2, 13, 3R, 4, 4X, 12 and 
13; electronic and electrical 
control system rated at -25°C to +
70°C (-13°F to +158°F), 100% 
humidity and condensing 
atmosphere

Transient over voltage protection. . . . . . . . . . . . High power MOVs

Power factor correction. . . . . . . . . . . . . . . . . . . . Capacitor banks

15. Tower, Tubular
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Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tapered tubular

Tower, height. . . . . . . . . . . . . . . . . . . . . . . . . . . . 39.2 meters (129 feet) or              
50 meters (164 feet)

Matieral. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Certified steel

Protection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Sandblasted and Multi-layer 
coated

Bolts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ISO 8.8 hot-dip galvanized

Access to the tower. . . . . . . . . . . . . . . . . . . . . . . . Through lockable door

Access to nacelle cabin. . . . . . . . . . . . . . . . . . . . . Internal ladder and access to 
cabin

Foundation connection. . . . . . . . . . . . . . . . . . . . . Anchor studs sunk into concrete 
pad

16. Performance

Start-up wind speed. . . . . . . . . . . . . . . . . . . . . . . 3.6 m/s/8.0 mph

Cut-in wind speed. . . . . . . . . . . . . . . . . . . . . . . . 4.0 m/s/9.0 mph

Cut-out wind speed. . . . . . . . . . . . . . . . . . . . . . . 29.1 m/s/65.0 mph

Rated wind speed. . . . . . . . . . . . . . . . . . . . . . . . . 13.0 m/s/29.0 mph

Rated power. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 kW

17. Certification

Certifying Agency. . . . . . . . . . . . . . . . . . . . . . . . Germanischer Lloyd

Standard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IEC, Class I

Design Life. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 Years

18. Cold Weather Package Features for the Z-40-FS Turbines at GMP’s Searsburg 
Project
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The package was designed so that the turbines could operate at temperatures as
low as -40 degrees C (-40 degrees F)

Blade Surface

- Black color and ice-phobic coating

Heaters for

- Operator Interface Terminal

- Controllers

- Gearbox oil

- Hydraulic oil

- Generator windings

- Anemometer and wind vane

Material changes

- Tower steel

- Drivetrain castings

- Signal cables

- Bolt and washer steel-drivetrain and blades

- Nacelle hatch pin

- Drivetrain castings

- Crimp-on watertight terminals in SCADA pedestals

Lubricant changes

- Gearbox lubricant - low viscosity, synthetic oil and increased oil capacity

- Hydraulic lubricant - low viscosity, synthetic oil

Miscellaneous changes
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- Generator ventilation door with counter-balance

- Plated brake pistons

- Yaw deck manhole covers

Software changes

- Algorithm to reduce the maximum output at temperatures below -20 degrees C

- Periodic operation of systems to keep surfaces lubricated, ready to go

- Heater control algorithms

- Oil filter bypass when excessive pressure drop occurs
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C 
OUTREACH MATERIALS

Enclosed in Appendix C are the following documents:

1. TVP Workshop Agenda - September 19-20, 1997

2. Harnessing the Power of the Wind, GMP Public Information Brochure

3. Governor’s Declaration of August 16, 1997 as Wind Energy Day

4. Dedication Ceremony Program

5. Wind Energy Day Brochure
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