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1 INTRODUCTION

Garrad Hassan America, Inc (GL GH) has been contracted by BNE Energy Inc (the “Client”) to
undertake an assessment of the risk of ice fragments being shed from wind turbines and striking
members of the public in the vicinity of three (3) GE 1.6-100 wind turbines model at the North
Phase of the proposed Colebrook wind power project (the “Project”).

The results of GL GH’s assessment are presented in this Ice Throw Assessment report (the
“Report”).

Garrad Hassan America, Inc. 1
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2 ASSESSMENT SUBJECT

The proposed Project site is located in Litchfield County, Connecticut. The approximate site
elevation is between 380 m to 440 m. The North Phase of the Project consists of three (3)

1.6 MW GE 1.6-100 wind turbines. The key parameters of the wind turbine model are

summarized in Table 2-1 below.

Table 2-1: Wind Turbine Parameters

Wind turbine model GE 1.6-100
Rated Power 1.6 MW
Rotor diameter 100 m
Hub height 100 m
Cut-in wind speed 3.5 m/s
Cut-out wind speed 25 m/s
Nominal rotor speed 16.2 rpm
Nominal tip speed 84.7 m/s

This assessment is focused primarily on the area surrounding each turbine. The Project layout is

presented in Figure 2-1.

Garrad Hassan America, Inc.
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3 ICE THROW ASSESSMENT METHODOLOGY

The assessment methodology that has been used in this Report is based on one developed by GL
GH in conjunction with the Finnish Meteorological Institute and Deutsches Windenergie-Institut
as part of a research project on the implementation of wind energy in cold climates (WECO).
This research project was primarily funded by the European Union and also supported in part by
the United Kingdom Department of Trade and Industry [1]. The guidelines for safety
assessments in relation to ice throw were developed by GL GH in the WECO project and the
work was summarized in a series of conference papers [2][3] and [4]. These guidelines have been
applied to the Project site by considering the proposed turbine type, the terrain of the site and
surrounding area, and assumptions for human presence in the surrounding area.

The overall approach is presented schematically in Figure 3-1 and is based on the following
staged approach:

e Determine the periods when ice accretion on structures might occur, based on historical
climatic observations.

e Within those periods, determine when the wind speed conditions are within the
operational range of the wind turbines.

e Within the resultant periods, if applicable, exclude those periods when the wind turbines
will be shut down automatically by the wind turbine control system or by remote
operators.

e Based on an estimate from the above concerning the amount of icing, use guidelines to
derive probability of fragments landing at distances from the turbines which are of

interest.

® When information is available, estimate probability of members of the public being
present within the distances from the turbine which are being considered.

¢ Derive combined probability of the public being hit by ice fragments.

It is our professional opinion that this methodology is sound and provides for an appropriate
analysis of the Project.

Garrad Hassan America, Inc. 4
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4 DATA SOURCES AND OTHER INPUTS
4.1 Wind Climate During Icing Events

The data were recorded using sensors mounted on the meteorological tower located on site. It
should be noted that both sites, Colebrook North and South, share the same meteorological data.
A wind speed and wind direction table of the icing period (November to March) derived from
these measurements have been provided to GL GH by the Client [5] and were used as the base
meteorological input for this study.

4.2 Control Methodologies

Ice detectors are typically mounted to the nacelle of a turbine or nearby meteorological towers
and monitored by the wind farm control system, triggering an automatic or remote manual
shutdown of the wind farm in the event that icing conditions are detected.

It is also generally accepted in the wind industry that any ice build up on the blades of an
operating turbine will lead to additional vibration and to a loss of aerodynamic efficiency. This is
caused by both mass and aerodynamic imbalances. All machines including the GE 1.6-100 are
equipped with sensors, which will trigger the shutdown of the machine during these periods.

Depending on the results of the present Report, it may be recommended implementing a winter
operating protocol that will curtail the operating of wind turbines in the event of icing and when
extreme weather conditions present hazardous conditions to the general public. This will lead to
either the operator or automatic controls shutting the system down under any of the following

circumstances:

¢ The installed ice monitoring device(s) and heated wind sensors (installation subject to
reliability testing) detect unsafe conditions that are present due to icing conditions.

e [ce accretion is recognized by the remote or on site operator.

e Air temperature, relative humidity and other meteorological conditions at the site that are
conducive to ice formation.

e Air temperature is several degrees above 0°C following icing conditions.
® Any other weather conditions which appear to be unsafe.

During any of these events, turbines which present a safety risk to the public are to be placed in
Pause mode, at which time the units become inoperative.

Garrad Hassan America, Inc. 6

GL Garrad Hassan





Document No.: 700489/AP/01 Colebrook Wind Farm - North Phase - GE 1.6-100 Issue: B Final

4.3 Assessment Guidelines and Data

The guidelines produced in the WECO project were based on a combination of numerical
modeling and observations.

The numerical modeling involved Monte-Carlo simulations of a range of scenarios of ice building
up on a wind turbine and being shed from the rotor blades. An updated set of simulations have
been conducted for the Project study using the wind turbine parameters of the GE 1.6-100 model
as defined in Table 2-1 and the wind regime measured at the site for the period from November to
March.

In the modeling, further assumptions were required in regards to the aerodynamic properties of
ice fragments. These assumptions were verified during the course of the WECO project by
measuring the lift and drag characteristics of models of typical ice fragments in wind tunnels.
Those coherent fragments collected from various icing events were irregular blocks shed from the
leading edge of the rotor blades. Moulds were produced from these and replicas were cast for
wind tunnel testing. No stable lifting situation was measured leading to a conclusion that the lift
coefficient could be ignored. The drag coefficient meanwhile was measured to fall in the same
range as was assumed in the modeling described above.

Garrad Hassan America, Inc. 7
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5 RESULTS OF ICE THROW ASSESSMENT
5.1 Numerical Simulation - Monte-Carlo Results

The results from the Monte Carlo analysis are shown in Figure 5-1 and Figure 5-2 for 1-kg ice
fragments for each 30 degree direction sector. These figures represent the probabilities, given an
ice fragment has been released, that any one ice fragment lands in one square meter of ground
area, as a function of distance and direction from the turbine. It is proposed that the results shown
in these figures are used in risk assessment at the Project site where detailed assessment is
required.
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Figure 5-1: Calculated Probabilities of 1 kg Ice Fragment Throw Distances
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Figure 5-2: Calculated Probabilities of 1 kg Ice Fragment Drop Distances
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5.2 Wind Turbine Icing

Ice can build up on wind turbine rotor blades when appropriate conditions of temperature and
humidity exist, as it would on any structure that is exposed to the elements when appropriate
conditions of temperature and humidity exist. When a wind turbine is stationary it is no more
likely to suffer from ice accretion than a large stationary structure such as a building, tree or
power line. Like such structures, accreted ice will eventually be released and fall directly to the
ground.

When operating, which will be the case when the wind speed at the GE 1.6-100 wind turbine hub-
height is in the range of 3.5 m/s to 25 m/s, ice can still build up on the rotor blades when
appropriate conditions of temperature and humidity are present. In this case, observations suggest
that higher ice accretion rates occur due to the relative velocity of the rotor blades. Any
fragments will land directly below the wind turbine, in the plane of the wind turbine rotor, or
downwind.

In situations when a risk is perceived due to icing of rotor blades, it is common that mitigation
measures be taken either by automated or remote manual shutdown of the wind turbines. It is
noted that remote monitoring and operation of wind farms is now standard practice in the
industry.

Garrad Hassan America, Inc. 9

GL Garrad Hassan





Document No.: 700489/AP/01 Colebrook Wind Farm - North Phase - GE 1.6-100 Issue: B Final

5.3 Individual Risk

The results of the numerical modeling described in the Section 4.3 are shown in Table 5-1 below
for an estimated 12 days of icing per year. The initiating probability (number of ice fragment
potentially thrown per year per turbine) is calculated according to WECO guidelines by
estimating a constant rate of ice accretion along the whole length and the leading edge of the
turbine blades during periods of icing conditions. The typical range of ice thrown is taken to be
the distance within which 90% of the ice throw or drop events would be expected to occur.

Table 5-1: Typical and Exceptional Ice Throw and Drop Ranges

Throw Drop

Ice fragment weight [kg] 0.5 1 0.5 1
Number of ice fragment 3,600 1.800 3,600 1.800
[per year]
Typical range [m] 0-150 0-160 0-40 0-39

( [feet]) (0-492) (0-525) (0-131) (0-128)
Impact probability 90%
Exceptional range [m] 150-265 160-285 40-120 39-104

( [feet]) (492-869) (525-935) (131-394) (128-341)

Impact probability 10%

All direction risk levels for ice throw and drop for 0.5 kg and 1 kg fragment weights considered
are shown in Figure 5-3. These curves represent the risk level of one ever-present 1 m® area
being struck by an ice fragment in the vicinity of the Project site turbines assuming 12 days of
icing per year.

Garrad Hassan America, Inc. 10

GL Garrad Hassan






Document No.: 700489/AP/01 Colebrook Wind Farm - North Phase - GE 1.6-100 Issue: B Final

10
L 1000g Throw
o S e B R 500g Throw
g 1A Avg Throw
s, g
9
1000g Dro
& 2 Drop
?..: 0.1 A = = = :500g Drop
Y Avg Dro
£ g P
)
3 0.01 A
=
=
)
)
2 0.001 A
)
>
=
% 0.0001 |
&
0.00001 T T T ‘\ T T T T T T T — T

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Distance from Turbine [m]

Figure 5-3: Ice Fragment Strikes Estimated Per m” Per Year

The level of risk of being hit by a 1 kg ice fragment thrown from the turbine as a function of
distance from the turbine and direction is presented in Figure 5-4: .

N

—0.00001

—0.0001

—0.001

0.01

Figure 5-4: Risk level of 1-kg Ice Fragment Strikes Per m> by Direction and Distance
(Ice Throw Scenario)

The level of risk being hit by a 0.5 kg ice fragment dropped from the turbine as a function of
distance from the turbine and direction is presented in Figure 5-5

Garrad Hassan America, Inc. 11
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Figure 5-5: Risk level of 0.5-kg Ice Fragment Strikes Per m* by Direction and Distance
(Ice Drop Scenario)

The results of the analysis indicate that the typical distance range (90% of time) of ice throw from
the turbines is approximately 160 m (525 feet), and the typical distance range (90% of time) of
ice drop from the turbines is approximately 40 m (131 feet). The results of the ice drop analysis
indicate that the risk of a fragment of ice dropping and landing in a square meter a distance from
the turbine drops sharply for distances beyond the overhang of the turbine considered (in this case
50 m).

More specifically, one (1) portion of Rock Hall Road with identified public use presents a non nil
risk level of being hit by an ice fragment as shown in Figure 5-6.

For this portion of road (ID 3), it has been considered that one car per hour passes on the road at a
speed of 50 km/h (approximately 30 mph). The plane area exposed to the risk is estimated to be
10 m? (approximately 100 square feet). The level of risk for this road assuming the wind turbines
operate during icing conditions (12 icing days) is once in 1,073 years.

Garrad Hassan America, Inc. 12
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54 Ice throw Risk Mitigation

Ascertaining the estimated level of risk presented by icing on wind turbines within the lots not
under control of the Project has required several assumptions. It is prudent that a control method
be employed at the Project to eliminate the risk of potentially damaging ice fragments. This
involves implementing a wind turbine control procedure when hazardous icing conditions are
present.

The proposed procedures outlined in Section 4.2 should be sufficient to identify periods when
icing is likely and to shut down turbines when unsafe conditions are present. The ice detectors as
well as the monitoring of meteorological conditions provide a direct measurement of the
likelihood ice is starting to build up and the point at which icing conditions cease. It is important
that all associated equipment for this system be diligently maintained and that the remote operator
shutdown procedure is satisfactorily implemented by personnel so that all turbines will be shut
down in the event that ice is starting to build up.

It is recognized that a risk may occur on start up of a turbine after a prolonged period of shutdown
during icing conditions. In such circumstances, ice fragments may be released or thrown from
blades in the first period of operation. This issue needs to be addressed by a suitable pre-startup
inspection and remote startup procedure. With the proposed procedure and a suitable pre-startup
inspection and remote startup procedure, one can expect the ice build-up on the turbines to be no
more than on any large stationary structure, with no risk of ice fragments being thrown from an
operating rotor.

As an additional safeguard, the Client should post warning signs along property lines and access
ways to turbine locations.

Garrad Hassan America, Inc 14
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6 CONCLUSIONS

GL GH undertook an assessment of the risk of ice fragments being shed from wind turbines and
striking members of the public in the vicinity of the turbines at the Project.

It is concluded that if the proposed procedure and suitable pre-startup inspection and remote
startup procedure are followed, one can expect the ice build-up on the turbines to be no more than
on any large stationary structure, with no risk of ice fragments being thrown from an operating
rotor.

As with a large stationary structure, the risk remains of ice forming at a slow rate on the structure
and dropping from the stationary turbine. In comparison to an operating turbine, only a small
amount of ice is likely to form. As this thaws, there will be some wind blow effects on the
lightest particles of ice. With a suitable operating protocol in place to prevent ice fragments from
being thrown from the turbine, GL GH estimates that only very high winds (above 25 m/s) in a
specific direction may cause fragments of any significant mass to be blown beyond 50 m of the
turbine base. This is supported by the risk level calculations presented in Figure 5-3 and Figure
5-5.

At 50 m of the turbine base, the probability of falling ice fragment strike per square meter is
approximately once in 124,671 years. Assuming 12 days of icing per year, this amounts to an
individual risk from dropping ice for a stationary person present for all icing events located at
50 m of the turbine base of once in 40 years.

Garrad Hassan America, Inc 15
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1 INTRODUCTION

Garrad Hassan America, Inc (GL GH) has been contracted by BNE Energy Inc (the “Client”) to
undertake an assessment of the risk of ice fragments being shed from wind turbines and striking
members of the public in the vicinity of three (3) GE 1.6-82.5 wind turbines model at the North
Phase of the proposed Colebrook wind power project (the “Project”).

The results of GL GH’s assessment are presented in this Ice Throw Assessment report (the
“Report”).

Garrad Hassan America, Inc. 1
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2 ASSESSMENT SUBJECT

The proposed Project site is located in Litchfield County, Connecticut. The approximate site
elevation is between 380 m to 440 m. The North Phase of the Project consists of three (3)

1.6 MW GE 1.6-82.5 wind turbines.

summarized in Table 2-1 below.

Table 2-1: Wind Turbine Parameters

The key parameters of the wind turbine model are

Wind turbine model GE 1.6-82.5
Rated Power 1.6 MW
Rotor diameter 82.5m
Hub height 100 m
Cut-in wind speed 3.5 m/s
Cut-out wind speed 25 m/s
Nominal rotor speed 18 rpm
Nominal tip speed 77.8 m/s

This assessment is focused primarily on the area surrounding each turbine. The Project layout is

presented in Figure 2-1.
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3 ICE THROW ASSESSMENT METHODOLOGY

The assessment methodology that has been used in this Report is based on one developed by GL
GH in conjunction with the Finnish Meteorological Institute and Deutsches Windenergie-Institut
as part of a research project on the implementation of wind energy in cold climates (WECO).
This research project was primarily funded by the European Union and also supported in part by
the United Kingdom Department of Trade and Industry [1]. The guidelines for safety
assessments in relation to ice throw were developed by GL GH in the WECO project and the
work was summarized in a series of conference papers [2][3] and [4]. These guidelines have been
applied to the Project site by considering the proposed turbine type, the terrain of the site and
surrounding area, and assumptions for human presence in the surrounding area.

The overall approach is presented schematically in Figure 3-1 and is based on the following
staged approach:

e Determine the periods when ice accretion on structures might occur, based on historical
climatic observations.

e Within those periods, determine when the wind speed conditions are within the
operational range of the wind turbines.

e Within the resultant periods, if applicable, exclude those periods when the wind turbines
will be shut down automatically by the wind turbine control system or by remote
operators.

e Based on an estimate from the above concerning the amount of icing, use guidelines to
derive probability of fragments landing at distances from the turbines which are of

interest.

® When information is available, estimate probability of members of the public being
present within the distances from the turbine which are being considered.

¢ Derive combined probability of the public being hit by ice fragments.

It is our professional opinion that this methodology is sound and provides for an appropriate
analysis of the Project.

Garrad Hassan America, Inc. 4
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4 DATA SOURCES AND OTHER INPUTS
4.1 Wind Climate During Icing Events

The data were recorded using sensors mounted on the meteorological tower located on site. It
should be noted that both sites, Colebrook North and South, share the same meteorological data.
A wind speed and wind direction table of the icing period (November to March) derived from
these measurements have been provided to GL GH by the Client [5] and were used as the base
meteorological input for this study.

4.2 Control Methodologies

Ice detectors are typically mounted to the nacelle of a turbine or nearby meteorological towers
and monitored by the wind farm control system, triggering an automatic or remote manual
shutdown of the wind farm in the event that icing conditions are detected.

It is also generally accepted in the wind industry that any ice build up on the blades of an
operating turbine will lead to additional vibration and to a loss of aerodynamic efficiency. This is
caused by both mass and aerodynamic imbalances. All machines including the GE 1.6-82.5 are
equipped with sensors, which will trigger the shutdown of the machine during these periods.

Depending on the results of the present Report, it may be recommended implementing a winter
operating protocol that will curtail the operating of wind turbines in the event of icing and when
extreme weather conditions present hazardous conditions to the general public. This will lead to
either the operator or automatic controls shutting the system down under any of the following

circumstances:

¢ The installed ice monitoring device(s) and heated wind sensors (installation subject to
reliability testing) detect unsafe conditions that are present due to icing conditions.

e [ce accretion is recognized by the remote or on site operator.

e Air temperature, relative humidity and other meteorological conditions at the site that are
conducive to ice formation.

e Air temperature is several degrees above 0°C following icing conditions.
® Any other weather conditions which appear to be unsafe.

During any of these events, turbines which present a safety risk to the public are to be placed in
Pause mode, at which time the units become inoperative.

Garrad Hassan America, Inc. 6
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4.3 Assessment Guidelines and Data

The guidelines produced in the WECO project were based on a combination of numerical
modeling and observations.

The numerical modeling involved Monte-Carlo simulations of a range of scenarios of ice building
up on a wind turbine and being shed from the rotor blades. An updated set of simulations have
been conducted for the Project study using the wind turbine parameters of the GE 1.6-82.5 model
as defined in Table 2-1 and the wind regime measured at the site for the period from November to
March.

In the modeling, further assumptions were required in regards to the aerodynamic properties of
ice fragments. These assumptions were verified during the course of the WECO project by
measuring the lift and drag characteristics of models of typical ice fragments in wind tunnels.
Those coherent fragments collected from various icing events were irregular blocks shed from the
leading edge of the rotor blades. Moulds were produced from these and replicas were cast for
wind tunnel testing. No stable lifting situation was measured leading to a conclusion that the lift
coefficient could be ignored. The drag coefficient meanwhile was measured to fall in the same
range as was assumed in the modeling described above.

Garrad Hassan America, Inc. 7
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5 RESULTS OF ICE THROW ASSESSMENT
5.1 Numerical Simulation - Monte-Carlo Results

The results from the Monte Carlo analysis are shown in Figure 5-1 and Figure 5-2 for 1-kg ice
fragments for each 30 degree direction sector. These figures represent the probabilities, given an
ice fragment has been released, that any one ice fragment lands in one square meter of ground
area, as a function of distance and direction from the turbine. It is proposed that the results shown
in these figures are used in risk assessment at the Project site where detailed assessment is
required.
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Figure 5-1: Calculated Probabilities of 1 kg Ice Fragment Throw Distances
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Figure 5-2: Calculated Probabilities of 1 kg Ice Fragment Drop Distances
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5.2 Wind Turbine Icing

Ice can build up on wind turbine rotor blades when appropriate conditions of temperature and
humidity exist, as it would on any structure that is exposed to the elements when appropriate
conditions of temperature and humidity exist. When a wind turbine is stationary it is no more
likely to suffer from ice accretion than a large stationary structure such as a building, tree or
power line. Like such structures, accreted ice will eventually be released and fall directly to the
ground.

When operating, which will be the case when the wind speed at the GE 1.6-82.5 wind turbine
hub-height is in the range of 3.5 m/s to 25 m/s, ice can still build up on the rotor blades when
appropriate conditions of temperature and humidity are present. In this case, observations suggest
that higher ice accretion rates occur due to the relative velocity of the rotor blades. Any
fragments will land directly below the wind turbine, in the plane of the wind turbine rotor, or
downwind.

In situations when a risk is perceived due to icing of rotor blades, it is common that mitigation
measures be taken either by automated or remote manual shutdown of the wind turbines. It is
noted that remote monitoring and operation of wind farms is now standard practice in the
industry.

Garrad Hassan America, Inc. 9
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5.3 Individual Risk

The results of the numerical modeling described in the Section 4.3 are shown in Table 5-1 below
for an estimated 12 days of icing per year. The initiating probability (number of ice fragment
potentially thrown per year per turbine) is calculated according to WECO guidelines by
estimating a constant rate of ice accretion along the whole length and the leading edge of the
turbine blades during periods of icing conditions. The typical range of ice thrown is taken to be
the distance within which 90% of the ice throw or drop events would be expected to occur.

Table 5-1: Typical and Exceptional Ice Throw and Drop Ranges

Throw Drop
Ice fragment weight [kg] 0.5 1 0.5 1
Number of ice fragment 2.970 1,485 2.970 1,485
[per year]
Typical range [m] 0-130 0-140 0-35 0-34
([feet]) (0-427) (0-459) (0-115) (0-112)
Impact probability 90%
Exceptional range [m] 130-250 140-265 35-114 34-98
([feet]) (427-820) (459-869) (115-374) (112-322)
Impact probability 10%

All direction risk levels for ice throw and drop for 0.5 kg and 1 kg fragment weights considered
are shown in Figure 5-3. These curves represent the risk level of one ever-present 1 m® area
being struck by an ice fragment in the vicinity of the Project site turbines assuming 12 days of
icing per year.
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Figure 5-3: Ice Fragment Strikes Estimated Per m” Per Year

The level of risk of being hit by a 1 kg ice fragment thrown from the turbine as a function of
distance from the turbine and direction is presented in Figure 5-4: .

N PR

8

Figure 5-4: Risk level of 1-kg Ice Fragment Strikes Per m* by Direction and Distance
(Ice Throw Scenario)

The level of risk being hit by a 0.5 kg ice fragment dropped from the turbine as a function of
distance from the turbine and direction is presented in Figure 5-5.
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Figure 5-5: Risk level of 0.5-kg Ice Fragment Strikes Per m* by Direction and Distance
(Ice Drop Scenario)

The results of the analysis indicate that the typical distance range (90% of time) of ice throw from
the turbines is approximately 140 m (459 feet), and the typical distance range (90% of time) of
ice drop from the turbines is approximately 35 m (115 feet). The results of the ice drop analysis
indicate that the risk of a fragment of ice dropping and landing in a square meter a distance from
the turbine drops sharply for distances beyond the overhang of the turbine considered (in this case
42 m).

More specifically, one (1) portion of Rock Hall road with identified public use presents a non nil
risk level of being hit by an ice fragment as shown in Figure 5-6 .

For this portion of road (ID 3), it has been considered that one car per hour passes on the road at a
speed of 50 km/h (approximately 30 mph). The plane area exposed to the risk is estimated to be
10 m? (approximately 100 square feet). The level of risk on this road assuming the wind turbines
operate during icing conditions (12 icing days) is once in 1,423 years.
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54 Risk Mitigation

Ascertaining the estimated level of risk presented by icing on wind turbines within the lots not
under control of the Project has required several assumptions. It is prudent that a control method
be employed at the Project to eliminate the risk of potentially damaging ice fragments. This
involves implementing a wind turbine control procedure when hazardous icing conditions are
present.

The proposed procedures outlined in Section 4.2 should be sufficient to identify periods when
icing is likely and to shut down turbines when unsafe conditions are present. The ice detectors as
well as the monitoring of meteorological conditions provide a direct measurement of the
likelihood ice is starting to build up and the point at which icing conditions cease. It is important
that all associated equipment for this system be diligently maintained and that the remote operator
shutdown procedure is satisfactorily implemented by personnel so that all turbines will be shut
down in the event that ice is starting to build up.

It is recognized that a risk may occur on start up of a turbine after a prolonged period of shutdown
during icing conditions. In such circumstances, ice fragments may be released or thrown from
blades in the first period of operation. This issue needs to be addressed by a suitable pre-startup
inspection and remote startup procedure. With the proposed procedure and a suitable pre-startup
inspection and remote startup procedure, one can expect the ice build-up on the turbines to be no
more than on any large stationary structure, with no risk of ice fragments being thrown from an
operating rotor.

As an additional safeguard, the Client should post warning signs along property lines and access
ways to turbine locations.

Garrad Hassan America, Inc 14
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6 CONCLUSIONS

GL GH undertook an assessment of the risk of ice fragments being shed from wind turbines and
striking members of the public in the vicinity of the turbines at the Project.

It is concluded that if the proposed procedure and suitable pre-startup inspection and remote
startup procedure are followed, one can expect the ice build-up on the turbines to be no more than
on any large stationary structure, with no risk of ice fragments being thrown from an operating
rotor.

As with a large stationary structure, the risk remains of ice forming at a slow rate on the structure
and dropping from the stationary turbine. In comparison to an operating turbine, only a small
amount of ice is likely to form. As this thaws, there will be some wind blow effects on the
lightest particles of ice. With a suitable operating protocol in place to prevent ice fragments from
being thrown from the turbine, GL GH estimates that only very high winds (above 25 m/s) in a
specific direction may cause fragments of any significant mass to be blown beyond 42 m of the
turbine base. This is supported by the risk level calculations presented in Figure 5-3 and Figure
5-5.

At 42 m of the turbine base, the probability of falling ice fragment strike per square meter is
approximately once in 86,341 years. Assuming 12 days of icing per year, this amounts to an
individual risk from dropping ice for a stationary person present for all icing events located at 42
m of the turbine base of once in 31 years.
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¢ Management of projects, technical discussions with clients, and coordination with
international subcontractors;
e Team technical improvement, training, and human resource management.

Helimax Energy Inc., Montreal, Canada

Practice Leader, Engineering (2008 — 2009)

Participated in the development of the MOE Noise Guidelines for Wind Turbines.

Managed projects and headed the wind farm noise assessment team. This included:
¢ Production of comprehensive energy yield reports;

Technical discussions with the client;

Coordinating the engineering team and the subcontractors;

Editing reports presenting wind turbine testing results for noise, load, and output;

Remote and on-site problem solving for wind monitoring instrumentation;

Wind farm layout and micro-siting;

Wind turbine performance testing, including site calibration and uncertainty

analysis.
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STATE OF CONNECTICUT
CONNECTICUT SITING COUNCIL

Petition of BNE Energy Inc. for a Petition No. 984
Declaratory Ruling for the Location,

Construction and Operation of a 4.8 MW

Wind Renewable Generating Project on

Winsted-Norfolk Road in Colebrook,

Connecticut (“Wind Colebrook North’’) March 25, 2011

PRE-FILED TESTIMONY OF PIERRE HERAUD, Ph.D

Q1.  Dr. Héraud, please state your name and position.

A. Dr. Pierre Héraud, I manage the Wind Farm Design Team within the North American
Project Development group. I work for Helimax Energy, Inc. in Montreal, Quebec, Canada
which is part of GL Garrad Hassan (“GL GH”). GL GH has offices located at 45 Main Street,

Suite 302, Petersborough, New Hampshire.

Q2.  Please state your qualifications.

A. I am responsible for wind farm project development and engineering for GL Garrad
Hassan North America. Specifically I'm involved with wind farm impact assessments,
commissioning of meteorological towers, wind resource assessment programs, detailed analysis
of wind farm constraints (technical, environmental, social) and optimization of wind farm
layouts and other matters, including post-construction noise monitoring.

I obtained a PhD in physics from the Université de Provence in 2002. Since 2005, my
professional career has been dedicated to wind energy related issues. I have over five years of
experience in environmental impact assessments of wind farms in North America. I set up an ice

throw risk, noise impact and shadow flicker assessment team within GL Garrad Hassan North





America and have conducted multiple comprehensive ice throw risk assessments on utility-scale
wind farms.

A copy of my resume is attached hereto as Exhibit 1.

Q3.  Please describe your involvement in this matter.

A. GL GH was retained to conduct studies concerning ice throw risk assessment of the BNE
Energy Inc. (“BNE”) project, named Wind Colebrook North, located on Rock Hall Road in
Colebrook (the “Site””). A copy of GL GH’s ice throw risk assessments for two wind turbine

models (GE 1.6-100 and GE 1.6-82.5) are attached hereto as Exhibit 2 and Exhibit 3.

Q4.  Please describe the results of GL. GH’s ice throw risk assessment.

A. The ice throw analyses are contained in Exhibit 2 and Exhibit 3 (referred herein as “Ice
Throw Reports”). GL GH analyzed BNE’s two (2) scenario wind turbine models, the 1.6 MW
GE 1.6-100 with a 100 meter hub-height and 100 meter rotor diameter and the GE 1.6-82.5 with
a 100 meter hub-height and 82.5 meter rotor diameter using meteorological data collected at the
Site and supplied by BNE’s.

The assessment methodology used was developed by GL GH in conjunction with the
Finnish Meteorological Institute and Deutsches Windenergie-Institut as part of the research
project entitled Wind Energy Production in Cold Climates (“WECQ”). The results of the
numerical modeling are shown in the said Ice Throw Reports. The number of ice fragments
potentially thrown by an operating turbine per year was calculated according to WECO
guidelines. This calculation is based on an estimate of 12 icing days for the Colebrook North

Project.





The typical distance of an ice throw event is the distance within which 90% of the ice
throw or drop events would be expected to occur; this has been calculated to be within 160 m of
the turbine, based on the GE 1.6-100 turbine model and to be within 140 m of the turbine based,
on the GE 1.6-82.5 turbine model. The maximum distance an ice fragment can be thrown has
been estimated, for the GE 1.6-100 scenario, to be 285 m and for the GE 1.6-82.5 scenario, it
was estimated to be as distance of 265 m.

Based on the results of the analyses, it would be prudent to employ a control method at
the Project to minimize the risk of potentially damaging ice fragments. These control methods
are described in the said Ice Throw Reports. If the control methods are implemented, only ice
fragments being dropped from the wind turbine will present a significant risk level and it is
estimated that only very high winds in a specific direction may cause ice fragments of any
significant mass to be blown a distance beyond the overhang of the turbine.

Based on an estimated 12 days of icing, the probability of an ice fragment striking a
stationary person located at the overhang distance and present for all icing events is once in 40

years for the GE 1.6-100 scenario and once in 31 years for the GE 1.6-82.5 scenario.





Q5. How does the estimated number of icing days compare to a long term reference?

A. The on-site meteorological measurement indicates that 12 days of data were corrupted
due to suspected icing on the instrumentation. This number of days was used to be a
representative estimate of the on-site number of icing days. This number of icing days is
coherent with the NCDC long term data which estimates the mean number of days with freezing
precipitation to be 10 to 15 per year for most of the State of Connecticut. The mean number of
days with freezing precipitation is commonly seen as a conservative estimate of the number of
icing days which are defined by 24 hours of ice accumulation. Therefore the measured 12 icing

days has been taken as an input for the calculation.

Q6.  Could you describe the recommended control method to mitigate the ice throw risk?

A. The recommended control methods are described below:

Icing events procedure

¢ The wind farm will be monitored 24 hours per day, 7 days per week. The turbines are
expected to be monitored remotely by GE and by onsite personnel during regular

business hours and icing events.

e BNE and GE will be continuously monitoring meteorological measurement and weather
forecasts for the conditions under which icing events might occur: Temperature +- 4°F
around freezing temperature (32°F) and a relative humidity greater than 97 %. If there is
a potential for an icing event, BNE and remote monitoring staff will monitor the total

aggregate output of the facility in comparison to the actual wind speed.





The turbines operate within a specific range, producing certain amounts of power at
different wind speeds. Ice formation will affect the acrodynamics of the turbine blades
and will decrease turbine power output. If the power output is not within a certain range

the turbines will be automatically shut down.

In addition to this system, the turbines will be equipped with vibration sensors which will
detect an imbalance. If ice does start to form on the blades, the blades could become
unbalanced; the resulting vibration will be detected by the vibration sensors. If this

occurs the turbines will automatically be shut down.

The turbines can also be shut down remotely and manually on-site.

Re-start procedure

If the turbines are shut down due to icing, BNE will be responsible for monitoring the
turbines until the ice has fallen from the blades and the turbines can resume normal

operating conditions.

The turbines will remain shut-down until BNE can assess the operating conditions of the
turbine. At that time, BNE may restart the turbines provided that the area affected by
possible ice falling is appropriately monitored to prevent injury to people in the area or
damage to property. A designated technician will be present at the turbine site before and
after an iced turbine is started up. This individual will assess whether or not a turbine
that has been subject to an icing event poses any risk to adjacent individuals or property

before deciding if the turbine should be restarted.





Q7.

BNE will do a thorough visual inspection and validate the totality of the ice melt before
restarting the wind turbine. BNE shall remain on site for the next hour of operation to

ensure there is no remaining risk.

In extreme conditions, BNE will curtail or shutdown turbines in advance of the turbines
being subjected to ice build up on the turbine blades and thus the risk of ice throw.
Depending on the wind direction and conditions of the icing event, turbines may be
manually positioned (by yawing) out of the upwind position to reduce direct ice build up

on the turbine and blades.

There will be no specific technique to remove ice build up on the blades. It is common to
wait for the ice to melt and fall from the blades. BNE will thoroughly inspect and

validate the turbines to ensure that there is no remaining ice on the blades prior to restart.

Does this conclude your testimony?

Yes.
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