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Report Overview:

This Climate Assessment Report investigates the potential energy production and several wind
assessment characteristics for asingle turbine for the Kitty Hawk Wind Energy Area on an annual,
quarterly and monthly basis. The estimates in this report are based on WRI's in-house data, which
calculates monthly and annual wind climatology and potential energy production values for a
representative hub height of 100 meters.

Meteorological reasoning is given to describe distinctive monthly trends (i.e. months of greatest energy
production; sharpest month to month decline in production). Weather hazards for turbines (i.e. icing;
dust) are also evaluated and ranked by their potential for occurrence.

Additionally, this report evaluates swell heights and coastal wave climatology for the purpose of
Operations and Maintenance. The threat for tropical systems and coastal lows (i.e.“ Nor’ easters) to
impact this area are also reviewed.

The coordinates 36.25N (36-15N) and 75.25W (72-15W) were used to eval uate the wind and wave data
for this area of study.
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Map of Site — Kitty Hawk Wind Enerqy Area

Figure 2.1

Figure 2.2
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AIS Ship Traffic — Kitty Hawk Wind Energy Area

Figure 3.1

For the above map, blue indicates light ship traffic, green indicates moderate shift traffic, and yellow to
red indicates heavy ship traffic.
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Wind Assessment Characteristics:

Table 4.1

Annual | 1% Quarter 2" Quarter 3™ Quarter

Mean Wind 7.99 8.92 8.03 6.70 8.32
Speed (m/s)

Power Density 614.28 890.33 597.05 316.79 652.94
(W/m?)

Weibull A (m/s) 9.02 10.07 9.07 7.57 9.39
Weibull k 2.07 2.18 2.18 2.05 2.15
Gross Energy 51,151 19,552 13,260 7,091 14,668
Production(MWh)

Net Energy 38,363- 14,664- 9,945- 5,368 — 11,001-
Production (MWh) 43,478 16,619 11,271 6,027 12,468

The above wind assessment estimates are based on WRI's in-house calculated data. The mean wind
speed is calculated using the total observationsin the dataset. The power density is derived from the
site'swind speed frequency distribution and air density. The Weibull function is an analytical curve
based on an exponential function that provides a best fit for an annua wind speed distribution. The
Weibull function is used because energy production increases exponentially as wind speed increases.
The two parameters, A and k are calculated using the standard deviation of the dataset and can be
adjusted to best fit the actual distribution. A is a scale parameter related to the mean wind speed, while k
is dependent on the width of the distribution. Values of k typically range from 1 to 3.5, with higher
values indicating a narrow distribution.

The Gross Potential Energy is the estimated energy production, which is adjusted using the Weibull
analytical curve. The Net Energy Production is obtained by taking into account the typical losses
experienced by wind projects (15-25%). The actual losses may vary depending on maintenance levels.
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Figure 5.1 - Annual Average Wind Energy Production at 36.25N/75.25W Table 5.1 -Avefage Wind Energv
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Figure 5.2 - Annual Average Power Density at 36.25N/75.25W Table 5.2 - Average Power Density and
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Figure 5.3 - Annual Wind Speed Frequency at 36.25N/75.25W Table 5.3 - Wind Speed Frequency and
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Figure 6.1 - Annual Wind Direction and Speed Frequency at 36.25N/75.25W
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Figure 6.2 - Annual Wave Direction and Height Frequency at 36.25N/75.25W
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Table 6.3 - Annual Weather Hazards

Table 6.1 - Wind Direction and Speed Frequency
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Table 6.2 - Wave Direction and Height Frequency
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Forecaster Notes

Freezing Spray NONE
Lightning LOW
Icing LOW
Dust NONE
Vertical Wind HIGH
Tropical NONE
Nor'easter HIGH

Nor ' easter devel opnent is
greatest during this quarter;
this threat coupled with cold
front passages yields high
threat for vertical notion
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MEDIUM HIGH
NONE NONE
NONE NONE
MEDIUM MEDIUM
LOW HIGH
MEDIUM LOW
Nor' easter threat dim nishes Tropi cal
after April; tropical threat great est
begins in June; lightning

increases as t-storm

devel oprment i ncreases May/ June

devel opnent is
during Aug and Sept

and tend to curve closer to
the coast in Sept;
high threat with t-storns

i ghtni ng

NONE
LOwW
LOwW
NONE

LOwW
MEDIUM
MEDIUM

Tropical threat dimnishes
through Cctober, but can
still track toward the coast;
Nor ' easter devel opment al so
begins in Cctober
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Synopsis of Weather Patterns and Noted Trends in Annual Data:

The Kitty Hawk Wind Energy Areafalls within a humid subtropical climate with four distinct seasons.
This site receives awide variety of weather, including high pressure ridges, areas of low pressure, cold
fronts, and tropical cyclones. The weather patterns tend to be most active and progressive during the
winter months (hence the greatest energy production) and less active and stationary during the summer
months (with the exception of increased tropical activity in late summer).

Winter: December-February: During the winter, cold front passages are stronger and more
frequent than any time of the year. Strong areas of low pressure known as “Nor’ easters’ will develop
along these fronts from the Gulf of Mexico north along the East Coast or originate from the Continental
U.S. (seeenlarged Figure 17.1 on pg 17)

Figure 17.1
Additionally, high pressure ridges are strongest thistime

of year due to abundance of colder air filtering south
from Canada. All of these are contributing factors to
higher and more frequent wind surges along the coast
and therefore greatest energy production during the
winter than any other season of the year (see Annual
Charts and Tables pg 4).

The cut out speed for this turbine model is 25 m/sand we
would expect winds to exceed this threshold less than 1%
of the time during the winter. The cut in speed for this
turbine model is 3 m/s and we would expect winds to fall
below this threshold approximately 6% of the time
during the winter.

Figure 11.1
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Spring: March-May: The sharpest declinein energy production occurs from April into May. This
ismainly due to the main low/gale track shifting farther north from the N’rn U.S. into S'rn Canada.
Likewise, cold fronts will be abit weaker and less frequent which, in turn, will result in less

“Nor’ easter” development along the Carolina coasts. We would expect winds to exceed the cut out
threshold less than 1% of the time during the spring. We would expect winds to fall below the cut in
threshold approximately 6% of the time during the spring.

Figure 11.2 Figure 17.1

Summer: June-August: During the summer, cold front passages are less frequent and weakest,
and high pressure ridges are also weakest. Thiswill decrease the pressure gradient overall, resulting in a
minimum of wind during the summer months and thereby the least amount of energy production in the
summer than any other season of the year. We would expect winds to exceed the cut out threshold less
than 1% of the time during the summer. We would expect winds to fall below the cut in threshold
approximately 10% of the time during the summer.

Figure 13.1 (see pg 13 for full graphic) Figure 12.1
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Fall: September - November: Looking at the Annual Average Wind Energy Production, we
notice the sharpest increase in energy production occurring from August into September. Thisisdueto
September being the month of greatest tropical activity along the Carolinas (see Figure 15.1, pg 15) and
also in part due to the main gale/low track beginning to shift farther south (see full graphic of Figure
16.10on pg 16) .

Figure 14.1
We would expect winds to exceed the cut out threshold
less than 1% of the time during the fall. We would expect
winds to fall below the cut in threshold approximately %
of the time during the fall.

Figure 12.2

Figure 16.1
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Annual Wind Directions. There are varying wind directions throughout the year, with the
specific direction being dependent on the weather pattern in place. From the Annual Wind Direction
rose (see pg 5) we note that SSW-WSW’ly winds and N-NE’ly winds are the most common directions
that occur for the Kitty Hawk Wind Energy Area. The SSW-WSW’ ly wind direction occurs because
North Carolinais often positioned on the W’ rn periphery of a high pressure ridge near Bermuda
(clockwise wind flow around high pressure). These SSW-WSW’ly winds will peak in strength when
this high pressure ridging interacts with an approaching cold front during the winter months.

For N-NE’ly winds, these are most common when high pressure builds over the Northern U.S. after a
cold frontal passage. However, these winds will be strongest when a developing gale or storm
strengthens (i.e. Nor’ easter or tropical cyclone) near or north of Cape Hatteras as it tracks in a general
NE-E direction during the winter months (see Wind Turbine Weather Hazards and Special Weather
Phenomena for definition of a Nor’ easter).

The strongest winds the wind turbine would experience would occur during a passing strong tropical
system. The directions of these winds will vary and will be highly dependent on the exact track of the
system. The winds will be highest when the right front quadrant of the system (relative to the movement
of the system) moves over the wind energy area.
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Wind Capture Diagrams by Season

Figure 11.1

Figure 11.2
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Figure 12.1

Figure 12.2
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Tropical Climatoloqgy

Figure 13.1
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Tropical Climatoloqy

Figure 14.1
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Tropical Climatoloqy

Figure 15.1
Probability of Tropical Development by Month for
Kitty Hawk Wind Energy Area
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Coastal Low Climatoloqy

Figure 16.1
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Coastal Low Climatoloqgy

Figure 17.1
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Coastal Low Climatoloqgy

Figure 18.1
Overall Frequency for Storm
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Wind Turbine Weather Hazards and Special Weather Phenomena :

In addition to heavy wind and waves, awind turbine and/or operations and maintenance can be
negatively affected by other weather hazards during the year. This potentially includesicing, lightning,
dust, freezing spray, and vertical wind shear. Special weather phenomena for the Kitty Hawk Wind
Energy Areaaretropical cyclones and coastal lows (i.e. Nor'easter)

Icing occurs during a process known as “riming”. Rimeis adeposit of ice crystals formed by the
freezing of super-cooled fog or cloud droplets on objects whose surface temperature is below freezing.
Rime will mainly accumulate on the windward (wind-facing) surface of objects (Lutgens and Tarbuck,
2010).

Lightning most commonly occurs with the presence of thunderstorm clouds. Thunderstorm devel opment
increases as both atmospheric instability and vertical motion increase. Atmospheric instability isa
measure of the air temperature at various heights. The greater the difference in temperatures between
two heights, the greater the instability of the atmosphere will be. Cloud to ground lightning is the most
damaging and dangerous form and represents about 20% of al lightning strokes (Lutgens and Tarbuck,
2010).

Freezing spray is a hazard for the operations and maintenance phase of the project, with any ocean
vessels or barges being affected when conditions meet the criteria. Freezing spray formation is
dependent on an appropriate combination of cold water, wind, cold air and vessel movement.

Vertical wind shear is the difference in wind speed and direction over arelatively short distance in the
vertical dimension of the atmosphere or simply “the vertical motion of air”. Vertical wind shear is most
commonly observed near downbursts caused by thunderstorms, tropical systems and frontal boundaries.

Special Weather Phenomena

A tropical cycloneisthe term for awarm core low pressure that originates over the tropical oceans. The
hurricane season for the Atlantic runs from June 01 through November 30™. For the Kitty Hawk Wind
Energy Area, we expect approximately 0.6-0.7 storms (tropical storm or hurricane) per year (or once
every year and a half) within 100 miles of the location (TCFAQ, 2015). These systems are mostly
likely to occur in late summer through early autumn and are highly dependent on the presence and
timing of cold fronts moving offshore the East Coast U.S.

A nor’ easter is defined as a storm when it generates a significant wave height of at least 5 ft (Jones and
Davis, 1995). The strongest Nor’ easters can generate average winds of winds 25-28 m/s (48-55 kts) and
average wave heights of 16-23 ft (5-7 M). The primary nor’ easter season is from October through
April, with February being the stormiest month (Davis and Dolan, 1993).

Please see both the Annual and Monthly Charts and Tables sections for a breakdown of these hazards
throughout the year.
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January
Figure 20.1 -wind Direction and Speed Frequency at 36.25N/75.25W

Table 20.1 - Wind Direction and Speed Frequency
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Figure 20.2 -\Vind Speed Frequency at 36.25N/75.25W Table 20.2 - Wind Speed Frequency and
R Weibull Frequency
Frequency -®- Weibull Frequency
12.5% Weibull
20 Wind Speed (m/s) | Frequency Frequency
0 0.18% 0%
1 2.53% 1.36%
10% 2 3.71% 3.07%
. 5 3 4.8% 4.81%
o & \0\ 4 5.16% 6.4%
./ 0\ 5 6.24% 7.7%
> 7% / o 6 7.96% 8.62%
S \ 7 8.78% 9.11%
S o @,
g \
I oy . 9 8.51% 8.81%
3
O \ 10 9.14% 8.13%
/ ‘\ 1 8.33% 7.21%
o o 12 5.7% 6.17%
2.5% \. 13 5.07% 5.09%
e, 14 2.99% 4.05%
o \o\. 15 3.71% 3.11%
/ T O 16 3.26% 2.31%
n
0% - 17 1.81% 1.66%
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 18 0.54% L15%
Wind Speed (m/s) 19 0.63% 0.77%
20+ 1.36% 0.5%

Figure 20.3 - Wave Direction and Height Frequency at 36.25N/75.25W
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Table 20.4 - Weather Hazards
Weather
Parameters Freezing Spray Icing Vertical Wind Tropical Nor'easter
Severity LOW LoW MEDIUM HIGH NONE HIGH

Forecaster Notes | This is only a mininal Vertical
concern; only affects
wat ers outside of the Gulf

Stream

Tenp and wi nd nost favorable for
rimng; this threat is not as

severe when conpared to northern
| atitudes

Table 20.3 - Wave Direction and Height Frequency

notion is a
hi gh concern due to cold
front passages and

Nor' easter threat

Devel opnent over Qul f
of Mexico and al ong
Cape Hatteras is
conmmon




February
Figure 21.1 -wind Direction and Speed Frequency at 36.25N/75.25W
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Table 21.1 - Wind Direction and Speed Frequency
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M <4m/s |sw 1.1% 0.8% 05% IR 3.2%
WSW ESE
wsw  [0.8% 02% |05% |0.8% |0.7% |2.4%
w 0.8% 03% [05% |05% |06% [2.6%
sw SE WNW  [0.4% 05% [04%  |08% |0.9%  [3.9%
NW 1.3% 04% |08% [02% [0.7%
SSw s SSE NNW  [1.4% 04% |08% |06% [|13%  |4%

Table 21.2 - Wind Speed Frequency and
Weibull Frequency

Weibull
Frequency

Figure 21.2 -Wwind Speed Frequency at 36.25N/75.25W

[l Frequency  -®- Weibull Frequency
10%

Wind Speed (m/s) | Frequency
0 0.3% 0%

- . 1 2.5% 1.56%

8% ~ 2 3.9% 3.32%

o 3 5.99% 5.02%

/ ® 4 4.9% 6.51%

' 5 7.29% 7.69%

> 6% 6 7.09% 8.48%

£ 7 7.49% 8.86%
2

E 9 8.49% 8.48%

10 8.09% 7.83%

1 6.59% 6.98%

° 12 6.29% 6.02%

2% = 13 5.89% 5.02%

e 14 2.9% 4.06%

15 3.6% 3.19%

I 16 2.4% 2.43%

0% —e 17 1.5% 1.79%

0 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 o TR Lo

Wind Speed (m/s) 19 1.1% 0.9%
20+ 1.4% 0.61%

Figure 21.3 - \Wave Direction and Height Frequency at 36.25N/75.25W

Table 21.3 - Wave Direction and Height Frequency

N a ]
N [0.22% |5.2% 0.11% 0% 0%
Nw NE NNE [1.88% 2.32%  |0.33% 0% 0%
Lo &N [ 16.4fc+ NE |0.66% (8.3%  |122% [0.33%  |0% 0%
WNW > ENE Bl 13.1-16.4ft |ENE |111% [8.63%  |1.99%  |0.33% 0% 0%
17 o8-13.1fc | 1%  |221%  |0.22%  |0.11% 0% 0%
‘ //‘ R EsE |GMSIN 454 [033% [01%  [0% 0%
w &< E [ 6.6-9.8ft SE  [1.88% [3.76%  [1.33%  [0.44% 0% 0%
U \\ B 3.3-6.6ft SSE |1.55% |7.63% 1.55% 0% 0% 0%
A s [011% [3.1% 011%  |0% 0% 0%
WswW % ESE B <3.3fc SSW [0.22% |2.65%  |0% 0% 0% 0%
sw |0.88% [1.66%  |0% 0% 0% 0%
w o wsw [0.33% [1.33%  |0% 0% 0% 0%
w o ow  [177%  |ou% |0 0% 0%
SSW SSE WNW |0.33% [1.99%  [0.33%  |0% 0% 0%
§ NW  [0.22% [3.65%  |0.66%  |0% 0% 0%
NNW [0.33% [277%  |1% 0.11% 0% 0%

Table 21.4 - Weather Hazards

Weather Parameters Freezing Spray Lightning

Severity

Nor'easte

LOW LOW LOW NONE NONE
Forecaster Notes This is only a nininal lcing is a mnimal Vertical motion is Devel opnent over
concern; only affects concern high due to peak in the Qul f of Mexico

wat ers outside of the

@l f Stream

Nor' easter activity,
frequent cold fronts

and al ong Cape
Hatteras is comon

www.WRIEnergy.co

@wriwx.com
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Figure 22.1 -wind Direction and Speed Frequency at 36.25N/75.25W
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Figure 22.2 -~ \ind Speed Frequency at 36.25N/75.25W
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Figure 22.3 - Wave Direction and Height Frequency at 36.25N/75.25W

N
NNW NNE
NW NE
[ 16.4ft+
20%
WNW ENE M 13.1-16.4ft
¥\ 9.8-13.1ft
W 0%'\< - £ [ 6.6-9.8ft
y I 3.3-6.6ft
WSW ESE W <3.3ft
SW SE
SSW SSE

Table 22.4 - Weather Hazards

Weather Parameters Freezing Spray

Severity NONE

Forecaster Notes

Icing is a mnimal
concern

Vertical

Table 22.1 - Wind Direction and Speed Frequency

N 1.1% 0.55% 0.64% 0.73% 0.82% 3.66%
NNE 1.01% 0.46% 0.91% 1.1% 0.64% 3.66%
NE  |1s5%  |EEGOONMTI% |0.55% 3.2%
ENE 0.64% 0.09% 0.64% 0.37% 0.18% 1.19%
E 1.01% 0.18% 0.46% 0.18% 0.27% 0.46%
ESE 1.01% 0.18% 0.18% 0.27% 0.09% 0.18%
SE 0.91% 0.37% 0.09% 0.27% 0% 0.18%
SSE 0.37% 0.09% 0.27% 0.55% 0.09% 0.73%
S 1.46% 0.73% 0.55% 0.46% 0.73% 0.91%
SSwW 0.82% 0.37% 0.46% 0.82% 0.55% 2.65%
SwW 0.64% 0.73% 1.01% 0.55%
WSW 0.91% 0.73% 0.46% 0.64% 0.46% 1.92%
w 0.37% 0.18% 0.82% 0.27% 0% 1.19%
WNW 0.73% 0.37% 0.09% 0.37% 0.27% 2.29%
NW 1.01% 0.46% 0.91% 1.01% 1.01% 2.19%
NNW 0.73% 0.37% 0.37% 0.73% 1.1% 2.83%
Table 22.2 - Wind Speed Frequency and
Weibull Frequency
o
Wind Speed (m/s) | Frequency Frequency
0 0.46% 0%
1 1.83% 1.29%
2 3.2% 2.94%
3 3.93% 4.62%
4 5.85% 6.17%
5 6.95% 7.46%
6 8.68% 8.4%
8 7.95% 9.03%
9 8.59% 8.75%
10 7.59% 8.14%
11 7.95% 7.29%
12 7.22% 6.29%
13 4.66% 5.24%
14 4.57% 4.22%
@, 15 3.38% 3.29%
16 2.1% 2.47%
17 1.65% 1.8%
18 19 20 18 1.83% 1.27%
19 0.91% 0.86%
20+ 1.37% 0.57%

Table 22.3 - Wave Direction and Height Frequency

N 0%

0.2% |4.03% 0.91% 0% 0%
NNE |1.11% |5.34% 1.21% 0.2% 0% 0%
NE 0.71% |6.55% 4.74% 0.71% 0% 0%
ENE 1.81% 0% 0%
E 1.11% [10.99% [4.33% 0% 0% 0%
ESE |0.5% |5.34% 0.81% 0.1% 0% 0%
SE 0.4% |4.33% 1.61% 0.3% 0% 0%
SSE |0.3% |6.05% 1.71% 0.4% 0% 0%
S 0.2% |2.12% 0% 0% 0% 0%
SSW |0% 1.41% 0% 0% 0% 0%
SW  |0% 0.2% 0.1% 0% 0% 0%
WSW |0% 0.2% 0% 0% 0% 0%
W 0% 0.6% 0% 0% 0% 0%
WNW |0.1% |0.4% 0.1% 0% 0% 0%
NW 10.1% [1.11% 0% 0% 0% 0%
NNW |0% 1.61% 0.2% 0% 0% 0%

notion is high
due to peak in

Nor' easter activity,
frequent cold fronts

Nor'easter

Devel opnent over the Gul f
of Mexico and al ong Cape
Hatteras is common; can
also formal ong Florida




April
Figure 23.1 -Wind Direction and Speed Frequency at 36.25N/75.25W Table 23.1 - Wind Direction and Speed Frequency

< 5m/s 7m/s 8m/s Im/s+
N

NNW NNE 1.77% 028% [0.93% RN 1.58%
NNE  1.21% 037% [112% [0.56% |1.02% |3.07%
Nw 0% NE NE 0.65% |0.56% [0.56% |0.56% |1.67%
> I 9m/s+ |ENE  |1.39% 037% [0.37% |0% 0.09%  [0.84%
W ENE Wsms |° 1.21% 074% [0.46% [0.37% |0.09% [0.93%
ESE  |1.02% 0.09% [0.46% [0.28% |0.09% [0.37%
7m/s  |sE 0.37% 028% [0.28% [0.28% |0.46% [0.46%
w . 6m/s |SSE  |0.74% 037% [0.37% [0.19% |0.37%  [0.09%
s 0.93% 028% [0.28% [0.56% |0.37% [1.49%
Wsmis  fsow  |vaw 028% |0.84% |0.65% 4.46%
wew for M <4m/s |sw 1.21% 0.74% |0.65% |0.93% %-
WSW  [1.02% 0.46% [0.93% [0.56% |0.84%  |2.88%
w 1.02% 065% [0.46% [0.28% |0.56% |1.86%
sw SE WNW  [0.65% 019% [0.19% |0% 0.09%  [1.39%
NW 1.12% 009% [0.74% [0.09% [0.19% [1.12%
SSw s SSE NNW  |0.74% 0.19% |0.56% [0.56% |0.46% |1.39%
Figure 23.2 -Wwind Speed Frequency at 36.25N/75.25W Jable 23.2 - Wind Speed Frequency and

[l Frequency  -®- Weibull Frequency Weibull Freguency

12.5% Wind Speed (m/s)
0 0.09% 0%
1 1.86% 1.36%
10% 2 3.53% 3.07%
e 3 4.74% 4.8%
4 7.34% 6.38%
5 6.97% 7.68%
> 7.5% 6 8.55% 8.6%
< 7 6.78% 9.09%
q?.; 8 8.92% 9.14%
g
10 5.58% 8.12%
1 7.53% 7.21%
12 5.67% 6.17%
2.5% 13 7.06% 5.1%
14 4.37% 4.06%
15 3.81% 3.13%
o 16 2.51% 2.33%
o 17 1.86% 1.67%
13 14 15 16 17 18 19 20 s e LI
Wind Speed (m/s) 19 0.46% 0.78%
20+ 0.74% 0.51%

Figure 23.3 - \Wave Direction and Height Frequency at 36.25N/75.25W
Table 23.3 - Wave Direction and Height Frequency

N

0.31% [2.19% [0.31%  |0% 0% 0%
Nw S0 NE NNE [0.83% |3.13%  [0.94%  |0% 0% 0%
E W 16.4ft+ NE |0.73% |458%  |2.08%  [0.21% 0% 0%
WNW — ENE Bl 13.1-16.4fc |ENE |SI0B00N|E2IBI000N| 3.05%  [2.19% 0% 0%
0% 0.8-13.1ft E 0.63% [11.98% [3.96% |0.1% 0% 0%
/ ESE [1.25% [8.44%  [1.25%  |0% 0% 0%
w 0%V< £ 6.6-9.8ft SE  |1.35% |552% [2.71%  [0% 0% 0%
‘\\ B 3.3-6.6ft SSE |1.77% [12.29% [2.08%  |0.1% 0% 0%
0.21% (3.13%  |0% 0% 0% 0%
WSW ESE B <3.3fc SSW [0.1% [1.15%  [0% 0% 0% 0%
SW [0.21% [1.56%  [0% 0% 0% 0%
sw . WSW [0.1% |0.73%  |0% 0% 0% 0%
w 0.21% [0.42%  |0% 0% 0% 0%
SSW SSE WNW |0% 052%  |0% 0% 0% 0%
§ NW [0.1% [0.73%  [0.21%  |0% 0% 0%
NNW {0% 0.63%  |0.52%  [0% 0% 0%
Table 23.4 - Weather Hazards
[seanrpoancirs | —praena srar | ugnong
Severity NONE LowW NONE NONE MEDIUM NONE MEDIUM
Forecaster Notes Threat begins to increase Threat begins to Threat for
later April into May as decrease as Nor' easter devel opnment
atnospheric instability threat di m nishes gradual |y decreases
increases through the nonth through the nonth
Weather Routing, | www.WRIEnergy.co
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Figure 24.1 -wind Direction and Speed Frequency at 36.25N/75.25W Table 24.1 - Wind Direction and Speed Frequency

. . ElEDED D

NNW NNE N 0.99%  |0.45% |0.63% |0.36% |0.27% |1.45%
NNE  |0.81% 126% [0.81% [0.36% |0.36% |1.17%
Nw NE Ne  |TSSTONEET 0.99% |0.54% |1.08% |3.88%
I 9m/s+ |ENE  |181%  |0.63% |0.63% |0.45% |0.45% |0.99%
N 10% . Wsms 117%  |045% |0.36% |1.17% |0.18% |0.63%
ESE  [163%  [027% |0.36% |0.54% |0.27% |0.36%
m/s  |sg 163%  |054% [0.63% [027% |0.27% |0.72%
w . 6m/s |SSE  |126%  |0.36% |0.54% [0.45% |0.45%  |0.9%
s 126%  |0.81% [1.08% |1.08% |0.81% |2.35%
M sm/s
SSW  |1.9% 081% |0.81% |1.17%
wew o M <4m/s |sw 126%  |0.81% [0.9%  [0.9%  |1.26% |5.6%
WSW  [0.81%  |0.54% |0.54% |0.54% |1.08% |2.44%
w 1.45%  |0.45% [0.27% [0.45% |0.63% |0.27%
sw SE WNW  [0.45%  |0.27% |0.18% |0.36% |0.18%  |0.36%
NW 126%  |027% [027% [0.18% |0.27% |0.54%
Ssw < SSE NNW  |1.45% 0.63% [0.36% [0.18% |0.09% [0.72%
Figure 24.2 -\ind Speed Frequency at 36.25N/75.25W Table 24.2 - Wind Speed Frequency and
[l Frequency  -®- Weibull Frequency Weibull Freguency
Wind Speed (m/s) | Frequency (% Frequency
0 0.45% 0%
1 2.8% 2.06%
10% - 2 3.16% 431%
T 3 6.41% 6.39%
4 8.31% 8.09%
> 7% \ 6 9.39% 9.9%
< 7 9.03% 9.95%
=X . L 8 9.03% 9.49%
= s 9 9.12% 8.64%
p 10 7.14% 7.53%
0 11 6.14% 6.3%
. 12 6.5% 5.06%
2.5% 13 3.97% 3.91%
- 14 3.07% 2.92%
I > —_ 15 1.9% 2.09%
— 16 1.63% 1.45%
0% ® |
17 0.45% 0.97%
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 8 0.97% 0.63%
Wind Speed (m/s) 19 0.18% 0.39%
20+ 1.08% 0.23%

Figure 24.3 - Wave Direction and Height Frequency at 36.25N/75.25W
Table 24.3 - Wave Direction and Height Frequency

N

01% |1.41%  |0.2% 0% 0% 0%
NwW S0 NE NNE [0.4% [2.02%  |0.6% 0.2% 0% 0%

0 6.4+ NE  [02% [222% |141%  [0.2% 0% 0%

WNW —~ ENE B 13.1-16.4ft |ENE |03% [129% |6.15%  |1.81% 0.2% 0%
0% o8-131fe | [rmew 128w jinee o R0

/ ESE [1.92% |11.39% |1.21%  |0.2% 0.1% 0%

w 0% ey E 6.6-9.8ft SE  [1.51% 212% 0% 0% 0%

‘w M 33-6.6fc [SSE -50-3% 0% 0% 0%

0%  |3.93% |0% 0% 0% 0%

WsW ESE B <3.3ft SSW 0%  |111%  |0% 0% 0% 0%
sw 0% |111%  |o% 0% 0% 0%

aw . wsw |0%  |0.2% 0% 0% 0% 0%

w [01% |o% 0.1% 0% 0% 0%

SSW SSE WNW |0%  |0.3% 0% 0% 0% 0%

S NW (0%  [0.1% 0.1% 0% 0% 0%

NNW (0%  |0.2% 0.1% 0% 0% 0%

Table 24.4 - Weather Hazards

Weather Parameters Freezing Spray

Severity NONE

Icing

NONE

Vertical Wind

MEDIUM

Moder at e concern
with increasing
threat for

t hunder st or s

Lightning

MEDIUM

Convection gradual |y
increases in

frequency throughout
the nonth

LOW

Tropi cal devel opnent
is rare in My, but
has occurred

LOW

The threat for
strong coastal |ows
becores mi ni mal
later in the nonth

Forecaster Notes

Weather Routing, | www.WRIEnergy.co
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Figure 25.1 -wind Direction and Speed Frequency at 36.25N/75.25W

Table 25.1 - Wind Direction and Speed Frequency

NNW N NNE N 1.71% 047% |0.95% [0.76% |0.28% |0.85%
NNE  |1.23% 0.85% |0.38% [0.47% |0.47% |1.71%
Nw NE NE 1.71% 0.76% |0.95% [0.47% |0.76% |1.52%
I 9m/s+ |ENE  |1.61% 0.57% |0.57% |0.38% |0.38% |0.28%
N 10% . Wsms |° 0.66%  |0.09% |0.47% [0.28% |0% 0.47%
ESE  |1.33% 0.76% |0.09% [0.38% [0.19% |0%
Lire 7m/s SE 1.23% 0.19% [0.57% |0.09% [0% 0.09%
W ORI : 6m/s |SSE  |18% 0.38% |0.76% |0.76% |1.04% |1.14%
’; 7N —_— s 0.85% |0.76% |0.66% |1.52%
PR SSW [1.33% 0.95% |0.95% |1.04% |1.14% |6.92%
wew / / L for M <4m/s |sw 1.42% 0.95% |1.04% [2.37%
WSW  |1.61% 0.66% [1.33% [0.76% |1.04% |4.64%
w 1.61% 0.95% |0.66% |057% |0.38% |0%
sw SE WNW  |0.47% 047% |0.38% [0.19% |0.28% |0.38%
NW 1.42% 0.38% |0.38% [0.19% |0.19% |0.19%
SSw s SSE NNW 057% |0.38% [0.38% |0.28% |0.57%
Figure 25.2 -wind Speed Frequency at 36.25N/75.25W Table 25.2 - Wind Speed Frequency and
[l Frequency  -®- Weibull Frequency Weibull Freguency
Wind Speed (m/s) | Frequency (% Frequency
0 0.47% 0%
./ ._\°\ 1 2.18% 2.03%
10% o, 2 4.74% 4.55%
3 7.3% 7.01%
- 4 8.63% 9.06%
5 10.33% 10.46%
5 7K
S 7 9.86% 10.96%
g 8 8.82% 10.17%
£ oy 9 9.76% 8.9%
O 10 7.87% 7.37%
1 6.45% 5.78%
12 4.83% 4.31%
2.5% 13 3.6% 3.05%
S 14 2.18% 2.05%
'\. 15 0.95% 1.32%
o .\;\‘._s.h.i 16 0.76% 0.8%
17 0.19% 0.46%
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 8 0.19% 0.95%
Wind Speed (m/s) 19 0.09% 0.13%
20+ 0.09% 0.07%

Figure 25.3 - \Wave Direction and Height Frequency at 36.25N/75.25W
Table 25.3 - Wave Direction and Height Frequency

N 3 1
[T [ 3500 | soos | sessar | 1o | sou |
N 0.1% |1.46% 0% 0% 0% 0%
NwW NE NNE [0.63% [1.88%  [0.1% 0% 0% 0%
> W 16.4ft+ NE [031% [365% |0.21%  |0% 0% 0%
WNW - ENE Bl 13.1-16.4ft |ENE [0.73% [9.69%  [2.19%  |0.42% 0% 0%
E 1.98% |6.46% 0.42% 0% 0% 0%
.8-13.1f
9-8-13.1ft ESE 0% 0% 0% 0%
w 0% \Z E 6.6-9.8ft SE  |4.17% |15.52% [1.46%  |0.1% 0% 0%
\ M 3.3-6.6ft SSE |0.83% [16.15% [0.1% 0.1% 0% 0%
0.21% |2.5% 0% 0% 0% 0%
WSW ESE I <3.3ft SSW |0% 0.63% 0% 0% 0% 0%
SwW 0.1% |0.42% 0% 0% 0% 0%
WSW |0% 0.42% 0% 0% 0% 0%
SwW SE
w 0% 0.1% 0% 0% 0% 0%
SSW SSE WNW |0% 0% 0% 0% 0% 0%
s NW  |0% 0% 0% 0% 0% 0%
NNW 0% 0.21% 0% 0% 0% 0%
Table 25.4 - Weather Hazards
Severity NONE MEDIUM NONE NONE MEDIUM Low NONE
Forecaster Notes Convection gradual |y Mbder ate concern Threat of inpact is |less
increases, especially due to than 10% devel opi ng systens
toward the end of the t hunder st or ns tend to curve away fromthe
nont h East Coast
Weather Routing, | www.WRIEnergy.co




July
Figure 26.1 -wind Direction and Speed Frequency at 36.25N/75.25W

N
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Figure 26.2 -\ind Speed Frequency at 36.25N/75.25W

Table 26.1 - Wind Direction and Speed Frequency

NNW

8m/s

0.63% |0.45% |0.45% |0.18% |0.45%
073% [073% |0.73% |0.45% |1.9%
1.9% 054% [054% |0.36% |0.73% |0.91%
2.00%  054% |027% |0.09% |0.27% |0.36%
227%  |0.63% |0.09% |0.09% |0% 0%
145%  |0.27% |0.27% |0% 0% 0.09%
136%  |0.27% |0.54% |0.18% |0.18% |0%
1.9% 0.54% [0.45% |0.09% |0.09% |0.09%
1.9% 054% [1.72% |0.73% |154% |1.99%
118% |0.91% |1.09% |1.36% |6.71%
2.09% 0.91% [1.09% |2.99%
2.36% 127% |1.45% |1.18%  |4.99%
1% 054% [0.82% |0.27% |0.09% |0.54%
0.82%  0.09% |0.45% |0.18% |0.27% |0.09%
127%  |0.18% |0.09% |0.09% |0.18% |0%
0.82%  0.36% |0.09% |0% 0.09% |0%

12.5%

10%

7.5%

Frequency

wi
X

2.5%

0%

[ Frequency

./—.\.

(]
o 1 2 3 4 s 6 7 8

-®- Weibull Frequency

Table 26.2 - Wind Speed Frequency and
Weibull Frequency

Weibull
Frequency

Wind Speed (m/s) | Frequency (%
0 0.54% 0%
1 3.63% 2.69%
2 6.17% 5.58%
3 8.25% 8.14%
5 9.34% 11.15%
6 9.79% 11.39%
7 8.79% 10.85%
8 8.7% 9.73%
9 8.98% 8.24%
10 8.88% 6.62%
11 5.98% 5.05%
12 4.44% 3.67%
13 3.35% 2.54%
14 2.18% 1.67%
15 0.45% 1.05%
16 0.27% 0.63%
17 0% 0.36%
20 18 0% 0.2%
19 0% 0.1%
20+ 0% 0.05%

Table 26.3 - Wave Direction and Height Frequency

9 10 11 12 13 14 15 16 17
Wind Speed (m/s)
Figure 26.3 - Wave Direction and Height Frequency at 36.25N/75.25W
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NNW NNE
NW NE
[ 16.4ft+
25%
WNW ENE M 13.1-16.4ft
9.8-13.1ft
w 0% E 6.6-9.8ft
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WswW ESE B <3.3ft
SW SE
SSw SSE
S

Table 26.4 - Weather Hazards

Severity

Sunmertime convection is
very active (high
atnospheric instability
and noi sture)

Freezing Spray

MEDIUM

Forecaster Notes

Vertical Wind

Moderate threat due
to thunderstorms

N

0% 0.4% 0% 0% 0% 0%
NNE |0% 1.81% 0% 0% 0% 0%
NE 0.1% |(2.82% 0.5% 0% 0% 0%
ENE |0.1% |4.84% 0.6% 0% 0% 0%
E 0.6% |3.63% 0% 0% 0% 0%
ESE 0% 0% 0% 0%
SE 2.92% |17.54% (0% 0% 0% 0%
SSE |1.31% |16.43% [0.2% 0% 0% 0%
0% 2.02% 0% 0% 0% 0%

SSW |0% 1.71% 0% 0% 0% 0%
SwW 0% 0.71% 0% 0% 0% 0%
WSW |0% 0.4% 0% 0% 0% 0%
w 0% 0.1% 0% 0% 0% 0%
WNW |0% 0% 0% 0% 0% 0%
NW  |0% 0% 0% 0% 0% 0%
NNW 0% 0.1% 0% 0% 0% 0%

MEDIUM NONE

Threat of inpact increases

slightly, though tend to curve

away fromthe coast through

m d- Jul y

Weather Routing, |

www.WRIEnergy.co

@wriwx.com




August

Figure 27.1 -wind Direction and Speed Frequency at 36.25N/75.25W

NNW NNE N 1.74% 0.83% |0.83% |0.73% |0.28% |0.46%
NNE  |2.57% 0.92% |1.19% |0.46% |1.01% |1.19%
Nw NE NE 1.93% 1.38% [1.19% (11%  |0.73% |1.28%
I 9m/s+ |ENE  |2.39% 101% [1.01% [1.01% |0.73% |0.73%
] 0% 0, 0/ 0, 0/ 0,
N - Wsms |© 557l 083% |0.55% [0.92% |0.46%  |0.18%
. ESE  |2.29% 064% [0.92% [0.09% |0.37%  |0.46%
A2 m/s  |se 3.12% 064% |0.64% |0.83% |0.18% |0.28%
i L\
W . Q%g’/,{,_ ) . 6m/s |SSE  |147% 073% |0.92% |0.64% |0.64%  |0.28%
PRI - s 2.29% 092% [055% |0.73% |0.55%
* die” Sm/s lssw  |2.94% 128% [1.28% [1.28% |1.28% |2.94%
wew l q° - M <4m/s |sw 3.12% 128% |1.56%  |1.28%
4 WSW  [1.83% 11%  [073% [11%  |0.64% |2.75%
w 1.38% 101% [0.64% [0.46% |0.28% |0.28%
sw SE WNW  [1.01% 0.46%  |0% 0.28% |0% 0%
NW 1.56% 0.09% |0.46% |0% 0% 0%
SSw s SSE NNW  [1.1% 0.46% |0.18% |0% 0.37% |0%

Table 27.1 - Wind Direction and Speed Frequency

Figure 27

-2 =Wind Speed Frequency at 36.25N/75.25W

Table 27.2 - Wind Speed Frequency and
Weibull Frequency

[ Frequency
15%

Wind Speed (m/s) | Frequency (%
0 0.55% 0%
1 4.31% 4.07%
12.5% ®
2 7.25% 7.9%
/ 3 10.18% 10.84%
Lo ° ®. 4 11.83% 12.55%
> 6 13.03% 12.26%
S ¢ 7 10.73% 10.72%
S 75%
& % 8 9.36% 8.75%
s 9 6.51% 6.69%
. 10 4.95% 4.82%
. 11 2.48% 3.27%
S 12 1.74% 2.09%
< 13 1.56% 1.27%
2:5% \. 14 0.55% 0.72%
I I\ﬁ\ 15 0.28% 0.39%
o 16 0.09% 0.2%
0% e ST 17 0.09% 0.1%
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 = = e
Wind Speed (m/s) 19 0% 0.02%
20+ 0.37% 0.01%

-®- Weibull Frequency

Figure 27.3 - \Wave Direction and Height Frequency at 36.25N/75.25W

Weibull
Frequency

Table 27.4 - Weather Hazards

Weather Parameters Freezing Spray

Severity NONE

Forecaster Notes

Table 27.3 - Wave Direction and Height Frequency

N 0% 0.4% 0.1% 0% 0% 0%
NwW NE NNE 0% 1.61% 0% 0% 0% 0%
e W 16.4ft+ NE [0%  [504% |0.91% |0% 0% 0%
ENE M 13.1-16.4ft |ENE [03% [867% |141% (0% 0% 0%
0.8-13.1ft E 1.01% (9.27% 0.2% 0% 0% 0%
ESE 0.71% 0% 0% 0%
% 22 E 6.6-9.8ft SE  [2.62% [1361% [0.91%  |0.1% 02% [0
\x I 3.3-6.6ft SSE |0.5% 5.75% 0.1% 0% 0% 0%
\ ) ) 0% 1.81% 0% 0% 0% 0%
ESE I <3.3ft SSW |(0.1% 0.1% 0% 0% 0% 0%
Sw 0% 0.91% 0% 0% 0% 0%
SE WSW |0% 0.1% 0% 0.1% 0% 0%
w 0% 0% 0.1% 0% 0% 0%
SSW SSE WNW [0% 0% 0% 0% 0% 0%
s NW  |0% 0% 0% 0% 0% 0%
NNW |0% 0.4% 0% 0% 0% 0%
NONE MEDIUM NONE
Summertime convection begins Moderate threat due |[Devel opment from Bahamas
to decrease, but the tropics to thunderstornms to Lesser Antilles
are usual ly nost active increase, chance of
during this nonth inpact greater than 10%
www.WRIEnergy.co




September
Figure 28.1 -wind Direction and Speed Frequency at 36.25N/75.25W
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Figure 28.2 -\ind Speed Frequency at 36.25N/75.25W
[l Frequency  -®- Weibull Frequency
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X
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Figure 28.3 - Wave Direction and Height Frequency at 36.25N/75.25W
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Table 28.4 - Weather Hazards

Weather Parameters Freezing Spray Lightning

Severity NONE MEDIUM

Sunmertime convection
begi ns to decrease, but
the tropics are usually
nost active during this
nont h

NONE NONE

Forecaster Notes

0 9m/s+
M 8m/s
7m/s
6m/s
M sm/s
M <am/s

® @)
O
[ )

7.5%

5

@) 0,
2.5% .\
'®.
@,
0% -4 . .\.\L .-,—H
0 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 1 18 9

14

7

[ 16.4ft+

M 13.1-16.4ft
9.8-13.1ft
6.6-9.8ft

I 3.3-6.6ft

W <3.3ft

frequency
decreases

Thunder st orm

Table 28.1 - Wind Direction and Speed Frequency

5m/s 7m/s 8m/s

Im/s+

1.31% 66% 12% 1.22%
NNE 2.06% 1.22% 1.31% 1.5%
NE 0.84% [1.4% 1.69% 1.12%
ENE 2.25% 0.75% |0.84% |0.66% 1.12% 1.78%
E 1.31% 0.37% 1.22% 1.12% |0.37% |0.66%
ESE 2.53% 047% |0.37% [0.19% |0.19% |0.94%
SE 2.25% 0.56% |0.56% [0.37% |0.37% |0.28%
SSE 1.59% 0.28% |0.47% [0.56% |0.28% |0.75%
S 1.59% 0.37% |0.75% [0.66% |0.09% 1.22%
SSW 1.69% 0.66% |0.94% |0.37% 1.03% |2.34%
S 1.22% 0.37% |0.37% [0.84% |0.56% |2.06%
Wsw 1.59% 0.56% |0.28% [0.28% |0.56% 1.4%
w 0.94% 0.66% |0.09% [0.37% |0.19% |0.47%
WNW  |1.5% 0.28% |0.28% [0.09% |0% 0.19%
NwW 1.08% 0.28% |0.47% (0% 0.19% |0.28%
NNW 0.94% 0.37% |0.09% [0.66% |0.28% |0.75%

Table 28.2 - Wind Speed Frequency and
Weibull Frequency

Weibull
Frequency

Wind Speed (m/s) | Frequency (%
0 0.09% 0%
1 3.28% 3.07%
2 6.37% 5.75%
3 7.68% 7.91%
4 9.55% 9.42%
5 9.08% 10.23%
7 10.39% 9.93%
8 8.61% 9.06%
9 8.24% 7.91%
10 6.27% 6.64%
11 5.81% 5.35%
12 5.24% 4.17%
13 3.09% 3.13%
14 1.59% 2.27%
15 1.12% 1.6%
16 1.03% 1.08%
17 0.66% 0.71%
! 20 18 0.09% 0.46%
19 0.28% 0.28%
20+ 1.03% 0.17%

Table 28.3 - Wave Direction and Height Frequency

N

0% |0.63% [0.21% [0% 0% 0%
NNE [0% [1.88%  [0.52%  [0.1% 0% 0%
NE |o%  [438% [271% [0.42%  |o% 0%
ENE |o% |6.46%  [7.92% [2.4% 0% 0%
E  [01% [149% [167% [0.94% 0%
EsE  |ZIO20N 2805 3.44%  [0.42%  [0% 0%
SE  |0.31% [11.15% |1.88%  [0.52%  [0.1% 0%
SSE [0.1% [26%  [0.31% |o% 0.1% 0%

0%  |0.63% [0% 0% 0% 0%
ssw [o%  [021%  |o% 0% 0% 0%
sw o |ow [042% |o% 0% 0% 0%
WSW (0% 0% 0% 0% 0% 0%
W |o%  |021% [o% 0% 0% 0%
WNW 0% |0.31%  [0% 0% 0% 0%
NW o fo% 0% 0% 0% 0% 0%
NNW [0%  [0.42%  |o% 0% 0% 0%

Devel opnent across West
Atlantic is greatest,
systens nore likely to
curve toward the East
Coast

Weather Routing, |

www.WRIEnergy.co




October
Figure 29.1 -wind Direction and Speed Frequency at 36.25N/75.25W

N
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NW NE
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Figure 29.2 -Wwind Speed Frequency at 36.25N/75.25W

[l Frequency  -®- Weibull Frequency

0 am/s+
I 8m/s
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6m/s
M smys
M <4m/s

Table 29.1 - Wind Direction and Speed Frequency

N 207%  |0.63% |0.18% [0.36% |0.45% |2.61%
NNE  |117%  |0.63% [117% [081% [0.99% |2.34%
NE  |1.62%  |054% |144% [09%  [0.72% |2.61%
ENE  [0.99%  |063% [0.99% [0.99% [0.45%  |3.23%
E 1.08%  |0.18% [0.81% [045% [0.63% |0.9%
ESE  |1.44%  |0.45% [027% [027% [0.45% |0.45%
SE  |072%  |0.36% [0.09% [027% [0.18% |0.36%
SSE  |1.62%  |0.36% |0.18% [0.45% |0% 0.9%
s 126%  |027% [0.81% [045% [0.27% |1.98%
SSW  10.99%  |0.54% |0.45% [0.63% [0.09% |1.71%
swo |1.53% 0.81% [0.63% [0.63% |2.25%
wsw -MO.BI% 09%  [0.72% |2.25%
w 153%  |0.81% [0.81% [0.99% [0.18% |1.26%
WNW  [0.9% 054% |0.45% [0.18% |0.63% |1.35%
NW  |1.44%  |0.45% |0.63% [054% PR

NNW  |1.62%  |0.63% |0.36% [081% [0.81% |2.43%

Table 29.2 - Wind Speed Frequency and
Weibull Frequency

12.5% Wind Speed (m/s)
0 0.54% 0%
1 2.79% 2.29%
10% UJ Y 2 4.58% 4.68%
/‘ \o 3 6.38% 6.82%
4 8.18% 8.51%
5 9.07% 9.63%
g
S ] 7 9.61% 10.04%
q?.; 8 8.27% 9.45%
S ooy 9 9.52% 8.49%
o 10 7.82% 7.3%
. 1 7.19% 6.02%
12 5.84% 4.78%
2.5% °\ 13 3.41% 3.65%
0\ 14 1.62% 2.68%
- . 15 1.53% 1.9%
L ow Bl el o
17 0.9% 0.86%
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 = e G
Wind Speed (m/s) 19 0.27% 0.34%
20+ 0.99% 0.2%

Figure 29.3 - \Wave Direction and Height Frequency at 36.25N/75.25W
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Table 29.4 - Weather Hazards

Weather Parameters Freezing Spray

Lightning

Severity

NONE Low

Bot h t hunder st or ns
and tropical threat
has decreased

NONE NONE

Forecaster Notes

[ 16.4ft+
I 13.1-16.4ft

9

.8-13.1ft

6.6-9.8ft
[ 3.3-6.6ft

W <

Vertical Wind

Low

3.3ft

Table 29.3 - Wave Direction and Height Frequency

N

01% [363% [0.81% |0% 0% 0%
NNE [04% [363% |L01%  |0% 0% 0%
NE [03% [393% [343% [0.1% 0% 0%
ENE [0.71% |454%  |5.85%  [232%  |0.3% 0%
E  [181% |1048% [2020 [o2w  [STEE o
ESE 0.6%  |0% 0% 0%
SE  [L01% [10.69% |2.32%  |05% 0.2% 0%
SSE [03% |5.14% [0.6%  [0.1% 0% 0%

0% [081% |o% 0% 0% 0%
ssw 0% |161% [0.1%  |0% 0% 0%
sw (0% [071% |0.1%  |o% 0% 0%
wsw 0% |0.6% 0% 0% 0% 0%
W |o2% |03% 0w 0% 0% 0%
WNW [0%  |0.81% 0% 0% 0% 0%
N (0% [121%  |0.1%  [o% 0% 0%
NNW 0%  [131%  [0.3%  |o% 0% 0%

Nor'easter

MEDIUM

Devel opnent near
Bahamas can occur,
whi ch generates the
stronger Nor'easters

Tropical

MEDIUM

Wil e overall

devel opnent decreases,
systens can curve toward
the East Coast

Weather Routing, |

www.WRIEnergy.co




November

Figure 30.1 -wind Direction and Speed Frequency at 36.25N/75.25W
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Figure 30.3 - Wave Direction and Height Frequency at 36.25N/75.25W
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Figure 30.2 -Wwind Speed Frequency at 36.25N/75.25W

[l Frequency  -®- Weibull Frequency
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Table 30.4 - Weather Hazards

Severity

Forecaster Notes

Weather Parameters

Freezing Spray

NONE

LoOw NONE

NONE

0 9m/s+
M 8m/s
7m/s
6m/s
M sm/s
M <am/s

Ps @
®,
/ :
[
O,
CJ
.\

: a8
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 18

7

[ 16.4ft+

M 13.1-16.4ft
9.8-13.1ft
6.6-9.8ft

I 3.3-6.6ft

W <3.3ft

LOwW

Table 30.1 - Wind Direction and Speed Frequency

7m/s 8m/s Im/s+

1.11% 1.02% |1.02% |0.65%

NNE  [148%  [056% [0.74% [1.3%  [REH4.27%
NE 074%  [037% [0.37% |0.74% |0.83% |1.76%
ENE  [0.93%  [0.56% |0.56% |0.46% |0.46%  |0.74%
E 065%  [037% [0.19% |0.28% |0.46% |0.56%
ESE  [074%  [028% [0.28% |0.28% |0.28%  |0.09%
SE 1.48%  |0.28% [0.65% [0.09% |0.19% |0.56%
SSE  [1.02%  [0.46% [0.19% |0.37% |0.46%  |0.56%
s 074%  [065% [0.37% [0.37% |0.19% |0.83%
SSW o [1.11% 0.83% [0.19% |0.46% |0.74%  |2.41%
sw  |5Ello83% |102% [0.19% [0.83% |2.32%
WSW  [1.21%  |0.56% [0.65% [1.8%  |0.74%  |1.39%
w 065%  |056% |0.28% |0.37% |0.37% |1.48%
WNW  [1.21%  |0.37% |0.56% |0.56% |0.65% |1.67%
NW 1.11% 0.65% |0.46% |0.74% |0.74% |1.67%
NNW  [1.39%  [0.65% [0.46% |1.02% |0.46%  |4.08%

Table 30.2 - Wind Speed Frequency and
Weibull Frequency

Weibull
Frequency

Wind Speed (m/s) | Frequency (%
0 0.28% 0%
1 2.78% 1.63%
2 3.53% 3.52%
3 4.92% 5.35%
4 5.66% 6.95%
5 8.91% 8.19%
6 7.98% 8.99%
8 9% 9.21%
9 9.37% 8.7%
10 5.94% 7.89%
11 7.05% 6.89%
12 6.68% 5.8%
13 5.57% 4.71%
14 4.36% 3.7%
15 2.88% 2.8%
16 1.58% 2.06%
17 1.48% 1.46%
19 20 18 0.83% 1%
19 0.19% 0.67%
20+ 1.48% 0.43%

Table 30.3 - Wave Direction and Height Frequency

N

0% |25%  |1d6%  [0% 0% 0%
NNE [0.83% |469% [271%  [0.21%  |o% 0%
NE [0.83% |5.42%  [354% [5.63%  |o% 0%
ENE [0.73% [469% [49%  [10a% [N 0%
E  |167% 74% |302%  [0.63% 0%
ESE -?2.5% 021%  [0.1% 0%
SE  |0.a% [469% |167% |052%  |o% 0%
SSE [0.19% [3.02% [0.73%  [0.19% 0% 0%

021% |0.42% [0.1%  |0% 0% 0%
SSw [0.31% [0.73%  |0% 0% 0% 0%
sw o |0.1% [073% |o% 0% 0% 0%
wSW 0%  |0.52%  [0% 0% 0% 0%
W [01% |031% [o0% 0% 0% 0%
WNW (0% |0.19%  [0% 0% 0% 0%
NW  [0.1% [083% [0.0%  |o% 0% 0%
NNW [0%  |167%  |0.63%  |o% 0% 0%

LOW

Tropical inpacts are
unlikely, devel opnent
confined to waters well
east of East Coast

MEDIUM

Devel opnent occurs
over the Qulf of
Mexi co

Weather Routing, |

www.WRIEnergy.co




December

Figure 31.1 -wind Direction and Speed Frequency at 36.25N/75.25W
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Figure 31.2 -Wwind Speed Frequency at 36.25N/75.25W

-®- Weibull Frequency

[ Frequency
10%

Wind Speed (m/s) | Frequency
/0—0\. 0 0.27% 0%

o 1 1.89% 1.4%
8% ./ 2 3.14% 3.16%
3 6.46% 4.95%
S 4 6.28% 6.58%

5 7% 7.9%
> % 6 7.99% 8.82%
S 7 8.08% 9.28%
E oy 9 7.81% 8.87%
10 8.44% 8.13%

o 11 6.73% 7.16%

12 6.91% 6.07%

2% 13 5.12% 4.95%

® 14 5.21% 3.9%

C 15 3.32% 2.96%

.\ \ﬁ 16 2.78% 2.17%

% e 17 1.44% 1.54%

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 o D e

Wind Speed (m/s) 19 0.54% 0.69%

20+ 0.45% 0.44%

Table 31.1 - Wind Direction and Speed Frequency

N 1.44%  [0.63% [0.63% [0.9%  [0.99% |2.6%
NNE  |1.35%  |0.36% |0.9%  [0.72% [0.45% |2.78%
NE  |o63%  [0GGMMo45% |0.63% [0.72%  |2.06%
I om/s+ |ENE [081%  |054% [0.36% [0.63% |0.27% |0.63%
E 099%  [0.18% |0.27% [0.09% |0% 0.45%
M 8m/s
ESE  |0.63%  |0.45% |0.36% |0% 0.27%  |0.18%
m/s  |sE 054%  [027% [0.18% [0.18% |0.18%  [0.36%
I 6m/s |SSE  [0.72%  |0.09% [045% [0.09% 0.18% |0.54%
s 0.9% 018% |0.18% [0.45% [0.18% |144%
WSm/s sow  joosew o2 loisw 063w |03sw |2.51%
B <4m/s |sw  |162%  |0.81% [0.18% [0.81% |0.99%  |1.89%
WSW [1.08%  |0.27% |0.09%  [0.54% |1.26% |2.69%
w 126%  |0.36% |054% [0.36% [0.72% |1.26%
WNW |L71%  |0.81% |0.54% [0.36% |054% |3.23%
NW 0.36% 1.26% |0.54%
NNW  [153%  |054% 0.81% |0.45% |EDD

Table 31.2 - Wind Speed Frequency and
Weibull Frequency

Weibull
Frequency

Figure 31.3 - \Wave Direction and Height Frequency at 36.25N/75.25W
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Table 31.4 - Weather Hazards

Weather Parameters Freezing Spray

Severity NONE

Lightning

Forecaster Notes lcing is a mniml
concern toward the
end of the nonth

LOW

Table 31.3 - Wave Direction and Height Frequency

®

N [01% [292% [353%  [o% 0% 0%

NNE [1.11% |6.25%  |3.23%  |0% 0% 0%

W 16.4ft+ NE [04% [7.16% [212% [0.1% 0% 0%
B 13.1-16.4ft |ENE |06% |7.06% |1.81%  |0.6% 0% 0%
o8-13.1fc | 0.8&-1.71% 01  [EEEEN o~
ESE 1361% |151%  |0.5% 0% 0%

[ 6.6-9.8ft SE  |1.61% |3.13% |2.52%  [0.1% 0% 0%
I 3.3-6.6ft SSE [0.1% |7.66%  |2.62%  |0.2% 0% 0%
s [01% |05% 0% 0% 0% 0%

B <3.3fc SSW 0%  |0.3% 0% 0% 0% 0%
sw [|01% [1.01%  |o% 0% 0% 0%

wsw [0.2% [0.71%  |0% 0% 0% 0%

w  [03% |05% 0% 0% 0% 0%

WNW [0.2% [0.81%  [0.3% 0% 0% 0%

NW  [01% [1.71%  |0.2% 0% 0% 0%

NNW [0.1% (1.61%  |1.92%  |0% 0% 0%

MEDIUM Low MEDIUM

Moderate concern as
Nor' easter threat

increases toward the
end of the nonth

Devel opnent occurs
over the aulf of
Mexi co and near
Hatteras
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Conclusions:

The above energy production estimates for the Kitty Hawk Offshore site are consistent with expected
industry standards for this turbine model at a representative hub height of 100 meters. The power
density value falls within aWind Power Class of 6 (NREL, 2007), which is typical of many areas aong
the East Coast greater than 25NM from the coast. It isimportant to note that actual lossesin energy
production due to gearbox, bearing and generator efficiencies will vary depending on the overall

mai ntenance of the equipment.

For construction of the turbine, we would recommend this to be done during the summer time. This will
offer the best weather in terms of lowest average winds and swells. Likewise, doing this will potentially
minimize losses in energy production. For this location, we would strongly recommend de-icing
measures to be taken during months when the severity of Icing is medium or high. Additionally, this
offshore site lies within the north-south shipping lanes along the East Coast U.S. The density of ships
transiting these waters is considered to be light (please reference Figure 3.1 on Page 3)

In addition to the above assessment characteristics for energy production and wind and wave
climatology data, WRI Energy’s Dashboard is an important tool for daily real-time monitoring of the
wind farm site. Forecasted wind speeds/gusts and directions with respect to the cut-in/cut-out values,
and waves can be viewed out to 10 days, with hourly forecasts available out through 3 days.
Additionally, information on icing potential, visibility, precipitation/squall threat, and temperature are
provided with these forecasts. Potential energy output is derived for hourly and three hourly increments.
Access to graphical wesather charts and severe weather monitoring, including daily tropical summariesin
Season, are also available.
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