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Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound
Technical Data Report
Section 1: Introduction

1 Introduction

This report presents the meteorological data collected in Douglas Channel, Squally Channel,
Devastation Channel and Caamario Sound from weather stations operated by government agencies
(Environment Canada, Fisheries and Oceans and Ministry of Environment) as well asthoseinstalled in
September 2005 and January 2006 as part of the data collection for the Project. Data collection by the
GEM meteorological stations isongoing. The observed data, up to the beginning of May 2008,

are summarized in this report.

The GEM wind stations consist of six meteorological stations installed in locations throughout

Douglas Channel, Squally Channel and Caamaiio Sound (Table 1-1, Figure 1-1). Specifics on the station
location, installation and instrumentation can be found in Appendix A. Data stored on the datalogger are
periodically recovered from the stations by ass stants from the Haisla Nation.

In addition, six stations maintained by government agencies shown in Figure 1-1 and Table 1-1 cover
the regional area evaluated by the kinematic wind model. Stations Kitimat Eurocan, North Hecate,
South Hecate and Holland Rock are located on or near the open boundaries of the model and are used
to generate boundary conditions (constraints on the modelling to assist in making the model predictions
close to actual conditions). Stations Holland Rocks and Nanakwa Shoal arein theinterior of the model
domain and can be used either for validating the model or asinput data for the model.

Table 1-1 provides information about the meteorological stationsin the study area and the parameters
each station measures.
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Section 1: Introduction

Table 1-1

Meteorological Station Information

Longitude (W)

Latitude (N)

Station Name Degrees | Minutes | Seconds | Degrees | Minutes | Seconds | Installation Date | Date of Last Data Download

Emilia Rock 128 57 24.1 53 46 4.5 Sep 12/05 Apr 23/08

Kersey Point 128 51 34.2 53 46 34.9 Sep 13/05 Apr 2/08

Dorothy Island 128 50 31.6 53 39 37.5 Jan 24/06 May 8/08

Fawcett Point 129 16 30.0 53 4 43.5 Jan 30/06 May 7/08

Wright Sound 129 13 42.4 53 21 22.9 Jan 29/06 May 8/08

Wall Island 129 20 44.8 52 51 37.7 Jan 27/06 Jun 30/07
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Section 2: Regional Wind Climate

2 Regional Wind Climate

The wind climate offshore the Kitimat region is dominated by the two |arge-scale semi-permanent
pressure systems along the west coast of Canada and the United States: the Aleutian Low during the
winter and the North Pacific High during the summer. Winter |ow-pressure systems (with counter-
clockwise flow) result in winds from the southeast and southwest along the British Columbia coast
between the late fall and early spring. During May to September, the North Pacific High intensifies
(covering nearly the entire northeast Pacific Ocean) and, conversely, the Aleutian Low weakens resulting
in amore dominant high pressure system (with clockwise flow), causing predominantly northwest winds
along the British Columbia Coast. (Thompson 1981.)

Due to the topography along the north coast of British Columbia (with both high mountains and

steep valleys), isobars of the associated weather systems become compressed, resulting in stronger winds
along the coast. Due to the effect of the terrain, winds also tend to follow the coastline (parallel to the
coastal mountains) and are constrained to blow aong the axes of theinlets. Friction tends to decrease
wind speeds over uneven terrain. (Thompson 1981.)

Windsin regions such as Douglas Channel are characterized by an additional process. outflow and
inflow winds. Outflow winds, such as the Squamish winds in Howe Sound, blow seaward down the
mainland inlets during periods of clear winter weather. Triggered by a pressure decrease offshore,

these outflows of cold interior air are strong, last for several days and attenuate in the offshore area due to
lateral spreading. During warmer periods of the year, strong inflow winds develop, driven by pressure
differences associated with a greater degree of warming on the land than on the water. Since they are
driven by thermal effects, these inflow winds tend to be stronger in the afternoon. (Thompson 1981.)

Lange (2003) provides a more specific description of windsin Hecate Strait. During October, the
dominant winds are in the southeast direction. Cold northerly outflow winds occur in mid-October,
reaching maximum strength in December. There is a general trend for more frequent and intense
southeast winds at the northern end of Hecate Strait than at the southern end at Queen Charlotte Sound.
(Thompson 1981.)

During January, southeast winds are dominant, though northerly outflow wind events are significantly
stronger than in October. In theinlets of the mainland coast, north and northeast winds characterize these
frequent Arctic outbreak events. As these inlet winds move out toward open water, they tend to blow
from the north

During April, the dominant wind direction is still from the southeast with northwest wind events
becoming increasingly more frequent. In the inlets, south and southwest winds are as common as the
northeast winds. Between April and August, the Aleutian Low begins to migrate northward (coinciding
with the northward movement of the Pacific High), gradually resulting in areduction of southeasterly
winds toward the end of July.
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During July, west and northwest winds are dominant for all offshore coastal areas with northwest winds
being dominant in Hecate Strait and west winds being dominant in Dixon Entrance. In inlets, inflow
winds are paralel to the channels. South and southeast winds occur in advance of weaker summer
frontal systems. Inflow winds are the dominant factor controlling windsin the inland waterways during
the summer months.
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3 Meteorological Data

Six GEM meteorological stations were installed in locations throughout Douglas Channel, Squally
Channel and Caamario Sound. Detailed descriptions of the history and location of the meteorological
stations, specifications of instruments and an explanation of the type of data collected are presented in the
meteorological station site descriptions contained in Appendix A.

Weather parameters are recorded by the GEM meteorological stationsin five-second intervals. Data are
saved to the logger as an average of the intervals over a 15-minute period. The maximum and minimum
value of any five-second interval aswell asadaily mean is calculated for each measured parameter and
stored on the logger at midnight of each day. 15-minute datais checked for quality, and low-pass filtered
and sub-sampled into hourly data. Hourly and daily summary data for each station are provided on the
data CD included with this report.

Monthly plots of hourly wind data, wind roses and weather data are also contained on the data CD.

3.1 Emilia Rock

Emilia Rock station wasinstalled on September 12, 2005 and islocated on asmall rock island between
Emilialsland and Point Ashton in the area where Gilttoyees Inlet joins with Douglas Channel from

the north. The station has good wind exposurein all directions. Figure 3-1 shows the location of the
station in Douglas Channel, as well as a photo of the station from the water.

Emilia Rock meteorological data begin on the date of instalation and ends on April 23, 2008 for a period
of record of 955 days. Average monthly meteorologica conditions are summarized in Table 3-1.
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Table 3-1 Summary of Monthly Average Meteorological Observations - Emilia Rock Station

Parameter | Jan ‘ Feb ‘ Mar ‘ Apr | May ‘ Jun ‘ Jul ‘ Aug | Sep ‘ Oct ‘ Nov | Dec ‘ Average
Wind
TAverage Wind Speed (m/s) 3.51 3.86 3.21 3.56 3.61 3.02 4.52 4.64 4.03 3.23 3.52 3.53 3.73
Average Daily Maximum Wind Gust (m/s) | 10.12 | 10.19 | 10.07 | 10.09 9.41 10.06 | 10.49 | 10.06 9.37 9.52 | 10.25 10.45 10.01
Air Temperature
Average Daily Maximum (°C) 29 4.0 5.5 7.8 13.1 16.7 18.1 17.8 14.8 9.8 4.2 3.2 9.8
Average Daily Mean (°C) 0.8 1.6 2.8 5.0 9.2 13.0 14.7 14.8 12.0 7.4 2.1 1.2 7.0
Average Daily Minimum (°C) -0.8 -0.5 0.7 2.8 6.1 9.8 12.1 12.2 9.8 5.7 0.6 -0.3 4.8
Extreme Daily Maximum (°C) 9.2 8.2 12.0 14.9 211 29.2 27.7 22.8 23.0 16.7 12.8 10.8 -
Extreme Daily Minimum (°C) -14.0 -8.5 -4.0 -2.5 1.5 7.0 8.3 9.5 6.0 -1.0 -11.0 -9.3 -
Relative Humidity
Average Daily Maximum (%) 96.6 93.9 94.8 91.7 91.7 889 | 911 91.3 94.7 96.2 94.2 95.9 934
Average Daily Mean (%) 90.3 84.1 84.1 79.9 77.5 76.2 | 80.6 79.0 84.4 89.2 87.3 89.4 83.5
Average Daily Minimum (%) 77.0 68.0 66.3 62.1 54.4 56.9 63.7 61.2 67.3 75.0 74.8 77.5 67.0
Barometric Pressure
Average Daily Maximum (hPa) 1016 1019 1016 1018 1021 1019 1019 1019 1020 1017 1016 1016 1018
Average Daily Mean (hPa) 1010 1015 1012 1015 1018 1017 1017 1017 1017 1013 1012 1011 1014
Average Daily Minimum (hPa) 1005 1010 1008 1012 1015 1014 1015 1015 1014 1008 1007 1005 1011
Incident Solar Radiation
Average Daily Maximum (W/m?) | 148 | 348 | 520 | 736 | 974 | 1048 | 962 | 926 | 690 | 387 | 196 | 112 | 588
*Water Level
Average Daily Maximum (m) 5.95 5.82 5.78 5.80 571 5.78 5.70 5.69 5.65 5.76 5.84 5.93 5.78
Average Daily Mean (m) 3.90 3.78 3.80 3.75 3.68 3.71 3.67 3.65 3.63 3.79 3.85 3.88 3.76
Average Daily Minimum (m) 1.68 1.64 1.70 1.59 1.53 1.46 1.53 1.59 1.54 1.65 1.60 1.60 1.59
Extreme Maximum (m) 7.05 6.75 6.78 6.76 6.56 6.44 6.43 6.43 6.86 6.81 7.04 7.18 -
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Technical Data Report
Section 3: Meteorological Data

Table 3-1 Summary of Monthly Average Meteorological Observations - Emilia Rock Station (cont’d)

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
Extreme Minimum (m) 0.42 0.68 | 0.81 0.51 0.43 0.63 | 0.73 0.53 0.65 0.38 0.36 0.48 -
Water Temperature
Average Daily Maximum (°C) 6.6 6.8 6.7 8.2 11.3 14.1 154 15.7 12.7 9.5 7.9 6.9 10.2
Average Daily Mean (°C) 5.6 6.1 6.2 7.6 9.8 12.3 13.8 13.8 115 9.1 6.9 6.1 9.1
Average Daily Minimum (°C) 4.8 5.4 5.6 7.2 8.4 10.1 115 10.9 10.1 8.5 6.0 5.3 7.8
NOTES:
Based on 24-hour daily summary data between Sep. 13, 2005 and Apr. 22, 2008.
TAverage wind speeds calculated from 15-minute data
*Water level data excluding period between Jun. 19 and Aug. 12, 2008: not referenced to geodatic datum
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Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound
Technical Data Report
Section 3: Meteorological Data

3.1.1 Wind Data

Wind vectors plotted for 2006, 2007 and 2008 in Figure 3-2 show that outflow winds from Giltoyees
Inlet, blowing in a southerly direction (from the north), were stronger (commonly in excess of 5 m/s)
and more frequent during the winter months, but were also present during the summer. Inflow winds
during the winter typically occurred over a period of 12 to 18 hours and were often in excess of 10 mv/s.
Inflow winds were much more common during the spring and summer seasons, typically in the range
of 7 to 8 m/s. Summer outflow winds were infrequent, typically in the range of 3 to 5 m/s, typicaly
lasting 6 to 8 hours and commonly occurring in the late evening.

The seasona wind roses in Figures 3-3 through 3-6 are based on the entire 947-day period of record
(excluding eight daysin April 2006 where data are missing), divided into three month periods (March to
May, June to August, September to November and December to February). They illustrate there are two
strongly predominant wind directions at Emilia Rock, likely due to the orientation of Gilttoyees Inlet and
Douglas Channel in the area. Outflow winds from the north and north-northeast occurred most frequently
in the fall and winter (42% and 48% of the time, respectively), while inflow winds from the southwest
and south-southwest occurred most frequently in the spring and summer, (35% and 55% of the time,
respectively). Calm periods (with winds less than 1 m/s) occurred over 8.4% of the record; the calmest
period being spring, the least calm being winter.

Table 3-1 shows the average wind speed and the average daily maximum wind gust by month recorded
by the station at Emilia Rock. The mean annual wind speed over the recording period was 3.7 nvs.
Winds were dightly stronger in July, August and September (4.5 m/s, 4.6 m/s, 4.0 m/s, respectively) than
during the rest of the year.

Figure 3-7 plots daily maximum gust speed recorded at the station over the recorded period. Daily
maximum gusts were typically on the order of 10.0 m/s, however there is a dight seasonal variation

with stronger gusts on average occurring during the winter period, between November and February
(average gust speed 10.3 m/s) than during the remainder of the year (9.9 n/s, Table 3-1). Thisisduein
part to the fact that days with maximum wind gusts in excess of 15 m/s were far more common during the
winter months (Figure 3-2).

Hourly wind data recorded at Emilia Rock are plotted in the figuresin Appendix B-1. Monthly wind roses
are plotted in Appendix B-2.
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Wind Speed & Direction Frequency Distribution Table

Station Name: Emilia Rock Percent Occurrence (%)

0-1 1-3 3-6 6-9 9-12 | 12-15| 15-18] 18+ | Total

NAD 27 Location: Direction | m/s m/s m/s m/s m/s m/s m/s m/s (%)
o . S ., ENE - 1.83 | 1.34 | 0.65 | 0.05 - - - 3.88

N53" 46’ 4.5" W128 57’ 24.1 NE N 214 | 1.85 | 0.47 - - - N 247
Elev. above SL: 5 m NNE - 12.89 | 657 | 0.36 - - - - 19.82
) N - 10.95 | 4.81 | 0.07 - - - - 15.83

Tower height: 10 m NNW - 1.22 | 0.05 - - - - - 1.27
March to May NW - 0.47 - - - - - - 0.47
WNW - 0.47 - - - - - - 0.47

w - 1.05 | 0.13 - - - - - 1.18

WSW - 241 | 802 | 207 | 0.14 - - - 12.65

SW - 468 | 875 | 7.48 | 1.00 | 0.09 - - 22.00

SSW - 301 | 055 | 0.33 | 0.13 - - - 4.01

s - 091 | 0.07 | 0.02 - - - - 1.00

SSE - 0.25 - - - - - - 0.25

SE - 0.31 - - - - - - 0.31

ESE - 0.14 - - - - - - 0.14

E - 0.91 | 0.04 - - - - - 0.94

Calm 11.29 - - - - - - - 11.29
Total (%) |11.29 | 43.66 | 32.18 | 11.45 | 1.33 | 0.09 - - ]100.00

CONTRACTOR: FIGURE NUMBER: DATE:
HAY & COMPANY GONSULTANTS ENBRIDGE NORTHERN GATEWAY PROJECT 3.3 20090717
PREPARED BY: PREPARED FOR: SCALE: AUTHOR: APPROVED BY:
Emilia Rock Wind Rose Spring ™ IAS

ENBRIDGE

PROJECTION:

DATUM:
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Wind Speed & Direction Frequency Distribution Table

Percent Occurrence (%)

01 | 13 | 36 | 69 | 912 | 12-15| 1518 18+ | Total
NAD 27 Location: Direction | m/s m/s m/s m/s m/s m/s m/s m/s (%)
o ., o ., ENE - | o070 | o052 | - - - - - | 122
N53" 46’ 4.5" W128" 57’ 24.1 NE N 0.84 N N - - - N 0.84
Elev above SL 5 m NNE - 9.35 9.35 0.02 - - - - 18.73
i N - 6.34 2.74 - - - - - 9.08
Tower height: 10 m NNW ; 075 _ _ ) ) ) _ 075
June to August NW - [ 089 | - - - - - - | 089
WNW - 0.52 - - - - - - 0.52
W - 1.34 0.77 0.23 0.09 - - - 2.42
WSW - 1.97 | 13.16 | 12.52 1.97 0.02 - - 29.64
SW - 3.17 7.93 12.34 1.65 0.14 - - 25.23
SSwW - 1.99 0.07 - - - - - 2.06
S - 0.48 - - - - - - 0.48
SSE - 0.05 - - - - - - 0.05
SE - 0.16 - - - - - - 0.16
ESE - 0.32 - - - - - - 0.32
E - 0.66 0.02 - - - - - 0.68
Calm 7.25 - - - - - - - 7.25
Total (%) | 7.25 29.21 | 3456 | 25.11 3.71 0.16 - - 100.00
CONTRACTOR: FIGURE NUMBER: DATE:
HAY & COMPANY GONSULTANTS ENBRIDGE NORTHERN GATEWAY PROJECT 3.4 20090717
PREPARED BY: PREPARED FOR: SCALE: AUTHOR: APPROVED BY:
Emilia Rock Wind Rose Summer ™ JAS

ENBRIDGE

PROJECTION:

DATUM:
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Wind Speed & Direction Frequency Distribution Table

Station Name: Emilia Rock Percent Occurrence (%)

0-1 1-3 36 6-9 912 | 12-15| 15-18] 18+ | Total

NAD 27 Location: Direction | m/s m/s m/s m/s m/s m/s m/s m/s (%)

o . I . ENE - 2.09 | 3.73 | 1.00 | 0.10 - - - 6.92

N53" 46’ 4.5" W128°57' 24.1 NE N 249 | 383 | 129 i _ _ N 9.61
Elev above SL 5 m NNE - 16.24 5.56 0.38 0.02 - - - 22.21
] N - 1159 | 831 | 0.14 - - - - | 2004

Tower height: 10 m NNW - |91 | 002 | 002 | - ) ) - | o004
September to November NW - 10584 | - - - - - - | 054
WNW - 0.54 - - - - - - 0.54

w - 0.89 | 0.24 | 0.06 - - - - 1.20
WSW - 1.66 | 5.66 | 2.92 | 0.11 - - - |1035
SwW - 217 | 4.49 | 738 | 0.88 | 0.08 - - |15.00

SSW - 1.07 | 022 | 011 | 0.05 | 0.03 - - 1.48

s - 0.49 | 0.13 | 0.02 - - - - 0.64

SSE - 0.25 | 0.05 - - - - - 0.30

SE - 0.11 - - - - - - 0.11

ESE - 0.21 - - - - - - 0.21

E - 0.86 | 0.10 | 0.03 - - - - 0.99

calm 8.93 - - - - - - - 8.93
Total (%) | 8.93 | 44.13 | 32.33 | 13.36 | 1.15 | 0.11 - - 1100.00

CONTRACTOR: FIGURE NUMBER: DATE:
HAY & COMPANY CONSULTANTS ENBRIDGE NORTHERN GATEWAY PROJECT 3.5 20090717
PREPARED BY: PREPARED FOR: SCALE: AUTHOR: APPROVED BY:
Emilia Rock Wind Rose Fall ™ JAS
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PROJECTION:

DATUM:
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3-6 6-9 9-12 12-15 15-18 m/s

Wind Speed & Direction Frequency Distribution Table

Station Name: Emilia Rock Percent Occurrence (%)
0-1 1-3 3-6 6-9 9-12 | 12-15| 15-18| 18+ | Total
NAD 27 Location: Direction | m/s m/s m/s m/s m/s m/s m/s m/s (%)
o , " o , " ENE - 1.09 7.06 1.60 0.15 - - - 9.90
N53 46 45 W128 57 241 NE - 6.60 5.54 1.18 - - - - 13.32
Elev. above SL: 5m NNE - | 1844 | 758 | 029 | 0.46 - - - | 2677
] N - |1250 | 881 | 0.05 - - - - | 2136
Tower height: 10 m NNW - o065 | 001 | - ; ; - - | oe6
December to February NW - | 081 001 | - - - - - | 032
WNW - 0.34 - - - - - - 0.34
w - 0.68 | 0.22 - - - - - 0.89
WSW - 1.11 1.94 0.58 0.05 - - - 3.67
SW - 1.00 4.49 7.61 1.01 0.09 - - 14.21
SSwW - 048 | 038 | 049 | 017 | 0.05 - - 1.57
s - 022 | 0.09 | 001 | 0.01 - - - 0.34
SSE - 0.09 | 0.01 - - - - - 0.11
SE - 0.03 - - - - - - 0.03
ESE - 0.05 - - - - - - 0.05
E - 011 | 0.03 - - - - - 0.14
Calm 6.32 - - - - - - - 6.32
Total (%) | 6.32 | 43.67 | 36.18 | 11.82 | 1.86 | 0.14 - - |100.00
CONTRACTOR: FIGURE NUMBER: DATE:
HAY & COMPANY CONSULTANTS ENBRIDGE NORTHERN GATEWAY PROJECT 3.6 20090717
PREPARED BY: PREPARED FOR: SCALE: AUTHOR: APPROVED BY:
Emilia Rock Wind Rose Winter ™ JAS

ENBRI

PROJECTION:
DGE

DATUM:
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Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound
Technical Data Report
Section 3: Meteorological Data

3.1.2 Weather Data

Figures 3-8 through 3-10 illustrate respectively, the maximum, mean and minimum daily air temperature,
relative humidity and barometric pressure recorded by the station over the period of record.

The mean daily temperature at Emilia Rock is generally above zero throughout the year, with sub-zero
temperatures during the winter months, typically lasting less than five days. July and August are the
warmest months, with an average daily mean of 14.7°C, with the coldest temperatures of the year
occurring in December and January (average daily mean of 1.0°C). The coldest temperature recorded was
-14.0°C on January 29, 2008. The warmest was 29.2°C on June 12, 2006. Air temperature exhibits a
weaker diurnal cyclein the fall and winter and strengthens as the year progresses toward the summer.

Average daily relative humidity over the entire period was 83.5%, but was higher in the fall and winter
period, between September and March (87%) than during the spring and summer season, between April
and August (79%). There was alarger diurnal variability during the spring and summer period, with daily
maximums and minimums typically varying from the mean on the order of +25%. During the fall and
winter, variations were more commonly in the range of £15%.

The mean daily barometric pressure over the entire record was 1014 hPa (1 hectoPascal = 10 kiloPascals),
with aslightly higher mean (+4 hPa) occurring in spring and summer, due in part to the intensification of
the North Pacific High, and the weakening of the Aleutian Low. The lowest barometric pressure recorded
was 968 hPa. The highest was 1041 hPa. Day-to-day variations in barometric pressure were much larger
during the winter months, when the areais subject to the frequent passage of low pressure systems.

Also plotted in Figure 3-10 are the low-pass filtered water level data, with respect to an arbitrary datum.
Fluctuations in water level correlated with changes in barometric pressure. For instance, in November
2006, arisein sea-level of approximately 0.5 m occurred along with adrop in barometric pressure of
30 hPa over aperiod of 15 days (Figure 3-7).

Figure 3-11 illustrates the maximum daily solar radiation recorded by the station over the entire period
of record. The mean amount of daily maximum incident solar radiation Emilia Rock receives over one
year is 588 W/m2, with a peak of 1048 W/m? that generally occursin June, and a minimum of 112 W/m?
that generally occursin December.

Hourly wesather data recorded at Emilia Rock are plotted in the figuresin Appendix B-3.
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Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound
Technical Data Report
Section 3: Meteorological Data

3.1.3 Water Temperature and Water Level Data

The daily maximum, mean and minimum seawater temperatures recorded at Emilia Rock are plotted over
the entire record in Figure 3-12. Seawater temperature exhibited a strong seasonal pattern, as can be
expected with changes in incident solar radiation, with mean temperatures during July and August on the
order of 14°C, and mean temperatures during January and February in the range of 6 to 7°C. The plot also
shows that water temperatures in 2007, during both winter and summer, were generally 2 to 3°C colder
than those observed in 2006 or 2008.

Water temperatures at Emilia Rock exhibited a weaker diurnal variability during the winter months,
increasing in regularity in the late spring to early summer months. Thisis also linked to increasesin solar
radiation over this period. Short period fluctuationsin water temperature occurred over periods of ten to
fourteen days. The mean water temperature over the entire period was 9.1°C.

Water level records, plotted in the bottom panel of the monthly plots of hourly datain Appendix B-3,
follow atypica tidal cyclefor the region. Water level is not referenced to geodetic datum. Average daily
water levels, aswell as monthly extremes recorded by the station are shown by month in Table 3-1.

Data from the water level sensor were not recorded between June 19 and August 11, 2007, dueto a
possible instrument malfunction or download error.

3.2 Kersey Point

The Kersey Point station was installed on September 13, 2005 and is located at the northern end of
Maitland Island; its records data from the east side of Kitimat Arm in Douglas Channel, which is
influenced from conditions in Devastation Channel to the south. The station is shielded from winds from
the southwest by the island. Figure 3-13 shows the location of the station in Douglas Channel, aswell asa
photo of the station from the water.

Kersey Point meteorological data begin on the date of installation and ends on the date the station was last
visited for downloading data on April 2, 2008 for a period of record of 933 days. Average monthly
meteorological conditions based on daily summary data are summarized in Table 3-2.

3.21 Wind Data

Wind vectors plotted for 2006, 2007 and 2008 in Figure 3-14 show that the wind regime at Kersey Point
during the winter months was dominated by outflow winds, typically in the range of 7 to 10 m/s,

lasting up to 10 days before a change in pattern to inflow winds of short duration on the order of 3 my/s.
During the summer, short duration inflow winds from Devastation Channel to the south in the range

of 1 to 3 m/s were observed with periodic shifts to anortherly wind of similar magnitude and duration.

The seasonal wind roses in Figures 3-15 through 3-18 show that winds at Kersey Point were most
typically cam (0 to 1 m/s) over the entire recording period, with a frequency of occurrence of 55%.
Winds were most calm during the spring (63%) and summer (67%). The most common wind direction at
Kersey Point is from the north and north-northeast due to outflow winds from Kitimat Arm. Winds from
this direction occurred most frequently during the winter and fall (45% and 25% frequency of occurrence,
respectively). During the summer, winds came most typically from the southeast and south-southeast
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Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound

Technical Data Report

Section 3: Meteorological Data

(16% frequency of occurrence) and outflow winds were not common. This siteis sheltered from inflow

winds due to its location on the northeastern tip of Maitland Island. Winds did not exceed 12 m/s at this
station for the entirety of the record.

Figure 3-2 shows the average wind speed and the average daily maximum wind gust by month recorded
by the station at Kersey Point. The mean annual wind speed over the recording period was 1.9 n/s. Winds
were stronger on average during November, December, January and February (2.9 m/s, 3.0 m/s, 2.7 m/s,
2.8 m/s, respectively) than during the rest of the year. The average wind speed in June, the calmest month,
was 0.85 m/s.

Figure 3-19 illustrates that daily maximum wind gusts at K ersey Point were typically in the range of

6 to 8 m/s, however, during the winter, days with gust speeds in excess of 10 m/s were common.

Table 3.2 shows mean daily maximum gusts during the winter werein excess of 8 m/s and below 7 m/s
during the spring and summer.

Hourly wind data recorded at Kersey Point are plotted in the figuresin Appendix C-1. Monthly wind
roses are plotted in Appendix C-2.

3.2.2 Weather Data

Figures 3-20 through 3-22 illustrate respectively, the maximum, mean and minimum daily air
temperature, relative humidity and barometric pressure recorded by the station over the period of record.

Annual and diurnal air temperature, relative humidity and barometric pressure patterns at Kersey Point
are similar to those observed at Emilia Rock, due to the close proximity of the two stations. However,
the average annual maximum, mean and minimum daily air temperatures at Kersey Point were observed
to be dlightly higher (0.1°C, 0.4°C and 0.7°C, respectively). Average annual maximum, mean and
minimum daily relative humidity at Kersey Point was also slightly higher (0.6%, 1.3% and 4.1%,
respectively).

Figure 3-23 illustrates the maximum daily solar radiation recorded by the station over the entire period
of record. The mean annual amount of daily maximum incident solar radiation Kersey point received
was 493 W/m? (Table 3-2), with apeak of 938 W/m? generally occurring in June and a minimum

of 76 W/nv generally occurring in December. These values are lower than at Emilia Rock, most likely
due to shading from trees on Maitland Island in the afternoon.

Hourly westher data recorded at Kersey point are plotted in the figures in Appendix C-3.
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Table 3-2 Summary of Monthly Average Meteorological Observations - Kersey Point Station

Parameter | Jan ‘ Feb ‘ Mar ‘ Apr | May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct | Nov ‘ Dec | Average
Wind
TAverage Wind Speed (m/s) 2.74 2.77 1.68 1.48 1.15 0.85| 1.11 1.10 1.23 1.60 2.93 3.04 1.94
Average Daily Maximum Wind Gust (m/s) 8.06 8.05 6.68 6.55 6.09 6.03 | 5.70 5.81 6.17 6.89 8.19 8.62 6.90
Air Temperature
Average Daily Maximum (°C) 29 3.8 5.0 7.9 134 175 | 18.7 18.2 14.5 9.3 4.1 3.0 9.9
Average Daily Mean (°C) 1.3 1.9 2.8 5.4 9.8 139 | 154 15.1 12.0 7.6 25 15 7.4
Average Daily Minimum (°C) -0.2 0.2 1.1 3.3 6.9 11.0 12.9 12.6 10.2 6.1 1.0 0.2 55
Extreme Daily Maximum (°C) 8.3 8.0 10.6 14.4 21.7 28.8 28.9 224 214 16.3 11.9 9.2 -
Extreme Daily Minimum (°C) -12.5 -8.0 -3.7 -2.1 1.9 8.1 9.6 11.0 5.9 0.2 -9.4 -8.4 -
Relative Humidity
Average Daily Maximum (%) 97.0 93.0 94.9 940 | 91.9 889 | 925 | 9156 | 945 | 96.3 | 96.0 97.0 94.0
Average Daily Mean (%) 91.4 84.6 85.9 847 | 77.8 755 | 813 | 79.23 | 86.0 | 90.1 | 89.8 91.4 84.8
Average Daily Minimum (%) 816 | 73.0 | 715 | 685 | 55.6 55.4 | 640 | 61.00 | 70.0 | 785 | 79.6 | 82.1 70.1
Barometric Pressure
Average Daily Maximum (hPa) 1016 1019 1016 1017 1020 1019 1019 | 1019 1020 | 1017 | 1016 | 1016 1018
Average Daily Mean (hPa) 1010 1015 1012 1014 1018 1017 1017 1017 1017 | 1013 | 1012 | 1011 1014
Average Daily Minimum (hPa) 1005 1010 1007 1011 1015 1014 1015 | 1015 1014 | 1008 | 1007 | 1005 1010
Incident Solar Radiation
Average Daily Maximum (W/m?) | 108 | 248 | 433 | 602 | 869 | 938 | 848 | 795 | 557 | 305 | 136 | 76 | 493
NOTES:

Based on 24-hour daily summary data between Sep. 14, 2005 and Apr. 1, 2008.
tAverage wind speeds calculated from 15-minute data
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3.3 Dorothy Island

This station was installed on January 24, 2006 and islocated on a small rock outcrop on the northern tip
of Dorothy Island; it records datain Devastation Channel. The station is shielded to winds from the south
by the idand, but is completely exposed to northerly winds in the channel. Figure 3-24 shows the location
of the station in Devastation Channel, as well as a photo of the station from the water.

Dorothy Island meteorological data begin on the date of installation and ends on April 30, 2008 for a
period of record of 828 days. Average monthly meteorological conditions are summarized in Table 3-3.

3.3.1 Wind Data

Wind vectors plotted for 2006, 2007 and 2008 in Figure 3-25 show that winds at the location of the
station were relatively cam during the entire spring and summer season. Outflow winds dominated
between October and April; however, these winds rarely exceeded 5 m/s due most likely to the channel
orientation and possible sheltering from the northeastern portion of Hawkesbury Island located to the
north of the station (Figure 3-24).

The seasona wind roses in Figures 3-26 to 3-29 show that winds at the north-easternmost point of
Dorothy Island were most typically calm (0 to 1 m/s) over the entire recording period (70% frequency
of accurrence). Thiswas especially true during the summer when winds were calm 93% of the time;
however, this site is sheltered from winds blowing up-channel due to its position on the idand. The most
common wind direction over the period of record was from the east and east-northeast due to outflow
winds blowing down Devastation Channel. Winds from this direction occurred most typically during
the winter (29%), but were also common during the fall (21%) and spring (20%). Winds did not

exceed 9 m/s at this station over the entirety of the record.

Table 3-3 shows the average wind speed and the average daily maximum wind gust by month recorded by
the station at Dorothy Island. The mean annual wind speed over the recording period was 1.1 nvs.

Wind speeds exhibited seasonality, with slightly stronger winds generally occurring in November,
December, January and February (2.1 m/s, 1.7 m/s, 1.8 n/s, 1.7 m/s, respectively) than during the rest of
the year. The average wind speedsin March and April were 1.2 m/s and 1.0 m/s, respectively.

The average wind speed in July, the calmest month, was 0.45 m/s.

Figure 3-30 illustrates that daily maximum wind gusts at the Dorothy Island meteorological station were
typically in the range of 4 to 7 m/s, with stronger gusts occurring during the winter period, between
November and February. During the winter, maximum wind gusts occasionally exceeded 10 nvs.
During the spring and summer, maximum daily gust speeds were typically in the range of 4to 7 m/s.

Hourly wind data recorded at Dorothy Island are plotted in the figuresin Appendix D-1. Monthly wind
roses are plotted in Appendix D-2.
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Table 3-3 Summary of Monthly Average Meteorological Observations - Dorothy Island Station

Parameter | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Average
Wind
tAverage Wind Speed (m/s) 1.75 1.71 | 1.15 1.00 0.90 0.81 0.45 0.46 0.69 1.08 2.05 1.71 1.13
Average Daily Maximum Wind Gust (m/s) 6.80 6.67 | 5.65 4.98 4.45 4.40 3.85 3.95 457 5.17 7.40 6.96 5.40
Air Temperature
Average Daily Maximum (°C) 25 3.8 4.9 7.9 13.2 17.4 18.5 17.7 14.3 9.0 3.5 2.2 9.6
Average Daily Mean (°C) 0.9 21 2.9 5.3 9.4 13.4 15.0 14.6 12.0 7.5 2.0 0.9 7.2
Average Daily Minimum (°C) -0.6 0.4 1.1 3.1 6.6 10.5 12.4 12.1 10.4 6.2 0.5 -0.3 5.2
Extreme Daily Maximum (°C) 7.6 7.8 |10.1 | 143 212 | 27.2 26.7 212 | 223 12.9 9.0 6.4 -
Extreme Daily Minimum (°C) -12.7 -7.3 -4.0 -1.9 2.3 7.6 8.8 9.9 5.1 0.6 -9.9 -8.3 -
Relative Humidity
Average Daily Maximum (%) 97.7 94.2 96.8 94.2 94.3 92.7 95.0 94.8 96.1 97.0 95.6 98.1 95.6
Average Daily Mean (%) 91.8 85.9 88.7 85.1 82.0 80.0 84.8 84.4 89.6 92.4 88.5 93.6 87.2
Average Daily Minimum (%) 81.3 74.2 75.4 69.6 60.1 60.0 68.1 67.2 76.7 83.5 77.8 84.9 73.2
Barometric Pressure
Average Daily Maximum (hPa) 1017 1019 | 1016 | 1018 | 1021 | 1019 1019 1019 | 1019 | 1018 1016 1016 1018
Average Daily Mean (hPa) 1011 1014 | 1012 | 1015 | 1018 | 1017 1017 1017 | 1017 | 1014 1011 1010 1014
Average Daily Minimum (hPa) 1006 1010 | 1007 | 1012 1015 | 1014 1014 1015 | 1014 | 1010 1005 1004 1010
NOTES:

Based on 24-hour daily summary data between Jan 24, 2006 and May 7, 2008.
TAverage wind speeds calculated from 15-minute data
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3.3.2 Weather Data

Figures 3-31 through 3-33 illustrate respectively, the maximum, mean and minimum daily air
temperature, relative humidity and barometric pressure recorded by the station over the period of record.

Annual and diurnal air temperature, relative humidity and barometric pressure patterns at Dorothy Island
are similar to those observed at Emilia Rock and Kersey Point, due to the proximity of the three stations.
The mean annual air temperature at Dorothy Island was 7.2°C, which is 0.2°C warmer than at Emilia
and 0.4°C cooler than that observed at Kersey. Average annual maximum, mean and minimum daily air
temperatures observed at the station were also very similar to those observed at Emilia Rock and

Kersey Point.

Table 3-3 shows that average annual maximum, mean and minimum daily relative humidity at Dorothy
Island was slightly higher than at Kersey Point (1.6%, 2.4% and 3.1%, respectively).

Hourly weather data recorded at Dorothy Island are plotted in the figuresin Appendix D-3.

3.3.3 Water Temperature and Water Level Data

Water temperatures recorded by the sensor are plotted for Dorothy Island in the bottom panel of the
hourly datafiguresin Appendix D-3. The water temperature sensor appears to have not been completely
submerged throughout the record and was influenced by the air temperature. These intervals were flagged
and eliminated from the record; however, the accuracy of the datais questionable due to uncertainty in the
exact duration of exposure. For this reason, daily maximum, mean and minimums are not certain and
have not been plotted and average monthly water temperatures have not been included in Table 3-3.

Thefiguresin Appendix D-3 show that water temperatures at Dorothy Island fluctuated annually between
ahigh of approximately 16° in July and August and 5°C in January and February.

34 Fawcett Point

Fawcett Point meteorological station was installed on January 30, 2006 and is located on the southern end
of Gil Island. It has good exposure to winds from Squally Channel to the west, Whale Channel to the east
and Campania Sound to the south. The station is shielded by Gil Island to the north and northeast.

Fawcett Point station is approximately 50 km closer to the open waters of Hecate Strait than the stations
at Kersey Point, Dorothy Island and Emilia Rock. Figure 3-34 shows the location of the station, as well as
aphoto of the station.

Fawcett Point meteorological data begin on the date of installation and ends on April 30, 2008 for a
period of record of 821 days. Average monthly meteorological conditions are summarized in Table 3-4.

3.4.1 Wind Data

The wind data record excludes the period between December 4 and December 8, 2007 when wind data
were recorded as zero throughout, likely due to icing during continuous sub-zero temperatures.

Wind vectors plotted for 2006, 2007 and 2008 in Figure 3-35 show a pattern that is dominated by winds
from the southeast throughout the entire year. During the winter, these winds were commonly around
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15 m/s, diminishing to the range of 5 to 7 m/s during the summer; they are likely associated with the large
scale wind patternsin Hecate Strait in the winter and with the inflow pattern in the summer. Outflow
winds from the northeast were much more common during the winter months than in the spring and
summer, commonly around 5 m/s. Northwest winds occurred throughout the year, but were dightly more
frequent during summer than in winter, typically at speedsin the range of 2-5 m/s.

The seasona wind rosesin Figures 3-36 to 3-39 show that Fawcett Point is subjected to winds from
predominantly three directions, correlating with the orientation of the surrounding water bodies to

the west, south and east. Winds from the south, south-southeast and southeast were most typical
throughout the year (34% of the time) and were in excess of 12 m/s over 4% of the time during fall,
winter and spring. During the summer, winds from this direction were rarely in excess of 9 m/s

(lessthan 1%). Winds from the northeast, east-northeast and east occurred for 19% of the record and were
most dominant during winter (23.13%) and fall (21%). Speeds were typically less than 9 m/s. Winds from
the northwest and west-northwest occurred for 14% of the record and were rarely in excess of 12 m/s
(0.08% freguency of occurrence). Winds were observed to be cam (lessthan 1 m/s) for 14% of the time
and were more typically calm during fall and summer (18% and 17%, respectively) than during the winter
(13%) and spring (11%).

Table 3-4 shows the average wind speed and the average daily maximum wind gust by month recorded
by the station. Winds at Fawcett Point were much stronger than those observed at the stations

farther up-channel. The mean annual wind speed over the recording period was 4.4 m/s. Wind speeds at
Fawcett Point exhibited a strong seasonal variation, with an average wind speed during December of
6.3 m/s. The calmest winds occurred in August (2.6 m/s) and September (2.9 nVs).

Figure 3-40 shows average daily maximum wind gusts during the winter period were up to 10 mv/s higher
than during the spring and summer. Table 3-4 shows that the average daily maximum gust speed in
December was 16.5 m/s. The average maximum in August was 7.0 m/s. Days with wind gustsin excess
of 20 m/s were common during the winter months. The maximum gust speed recorded was 32.3 m/s on
December 10, 2006. During the summer, wind gusts were rarely in excess of 13 nvs.

Hourly wind data recorded at Fawcett Point are plotted in the figuresin Appendix E-1. Monthly wind
roses are plotted in Appendix E-2.
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Table 3-4 Summary of Monthly Average Meteorological Observations - Fawcett Point Station

Parameter ‘ Jan | Feb ‘ Mar | Apr| May ‘ Jun | Jul | Aug ‘ Sep | Oct | Nov ‘ Dec |Avmage
Wind
TAverage Wind Speed (m/s) 5.08 4.93 5.33 476 | 3.82 4.17 3.50 2.61 2.92 4.77 4.88 6.27 4.39
Average Daily Maximum Wind Gust (m/s) 13.73 | 1257 | 13.77 | 12.07 | 8.94 8.66 | 8.55 6.97 9.20 | 12.43 | 13.47 | 16.50 11.41
*Air Temperature
Average Daily Maximum (°C) 6.3 7.4 7.2 93 | 124 155 16.2 16.0 14.6 115 5.9 8.3 10.9
Average Daily Mean (°C) 3.9 4.9 4.6 6.8 9.4 12.6 13.7 13.2 12.1 8.9 3.4 5.7 8.3
Average Daily Minimum (°C) 1.8 25 2.0 4.3 7.0 10.3 11.7 11.0 10.0 6.7 0.9 3.7 6.0
Extreme Daily Maximum (°C) 17.1 13.0 10.2 17.0 17.7 23.2 24.3 20.5 18.4 15.9 12.3 134 -
Extreme Daily Minimum (°C) -5.8 -3.3 -4.2 1.0 2.6 7.9 9.4 8.5 8.3 0.6 -10.6 -0.1 -
*Relative Humidity
Average Daily Maximum (%) 92.2 85.7 889 |93.0 |926 | 91.2 | 955 | 939 | 954 94.6 89.2 93.0 92.1
Average Daily Mean (%) 82.2 704 | 740 | 809 |80.0 | 816 |881 |850 | 874 84.9 76.9 81.3 81.1
Average Daily Minimum (%) 66.8 53.0 55.1 | 60.7 | 600 | 665 | 746 | 68.8 | 75.8 70.1 61.7 61.3 64.6
Barometric Pressure
Average Daily Maximum (hPa) 1017 1018 1015 | 1017 | 1020 | 1019 | 1019 | 1019 | 1019 | 1018 | 1015 | 1015 1018
Average Daily Mean (hPa) 1011 1013 1011 | 1014 | 1018 | 1017 | 1017 | 1017 | 1017 | 1014 | 1009 1009 1014
Average Daily Minimum (hPa) 1006 1009 1007 | 1011 | 1015 | 1014 | 1015 | 1015 | 1014 | 1009 | 1003 | 1002 1010
Incident Solar Radiation
Average Daily Maximum (W/m?) | 186 | 355 | 567 | 756 | 875 | 1011 | o909 | 884 | 665 | 400 | 253 | 145 | 584
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Table 3-4 Summary of Monthly Average Meteorological Observations - Fawcett Point Station (cont’d)
Parameter | Jan | Feb ‘ Mar ‘ Apr ‘ May ‘ Jun | Jul ‘ Aug | Sep ‘ Oct ‘ Nov | Dec |Average

**Visibility

Average Daily Mean (m) 2632 | 2752 | 2719 | 2793 | 2879 | 2809 | 2764 | 2847 | 2720 | 2661 | 2747 | 2572 2741

Average Daily Minimum (m) 1310 | 1599 | 1416 | 1589 | 1639 | 1302 | 1202 | 1170 | 1211 | 1387 | 1588 | 1051 1372

***Average Number of Days with Reduced Visibility 16 10 13 9 7 12 14 16 16 14 12 19 13

NOTES:

Based on 24-hour daily summary data between Jan 30, 2006 and May. 7, 2008.

tAverage wind speeds calculated from 15-minute data

*Air temperature and relative humidity observations based on a period of record between Feb 7, 2006 and Feb 12, 2007.
*Maximum visibility is 3000 m

***\/isibility less than 1000 m
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3.4.2 Weather Data

Figures 3-41 through 3-43 illustrate respectively, the maximum, mean and minimum daily air
temperature, relative humidity and barometric pressure recorded at the station over the period of record.

The air temperature sensor began to record data of poor quality on February 13, 2007, likely due to
instrument malfunction. The same instrument aso measures relative humidity. Due to the poor air
temperature readings and the fact that the relative humidity sensor also began to malfunctionin
November 2007, the record for both parameters consists of data between February 7, 2006 and
February 13, 2007, for a period of record of 372 days.

Table 3-4 shows that the mean annual air temperature at Fawcett Point over the period of record

was 8.3°C, approximately 1°C warmer than at the stations farther up-channel. Some consideration must
be given to the shorter data collection period at this site because the mean air temperature in 2006 appears
to have been dightly warmer than in 2007 (Figure 3-8, Figure 3-20, Figure 3-31). A comparison of daily
air temperaturesin Figure 3-31 (Dorothy Island) and Figure 3-41 (Fawcett Point) shows that mean

daily temperatures during the summer were on average 1°C to 2°C cooler at Fawcett, however during

the winter, they were as much as 5°C warmer. Diurnal fluctuations at Fawcett Point appeared to be
consistent throughout the year, typicaly varying from the mean by approximately +2°C to 3°C.

Relative humidity, plotted in Figure 3-42, exhibited seasonal variability, with higher levels and smaller
diurnal fluctuations during the warmer summer months than during the winter. Table 3-4 shows that the
mean relative humidity at Fawcett Point was lower by up to 10% than at the stations located farther
up-channel during the winter months, but dightly higher during the spring and summer.

Daily maximum incident solar radiation plotted in Figure 3-44 illustrates an expected seasonal pattern
with summer maximums typically near 1100 W/m?. Fawcett Point received less incident solar radiation
than at Emilia or Kersey, with an annual mean of 584 W/m2. Thisis most likely due to its proximity to the
coast and an increase in cloud cover.

Daily mean visibility is plotted in Figure 3-45. The maximum visibility that the sensor is capable of
detecting is 3000 m. A seasonal pattern is evident, with lower daily means occurring in winter than in
summer but with less day-to-day variability. Visbility dropsto zero much more commonly during the
summer (June to September), due to fog, than during the winter. Table 3-4 displays mean daily visibility,
mean minimum visibility and the average number of days where visibility islessthan 1 km by month
over the recording period. The months with the lowest average minimum visibility occurred between June
and September and in December. Visibility was reduced, on average, below 1 km least frequently in April
and May (9 and 7 days, respectively) and the most in December (19 days).

Hourly weather and visibility data recorded at Fawcett Point are plotted in the figuresin Appendix E-3.
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3.5 Wright Sound

The Wright Sound station is located at the southernmost tip of Promise Island with influences from
Grenville Channel to the northwest, Whale Channel running north-south to the east and Squally Channel
to the southwest. The station islocated approximately 8 km north of Fawcett Point and approximately

1 km southwest of the entrance to Douglas Channel and has good exposure to the west, south and east,
but is shielded to the north by Promise Island. Figure 3-46 shows the location of the station, aswell as a
photo of the station from the water.

The station was installed on January 29, 2006 and the record of data ends on April 30, 2008, for a period
of record of 823 days. Average monthly meteorological conditions are summarized in Table 3-5.

351 Wind Data

Wind vectors plotted for 2006, 2007 and 2008 in Figure 3-47 show a summer pattern that was dominated
by southwesterly inflow winds from Squally Channel in the range of 2 to 4 m/s. During the winter, these
southwesterly winds became stronger (in the range of 5 to 10 m/s), possibly due to outflow winds from
Grenville Channel being subjected to achange in channel geometry as well as an intensification of the
Aleutian Low and the station’ s proximity to open waters. Winds from the southeast were more common
during the winter period than in the summer and were of similar intensity to those from the southwest.
The station is not subjected to winter outflows from the north due to its location at the southern tip of
Promise Island.

Figures 3-48 through 3-51 show that winds were most typically calm throughout the year (51% frequency
of accurrence), with predominant winds blowing from the west and west-southwest (26%) and from the
east-southeast and southeast (11%). Predominance of westerly winds was much more significant during
the summer (43% compared to 5.5% from the east-southeast and southeast) than the rest of the year.
Winds were typically light with winds in excess of 9 m/s occurring over only 0.4% of the record.

Table 3-5 shows the average wind speed and the average daily maximum wind gust by month at

the Wright Sound station. The mean annual wind speed over the recording period was 1.72 my/s.

Wind speeds exhibited only a slight seasonality, with dightly calmer winds occurring during the summer.
The mean wind speed in December was 2.0 m/s and in June, 1.25 my/s.

Maximum daily wind gust speeds plotted in Figure 3-52 shows a strong seasonality with maximum winds
during the spring and summer in the range of 4 to 8 m/s and much higher gusts, occasionally in excess

of 15 m/s occurring during winter. Maximum daily winds exhibited much more day-to-day variability
during the winter.

Hourly wind data recorded at Wright Sound are plotted in the figuresin Appendix F-1. Monthly wind
roses are plotted in Appendix F-2.
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Table 3-5 Summary of Monthly Average Meteorological Observations - Wright Sound Station

Parameter ‘ Jan | Feb ‘ Mar ‘ Apr ‘ May ‘ Jun | Jul ‘ Aug | Sep ‘ Oct | Nov | Dec | Average
Wind
TAverage Wind Speed (m/s) 1.80 1.80 1.84 1.80 1.60 1.25 1.62 1.51 1.22 1.75 1.80 1.99 1.72
Average Daily Maximum Wind Gust (m/s) 8.15 8.10 8.38 7.57 6.90 7.19 6.46 5.92 5.86 7.63 8.38 9.34 7.49
*Air Temperature
Average Daily Maximum (°C) 3.7 5.7 6.5 8.6 12.6 15.7 17.3 17.4 14.9 10.0 4.9 3.8 10.1
Average Daily Mean (°C) 15 3.2 3.9 6.1 9.5 12.7 14.4 14.1 12.1 7.4 2.8 1.8 7.5
Average Daily Minimum (°C) -0.4 1.1 1.8 4.0 6.9 10.3 12.2 11.9 10.1 5.5 0.9 -04 5.3
Extreme Daily Maximum (°C) 11.4 10.9 13.5 15.6 211 25.2 29.9 23.8 22.2 17.6 13.0 11.0 -
Extreme Daily Minimum (°C) 9.7 -11.1 -4.6 -0.8 2.6 8.0 9.2 9.7 3.7 -8.4 -10.1 | -151 -
**Relative Humidity
Average Daily Maximum (%) 93.0 | 87.6 91.5 92,5 92.6 92.0 94.3 93.5 949 | 93.7 89.4 93.4 92.4
Average Daily Mean (%) 86.3 | 75.5 80.2 81.7 80.0 81.5 85.6 83.3 86.3 | 85.6 81.6 86.1 82.8
Average Daily Minimum (%) 75.0 | 59.9 64.2 65.4 60.2 65.1 71.2 66.2 71.2 | 72.8 68.9 74.1 67.9
Barometric Pressure
Average Daily Maximum (hPa) 1017 | 1018 | 1016 1018 1021 1019 1019 1019 1020 | 1018 | 1015 1016 1018
Average Daily Mean (hPa) 1012 | 1014 | 1012 1015 1018 1017 1017 1017 1017 | 1014 | 1010 1010 1014
Average Daily Minimum (hPa) 1006 | 1009 | 1007 1012 1016 1015 1015 1015 1014 | 1010 | 1004 1003 1011
NOTES:

Based on 24-hour daily summary data between Jan 29, 2006 and May 7, 2008.
tAverage wind speeds calculated from 15-minute data
**Relative humidity observations based on a period of record ending Jan 17, 2007.
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3.5.2 Weather Data

Figures 3-53 to 3-55 illustrate respectively, the maximum, mean and minimum daily air temperature,
relative humidity and barometric pressure recorded by the station over the period of record.

Annual and diurnal air temperature patterns at Wright Sound are similar to those observed at Fawcett
Point, due to the close proximity of the two stations; however, Table 3-5 shows that the average
maximum, mean and minimum air temperatures at Wright Sound were colder on average by 0.8°C.

Figure 3-54 illustrates that relative humidity didn’'t appear to exhibit much seasonal variation. The mean
annual relative humidity at Wright Sound was dlightly higher than at Fawcett (83%), but lower than the
three stations farther up-channel.

Hourly westher data recorded at Wright Sound are plotted in the figuresin Appendix F-3.

3.5.3 Water Temperature and Water Level Data

The water temperature sensor at Wright Sound failed on December 11, 2006. Over the recording period,
the sensor appears to have been exposed to the air, causing an error in readings. Bad data were removed
from the record and plotted in the bottom panel of the figuresin Appendix F-3. Due to the exposure, daily
maximum, mean and minimums are not certain and have not been presented in this report. Furthermore,
average monthly water temperatures have not been included in Table 3-3.

The figuresin Appendix F-3 show that over the recording period, water temperatures rose from alow of
approximately 6°C in January to 13°C. Due to the uncertainty of the accuracy in the readings, water
temperature data are presented as a visual representation in Appendix F-3 only and are not included in the
data summary in Table 3-5.
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3.6 Wall Island

Wall Island meteorological station islocated in Caamafio Sound on the west side of the most northern of
the Wall 1dlands situated just north of Rennison Island. Due to the site location, winds from the west are
somewhat obscured by the trees on Wall I1sland. Figure 3-56 shows the location of the station, aswell asa
photo of the station from the water.

The station was installed on January 27, 2006 and was last visited by First Nations assistants for the
purpose of downloading data on June 29, 2007. Meteorological data cover a period of 519 days. Average
monthly meteorological conditions are summarized in Table 3-6.

3.6.1 Wind Data

Figure 3-57 shows a pattern of inflow winds; wind speeds are about 3 m/s from the west-southwest
with occasional northwest winds of approximately 5 m/s occurring throughout the spring and summer.
During the winter, stronger outflow winds from the northeast of approximately 10 m/s became more
predominant.

Figures 3-58 through 3-61 show that winds were dightly more calm during spring and summer (40% and
42%, respectively) than during fall and winter (37% and 34%, respectively). The predominant wind
directions blow inshore from Hecate Strait through Caamario Sound from the west-southwest, west,
west-northwest and northwest (23%) and offshore down Campania Sound through Caamafno Sound from
the northeast, east-northeast and east (17%). During the summer, inshore winds are much more
predominant, occurring at a frequency of 43%. Offshore winds during this period occurred just over 3%
of the time. During fall and winter, offshore winds are most predominant (24% and 25%, respectively),
while inshore winds occur much less frequently (18% and 14%, respectively).

Table 3-6 shows the average wind speed and the average daily maximum wind gust by month at the

Wall Island station. The mean annual wind speed over the recording period was 2.8 m/s. The table
suggests seasonality with respect to wind speeds, with winds during November and February of 4.3 m/s
and 4.5 m/s, respectively, on average. Average wind speeds in December (2.1 nv/s) and January (3.4 n/s),
however, were lower. The average wind speed during July was 2.0 m/s. The mean annua wind speed at
Wall Island was 1.6 m/s lower than at Fawcett Point.

Maximum daily wind gust speeds are plotted in Figure 3-62 and show a strong seasonality. Maximum
daily winds during the spring and summer were in the range of 5to 10 m/s. Winter winds were

much stronger (with instantaneous gusts often in excess of 15 m/s) and exhibited much more day-to-day
variability.

Hourly wind data recorded at Wall Island are plotted in the figuresin Appendix G-1. Monthly wind roses
are plotted in Appendix G-2.

Page 3-74 2010






Wind Observations in Douglas Channel, Squally Channel and Caamafo Sound
Technical Data Report
Section 3: Meteorological Data

Table 3-6 Summary of Monthly Average Meteorological Observations - Wall Island Station

Parameter ‘ Jan ‘ Feb | Mar | Apr | May | Jun | Jul | Aug | Sep ‘ Oct | Nov ‘ Dec | Average
Wind
TAverage Wind Speed (m/s) 3.41 451 2.69 2.11 234 | 245 2.02 2.59 2.14 2.89 4.29 2.14 2.78
Average Daily Maximum Wind Gust (m/s) | 11.99 11.12 9.56 7.94 7.40 | 7.06 6.45 6.69 6.41 8.35 | 11.24 | 10.86 8.75
Air Temperature
Average Daily Maximum (°C) 6.0 6.5 7.0 8.8 11.0 13.7 15.1 14.3 13.9 10.8 6.1 7.6 10.1
Average Daily Mean (°C) 45 5.1 4.8 6.6 9.1 115 13.1 12.7 12.0 9.3 4.2 5.7 8.2
Average Daily Minimum (°C) 29 35 2.8 4.9 7.5 10.0 11.6 11.4 104 7.9 2.4 4.2 6.6
Extreme Daily Maximum (°C) 9.0 10.3 11.1 15.4 16.8 19.7 16.3 15.2 16.5 11.5 7.0 6.3 -
Extreme Daily Minimum (°C) -4.7 -3.5 2.1 1.1 4.4 8.4 9.6 10.0 7.9 3.2 -9.4 0.3 -
Relative Humidity
Average Daily Maximum (%) 92.4 88.7 92.6 92.3 92.1 93.8 95.2 94.8 94.9 93.6 90.8 93.1 92.9
Average Daily Mean (%) 84.0 76.2 82.2 83.0 83.9 86.2 90.0 89.6 88.9 86.0 80.0 85.0 84.6
Average Daily Minimum (%) 69.9 614 | 657 | 67.8 | 705 | 719 | 796 | 799 | 793 | 751 | 65.1 | 69.9 71.4
Barometric Pressure
Average Daily Maximum (hPa) 1019 1018 1013 1016 1019 | 1019 | 1019 | 1021 | 1020 | 1021 1009 1015 1017
Average Daily Mean (hPa) 1013 1014 1009 1013 1017 | 1017 | 1018 | 1019 | 1018 | 1018 | 1004 1008 1014
Average Daily Minimum (hPa) 1007 1009 1005 1009 1014 | 1014 | 1015 | 1017 | 1015 | 1014 998 1000 1010
NOTES:

Based on 24-hour daily summary data between Jan 27, 2006 and Jun. 28, 2007.
TAverage wind speeds calculated from 15-minute data
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3.6.2 Weather Data

Figures 3-63 to 3-65 illustrate respectively, the maximum, mean and minimum daily air temperature,
relative humidity and barometric pressure recorded by the station over the period of record.

Diurnal air temperature variations were small (typically £2°C from the mean) throughout the year, as can
be expected due to the influence of marine air. This marine influence diminishes seasonal variationsin
mean air temperature as well, as evidenced by the 6.6°C difference in mean air temperature between
January and July (Table 3-6), as compared to a difference of 13.9°C at Emilia Rock.

Relative humidity exhibited seasonal variability, with adightly higher mean and smaller diurnal
fluctuations during the warmer summer months than during the winter. Table 3-6 shows a mean relative
humidity of 90% in July and 80% in November.

Hourly weather data recorded at Wall Iland are plotted in the figuresin Appendix G-3.
3.7 Nanakwa Shoal

3.7.1 Wind Data

Seasonal wind roses plotted in Figures 3-66 to 3-69 represent observations recorded by the DFO and
Environmental Data Service (EC) buoy at Nanakwa Shoal between January 1, 2005 and April 30, 2008.

The predominant wind direction at the Nanakwa Shoal buoy is aligned with the direction of Douglas
Channel (either north-east or south-west, depending on the season). Outflow winds from the northeast and
north-northeast were most predominant during the fall and winter with afrequency of occurrence of 31%
and 50%, respectively compared to 25% and 16.5%, respectively from southwest and south-southwest.
Winds from the northeast were stronger (up to 15 m/s) than from the southwest, which rarely exceeded

9 m/s. During the spring, inflow winds from the southwest and south-southwest were dightly more
common, with a frequency of occurrence of 32%, compared to 22% from the northeast and north-
northeast. During summer, inflow winds are strongly predominant, with afrequency of occurrence of
53%, compared to 10% from the north-northeast and northeast. This summer pattern is strongly evident in
Figure 3-70, with long periods of southwest winds intermittently broken up by periods of northwest flow
up to approximately twelve hoursin duration. Winds at Nanakwa Shoal were calm over 15% of the entire
record, on average.
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3.8 North Hecate Strait

3.8.1 Wind Data

Seasonal wind roses plotted in Figures 3-71 to 3-75 represent wind data recorded by the DFO and
Environmental Data Service buoy in North Hecate Strait between January 1, 2005 and January 18, 2007.
The wind roses show a northwest-southeast predominance to winds, in alignment with the coast,
throughout the year. Winds from the southeast had little seasonal variation; however, winds blowing from
the northwest through North Hecate Strait were a much more freguent occurrence during spring and
summer than during the fall and winter.

North Hecate data after mid-November 2005 included some suspected inaccuracies in the data towards
the latter half of November 2005. During this period, winds at both North and South Hecate Strait
generally had approximately the same direction and speed throughout the year since they arein fairly
exposed regions and are close together. However, partway through November 2005, the reported winds at
North Hecate Strait changed by about 180° when compared to the South Hecate winds. This behaviour
persisted into 2006. In January 2007, wind data were no longer recorded by the station, although the buoy
remains operational and currently records air temperature and barometric pressure.

3.9 South Hecate Strait

3.9.1 Wind Data

Seasonal wind roses plotted in Figures 3-76 to 3-79 are representative of observations recorded by
the DFO and Environmenta Data Service buoy at South Hecate Strait between January 1, 2005 and
April 30, 2008. Data between August 18, 2007 and November 12, 2007 are missing from the record.

Winds in South Hecate Strait, a more exposed region, reached in excess of 18 nm/s during the fall

(4% frequency of occurrence), winter (7%) and spring (2%). During summer, winds were of less intensity
and rarely exceeded 12 m/s (2%). Throughout the year, winds from all directions were recorded; however,
higher winds blowing from between the south and southeast occurred most frequently during fall,

winter and spring (34%, 33% and 36%, respectively). During summer, winds from the west-northwest,
northwest and north-northwest were dlightly more common, occurring 34% of the time, compared to

a 25% occurrence of winds from the south to southeast.

Figure 3-80 plots hourly wind observations at South Hecate Strait over the period of record.
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3.10 Bonilla Island

3.10.1 Wind Data

Seasonal wind roses from wind observations recorded by Environment Canada’ s ten-metre
meteorological tower on Bonilla Island between January 1, 2005 and April 30, 2008 are plotted in
Figures 3-81 to 3-84.

The figuresillustrate similar wind patterns during fall, winter and spring, with a strong predominance of
winds, upwards of 18 m/s, blowing from the south to southeast (51%, 52% and 55%, respectively). Winds
blowing from between the N and NW occurred over this same time period at a frequency of 20% (fall),
16.5% (winter) and 22% (spring), respectively. During the summer, winds were of less intensity,
southeast winds were dlightly less frequent, and winds from the north were much more common,
occurring 24% of the time. Winds on Bonilla Island were calm over less than 2% of the entire record. Due
to the pattern observed in the figures, the station at Bonilla Island is possibly shielded somewhat from
south-southeast winds.

Figure 3-85 plots hourly wind observations at Bonilla lsland over the period of record.

3.11 Holland Rocks

3.11.1 Wind Data

Seasona wind roses based on observations recorded by Environment Canada s ten-metre meteorological
tower at Holland Rocks between January 1, 2005 and April 30, 2008 are plotted in Figures 3-86 to 3-89.

During the fall, winds upwards of 15 m/s blew most frequently from the southeast and east-southeast
(44% frequency of occurrence). During winter and spring, the wind shifted slightly more toward the east,
likely as aresult of outflow winds from the Skeena Valley. Over these periods, winds originating between
the southeast and northeast occurred 78% and 62% of the time, respectively. During summer, winds blew
from predominantly two directions: the southeast (24% frequency of occurrence) and the west and west-
northwest (25%). Winds during the summer were of lessintensity, rarely exceeding 9 m/s.

Figure 3-90 plots hourly wind observations at Holland Rocks over the period of record.
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3.12 Kitimat Eurocan Dock

3.12.1 Wind Data

Seasonal wind roses—based on observations recorded by the Kitimat meteorological tower at the
Eurocan Dock between January 1, 2005 and December 31, 2007—are plotted in Figures 3-91

through 3-94. Data are missing between November 15, 2005 and February 12, 2006. Furthermore, wind
directional data appear erroneous between February 12, 2006 and September 13, 2006 and were removed
from the record. 2008 data were unavailable as of April 2009.

During the spring, summer and fall, winds at the Kitimat Eurocan dock station blew predominantly
from the S and SSE (46.5% (spring), 64% (summer) and 44% (fall), respectively). During the winter,
outflow winds from the north and north-northwest were predominant, blowing 50% of the time.

The strongest winds throughout the year were inflows from the south, occasionally in excess of 12 m/s.
Outflows were typically less than 6 m/s.

Figure 3-95 plots hourly wind observations at Kitimat Eurocan Dock over the period of record. The figure
illustrates a strong inflow pattern throughout the late spring and summer, with winds commonly on the
order of 10 m/sinterrupted by short duration outflow events that were typically in the range of 5 m/s,
lasting between 12 and 24 hours. During the winter, outflow patterns are much longer in duration and are
stronger (in the range of 7 to 10 m/s).
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4 Synoptic Wind Description

A regiona description of windsis presented in Section 2. In this section, the regional descriptionis
augmented by a consideration of specific features of the wind field as revealed in data collected at the six
GEM stations, as well as the Environment Canada sites. The discussion categorizes the stations into an
inner Douglas Channel group (Kitimat Eurocan, Nanakwa Shoal, Kersey Point, Emilia Rock, Dorothy
Island), a Hecate Strait group (North Hecate, South Hecate, Bonillalsland), and atransition zone (Wright
Sound, Fawcett Point, Holland Rocks). This discussion is based primarily on the wind vector figures
plotted for each station (Figures 3-2, 3-14, 3-25, 3-35, 3-47, 3-57, 3-70, 3-75, 3-80, 3-85, 3-90, 3-95) and
isvalid based on the observed period.

4.1 Inner Douglas Channel

41.1 Fall

During the fall, winds at the Kitimat Eurocan dock come predominantly from the south (inflows),

at speeds up to 15 m/s, with occasional periods of wind of about 5 m/s from the north (outflows), lasting
for 3to 4 days. In November, outflow winds become longer in duration and increase dightly in intensity
towards the end of the month. Winds at Nanakwa Shoal exhibit asimilar pattern. Inflow periods from the
southwest of approximately 7 m/s are most dominant at the beginning of the season, with periods of
outflows from the northeast of about 10 m/s becoming more predominant over the season.

The surrounding mountainous terrain undoubtedly plays arole in this asymmetry of inflow and

outflow speeds, and in the variability, over the short distance from Kitimat to Nanakwa Shoal.

Three characteristic winds are present at Emilia Rock during the fall: inflow windsin the range of

5 to 6 m/s directed along the axis of Kitimat Arm flowing from the southwest; slightly weaker north
winds due to outflows from Gilttoyees Inlet; and an outflow from the northeast down Kitimat Arm that
becomes more frequent in November.

In generdl, inflow and outflow events at Nanakwa Shoal are stronger than those observed at Emilia Rock
and at Kersey Point; however, outflows towards the end of November at Kersey Point are of similar
intensity. Kersey Point is sheltered from inflow winds, so only outflows are relevant to the immediate
area. In the wind model, al wind observations at Kersey Point are set to have areduced influence on
neighbouring cells (less than at Nanakwa Shoal and Emilia Rock) in order to correctly model the

wind climate.

41.2 Winter

Strong outflows characterize winds at Nanakwa Shoal for most of the winter, with short duration inflow
periods of dightly lower intensity. One would expect similar strong outflow winds at Kitimat Eurocan,
but the outflow winds there are less strong than at Nanakwa Shoal. At Emilia Rock, the sequence of
inflow and outflow eventsis similar to that at Nanakwa Shoal, but outflows are considerably weaker,
typically less than 5 m/s. Outflows observed at Nanakwa Shoal are also seen at Kersey Point, with
dlightly reduced speeds. Dorothy Island had outflow winds with speeds about half those seen at Kersey
Point. Because it isingtalled on the north end of the island, it cannot reliably detect inflow winds.
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4.1.3 Spring and Summer

At Kitimat Eurocan, inflows of about 10 m/s dominate the wind pattern, interrupted by short outflow
periods of much lower intensity, which typically occur at night. Outflow winds characterizing the winter
at Nanakwa Shoal transition to an inflow regimein early April for the remainder of the spring period,
with speeds of about 7 m/s. At Emilia Rock, outflows do not diminish in intensity and develop awell-
defined diurnal signal, interrupted occasionally by periods of inflows lasting severa days. Inflow winds
are stronger at Nanakwa Shoal than at Emilia Rock. Since Kersey Point and Dorothy Island are on the
north sides of their respective islands, the spring transition is artificially characterized by a near-cessation
of windsin the data.

4.2 Hecate Strait

421 Fall and Winter

During the first haf of fall, winds in Hecate Strait start the transition from a mixed case of periods of
alternating northwest and southeast wind to a steadier and stronger southeast wind condition.

4.2.2 Spring and Summer

During the spring, winds begin to reduce in speed and northwest winds become as frequent as winds from
the southeast. Winds begin to decrease in intensity in May, and begin atransition to a summer regime
where periods of southeast and north-westerly flows of similar wind speeds occur intermittently
throughout the season.

4.2.3 Summary

Windsin Hecate Strait follow a bi-modal pattern: intensified southeast winds characterizing the winter
period when the Aleutian Low dominates and calmer northwest winds during the summer, when the
North Pacific High dominates.

4.3 Transition Area

Sections 4.1 and 4.2 outline two different wind regimes: an inflow/outflow system in Douglas Channel
and alarge-scale flow field in Hecate Strait, changing seasonally in response to the alternation between
the Aleutian Low and the North Pacific High pressure systems in the adjacent Pacific Ocean. The timing
of the respective seasona transitionsis considerably different in the two regions: fall/winter winds begin
around the end of November in Douglas Channel and between September and October in Hecate Strait.
Similarly, the winter/spring transition in Douglas Channel occursin early April in Douglas Channel,

but does not occur until May in Hecate Strait. This section describes the remaining stations

(Holland Rocks, Wright Sound, Fawcett Point and Wall Island), which are located in atransition zone
between Douglas Channel and Hecate Strait.
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431 Fall and Winter

Wind speeds at Fawcett Point, Wright Sound and Wall Island begin to increase towards the middle
of October. Winds at Holland Rocks exhibit a similar behaviour during this period and are strongly
influenced by wind behaviour in North Hecate Strait.

Winds at Holland Rocks exhibit two modes of behaviour during the winter, winds from the southeast and
winds from the northeast. A southeasterly wind occurs most frequently, interrupted by periods of
northeast winds, which are almost always correlated with outflow periods recorded at Nanakwa Shoal.
The simultaneous occurrence of outflows in Douglas Channel and the Skeena Valley, whichis

observed at Holland Rocks, illustrates the large-scal e character of these weather systems in coasta

British Columbia. For this reason, winds recorded at Kitimat Eurocan are used in the model as a surrogate
for winds at the intersection of the Skeena Valley with the model boundary.

4.3.2 Spring

Winds at Fawcett Point bear a strong relationship to winds observed in South Hecate Strait, but with
slightly lower wind speeds. Winds observed at Wright Sound are considerably weaker than those at
Fawcett Point and tend to be directed along an east-west axis, likely influenced by the orientation of
Grenville Channel. Winds at Wall Island do not have a simple relationship with winds at either the Hecate
Strait or outer Douglas Channel stations.
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5 Kinematic Wind Model

The following section describes the operation of the kinematic wind model because it provides
background to the discussion of the model output and validation provided in Section 6.

Over the bulk of the regional 3-km model grid, the existing network of weather buoys and shore stations
provides reasonably adequate spatial resolution of the wind field. One issueis the inadequate wind field
results from the model for the 400-m grid local model covering Douglas Channel and Caamario Sound.
The difficulty isthat topographic influences and the rel ative sparseness of observing sites could be
expected to render invalid the simple spatia resolution scheme used for the regional model. For instance,
awind blowing down-channel in Kitimat Arm would be directed from the northwest. Since there are no
wind stationsin the lower part of Douglas Channel, if a simple interpolation scheme were used, this
northwest wind direction would persist al the way down Douglas Channel, which is oriented in a
north-south sense in its lower reaches.

The remedy was to construct atwo-dimensional volume-conserving interpolation scheme, referred to as
the kinematic wind model. The topography of the region was downloaded from a Natural Resources
Canadawebsite (Natural Resources Canada 2004) and interpolated onto a 400-m un-rotated grid.
Elevations less than 200 m were assigned a value of zero, and elevations greater than 200 m were
assigned a very large value, so that the result was an interconnected network of channels of uniform
depth, bounded by high cliffs. This approach is somewhat simplistic, but gave good results and executed
relatively rapidly.

Once agrid for the wind model was devel oped, the volume-conserving scheme was implemented.

The following discussion describes the process for a single hour. This process is then repeated for each
hour required for the simulation. The available data are interpolated using the same 1/r> method used for
the regiona model, and then wind values normal to the channel walls are set to zero, meeting the
condition of zero flow through solid boundaries. The resulting wind field is still unrealistic, and does not
conserve volume. Figure 5-1 shows an example of thisfirst interpolation wind field, as well asthe
locations of the wind observing stations available for the 2004 simulations. The wind vectors shownin
this plot are sub-sampled to every 6th vector in the x and y directions. In the upper part of Douglas
Channel, close to Nanakwa Shoal, the wind vel ocity has a substantial component of its motion directed
toward the shore, rather than along the channel. To address thistype of unrealistic behaviour a
hypothetical pressurefield is added such that its gradient, when applied to the interpolated wind field,
gives avelocity field that satisfies volume conservation as well as no-flow through solid boundaries.
When this pressure gradient is applied in the volume conservation equation, the result isa Helmholtz
equation for the pressure field, with the divergence of the initial field being the source term. The solution
for the pressure field is obtained by a successive over-relaxation technique. Figure 5-2 shows the resulting
interpolated field. The maximum divergence in theinitial field is 0.027/s, and was reduced to 0.0016/s by
the addition of the pressure gradient.

The resulting volume-conserving wind field was sub-sampled from the 400 m (un-rotated) grid on
a6 by 6 basis, and provided to the local model, where it was used in the standard 1/r® interpol ation
scheme contained within the hydrodynamic model.
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Observed data enter the model in two ways. First, in the interior, the observed wind is used in the
interpolation, and the spatial weighting in the SOR solution minimize changes from the original
interpolated val ue as the system is made volume conserving.

Second, on the open boundaries, observed winds are used to define the inflow or outflow at each open
boundary. In order to conserve volume, flow through all the open boundaries have to sum to zero: inflows
must balance outflows. Thisisusually not the case after the first interpolation. In the kinematic model
implementation, inflow and outflows are adjusted to ensure overall volume conservation, as part of the
model. The larger of the two is adjusted to a smaller value. The smaller of the two is adjusted to alarger
value by the inverseratio, so asto achieve an overall volume balance. This procedure can lead to a
situation where the modelled flow at the open boundaries differs considerably fromitsinitial interpolated
value. Minimizing this situation requires a manual review the time-series of winds along the boundaries,
particularly when one or more of the boundary wind stations (South Hecate, North Hecate, Kitimat
Eurocan) is missing.

Asthe discussion in the next section demonstrates, the GEM data can be used to greatly increase the
accuracy of the wind model.
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6 Model Comparison with Observed Data

In this section, the wind model is compared with the observationa data to validate the effectiveness of the
model in replicating the flow in the modelled area. The wind model was run with and without the use of
the additional six GEM meteorologica stations and the differences between these runs is discussed.

6.1 Specific Wind Events

Three particular events have been identified, based on the observational data, as representing
characteristic inflow and outflow wind patternsin Douglas Channel. These events are presented

in Figures 6-1 to 6-6 and correspond to the dates listed in Table 6-1. Figure 6-1, 6-3 and 6-5 show the
interpolated wind field at the selected time with the inclusion of the GEM wind data and Figures 6-2, 6-4
and 6-6 show the winds at the same times, but without the GEM wind data included in the model.

The intent of these plotsis primarily to provide an overview of the wind fields generated by the model
under three representative conditions. More detailed validation comparisons are made in Section 6.2.

In Figures 6-1 to 6-6, the black vectors represent the modelled wind field, sub-sampled from the model’s
spatial resolution of 400 m to aresolution of 2,400 m, and the red vectors represent the observed winds.

Table 6-1 Seasonal Inflows and Outflow Events
Season Event Date Time Figures
Winter Inflow Feb 20, 2006 1600 6-1, 6-2
Spring Outflow Mar 20, 2006 0900 6-3, 6-4
Inflow May 7, 2006 1500 6-5, 6-6

February 20, 2006

Thisis aperiod of moderate northwest winds in Hecate Strait and a moderate inflow in Douglas Channel
(see Figure 6-1). Thefull set of GEM wind data were available for the interpolation, but the North Hecate
wind data were not used because they were erroneous. Instead, the South Hecate wind data were used to
characterize the entire north, west and southern open boundaries. Agreement with the interior flow at
Bonillalsland, Fawcett Point and Wright Sound is reasonable. Inflow and outflow predictions agree

with observationsin upper Douglas Channel, except that the modelled wind at Emilia Rock is smaller
than observed. The interpolated flow field, and the observed, strongly suggests thereis a north flow in the
transition zone waters around Wall 1sland, counter to the southeast wind flow in the open waters.

There are significant differences between the modelled winds with and without the GEM data

(Figures 6-1 and 6-2). In Douglas Channel, due to the strong winds from the south at the Emilia Rock
station, predicted winds are significantly stronger when the station data are used in the model. This has an
effect on flow both north and south of Emilia Rock: it gives a more continuous inflow, which makes more
physical sense than the split that occursin the model results when no station data are included. It also
highlights the improvement in the modelled wind fields when the wind data from the GEM stations

are used. In the case without GEM stations, the inflow in Douglas Channel begins about one third of the
way up the channel with an outflow occurring on the southern third of the channel. With the GEM wind
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data included, a more continuous inflow develops all the way up Douglas Channel, whichisfully in

accord with the six observational sitesin Douglas Channel. Thisis valuable information for future semi-
operational forecasting systems.

The second difference in modelled winds with and without the GEM data is the flow through Whale
Channel, which changes direction by approximately 180 degrees between the two runs (Figures 6-1

and 6-2), forming a counter-clockwise gyre around Gil Island in the case with the GEM stations.

A clockwise eddy transforms the northwest flow at Fawcett Point into a southeasterly flow at Wall Island.
The wind pattern at this eastern end of Caamario Sound is complex, with apparently alarge spatial
gradient asthe flow enters Hecate Strait. Inclusion of the observed winds at the GEM stations has
markedly improved the ability to predict winds near Gil Island, so that speed and direction predictions
concur with the data at the Wright Sound, Fawcett Point and Wall Iland sites; but, thereis strong
disagreement between data and modelled predictions when the GEM data were not included.

In summary, inclusion of datafrom a particular GEM data station improve the wind flow prediction
accuracy of the model, not only for winds at that particular station site, but also for an extensive region
around the GEM station.

March 20, 2006

Thisisaperiod of strong southeasterly winds in the open water and a strong outflow in upper Douglas
Channel (Figure 6-3). Modelled and observed flows are in good agreement everywhere, except possibly at
Fawcett Point, where both modelled and observed winds are very weak, but oriented at roughly 90° to
each other. In the absence of the GEM wind data, the resulting wind field (Figure 6-4) in the southeast
corner of the model domain is considerably different. Agreement remains good in Douglas Channel,
where the simple geometry constrains the wind to a single channel. However, at the transition stations,
where the outflow from Douglas Channel meets the southeasterly flow over Hecate Strait, the model
predictions without the GEM data are very poor; the model (without GEM data) predicts:

e strong southeasterlies at Wall Island, versus the observed moderate westerly flow
e strong southerly flow at Fawcett Point, versus an observed very weak northerly flow

o aspeed at Wright Sound that is about twice the observed speed, although the direction isin
reasonabl e agreement

Figures 6-3 and 6-4 again demonstrate the significant improvement that can be made in predicting wind
fields by inclusion of the GEM data.
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May 7, 2006

Thisisaperiod of an onshore flow in the open waters, carrying on to an inflow in Douglas Channel
(Figure 6-5). The Douglas Channel modelled winds agree well with observations. Modelled winds at the
other wind stations also agree well. The most significant criticism that could be made of the model,

with the GEM data, is that the clockwise eddy at the eastern end of Caamafio Sound, connecting the flow
from Fawcett Point to Wall 1sland, has unrealistic characteristicsin its spatial organization. Additional
work is needed to understand the horizontal shear that is indicated by the strong differences between
winds a Wall Island and in Hecate Strait, asindicated by the South Hecate station.

Without the GEM data, Figure 6-6, the level of agreement is not as good as when the GEM data

are included. Because the flow is dominated by an onshore flow in the open waters, transitioning to an
inflow in Douglas Channel, aflow field in the outer waters that matches the observed data can be
produced reasonably well using only the boundary flow data. However, strong winds recorded at
Fawcett Point, Wright Sound and Emilia Rock increase the modelled wind speeds inflowing up Douglas
and Devastation Channels when the GEM data are added to the model. The improved agreement at these
inner stations with the addition of the GEM data indicates that they are needed to provide areliable wind
field in the inner waters.
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6.2 Model Validation

The following discussion presents the comparison of the observed winds over a seven-day period,
centered on each of the dates discussed in the previous section: February 20, 2006, March 20, 2006,
and May 7, 2006. The results are presented in terms of hourly stick plots, with red vectors representing
the observed data. Blue vectors represent the modelled data using all of the available wind information.
Black vectors represent the modelled data with the Environment Canada observations but without the
GEM observations.

February 20, 2006 (Figure 6-7)

Modelled winds at South Hecate (actually, windsin the southern part of the model domain, till
somewhat north of the South Hecate site) are quite close to the corresponding observed values.

Similar conditions prevail at Bonillalsland. These two stations arein relatively unrestricted waters near
the open boundaries, and there is only modest improvement in the winds at these sites with the addition of
the GEM data. Modelled winds are in excellent agreement at Nanakwa Shoal, because the Kitimat
Eurocan data were rejected (as noted in Section 3.12) and Nanakwa Shoal data were used at the Kitimat
River valley open boundary of the model.

Emilia Rock provides a convincing demonstration of the level of improvement that the addition of

GEM data can achieve. The black vectorsindicate a very poor level of agreement between modelled
(without GEM data) and observed flows. However, the red and blue vectors are nearly coincident over
much of the period, indicating the improved model agreement with GEM data. In particular, one notes
that during most of February 20, winds at the two stations were blowing in opposite directions, a feature
that is captured in the model with GEM data. This level of agreement was achieved by careful tuning of
the strength and radius of influence of the Emilia Rock, Nanakwa Shoal and Kersey Point data. Once this
tuning is done, it will likely remain valid for all further modelling.

In Wright Sound, the inclusion of the GEM data transformed the modelled flow from a moderate wind of
about 3 m/sto the southwest into a near zero flow, or aflow to the northwest or northeast.

This transformation brought the modelled winds very close to the observed winds at this station.

At Fawcett Point, the inclusion of GEM data provided a major improvement in wind direction, but not
awaysin wind speed. At Wall Island, the GEM data enabled a high level of agreement between modelled
and observed winds, in contrast to the 180° differencein direction between the modelled and observed
without the benefit of the GEM data.

March 20, 2006 (Figure 6-8)

There is a spring outflow condition in Douglas Channel. The agreement between the blue vectors
(modelled with GEM stations) and red (observed) is very good at all stations, except Fawcett Point.
Aswell, there are many instances, e.g., the Wright Sound station, where the inclusion of the GEM data
dramatically improved the simulation compared to the case without the GEM data. At Fawcett Point,
the GEM data brought the directions into agreement with the observed data, but modelled speeds are
about one half of observed speeds.
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May 7, 2006 (Figure 6-9)

Spring inflows are occurring at all stations to varying degrees except for Wall Island. The model, with the
GEM data, consistently provides good predictions of wind velocities at all stations, except Fawecett Point.
And, again at Fawcett Point, the GEM data allow the model to calculate the correct direction for the wind,
but the speed is one half of observed speeds.

Winds in 2004

The kinematic model has demonstrated considerable success in generating realistic wind fields for the
selected period in 2006, when the full set of GEM wind data were available. In general, for the 2004
simulations, one would expect reasonably good agreement between modelled and observed windsin
Douglas Channel, since the observed winds at the Kitimat Eurocan station were used in the model, and in
the open waters of Hecate Strait, since the observed winds at the South Hecate station were used in the
model. Figure 6-10 illustrates the level of agreement between observed and modelled winds for the 2004
simulations, at the Environment Canada stations. Time-series of modelled and observed winds, for
January and July 2004, are presented for Nanakwa Shoal and alocation near the South Hecate site. The
general level of agreement is very good in these periods. Wind data from Kitimat Eurocan, Holland Rocks
and South Hecate were available for these simulations.

In the transition zone, such as Squally Channel and Caamafio Sound, the winds used for the 2004
simulations will undoubtedly have inaccuracies, as can be appreciated from the modelling results
presented in this chapter.
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