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Introduction


This paper provides a characterization of the winds in the vicinity of Cherry Point, Washington, the site of the proposed Gateway Pacific Terminal, using three weather-observing locations within a few kilometers of the site.  Cherry Point is located in northwest Washington State in Whatcom County, near the southeast corner of the Straight of Georgia.  Birch Bay is located a few kilometers to the north and the terminal is southwest of the Fraser River Valley, the most prominent gap in the Cascade Mountains (Fig. 1).  This location exposes the proposed site to strong northeasterly flow during the winter when high pressure in British Columbia can force strong winds in and downwind of the Fraser River Gap.  Several papers have studied Fraser Gap outflow winds (e.g., Mass et al., 1995), revealing that they usually exit the gap as a coherent current, with the strongest winds usually between Bellingham Airport and Blaine.  Thus, the proposed Gateway Pacific Terminal is generally within the area of strongest winds during northeasterly flow events.
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Fig.1:  Terrain map of area with the red marker showing the location of Cherry Point.

Weather data has been recorded at three separate locations near the proposed Gateway Pacific Terminal (GPT) site. Two are found on the north and south piers at sites owned and maintained by NOAA’s National Ocean Service. The third site, owned by the BP Oil Refinery, is located north of the refinery itself and is maintained by the Northwest Clean Air Agency.  An analysis of the data from these three locations is found below.
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Figure 2.  (a) Regional view of the Cherry Point vicinity, and (b) a close-in view showing the two waterfront terminals and the refinery.

The two pier sites gather wind data over the water, thus exposing them to a low-drag environment generally associated with stronger winds than over land. Data has been available at the south pier since January 2008, while north pier data began in September 2008.  The BP land observation site is to the northeast of the piers at an elevation of 100 feet, with data since January 2007. 

Wind Data Analysis


In this section data from September 2008 through December 2013 at all three locations are summarized and analyzed. The overall wind velocity average for the north pier, south pier, and BP land site were 4.06 ms-1 (9.08 mph), 4.24 ms-1 (9.5 mph), and 2.43 ms-1 (5.44 mph) respectively. The two pier sites exhibit nearly identical winds, and thus only one site will be described, the south pier.  


Strong winds are not unusual at the pier locations.  Based on data recorded every six minutes, the sustained wind speeds  (Table 1) exceeded 15 ms-1 (33 mph) 2590 times in the roughly five-year period of data at this location.  The maximum twenty-four hour average wind speed 13.7 ms-1 (30.7 mph) occurred on January 5, 2008. The maximum twenty-four hour average wind speed at the north pier was recorded on November 19, 2009 at 12.5 ms-1 (28 mph). 

	South Pier Wind Speed Data
	2008-2013

	Wind Speed
	Frequency

	0-5 ms-1 (0 – 11.2 mph)
	336723

	5-10 ms-1 (11.2 – 22.4 mph)
	151354

	10-15 ms-1 (22.4 – 33.6 mph)
	22032

	15+ ms-1 (33.6+ mph)
	2590


Figure 3 shows wind rose at the south pier for the 2008-2013 period.   A wind rose provides a graphical description of the relative frequency of various winds versus direction. At this pier site, the winds are dominated by southeasterly flow.  Nearly 47% of the winds at the south pier came between south and east, with flow reaching 10-20 ms_1 (22.4-44.7 mph) at times.  A secondary peak in frequency is evident for northeasterly winds (coming out of the Fraser River Gap), and a lesser tertiary maximum reflects northwesterly winds pushing down the Strait of Georgia.

[image: image4.jpg]st

South Pier Winds Spt 08-2014

WA

SouTH

%

%

ElsT

Velacity (m/s)




Figure 3:  Wind rose for the south pier site


The BP land site has a substantially different wind characteristic than the pier locations (Fig. 4).  The primary peak in frequency is from the south/southwest, with lesser winds than the pier sites.  The frequency of southeasterly winds is substantially reduced compared to the pier sites, although the strongest winds are associated with this direction.  A major frequency peak is from the east/northeast, associated with outflow from the Fraser gap.  Northeasterly flow occurs more frequently at the BP site (approximately 28% of the time) than the pier locations. The maximum twenty-four hour average wind speed for this site was 7.9 ms-1 (17.6 mph) recorded on January 5, 2008. 
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Figure 4:  Wind rose for the BP land site


Strongest winds in this region, both from southerly and northeasterly directions, generally occur during the winter months.  Thus, the period for December through February is examined next.  At the pier locations, the dominance of northeasterly and southeasterly winds is clear, with the greatest frequency from the northeast (Fig. 5a).  At the BP land site, northeasterly winds are dominant (Fig. 5b).  During the winter, northwesterly winds are relatively uncommon compared to the warm season months.  Winds are stronger on the piers compared to the BP site, only about 1 km away.


The differences between the winds at the pier and BP sites reflect the effects of water versus land. At the pier, air flowing from directions other than the northeast experiences little surface drag as it travels over the water, producing higher wind speeds. At the BP site, drag affects the flow from all directions, thus decreasing the wind speed.  Surface drag can produce a modest change in direction of the winds. . This is evident with dominant southeasterly flow at the pier to the southwesterly/southeasterly flow common to the BP site. High-speed winds from the southeast are seen at both locations, but the lighter winds at the BP site appear to get slightly deflected and take on a southwesterly orientation. 
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Figure 5:  Winter (December through January) wind roses for the north pier (a) and BP land (b) sites.


An important issue is the relative wind speeds at the inland and pier locations, with the former more representative of the winds over the proposed offloading and storage facilities.  Figure 6 shows the ratio of land to water (land/water) speeds between the BP site and the south pier for situations in which both sites had similar directions (with 45 degrees) and wind speeds exceeding 10 ms-1 (22.4 mph) at the south pier.  Data from 2008-2010 was used.   For all directions the winds over the water (the piers) are stronger than over land.  This is expected due to the greater drag (friction) over land than water, which is aerodynamically smooth.  Winds over land tend to be largest for westerly to northwesterly flow off the water and smallest for easterly to southerly flow, directions associated with overland trajectories.
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Figure 6:  Ratio of land to water wind speeds.

Length of strong northeasterly flow events

The present study has not analyzed the length of the strong wind events, particularly the strong, northeasterly flow periods during the winter.  Although this issue can be examined in future research, some insight can gained by plotting temperature over time at Bellingham Airport.  Below is shown the temperatures at Bellingham for the last two winters, with the average highs and lows also indicated.  Cold periods, generally associated with strong northeasterly winds, can last several days to a week.
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Figure 7:  Temperatures at Bellingham Airport (BLI) for the winters of 2012-2013 and 2013-2014

Summary

The winds in the vicinity of Cherry Point, Washington were examined using three surface sites (two locations on the NOAA piers and at the BP refinery over land).   Strong winds exceeding 33 mph at the piers have been observed roughly 2500 times over a five year period (2008-2013), with the predominant directions of strongest winds being northeasterly and southeasterly.  The BP land site frequently experiences strong northeasterly flow; less frequently, strong southeasterly flow is present at the pier locations.  The differences between the winds at the two sites, with generally lesser winds at the BP location, illustrate the impact of drag over land.  Cold, northeasterly flow often is persistent lasting several days to a week.
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