4.1. Climate and Meteorology

D.J. Hoitink
The Hanford Site lies within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State.  The region’s climate is greatly influenced by the Pacific Ocean and the Cascade Mountain Range to the west, and other mountain ranges to the north and east.  The Pacific Ocean moderates temperatures throughout the Pacific Northwest, and the Cascade Range generates a rain shadow that limits rain and snowfall in the eastern half of Washington State.  The Cascade Range also serves as a source of cold air drainage, which has a considerable effect on the wind regime on the Hanford Site.  Mountain ranges to the north and east of the region shield the area from the severe winter storms and frigid air masses that move southward across Canada. 

Climatological data for the Hanford Site are compiled at the Hanford Meteorology Station (HMS), which is located on the Hanford Site’s Central Plateau, just outside the northeast corner of the 200 West Area and about 4 km (3 mi) west of the 200 East Area.  Meteorological measurements have been made at the HMS since late 1944.  Before the HMS was established, local meteorological observations were made at the Old Hanford Townsite (1912 through late 1943) and in Richland (1943-1944).  A climatological summary for Hanford is provided in Hoitink et al. (2005). (
) 
Data from the HMS capture the general climatic conditions for the region and describe the specific climate of Hanford’s Central Plateau.  The size of the Hanford Site and its topography give rise to substantial spatial variations in wind, precipitation, temperature, and other meteorological characteristics.  This is observed for the differences in the annual distribution of wind direction and speed measured at the HMS and at the 300 Area.  To characterize meteorological differences accurately across the Hanford Site, the HMS operates a network of monitoring stations.  These stations, which currently number 30, are situated throughout the Site and in neighboring areas (Figure 4.1-1).  A 124-m (408-ft) instrumented meteorological tower operates at the HMS.  A 61-m (200-ft) instrumented tower operates at each of the 100-N, 300, and 400 area meteorology-monitoring sites.  Most of the other network stations use instrumented towers with heights of about 9.1 m (30 ft).  The data collected at each tower vary with at least three variables collected at all towers and up to seven collected at some (Table 4.1-1).  Data are collected and processed at each station, and information is transmitted to the HMS every 15 minutes.  This monitoring network has been in full operation since the early 1980s.

For the following descriptions in this section the seasons are defined as follows:  winter, December through February; spring, March through May; summer, June through August; and autumn, September through November.
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Figure 4.1-1.  Hanford Meteorological Monitoring Network, Hanford Site, Washington

Table 4.1-1.  Station Numbers, Names, and Meteorological Data Measured at each Station in the Hanford Meteorological Monitoring Network, in Washington State
	Site Number
	Site Name
	Meteorological Data

	1
	Prosser Barricade
	WS, WD, T, P

	2
	Emergency Operations Center
	WS, WD, T, P

	3
	Army Loop Road 
	WS, WD, T, P

	4
	Rattlesnake Springs 
	WS, WD, T, P

	5
	Edna Railroad Crossing
	WS, WD, T

	6
	200 East Area
	WS, WD, T, P, AP

	7
	200 West Area
	WS, WD, T, P

	8
	Beverly, Washington
	WS, WD, T, P

	9
	Fast Flux Test Facility (61 m or 200 ft) 
	WS, WD, T, TD, DP, P, AP

	10
	Yakima Barricade 
	WS, WD, T, P, AP

	11
	300 Area (61 m or 200 ft)
	WS, WD, T, TD, DP, P, AP

	12
	Wye Barricade 
	WS, WD, T, P

	13
	100-N Area (61 m or 200 ft) 
	WS, WD, T, TD, DP, P, AP

	14
	Energy Northwest 
	WS, WD, T, P

	15
	Franklin County 
	WS, WD, T

	16
	Gable Mountain
	WS, WD, T

	17
	Ringold, Washington
	WS, WD, T, P

	18
	Richland Airport 
	WS, WD, T, AP

	19
	Plutonium Finishing Plant
	WS, WD, T, AP

	20
	Rattlesnake Mountain
	WS, WD, T, P

	21
	Hanford Meteorology Station (124 m or 408 ft)
	WS, WD, T, P, DP, AP

	22
	Tri-Cities Airport
	WS, WD, T, P

	23
	Gable West 
	WS, WD, T

	24
	100-F Area
	WS, WD, T, P

	25
	Vernita Bridge
	WS, WD, T

	26
	Benton City, Washington
	WS, WD, T, P

	27
	Vista
	WS, WD, T, P

	28(a)
	Roosevelt, Washington
	WS, WD, T, P, AP

	29
	100-K Area
	WS, WD, T, P, AP

	30
	Hazardous Material Management and Emergency Response Training Center
	WS, WD, T

	Legend:

	AP
-   Atmospheric Pressure

DP
-   Dew Point Temperature

P
-   Precipitation

T
-   Temperature
	TD    -    Temperature Difference (between 10-m and 60-m Tower Levels)

WD   -   Wind Direction

WS    -   Wind Speed

	(a)
 Roosevelt is located on the Columbia River 57 mi west/southwest of the Hanford Site.

	


4.1.1 Wind

Wind data at the HMS are collected 2.1 m (7 ft) above the ground and at the 15.2-, 61.0-, and 121.9-m (50-, 200-, and 400-ft) levels on the 124-m (408-ft) tower.  Each of the three 61-m (200-ft) towers has wind-measuring instrumentation at the 10-, 25-, and 60-m (33-, 82-, and 197-ft) levels.  The short towers measure winds 9.1 m (30 ft) above ground level.

The prevailing surface winds on Hanford’s Central Plateau are from the northwest (Figure 4.1-2), and occur most frequently during the winter and summer.  Winds from the southwest also have a high frequency of occurrence on the Central Plateau.  During the spring and fall, there is an increase in the frequency of winds from the southwest and a corresponding decrease in winds from the northwest.

In the southeastern portion of the Hanford Site (including the 300 [Station 11] and 400 [Station 9] Areas), the prevailing wind direction near the surface is from the southwest during most months; winds from the northwest are much less common (Figure 4.1-2).  In the 100 Area and along the Columbia River, local winds are strongly influenced by the topography near the river.  At the 100-K (Station 29) and 100-N (Station 13) Areas, the prevailing wind direction is from the west.  At the 100-F (Station 24) Area and near the Old Hanford Townsite (Edna Railroad crossing [Station 5]), winds often have a northwesterly or southeasterly component.

Stations that are relatively close together can exhibit significant differences in wind patterns.  For example, the stations at Rattlesnake Springs (Station 4) and the 200 West Area (Station 7) are separated only by about 5 km (3 mi), yet the wind patterns at the two stations are very different (Figure 4.1-2).  Care should be taken when assessing the appropriateness of the wind data used in estimating environmental impacts.  When possible, wind data from the closest representative station should be used for estimating local dispersion conditions.
Monthly and annual joint-frequency distributions of wind direction versus wind speed for the HMS are reported in Hoitink et al. (2005).  Monthly average wind speeds 15.2 m (50 ft) above the ground are lower during the winter months, averaging 2.7 to 3.1 m/s (6 to 7 mph), and faster during the spring and summer, averaging 3.6 to 4.0 m/s (8 to 9 mph) (Table 4.1-2).  The fastest wind speeds at the HMS are usually associated with flow from the southwest (Table 4.1-2).  However, the summertime drainage winds from the northwest frequently exceed speeds of 13 m/s (30 mph).  The maximum speed of the drainage winds (and their frequency of occurrence) tends to decrease as one moves toward the southeast across the Hanford Site.  The HMS averages 156 days per year with peak wind gusts greater than or equal to 11 m/s (25 mph) (ranging from a low of about 7 in December to high of nearly 20 in June and July), and 57 days with peak gusts greater than or equal to 16 m/s (35 mph) (from a low of about 3 days in September and October to a high of about 6 days during the months of April through July) (Table 4.1-3).
Surface features have less influence on winds aloft than on winds near the surface.  However, substantial spatial variations are found in the wind distributions across Hanford 60 m (197 ft) above ground level (Figure 4.1-3).  For releases at greater heights, the most representative data may come from the closest representative 61-m (200-ft) tower rather than the nearest 9.1-m (30-ft) tower.
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Figure 4.1-2.  Wind Roses at the 9.1 m (30 ft) Level of the Hanford Meteorological Monitoring Network, Washington, 1982 through 2004 (after Hoitink et al. 2005)

Table 4.1-2.  Monthly and Annual Wind-Related Data Collected at the 15-m (50-ft) Level, 1945 through 2004, Hanford Meteorology Station, Washington (Hoitink et al. 2005)

	Month
	Prevailing Direction
	Average Speed (mph)(a)
	Highest Average (mph)
	Year
	Lowest Average (mph)
	Year
	Speed (mph) 
	Direction
	Year

	January
	  NW
	6.3
	10.3
	    1972
	2.9
	    1985
	80
	  SW
	1972

	February
	  NW
	7.0
	11.1
	    1999
	4.6
	    1963
	65
	  SSW
	   1999(b)

	March
	WNW
	8.2
	10.7
	    1977(b)
	5.9
	    1958
	70
	  SW
	1956

	April
	WNW
	8.8
	11.1
	    1972(b)
	7.4
	    1989(b)
	73
	SSW
	1972

	May
	WNW
	8.8
	10.7
	    1983
	5.8
	    1957
	71
	SSW
	1948

	June
	  NW
	9.1
	10.7
	    1983(b)
	7.7
	    1950(b)
	72
	  SW
	1957

	July
	  NW
	8.6
	10.7
	    1983
	6.8
	    1955
	69
	WSW
	1979

	August
	WNW
	8.0
	  9.5
	    1996
	6.0
	    1956
	66
	  SW
	1961

	September
	WNW
	7.4
	  9.2
	    1961
	5.4
	    1957
	65
	SSW
	1953

	October
	  NW
	6.6
	  9.1
	    1946
	4.4
	    1952
	72
	  SW
	1997

	November
	  NW
	6.4
	10.0
	    1990
	2.9
	    1956
	67
	WSW
	1993

	December
	  NW
	6.0
	  8.3
	    1968
	3.3
	    1985
	71
	  SW
	1955

	Annual
	  NW
	7.6
	  8.8
	     1999
	6.2
	    1989
	80
	  SW
	1972

	(a)  1 mph = 1.61 km/hr or 0.447 m/s
(b)  Most recent of multiple occurrences


Table 4.1-3.  Number of Days with Peak Gusts above Specific Thresholds at the 15-m (50-ft) Level, 1945 through 2004, Hanford Meteorology Station, Washington (Hoitink et al. 2005)

	
	
	
	Days with Peak Gusts (11 m/s (25 mph)
	
	Days with Peak Gusts (16 m/s (35 mph)
	

	Month
	
	
	Avg
	Max
	Year
	Min
	Year
	
	Avg
	Max
	Year
	Min
	Year
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	January
	
	
	7.6
	
21
	1953
	
0
	   1985(a)
	
	4.0
	
14
	   1953
	
0
	   1985(a)
	

	February
	
	
	8.5
	
17
	1976(a)
	
2
	   2004(a)
	
	3.7
	
14
	   1976
	
0
	   2004(a)
	

	March
	
	
	13.2
	
21
	1977
	
4
	1992
	
	5.5
	
14
	   1997
	
0
	1992
	

	April
	
	
	16.9
	
26
	1954
	
8
	1946
	
	6.2
	
12
	   1972
	
1
	1967
	

	May
	
	
	18.8
	
26
	1978
	
9
	1945
	
	6.2
	
13
	   2002
	
0
	1957
	

	June
	
	
	19.7
	
26
	1963
	
11
	   1950(a)
	
	6.4
	
12
	   2002(a)
	
1
	1982
	

	July
	
	
	19.6
	
26
	1995
	
11
	1955
	
	5.6
	
11
	   1994(a)
	
1
	   1982(a)
	

	August
	
	
	15.9
	
24
	2000
	
7
	1945
	
	4.2
	
12
	   1996
	
0
	   1978(a)
	

	September
	
	
	11.4
	
17
	2002(a)
	
7
	   1975(a)
	
	3.4
	
7
	   2003(a)
	
0
	1975
	

	October
	
	
	9.1
	
19
	2003
	
3
	   1987(a)
	
	3.3
	
11
	   1997
	
0
	   1993(a)
	

	November
	
	
	8.3
	
16
	1990
	
0
	1979
	
	3.8
	
10
	   1998
	
0
	   1997(a)
	

	December
	
	
	7.4
	
15
	1968
	
0
	1985
	
	4.2
	
11
	   1957
	
0
	   1985(a)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Annual
	
	
	156.4
	
192
	1999
	
123
	1952
	
	56.6
	
86
	   2002
	
31
	1978
	

	(a)  Most recent of multiple occurrences
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Figure 4.1-3.  Wind Roses at the 60-m (197-ft) Level of the Hanford Meteorological Monitoring Network, Washington, 1986 through 2004 (Hoitink et al. 2005)

4.1.2 Temperature and Humidity

The 124-m (408-ft) tower at the HMS has temperature-measuring instrumentation at the following levels:  0.9, 9.1, 15.2, 30.5, 61.0, 76.2, 91.4, and 121.9 m (3, 30, 50, 100, 200, 250, 300, and 400 ft).  The three 61-m (200-ft) towers have temperature-measuring instrumentation at the 2, 10, and 60 m (approximately 6.5, 33, and 197 ft) levels.  Temperatures are measured at the 2-m (6.5-ft) level on the 9-m (30-ft) towers.  Relative humidity/dew point temperature measurements are made at the HMS and at the three 61-m (200-ft) tower locations.

Monthly averages and extremes of temperature, dew point, and humidity are presented in Hoitink et al. (2005).  Based on data collected from 1946 through 2004, the average monthly temperatures at the HMS range from a low of -0.7(C (31(F) in January to a high of 24.7(C (76(F) in July.  The highest winter monthly average temperature was 6.9(C (44(F) in February 1958 and February 1991, and the lowest average monthly temperature was -11.1(C (12(F) in January 1950.  The highest monthly average temperature was 27.9(C (82(F) in July 1985 and the lowest summer monthly average temperature was 17.2(C (63(F) in June 1953.

Daily maximum temperatures at the HMS vary from an average of 2(C (35(F) in late December and early January to 36(C (96(F) in late July.  There are, on average, 52 days during the summer months with maximum temperatures greater than or equal to 32(C (90(F) and 12 days with maxima greater than or equal to 38(C (100(F).  The largest number of consecutive days on record with maximum daily temperatures greater than or equal to 32(C (90(F) is 32 days.  The record maximum temperature, 45(C (113(F) occurred at the HMS on July 13, 2002 and August 4, 1961.

From mid-November through early March, the average daily minimum temperature is below freezing; the daily minimum in late December and early January is -6(C (21(F).  On average, the daily minimum temperature of less than or equal to -18(C (approximately 0(F) occurs only 3 days per year; however, only about one winter in two experiences such low temperatures.  The greatest number of consecutive days on record with minimum daily temperatures of less than or equal to -18(C (0(F) is 11 days.  The record minimum temperature, -31(C (-23(F) occurred on both February 1 and 3, 1950.

The annual average relative humidity at the HMS is 55 percent.  It is highest during the winter months, averaging about 76 percent, and lowest during the summer, averaging about 36 percent.  The annual average dewpoint temperature at the HMS is 1(C (34(F).  In the winter, the dewpoint temperature averages about -3(C (27(F), and in the summer it averages about 6(C (43(F).

4.1.3 Precipitation

Average annual precipitation at the HMS is 17 cm (6.8 in.).  During 1995, the wettest year on record, 31.3 cm (12.3 in.) of precipitation was measured; during 1976, the driest year, only 7.6 cm (3 in.) was measured.  The wettest season on record was the winter of 1996-1997 with 14.1 cm (5.4 in.) of precipitation; the driest season was the summer of 1973, when only 0.1 cm (0.03 in.) of precipitation was measured.  Most precipitation occurs during the late autumn and winter, with more than half of the annual amount occurring from November through February.  Days with greater than 1.3 cm (0.50 in.) precipitation occur on average less than one time each year.

Average snowfall ranges from 0.25 cm (0.1 in.) during October to a maximum of 13.2 cm (5.2 in.) during December and decreases to 1.3 cm (0.5 in.) during March.  The record monthly snowfall of 59.4 cm (23.4 in.) occurred during January 1950.  The seasonal record snowfall of 142.5 cm (56.1 in.) occurred during the winter of 1992-1993.  Snowfall accounts for about 38 percent of all precipitation from December through February.

4.1.4 Fog and Visibility

Fog has been recorded during every month of the year at the HMS; however, 89 percent of the occurrences are from November through February, with less than 3 percent from April through September (Table 4.1-4).  The average number of days per year with fog (visibility less than or equal to 9.6 km [6 mi]) is 48, while those with dense fog (visibility less than or equal to 0.4 km [0.25 mi]) number 25.  The greatest number of days with fog was 84 days during 1985–1986, and the least was 22 during 1948–1949.  The greatest number of days with dense fog was 42 during 1950–1951, and the least was 9 during 1948–1949.  The greatest persistence of fog was 114 hours (December 1985) and the greatest persistence of dense fog was 47 hours (December 1957).
Other phenomena causing restrictions to visibility (i.e., visibility less than 9.6 km [6 mi]) include dust, blowing dust, and smoke from field burning.  There are few such days; an average of 5 days per year have dust or blowing dust, and less than 1 day per year, on average, has reduced visibility from smoke.

Table 4.1-4.  Number of Days with Fog by Season, Hanford Site, Washington

	Category
	Winter
	Spring
	Summer
	Autumn
	Total

	fog
	32
	3
	(1
	12
	48

	dense fog
	17
	1
	(1
	7
	25


4.1.5 Severe Weather

Concerns about severe weather usually center on hurricanes, tornadoes, and thunderstorms.  Fortunately, Washington does not experience hurricanes; tornadoes are infrequent and generally small in the northwestern portion of the United States.  The National Climatic Data Center maintains a database that provides information on the incidence of tornados reported in each county in the United States.  This database can be accessed via the Internet at:  http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms.

This database reports that in the ten counties closest to the Hanford Site (Benton, Franklin, Grant, Adams, Yakima, Klickitat, Kittitas, and Walla Walla counties in Washington and Umatilla and Morrow counties in Oregon), there have been only 24 tornadoes recorded from 1950 through November 2004.  Of these, 17 tornadoes had maximum wind speeds estimated to be in the range of 18 to 32 m/s (40 to 72 mph), four had maximum wind speeds in the range of 33 to 50 m/s (73 to 112 mph), and three had maximum wind speeds in the range of 51 to 71 m/s (113 to 157 mph).  There were no deaths or substantial property damage (in excess of $50,000) associated with any of these tornadoes.   

Ramsdell and Andrews (1986) report that for the 5( block centered at 117.5( west longitude and 47.5( north latitude (where the Hanford Site is located), the expected path length of a tornado is 7.6 km (5 mi), the expected width is 95 m (312 ft), and the expected area is about 1.5 km2 (1 mi2).  The estimated probability of a tornado striking a point on the Hanford Site is 9.6 x 10-6/yr (Ramsdell and Andrews 1986).  The probabilities of extreme winds associated with tornadoes striking a point can be estimated using the distribution of tornado intensities for the region (Table 4.1-5).
Table 4.1-5.  Estimate of the Probability of Extreme Winds Associated with Tornadoes Striking a Point at Hanford, Washington (after Ramsdell and Andrews 1986)

	Wind Speed

         (m/s)      (mph)
	Probability Per Year

	            28           62
	2.6 x 10-6

	            56          124
	6.5 x 10-7

	            83          186
	1.6 x 10-7

	           111         249
	3.9 x 10-8

	
	


The average occurrence of thunderstorms in the vicinity of the HMS is ten per year.  They are most frequent during the summer; however, they have occurred in every month.  Thunderstorms can generate high-speed winds and hail.  Using the National Weather Service criteria for classifying a thunderstorm as “severe” (i.e., hail with a diameter greater than or equal to 19 mm [3/4 in.] or wind gusts greater than or equal to 25.9 m/s [58 mph]), only 1.9 percent of all thunderstorm events surveyed at the HMS have been “severe” storms, and all met the criteria based on their wind gusts.  High-speed winds at Hanford are more commonly associated with strong cold frontal passages.  In rare cases, intense low-pressure systems can generate winds of near hurricane force (Table 4.1-6).
Table 4.1-6.  Estimates of Extreme Winds at the Hanford Site, Washington (Hoitink et al. 2005)

	
	Peak Gusts

	Return

Period (yr)
	15.2 m (50 ft)

above Ground

(m/s)   (mph)
	61 m (200 ft)

above Ground

(m/s)     (mph)

	2
	   27         60
	       30       67 

	10
	   32         71
	       36       80

	100
	   38         85
	       43       96

	1000
	   44         98
	       50      111








(�)  Hanford climatological data summaries have been updated annually since 1995.  Earlier climatological reports that have been cited extensively include Glantz et al. (1990) and Stone et al. (1983).
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