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Preface

The Hartford Environmental Dose Reconstruction (HEDR) Project was prompted by mounting
concern about possible health effects to the public from more than 40 years of nuclear operations at
the U.S. Department of Energy's (DOE) Hanford Site near Richland, Washington. The primary
objective of the HEDR Project is to estimate the radiation dose (with descriptions of the uncertainties
inherent in such estimates) that individuals could have received as a result of radionuclide emissions

since 1944 from the Hanford Site. An independent Technical Steering Panel (TSP) directs the work
on the project which is conducted by Battelle, P_cific Northwest Laboratories under contract with the
Centers for Disease Control and Prevention.

The HEDR Project work includes a number of technical and administrative tasks. This report
describes the sources of meteorological data used by the Atmospheric Transport Task staff to estimate
air concentrations and surface contamination in the Hanford vicinity using the Regional Atmospheric
Transport Code for Hanford Emissions Tracking (RATCHET). Air concentrations and surface
deposition are used in estimating dose. This final report supersedes the interim report by Stage et al.
(1993) and fulfills HEDR Project 1_ lestone 0405B.
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Summary

The HartfordEnvironmental Dose Reconstruction (HEDR) Project is estimating radiation doses
that individuals may have received from operations at Hanford from 1944 to the present. An
independent Technical Steering Panel (TSP) directs the project, which is being conducted by the
Battelle, Pacific Northwest Laboratories in Richland, Washington. The goals of HEDR, as approved
by the TSP, include both estimation of the doses and determination of the confidence ranges for these
doses.

A number of computer programs are being developed by the HEDR Project to estimate doses
and confidence ranges associated with radionuclides transported through the atmosphere and the
Columbia River. One of the computer programs is the Source Term Release Model (STRM), which
uses the laws of science and the data on Hartford operations to estimate the amounts of radionuclides
vented to the atmosphere through the operating plant stacks. Another computer program is the
Regional Atmospheric Transport Code for Hanford Emissions Tracking (RATCHET). RATCHET
combines release data with information on atmospheric conditions including wind direction and speed.
The RATCHET program uses these data to produce estimates of time-integrated air concentrations
and surface contamination. These estimates are used in calculating dose by the Dynamic EStimates of
Concentrations And Radionuclides in Terrestrial Environments (DESCARTES) and the Calculations
of Individual Doses from Environmental Radionuclides (CIDER) computer programs.

This letter report describes the final status of the meteorological database used by RATCHET
and supersedes the interim report by Stage et al. (1993). The report describes the data collection
procedures and the preparation and control of the meteorological database. This report also provides
an assessment of the data quality. This assessment shows the available meteorological data are
adequate for atmospheric calculations. Checks of the data indicate the data entry accuracy meets the
data quality objectives.

The report includes three major sections. The introduction (Section 1.0) provides background
information and an overview of the meteorological database development effort. Section 2.0 includes
a description of the data set and quality controls used in building the meteorological database.
Section 3.0 details the information available for each location from which meteorological data have
been obtained.



Glossary

Acronym/Term/
Abbreviation Definition

AFB Air Force Base
ALW Walla Walla, Washington, Meteorological Station
BKE Baker, Oregon, Meteorological Station
BNO Bums, Oregon, Meteorological Station

" BON Bonners Ferry, Idaho, Meteorological Station
CIDER Calculation of l._dividual Doses from Environmental Radionuclides (computer

code)
COL Colville, Washington, Meteorological Station
CON Condon, Oregon, Meteorological Station
DESCARTES Dynamic EStimates of Concentrations and Accumulated Radionuclides in

Terrestrial EnvironmentS (computer code)
DLS Dallesport, Washington, Meteorological Station
EAT Wenatchee, Washington, Meteorological Station
ELN Ellensburg, Washington, Meteorological Station
ENE East-Northeast
EPH Ephrata, Washington, Meteorological Station
ESE East-Southeast
FY Fiscal year
GEG Spokane (Geiger Field), Washington, Meteorological Station
HAR Harrington, Washington, Meteorological Station
HEDR Hartford Environmental Dose Reconstruction
HEDRIC HEDR Integrated Codes
histogram A graphical representationof a distributionfunction using rectangles where the

heights represent the number of observations occurring in each interval
HMS Hartford, Washington, Meteorological Station
isohyet A line drawn through geographicpoints recording equal amounts of precipitation

for a specified period of time
LAC LaCrosse, Washington, MeteorologicalStation
LWS Lewiston, Idaho, Meteorological Station
MWH Larson AFB, Washington, Meteorological Station
NE Northeast
NNE North-Northeast
NNW North-Northwest
NW Northwest
NWDI National Wind Data Index
OMK Omak, Washington, Meteorological Station
ONO Ontario, Oregon, Meteorological Station
orographic Pertaining to mountains, especially with regard to their location and distr._bution
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Acronym/Term/
Abbreviation Definition

PDT Pendleton, Oregon, Meteorological Station
POP Probability of precipitation

precipitation rose A graphical representation of the distribution of wind directions when precipitation
is recorded at a particular station during a specified period of time

PSC Pasco, Washington, Meteorological Station
RATCHET Regional Atmospheric Transport Code for Hanford Emission Tracking (computer

code)
RDM Redmond, Oregon, Meteorological Station
SE Southeast

SFF Spokane (Felts Field), Washington, Meteorological Station
SKA Fairchild AFB, Washington, Meteorological Station
SMP Stampede Pass, Washington, Meteorological Station
SSE South-Southeast
SSW South-Southwest
SW Southwest

STRM Source Term Release Model (computer code)
USGS United States Geological Survey
wind rose A graphical representation of the distribution of wind directions at a particular

station during a specified period of time
WNW West-Northwest
WSW West-Southwest

YKM Yakima, Washington, Meteorological Station
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1.0 Introduction

This letter reportdescribes the status of the HanfordEnvironmentalDose Reconstruction
(HEDR) Project final meteorological databasein satisfaction of HEDR Milestone 0405B (Shipler
1993). This introductiongives an overview of the computer model used for HEDR dose estimates,
discusses the importanceof meteorological conditionsin dose reconstruction,and describes the
domainand period of interest for the HEDR atmosphericmodel.

1.1 Overview of HEDR Integrated Code

Figure 1.1 shows the interactionof the majorcomponentsof the HEDR IntegratedCode
(HEDRIC). HEDRICconsists of fourcomputercode modules and their associated interfaces. The
first module is based on knowledge of operationsat the nuclearreactorsandchemical processing
plants. The records thatwere keptat the plantsdescribe the materials that went into the process.
Data from those recordsare entered into a mathematical model that simulatesoperationof the
process. Thatmodel, the Source Term Release Model (STRM), uses knowledge of the chemistry and
physics of Hartfordplant operationsandplant records to produce an estimateof the amountsof
radionuclidesvented throughoperatingplant stacks to the atmosphere. The second module, Regional
AtmosphericTransportCode for Hanford EmissionTracking (RATCHET), combines the release data
with informationon meteorologicalconditions, includingwind directionand speed, andproduces
estimatesof time-integratedair concentrationsandsurface contamination. As Figure 1.1 indicates,
the third module, Dynamic EStimatesof ConcentrationsAnd Radionuclidesin TerrestrialEnviron-
mentS (DESCARTES), uses data on air concentrationsand surface contaminationto calculate
radionuclideprogress through the food chain. Ultimately, DESCARTESdescribes the radionuclide
concentra,.ionin food availableto the populationin the HEDR Projectarea. The final module,
Calculationof IndividualDoses from EnvironmentalRadionuclides(CIDER), uses time, location, and
diet informationfor an individualand the results from DESCARTESto calculatedose estimates. This
reportfocuses on the meteorologicaldata used as inputto the RATCHETcode.

1.2 Need for Meteorological Data

Whenever any substanceis released into the atmosphere,the fate of that substanceis largely
determined by meteorologicalconditions. Windspeed and direction, atmosphericstability, mixing
layerdepth, and precipitation(when present)determinethe transport,dilution, anddeposition rate.
These factors determinethe distributionof the substancein the environment. Realistic dose

• reconstruction requiresa meteorological databasethat describes the temporaland spatial changes in
the atmosphereduringperiods of significantradionuclidereleases to the air.
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Figure 1.1. Hanford Environmental Dose Reconstruction Integrated Codes
for the Atmospheric Pathway

1.3 Model Domain

Time-integrated air concentrations and surface contamination from radionuclides released to the
air are to be calculated for the rectangular domain (indicated by the box with tick marks) shown in

Figure 1.2. The RATCHET domain is centered at 46° 40' N, 118 ° 45' W. It extends 395.9 kilome-
ters (246 miles) east to west and 492.5 kilometers (306 miles) south to north. The area covered is
approximately 195,000 square kilometers (75,000 square miles). The tick marks are 12 miles apart.

The Hanford Site (shown in cross hatch) is near the center of the figure. The figure details

specific locations for which data have been included in the meteorological database. (Section 3.0
contains a description of each location.)
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Figure 1.2. Map of RATCHET Domain and Meteorological Stations

1.4 Period of Interest

The HEDR Project has divided the operations at the Hanford Site into several time periods based

on magnitude of releases (Shipler and Napier 1992). The first period of interest, between December
1944 and December 1949, corresponds to the interval of the largest radionuclide releases to the

atmosphere (Heeb 1993).

t,

1.5 Content of this Report

This report provides meteorological information for December 1944 through December 1949.
Section 2.0 gives a description of the data set, procedures used to enter the data into the database, and
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data quality checks used to ensure the database is an accurate reproduction of the historical records.
The report contains a discussion on the accuracy of the data, the adequacy of the data for representing
the meteorological conditions in the HEDR region, sources of errors and uncertainties in the data, and
their probable sizes.

Section 3.2 contains detailed descrip_.ionsof the stations used in the HEDR meteorological
database. These descriptions include station locations, available data and the data source, and local
topography. Statistics have also been compi!ed for wind direction, wind speed, and wind direction
during precipitation (see Section 2.7 for details). Some discussion is given of the effects of local
topography on these statistics. The RATCHET module that uses the data to estimate the air
concentrations and surface contamination is described in separate reports (Ramsdell and Burk 1992;
Ramsde_l 1992).
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2.0 Description of the Data Set

Data suitable for use in the RATCHET Model are available for 25 locations for the HEDR
period of interest. A list of these stations, followed by their abbreviations, is contained in Table 2.1.
The locatiom of these stations are shown in Figure 1.2, and a more detailed description of each
station is given in Section 3.0 of this report.

Table 2.1. HEDR MeteorologicalData Stations

Station Name Abbreviation StationName Abbreviati6n

State of Washington State of Oregon
Colville COL Baker City BKE

Dallesport DLS Burns BNO
Ellensburg ELN Condon CON
Ephrata EPH Ontario ONO
FairchildAFB SKA Pendleton PDT

HanfordMeteorological HMS Redmond RDM
Station

Harrington HAR
LaCrosse LAC
Larson AFB MWH State of Idaho

Omak OMK Bonners Ferry BON
Pasco PSC Lewiston LWS

Spokane (Felts Field) SFF
Spokane (Geiger Field) GEG
Stampede Pass SMP
Walla Walla ALW
Wenatchee EAT
Yakima YKM

2.1 Weather Service Operating Procedures

All of the stations, except the HartfordMeteorological Station (HMS) (see Section 2.2), followed
standardU.S. WeatherBureauprocedures(Changery 1978). During the period of interest, wind

, speeds were measuredusing rotating three-cupanemometers mountedon the roofs of buildings, on
towers, or on beacons. To obtain a wind speed, the observerwatched a displayshowing imtrument
outputfor a single 1-minuteperiod at the observationtime (30 minutespast the hour), made a visual
estimate of the average, andrecorded the result (to the nearest whole mile per hour) as the hourly
wind speed.
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During most of the 1940s, wind direction was measured by wind vanes that used output lights.
The dials of these instruments had eight lights to indicate sixteen wind directions. For winds from
each direction (north, northeast, east, southeast, south, southwest, west, or northwest), one light
became illuminated. For intermediate wind directions, two adjacent lights were illuminated (for
example, a south-southeasterly wind was indicated by illumination of the south and southeast lights).

To calculate the wind direction, the observer used a method similar to that for wind speed.
Specifically, the observer watched the dial for I minute at the observation time and visually estimated
the average. The result was recorded to the nearest compass point on a 16-point compass (northerly,
north-northeasterly, northeasterly, east-northeasterly, and so forth), each comprised of a 22.5-degree
direction band.

Between 1947 and the early 1950s, wind vanes at the observing stations were gradually replaced
by vanes that indicated direction on dials showing 0 to 360 degrees(a). Observers recorded wind
directions based on the 16 compass points until 1965, when observers started recording directions in
10--degreeincrements.

Weather conditions (including precipitation, cloud covel, and ceiling) were visually estimated
and recorded by the observer. The RATCHET model uses these weather observations to calculate
estimated precipitation rates and atmospheric stability.

2.2 Hanford Meteorological Station Operating Procedures

Instrumentation and observation techniques at HMS in the early 1950s are described by Jenne
(1954). In the absence of any other information about station procedures, it is reasonable to assume
these techniques were followed from the beginning of observations in 1944. Wind speed and direc-
tion were continuously recorded on strip charts. Hourly observations were obtained by averaging the
values on the strip charts.

Jerme (1954, Section 5.02, "Entries on Form R-143, Daily Hourly Wind Log") gives a detailed
set of rules for determining the reported hourly wind direction. The rules are designed to make the
choice of a wind direction as objective as possible. They are based on six possible wind-direction
categories ranging from an easy category (with nearly steady direction for an entire hour) to much
more difficult categories (with winds varying among several sectors). The wind direction is defined
as the direction most representative for the hour. In actuality, the rules are designed so the chosen
direction is the direction from which the wind comes for the most number of minutes.

(a) Communication Log (HEDR Project Document No. 10930166), "Wind Direction Sensors Used
at HEDR Meteorological Stations," telephone conversation between S. A. Stage, BNW, and
M. J. Changery, National Climate Data Center, September 16, 1993.
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Each wind speed anddirectionrecorded for HMS is based on a full-hourrecord, rather than the
1-minuteobservationperiods used at the U.S. WeatherBureaustations. Therefore, the Hartforddata
are more representativeof hourly atmospherictransportat that station than the U.S. WeatherBureau
dataare at their respective stations.

2.3 Use of One Spokane Station

Three stations are clusterednear Spokane(Felts Field, Geiger Field, and FairchildAir Force
Base, AFB). Use of all threestations producesan undulystrongweighting of the Spokanevicinity in

" the RATCHETwind field. For this reason, datafrom only one of these stationswill be used for dose
computations. The FairchildAFB Stationwas selected becausedata are availablefor 1944 through
1949. The data informationfor Felts Field is provided in this report. Informationis provided for
Geiger Field, but the meteorologicaldatawere not evaluated.

2.4 Data Sources

Data from HMS were obtainedfrom a digital file provided by the HartfordMeteorological
Program. This file was producedfrom originalhandwrittenrecords.

Data from the other stations were obtained from the NationalClimatic Data Center Archive in ,
the form of magnetic tapes, when available, and as microfiche copies or paperphotocopies of original
handwrittenrecordsmade by the observers for other periods. A general descriptionof these data is
given by Changery(1978). In some cases, the archived microfiche or photocopyrecords were
difficult to read. Figure2.1 shows an example of a photocopiedrecordthat is readily legible.
Figure 2.2 shows a recordwith poor legibility, and Figure 2.3 shows a recordwith crossed out values
andmisplaced numbersthat make it difficult to determinewind data. Data were omitted if they could
not be read with high confidence. Only a few pointswere illegible.

Data from microfiche and paper copies were manuallyentered into the database. As datawere
being entered,range checks were made to preventgross errors. Wind directionwas required to be in
the range0 to 16 when direction was recordedusing the 16 points of the compass and0 to 36 when
direction was recorded in tens of degrees. All wind speeds were requiredto be in the range of 0 to
50 miles per hour (mph)or knots (kn) dependingupon the units used in the original records.

Ceiling height, reported in levels of 100-foot increments, was limited to heights between 0 and
30,000 feet. Sky cover was recorded in tenths. Ranges were limited to between 0 and 9 with over-
cast conditions reported as 9. Precipitation types were limited to no greater than 5; codes for precipi-
tation types ranged between 1 and 39. Additional quality checks were done after data entry to check
for missing values and for data out of order. Wind speeds not in the range of 0 to 50 were flagged,

, aswere changes of more than 10 units between consecutive hours. A check was also done to ensure
that if a calm code was entered for wind speed, it was also entered for direction and vice versa.
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Figure 2.1. Legible Station Record (Dallesport, Washington, November 27, 1946)
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Until 2200 hours, September 25, 1945, data were recordedusing Pacific War Time, then Pacific
Standard Time was used. When War Time was used, one hour was subtracted so the database
uniformly used StandardTime.

2.5 Uncertainties and Representativeness of Wind Data

Several factors lead to errors and uncertainties in the recorded wind data (both speed and
direction). For example, anemometers may have systematic or random errors. Instruments can also
record wind speeds distorted by nearby structures and/or the structure on which they are mounted.

• The second case is especially true for instruments mounted on building roofs. Spatial and temporal
variations in wind fields also lead to limitations on the accuracy of wind data. Local topography
tends to channel or block air flow or to generate local effects such as upslope and downslope winds.

' The station wind speed and direction may not be representative of the region surrounding the station.
Additionally, 1-minute averages of wind speed and direction differ from the true average of the
observation hour.

The fact that wind speeds are reported to the nearest mile per hour and that wind directions are
reported to the nearest point of the compass (22.5 degrees) is, in part, a statement of the uncertainties
in the data.

Because wind observations are within a few meters of the ground, they may differ from the
winds at the height of the plume center. Ideally, transport modeling is done with the aid of winds
measured at a number of heights up to the plume top. Unfortunately, no upper-level wind data are
available in the RATCHET domain region for the period of interest.

2.6 Station Topography

The local topography of the HEDR stations has been assessed through an examination of U.S.
Geographical Survey (USGS) 1:250,000 topographic maps and is included in the station descriptions
in Section 3.0. The stations can be divided into three topographic categories:

• those in the large, flat region of the Columbia Basin, with no local topography sufficient to
affect the wind flow

• those in mountainousregions, generally in the bottoms of basins or river valleys, that are
expected to produce strong local effects

• stations in various intermediate situations.

• Several of the HEDR stations are within the large, flat region of the Columbia Basin. This
region slopes gradually upward from 150 to 210 meters (500 to 700 feet) on the Hanford reservation
to 650 meters (2100 feet) near Spokane, approximately 190 km (120 miles) to the northeast. With the
exception of the Saddle Mountains, which slice into the western part of the basin just north of
Hanford, local variations in height are less than 100 meters or so (only a few hundred feet) and have
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little effect on winds measured at the stations. Results from HEDR Phase I studies (Ramsdell and
Burk 1991) indicate that maximum radionuclide deposition occurred within this basin. Therefore, the
most significant doses calculated for HEDR will be based on wind fields over comparatively flat
terrain and subject to relatively little small-scale spatial variability.

Most of the other stations are in the Cascade Mountains, Blue Mountains, or the mountains of
Idaho. Most of these stations are located at airports that are in locally fiat regions in river valleys or
basins. In several cases, surrounding mountains rise a thousand meters or more (thousands of feet)
above the station. Winds associated with large-scale weather systems (synoptic winds) are channeled
or blocked by these local topographicfeatures. Under conditions with weak synoptic winds, local
temperature differences between the peaks and valleys generate upslope or downslope winds that are
also channeled by local terrain. The winds observed at a station depend on the exact location of the
station relative to local topography. Furthermore, winds may vary substantially between neighboring
valleys and basins, depending on their geometry and orientation.

The Stampede Pass Station, located between two peaks at the summit of a mountain pass, is a
unique case in which winds are strongly influenced by surrounding terrain. Winds at stations within
mountainous regions are not very representative of the surrounding area, and winds in these regions
are less resolved than in flatter terrain. For these reasons, transport within mountainous regions of
the RATCHET domain is subject to much more uncertaintythan transport within the Columbia Basin.
Fortunately, these regions are less frequently involved in HEDR radionuclide transport calculation
than the Columbia Basin.

Most other stations had topography between these two extremes. For example, Walla Walla is
surrounded by rolling hills with high mountains to the southeast. Winds at stations in this category
experience moderate amounts of local topographic influence and represent winds in some parts of
their surroundings.

2.7 Statistical Representations of the Meteorological Data

Tables of statistical distributions of wind direction, wind speed, and wind direction during
precipitation have been prepared for the HEDR stations. These distributions are also represented
graphically using wind roses, wind speed histograms, and precipitation roses, respectively. The
details of how these statistics are computed are discussed in this section. Data from HMS are also
used here as an example.

Section 3.0 includes tables and graphs for all of the available data at each station in the HEDR
database during the period December 26, 1944 through December 31, 1949. (As explained in Sec-
tion 2.3, Spokane, Geiger Field is not used for RATCHET computations and, therefore, has had no
statistics computed for it.) It must be emphasized that these statistics are based on the data in the
database for each station. The observation periods are shorter than needed to estimate climatic
statistics and some of the stations have periods of record that cause some seasons to be weighted more
heavily than others. Thus, these statistics do not realistically represent the climates of the stations.
They do, however, accurately represent the weather conditions that occurred in the RATCHET
domain during the HEDR time period and, therefore, are useful for evaluating the conditions that
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affected transport and deposition of radionuclides in HEDR. They are also helpful in evaluating
conditions in the vicinity of each of the stations, including the effects of local topography. Sec-
tion 3.0 includes text discussing local effects as seen in the roses and histograms.

Stage et al. (1993) presented preliminary wind roses for some of the HEDR meteorological
stations based on data recorded at three-hour intervals and taken from the portion of the HEDR
meteorological database available at the time of that report. For most stations, those preliminary
wind roses are similar to the final HEDR wind roses shown in Section 3.0. However, due to the
inclusion of additional data, the wind roses for some stations have changed significantly. The roses
shown in this report are based on the final HEDRmeteorological database. The roses shown in this
final report should be used, rather than those from Stage et al. (1993) when considering the effects of
meteorological conditions on concentration and deposition rates produced by RATCHET.

, Maps of wind roses, wind speed histograms, and precipitation roses for the RATCHET domain
are illustrated and discussed in Sections 2.7.1, 2.7.2 and 2.7.3.

2.7.1 Wind Direction Distributions and Wind Roses

The wind directiondistributiontables show the percentageof the total nmnberof hoursof data
thatwind blew from each sector. The data are furtherdivided into low wind (speed less than 6 mph)
and high wind (speed greaterthan or equal to 6 mph) cases. For example, Table 2.2 indicates the
wind at HMS hadspeeds less than 6 mph from the south-southwest(SSPf) during2.02 percent of the
hoursof dataand winds from the south-southwestwith speeds greater than or equal to 6 mph during
6.59 percent of the hoursof data, so thata total of 8.61 percentof the hours hadwinds from the
south-southwest. V_ten all directionsare considered, the table also shows the wind was greaterthan
6 mph for61.36 percentof the total hours.

Data in thewind directiondistributionaregraphicallyrepresentedby a wind rose. The direction
of each of the petals of the wind rose indicatesthe wind directionand the length of the petal indicates
the fraction of time the wind was from that direction. The thin parts of the petals shown near the
center of the rose indicatethe percentages for low wind speeds and the thicker partsnear the outside
indicatethe percentagesfor high wind speeds. The combined lengths (thin plus thick parts)of the
whole petals indicatethe total percentageof the time the wind blew from each direction. For
example, the wind rose in the upperleft cornerof Figure 2.4 shows the most common directionfor
winds at HMS was from the west-northwest.

A petal for calm conditions is shown at the lower left of the mainwind rose. Of course, the
calm wind petal of the wind rose cannothave a high wind speed partand is not a functionof
direction. As seen in the wind rose, calm conditionsare rareat HMS.

Several of the stations(see, for instance, the Pasco wind rose in Section 3.0) show a telltale
. pattern. These stationshave an alternationbetween low values on the eight main compass points

(north, northwest,west, southwest, and so forth) and high values on the minor eight compass points
(north-northwest,west-northwest,west-southwest, south-southwest,etc.). Thereis no physical
process likely to produce this pattern,therefore, this conditionprobablyrepresentsan observerbias
when visually averagingthe wind direction. The datashow that observers, when reportingthe
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Table 2.2. HartfordMeteorological Station Wind Direction
and Wind Speed and Stability Distributions

HMS Wind Direction Distribution

All
Direction < 6mph > = 6 n'q)h Speeds

N 2.04 1.26 3.30
NNE 2.60 .79 3.39
HE 1.27 .24 1.51
ENE 2.51 .44 2.95
E 1.94 .25 2.19
DE 2.62 1.01 3.63
SE 1.18 1.00 2.17
_qE 1.93 1.98 3.91
S 1.09 2.61 * 3.70
UW 2.02 6.59 8.61
SW 1.40 5.75 7.15
WSW 3.10 8.64 11.74
W 2.48 13.94 16.43
WNW 4.60 12.56 17.16
NW 2.66 1.88 _.54
NNW 4.47 2.42 6.88

.73 .00 .73

All 38.64 61.36

JiMSWind Sp_ed Distribution

All

S0P_<_(mph) Stable Nmstral Unmble Mi_. Stebiliti_S < - 2 3.92 .26 4.30 8.49
2 < S <- 6 15.82 2.28 12.06 .00 30.16
6 < S <- I0 8.32 8.90 7.79 .00 25.01
10 < S <- 20 2.56 24.93 .00 .00 27.50
20 < S .I0 8.75 .0O .00 8.85

All Speeds 30.73 45.12 24.15 .00

_.IMSvr_pd,D:m:ctionDistributionDurine Precivitation

LiquidPrecipitation Frozen Pm:ipitetioa
Direction Light Moderate Heavy Light Mod©mte Heavy Total

N 1.80 .11 .00 .74 .11 .00 2.75
NNE 1.38 .00 .00 .32 .00 .00 1.70
NE 2.01 .21 .00 . .11 .00 .00 2.33
F.N]E 2.22 .21 .00 .00 .00 .00 2.44
£ 3.18 .00 .00 .32 .00 .00 3.50
ESE 2.97 .11 .00 .85 .00 .00 3.92
SE 1.48 .21 .00 .32 .00 .00 2.01
SSE 2.65 .32 .00 .32 .00 .00 3.28
S 3.28 .11 .00 .21 .00 .00 3.60
SSW 6,46 .32 .00 .42 .00 .00 7.20
SW 5.93 .32 .00 .42 .00 .00 6.67
WSW 6.67 .21 .00 .64 .11 .00 7.63
W 7.95 .21 .00 8.69 .53 .00 17.37
WNW 14.62 ..53 .00 7.10 .32 .00 22.56
NW 2.75 -53 .00 2.44 .00 .00 5.72
NNW 3.39 .32 .00 2.01 .00 .00 5.72
Calm 1.48 .00 .00 .11 .00 .00 1.59 "

All 70.23 3.71 .0_ 25.00 1.06 .00

3.07_ of houri hadre_ordedpnu:ipitation.
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averageat several stations, favoredwind directionswith two lights on. If theobserver saw the
northwestlight on during the entire averagingperiod and the west light on duringsome of the period,
it seems plausible theobserver was likely to reportwest-northwesterlywinds, even if the west wind
light was on somewhatless than half of the time. If true, such behaviorwould explain the pattern
seen in these roses.

Because the HMS is near the radionuclidereleasepoint, meteorological datafrom this station are
especially importantin RATCHETcalculations. As explained in Section 2.2, HMS used a strip chart
to record wind directionduringthe entire hour and a carefulaveraging scheme ratherthan the light
indicatorpanel and l-minutevisual averagingscheme used by the U.S. Weather Bureau. Nonethe-
less, a patternof alternatinghigh and low percentagesis seen for most directions in both the low and
high wind portions of the rose for HMS. The wind rose suggests that,despite the recordingand
averagingscheme at Hartford,some observer bias existed.

t

Stone et al. (1983, Table 17, p. V-4) tabulatedthe wind directiondistributionfor the 15.7-meter
(50-foot) level at the HMS for hourly data from 1955 through1980. This tabulationdid not divide
the distributioninto high and low wind speeds. Figure 2.5 is a comparison of the HMS wind rose
based on the HEDR data from December 1944 throughDecember 1949 and the wind rose based on
Stone et al. (1983)• The Stone et al. (1983) rose is based on many more years of data than the
HEDR rose and, therefore, is e_:pectedto be closer to the true climatologicalmean. The two roses
are very similar. However, the patternfor 1944 through 1947 is shifted aboutone compass point

i ii i i i i i i

30.5m level 15.7m level
Dec. 1944 to Dec. 1947 1955 to 1980

High and Low Wind Speeds All Wind Speeds

N N

Oa'm t 1• m

......... ii i iiii i iii i1=1

Figure 2.5. Wind Rose Comparison for HMS Between HEDR (left) and Stone et al. (1983) (right)
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counterclockwise. Thus, the greatestwind frequencieswere west-northwesterlyand westerly, rather
than northwesterlyandwest-northwesterly,as seen in the period 1955 through1980. Some of this
shift may be due to the differing measurementheights. The similarityof the two roses indicates that
during the period of maximumrelease, near-normalwind directions were present at the HartfordSite

Looking at the low and high wind speed portions of wind roses can provide informationon
locally induced circulationpatterns. For example, the comparisonof the low wind part of the rose
for HMS with the high winds pan shows that easterlywinds are more likely to occur during low wind
speeds than duringhigh wind speeds. The wind roses for Pasco and Ellensburgshow even more
dramaticdifferences between low andhigh speeds. (See Section 3.0 for illustrationsof these wind

• roses.)

2, 7.2 Wind Speed Distributions and Wind Speed Histograms

Wind speed distributionsshow the percentageof the time the wind speed at each stationis within
variouscategories. The categoriesused are less than or equal to 2 mph, greaterthan 2 mph ahd less
than or equal to 6 mph, greaterthan 6 mph andless than or equal to 10 mph, greaterthan 10 mph
and less than or equal to 20 mph, and greaterthan 20 mph. The categories are furtherdivided to
indicatethe percentageof time the atmosphericstability, as computed by RATCHET(Ramsdelland
Burk 1992), is stable, neutral,or unstable(Table 2.2). The techniquefor computingstability is
similar to that reportedby RamsdeUand Burk (1992); however, additionalassumptionshave been
made to allow stability to be computed when one or more variablesare missing. These details will be
reported in the final reporton RATCHET.

For example, Table2.2 shows stableconditions with wind speeds greaterthan 10 mph and less
than or equal to 20 mphcomprised2.56 percentof the total hoursof dataat HMS. Neutral condi-
tions with wind speeds greaterthan 10 mph and less than or equal to 20 mph comprised24.93 percent
of the total hours. Unstable conditionswith wind speeds greaterthan 10 mph and less than or equal
to 20 mph comprised none of the hours. All stabilitieswith wind speeds greaterthan 10 mph and less
than or equal to 20 mph comprised 27.50 percent of the total hours.

The informationin the wind speed distributionscan also be displayedgraphically using a
histogram, as shown at the bottomof Figure 2.4. The lengths of the thick partsof the bars near the
bottomof the histogramindicatestable conditions, the lengths of medium widthsections indicate
neutralconditions, and the lengths of the thin sections near the top indicateunstable conditions. Data
for those times when stabilityinformationwas missing are not included in the histograms.

As can be seen in Section 3.0, the shapesof the histogramsvary widely from station to station.
Neutralconditions comprisea larger fraction of the high wind cases than of the low wind cases. This

" is a fundamentalresult of surface layer stability theory that has been designed into the furner stability
computation scheme used to compute the stabilities in this database (Ramsdell and Burk 1992).

2.7.3 Wind Direction Distributions During Precipitation and PrecipRation Roses

The tables of wind direction distributions during precipitation are similar to the tables of wind
directions, except that only times having recordedprecipitation are considered. The tables are divided
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into columns for precipitation type (liquid and frozen) and for intensity (light, moderate, and heavy).
Precipitation roses are graphical representations of these same data, thus they are displays of which
way the wind blows when it rains. The roses in this report have been simplified compared with the
tables, by combining liquid and frozen precipitation into one graphical representation. Light
precipitation is indicated by the thin parts of the petals near the center of the roses, moderate
precipitation by the medium thickness portions of the petals, and heavy precipitation by the thick parts
of the pedals near the outside of the rose.

Precipitation was recorded at HMS during 3.07 percent of the total hours. The part of
Table 2.2 showing wind direction distributions during precipitation and the precipitation rose in
Figure 2.4 (upper right comer of the page) indicate that precipitation was most likely to occur at
HMS when the wind was from the west-northwest (22.56 percent of the total hours with
precipitation).

J

Other statistics can be calculated from the values in the tables. Taking the percentage of the
total hours having precipitation, multiplying by the percentage of the time that wind was from a
particular direction during precipitation, and dividing by 100 gives the percentage of the total time
that had precipitation and winds from that direction. For instance, 0.69 percent of the total hours of
data at HMS had winds from the west-northwest and precipitation (3.07 percent times 22.56 percent
divided by 100). Taking the percentage of the total time that had precipitation, dividing by the
percentage of the time that wind blew from a particular direction and multiplying by 100 gives the
percentage probability that precipitation occurred when the wind was from that direction. For
example, a 4.02 percent probability of precipitation was the case at HMS when winds were from the
west-northwest (0.69 percent divided by 17.16 percent times 100).

For most of the stations, the shapes of the precipitation rose and the wind rose are similar,
indicating the shape of the wind roses is dominated by the distribution of wind directions, rather than
by the dependence of the probability of precipitation on wind direction. The shape of the precipita-
tion rose at a station is modified relative to the wind rose by the effects of local topography. Wind
directions that tend to produce orographic lifting have relatively more precipitation, while those that
produce sinking have relatively less. For some stations, the wind directions that prevail in the wind
rose are less prevalent in the precipitation rose. For other stations, the prevailing wind directions are
accentuated in the precipitation rose.

2.7.4 Discussion of Patterns Over the RACHET Domain

Tables 2.3, 2.4, and 2.5 summarizethe wind speed, stability, andprecipitationstatistics for the
meteorologicalstations. The columnmarkedPOP in Table 2.5 indicatesthe probabilityof precipita-
tion (the percentageof the hours reportingprecipitation).
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Table 2.3. Wind Sped Smnmariesby Station

(Percentageof Total Numberof Hours)

Sm 0< =s<=2 2<s< =6 6<S< =10 10<s< =20 20<s

HMS 8.49 25.90 25.67 28.61 11.33
ALW 15.52 40.47 22.37 18.86 2.79
BKE 12.79 40.60 23.44 20.47 2.70
BNO 17.74 45.13 24.51 12.03 .59

, BON 51.10 31.56 11.38 5.88 .09
COL 48.17 39.12 9.76 2.87 .07
CON 2.61 26.39 32.35 34.31 4.34

• DLS 14.85 30.38 17.79 27.57 9.41
EAT 13.98 27.81 30.11 21.43 6.67
ELN 17.22 30.96 11.03 17.97 22.81
EPH 7.61 31.89 32.57 25.57 2.37
HAR 9.31 20.81 32.17 33.85 3.86
LAC 22.74 36.87 21.10 17.81 1.49
LWS 16.08 51.11 19.44 10.85 2.53
MWH 10.92 33.50 28.20 24.26 3.12
OMK 38.42 35.68 17.88 7.74 .28
ONO 16.64 38.51 22.15 17.07 5.64
PDT 8.11 39.98 24.23 20.86 6.81
PSC 30.25 24.30 20.44 17.23 7.78
SFF I1.11 45.99 22.59 17.58 2.72
SKA 7.61 26.93 31.16 27.92 6.39
SMP 3.90 14.99 24.53 47.02 9.56
RDM 8.81 36.54 25.36 24.99 4.30
YKM 14.29 45.20 27.63 10.64 2.23
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Table 2.4. Wind Stability (All Speeds) by Station

(Percentage of Total Numberof Hours)

Stn Stable Neutral Unstable

HMS 30.73 45.12 24.15
ALW 27.78 38.06 34.16
BKE 24.13 38.67 37.20
BNO 31.84 27.25 40.91
BON 29.15 33.38 37.46
COL 38.58 21.95 39.47
CON 17.60 56.24 26.16
DLS 20.24 48.10 31.66
EAT 28.21 53.16 18.63
ELN 22.36 51.90 25.74
EPH 23.09 44.00 32.91
HAR 28.67 58.59 12.74
LAC 26.47 37.30 36.23
LWS 31.54 29.22 39.24
MWH 27.31 39.75 32.93
OMK 27.06 37.81 35.13
ONO 28.09 41.03 30.88
PDT 26.62 37.58 35.79
PSC 38.71 31.92 29.38
SFF 27.02 35.72 37.26
SKA 17.28 57.85 24.87
SMP 12.16 73.48 14.36
RDM 21.81 41.98 36.22
YKM 30.85 28.33 40.82
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Table 2.5. Probabilityof Precipitation by Station

(Percentage of Total Number of Precipitation Hours)

Stn POP _ Moderate Heaw¢

HMS 3.07 95.23 4.77 .00
ALW 10.87 97.82 1.91 .27
BKE 10.79 96.73 2.91 .36
BNO 11.87 96.21 2.80 1.00

. BON 28.43 80.04 15.58 4.38
COL 21.03 70.83 25.67 3.50
CON 1_..35 99.88 .13 .00

• DLS 10.10 98.90 .93 .16
EAT 7.74 93.78 6.14 .08
ELN 10.63 97.39 2.31 .30
EPH 6.84 97.54 2.13 .33
HAR 7.85 91.77 8.23 .00
LAC 11.17 98.33 1.51 .16
LWS 11.54 98.89 1.08 .03
MWH 5.12 96.75 2.85 .41
OMK 16.74 82.55 12.74 4.71
ONO 8.53 97.76 2.10 .14
PDT 9.91 98.16 1.52 .32
PSC 5.30 97.97 2.03 .00
SFF 13.66 98.92 .94 .14
SKA 13.85 95.41 4.07 .52
SMP 36.13 94.86 4.15 .99
RDM 7.21 98.57 1.02 .41
YKM 6,86 98.81 1.03 .17
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Figures 2.6, 2.7, and 2.8, respectively, show maps of wind roses, wind speed histograms, and
precipitation roses for the RACHET domain. The centers of the roses and histograms are placed as
near the station locations as possible, without allowing the symbols to collide. The large variability
between stations will be discussed in Section 3.0. However, this discussion is limited to some general
patterns in the wind flow.

At Hanford and to the west and northwest (that is, at HMS, the Yakima, and the Wenatchee
Stations), the prevailing flow is generally from the west. North of Hanford at Ephrata, the wind rose
shows a broad maximum flow from the west to north, and Larson AFB shows a broad maximum for
flows from the north-northwest through southwest to south-southeast.

In the upper part of the Columbia Basin (northeast of Hanford) the Harrington, LaCrosse, and
Spokane (Felts Field) Stations show remarkably bimodal wind direction distributions with maxima
from the west-southwest and from the north-northeast. At all three of these stations, the west-
southwesterly lobe is dominated by high wind speeds. For Spokane (Felts Field) and LaCrosse, the
north-northeasterly lobe is dominated by low wind speeds. At Pasco just south of Hanford, the wind
rose has a maximum from the west-southwest similar to that seen in the upper basin, but no
corresponding lobe from the east-northeast.

These components indicate the prevailing wind flow into the Columbia Basin is from the west or
northwest continuing out into the basin and then swinging toward the northeast. This general flow
pattern is expected to be the dominant factor in determining the shape of the concentration and
deposition plumes computed by RATCHET.

The other stations show considerable variation in wind roses. These stations are located in

regions with strong local topographic effects. Fortunately, they are farther from the region of the
expected plume center and are expected to have less influence on RATCHET computations than the
stations already discussed.

Little or no pattern is discernible in the wind speed histograms. However, it is noted that HMS
is one of the windiest stations in the HEDR domain. HMS had winds above 20 mph for 11.33 per-
cent of the data, a value exceeded only by Ellensburg (22.81 percent). HMS winds were above
10 mph for 39.94 percent of the total hours (adding the 10 to 20 mph percentage to the over 20 mph
percentage), thus ranking third behind Stampede Pass (56.58 percent) and Ellensburg (40.78 percent).

Figure 2.9 shows a map of average annual precipitation amounts in Washington State (van der
Leeden and Troise 1974). The chief features of interest to HEDR have been described by van der
Leeden and Troise (1974, p. 935) as follows:

Warming and drying of air as it descends along the lee (eastern) slopes of the Cascade
Range results in near desert conditions in the lowest section of the Columbia Basin.
Another orographic lifting of the air occurs as it flows eastw_rd from the lowest
elevations of the Inland Basin towards the Rocky Mountains. This lifting of air results
in a gradual increase in precipitation from the lowest section of the basin to the higher
elevations along the eastern border of the State.
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The result is that isohyets (contoursof equal mean rainfall) in eastern Washington approximately
parallel the elevation contours.

Table 2.5 and Figure 2.9 show the driest portion of the region is near HMS with less than
8 inches of rain per year and only 3.07 percent of the hours showing precipitation. Pasco is nearly as
dry with rain during only 5.30 percent of the totalhours. Moving northeastwardacross the Columbia
Basin toward Spokane and higher elevationsshows an increase in the percentage of total hours of
precipitationcorresponding to the orographicallyinduced increase in rainfallas seen in Figure 2.9.
The book by van der Leeden and Troise (1974) gives the annual mean precipitationat Geiger Field in
Spokane as 17.19 inches, and Table 2.5 shows precipitation for 13.85 percent of the totalhours at
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Fairchild AFB in Spokane. The maximum probabilityof precipitation for the meteorological stations
in the HEDR domain is at Stampede Pass with 36.13 percent of the total hours having precipitation.

Table 2.5 also shows the vast majority of the precipitationoccurring in the RATCHET domain
is light and thatmoderate m_dheavy precipitation are rare in the Columbia Basin. No episodes of
heavy precipitation were recorded at HMS during the period of interestand only 46 hours of
moderate precipitationwere reportedout of a total of more than 30,000 hours of data.

2.8 HEDR Data Quality Objectives

This section evaluatesthe quality of the databaseas defined for the atmosphericmodel database.
Specific dataqualityobjectives requiredfor this task are shown in boldprint.

Q

Accuracy -- The objective is that the database contain the same information as
recorded by the stations. Data entry accuracy criteria will be established by
evaluating model sensitivity to data entry errors. A representative subset of the data
will be examined to determine data entry accuracy. Data entry errors identified
during the examination will be corrected; more extensive data checks will be made if
data entry accuracy falls below an acceptable level. (Shipler 1993, p. 5.19).

All datafor December 1944 through1949 were enteredand checked for quality. The only
exceptionsare the two previously mentionedSpokanestations. Also, 1948 and 1949 datafor Bonnets
Ferry, Colville, and Omakhave not been entered into the database. These stationshad four or fewer
observationsper day and are near the northernboundaryof the RATCHET domain in a region not
expected to have significantdoses associated with the low releases during 1948 and 1949. As a
furtherqualitycheck to ensure againstany large errors, the spatialandtemporalmeteorological
patternsof the datawere plottedand examined. Based on these checks, the HEDR meteorology
databasemeets the QA objective which states the databaseneeds to be an accuratereproductionof the
historicalrecord (Shipler 1993).

An initial data entrycheck comparedmore than6720 wind speed and directionentries in the
databaseagainst origi'._alrecords. Data entryerrors in wind speed, direction, or both were detected
for 17 hours; the errorratewas 0.25 percent. Whendataentry errors in either speed or direction
were consideredseparately, the errorrates were smaller. Many of the detected dataentry errors were
as small as one of the units in which the datawere recorded. The data entry errors in wind speed
were most frequently1 mph/knand never more than2 mph/kn. For 5 out of 12 detected errors, the
wind directionwas off by I compass point, and 4 were off by 2 points.. Because these errors have a

. relatively small effect on plume transport, only 3 errors (0.04 percent)were considered significant.
In addition, during a 3-month period, wind data for one station were offset by 1 hour. This offset
was caused by an error in applying the conversion from War Time to Standard Time. This error was
specific to this 3-month time period and did not affect other periods.

A second check was made to further determine the frequency of data entry errors in wind speed
armwind direction and to cheek for errors in precipitation, cloud cover, and ceiling. Data were
examined for one randomly chosen day of each month during 1945 at each of 10 selected stations.
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The stationsused were Walla Walla, Colville, Dallesport,Ephrata,Harrington,LaCrosse,
LarsonAFB, Omak, Fairchild AFB, andYakima. Values in thedatabasefor a total of 2026 hoursof
datawere comparedwith the originalrecords, or approximately3 percentof the datafor these
stationsd_lring1945.

The greatesterrorratedetectedwas 0.7 percent(less than 1.3 percent with 99 percent confi-
dence) for wind direction. The majorityof these errors were plus or minus one or two sectors and
representmistakesin interpretingwind arrowson the writtenrecords and convertingthem into
directioncodes. The rateof direction errors greater than two sectors was 0.2 percent (less than
0.6 percent with 99 percent confidence). One of these errorswas a reversalof the wind direction.

The errorratefor wind speed was 0.2 percent(leSsthan 0.6 percentwith 99 percentconfi-
dence). Most of these errorswere plus or minus 1 or 2 knots. One error (0.5 percent) was found
where the previoushour's wind was enteredratherthan reporting the value as missing. No wind
speed errors greaterthan 2 knots were found.

Errors were found in 0.4 percent(less than 0.9 percentwith 99 percentconfidence)of the
precipitationdata. Some of these errorswere errors in enteringtheprecipitationtype (for instance,
reportinglight snow instead of light snow showers) thathave no effect on the precipitationamountor
on concentrationscomputedby RATCHET. The remainderof the errors were situationsin which
light precipitationwas omitted from the database. No cases were found in which moderateor heavy
precipitationwas omitted or incorrectly entered.

Cloudcover and ceiling hadan error rateof 0.4 percent(less than 0.9 percentwith 99 percent
confidence). Nearly all of these errors have no impacton the stabilityclass computedby RATCHET
and, therefore, have no impacton computedconcentrations. Only one error(0.4 percent, less than
0.9 percentwith 99 percent confidence) changed the stabilityclass, and then by only one stability
class.

The numberof points tested in this check for data entryerrors is sufficient to state with 99 per-
cent confidencethe error rateof any of the variables larger than those detectedby this check is less
than 0.2 percent.

Based on these two dataqualitychecks, the numberof dataentryerrors is considered small and
the errors themselves are generally small in amplitude. The uncertaintyintroducedinto the database
by dataentry errorsis much less than the uncertaintiesused in RATCHETto simulateuncertaintiesin
the wind field and other meteorologicalparameters. Therefore,data entryerrors will have an unde-
tectableeffect on concentrationsand uncertaintiescomputedby RATCHET. Thus, the meteorological
database meets the HEDRdata qualityobjective for accuracy.

All errors detected in these checks have been corrected in the database. The only exceptions are
thatdata for 1948 and 1949 for BonnersFerry, Colville, and Omakhave not been entered into the
database. These stations had four or fewer observationsper day and are nearthe northernboundary
of the RATCHET domainin a regionnot expected to havesignificant doses associated with the low
releasesduring 1948 and 1949. As a furtherquality check to ensure against any large errors, the
spatial and temporal meteorologicalpatternsof the data were plotted andexamined. Based on these
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checks, the HEDR meteorology databasemeets the QA objective (Shipler1993) which states the
databaseneeds to be an accuratereproductionof the historicalrecord.

Precision -- The objective is that uncertainties in the data be estimated from historical
records and analysis of instrumentation and recording practices insofar as possible
(Shipler 1993, p. 5.19).

The meteorologicalobservationtechniquesused by the U.S. WeatherBureaustationsand by
HMS have been addressed in previous sections which presentqualitativestatements of the uncertain-
ties in the data. An uncertaintyalso is associated with the fact that wind data from stations in

• mountainousregions do not fully representthe wind in the vicinity.

Completeness -- The objective is to identify and obtain sufficient meteorological data
• from national meteorological data archives to reconstruct dispersion of radionuclides

released from Hanford. Completeness will be measured by professional judgment
(Shipler 1993, p. 5.19).

Hanfordmeteorological data recordsand data indices of the NationalClimatic Data Centerhave
been searchedto identify meteorologicaldata available for use in HEDR atmosphericdispersion cal-
culations. The availabledata have been identifiedand obtained. A subset of these data were used for
dispersioncalculations in Phase I of the HEDR Project. Additionaldata have been entered for use in
future calculations. It is ourjudgmentthat these data are sufficient to reconstructdispersion of
radionuclidesfrom Hanford.

Representativeness -- The objective is that the database represent the known available
Hanford and regional meteorological information (Shipler 1993, 5.19).

The meteorologicaldatabasebeing preparedfor use in the HEDR Projectcontainssufficient data
to reproducethe general wind patternsfor the region of interest. It contains all of the Hartforddata
for the period of interest and most of the data availablefrom the NationalClimatic Data Center. In
addition,meteorological datamay be availablefrom other sources. However, priorto using data
from another source, it is necessaryto establishthe data quality. HEDR Project personnelbelieve it _
is unlikely that additionalmeteorological datawouldcause any large changes in the results of the
atmosphericdispersioncalculations.
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3.0 Descriptions of Meteorological Stations

J

This section containsinformationsheets for each of the stations in the HEDR meteorological
database. Except as noted, this informationwas obtained from Changery (1978). Figures for the
wind roses, precipitationroses, and wind speed histograms, and the tables for the wind direction
distribution,wind speed and stability distribution,andwind direction duringprecipitationare also
given. (See Section 2.7 for an explanationof these figures and tables.)

3.1 Explanation of Data Sheets

The informationcontainedon each of the data sheets is as follows:

Station: identifies the stationnameandabbreviation.

Type: describes the _ve of station (for example, SupplementalAviation WeatherReportingStation
or Air Force Base).

Location: details the latitude, longitude, and elevationabove mean sea level of this station.

Measurement height: indicatesthe height of the wind instrumentsabove the groundin meters and
feet.

Instrument mounted: describes the type of structureon which the instrumentswere mounted, such
as on the roof of a building.

HEDR environmental grid coordinates: gives the X and Y coordinatesof this point on the
RATCHETmodel environmentalgrid, as it is being used for the HEDR Project.

Data source: describes whether data obtained from the NationalClimatic Data Center Archive were

microfiche, photocopies, or magnetic tape. NWDI refers to the NationalWind Data Index (Changery
1978).

Data availability: explains how frequently and on which dates the data were taken at this station. In
a few cases, magnetic tapes were obtained from the National Climatic Data Center for periods not
listed in the NWDI.

Missing data: identifies historical periods for which data are not available. In most cases, this
indicates that observations were not taken or, for other reasons, did not enter the archive. In a few
cases, the missing data notation indicates that records in the archives were not legible. In addition to

- those noted, stations that recorded hourly data have an occasional hour of missing data. This total is
no more than 5 hoursper year per station. Stationswith 6-hourly synoptic observations have more
missing hours, such as Colville, with a total of 34 missing hoursin 1946. This informationwas
obtained from the data.
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Local topography: provides a brief description of the topographynear the station. The emphasis is
on featuresthat may affect air flow at the station. These descriptionsare based on subjective
evaluations of the stationlocation using USGS 1:250,000 topographicalmaps.

Station moved: provides dates thatstationswere moved to new locations, followed by the new
location or measurementheight. (Most stations were moved to a new locationor instrument

mounting heights were changed at least once during the period of interest.) Information on station !
and instrument moves that occurred after 1949 is provided for completeness.

Wind roses: a brief description is given of the chief features of the wind direction distribution and
the wind rose. Comments on the wind speed histograms and the precipitation roses are also given for
a few stations. (See Section 2.7.)

3.2 Descriptions of Stations in the HEDR Meteorological Database

Eachof the stations in the HEDR meteorology database is described in the subsections that
follow. Stations within each state are listed alphabetically.
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3.2.1 Station: Colviile, Washington (COL)

Type: Not determined.

Location: 48:32:00N 117:53:00W 573 meters (1879 feet) elevation.

Measurement height: 11 meters (36 feet).

Instrument mounted: On the roof of a building.

. HER environmental grid coordinates: X = 14.30, Y = 24.25.

Data source: Papercopy for 1944 through1949.
t

Data availability: 4 observationsper day 1944 through1947.

Missing data: A total of 34 hoursof data was missing in 1946. These were mostly scatteredsingle
hours. No data 4/7-8/47 and 5/29/47.

Local topography: This stationis located in a narrowbasin formed by the Colville River and
several small creeks and rivers. It is surroundedby peaks that rise about600
meters (2000 feet) above the basin floor.

Station was moved: 1/61 Measurementheight: 9.1 meters (30 feet).

Station was moved: 8/66 Measurementheight: 9.5 meters (31 feet).

Station was moved: 7/74 Measurementheight: 10.1 meters (33 feet).

Wind roses: Of all the HEDR stations, Colville andBonnersFerry(Idaho)were the most strongly
influenced by the hesitancyto reportwinds havingone of the eight majorcompass
points (see Section 2.7.1). This station is the least windyHEDR stationwith winds
calm 21.27 percentof the total hoursand less than 6 mph during87.29 percentof the
hours. The maximumof the wind rose is for north-northwesterlywinds. Figure 3.1
illustratesthe wind rose, precipitationrose, and the wind speed histogramfor this
station. Table 3.1 summarizesthe wind directionand wind speed and stability
distributions.
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Figure 3.1. Colville Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.1. ColviUeWind Directionand Wind Speed andStabilityDistributions

C_3LWind Direction Distribution

(_rcenmgo of totalnumberof houmof data)

Speed Sbp_hmr_em <6 _1h >= s_,5_sN
19.13 3.19 22.32

NE .54 .O5 .59
H 6.72 .32 7.04
B .44 .12 .56
DE 4.86 .61 5.47
SIR 1.25 .71 1.96

. SSE 4.29 .47 4.76
S 1.18 .44 1.62
SSW 8.63 1.47 10.11
SW .83 .17 1.01
WSW 7.63 1.13 8.76

• W 1.01 1.10 2.11
WNW 5.49 1.84 7.33
NW .22 .15 .37
NNW 2.89 .29 3.19

21.27 .00 21.27

An 87.29 12.70

COLWind $m_d i nd Stability Distribution

(Peroentaseoftotalnumberofhoursofdata)
,All

Speed(mph) Stable Noutnd Unstable StabUifiea
0 < - S < - 2 20.73 7.65 19.79 48.17
2 < S <- 6 14.77 7.90 16.46 39.12
6 < S <- 10 2.87 3.68 3.21 9.76
10 < S <- 20 .22 2.65 .00 2.87
20 < S .00 .07 .00 .07

An Speeds 38.58 2135 39.47 100.00

COL W'mdDirectionDistribution Durina Precioitation

21.03% of bournhad mcmded precipitation.

(Percemap of total number of houmhavinj precipitation)

LiquidPmcipim6ou Frozen Precipitation
Din_tioa Light Modamta Heavy Light Modemta Heavy Total

N .58 .12 .00 .00 .12 .00 .82
NN]S 8.28 3.85 .58 2.22 1.52 .23 16.69
NE 30 .00 .00 .00 .00 .12 .82

5.83 1.75 .00 .82 .47 .12 8.98
E .35 .23 .00 .00 .00 .00 .58
ESE 5.72 1.52 .12 .58 .23 .23 8.40
SE 1.17 .23 .12 .12 .00 .00 1.63
SSB 2.68 1.05 .23 .82 .23 .00 5.02

" S .12 .00 .00 .12 .23 .00 .47
SSW 5.25 .93 .12 1.40 .58 .00 8.28
SW .12 .00 .00 .00 .23 .00 .35
WSW 2.57 .93 .00 1.52 .47 .12 5.60
W 1.05 .23 .00 .70 .00 .00 1.98
WNW 2.68 .58 .00 l.,t0 .82 .00 5.48
NW .12 .00 .00 .00 .00 .00 .12
NNW 1.75 .23 .00 .58 .00 .00 2.57
Calm 12.25 4.90 .23 9,34 4.20 1.28 32.21

All 51.22 16.57 1.40 19.60 9.10 2.10

3.5



3.2.2 Station: Dallesport, Washington (DLS)

Type: Flight Service Station

Location: 45:37:00N 121:09:00W 72 meters (236 feet) elevation.

Measurement height: 12.5 meters (41 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 1.34, Y = 7.46.

Data source: Papercopy for 1944 through 6/48.
Magnetic tape for 1948 and 1949.

Data availability: Observationstakenevery hour 12144 through 12/47.

Missing data: No data5/28/45, 5/29/45, 7/9/45. Bad copies 5/20-21/46. No dataMay and June
1946.

Local topography: This stationis located near the center of the ColumbiaRiver Gorge where the
river has carved a narroweast-west passage throughthe Cascade Mountains.
This station is on a small flat region located at the Dalles Airport,Dallesport,
Washington,across theriver from the town of The Dalles, Oregon. Between
600 and900 meters (2000 and3000 feet) below the surroundingterrainand no
more than8 to 16 kilometers(5 to 10 miles) wide, the gorge strongly channels
winds. Strongwinds are frequentlyproduced in the gorge by synoptic pres-
sure gradientsand by thermalpressuregradientsbetween the east and west
sides of the Cascades.

Station was moved: 3/61 Measurementheight: 6.1 meters (20 feet).

Wind roses: High-speed westerly or northwesterlywinds up the Columbia Gorge are most common
here. Low speed winds are remarkablyuniform in their distribution. Figure 3.2
illustratesthe wind rose, precipitationrose, and the wind speed histogramfor this
station. Table 3.2 summarizesthe wind directionand wind speed and stability
distributions.
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Table 3.2. DallesportWind Directionand Wind Speed andStabilityDistributions

DIS Wind Direction Distribution

(Pmomge of totalnumberof houmof dam)

Aft
S s

N 2._ .27
2.08 .53 2.61

NE 2.23 2.12 4.35
ISNE 2.75 1.58 4.34
IR 3.07 1.29 4.37
UE 2.50 .49 2.99
SB 2.57 .31 2.88
UB 1.14 .09 1.23
S 3.34 .51 3.84
UW 3.21 1.47 4.68
SW 3.14 2.34 5.48
WSW 1.10 1.76 2.86
W 2.96 17.57 20.52
WNW 2.35 9.68 12.02
NW 3.71 14,40 18.11
NNW 1.59 .38 1.96
Calm ' 5.18 .00 5.18

All 45.23 54.77

DIS WindSoeud end QtabiljtyDistribution

(Percemage of tmal numberof houm of dam)

AU
Speed (mph) Stable Neutral Unstable Stabilities
o < - S < - 2 6.57 1.42 6.86 14.85
2 < S <- 6 8.23 6.23 15.92 30.38
6 < S <- 10 3.27 6.91 7.61 17.79
10 < S <- 2O 1.50 24.81 1.26 27.57
20 < S .69 8.72 .00 9.41

All _ 20.24 48.10 31.66 100.00

DIS Wind Direction Distributionl)urinRPrecinitttioll

10.10%of hours had recordedpreciphation.

(Percentageof tmal numl_r of bourn Imving precipitation)

LiquidPrecipitation Frozen Precipitation
I)iru:tion Light Moderate Heavy Lisht Modemt8 Heavy To(al

N 2.82 .00 .00 .37 .00 .00 3.20
NNE 2.73 .00 .00 .82 .02 .02 3.60
NE 4.04 .05 .00 2.15 .07 .02 6.33
ENE 3.45 .09 .00 1.42 .00 .02 4.90
E 3.17 .00 .00 1.07 .02 .00 4.27
ESE 2.05 .02 .00 .47 .05 .02 2.61
SB 2.78 .02 .00 .26 .00 .00 3.06
SSB 1.47 .00 .00 .05 .00 .00 1"52
S 4.46 .00 .00 .28 .00 .IX) 4.74
SSW 4.69 .00 .02 .19 .00 .00 4.90
SW 5.58 .02 .02 "51 .02 .00 6.16
WSW 2.89 .02 .00 .30 .02 .00 3.24
W 13.35 .09 .02 .86 .07 .(30 14.40
WNW 8.08 .05 .00 .47 .02 .00 8.61
NW 17.02 .16 .00 .77 .00 .00 17.95
NNW 2.85 .02 .00 .16 .02 .00 3.06
Calm 5.70 .02 .00 1.61 .12 .00 7.45

All 87.14 .49 .07 11.77 .44 .09
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3.2.3 Station: Ellensburg, Washington 0ELN)

Type: SupplementalAviation WeatherReportingStation

Location: 47:02:00N 120:31:00W 527 meters (1729 feet) elevation.

Measurement height: 18 meters (59 feet).

Instrument mounted: Onthe roof of a building.

. HEDR environmental grid coordinates: X = 4.07, Y = 15.61.

Data source: Papercopy for 1944 through 1947. Papercopy 1/48 through5/48. Tape for 6/48
' through 12/49.

Data availability: Observationstaken every hour during 1944 to 1947.

Missing data: None.

Local topography: This stationis located in the KittitasValley formed by the YakimaRiver and
surroundedby ManastashandUmtanumRidges to the southwest andby the
WenatcheeMountainsto thenortheast. The KittitasValley is a relatively fiat
ellipse about32 kilometerslong and 16 kilometerswide (20 miles long and
10 miles wide) with its majoraxis oriented from northwestto southeast.
Surroundingpeaks extend approximately750 meters (2500 feet) above the
valley floor.

Station was moved: 4/48. Measurementheight: 18.3 meters (60 feet).

Station was moved: 7/52. Measurementheight: 9.8 meters (32 feet).

Station was moved: 11/59. Measurementheight: 5.2 meters (17 feet).

Instrument mounted: Ona beacontower.

Wind roses: During nearly half (49 percent)of all hours, strong winds blow down the Yakima
River from the west, west-northwest,or northwest. When winds are low, they are
more often east-northeasterly. Figure 3.3 illustrates the wind rose, precipitationrose,
and the wind speed histogramfor this station. Table 3.3 summarizesthe wind
direction and wind speed and stabilitydistributions.
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Table 3.3. Ellensburg Wind Direction and Wind Speed and StabilityDistributions

•uqWlpdDir_tlo.Dimr]butlon

(l_reeutageof totalnumberofhoursofdata)

Direction < 6 m_h > -
NNE 3.38 .95 4.32

2.28 .66 2.94
ENE 7.09 2.06 9.14
R 2.39 .9O 3.29
BE 4.30 1.05 5.35
SE 2.31 .64 2.96
SSB 2.86 .73 3.$9

' S 1.62 .38 2.00
SSW 2.14 .31 2.45
SW .93 .28 1.20
WSW 2.20 1.09 3.29

. W 1.71 7.20 8.90
WNW 3.73 28.29 32.02
NW 1.64 6.30 7.93
NNW 2.26 .67 2.92
Calm 6.47 .00 6.47

All 48.19 51.81

]E_NWind Shoed and StmlT|iityDjmlb_ou

0Peroentag,of total numberof houmof dam)

(mph) Stable Neutnd Unstable Stabilities
0 < ,, S < ,, 2 8.19 1.39 7.65 17.22
2 < S <- 6 10,77 6,56 13,63 30,96
6 < S <- 10 2,23 4.89 3,90 11,03
10 < S <-20 .47 16,96 ,55 17,97
20 < S .70 22.11 .00 22.81

AHSpeeds 22,36 51.90 25.74 100,00

ELN WindDirection DistributionDurinf Pre_iottation

10.63 %ofhoum had recordedpreQipitation.

(PerconUtgeof total number,f houm having pn_ipimtlon)

L_.aid Prealpitatlon FrozenPrecipitation
Direction Light Moderate Heavy Light Moderate H Teal

N ,83 ,02 ,00 ,47 ,00 ,_0vy 1.33
NNE 3,23 ,02 .00 1.63 ,02 ,00 430
NB 1.58 . ,00 ,00 1.07 ,02 ,02 2,70
ENIX 7,00 ,04 ,00 3.34 ,26 .02 10,66
IS 2,20 ,00 ,00 1,90 ,17 ,04 4,32
BSE 3,74 ,02 ,00 2,70 ,26 ,09 6.80
SB 1.82 .04 .00 .86 .04 .02 2.78
SSE 2.$7 .04 .IX) 1.35 .06 .02 4.05

. S 1.65 .02 .00 .83 .00 .00 2.50
SSW 2.10 .00 .00 1.37 .02 .00 3.49
SW 1.11 .00 .00 .62 .02 .00 1.75
WSW 3,$3 ,02 ,00 1,73 ,09 ,00 5.37
W 5,41 ,15 .00 1,78 .06 ,02 7,43

, WNW 18,70 ,09 ,02 4,97 ,21 ,04 24,03
NW 4,51 ,04 ,00 1,54 ,09 ,00 6,18
NNW 2,46 ,00 ,00 1,61 ,09 .00 4,15
Calm 3,62 ,04 ,00 3,55 .34 .00 7.55

All 66,08 ,56 ,02 31,31 1.75 ,28
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3.2.4 Station: Ephrata, Washington (EPH)

Type: Civil AeronauticsAdministration

Location: 47:18:00N 119:32:00W 388 meters (1273 feet) elevation.

Measurement height: 8.2 meters (27 feet).

Instrument mounted: Onthe roof of a building.

HEDR environmental grid coordinates: X = 7.94, Y ffi 17.15.

Data source: Papercopy for 1944 through 1947. Magnetictape for 1948 and 1949.

Data availability: Observationstakenevery hour during1944 to 194,.

Missing data: None.

Local topography: This stationis located in the ColumbiaBasin. The terrainto the south and
east of the station is extremelyflat; in these directionsno terrainwithin
40 kilometers (25 miles) is more than 100 meters (300 feet) differentfrom the
stationelevation. Immediatelyto the west and north of the station, hills rise
300 meters (1000 feet) and more above the station elevation. Just north of
Ephrata is the GrandCoulee, the channelfollowed by the ColumbiaRiver
duringan ice age andnow holdingSoap Lake, Blue Lake, Lenore Lake,
Banks Lake, andother ._._lallerlakes.

Station was moved: 3/47 Measurementheight: 11.6 meters (30 feet).

Station was moved: 5/56 Measurementheight: 10.1 meters (33 feet).

Station was moved: 5/59 Measurementheight: 6.1 meters (20 feet).

Wind roses: The wind rarelyhas componentsfrom the east. Less than 11 percentof the total hours
record winds between northeasterlyand southeasterly. In the remaininghours, the
wind is almostevenly distributedbetween all angles with westerly components. When
winds are weak, a predominanceof north-northwesterlyand northerly winds indicates
drainage from the hills to the northor down the GrandCoulee. Figure 3.4 illustrates
the wind rose, precipitationrose, andthe wind speed histogramfor this station.
Table3.4 summarizesthe wind directionand wind speed and stabilitydistributions.
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Figure 3.4. Ephrata Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.4. EphrataWind Direction andWind Speed and StabiIKyDistributions

Wind Direction Dit_ribution

(Pomatqgo oftc_l numberof bournof dsta)

NN]B 2,78 2.35 5.13
NB 1.46 1.10 2.56

1.10 .66 1.76
]E .69 .51 1.20
I_B 1.09 .99 2.08
SB 1.16 1.81 2.97
SSB 2.12 4.19 6.31
S 1.53 2.66 4.18
SSW 2.40 4.79 7.19
SW 1.23 2.53 3.76
WSW 2.91 8.61 II..52
W 1.32 6.17 7.50
WNW 3.60 8.13 11.73
NW 2.09 4.29 6.38
NNW 6.40 7.20 13.60
Calm 1.90 .00 1.90

.All 39.49 60.51

m_HWlnd Seeecland SlsbHitvDistribution

(Po_ntslo of _ numberof hours of din)

A/I
(mph) Sutblo Neumd Umtsblo Stabilitios

0 <,,, S < - 2 2.78 .39 4.43 7.61
2 < S <- 6 9.27 6.65 15.96 31.89
6 < S <- 10 9.36 12.60 10.60 32.57 '
10 < S <- 20 1.64 22.02 1.91 25.57
20 < S .02 2.33 .00 2.37

.AllSpeads 23.09 44.00 32.91 100.00

F.PHW_mdDiremJonDistributionDurinf Pr_cipi_fion

6.84_ of bournhad recorded procipimtic_.

(Percemge of _ numberof hourshavlng precipitation)

uqu.P ipi,.,io,, pmov, ipi,.,io.
Di_on Ught Moclomte Heavy Li_t Modemt6 Heavy To_

N 9.22 .30 .00 5.26 .07 .00 14.84
NNB 3.26 .03 .00 1.00 .00 .00 4.29
1_ 2.06 .00 .00 .37 .IX) .00 2.43
ENE 1.63 .00 .00 .17 .00 .00 1.80
E 1.56 .00 .00 .27 .10 .00 1.92
ESB 2.30 .03 .00 .23 .00 .00 2.56
SB 3.66 .00 .03 .50 .00 .00 4.19
SS]E 7.49 .03 .00 .47 .00 .00 7.99
S 3.76 .00 .00 .13 .00 .00 3.89 "
SSW 5.42 .02 .00 .17 .00 .00 5.62
SW 2.10 .03 .00 .20 .00 .tD 2.36
WSW 4.72 .00 .03 _83 .27 .00 $.86
W 3.33 .03 .03 .92 .10 .03 4.46 .
WIqW 6.56 .10 .00 2.63 .37 .00 9.65
NW 4.76 .10 .07 2.63 .10 .03 7.69
IqNW 9.82 .10 .00 6.95 .33 .07 17.27
Calm 2.20 .00 .00 .96 .00 .00 3.16

.All 73.84 .110 .17 23.69 1.33 .17
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3.2.5 Station: Fairchild AFB, Washington (SKA)

Type: Air Force Base

Location: 47:38:00N 117:39:00W 743 meters (2437 feet) elevation.

Measurement height: 10 meters (33 feet).

Instrument mounted: On the roof of a building.

• IlEDR environmental grid coordinates: X 15.27, Y = 19.06.

Data source: Papercopy for 1944 through1947. Magnetictape for 1948 and 1949.

Data availability: Observationstakenevery hour in the period 1944 to 1947.

Missingdata:None.

Localtopography: Thisstationislocatedabout16kilometers(10miles)westofthecenterof
Spokane.Tothewestandsouthwest,nosignificantterrainfeaturesare
presentfor120kilometers(75miles).To thenortheast,thelandgentlyslopes
downabout8 kilometers(5miles)totheSpokaneRiverandthengradually
climbstohillsthatrisetoapproximately300meters(1000feet)abovethe
station.

Stationwas moved: 3/53Measurementheight:25.9meters(85feet).

Stationwasmoved: 4/55Measurementheight:29.3meters(96feet).

Stationwasmoved: 8/57Measurementheight:33.5meters(110feet).

Stationwasmoved: 4/58Measurementheight:4.0meters(13feet).

Instrumentmounted:4/58onatowerontheground.

Stationwasmoved: 3/59Measurementheight:4.6meters(15feet).

Stationwasmoved: 4/63Measurementheight:3.4meters(11feet).

Stationwasmoved: 11/66Measurementheight:5.5meters(18feet).

. Wind roses:Southerlywindsdominate,withnearly40percentofthewindscomingfromthesouth-
southeast,south,orsouth-southwest.A smallsecondarymaximumisalsopresentfor
windsfromthenorth-northeast.Figure3.5illustratesthewindrose,precipitation
rose,andwindspeedhistogramforthisstation.Table3.5summarizesthewind
directionandstabilityandspeeddistributions.
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Figure 3.5. Fairchild AFB Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.5. Fairchild AFB Wind Direction andWind Speed andStabilityDistributions

SKA Wind Direction Distribution

0Pe_ of total numberof hours of data)

Speed $3._ h Alln_o_tion <6 _.._h >- s4.J_N
NNB 3.95 4.91 8.86
NB 1.77 3.34 5.11

2.61 2.04 4.64
i_ 1.28 1.43 2.71
mE 2.67 3.79 6.47
SE 1.54 4.63 6.17
SSE 2.95 11.18 14.13

• S 2.04 11.02 13.05
SSW 2.42 10.39 12.81
SW 1.00 2.97 3.97
WSW 1.24 1.75 2.98
W .67 .75 1.42

• WNW .95 .75 1.71
NW 1.25 1.34 2.59
NNW 2.62 2.17 4.79
Calm 3.60 .00 3.60

All 34.53 65.47

SKAWind Sneedend Stability Distribution

(Pementqp of total number of hours of data)
All

.q_,,d,m_) Stable Neutral Unstable Stabiliti..
- 2 3.81 .37 3.42 7.61

2 < S <- 6 7.03 7.62 12.28 26.93
6 < S <- 10 5.53 16.47 9.16 31.16
10 < S <- 20 .79 27.13 .00 27.92
20 < S .13 6.26 .00 6.39

All Speeds 17.28 57.85 24.87 100.00

SKA WindDirection DistributionDurirmPrzcinitation

13,8.5_ ofhoum had recordedprecipitation.

(Percemfp of total numberof houmhaving precipitation)

"L_.u'JdPrecipitation Frozen Precipitation
Direction Modamti Heavy Lijht Modamta Heavy To_

N L_; .14 .03 2.35 .03 .03 4.34
NNE 3.53 .08 .00 3.09 .25 .05 639
NE 2.30 .03 .00 1.26 .30 .00 3.88
ENIS 2.87 .05 .00 1.34 .03 .03 4,32
E 2.57 .03 .00 .82 .08 .00 3.$0
ESE 6.67 32 .00 2.62 .46 .03 10.00
SE 6,83 .41 .05 2.62 .22 .05 10.19
SSE 13.17 .60 .05 2.84 .14 .03 16.83
S 10.71 .14 .03 2.02 .03 .03 12.95

" SSW 8.96 .08 .00 2.92 .00 .00 11.97
SW 2.38 .03 .00 .55 .05 ,03 3.03
WSW 1.01 .05 .00 .68 .00 .00 1.75
W .44 .03 .00 .16 .00 .00 .63

, WNW .76 .08 .00 .38 .03 .00 1.26
NW .98 .03 .00 .85 .03 .00 1.88
NNW 1,86 .08 .03 2.21 .03 .03 4.26
Calm 1.20 .27 .00 .68 .03 .03 2.21

All 68.00 2.35 .19 27.40 I//2 .33
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3.2.6 Station: Hanford Meteorological Station (HMS)

Type: Atomic Energy Commission/Departmentof Energy

Location: 46:33:47N 119:35:54W 223 meters (731 feet) elevation.

Measurement height: 30.5 meters (I00 feet).

Instrument mounted: On a tower on the ground.

HEDR environmental grid coordinates: X = 7.64, Y = 12.90.

Data source: Digital file from HartfordMeteorology Program.

Data availability: Observationstakenevery hour from 12/7/44.

Missing data: 12/24-25/44, 24 hours missing (Christmas).
7/4/45, 7 hoursmissing (July4th).
8/15-16/45, 38 hoursmissing (V-J celebration).
9/2-3/45, 24 hours missing (LaborDay).
11/21-22/45, 24 hours missing (Thanksgiving).
12/24-25/45, 24 hoursmissing (Christmas).
1/1/46, 23 hoursmissing (New Year's Day).
5/29-30/46, 24 hours missing (MemorialDay).
7/3-4/46, 24 hours missing (July 4th).
9/1-2/46, 24 hours missing (LaborDay).
No furtherholiday breaks.
No data missing in 1947.

Local topography: This station is locatedon the HartfordReservationnear the release site. It is
near the western edge of a basin formed by the ColumbiaRiver and
surroundedby YakimaRidge and RattlesnakeHills to the southwest, the
Saddle Mountainsto the north, JuniperHills to the east, and Horse Heaven
Hills to the south.

Skyllingstadand Schwartz(1989) indicate the topographyof this basin is
shown to channel winds on the HanfordReservation. The effects of

topographyare most strongly seen as channelingof wind flow alongthe
Columbia River by local mountains and as flow inducedby thermal gradients
between eastern andwestern Washington.

Wind roses: Westerlyand nearlywesterly winds dominatethe wind roses. Low winds most
frequentlycome from directionsbetween the west-southwest and north-northwest,but
rarelycome from directionsbetween southeast and southwest. Figure 3.6 illustrates
the wind rose, precipitationrose, and the wind speed histogramfor this station.
Table 3.6 summarizesthe wind directionand stability and speed distributions.
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Figure 3.6. Hartford Meteorological Station Wind Rose, Precipitation Rose,
and Wind Speed Histogram
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Table 3.6. HartfordMeteorologicalStationWind Direction
andWind Speed andStabilityDistributions

ElMS Wind Direction Distribution

All

Din_tion < 62._ > - 16.2m_h $1s_i,N . 3.30
2.60 .79 3.39

lqE 1.27 .7.4 1.51
2..$1 .44 2.95

E 1.94 .25 2.19
ESE 2.62 1.01 3.63
SE 1.18 1.00 2.17
SSE 1.93 1.98 3.91
S 1.09 2.61 3.70
SSW 2.02 6.59 8.61
$W 1.40 5.75 7.15
WSW 3.10 8.64 11.74
W 2.48 13.94 16.43
WNW 4.60 12.56 17.16
NW 2.66 1.88 4.54
NNW 4,47 2.42 6.88
Calm .73 .00 .73

AU 38.64 61.36

HMS WindSm_d pistrlbution

All

Sop<_<(m,,h) sin.. N,-_ u,,m.. _,,'._ S_bUiU.S < 2 3.92 .26 4.30 8,49
2 < $ < ,, 6 15.82 2.28 12.06 .00 30.16
6 < S <- 10 8.32 8.90 7.79 .00 25.01
10 < $ <- 20 2.56 24.93 .00 .00 27.50
20 < S .10 8.7.5 .00 .00 8.85

All Speeds 30.73 45.12 24.15 .00

ItMS WindDirection DistributionDurin2 Precipitation

LiquidPrecipitation Frozen Precipitation
Direction Light Moderate Heavy Light Mod©mte Heavy Total

N 1.80 .11 .00 .74 .11 .00 2.75
NN_ 1.38 .00 .00 .32 .00 .00 1.70
NE 2.01 .21 .00 .11 .00 .00 2.33
ENE 2.22 .21 .00 .00 .00 .00 2.44
E 3.18 .00 .00 .32 .00 .00 3.50
ESE 2.97 .11 .00 .85 .00 .00 3.92
SE 1.48 .21 .00 .32 .00 .00 2.01
SSE 2.65 .32 .00 .32 .00 .00 3.28
S 3.28 .11 .00 .21 .00 .00 3.60
SSW 6.46 .32 .00 .42 .00 .00 7.20
SW 5.93 .32 .00 .42 .00 .00 6.67
WSW 6.67 .21 .00 .64 .11 .00 7.63
W 7.95 .21 .00 8.69 .53 .00 17.37
WNW 14.62 .53 .00 7.10 .32 .00 22.56
NW 2.75 .53 .00 2.44 .00 .00 5.72
NNW 3.39 .32 .00 2.01 .00 .00 5.72 .
Calm 1.48 .00 .00 .11 .00 .00 1.59

All 70.23 3.71 .00 25.00 1.06 .00

3.07_ of houri had re.cordedprecipitation.
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3.2.7 Station: Harrington, Washington (HAR)

Type: Aviation Reports

Location: 47:29:00N 118:15:00W 664 meters (2178 feet) elevation.

Measurement height: 9.8 meters (32 feet).

Instrument mounted: On a tower on the ground.

, HEDR environmental grid coordinates: X= 12.95, Y = 18.20.

Data source: Papercopy for 1944 through6/30/48.
' Microfiche for 7/48 through1949.

Data availability: 4 to 10 observationsper day during 1944 to 1947.
5 to 11 observationsper day 1948 to 1949.

Missing data: No data 7/16/45.
No wind data7/1/48 to 12/31/49.

Local topography: This station is located in a very fiat regionof the ColumbiaBasin. For
24 kilometers(15 miles) in all directions, no terrainfeature is more than
100 meters (300 feet) above or below the station.

Wind roses: The wind distributionis strongly bimodalwith maximafrom the north-northeastand
south-southwest. More than40 percent of the total hours show winds from one of
these two sectors. Figure 3.7 illustratesthe wind rose, precipitationrose, and the
wind speed histogramfor this station. Table 3.7 summarizesthe wind directionand
wind speed and stabilitydistributions,
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Figure 3.7. HErington Wind Rose, PrecipitationRose, and Wind SpeedHistogram
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Table 3.7. HarringtonWind Direction and Wind Speed andStabilityDistributions

HAlt Wind Dlnwtion DMflb_tion

(Pow of_ immborof hoursof data)

SpNd.., _.o_h AUDimotionN < 6 n_b > - $_
NNR 6.36 15.37 21.73
NB .49 2.46 2.98
BNB i .74 1.25 2.98
B .54 1.08 1.62
DB 2.09 337 6.06
$B .28 2.37 2.65
riSE 2.87 4.99 7.86

' S .51 7.72 8.23
tlSW 3.32 15.79 19. I1
SW .24 4.79 $.03
WSW 1.37 3.47 4.83

, W .09 .97 1.05
WNW .98 2.34 3.32

.12 .70 .83
NNW 1.01 :.30 2.31 !
C_m 7.95 .00 7.95

All 30.13 69.87

HAR Wind $oved and StabilityDistdbgtion

0Peroen_/ooftotalnumber of bourn of data)

All
S0pe_m(tqDh) 8tabb Neutral Unmble Stabilities

$ <- 2 5.05 ,29 3.97 9.31
2 < S <- 6 8.12 7.11 5.58 20.81
6 < S <- 10 13.52 15,46 3.18 32,17
10 < $ < = 20 1,92 31.93 .00 33,$5
20 < S .05 3.80. .00 3.86

All Speeds 28.67 $8.$9 12,74 100.00

HAR Wind Direction DimributtonDurina Pmcioimtion

7.858 of bournlind recordedprecipitation.

0PeroontaZoof total number of hours Imvin8precipitation)

LiquidPreatpimtion Frozen Pm01pitation
Dimotion Light Modemta

N _ Modem, H.v)' H._0vY To_.00 .00 .30. .00 . .52
5.26 .67 .00 8.45 1.19 .00 15.57

NB 36 .15 .00 .89 .00 .00 2.00
]ENE 3.63 .81 .00 2.15 .00 .00 6.60
E 1.93 .15 .00 1.04 .00 .00 3.11
]ESB 7.19 1.48 .00 3.86 .15 .00 12.68
SB 2.82 .30 .00 .89 .00 .IX) 4.00
SSl] 8.82 1.11 .00 2.00 .00 ,00 11.94
S 7.56 .22 .00 1.04 .00 .00 8.82

" SSW 15.12 1,33 .00 4.15 .07 .00 20.68
SW 1.63 .07 .00 .30 .00 .00 2.00
WSW 2.15 .22 .00 .96 .00 .00 3.34
W .52 .00 .00 .00 .00 .00 .52

, WNW 2.00 .07 .00 .67 .00 .00 2.74
NW .37 .00 .00 .00 .00 ,00 .37
NNW .74 .00 .00 .30 .00 .00 1.04
Calm 2.52 .22 .00 1.33 .00 .00 4.08

All 63.45 6.82 .00 28.32 1.41 .00
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3.2.8 Station: LaCrosse, Washington (LAC)

Type: WeatherBureauOffice

Location: 46:49:00N 117:53:00W 452 meters (1483 feet) elevation,

Measurement height: 13.1 meters (43 feet).

Instrument mounted: Ona toweron the ground.

HEDR environmental grid coordinates: X = 14.41, Y = 14.36.

Data source: Papercopy for 1944 through1947.
Magnetictape for 1/1 through9/30/48.
Not listed by _I after 1948.

Data availability: Observationstakenevery hour during 1944 to i947,

Mlssin8 data: No dam5/1/46.

Local topography: This stationis surroundedby the roiling hills of the Palouse, which have
elevationvariationsof less than about 100 meters (a few hundredfeet). The
SnakeRiver passes about 16 kilometers (1Omiles) southeastof LaCrosse.

Wind roses: The wind distributionis strongly bimodal withmaximafrom the north-nox_heastand
south-southwest. More than 44 percent of the total hours containwinds from one of
these two sectors. The maximumfor winds from the north-northeastis dominatedby
speeds less than 6 mph, while the maximum from the south-southwesthas more winds
above 6 mph than below. Figure 3.8 illustratesthe wind rose, precipitationrose, and
the wind speed histogramfor this station. Table 3.8 summarizesthe wind direction

i and wind speed andstabilitydistributions.
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Figure 3.8. LaCrosse Wind Rose, Precipitation Rose, and Wind Speed Histogram
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3.2.9 Station: Larson AFB, Washington (MWH)

Type: Army Air Field/Air Force Base

Location: 47:11:00N 119:20:00W 361 meters (1184 feet) elevation.

Measurement height: 8.5 meters (28 feet).

Instnunent mounted: On the roof of a building.

• IIEDR environmental grid coordinates: X = 8.72, Y ffi 16.47.

Data source: Papercopy for 12/44 through4/18/45.
• Not listed by NWDI after 4/18/45.

Magnetictape 3/49 through12/49.

Data availability: Observationstakenevery hour until 4/18/45.
No furtherdataafter that.

Missing data: None.

Local topography: This station is located near Moses Lake in the center of the Columbia Basin.
This region is very fiat. Everythingwithina 25-kilometer(15-mile) radiushas
less than a 120-meter(4004oo0 elevationdifference from the station.

Station was moved: 4/53 Measurementheight: 32 meters (105 feet).

Station was moved: 4/57 Measurementheight: 3.7 meters (12 feet).

Instrument mounted: 6/69 on a tower on the ground.

Station was moved: 6/68 Location: 47:12:00N 119:19:00W. Measurementheight: 6/68
6.1 meters (20.0 feet).

Wind roses: At this station, north-northwesterlyis the dominantwind direction. Winds are rarely
from the sector between 0 and 90 degrees and the distributionis approximately
uniform for winds from south-southwest clockwise throughnorthwest. Figure 3.9
illustratesthe wind rose, precipitationrose, andwind speed histogramfor this station.
The precipitationrose is much more stronglybimodal thanthe wind rose with nearly

• a thirdof the precipitationoccurringwithnorth-northwestor south-southwest winds.
Table 3.9 summarizesthe wind directionand wind speed andstability distributions.

t

3.27



Wind Rose PrecipitationRose

m

N N

Calm t Calm t.,-- -I
i iii ill ii

Wind Speed Histogram

Unstable
Neutral
Stable

¢N ¢3 O O 03
04

II II II II V
V V V V O

or) U3 03 U) cq
II VV V V

O 04 (ID O
T"

Figure 3.9. Larson AFB Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.9. Larson AFB Wind Direction and Wind Speed and Stability Distributions

MWH Wind Direction Dian'bution

(Po_ of total numberof hours of'a-t-)

Dimatoa < -

NNB 2.96 1.80 4.76
1_ 1.13 .51 1.64
]ENB 1.69 .49 2.18
R 1.42 .58 2.00
IUB 2.54 1.36 330
SE 2.05 3.26 , 5.31

. SSE 3.04 4.81 7.85
S 2.70 5.08 7.78
_kqW 3.37 4.30 7.67
SW 2..52 4.91 7.43
WSW 2.01 3.90 5.91

" W 1.69 4.37 6.O6
WNW 2.54 4.51 7.05
NW 2.6O $ .O3 7.63
NNW 5.06 7..54 12.60
Calm 4.12 .00 4.12

Aft 44.42 55.58

MWH Wind Snend snd StabilityDistHbmion

(Percentageof total numberof bournof data)

All
Speed(mph) Stable Neum/ Unstable Stabmfie.
0 <--S-< = 2 $.12 .23 5.57 10.92
2 < S <- 6 12.06 5.20 16.24 33.50
6 < S <- 10 8.52 10.71 8.97 28.20
10 < S <- 20 1.60 20.50 2.15 24.26
20 < S .01 3.11 .00 3.12

All Speeds 27.31 39.75 32.93 16O.00
l:

t MWH W'mdDirection DistributionDurina Pr_cieitation

5.12_ of hours had rscoMod precipitation.

of mudnumber of hourshavindlprecipitation)

Liquid Precipitation Frozen Pr_ipimtion
Direction Light Modumm Heavy _ Mod_lm Heavy Total

N 4.07 .00 .00 1.22 .00 .00 5.28
NNE 4.07 .41 .00 .00 .00 .00 4.47
NE 1.93 .00 .00 .00 .00 .00 1.83

1.93 .00 .00 1.22 .00 .00 3.05
E 2.85 .00 .00 .20 .00 .00 3.05
ESE 4.27 .00 .00 .81 .00 .00 5.08
SE 8.94 .20 .00 .41 .00 .00 9.5.5
SSE 11.38 .00 .00 .41 .00 .00 11.79
S 5.89 .20 .41 .41 _00 .00 6.91
SSW 4.27 .00 .00 .20 .00 .00 4.47
SW 2.64 .41 .00 .41 .00 .00 3.4.5
WSW 2.44 .20 .00 .61 .00 .00 3.25

• W 3.05 .20 .00 .41 .00 .00 3.66
WNW 2.8.5 .41 .00 .81 .00 .00 4.07
NW 6.91 .00 .00 1.42 .00 .00 8.33
NNW 8.33 .61 .00 10.37 .6O .00 19.31
Calm 1.42 .20 .O0 .81 .6O .00 2.44

All 77.05 2.8.5 .41 19.72 .00 .00
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3.2.10 Station: Omak, Washington (OMK)

Type: SupplementalAviationWeatherReportingStation

Location: 48:26:00N 119:32:00W 376 meters (1233 feet) elevation.

Measurement height: 7.3 meters (24 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X= 8.01, Y = 23.67.

Data source: Papercopy for 1944 through1949.

Data availability: 4 observationsper day during 1944 to 1947.

Missing data: None.

Local topography: This stationis located along the OkanoganRiver in an approximately
8-kilometer(5-mile) diameterbasin. The basin floor is at 250 to 400 meters
(800 to 1300 feet). To the west, Buck Mountainrises to 1870 meters
(6135 feet). To the east, Omakmountainrises to 1752 meters (5749 feet).
The OkanoganRiver runs into Omakfrom the north througha narrowcanyon
andout of Omak througha narrowcanyon to the southwest.

Wind roses: The wind rose is strongly bimodal with one diffuse mode for winds flowing down the
OkanoganValley from between west-northwestand northand the othermode flowing
up the valley from between east-southeastand south-southwest. The up-valley mode
is largely formed by winds less than6 mph. Figure3.10 illustratesthe wind rose,
precipitationrose, and wind speed histogramfor this station. Table 3.10 summarizes
the wind directionandwind speed and stabilitydistributions.
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Table 3.10. OmakWind Direction andWind Speed andStabilityDistributions

_)MK_nd Dimction Distribution

(Percentage of total numberof hoursof data)

Speed S._6_h
Direction < 6 h > -

NNB 4.29 .28 4.57
N]E .44 .00 .44
RNE .72 .02 .74
B .42 .02 .44
BE 3.83 .14 3.96
$B 2.92 1.09 4.01
ME 8.88 1.92 10.80
S 2.94 2.71 5.66
$$W $ .40 1.60 7.00
$W .44 .12 .56
WSW .74 .14 .88
W .60 .21 .81
WNW 4.29 1.88 6.17
NW 4.73 6.31 11.04
NNW 9.27 5.'T7 15.05
C.aim 20.82 .00 20.82

All 74.10 25.90

,OMKWind Shred s_ Stability D_stfibmion

(Percemge of total numberof hours of data)

All
S0Pe_<(mph) Stable Neutral Unstable Stabilities

S <- 2 14.17 5.54 18.71 38.42
2 < $ <- 6 10.11 12.36 13.22 35.68
6 < $ <- 10 2.67 12.01 3.20 17.88
10 < S <- 20 .12 7.63 .00 7.74
20 < S .00 .28 .00 .28

All Speeds 27.06 37.81 35.13 100.00

OMKWind Direction DistributiooDurinmPr_cinitation

16.74S of bournlad recorded precipitation.

(Peroentage of total numberof hours having precipitation)

LiquidPr_ipiuttion Frozen Precipitation
Dir_tion Light Modamte Heavy Light ModemuD Heavy Total

N 3.46 .28 .14 .42 .00 .14 4.43
NNE 1.66 .14 .14 .28 .00 .00 2.22
NE .14 .00 .00 .00 .00 .00 .14

.00 .00 .00 .28 .00 .00 .28
]E .42 .00 .00 .00 .00 .00 .42
ESE 3.74 .ID .14 .69 .42 .00 5.82
SE 4.57 .42 .28 .14 .00 .00 5.40
SSE 8.17 1.25 .69 1.80 .55 .28 12.74 .
S 3.60 .42 .00 .97 .28 .14 5.40
SSW 4.02 .69 .14 1.80 .14 .00 6.79
SW .28 .00 .00 .14 .00 .00 .42
WSW .69 .00 .14 .00 .00 .00 .83
W .28 .00 .14 .00 .00 .00 .42 '
WNW 1.52 .42 .00 .55 .00 .14 2.63
NW 4.99 .42 .00 1.38 .28 .00 7.06
NNW 9.00 .69 .55 2.49 .55 .28 13.57
Calm 13.71 1.66 .69 11.36 3.32 .69 31.44

All 60.25 7.20 3.05 22.30 5.54 1.66
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3.2,11 Station: Pasco, Washington (PSC)

Type: Naval Air Station/SupplementalAviation WeatherReportingStation

Location: 46:14:00N 119:07:00W 131 meters (430 feet) elevation.

Measurement height: 10 meters (33 feet).

Instrument mounted: On a beacontower.

. HEDR environmental grid coordinates: X = 9.54, Y - 11.01.
!

Data source: Magnetic tape and microfiche.
t

Data availability: Observationstakenevery hour for 1944 through 1946.
Not listed by NWDI for 1947 and 1948.
Five to six observationsper day on microfichefor 3/5/49 through12/31/49.
Wind datawere enteredevery 3 hoursduringthis period.

Missing data: Unknown.

Local topography: This station is located immediatelysouthand east of the HanfordReservation.
It is at the southernapex of a basin formed by the Columbia River and
surroundedby YakimaRidge andRattlesnakeHills to thenorthwest, Saddle
Mountains to the north, JuniperHills to the east, and Horse Heaven Hills to
the south. The ColumbiaRiver flows into Pasco from the northandwest and
exits to the southeast. The YakimaRiver flows in from the west and the Snake
River flows in from the northeast.

Wind roses: A sharpmaximumis found for winds from the south-southwest. Figure 3.11
illustratesthe wind rose, precipitationrose, and the wind speed histogramfor this
station. Table3.11 summarizesthe wind directionand wind speed and stability
distributions.
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Table 3.11. Pasco Wind Directionand WindSpeed and StabilityDistributions

I_C WindDirectlon Distrlbutloq

(P,r_,nUtj, of total number of hoursof data)

Speed.S7 s.36_hDiction < 6 mph > - Speeda
N . .91

2.6:5 1.00 3.65
NE .36 .11 .47

3.84 .78 4.62
E .60 .22 .82
mE 2.88 .87 3.75
8B .85 .38 1.22
HE 3.16 2.27 5.43

• $ 1.20 3.53 4.73
UW 4.74 17.64 22.38
8W .7"/ 3.30 4.07
WSW 4.11 5.68 9.80
W .54 1.16 1.70 '

' WNW 4.80 4.67 9.47
NW 1.32 1.59 2.91
NNW 4.17 1.91 6.00
Calm 17.99 .00 17.99

All 54.56 45,44

PSC WindSeNd and Stability Distributt_l

(Pu_nta8, of total numberof bournof dart)

All
S_d<.(mph) Stable Neutral Umttble Stabilities

S <- 2 17.61 .76 11.88 30.25
2 < S < .. 6 10.65 3.33 10.32 24.30
6 < S <- 10 8.46 5,99 5.98 20,44
10 < $ < m 20 1.76 14.28 1,19 17.23
20 < S .23 7.55 .00 7.78

All Speeds 38.71 31.92 29.38 100.00

PSC W'mdDirection Distributionl_dns Precinitadon

5.30% oflmum had moonkd preciFiuttioa.

(Porc6ntageof total numberof hours havingpreoiphation)

'uUtql_JdPrecipitation

Frozen
Dimmloa ModamuD H_vy Lisht PrecipitationModamm Heaw 'loUd

N .00 .00 _00. .00 _" .73
lqN]S 1.74 .14 .00 .00 .00 .00 1.89
lqE .00 .00 .00 .00 .00 .00 .00

7.98 .00 .00 .00 .00 .00 7.98
E 1.89 .00 .00 .00 .00 .00 1.89
ESH 6.53 .00 .00 .14 .00 .00 6.68
SE 1.89 .00 .00 .00 .00 .00 1.89
SSE 5.95 .00 .00 .00 .00 .00 5.95
S 3.63 .44 .00 .00 .00 .00 4.06

• SSW 15.97 .14 .00 .29 .00 .00 16.40
SW 3.34 .00 .00 .00 .00 .00 3.34
WSW 10.60 .29 .00 1.60 .00 .00 12,48
W 2.32 .00 .00 .00 .00 .00 2.32

. WNW 9.29 .29 .00 2.03 .00 .00 11.61
NW 1.16 .00 .00 .73 .00 .00 1.89
NNW 4.50 .00 .00 .29 .00 .00 4.79
Calm 13.93 .58 .00 1.45 .14 .00 16.11

All 91.44 1.89 .00 6.53 .14 .00
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3.2.12 Station: Spokane, Washington (Felts Field) (SFF)

Type: WeatherBureauAirportStation

Location: 47:40:00N 117:20:00W 600 meters (1968 feet) elevation.

Measurement height: 16.1 meters (53 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 16.49, Y = 19.26.

Data source: Papercopy for 1944 through 1947.
Not listedby NWDI from 1948 to 1957.

Data availability: Observationstakenevery hour during 1944 through 1947.
For 1946 and 1947, only wind datahave been entered. Othermeteorologicaldata
are found in therecords, butuse a nonstandardcoding.

Missing data: None.

Local topography: This station is located about 10 kilometers(6 miles) southwestof the center of
the city of Spokane. To the west and southwest, no significantterrainfeatures
are in the areafor 120 kilometers(75 miles). To the northeast,the land
graduallyclimbs to hills thatrise to around 300 meters (1000 feet) above the
station.

Station was moved: 11/58 Measurementheight: 12.2 meters (40 feet).

Station was moved: 7/64 Measurementheight: 6.1 meters (20 feet).

Instrument mounted: 7/64 on a tower on the ground.

Wind roses: The wind distributionis strongly bimodal withmaxima from the north-northeastand
south-southwest. Winds from one of these two sectors are recordedfor more than
34 percent of the total hours. The maximumfor winds from the north-northeastis
dominatedby speeds less than 6 mph, while the maximumfrom the south-southwest
has more winds above 6 mph thanbelow. The precipitationrose shows thatprecipita-
tion seldom occurs with winds between west-southwestand north-northwestand is
fairly uniformly distributed through the other directions. The two maxima in the wind
rose are conspicuously absent from the precipitation rose. Figure 3.12 illustrates the
wind rose, precipitation rose, and wind speed histogram for this station. Table 3.12
summarizes the wind direction and wind speed and stability distributions.
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Table 3.12. Spokane (Felts Field) Wind Direction andWind Speed and StabilityDistributions

|I_ Wind DireoConDi,u'Ibuti?n

(Pomonta/, of _ number of hoursof data)

E 1.81 .80 2.61
BSB 4.11 2.19 6.29
SB 1.54 1.88 3.42
US 3.45 5.84 9.29
S 1.62 6.42 8,04
UW 5.44 12.55 17.99
SW i 35 2.49 3.74
WSW 2.43 1.63 4,06
W .83 .49 1.33
WNW 2.17 1.14 3.31
NW .78 .31 1.09
NNW 2.63 .60 333
Calm 3.64 .00 3.64

AU 57.11 42.89

SIq_WindSneed and s_llitv Dtaribution

(Pementale of total numberof bouts of data)

All

,= 2 3.31 .48 7.33 i1.11
2 < $ <- 6 14.02 6.77 2.5.20 45.99
6 < S <= 10 8.01 10.45 4.12 22.59
10 < S < = 20 1.62 15.35 .61 17.58
20 < S .06 2.66 .00 2.72

All Speeds 27.02 35.72 37.26 100.00

_1_ WindDirection Dtstribu_10nl_rina Precioitation

13.665_of hours had recordedprecipitation.

(Porcentqroof total numberof hour/,havingprecipitation)

LiquidPrc.cipitation Frown Precipitation
Direction Usht Moderato Heavy IAflht Mndomto Heavy Total

N 3,13 .00 .00 1.39 .03 .00 4.$5
NNE 3.24 .03 .00 1.86 .08 .00 5.21
NR 3.52 .00 .00 3.58 .11 .00 7.21
ENB 4.93 .08 .00 2.99 .08 .0_ 8,12
B 5,13 .00 .00 1.66 .00 .00 6.79
ILqE 5.35 .03 .00 2,22 .11 .00 7,71
SE 5,41 .03 .00 2.49 .08 .00 8.01
SSE 6.99 .00 .00 2,61 .00 .03 9.62 .
S 10.42 .03 .00 4.27 .00 . .00 14.72
SSW 8..54 ,11 .00 2.74 .03 .(D 11.45
SW 3.71 .05 .00 1.66 .00 .00 5.43
WSW 1.41 .00 .00 .92 .00 .00 2.33
W 1.36 .00 .00 .44 .00 .00 1.80 '
WNW .53 .00 .00 33 .00 .00 .86

1.00 .00 ,00 .55 .00 .00 1.55
NNW .92 .03 .00 .89 .00 .00 1.83
Calm 1.61 .03 .00 1.11 .iX) .05 2.80

All 67.20 .42 .00 31.72 .$3 .14
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3.2,13 Station: Spokane, Washington (Gelger Field) (GEG)

Ty_: Not determined,

Location: 47:37:00N 117:31:00W 721 meters (2365 feet) elevation,

Measurement height: 10 meters (33 feet).

Instrument mounted: On the roof of a building.

. HEDR environmental grid coordinates: X = 15.79, Y m 18.97.

Data source: Magnetictape for 1941 through1945.

Data availability: Observationstakenevery hour 1941 through1947.

Missing data: Unknown.

Local topography: This stationis located northwestof the centerof Spokane. To the west of the
station, one encountersfirst the city, thenthe SpokaneRiver. Further to the
west and southwest, no significantterrainfeaturesarefoundfor120kilometers
(75 miles). To the northeast,the le,_dgraduallyclimbs to hills thatrise to
approximately300 meters (1000 feet) above the station.

Station was moved: 12/47 Measurementheight: 8.8 meters (30 feet).

Station was moved: 7/57 Measurementheight: 10.4 meters (34 feet).

Station was moved: 11/57 Measurementheight: 6.1 meters (20 feet).

Instrument mounted: 11/57 on a toweron the ground.

Station was moved: 5/65 Location: 47:38:00N 117:32:00W. Measurementheight: 6.1 meters
(20.0 feet).

HEDR environmental grid coordinates: 5/65 X --- 15.72, Y = 19.06.

Wind roses: Not computedfor this station.

3.39



3.2.14 Station: Stampede Pass, Washington (SMP)

Type: WeatherBureauOffice

Location: 47:17:00N 121:20:00W 1209 meters (3966 feet) elevation.
J

Measurement height: 8.8 meters (29 feet).

Instrument mounted: On a tower on the ground.

HEDR environmental grid coordinates: X _ 0.91, Y -- 17.05.

Data source: Papercopy for 1944 through1947.
Magnetictape for 1948 and 1949.

Data availability: Observationstaken every hour duringtheperiod from 1944 to 1947.

Missing data: No datafor 2/21/46 hours 1 to 12.
No data for 4/21/46 hours 1 to 12.
No datafor 5/22/46 hours 1 to 12.

f

Local topography: This stationis located at the summitof a pass in the Cascade Mountains.
Peaks rise 100 or 200 meters (300 to 600 feet) above the stationwithin 1 mile
to the northwestand to the southeast. The more generalenvirons of the station
consist of numerousjumbled peaks andvalleys in all directions, includinga
valley formedby the YakimaRiver thatpasses about5 kilometers(3 or so
miles) to the northeastof the station.

Wind roses: This station is exposed to south-southwesterly,southwesterly, and west-southwesterly
winds nearly65 percentof the time, most often with speeds of 6 mph or more
(56 percentof the total hours). An additional22 percent of the total hours has winds
from the northeast, east-northeast,or east, also most often with speeds of 6 mph or
more. Figure3.14 illustratesthe wind rose, precipitationrose, and the wind speed
histogramfor this station. Table 3.14 summarizesthe wind directionandwind speed

i

I and stabilitydistributions.
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Table 3.14. Stampede Pass Wind Direction and VvindSpeed and Stability Distributions

SlJ_PWi0d Direction ]Distribution

(Percontsp of total numberof hours of data)

Sp_d._ s.oV_h
Dirsct_ < 6mob >- SpeedJ

N • .24
NNIS .66 .24 .90
N]S 1.20 1.48 2.69
ILMIS 3.93 14.01 17.94
B 1.03 6.78 7.81
BSB .41 .67 1.08
$B .10 .04 .14
ME .2O .O3 .23
S .26 .23 .49
SSW 4.66 13.32 17.98
SW 2.74 33.59 36.33
WSW 1.30 9.32 10.62
W .28 .86 1.14
WNW .31 .39 .70
NW .19 .07 .26
NNW .22 .03 .25
Cidm 1.20 .00 1.20

All 18.90 81.10

SI4PWlad Sm,_d,,vl S_billtvDistribution

0Percentqleof total number of hoursof dais)
All

- 2 1.61 .92 1.37 3.90
2 < S <- 6 3.69 5.49 5.82 14.99
6 < S <- 10 4.78 13.88 5.87 24.53
10 < S <- 20 2.05 43.67 1.30 47.02
20 < S .03 9.53 .00 9.56

,AllSpeeds 12.16 73.48 14.36 100.00

_;MP wt__ Direction Diln'bution Duri_ Pm:iD_tion_

36.1351;of hours had recorded pmciphatioa.

(Percemaje of tmsl numberof hours having precipitation)

Liquid Procipitatioa Pro_ Pmcipimioa

N .15 .00 .00 .00 • .21
.34 .00 .IX) .28 .01 .01 .63

NIS .74 .03 .00 .66 .04 .01 ! .47
]SN]S 2.97 .12 .01 8.68 .35 .04 12.17
E 2.00 .07 .01 5.13 .26 .01 7.48
ESE .33 .01 .00 32 .01 .04 1.30
SB .10 .00 .00 .10 .00 .00 .19
SSB .09 .00 .00 .17 .00 .00 .26
S .17 .00 .00 .22 .00 .00 .38
._W 4.49 .11 .01 7.78 .37 .15 12.90 .
SW 19.69 .84 .15 22.14 1.14 .38 44.35
WSW 6.28 .31 .01 8.33 .40 .15 15.48
W .49 .01 .00 .31 .00 .00 .81
WNW .26 .00 .00 .19 .01 .00 .47
NW .15 .02 .00 .05 .01 .01 .23 '
NNW .19 .01 .00 .10 .00 .00 .29
Calm .35 .00 .00 35 .05 .01 1.36

All 38.80 1.52 .19 56.07 2.63 .79
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3.2.15 Station: WaUa Walla, Washington (ALW)

Type: Flight Service Station

Location: 46:06:00N 118:17:0(O 362 meters (1187 feet) elevation.

Measurement height: 7.6 meters (25 feet).

Instrument mounted: On the roof of a building.

• HEDR environmental grid coordinates: X = 12.86, Y ffi 10.24.

Data source: Papercopy for 1944 through1947.
' Magnetic tape for 1948 and 1949.

Data availability: Observationstakenevery hour duringthe period from 1945 to 1947.

Missing data: No data for 8/19/47.

Local topography: This station is located in a relativelyflat circularregion about16 kilometers
(10 miles) in diameterandsurroundedby rolling hills with less than
100 meters (300 feet) of elevationvariation. The Walla Walla River drains
througha gap to the west. Immediately to the southeastof Walla Walla arethe
Blue Mountains,which runfrom northeastto southwest and rise 1000 meters
(3000 feet) above WaUaWalla.

Station was moved: 3/46 Measurementheight: 10.7 meters (35 feet).

Station was moved: 4/48 Measurementheight: 11.3 meters (37 feet).

Station was moved: 7/49 Measurementheight: 10.1 meters (33 feet).

Station was moved: 5/62 Measurementheight: 6.1 meters (20 feet)

Instrument mounted: 5/62 on a tower on the ground.

Wind roses: Winds here are most frequentlyfrom directions close to southerly. Winds with a
northerlycomponentoccur in less than 17 percent of the total hours. Figure 3.15
illustratesthe wind rose, precipitationrose, and wind speed histogram for this station.
Table 3.15 summarizesthe wind directionand wind speed and stabilitydistributions.

t
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3.2.16 Station: Wenatchee, Washington (EAT)

Type: SupplementalAviation Weather Reporting Station/Flight Service Station

Location: 47:24:00N 120:12:00W 376 meters (1233 feet) elevation.

Measurement height: 8.5 meters (28 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 5.35, Y = 17.72.

Data source: Paper copy for 1944 through 1947.
Microfiche for 1948 and 1949.

Data availability: Observations began 9/16/45 with 4 to 13 observations per day.
Observation _frequencychanged to 4 to 24 observations per day after 5/15/46.
Observation frequency changed to 4 to 19 observations per day after 3/10/46.
In 1948 and 1949, 12 to 18 observations were made per day.

Missing data: No data 11/25/46.

Local topography: This station is located near the confluence of the CohLrnbiaand the Wenatchee
Rivers. The river surface is 600 to 1100 meters (2000 to 3600 feet) below the
tops of surroundingpeaks and ridges. The Columbia River flows past the
town of Wenatchee from the north toward the south, makes a bend to run
toward the east past the station and then turns sharply toward the south about
8 kilometers (5 miles) beyond the station.

Station was moved: 11/59 Measurement height: 11.9 meters (39 feet).

Instrument mounted: On the roof of a building.

Data availability: Observations takenevery hour after 11/59.

Station was moved: 3/66 Measurementheight: 6.1 meters (20 feet).

Instrument mounted: On a tower on the ground.

Wind roses: Winds of all speeds at this station are dominated by flow down the local Columbia
riverbed, with half (50.08 percent) of the total hours having winds from west,-
northwest, west, or west-southwest. Figure 3.16 illustratesthe wind rose, precipita-
tion rose, andwind speed histogramfor this station. Table 3.16 summarizesthe wind
direction andwind speed and stabilitydistributions.
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Table 3.16. Wenatchee Wind Direction and Wind Speed and Stability Distributions

EAT Wind Djreetiop Distribution

(PercentsSe of total numberof hours of data)

Speed.S8 S.3_h
Dir_tion < 6 mph • - SpeedJ

N .88
NNR 1.78 1.04 2.82
NE .42 .40 .82

2.58 3.63 6.21
E .71 1.86 2.57
BSB 1.77 2.87 4.64
SIS .31 .34 .65
SSB 1.35 .75 2.10
S .34 .20 .55
SSW 1.88 1.50 3.38
SW 1.03 1.55 2.58
WSW 4.37 9.70 14.06
W 2.63 10.33 12.96
WNW 5.25 17.81 23.06
NW 1.33 4.28 5.61
NNW 2.61 1.65 4.26
C, lm 12.86 .00 12.86

All 41.78 58.22

EAT WindSneed and StabilityDistri_ption

(Pereenta_ of total number of houri of data)

All
Speed (mph) Stable Neutral Umtablo Stabilities
0 < - S < - 2 9.56 .46 3.95 13.98
2 < S <- 6 9.87 8.66 9.28 27.81
6 < S <- 10 7.67 17.05 5.40 30.11
10 < S <- 20 .83 20.60 .00 21.43
20 < S .28 6.39 .00 6.67

All Speeds 28.21 53.16 18.63 100.00

EAT WindDirection Distribution DurinRPre_initation

7.74% ofhourshadrecordadp_ipitation.

(i_tr,entage of total numberof houm having precipitatioa)

Liquid Precipitation Frozen Precipitation
Dir_tiou Light Modamte Heavy Ujht Modamta Heavy Total

N .41 .00 .00 .25 .00 .00 .65
NNE 1.39 .00 .00 .65 .08 .00 2.13
N]B .49 .00 .00 .33 .00 .00 .82
ENE 4.01 .08 .00 1.96 .25 .00 6.30
E 2.13 .08 .00 .57 .25 .00 3.03
ESE 4.66 .08 .00 1.96 .00 .00 6.71
Si! .16 .00 .00 .00 .00 .00 .16
SSE .98 .00 .00 .25 .00 .00 1.23
S .49 .00 .00 .16 .00 .00 .65
SSW 1.80 .16 .00 .98 .16 .00 3.11 "
SW 2.05 .08 .00 .57 .16 .00 2.86
WSW 8.27 .41 .00 7.28 .65 .00 16.61
W 7.36 .41 .00 4.01 .49 .00 12.27
WNW 12.77 .65 .00 5.89 .57 .00 19.89 ,
NW 2.62 .16 .00 .57 .00 .00 3.36
NNW 2.45 .08 .00 '1.06 .08 .00 3.68

7.45 .16 .00 7.77 1.06 .08 16.53

All 59.49 2.37 .00 34.29 3.76 .08
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3.2.17 Station: Yakima, Washington (YKM)

Type: WeatherBureauAirportStation

Location: 46:34:00N 120:32:00W 326 meters (1069 feet) elevation.

Measurement height: 17.7 meters (56 feet).

k.....tower.Instrument mounted: On a ,,.... ,.

• HEDR environmental grid coordinates: X += 3.94, Y = 12.92.

Data source: Papercopy for 1944 through1947.
• Magnetic tape for 1948 and 1949.

Data availability: Observationstakenevery hour during the period from 1944 to 1947.

Missing data: No data 5/2/45.

Local topography: This station is located in a small basin formed by the YakimaRiver, Naches
River, andAhtanumCreek. This basin is surroundedby UmtanumRidge to
the northand east, RattlesnakeHills to the southeast, AhtanumRidge to the
south, and Cowiche Mountainto the west. The station is at the southernedge
of the basin, just northof Ahtanum Ridge. AhtanumCreek flows into this
basin from the west throughthe broad, flat AhtanumValley. The Naches
River flows in from the northwestthrougha broadvalley. The Yakima River
enters from the norththrougha narrowvalley andexits to the souththrough
Union Gap, a narrow passage between AhtanumRidge and RattlesnakeHills.
The Moxee Valley runstowards the station from the east-southeast.

Station was moved: 7/50 Measurementheight: 14.9 meters (49 feet).

Instrument mounted: 7/50 on the roof of a building.

Station was moved: 1/62 Measurementheight: 6.1 meters (20 feet).

Instrument mounted: 1/62 on a toweron the ground.

Wind roses: The wind roses for this stationshow thatwesterly winds predominateacross the
• AhtanumValley withdirections ranging from southwesterlyto northwesterly. For

low winds, secondarymaximacorrespondto north-northwesterlywinds down the
Yakima River and east-southeasterlywinds out of the Moxee Valley. Figure 3.17

' illustrates the wind rose, precipitation rose, and wind speed histogram for this station.
Table 3.17 summarizes the wind direction and wind speed and stability distributions.
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Table 3.17. Yakima Wind Direction and Wind Speed and Stability Distributions

YIOd WindDirectionDistribution

(Pef_ontaSeof _ numberof hoursof data)

sp_ Sp_
Direction <61._8 h >- 67m_h S._360N

3.18 .91 4.09
NB 1.44 .44 1.88
EN]E 2.34 .61 2.95
B 1.72 .$5 2.27
DE 3.23 .87 4.10

• SB 2.14 .91 3.0.5
SSB 1.21 .53 1.74
S 1.82 1.87 3.69
SSW 2.11 1.39 3.$I
SW 4.38 2.70 7.08

' WSW 8.16 8.19 16.3,5
W 10.22 11.16 21.37
WNW 6.27 ,5.0,5 11.32
NW 4.60 3.,55 8.1.5
NNW 2.,54 .98 3.,51

2.5.5 .00 2..55

MAll 59.49 40.51

YKM Win_JSnee4 andStability Distribution

(Percentage of teal numberof been of data)

All
d< (mph) Stable Neutral Unstable Stabilities

S < - 2 8.02 .76 .5.51 14.29
2 < S <- 6 1.5.65 8.23 21.32 4.5.20
6 < S <- 10 6.48 8.13 13.02 27.63
10 < S <- 20 .64 9.03 .97 10.64
20 < S .06 2.18 .00 2.23

$poeda 30.85 28.33 40.82 100.00

YKM Win_ Direction I_l_tribution DurinRPrecinitatioq

6.86 _ of hmmthad recordedprecipitation.

(Pementap of tmainumber of heem havins precipitation)

LiquidPr_ipitation Fm_n Pr_ipitatlen
Direction Light Modamto H_vy Light Moderate Heavy Total

N 2.62 .00 .00. 1.03 .07 .00 3.72
3,48 .00 .00 1.46 .00 .00 4.94

NB 1.56 .00 .00 .80 .10 .00 2.4.5
ENE 2.62 .00 .00 1.03 .03 .00 3.68
E 2.49 .03 .03 .83 .00 .00 3.3.5
ESB 4.28 .00 .03 .83 .00 .00 5.14
$E 3.02 .00 .00 ..53 .00 .00 3.55

, UB 1.69 .00 .00 .26 .00 .00 1.96
S 3.29 .00 .00 .43 .00 .00 3.72
SSW 2.82 .03 .00 ..50 .03 .00 3.38
SW 7.53 .03 .00 2.12 .07 .00 9.7.5
WSW 10.02 .03 .00 4.31 .23 .03 14.60

' W 11.15 .03 .07 4.91 .10 .00 16.26
WNW 7.03 .03 .00 1.46 .00 .00 8..53
NW 5.67 .07 .00 2.06 .10 .00 7.90
NNW 2.9.5 .00 .00 .63 .03 .00 3.62

2.,52 .00 .00 .86 .07 .00 3.4,5

All 74.75 .20 .13 24.0.5 .83 .03
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3,2.18 Station: Baker City, Oregon (BKE)

Type: Civil AeronauticsAdministration/FlightService Station

Location: 44:50:00N 117:50:00W 1028 meters (3372 feet) elevation.

Measurement height: 8.5 meters (28 feet).

Instrument mounted: Onthe roof of a building.

HEDR environmental grid coordinates: X = 14.74, Y = 2.95.

Data source: Papercopy for 1944 through1947.
Magnetictape for 1948 and 1949.

Data availability: Hourly datafor December 1944 through1947.

Missing data: Badcopy for half of 11/18/45.
I
I

Local topography: To the west of BakerCity, Ell<hornRidge rises as high as 1500 meters i
(5000 feet) above the station.

Station was moved: 2/49 Location: 44:50:00N 117:49:00W.

Measurement height: 2/49 9.5 meters (31 feet).

HEDR environmental grid coordinates: 2/49 X = 14.81, Y = 2.95.

Station was moved: 1/54 Measurementheight: 10.4 meters (34 feet).

Wind roses: Winds in-betweenthe northand east are scarce in this area. Weak maximaare found
for winds from near northwestandnear east-southeast. Figure 3.18 illustratesthe
wind rose, precipitationrose, andwind speed histogramfor this station. Table 3.18
summarizesthe wind directionand wind speed and stabilitydistributions.
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Table 3.18. BakerCity Wind Direction andWind Speed and Stability Distributions

BI_ Wind Di_tlonI)istdbutlon

(Pememp of total numhar of hours of da_)

Speed Speed All
l)treotion < 6mph

N 61._h >" s. l4'1.36
NN]B 1.67 .$4 2.21
NB 1.63 .84 2.46
Bl_ 1.54 1.14 2.68
B 2.47 6.03 8.50
IBIS 2.31 3.31 5.61
SIS 3.72 3.55 7.27
ME 3.03 1.76 4.79
$ 4.39 2.38 6.77
$SW 3.26 .86 4.12
$W $.52 134 7.46
WSW 6.15 1.88 8.03
W 3.81 2.33 6.14
WNW 3.62 5.18 8.80
NW 2.06 9.0O 11.06
NNW 2.29 4.52 6.81
Calm 4.15 .00 4.15

53.39 46.61

BKB Wln_ Shoed fnd $;abllitvDistributJoq

(Percentageof total numberof hoursof data)

An
S0pe_<m(mph) Stable Neutral Unstable Stabilities

S < - 2 4.77 .67 7.35 12.79
2 < S < ,,, 6 11.23 6.97 22.40 40.60
6 < $ <- 10 6.82 9.91 6.72 23.44
10 < S <-20 1.24 18.50 .73 20.47
20 < S .08 2.62 .00 2.70

All $1.m_ 24.13 38.67 37.20 100.00

BKEWind l)ireetion Distribution l)urirm Pr_initatioq

10.'/9_ of hourshad re4_ordedpreoiphatkm.

(3zorcentqleof total number of hourshaving preoiphation)

I_ dpmeiphati°n Heavy Fr_en PrecipitationDir_tion Moderate Lillht Modamto Heavy Total
N 1.88 .08 .00 1.18 .04 .00 3.19

1.14 .06 .00 .76 .04 .00 2.01
NB 1.63 .00 .00 .93 .02 .00 2.58

2.09 .00 .00 1.67 .08 .00 3,85
E 7.86 .02 .00 7.44 .55 .04 15.91
RSE 3.80 .08 .02 3.34 .06 .02 7.33
SE 5.53 .06 .00 2.15 .06 .00 7.8?
SSB 2.54 .02 .00 1.63 .17 .00 4.35
S 4.50 .06 .00 1.88 .06 .04 6.55
SSW 1.94 .00 .00 1.67 .04 .00 3.65 •
SW 3.55 .04 .02 2.41 .13 .00 6.15
WSW 4.22 .06 .00 2.89 .30 .04 7.52
W 3.38 .08 .00 1.65 .08 .00 5.20
WNW 3.99 .02 .02 2.35 .19 .04 6.61
NW 5.43 .00 .00 2.13 .15 .04 7.75 '
NNW 4.08 .02 .00 2.05 .15 .04 6.34
Calm 1.46 .00 .00 1.58 .15 .02 3.21

All 59.02 .63 .06 37.71 2.28 .30
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3.2.19 Station: Burns, Oregon (BNO)

Type: WeatherBureauOffice

Location: 43:35:00N 119:03:00W 1272 meters (4172 feet) elevation.

Measurement height: 14.3 meters (47 feet).

Instrument mounted: On the roof of a building.

. IIEDR environmental grid coordinates: X = 9.75, Y = -4.25.

Data source: Papercopy for 1944 through 1947.
• Magnetictapefor 1948 and 1949.

Data availability: Observationstaken every hour from 12/44 to 9/22/45.
Eightobservationsper day from 12/15/45 throughthe end of 1949.

Missing data: No data from 9/23/45 through 12/15/45.
Badcopy for 7/18/45.
No data 10/47 through 11/47.

Local topography: Nol_h and west of the station, mountainsrise 1000 to 1300 meters (3000 to
4000 feet) above the station. To the south, the land slopes gradually
downwardto MalhuerandHarney Lakes.

Station was moved: 6/50 Measurementheight: 18.9 meters (62 feet).

Station was moved: 5/52 Measurementheight: 20.7 meters (68 feet).

Wind roses: This distributionhas a weak maximumof 11.83 percentfrom north-northwesterly
winds anddecreases smoothly in both directions to a minimumfor east-southeasterly
winds. Figure 3.19 illustratesthe wind rose, precipitationrose, and wind speed
histogram for this station. Table3.19 summarizesthe wind directionand wind speed
andstability distributions.
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Table 3.19. Burns Wind Direction and Wind Speed and Stability Distributions

BNO Wind Direction ]Di_butio0

(Percentageof totalnumberof houri of data)

Speed 4._ h AnDi_tmN < 65._ •" S.3_0
IqN]S 5.52 2.39 7.91
NE 4.45 1.06 5.51
ENIE 3.41 .51 3.92
B 2.23 .50 2.73
ESB 2.36 .54 2.89
SE 2.58 .75 3.34
UE 3.30 1.08 4.37

' S 2.29 1.44 3.73
SSW 1.85 1.42 3.28
SW 2.03 3.10 5.13
WSW 2.61 2.77 5.37

. W 2.29 3.30 5.59
WNW 3.30 4.30 7.60

4.41 5.14 9.55
NNW 7.04 4.79 11.83
Calm 7.95 .00 7.95

All 62.87 37.13

BNO WindSneed tl_d Stabil|9_

(Percentege of total numberof hoursof data)

All
Speed (mph) Stable Neutral Unstable StabUities
0 < - S < - 2 6.32 1.40 10.02 17.74
2 < S <- 6 15.80 7.07 22.26 45.13
6 < S <- 10 8.41 7.87 8.23 24.51
10 < S <- 20 1.29 10.33 .41 12.03
20 < S .02 .57 .00 .59

All Spoods 31.84 27.25 40.91 100.00

BNO WindDirection DistributionDurinl_Precipitation

11.8755 of hours had recordedprecipitation.

(Percemge of totalnumber of hour8havin8 precipitation)

Liquid Prexipitation Frozen Precipitation
Diroction IAjht Moderate Heavy IAjht Moderate Heavy Total

N 4.45 .00 .00 1.66 .05 .00 6.16
NNIR 2.42 .05 .00 1.37 .14 .00 3.98
NE 1.52 .00 .00 1.00 .19 .00 2.70
]RNIS 1.42 .09 .00 1.04 .14 .00 2.70
IR 1.47 .00 .00 1.37 .05 .14 3.(D
IRSB 1.04 .00 .00 1.33 .19 .19 2.75
SB 1.80 .00 .00 1.37 .19 .05 3.41
SSE 1.61 .00 .00 1.80 .09 •14 3.65
S 2.51 .00 .00 2.42 .33 .09 5.36

' SSW 2.42 .00 .05 1.90 .19 .05 4.60
SW 4.88 .00 .00 3.98 .19 .09 9.15
WSW 5.21 .09 .00 2.99 .09 .05 8.44
W 4.36 .00 .00 3.08 .05 .05 7.54

, WNW 5.26 .05 .00 3,60 .09 .05 9.05
NW 4.64 .00 .00 2.84 .05 .00 7.54
NNW 5.59 .05 .00 2.84 .05 .00 8.53
Calm 5.1D .05 .00 5.17 .33 .05 11.42

All 56.44 .38 005 39.76 2.42 .95
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3.2.20 Station: Condon, Oregon (CON)

Type: Weather Bureau Office

Location: 45:15:00N 120:ll:00W 887 meters (2909 feet) elevation.

Measurement height: 8.8 meters (29 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 5.19, Y = 5.34.

Data source: Paper copy for 1944 through9/22/45.
Not listed by NWDI after 1945.

Data availability: Observationstaken every hour during December 1944 until 9/22/45. No data
after thattime.

Missing data: None.

Local topography: This station is located near the northern apex of a triangular shelf with rolling
hills surrounding the shelf.

Wind roses: Winds in between southerly and west-northwesterly present a broad maximum in this
area, with a weak secondary maximum for north-northwesterly and northwesterly
winds. This station has the fewest (2.61 percent) hours of winds less than or equal to
2 mph of any HEDR station; however, winds greater than 20 mph occur only
4.34 percent of the time, placing it near the median of HEDR stations for frequency
of high winds. Figure 3.20 illustrates the wind rose, precipitation rose, and wind
speed histogram for this station. Table 3.20 summarizes the wind direction and wind
speed and stability distributions.
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Table 3.20. CondonWind Direction andWind Speed and StabilityDistributions

CON Wind Dir_tio_t ]pictdbution

OPercentagoof total number of hoursof data)

Speed1.61 _.6_ All
Dimation < 6 mph > - h Speed-,
N 4.23
NNE 2.63 4.06 6.69
NE 2.81 4.51 7.32
ENE .80 .49 1.30
E .80 .52 1.33
ESE .97 .26 1.2_
SE 1.31 .76 2.07
SSE 2.44 1.16 3.60
$ 4.25 8.51 12.75
5$W 3.94 11.18 15.12
SW 1.75 10.48 12.23
WSW 1.71 7.74 9.45
W .62 6.41 7.03
WNW 1.25 9.08 10.33
NW .85 1.75 2.59
NNW .97 1.47 2.44
Calm .29 .00 .29

All 29.00 71.00

CON Wind Soeed andStability ]:_s_ributiot_

0Percentageof totalnumberof hours of data)

All
Speed (mph) Stable Neutral Unstable Stabilities
0 <-- S <-- 2 1.27 .15 1.19 2.61
2 < S <- 6 6.01 5.65 14.73 26.39
6 < S <- 10 7.95 14.16 10.24 32.35
10 < S <-. 20 2.32 32.00 .00 34.31
20 < S .06 4.28 .00 4.34

All Speeds 17.60 56.24 26.16 100.00

CON WindDirection DistributionDuringPrecipitation

12.35_ of hours had recordedprecipitation.

0Pereenlageof total numberof houm havingprecipitation)

LiquidPrecipitation Frozen Precipitation
Direction Light Moderate Heavy Light Moderate Heavy Total

N 1.50 .00 .00 2.50 .00 .00 4.00
NNE 3.63 .00 .00 6.13 .00 .00 9.75
HE 2.13 .00 .00 8.25 .00 .00 10.38
ENE .50 .00 .00 .75 .00 .00 1.25
E .75 .00 .00 .38 .00 .00 1.13
ESE .75 .00 .00 .38 .00 .00 1.13
SE 1.63 .00 .00 .00 .00 .00 1.63
SSE 2.50 .00 .00 .25 .00 .00 2.75
S 14.88 .00 .00 3.13 .00 .00 18.00 ,
SSW 11.25 .00 .00 2.38 .00 .00 13.63
SW 8.75 .00 .00 3.75 .00 .00 12.50
WSW 4.63 .00 .00 2.13 .00 .00 6.75
W 3.75 .00 .00 1.63 .00 .00 5.38
WNW 4.75 .00 .00 1.75 .13 .00 6.63 '
NW 1.50 .00 .00 .75 .00 .00 2.25
NNW 1.63 .00 .00 .75 .00 .00 2.38
Palm .25 .00 .00 .25 .00 .00 .50

All 64.75 .00 .00 35.13 .13 .00
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3.2.21 Station: Ontario, Oregon (ONO)

Type: Supplemental Aviation Weather Reporting Station

Location: 44:01:00N l17:01:00W 668 meters (2191 feet) elevation.

Measurement height: 17.4 meters (57 feet).

Instrument mounted: On a beacon tower.

, HEDR environmental grid coordinates: X = 18.18, Y = -1.76.

Data source: Paper copy for 1944 through 1947.
• Magnetic tape for 1948 and 1949.

Data availability: According to NWDI, wind direction was an estimate.
Observations taken every hour from 1944 through 1946.
8 to 16 observations per day 1/1/47 through 4/8/47.
Hourly observations from 4/9/47 through 12/31/47.

Missing data: No data for 2100 to 0800 hours during 12/6-31/46.

Local topography: This station is immediately west of the Snake River.

Station was moved: 8/51 Measurement height: 10.1 meters (32 feet).

Instrument mounted: On a tower on the ground.

Data availability: Observations taken every 3 hours.

Station was moved: 1/56 Measurement height: 10 meters (33 feet).

Station was moved: 9/68 Measurement height: 7.6 meters (25 feet).

Wind roses: This distribution is very diffuse with a broad, weak maximum from west-southwest
clockwise to east-northeast and a broad, weak minimum for the remainder of the

directions. Figure 3.21 illustrates the wind rose, precipitation rose, and wind speed
histogram for this station. Table 3.21 summarizes the wind direction and wind speed
and stability distributions.

,L
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Table 3.21. Ontario Wind Direction and Wind Speed and Stability Distributions

ONO Wind Direction Distribution

(Percentageof total numberof hours of dtta)

Speed All
DL_t_ <6_ > _h- s.3,N . 1.57

NNB 6.37 2.29 8.66
NB 2.36 .99 3.34
BNlg 3.62 .89 4.51
B 2.27 1.30 3.57
I_B 3.42 2.05 5.47

. SE 1.37 1.47 2.84
SSB 2.05 1.04 3.09
S .77 .39 1.17
SSW 5.36 3.29 8.65
SW 2.57 3.60 6.16

• WSW 6.51 4.77 11.27
W 1.36 2.48 3.85
WNW 3.56 9.72 13.28
NW 1.33 5.88 7.22
lqNW 4.10 3.12 7.22
Calm 6.36 .00 6.36

All 55.14 44.86

ONO W'mdSeeedaM StabHiwDi_ibution

(Percentageoftotalnumberofbournofdata)

All
Speed(mph) Stable Neutral Unstable Stabilities
0 < -- $ < - 2 8.54 .65 7.45 16.64
2 < S <- 6 12.64 8.50 17.36 38.51
6 < S <- 10 6.02 10.05 6.07 22.15
10 < S <,= 20 .81 16.26 .00 17.07
20 < S .08 5.56 .00 5.64

All Speeds 28.09 41.03 30.88 100.00

ONO WindDirection Distribution Durineprecioitatio_

8.53 % of houmhad t_cordedprecipitation.

(Percentage of total numberof hou. havingprecipitation)

LiquidPrecipitation Frozen Precipitation
Direction Light Moderate Heavy light Moderate Heavy Total

N 2.43 .00 O0 .93 .00 .00 3.36
NNE 7.70 .09 00 2.43 .09 .00 10.32
HE 2.38 .00 00 .19 .00 .00 2.57
ENE 2.24 .00 00 .37 ,,00 .00 2.61
E 2.85 .14 00 .33 .00 .00 3.32
ESl_ 9.06 .09 00 1.49 .09 .00 10.74
SB 4.53 .05 00 .98 .23 .00 5.79

• SSE 4.95 .00 00 1.03 .00 .00 5.98
S 1.63 .00 00 .09 .00 .00 1.73
SSW 7.19 .09 05 1.68 .14 .00 9.15
SW 4.67 .09 00 .51 .09 .00 5.37
WSW 7.05 .05 00 1.77 .05 .05 8.96

' W 3.17 .00 00 .19 .05 .00 3.41
WNW 9.90 .23 00 1.26 .00 .05 11.44
NW 4.39 .14 00 .65 .05 .00 5.23
NNW 4.48 .23 00 1.21 .05 .00 5.98
Calm 2.99 .00 00 1.03 .05 .00 4.06

All 81.61 1.21 .05 16.15 .89 .09
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3.2.22 Station: Pendleton, Oregon (PDT)

Type: WeatherBureauAirportStation

Location: 45:41:00N 118:51:00W 459 meters (1506 feet) elevation.

Measurement height: 10.7 meters (35 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 10.60, Y = 7.84.

Data source: Magnetic tape 1944 t_ough 1949.

Data availability. Observations taken every hour.

Missing data: Unknown.

Local topography: This station is locatedalong the Umatilla River, The river channel is not deep
enough to have much effect on winds at the station. The terrain around the
station has elevation variations of less than about 100 meters (a few hundred
feet). About 16 kilometers (10 nfiles) to the southeast of Pendleton is the edge
of the Blue Mountains. These mountains, which rise about 750 meters
(2500 feet) above Pendleton and run from northeast to southwest, have a rather
abrupt edge that makes an impressive escarpment when viewed from
Pendleton.

Station was moved: 4/47 Measurementheight: 12.5 meters (41 feet).
Station was moved: 10/49 Measurementheight: 11.3 meters (37 feet).
Station was moved: 5/54 Measurement height: 16.2 meters (53 feet).
Station was moved: 4/58 Measurement height: 6.1 meters (20 feet).
Instrument mounted: 4/58 On a tower on the ground.
Station was moved: 2/59 Measurementheight: 16.2 meters (53 feet).
Instrument mounted: 2/59 On the roof of a building.
Station was moved: 9/60 Measurementheight: 6.1 meters (20 feet).
Instrument mounted: 9/60 On a tower on the ground.

Wind roses: High winds tend to blow from the west-southwest. Weaker winds tend to flow from
the southeast, down off the Blue Mountains, occasionally becoming strong winds.
Figure 3.22 illustrates the wind rose, precipitation rose, and wind speed histogram for
this station. Table 3.22 summarizes the wind direction and wind speed and stability
distributions.
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Figure 3.22. Pendleton Wind Rose, Precipitation Rose, and Wind Speed Histogram
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3.2.23 Station: Redmond, Oregon (RDM)

Type: Federal Aviation Administration

Location: 44:16:00N 121:10:00W 934 meters (3064 feet) elevation.

Measurement height: 10 meters (33 feet).

Instrument mounted: On the roof of a building.

. HEDR environmental grid coordinates: X = 1.04, Y = -0.32.

Data source: Papercopy for 1944 through1947.
• Magnetictape for 1948 and 1949.

Data availability: Observationstakenevery hour during1944 to 1947.

Missing data: No datafor 8 hoursof 8/18 and 19/45.
No data for 9/25/45 to 10/9/45.

Local topography: This stationis located in central Oregon slightly east of the Deschutes River.

Station was moved: 10/45 Location: 44:16:00N 121:09:00W. Measurementheight: 11.3 meters
(37 feet).

HEDR environmental grid coordinates: 10/45 X - 1.11, Y - -0.32.

Station was moved: 3/48 Measurementheight: 11.9 meters (39 feet).

Station was m_ved: 10/50 Measurementheight: 9.5 meters (31 feet).

Station was moved: 7/64 Measurementheight: 6.1 meters (20 feet).

Wind roses: The maximumis for westerly, west-northwesterly,and northwesterlywinds for
34.49 percent of the total hours and a secondarymaximumfor southeasterly, south-
southeasterly, andsoutherlywinds 30.22 percentof the total hours. Figure 3.23
illustratesthe wind rose, precipitationrose, and wind speed histogramfor this station.
Table 3.23 summarizesthe wind directionandwind speed and stability distributions.
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Figure 3.23. Redmond Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.2.3. RedmondWind Directionand Wind Speed and StabilityDistributions

RDM Wind Direction Distribution

(Furoemp oftoud mnnbetofhomuofdata)

All

N 1._6 >"
NNE 1.70 .52 2.22
NIS 1.87 .72 2.59
mq]S 2.44 .69 3.13
IS 2.91 1.31 4.22
DE 3.26 2.11 5.37
SIS 6.25 6.79 ' 13.04

" UIS 4.01 5.44 9.45
S 2.54 5.20 7.73
SSW 1.48 .83 2.30
SW 1.47 1.16 2.63
WSW 2.22 2.18 4.40t

W 3.38 10.27 13.66
WNW 3.36 7.60 10.95
NW 2.38 7.50 9.88
NNW ' 1.43 1.40 2.83

3.49 .00 3.49

All 45.33 54.65

RDM W'mdSneed and Stability piln'bmi09

tPercomqe of total number of hours of din)

All
Speed (mph) Stable Nmatnd Umtable Stabilities
0 < - S < - 2 3.97 .38 4"46 8.81
2 < S <- 6 9.88 5.77 20.90 36.54
6 < S <- 10 6.11 9.51 9.75 25.36
10 < S <- 20 1.77 22.11 1.11 24.99
20 < S .09 4.21 .00 4.30

All Speeds 21.81 41.98 36.22 100.00

RDM W'mdDiction Dian'butionDuriM p_ipitation

7.21% of hour8had _ precipitation.

(lPe_mo of _ numberof hour, lavia8 preoipltatim)

LiquidPrecipitation l=ro_n Preoipitatioa
Dir_tion Light Moderate Heavy Light Moderate Heavy Total

N 1.34 .03 .03 .22 .03 .03 1.65
1.62 .00 .00 .61 .03 .00 2.23

NE 1.65 .03 .00 .64 .00 .00 2.32
ENE 2.48 .00 .00 .83 .03 .00 3.34
IS 1.94 .00 .00 .64 .00 .00 2 .58
ESIS 2.48 .00 .00 .70 .06 .00 3.24
SE 7.51 .00 .00 1.59 03 .00 9.13
SSIS 8.08 .00 .00 2.00 .00 .03 10.09

" S 10.60 .03 .03 1.72 .03 .00 12.38
&SW 1.75 .00 .03 .70 .00 .00 2.48
SW 2.80 .00 .00 1.27 .03 .00 4.10
WSW 2.51 .06 .03 1.91 .03 .03 4.55

• W 8.46 .00 .00 5.15 .19 .09 13.90
WNW 6.59 .03 .00 6.27 .22 .06 13.17
NW 6.05 .03 .03 2.89 .13 .00 9.13
NNW 1.65 .00 .00 .92 .03 .09 2.67
Calm 1.69 .00 .00 1.30 .03 .00 3.02

All 69.20 .22 .09 29.37 .80 .32
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3.2.24 Station: Bonners Ferry, Idaho (BON)

Type: Not determined.

Ixw.ation: 48:42:00N 116:18:00W 583 meters (1912 feet) elevation.

Measurement height. 9.8 meters (31 feet).

Instrument mounted: On the roof of a building.

HEDR environmental grid coordinates: X = 20.31, Y = 25.21,

Data source: Papercopy for 1944 through 1947.
NWDI lists papercopy for 1948 and 1949.

Data availability: 4 observationsper day 12/44 through6/16/45.
2 observationsper day 6/17/45 through 2/6/46.
4 observationsper day 2/7/46 through 6/1/46.
2 observationsper day 6/2/46 through7/8/46.
4 observations per day 9/27/46 through 12/31/47.

Missing data: No data3/12 through3/14/45.
No data4/22 through4/29/45.
No data7/29 through7/30/45.
No data 7/8/46 through9/26/46.

Local topography: This station is located nearthe KootenaiRiver. The river flows towardsthe
station through a narrowcanyon _om the east. A triangularplain about
11 kilometers('7miles) wide is located south of the station. The river flows to
the north through a 5-mile wide valley with a very flat bottom containing a
series of river meanders. On all sides of the valley, mountains rise steeply
600 to 1500 meters (2000 to 5000 feet) above the valley floor.

Station was moved: 4/45 Measurementheight: 7.6 meters (25 feet).
Station was moved: 2/46 Measurementheight: 11.9 meters (39 feet),
Station was moved: 9/46 Measurementheight: 10.1 meters (33 feet).

Wind roses: Of all the HEDR stations, BonnersFerry and Colville were the most strongly
influencedby the hesitancyto reportwinds havingone of the eight majorcompass
points (see Section2.7.1). Calm conditions were reported for 30.20 percent of the
total time. Winds less than or equal to 6 mph were scattered around the compass and
winds strongerthan 6 mph fell predominatelybetween west-southwesterlyand east-
southeaste "ly. Figure 3.24 illustrates the wind rose, precipitationrose, and wind
speed histogramfor this station. Table 3.24 summarizesthe wind directionand wind
speed and stability distributions.
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Figure 3.24. Bonners Ferry Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.2,4. BonnersFerry WindDirection andWind Speed andStabilityDistributions

pQg¢ grind Direction Distribution

0%re_nlage of total numberof hours of data)

Stood.49 S_h An
Dtr_tloa < 6 mph • - Speeds

N .72
6.72 .23 6.95
1.04 .03 1.07
7.93 .23 8.16

B .58 .12 .69
I_SB 4.55 '.29 4.84
SE 1.33 .41 1.74
$$B 5.79 1.88 7.67
S 2.40 5.56 7.96
UW 9.21 6.66 15.87
SW .98 .46 1.45
WSW 1.68 .12 1.80
W .78 .14 .93
WHW 5.18 .58 5.76 ,

.52 .17 .70
NNW 3.27 .23 3.50
Calm 30.20 .00 30.20

All 82.66 17.34

BON WindSmw,d and Stability Distribution

0Per_enmlleof totalnumberof houri of data)

All
$01_<.(mph) Stable Neutral Umtable Stabilitiess <- 2 1s.98 8.28 26.++ s1.1o
2< s <- 6 1o.. 1o.71 _o.07 31.s6
6< s <- 10 2.26 8.s7 .ss 11.38
10< s <- 2o .14 s.. .oo s.88
20 < S .00 .09 .00 .09

All Speeds 29.15 33.38 37.46 100.00

_A3]qWind Direction DistributionDurina Precipitation

28.43 _$of hourehad recordedprecipitation.

(Percentageof toed numberof hours having precipitation)

LiquidPrecipitation Frozen Precipitation
Dir_tion Light Moderate Heavy Light Moderate Heavy Total

N .00 .20 .00 .10 .00 .00 .31
HNE 3.06 .81 .31 1.63 .92 .00 6.72
NE .31 .10 .00 .31 .00 .10 .81

3.56 1.02 .61 2.24 .71 .20 8.35
E .20 .10 .00 .20 .00 .00 .51
F,_I_ 2.24 1.22 .00 .61 .31 .20 4.58
SE 1.53 .20 .00 .10 .00 .10 1.93
5S!] 5.50 .71 .31 1.22 .31 .20 8.25
S 7.13 .41 .31 1.12 .31 .00 9.27
55W 12.42 1.12 .20 2.65 .61 .10 17.11 .
SW 1.53 .20 .00 .10 .00 .00 1.83
WSW .71 .00 .20 .61 .10 .00 1.63
W .61 .31 .00 .10 .00 .00 1.02
WHW 3.36 .51 .10 .92 .00 .10 4.99
NW .20 .00 .00 .31 .00 .10 .61 "
HNW 2.04 .10 .20 .61 .20 .10 3.26

13.65 2.34 .31 9.16 2.75 .61 28.82

All 58.04 9.37 2.55 22.00 6.21 1.83
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3.2.25 Station: Lewiston, Idaho (LWS)

Type: Weather BureauAirport Station

Location: 46:23:00N 117:01:00W 432 meters (1416 feet) elevation.

Measurement height: 7 meters (23 feet).

Instrument mounted: On the roof of a building.

, HEDR environmental grid coordinates: X 17.88, Y = 11.87.

Data source: Paper copy for 10/28/46 through 12/31/47.
' Magnetic tape for 1948 and 1949.

Data availability: No data prior to 10/28/46, then observations taken every hour.

Missing data: Data missing for a 15-hour period from 11/30/47 to 12/1/47.

Local topography: This station is located near the banks of the Snake River at the western edge of
the approximately 16-kilometer(10-mile) diameterbasin formed by the con-
fluence of the Clearwaterand Snake Rivers. The Clearwater River flows in
from the east, and the Snake River flows in from the south, then out toward the
west. Hills immediatelyaround the basin rise to about 600 meters (1000 feet)
above the basin floor.

Station was moved: 9/51 Measurementheight: 12.2 meters (40 feet).

Station was moved: 3/66 Measurementheight: 6.1 meters (20 feet).

Instrument mounted: On a tower on the ground.

Wind roses: This rose is very widely distributed. Figure 3.25 illustratesthe wind rose, precipita-
tion rose, and wind speed histogramfor this station. Table3.25 summarizesthe wind
direction and wind speed and stability distributions.
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Figure 3.25. Lewiston Wind Rose, Precipitation Rose, and Wind Speed Histogram
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Table 3.:25. Lewiston Wind Direction and Wind Speed and StabilityDistributions

LWS Wind Dtt_tion l_j_ribution

0Peroemalgeof total numberof hoursof data)

D_ection < Speed S_h AU
N 62._h >- .,J S._
NNE 5.57 13O 7.46
NIS 5.04 3.15 8.19
BNIS 8.08 3.12 11.21
B 5.29 1.13 6.42
ESis 5.04 .86 530
SB 5.45 1.22 6.67

, SSB 4.97 3.27 8.24
S 2.45 2.43 4.89
SSW 2.87 1.55 4.42
SW 1.70 1.86 3.56
WSW 4.02 4.34 8.36

* W 2.25 3.75 6.00
WNW 2.87 2.10 4.96
NW 2.02 .76 2.77
NNW 4.10 .86 4.95
Calm 2.75 .00 2.75

All 67.18 32.81

LWSW'm4 Smm_,rid S_billtv _strib_t_on

0Percentageof total numberof hours of dam)

All
$_e_d<(smph) Stable NeutrsJ Unstable Stabilities

< - 2 5.65 1.27 9.15 16.08
2 < S <- 6 18.85 8.32 23.94 51.11
6 < S <- 10 6.28 7.60 5.57 19.44
10 _ $ <- 20 .75 9.51 .58 10.85
20 < S .01 2.52 .00 2.:,3

All Speeds 31.54 29.22 39.24 100.00

LW$ Wind Direction Distribution Durin_ Precloi_¢!oA

11.54_ of hours had recordedprecipitation

(]PorcentaSoof totalnumber of hourshavin8prooipitatlon)

LiquidPr_ipitation Fmaen Pnufipitation
Din_tion Light Moderate Huvy Lisht Moderate Heavy Total

N 2.67 .00 .00 .76 .00 .00 3.44
NNB 5.54 .00 .00 1.94 .00 .00 7.48
1_ 5.70 .03 .00 2.07 .03 .00 7.83
ENE 6.75 .06 .03 2.04 .03 .00 8.91
iS 3.98 .03 .00 .70 .06 .00 4.77
RSE 3.79 .03 .00 .51 .00 .00 4.33
SiS 5.73 .03 .00 1.30 .00 .00 7.07
SSiS 9.48 .03 .00 1.56 .00 .00 I1.08

, S 6.05 .06 .00 .70 .00 .00 6.81
SSW 3.53 .13 .00 .67 .03 .00 4.36
SW 3.47 .03 .00 .54 .13 .00 4.17
WSW 7.10 .03 .00 1.59 .16 .00 8.88
W 5.16 .00 .00 1.30 .00 .00 6.46

' WN'W 4.26 .00 .00 1.02 .09 .00 5.38
NW 1.69 .00 .00 .35 .00 .00 2.04
NNW 2.80 .00 .03 .83 .00 .00 3.63
Calm 2.36 .03 .00 .95 .03 .00 3.37

All 80.04 .51 .03 18.84 .57 .00
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