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SUMMARY

Recently, several new sonic anemometersave
become available for routine wind measurementicS
anemometers avoithany problemsassociatedwith the
traditional rotating anemometand vane sets—inertia of
moving parts, bearing wear, contamination from dust and
ice, frequentmaintenance. Without a startirtreshold,
the sonic anemometeralso produces more accurate
measurements of wind directi@and sigma theta atery
low wind speeds. We illusite theseadvantages by
comparing 20days of observations from a new sonic
anemometer with data from existing capdvane sensors
at the 10-m level ofLawrence Livermore National
Laboratory’s (LLNL's) meteorological tower.

. INTRODUCTION

Several meteorological manufacturers, such as
Climatronics Corp.Handarlnc., METEK GmbH, Mesa
Systems CoandGill-SOLENT, have recentlydeveloped
rugged and nearly maintenance-fsemic anemometers for

routine measurements. These new sonic anemometers are

distinguished from the moreesearch-grade, 1- and 3-
dimensional sonics thare usedor measuring sensible
heat flux and vertical turbulence,e.g., sensors by
Campbell Scientific Incand Applied Technologies Inc.

For this preliminary study weompared &eta version

Handar Model 42%JltrasonicWind Sensor to a Met One
Model 010/020 cupand vane set, with a focus on

parameters important for input to dispersion models.

I[I. DESCRIPTION OF TOWER SITE

Since the late 1970s, LLNL hawllected on-site
meteorologicadatafor use in regulatorgnd emergency
preparedness andsponse dispersion modeling. LLNL is
located on the eastern side of the Livermore Valley, about
30 miles east ofOakland, California. The 40-m
meteorological tower isocated neathe northwestorner
of LLNL site at an elevation of 174 m. The topography
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slopes up gentlyowardsthe southeast with grade of
approximately 12 min 1 km.

The tower site iexposed torelatively openfetches
consisting mostly of annual grasses for over 150 m in all
directions. The surface roughness is about 0.1&ndthe
zero-plane displacement 8.5 ni. The largestnearby
feature is anorth to south line of eucalyptiiees about
150 m tothe east. A housing vidopment is about
250 m tothe west. Commercial buildingse located
300 m to the north.

With an annual average wind speed of 2.6 bi/slL
experiences high frequency oflow winds. Based on a
17-yearrecord 27percent ofthe 15-minuteaverages are
less than 1 m/s and 50 percent are less than 2 m/s.

. METHODS

A. Tower Boom and Crossarm Set-up

As shown in Figure 1, the wind set®re mounted
on a crossarrfocated athe end of &2-m long boom on
the west side of the tower at 10 m above the ground. The
crossarm wasrientednorth to south with the Met One
wind vane on the souttend. The Handar sonic was
attached close to the center of the crossarm.
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Figure 1. Sensor, crossarm, boom and tower layout.



B. Data Acquisition

We connectedhe Handar andMet One sensors to
separatebut identical Handar 540 data loggers running
similar acquisition programsynchronized tothe same
clock. Each 540 loggemolled the instruments every
second andstored 15-minute averages. Thedata were
transferredperiodically via modem to an Atmospheric
Release AdvisoryCapability (ARAC) Sun workstation.
Calibrationand maintenance of thi¥let One system was
performed according tdJ.S. Environmental Protection
Agency (EPA) guidanc¥.

Both loggers recorded the following parameters:

eV, 15-min average horizontal wind speed

e V., maximum 1-sec horizontal wind speed

e 0, 15-min average wind direction

e 04 Standard deviation of wind direction calculated
by the Yamartinobmethod.

Additionally the Met One logger recorded:

e Winds at40 m

e Temperature at 2, 10 and 40 m

« Precipitation with a tipping bucket rain gauge
e Solar radiation.

C. Met One Cup and Vane System

Table 1 summarizes the manufacturer’s specifications.
The Met One 010C windpeedsensor is a 3-cup design.
The 010C uses a slotted chopper dislptoduce a pulsed
output that is converted to a voltage proportionaivied
speed. We verified the calibration of the wapmbedsensor
by spinning the shaft at constant speed with a tachometer.
The Met One 020C vane uses a precision potentiometer to
determine wind direction.

D. Handar Sonic System

The Handar 425 Ultrasonic Wind Sensor uses
ultrasound to determine windpeed anddirection. A
100-kHz signal is generated by vibrating a cylinder in each

of three transducersThe transit time of the signal is
measurecbnce persecond inthe forward and backward
directions byeach ofthe three transducersyhich are
120 degrees apart. Withind along the soungbath, the
upwind transittime increasesand the downwind transit
time decreases. Aensor micro-controller computesnd
speed, directionand the orthogonal components and
reports them to the data logger.

IV. RESULTS

A. Study Period

For this preliminary analysis, weollected 1802
15-min values from botllataloggers from November 1
to 20, 1996. The weather for the stuariodwas typical
for autumn at LLNL with relatively calm winds. As
measured by the Met One cups, gwerage wind speed in
the predominant windlirection from the southwest was
2.8 m/s, somewhat stronger than the 2.1 avkrage for
the 20 days. While windare typically strongerduring
afternoons, the strongest windsring the studyperiod
occurred orthe mornings of the 17tindthe 19th. The
averageemperature wa$2.8C, and rangeffom 4.3 to
22.7°C. One winter stormoccurrednearthe end of the
period when 4.57 cm (1.80 inched) rain fell during the
night of November16-17. The total rain for thetudy
period was 4.70 cm (1.85 inches).

B. Wind Direction Comparisons

The Met One vane and the Handar salimection data
are verysimilar when theaverage wind speeslas greater
than 2 m/s (N = 816, where N is the number of 15-minute
averages). The mean difference is dhi degreesFigure
2 shows thewind directiondifferenceplotted against the
wind direction from the Met One vane.Lockharf
attributed this wavy pattern partly to smadaccuracies in
the potentiometer. Some of this fluctuation may be due to
several other causes, including the tower wake when winds

Table 1. Manufacturers’ wind sensor specifications.

Starting Distance Damping Max
Sensor Threshold Constant Ratio Accuracy Resolutiof Speed
(m/s) (m) (m/s)
010C cup 0.3 <1.6 V:0.15 m/s or 1% 0.1 m/s 60
020C vane 0.3 <1.0 >0.4 0: 3 deg 1 deg 60
425 sonil 0.0 V: 0.135 m/s or 3% 0.1 m/s 60
0: £2 deg 1deg

®Estimated using Warig

bF’reliminary; “Includes resolution of logging system



arefrom 45 to 135, or by wakes from upwind sensors
when thewind directionsarealong the crossarm drom

0° or 180. Also the sonic’s own transducers may generate
a little local turbulence, but this is thought to be
negligible.

XK X

KX K1 RO KX W X o

K IO OOK N WX ¥X

RN By 3

N =816

0 45 90 135 180 225 270 315 360

Bvane (deg)

Figure 2. Wind direction difference
versus vane direction forg\f,> 2 m/s.

C. Wind Speed Comparisons

Figure 3 shows a strong correlatioh=(0.9966) of
wind speed betweethe sonicand wps. The slope of the
linear least-squares regression indicatéke sonic
consistently outputs percenthigher than the cups. This
is due to aninaccurateinitial calibration of the beta
version of the sonic. At this writingHandar plans to
recalibrate the sensor. The 0.05 midffset of the
regression is small enough to be ignored.
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Figure 3. Correlation of ¥, with V¢

Figure 4 shows the wind spegifferencebetween the
sonic and cups, plotted asparcentage othe soniowind

speed against wind speed from the cups. The data points in
this diagramline up in a family ofcurvescreated by the
0.1 m/s resolution programmed into the logging system.
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Figure 4. Wind speed difference
as a percentage of sonic wind speed.

EPA states that horizontal wind systems should be
accurate within 0.25 m/s in theange between the
thresholdand5.0 m/s. Atigherspeedghe error should
not exceed 5 percent of tlobserved speedhe two lines
in Figure 4 envelopehis accuracyspecificationafter a
7 percentadjustment is applied tthe sonic wingpeed.
Most of the 1802data points are within the adjusted
accuracy envelope.

D. Sigma Theta Comparisons

1. Moderate winds (\& 2 m/s)

Figure 5 shows how thaifference ing, between the
sensors varies with wind direction. Sigma thetenpared
remarkablywell when the windsvere greater or equal to
2.0 m/s. The root mean squargdifference was just 0°8
The maximum absolutdifference ing, betweerthe two
sensors was 4.6The largest deviation may be caused by
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Figure 5. The difference i, versus vane wind direction.



additional turbulence when the wind is from the north and
the vane is in the lee of the cups and sonic sensors.

2. Low winds (V < 2 m/s)

Figure 6 shows thai, from the sonictends to be
greaterthan the vane atow wind speeds. Thedarge
difference ing, at very low winds is caused by thane’s
lack of movement belovts 0.25 m/s startinthreshold
and byits insensitivity tovery small turbulenteddies.
Without a starting threshold the sonic senses smallat
direction fluctuations at lower wind spee@®tailed time
series of low wind periods, not included in this paper, and
previous sonic-vane comparisbnimdicate that sonics
consistentlyproducelarger g, than the vanesluring low
winds.
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Figure 6. Difference iwgversus \,sfor V< 2 m/s.

V. IMPLICATIONS FOR DISPERSION
MODELING

Without a threshold speed,sanic anemometer can
collect more winddatawith greater accuracy atery low
wind speedsthan cup and vane systems. This is
advantageous at a low wilsgpeedsite such asivermore,
California. Better definition of near calm conditions allow
dispersion models to bhesedmore reliably at lowewind
speeds. This is especially important in tlensideration
of worst caseconditions for environmental analyses or
limited dispersion duringaccidents. A sonic also is
advantageous for directly measuring turbulence parameters,
0g, 0, Oy, O, ando,, which provide site-specificnputs
into dispersion modelgatherthan relying ongeneralized
parameterizations of stability cla¥s.

Additional study of theHandarsonic is phnned in
1997, including a wd tunnel calibrationand more
detailed field comparisons.
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