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Executive Summary

SODAR data have been collected at the Falmouth wastewater treatment plant in the
spring of 2005 by the Renewable Energy Research Laboratory at the University of
Massachusetts at Amherst. The data were collected to estimate the wind resource for
possible wind turbines and to determine the wind shear characteristics at the site. Some of
the data was determined to be corrupted but good data was collected at a number of
heights during the month of June, 2005. Based on these data, the wind shear at the site
can be modeled by exponential fit with a coefficient of 0.33 and the mean annual wind
speed at 70 m is most likely between 5.88 and 6.36 m/s.

Introduction

The Renewable Energy Research Laboratory (RERL) at the University of Massachusetts
at Amherst has collected a year’s worth of wind data from a 40 m high meteorological
tower in Falmouth MA. A description of that data can be found in reports on the RERL
web site. In an effort to characterize the wind shear at heights higher than those measured
by the tower sensors, RERL installed a SODAR near the data tower to get wind speed
measurements up to well over 100 m. The operation of a SODAR and the SODAR data
are described in this report.

SODAR Technology

The UMass ART VT-1 SODAR measures wind speed and direction at multiple heights
using an acoustic signal. Data are collected at heights from 30 to 200 m in 10 m
increments. The acoustic signals are reflected from the atmosphere and received by the
SODAR and analyzed to determine wind speeds at each height.

The strength of the reflected signal decreases with height. Naturally occurring acoustic
noise in the environment may overwhelm the reflected signal. When this occurs, the
SODAR software does not use that sample of information. If too few samples in the 10-
minute averaging period have sufficient signal strength, the SODAR does not provide an
average for that period. Thus, depending on the ambient noise levels, the SODAR may
provide less data at higher elevations due to the weak signal.

Possible echoes of the SODAR signal, which are caused by nearby objects, may also
affect the reliability of the SODAR data. Potential echo problems are taken into
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consideration when the SODAR system is deployed and tests are conducted in order to
prevent echoes from corrupting the data.

Finally, the SODAR tends to report wind speeds one or two percent below those
measured with anemometers and any problem with the data collection almost always
results in low measurements. Thus, the SODAR provides a lower limit for the measured
wind speed.

Site Description
The UMass SODAR was installed at the wastewater treatment plant in Falmouth, MA on
April 26, 2005 and was used to collect wind data until July 19, 2005.

Just before the SODAR was installed in Falmouth the possibility of problems with echoes
from ground clutter was identified. In this case ground clutter means low trees, and hills
and nearby buildings which were believed to be too low to cause problematic echoes.
These echoes result in incorrect wind speed measurements. After the SODAR was
installed at the Falmouth site, problems that appeared to be due to ground clutter were
noticed. Thus, during the period of time that the SODAR was at Falmouth, the SODAR
location and operation were changed a few times to try to identify and to avoid or to
mitigate problems due to ground clutter.

The details of the changes in SODAR location and operation can be found in Table 1.
Initially, the SODAR was placed near a low hill (Site A). After the presence of the
possible echoes was detected, the calibration of the SODAR was checked and the
usefulness of new echo rejection software was evaluated. None of these efforts solved the
problems, so the SODAR was moved farther from the trees and the hill behind the
SODAR to a location on a tarmac access road (Site B). Data was successfully collected at
this location for about a month, both with and without a nearby anemometer, as attempts
were made to define the best methods to identify ground clutter problems. Finally the
SODAR was moved back to Site A to identify if procedures to identify echo problems
could be successfully used at this site.

As a result of theses efforts, it has been determined that the data from the Site B is useful
for characterizing the wind shear at the site for the month of June (Files designated
Falmouth 4 and 5 in Table 1). This report will focus on the data from Site B for that
period.

Site B is identified in Figure 1 by a small cross. Its coordinates are 41° 3" 20" N latitude,
70°,37" 19" W longitude. The terrain rises as one goes east and is fairly open to the west.
Figure 2 shows a satellite photo of the data tower site and the SODAR site B and Figure 3
shows the SODAR at the site with the short anemometer on a pole beside the SODAR.
The SODAR was located 105 m from the data tower.



Table 1. Details of SODAR location and operation

File Data SODAR System Configuration
Designation Collection Location
Dates
Falmouth 1 4/26-5/06 A 10-minute averages, no echo rejection
Falmouth 2 5/06-5/13 A Some calibration checks completed, echo
rejection is on, speaker group C connector
reattached incorrectly
Falmouth 3 5/13-6/03 A Phase check completed, speaker group C
reattached correctly
Falmouth 4 6/03-6/14 B 10-minute averages, no echo rejection
Falmouth 5 6/16-6/30 B 10-minute averages, no echo rejection,
added nearby short anemometer
Falmouth 6 6/30-7/14 A 10-minute averages, no echo rejection,
nearby short anemometer
Falmouth 7 7/14-7/19 A 10-minute averages, no echo rejection,

nearby short anemometer, after met tower
removed

Figure 1 Location of Sodar Site B - map from topozone.com
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Figure 2. Orthophoto of Falmouth showing SODAR site B.



Figure 3. Photograph of the SODAR placement at Site B and the Falmouth data tower.

Data Overview

Data was collected at Site B from June 3 until June 30 2005. The mean wind speeds
measured by the SODAR during this period are listed in Table 2 and shown in a graph in
Figure 4. Table 2 also includes the averages during the data collection at Site B of the
comparable tower data. Both at 30 m and at 40 m the tower data are higher than the
SODAR data. The differences are, in part, due to the fact that the SODAR reports slightly
lower wind speeds, as described above, but most likely due to the effects of the terrain at

the site.

Table 2. Measured wind speeds at SODAR Site B and tower

Height, m | Mean Wind Speed, | Mean Wind Speed,
SODAR, m/s Tower, m/s
30 4.34 4.76
40 4.82 5.29
50 5.13
60 5.42
70 5.65
80 5.93
90 5.94
100 5.30
110 6.04
120 6.50
130 6.99
140 7.33
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Figure 4. Mean wind speeds versus height at Site B

Table 3 lists the percentages of acceptable 10-minute averages, as determined by the
SODAR software, based on signal-to-noise ratios. Only at and above 100 m was there
less than 90% of the total possible number of 10-minute averages. Above 140 the
percentage of acceptable averages decreases so the analysis only considers data to 140 m.

Table 3. Percent of possible data that was collected

Height | Percent Data with Acceptable
Signal/Noise Ratio
30 95.6%
40 95.4%
50 94.9%
60 94.4%
70 93.7%
80 92.9%
90 92.0%
100 87.7%
110 87.4%
120 85.3%
130 81.6%
140 77.8%

A graph of the SODAR wind speed measurements at two heights is shown in Figure 5
and the wind direction at two different heights is shown in Figure 6. It can be seen that
the winds during June were almost exclusively from the south and south-west (160 to 259
degrees).



Wind Speeds at 60 m and 120 m at Falmouth Site
18

14} 4

121 N
. — 60m

—— 120m

Sodar data [m/s]

| il
i |
i “ | ‘ | “ ‘ |
2t ‘ | \‘ | I u ‘ |

0
06/02 06/07 06/12 06/17 06/22 06/27 07/02

Figure 5. Graph of 10-minute averages of SODAR wind speed at 60 and 120 m.
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Figure 6. Graph of wind direction at the Falmouth site at 60 and 100 m.



Data Validation

The SODAR data were compared with anemometer data from nearby Falmouth tower
and the short anemometer next to the SODAR to confirm the quality of the data. There is
no indication from the comparisons that the data at Site B are affected by ground clutter.
On the other hand, correlation coefficients derived from a linear fit between the SODAR
data and the anemometers (see Figure 7) and also the magnitudes of the wind speed data
suggest that the data from 90 to 120 m may be affected by echoes from the data tower.
There is a drop in measured average wind speed seen in Figure 4 around 100 m and
above and below 100 m. This could be the result echoes from the tower which is 105 m
from the SODAR. The decrease in the correlation coefficient between the SODAR data
and anemometers that is seen in Figure 7 from 100 to 120 m is a stronger indication that
there are echo problems.
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Figure 7. Correlation coefficients for linear fit between SODAR and anemometer data at a variety of
heights

The decrease in wind speed could, of course be due to atmospheric or terrain effects but
an examination of the ratio of the 100 m wind speed to the 80 m wind speed, as measured
by the SODAR does not seem to be a function of the three to four day time scales that
characterize weather fronts (see Figure 8) nor of wind direction (see Figure 9). It
therefore does not seem to be due to weather patterns.
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Figure 8. Graph of ratio of 100 m to 80 m wind speeds vs. time

Ratio of Sodar 100m/80m Wind Speed vs Wind Direction at 80m
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Figure 9. Graph of ratio of 100 m to 80 m wind speeds vs. wind direction



On the other hand, the observation that the ratio of the 100 m wind speed to the 80 m
wind speed seems to be a function of wind speed, in that there is more scatter in the data
at low wind speeds (see Figure 10) indicates that the lower wind speeds at 100 m are due
to echoes corrupting the data. Based on these analyses, the SODAR data from 90 to 120
m will not be used in the analysis of the shear and long term mean wind speeds.
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Figure 10. Graph of ratio of 100 m to 80 m wind speeds vs. 80 m wind speed

Estimates of Shear at Site B

Figure 11 shows an exponential fit, only to the good data, that allows one to estimate the
correct mean wind speeds from 90 to 120 m. The estimated exponential shear coefficient
is 0.33. This is the average shear coefficient, based on this data set, using only the data
from 30 to 80 m and at 130 and 140 m. This is maximum height range over which a
modern wind turbine might operate. Over this range, the exponential profile fits the data
very well. This shear has been measured at this specific site and, in this case, the analysis
includes winds that are predominantly from the S and SW. Wind from these directions
come over land for some distance and come over terrain of varying elevations. Thus, the
shear when winds are from other directions or at nearby sites might be different.
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Figure 11. Shear profile at the Falmouth site, based on good data

Estimates of Long Term Wind Speed

The long-term mean wind speeds at a variety of heights were estimated using the
Measure-Correlate-Predict (MCP) technique. The SODAR data and a year of 40 m tower
data from the Falmouth data tower were used to estimate the annual mean wind speeds at
Site B. The full data set from the Falmouth tower is shown in figure 12. The estimates of
long term wind speeds used data for the period from June 30, 2004 until June 30 2005.
The average wind speed during this year-long period at 40 m at the Falmouth tower was
5.48 m/s. The MCP approach provides estimates of Site B wind speeds at 30 to 140 m for
the period from June 30, 2004 until June 30 2005.

Measure-Correlate-Predict is a common method used in the wind industry to estimate the
wind resource when concurrent data from two sites are available. The form of the MCP
relationship used was the “Variance” method developed at RERL'. The analysis was
performed using direction sectors. The uncertainty of the results is determined using the
Jackknife estimate of variance® and includes an empirical correction based on research
results at the University of Massachusetts. While this approach works well in many
circumstances, its validity for MCP analyses is still being investigated at RERL.
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Figure 12. Falmouth wind speeds for 2004—2005 at 40 m on the data tower.

The results are shown in Table 4 and in Figure 13. The estimated mean annual wind
speeds increase from 4.72 m/s at 30 m to 7.54 m/s at 140 m. It is estimated that there is a
63% confidence that the mean speed lies between the upper limit and the lower limits
listed in Table 4. Thus, for example, there is a 63% chance that the mean 70 m wind
speed at the Falmouth site for the period from June 30, 2004 until June 30 2005 was
between 5.88 and 6.36 m/s.

Table 4. Estimated mean annual wind speed at the Falmouth site, for those elevations with good data

Height, m Estimated Mean Confidence Interval | Confidence Interval
Annual Wind speed Lower Limit Upper Limit
30 4.72 4.65 4.78
40 5.24 5.20 5.27
50 5.57 5.53 5.61
60 5.89 5.75 6.04
70 6.12 5.88 6.36
80 6.35 6.03 6.67
130 7.28 6.64 7.92
140 7.54 6.82 8.27
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Figure 13. Estimates of average 2002 wind speed at the Falmouth site
Conclusion

The SODAR data collection at the Falmouth wastewater treatment plant has provided
measurements of wind speed for June 2005 from 30 to 140 m. Some of the data have
been affected by echoes from the nearby data tower, but the uncorrupted data have been
used to provide an initial estimate of mean wind speed and wind shear at the SODAR site
(Site B). The shear estimate is based on the data that is primarily from the S and SW and
may not be representative of the wind characteristics from other directions. The estimates
of annual wind speed also assume that the relationship between the tower data and the
SODAR data that was measured in June 2005 applies to the site at all other times in the
year. Estimates based on a years worth of data might be a little different.

The data has also been useful for developing methods to identify data corrupted by
echoes from fixed objects and from ground clutter. Work will continue on resolving
ground clutter issues that might affect the SODAR’s data in order to best characterize the
winds at the site.
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