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BACKGROUND

The Guam Power Authority (GPA) is performing aneassnent of the wind resource potential on Guam svitiport
from GHD Inc. and their subcontractor DNV KEMA Revables, Inc. (DNV KEMA). A preliminary site assasnt
was performed by DNV KEMA to evaluate potentiallgiMe wind energy development areas on Guam amdifiye
meteorological (met) tower locations. This reparnsnarizes the monthly monitoring results and ati¢isiat the Cotal
Area in central Guam.

GHD Inc. has subcontracted with DNV KEMA to collequality control (QC), validate, summarize, arahsmit data
for a 60-m meteorological tower located along thesS Island Road in central Guam. This 60-m XHDegwprovided
by NRG Systems, is identified as Site 0001. Black€ruction Corporation installed the tower on Ry 2011.

Location Summary

Tower Coordinates (WGS 84)

Site Number Tower Type Installation Date Latitude Longitude Elevation
0001 NRG 60-m XHD July 29, 2011 N 13° 23.361' E 144° 43.359' 166 m (545 ft)

Sensor Summary

Nominal Sensor | Actual Sensor Sensor Boom

Quantity Height (m) Height (m) Orientation (°)* Length (m)
NRG #40C Anem. 2 60 58 44,134 2.4
NRG #40C Anem. 1 50 50 44 2.4
NRG #40C Anem. 2 40 40 44,134 2.4
NRG #40C Anem. 1 25 25 44 2.4
NRG #200P Vanes 2 50, 45 52,475 1,1 2.4
NRG #110S Temp. 1 3 3
* An orientation of 180° means the sensor is due so  uth of the tower.
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OBJECTIVE AND DESCRIPTION

The monthly data summary is not a detailed analggended for use in making long-term energy
estimates. The monthly activities provide a genealitlation and summarization of the 10-minute
data, presented in a cumulative format. This inetuelimination of data associated with tower
shadow, icing, intermittent sensors, and failedsee The data summary does not include the
detailed analysis of the data that is needed toeaddelatively small tower and boom effects, small
sensor discrepancies, and other anomalies thabotay. While the validated data provided in the
monthly processing provide a building block for kexaing a site's wind resource, they are not b
delivered as a final wind resource assessment.

The information provided in this monthly data sunnyria based on the validated data but does not
include detailed analysis and should be considereldminary. For example, invalid data have not
been replaced, and no consideration has been e long-term representativeness of the data
that have been collected and reported in this susnrAaditional analysis is required to establish a
representative long-term data set.

GHD Inc., Guam - 201307 Summary.xlsm 3



Data Recovery

Hours Hours Lost Recovery Rate

In Period 60 m 50 m 40 m 25 m All Heights  Dpper Level
August 2011 744 125 259 125 259 74.2% 83.2%
September 720 0 181 0 181 87.4% 100.0%
October 744 0 13 0 13 99.1% 100.0%
November 720 0 0 0 0 100.0% 100.0%
December 744 0 0 0 0 100.0% 100.0%
January 2012 744 0 0 0 0 100.0% 100.0%
February 696 0 0 0 0 100.0% 100.0%
March 744 0 0 0 0 100.0% 100.0%
April 720 0 0 0 0 100.0% 100.0%
May 744 0 14 0 14 99.0% 100.0%
June 720 0 3 0 3 99.8% 100.0%
July 744 0 35 0 35 97.7% 100.0%
August 744 0 181 0 181 87.8% 100.0%
September 720 0 38 0 38 97.4% 100.0%
October 744 179 346 179 346 64.7% 76.0%
November 720 429 429 429 429 40.4% 40.4%
December 744 473 473 473 473 36.4% 36.4%
January 2013 744 0 0 0 0 100.0% 100.0%
February 672 8 8 8 8 98.8% 98.8%
March 744 0 0 0 0 100.0% 100.0%
April 720 0 0 0 0 100.0% 100.0%
May 744 0 1 0 1 99.9% 100.0%
June 720 455 455 455 455 36.9% 36.9%
July 744 0 24 0 24 98.4% 100.0%
Overall 17,544 1,669 2,462 1,669 2,462 88.2% 90.5%
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O&M Summary

Site 0001
NRG 60-m XHD
Installed 7/29/11

Tower installed on 7/29. Incomplete
data transmittals 8/1-8/12;

August 2011 transmittal issues resolved via
remote patch file from DNV to the
iPack 8/12.
September No issues.
October No issues.
November No issues.
December No issues.
January 2012 No issues.
February No issues.
March No issues.
April No issues.
May No issues.
June No issues.
July No issues.
August No issues.
September No issues.
October Missing data from 10/24 - 10/31.
Possible Multi-Media Card (MMC)
or data card corruption, resulting in
November various periods of missing data
throughout the entire month.
Possible data card corruption,
December 'resulting in various periods of.
missing data throughout the entire
month.
January 2013 No issues
Possible data card corruption,
February resulting in various periods of
missing data from 2/11 - 2/13.
March No issues.
April No issues.
May No issues.
Missing data on 6/6 - 6/26 due to
corrupt MMC card; data
June irretrievaple. GHD visited the site
on 6/26 in order to resolve the
issue by swapping the current
MMC card.
July No new issues.

Green shading indicates greater than 70% data recovery at 60 m.
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Cause of Hours Lost (60m)

Missing Mal. Tower[1]
August 2011 125 0 0
September 0 0 0
October 0 0 0
November 0 0 0
December 0 0 0
January 2012 0 0 0
February 0 0 0
March 0 0 0
April 0 0 0
May 0 0 0
June 0 0 0
July 0 0 0
August 0 0 0
September 0 0 0
October 179 0 0
November 429 0 0
December 473 0 0
January 2013 0 0 0
February 8 0 0
March 0 0 0
April 0 0 0
May 0 0 0
June 454 0 0
July 0 0 0
Overall 1,668 0 0

[1] Hours lost due to tower shadow are expected and
occur under normal conditions where there is only one
anemometer per measuring height.

Cause of Hours Lost (50 m)

Missing Mal. Tower[1]
August 2011 125 0 0
September 0 0 181
October 0 0 13
November 0 0 0
December 0 0 0
January 2012 0 0 0
February 0 0 0
March 0 0 0
April 0 0 0
May 0 0 14
June 0 0 3
July 0 0 35
August 0 0 181
September 0 0 38
October 179 0 168
November 429 0 0
December 473 0 0
January 2013 0 0 0
February 8 0 0
March 0 0 0
April 0 0 0
May 0 0 1
June 454 0 0
July 0 0 24
Overall 1,668 0 658

[1] Hours lost due to tower shadow are expected and
occur under normal conditions where there is only one
anemometer per measuring height.
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Cause of Hours Lost (40 m)

Missing Mal. Tower[1]
August 2011 125 0 0
September 0 0 0
October 0 0 0
November 0 0 0
December 0 0 0
January 2012 0 0 0
February 0 0 0
March 0 0 0
April 0 0 0
May 0 0 0
June 0 0 0
July 0 0 0
August 0 0 0
September 0 0 0
October 179 0 0
November 429 0 0
December 473 0 0
January 2013 0 0 0
February 8 0 0
March 0 0 0
April 0 0 0
May 0 0 0
June 454 0 0
July 0 0 0
Overall 1,668 0 0

[1] Hours lost due to tower shadow are expected and
occur under normal conditions where there is only one
anemometer per measuring height.

Cause of Hours Lost (25 m)

Missing Mal. Tower[1]
August 2011 125 0 0
September 0 0 181
October 0 0 13
November 0 0 0
December 0 0 0
January 2012 0 0 0
February 0 0 0
March 0 0 0
April 0 0 0
May 0 0 14
June 0 0 3
July 0 0 35
August 0 0 181
September 0 0 38
October 179 0 168
November 429 0 0
December 473 0 0
January 2013 0 0 0
February 8 0 0
March 0 0 0
April 0 0 0
May 0 0 1
June 454 0 0
July 0 0 24
Overall 1,668 0 658

[1] Hours lost due to tower shadow are expected and
occur under normal conditions where there is only one
anemometer per measuring height.
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Monthly Average Wind Speeds (m/s)

60 m 50m 40 m 25m
August 2011 4.7 4.4 4.2 3.0
September 4.8 4.4 4.3 3.1
October 5.1 4.9 4.6 3.5
November 8.3 8.0 7.6 6.0
December 9.1 8.8 8.3 6.7
January 2012 7.5 7.2 6.9 5.2
February 8.2 7.9 7.5 5.9
March 9.0 8.7 8.2 6.5
April 6.9 6.7 6.3 4.9
May 5.8 5.6 5.1 4.0
June 5.7 5.5 5.1 3.8
July 4.4 4.1 3.8 2.8
August 4.2 3.7 3.7 2.5
September 4.3 4.2 3.8 2.8
October 6.0 5.7 5.3 3.9
November N/A N/A N/A N/A
December N/A N/A N/A N/A
January 2013 8.8 8.5 8.0 6.0
February 9.7 9.4 8.9 6.9
March 8.0 7.7 7.3 5.5
April 6.7 6.5 6.1 4.7
May 5.5 5.4 5.0 3.7
June N/A N/A N/A N/A
July 5.0 4.8 4.4 3.2
Weighted
Average [1] 6.7 6.4 6.1 4.6

[1] The weighted annual average accounts for a period longer than 12 months

by averaging duplicate calendar months.

10
g | O /‘7
E &6 751
°
@
] w
3 4 ~— — —
©
£
2 2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
—&—60m —e—50m 40m —*%—25m

Monthly Wind Speeds Graph

GHD Inc., Guam - 201307 Summary.xlsm




Maximum Wind Speed Gust (m/s)

60 m 50m 40 m 25m
August 2011 25.6 26.0 24.1 22.5
September 18.7 18.3 18.7 16.0
October 19.5 19.5 18.0 15.7
November 22.5 22.9 23.3 19.9
December 21.4 21.8 22.2 21.4
January 2012 22.9 21.4 21.4 21.0
February 23.7 23.3 22.9 21.8
March 23.3 23.3 23.7 21.8
April 17.2 17.2 16.4 15.7
May 22.5 22.5 23.3 18.7
June 20.2 19.9 19.5 17.2
July 16.8 16.0 16.8 14.5
August 21.4 20.6 21.0 18.3
September 18.3 17.6 17.6 15.7
October 22.2 21.8 22.2 18.7
November N/A N/A N/A N/A
December N/A N/A N/A N/A
January 2013 23.7 22.9 22.2 20.2
February 21.4 22.5 21.8 19.5
March 20.2 19.9 19.5 17.9
April 19.1 19.1 19.1 17.6
May 13.7 14.5 14.5 12.6
June N/A N/A N/A N/A
July 20.6 20.6 20.2 17.2
E‘]E”Od of Record 25.6 26.0 24.1 225

[1] Period of Record is the maximum wind speed from August 1, 2011, through
the current month.

N/A indicates less than 50% data recovery.

Temperature Ranges (°C)

Average Minimum Maximum
August 2011 26.6 22.6 32.9
September 26.5 22.7 32.6
October 26.3 21.8 33.0
November 26.7 22.8 31.9
December 26.7 22.5 31.7
January 2012 25.5 20.6 31.7
February 26.2 21.1 32.0
March 26.2 22.2 33.5
April 27.1 22.8 33.0
May 27.4 23.4 34.1
June 27.7 23.2 33.7
July 27.0 23.0 32.8
August 26.2 22.3 33.0
September 27.0 22.9 33.5
October 26.4 22.1 32.3
November N/A N/A N/A
December N/A N/A N/A
January 2013 25.8 20.6 31.5
February 26.1 22.2 32.0
March 26.4 22.1 32.1
April 27.1 22.5 334
May 27.6 23.2 33.2
June N/A N/A N/A
July 27.6 21.7 33.3
Fl?nod of Record 26.7 206 341

[1] Period of Record average values are a weighted annual
average calculated by averaging duplicate calendar months.
Minimum and maximum values are from August 1, 2011 through
the current month.
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Wind Shear Exponent

40-60 m 25-50 m

August 2011 0.32 N/A
September 0.28 N/A
October 0.29 0.42
November 0.26 0.42
December 0.25 0.41
January 2012 0.25 0.43
February 0.27 0.41
March 0.24 0.42
April 0.25 0.40
May 0.30 0.46
June 0.29 0.45
July 0.30 N/A
August 0.32 N/A
September 0.31 0.43
October 0.32 0.51
November N/A N/A
December N/A N/A
January 2013 0.26 0.50
February 0.24 0.44
March 0.24 0.47
April 0.28 N/A
May 0.27 0.43
June N/A N/A
July 0.29 N/A
Weighted

Average [1] 0.28 0.44

[1] The weighted annual average accounts for a
period longer than 12 months by averaging
duplicate calendar months.

N/A indicates less than 200 hours of wind
speed recovery greater than 4 m/s for both
anemometers used to calculate shear.
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PRELIMINARY DATA QUALITY CHECKING AND VALIDATION

Data are considered invalid if they do not appeaepresent the actual wind conditions at the
site. Typical causes of invalid data include towake influences, sensor icing, and equipment
damage due to lightning, electrostatic dischargiged components, or vandalism. The data
validation process used to generate this repgemerally automated and DNV KEMA is
continuing to implement further automation. Howes&rme manual review is required to assure
the quality of the validated data. The data prdogssnd validation are completed on 10-minute
average data unless only hourly averages are biailBhe following provides a description of
the data processing and validation activities ceteol prior to generating the data summe

Quality Checking

Data are quality checked on a weekly basis to yaoeirmal operation of the logger and sensors.
This process identifies failed sensors or othefumations that require immediate corrective
action to maximize data recovery rates. DuringZneg conditions, this may require a
determination as to whether a sensor has failésl @perating abnormally due to icir

Validation

On a monthly basis, the 10-minute data are commlida monthly data set and data are
validated to identify and remove data affecteddwydr wake influences, icing, intermittent
operation, and other anomalies.

Tower Wake Influence - Wind speeds collected from an anemometer directiymvind of the
tower are shadowed by the tower and consequenidyith These invalid winds are removed
from the data set. For example, an anemometer raduatthe south of the tower will record
invalid wind speed data when the winds are fronmibieh. The orientation of the anemomete|
reported on the met tower commissioning sheetsande verified by comparing two sensor:
the tower that are oriented in different directiofgr NRG tubular towers, the significant tower
wake influence is approximately 50°. The exclusentor may be wider for lattice towers which
have a wider tower face than the tubular towers.

Icing - During freezing conditions, sensor icing can resu# significant amount of invalid data.
The initial screening used to flag suspect datatifies periods where the standard deviation of
the direction data is zero (direction is constant) temperatures are 35°F or lower. This is used
as the primary criteria because vanes are typieffiicted by icing several hours before an
anemometer at the same height is affected. Thaggdt data are reviewed to determine if the
sensors are being affected by icing or if the wiasjust low. Typically, upper level sensors are
affected before the lower level sensors becausethperatures are colder at the upper levels
than at the lower. Upper level anemometers recgréind speeds lower than the lower level
anemometers is another indicator of icing.
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Similarly, the lower level sensors commonly rettooperation before the upper level sensors.
Heated anemometers and Risg anemometers areflasedby icing (typically slow down less
than #40s in light to moderate icing) and when lalée are used to help identify icing on the
standard NRG anemometers. When an icing eventdtahgn an hour) is identified, the data are
removed from the data set.

I ntermittent Operation - When a sensor is operating intermittently, all deden the sensor are
considered suspect and are removed from the vetldidta set. An anemometer that has failed
will record the sensor offset. Vane failures amniified when the sensors on the same tower do
not agree. These invalid values are all removeuh fiftte validated data set.

Other Issues - While the above process identifies the majasitinvalid data, DNV KEMA also
plots time series of wind speed, wind directiord semperature for the month. This process
provides another verification that all significamomalies have been removed.

Most Representative Data Set

From the validated data, DNV KEMA generates a datdor each height at which data are
available that are most representative of the spekds at that height. The factor considered in
developing this data set is wind direction. When sgnsors are installed at the same height, the
valid wind speed data from the sensor that is ledfisienced by the tower is used. For example,
where anemometers are oriented to the west ant,sslén the wind direction is between 45°
and 225°, the winds from the south anemometeradeeted, when the wind direction is between
225° and 360° or 0° to 45°, the winds from the veastmometer are selected. These criteria are
applied to each 10-minute record. While all valadadare saved, this most representative data set
is used to develop the data summary.
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DATA SUMMARY

A data summary is generated from the most reprageatdata set. The information included in the
summary is described below.

Data Recovery, O& M Summary, and Reason for Hours Lost - The data recovery rates are provided
for valid wind speed data collected at all heightse “Hours Lost” column indicates the number of
hourly data points that were missing or removednduthe data validation process for each monitoring
height. The “Recovery Rate” represents the remgidata expressed as a percentage of total sensor
hours in the period. A summary of O&M events isyided as well as a table that indicates the reason
for missing or invalid data.

Monthly Average Wind Speed and Maximum Wind Speed Gust - The average monthly wind speeds
are summarized and include data for the entireogdeasf record. When a period of record (POR) is
longer than 12 months, the weighted average cdloolaveights the additional months of data to
estimate an annual average. For example, if a R&gihd November 1 and ends 14 months later at the
end of December, the two Novembers would be averagel the two Decembers would be averaged,
and these two averages would be included withgéh&ining ten monthly averages, resulting in a
weighted annual average wind speed. A graphiceatiation of the individual monthly wind speeds
(weighted when there are more than 12 months af) datalso provided. The maximum 2-second wind
speeds are summarized on a monthly basis.

Temperature Ranges - A summary of the monthly average, minimum, and imar temperature data
is provided for the period of record.

Monthly and Cumulative Wind Roses - Wind rose graphs are provided on a monthly and ¢athaa
basis. The cumulative wind rose is based on all dallected to date, or the most recent 12 moffiths i
more than a year of data has been collected. Tdghgrconsist of two bars in each of the 16 wind
direction sectors that represent the percent af twhe and the percent of total wind energy. The
calculated wind energy in the wind rose is based onbe of the wind speed. Total wind energy from a
project will be somewhat different. The winds aboated wind speed of a wind turbine have a non-
cubic relationship to the energy. However, the wimgkes provide a clear indication of the directién

the energy-producing winds.

Wind Shear Exponent - Monthly wind shear exponent values are summariaethe period of record.
The wind shear exponent represents the degreeith wind speed increases with height. The wind

shear exponent is only calculated from sensors thiidgtsame orientation and when the wind speed is
higher than 4 m/s (operable winds). Calculatiothefwind shear exponent is based on the following
equation:

H, a [V where H and H are measurement heights, &hd V,
H,) ~|v,) arewind speeds, ands the wind shear.
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Turbulence I ntensity - Turbulence intensity (TI) is a relative indicatdrtorbulence and not an
absolute value. The average turbulence intensiyeatipper monitoring level is summarized. The Tl
values are calculated by dividing the 10-minutedéad deviation of the wind speed by the 10-minute
average wind speed. The plot illustrates the aeefddor all wind speeds as well as the averag®iT|
each wind speed bin.
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