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ABSTRACT

Wind-energy measurements conducted by the Lawrence Livermore Laboratory

on the island of Oahu, Hawaii are discussed briefly.

Measurement locations

in northern Oahu are identified. The measurement site at Kahuku, Oahu is

described.

Data obtained at the Kahuku location are'summarized as daily

and monthly mean -velocities for August through NovemBer,-l976. Velocity

duration curves for each month are also given.
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1. INTRODUCTION

The objective of the Lawrence Livermore Laboratory wind power study
is to develop‘méthods of regidnal wind-energy assessment suitable for
application throughout the nation. Hilly or mountainous regions with the
potentia]‘for.multi-megawatt powerjcollection'are of primary interest.

(1-5]

The methods beinévdeveloped to document wind energy involve a coor-
dinated progrém of meteorologiéal field experiments and numerical simula-
tion of reéiohal wind velocities.

The island of Oahu, Hawaii, shown in Fig. 1, is thé initial study
érea. Subregions of expected wind enhancement .were predfcted.in numerical
calculations whfch made use of a limited amount of historical wind measure-

(2] (4]

ments. Additional numerical calculations were embloyed in planning
our field measurements. The purposes of thesq field measurements are:
(1) to supplement existing wind measurements'in orderlto form a more
comﬁiete set of'SYnoptic data for use in our diagnostic numerical model,
and (2) to proQide current information at tw5 locatiéﬁs~near expected velo-
city maxima on Oahu. |

To satisfy our field measurement objectiQes, the. four locations in
northern Oshu shown in Fig. | were selected for installation of wind
velocity measurement stations. Offshore winds nearloahu‘are from the
east or northeast under normal tradewind conditions. The trades first flow
over and around'the‘steep Koolau mountain range and tHen cross the céntral
valley before.encountering the Waianae mountains. Meésurements at Laie

on the northeastern coast of Oahu provide information about the onshore

trades. The measurement station at Kahuku is in the Koolau hills near one
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FIGURE 1. Locations of the four wind vefocity measurement stations installed

in the northern part of the island of Oahu, Hawaii. The Waianae
and Koolau ridge lines are indicated by the dashed lines.




of ‘the predicted Ve]ocity maxima. The measurement sfation at Waialua pro-
vide§ data for wfnds in the northern part of the inland valley and, under
trade conditioﬁs, is downwind of the Kahuku location. .The Mokuleia mea-
surement Statioh is located on the Waianae ridge lihe ﬁear several expected
velocity maxima.

Data collection was initiated at these four locations in the summer
‘of 1976 after LLL‘instrumehted fhe sites. At each lbcation, an automated
- station digitaljy'records @fnd Spe;d and direction.. The speed and direc-
tion sensors are filtered with a two-minute tjmezconstant and sampled
every five minutéé. These data are then calibratgd'andAéombined into
hourly means for'use in numerical énalyses. The Kéhuku station data,

which were processed first, are summarized in this report.

2. KAHUKU DATA SUMMARY

The Kahuku measurements were taken at an elevatién of 267 m in.a hilly
area at the northern end of’the Koolau mountain range. The elevation drops
to sea level within approximétély 8 km east qf the site. The sensors are
mounted on a 10 ‘m fower erected on the top of a knoll with an exposure
unimpeded by trées or other vejetation. Tﬁe terrain ;n the area is hilly
and uneven but,dées not include the abrupt, sheer cliffs found in some
parts of Oahu. \Vegetation in the surrounding a}eb is mixed and includes
both grassiands and forest. Trees within a few kilometres’of the site

show varying degrees of distortion due to the pfevailing winds. The

<



knoll on which the tower is located is steep but rounded. Simple tests
with streamers showed that the wind flow over the top of the knoll is
essentially Horizontal and gave no indication of a-siénificant vertical
component. Based upon our data analysis to date, wind speeds throughout a
broad area surrounding the Kahuku measurement site appea} to be sigﬁifi-
cantly gréatef than those.at Laie, the neérby coaétal site.

Summaries of .our Kahuku measurements are given in Table j and in
' Figs. 2 and 3 fof the months of AquSt through Noveﬁber 1976. 'The ﬁean ,
daily wind sﬁeed; the standard deviation-about the ﬁean;'and‘the méah daily
wind directidnlgre given qu each day of the month ié'Téble 1. Monthly
mean wind_speedé and di}ections are aiso given. Meah_Wind speeds are
computed as simple arfthmetic,méans. Mean wind difecﬁfqns are defined as
an average of Qnit vectors.

The highes;‘dqily wind speeds at Kahuku correlétg strohgly with wind
directions in the:range of 70° to 90°, which are,cha}aéﬁeristic of tréde-
wind periods. Wind direétions not in this range were more common in
Novémber than iﬁ'August. The westerly winds at the endAof November are
typical ot thé'wihfer ""Kona storms'' ot the area. Ihe corfelation of high
wind speeds with trade conditions is alsé shown as a:decrease of the méan
monthly speed‘Ffom August to Novehber.

Velocity durafion curves aré,given in Figs. 2 and‘3. These curves
are based on,dafaAtakén at 5 minute intervals duringjeach month. The
percentage of wind observations equal to 6r greater-thanAa given wind
speed is plofted in each case. It is of interest to. consider winds equal
to or greater than 8 m/s, a speed at which modern wind turbine generators

may be assumed to reach their full rated capacfty. "The results shown in
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FIGURE 2.
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" Percent of wind observations greater than or
equal to a given wind speed

Velocity duration curves for August and September 1976 based on
data taken at 5-min intervals during each month. Wind speeds in
m/s are given along the ordinate and the percentage of wind.
observations equal to or greater than a given speed are.indi-
cated along the abscissa.
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Velocity duration curves for October and November 1976 based on
data taken at 5-min intervals during each month. Wind speeds in
m/s are given along the ordinate and the percentage of wind :
.observations equal to or greater than a given speed are indi-
cated along the abscissa.



Figs. 2 and 3 indiéat_e that speeds equal ‘to or gréater than 8 m/s occurred
. 45% of the time in November, 58% of the time in Oc.tober,' 55% of t.he time

/' . in September, aﬁ_d 83% of the time in August.
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