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. . ABSTRACT 

Wind-energy measurements conducted by the  '~aw,rence Livermore ~ a b o r a t o r ~  

on the  i s l and  o f  Oahu, Hawa i i are  d iscussed br  i'ef ly. :  ~easurement  l o c a t  ions 
. . 

. . 
. .  . 

i n  no r the rn  Oahu a re  i d e n t i f i e d ;  The measurement s i t e  a t  Kahuku, Oahu i s  

descrlbed. Data obta lned a t  the Kahuku l o c a t i o n  a r e  summarized as d a i l y  
. . 

and monthly mean , ve loc i  t i e s  f o r  August through November,. 1976. V e l o c i t y  , 

. . du ra t i on  curves f o r  each month are  a l s o  given. 
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1. INTRODUCTION 

The ob jec t ' i  ve o f  t h e  Lawrence L i  vermore Laboratory w i  nd power study 

i s  t o  develop methods o f  reg iona l  wind-energy assessment s u i t a b l e  f o r  . . 

a p p l i c a t i o n  throughout the  nat ion .  H i l l y  o r  mountainous regions w i t h  the  

p o t e n t i a l  f o r  multi-megawatt power c o l l e c t i o n  are  o f  pr imary i n t e r e s t .  

11453 invo lve  a  coor- The methods being developed t o  document wind energy 

d ina ted  program o f  meteorological  f i e l d  experiments.and.numerica1 simula- 

t i o n  o f  reg iona l  wind v e l o c i t i e s .  

The i s l a n d  o f  Oahu, Hawaii, shown i n  Fig.  1 ,  i s  the  i n i t i a l  study 

area. Subregions o f  expected wind enhancement .were pred ic ted . i n  numerical 

c a l c u l a t i o n s  whi.ch made use o f  a  1.imited amount o f  h i s t o r i c a l  wind rneasure- 

ment s. [21 ~ d d i t i o n a l  numerical ca l cu la t i ons [41  were employed i'n p lanning 

our  f i e l d  measurements. The purposes o f  these f i e l d  measurements are:  

(1) t o  supplement e x i s t i n g  wind measurements i n  order  . ta  . form a  more 

complete set  o f  synop t i c  data f o r  use' i n  our d iagnost ic  numerical model, 

and (2)  t o  p rov ide  c u r r e n t  in format ion  a t  two loca t ions  .near expected velo-  

c i t y  maxima on Oahu. 

To s a t i s f y  our  f i e l d  measurement ob jec t ives ,  t h e . f o u r  l oca t ions  i n  

nor thern  Oehw shown i n  ~ ' i ~ .  1 wers selected for i ns ta !  lat  i nn  nf wind 

v e l o c i t y  measurement s ta t i ons .  Of fshore winds near Oa,hu a re  from the 

east  o r  nor theast  under normal tradewind cond i t ions .  The t rades f i r s t  f l o w  

over and around' the ,  steep Koolau mountain range and then cross the cent ra 1 

v a l l e y  before  e.ncountering the  Waianae mountains. Measurements a t  La ie  

on the  nor theastern  coast o f  Oahu prov ide in format ion  about the  onshore 

trades. The measurement s t a t i o n  a t  Kahuku i s  i n  the  Koolau h i l l s  near one 



O A H U ,  H A W A I I  

- 

Kahuku Pt. 

- 

Barbers Pt. 

Distance East - Kilometres 

FIGURE 1 .  Locations o f  the four wind v e l o c i t y  measurement s ta t ions  i n s t a l  led  
i n  the northern p a r t  o f . t h e  is land o f  Oahu, Hawaii. The Waianae 
and Koolau r idge  l i n e s  a r e  indicated by the dashed 1 ines. 



o f  . the  p red i c ted  ' v e l o c i t y  maxima. The measurement s t a t  ion  a t  Waialua pro-  

v ides  da ta  fo r  winds i n  t h e  nor thern  p a r t  o f  the  i n land  va l  l e y  and, under 

t r a d e  cond i t i ons ,  i s  downwind o f  the Kahuku location.. '.The Mokuleia mea- 

surement s t a t i o n  i s  l oca ted  on the Waianae r i d g e  1 i ne  near several  expected 

v e l o c i t y  maxima. 

Data c o l l e c t i o n  was i n i t i a t e d  a t  these f o u r  l o c a t i o n s  i n  the summer 

o f  1976 a f t e r  LLL instrumented the s i t e s .  A t  each l oca t i on ,  an automated 

s t a t i o n  d i g i  t q l  l y  records wind speed and d i r e c t i o n .  The speed and d i r e c -  

t i o n  sensors a r e  f i l t e r e d  w i t h  a  two-minute t ime constant  and sampled 

every f i v e  minut.ks. These data are then c a l  i b r a t e d  and combined i n t o  

h o u r l y  means f o r  use i n  numerical  analyses. The ~ a h u k b  s t a t i o n  data, 

which.were processed f i r s t ,  a r e  summarized i n  t h i s  r e p o r t .  

2. ,KAHUKU DATA SUMMAKY 

The Kahuku measurements were taken a t  an e l e v a t i o n  o f  257 m i n  a  h i l l y  

-- 
area a t . t h e  no r the rn  end o t  t he  Koolau mountain range. The e l w a r i o n  drops 

t o  sea l e v e l  w i t h i n  approximate ly  8 km east  o f  the  s i t e .  The sensors a r e  

mounted nn a 10 :m tower e rec ted  on the  top  of  a. k n o l l  w i  t h  an exposure 

unimpeded by t rees  o r  o the r  vegeta t ion .  The t e r r a i n  i n  the  area i s  h i l l y  

and uneven but,does no t  inc lude the  abrupt ,  sheer c l i f f s  found i n  some 

p a r t s  o f  Oahu. Vegetat ion i n  the .surrounding a r e i  i s  mixed and inc ludes 

both  grasslands and fo res t .  Trees w i t h i n  a  few k i l ome t res  o f  the s i t e  

show va ry ing  degrees o f  d i s t o r t i o n  due t o  the  p r e v a i l i n g  winds. The 



k n o l l  on wh ich  the  tower i s  located i s  steep but rounded. Simple t e s t s  

w i t h  streamers showed t h a t  the'  wind f l ow  over the  top  o f  the k n o l l  i s  

e s s e n t i a l l y  ho r i zon ta l  and gave no i n d i c a t i o n  o f  a s i g n i f i c a n t  v e r t i c a l  

component. ,Based upon our  data ana lys i s  t o  date, 'wind speeds throughout a 

broad area. surrounding the Kahuku measurement s i t e  appear t o  be s i g n i  f i- 

c a n t l y  g reater  than those .a t  Laie, the  nearby coasta l  s i t e .  

Summaries o f  our Kahuku measurements a re  g iven i n  Table 1 and i n  

Figs. 2 and 3 f o r  the  months o f  August through November 1976. The mean 

dai l y -  wind speed, the  standard dev ia t  ion about the  mean, and' t h e  mean da i  1 y  
. . 

wind d i r e c t i o n '  are given f o r  each day o f  the  month i n  Table 1 .  Monthly 

mean wind, speeds and d i r e c t i o n s  are  a l s o  given. ~ e a n  k i n d  speeds are  

computed as simple a r i  thmetic.means. Mean wind d i r e c t i o n s  a r e  def ined as 

an average o f  un i t vectors. 

The h ighest .  . ., da,i l y  wind speeds a t  Kahuku c o r r e l a t e  s t r o n g l y  w i t h  w'ind 
~. 

d i r e c t i o n s  i n  the  .range o f  70" t o  go0, which are c h a r a c t e r i s t i c  o f  t rade- 

wind periods. W.ind d i  rec t i ons  n o t  i n  t h i s  range were more comnon i n  

November than i n  August. The wes te r l y  winds a t  the  end o f  November are  

t y p i c a l  o t  the  win'ter "Kona storms" o t  the area. IRe c o r r e l a t i o n  o f  h igh  

wind speeds w i t h  t rade cond i t i ons  i s  a l s o  shown as a. decrease o f  the  mean 

monthly speed from August t o  November. 

Ve loc i t y  du ra t i on  curves are .given i n  F igs. .  2 and 3. These curves 

are  based on .data. taken a t  5 minute i n t e r v a l s  dur ing.each month.. The 

percentage o f  wind observat ions equal t o  o r  g reater  . than a g iven wind . 

speed i s  p l o t t e d  i n  each case. I t  i s  o f  i n t e r e s t  t o . cons ide r  winds equal 

t o  o r  g reater  than' 8 m/s, a speed a t  which modern wind t u r b i n e  generators 

may be assumed t o  reach t h e i r  f u l l  ra ted  capaci ty .  The r e s u l t s  shown i n  



TABLE 1. August through November 1976 mean dai!y wind speed., standard d e r i v a t i o n  
about the mean and mean d a i l y  wind d i r e c t i o n  a t  Kahuku, Oahu. The mean 
monthly wind speed and d i r e c t i o n  are a l s o  given. A l l  speeds are i n  
metres per  second. Mean wind d i r e c t i o n s  are  de f ined as an average o f  '3 

u n i t  vectors.  A s t e r i s k s  denote data t h a t  a re  no t  ava i l ab le .  
. . . .  . . . . . .  . . .  . . .  .. , 

.+ 
Day August . . Septembe r October November 

w 

Monthly mean wind speed and wind d i r e c t i o n :  



1.0 . 20 30 40 50 60 70 80 90 100 % 
percent o f  wind observat ions greater  than o r  

equal t o  a g iven wind speed 

FIGURE 2. V e l o c i t y  du ra t i on  curves f o r  August and September 1976 based on 
data Laken a t  5-111irl i ~ ~ ~ e r  vcrls i l u ~ ' i i ~ g  each nwnt1-t. Wind speeds i n  
m/s are  g iven along the  o rd ina te  and the  percentage o f  wind.  
observat ions equal t o  o r  g reater  than a g iven speed a r e . i n d i -  
cated along the abscissa. 
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l o  20 30 40 50 60 70 80 go 1 0 0 %  
Percent o f  wind observations greater than o r  

equal t o  a given wind.speed 

'FIGURE 3. Ve loc i t y  durat ion curves f o r  October and November ,1976 based on 
data taken a t  5-min i n te r va l s  dur ing each month. Wind speeds i n  
m/s are  given along the ord inate  and the percentage o f  wind 

,observations equal t o  o r  greater than a given speed are i nd i -  
cated'a long the abscissa. 



Figs. 2 and 3 i n d i c a t e  t h a t  speeds equal t o  o r  gr;ater than 8 mls occuired 

45% o f  the  time i n  November, 58% o f  the time i n  ~ c t o b e r ,  55% o f  the  t ime 

i n  September, and 83% of t h e  time i n  August. 
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