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1.0 Introduction

The CDIP buoy 034 was located off Oahu’s eastern most point, Makapu'u. It was
relocated several times as indicated in Figure 1 for the period of available data: 1981-
1996. The wave flux analysis will be different with different water depths in different
locations. Therefore, five different time periods are chosen to compute statistics. Table 1
provides a summary of the buoy locations and data coverage. Each time period is longer
than 1 year. All the available buoy measurements are analyzed to demonstrate the wave
climate at this site. The annual and monthly wave power fluxes are presented in Section

2.
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Figure 1 - Locations of Makapuu Point buoy

Table 1 - Locations of Makapuu Point Buoy during 1981-1996

Time Start Date

Period (UTC)

08/17/1981
03/24/1983
06/03/1985
11/15/1985
08/07/1987
12/15/1992
03/01/1994
01/19/1995
03/28/1996

GO PP WWNNE

End Date
(UTC)

11/22/1982
03/08/1985
06/21/1985
06/21/1987
06/01/1989
12/28/1993
11/16/1994
08/09/1995
11/10/1996

Latitude N

21°19.7
21°17.5°
21°17.5°
21°18.6°
21°18.6
21°18.8’
21°18.8’
21°18.9
21°18.9

Longitude W

157°35.1°
157°34.0°
157°34.0°
157°34.2°
157°34.2°
157°34.1°
157°34.1°
157°35.2°
157°35.2°

Water Depth

(m)

187.0
168.2
168.2
118.9
118.9
128.0
128.0
91.0
91.0



2. Results
The wave power flux in W/m was calculated using

P = pg[ Ca(f MS(f ) )

where S(f,h) is local wave spectrum, f is wave frequency, h is local water depth,
Cgis local group speed, g = 9.81 m/s? is gravitational acceleration, and p = 1025 kg/m? is
sea water density. Table 2 provides the average monthly wave power flux for each time

period to demonstrate the seasonal variation. The daily and monthly average, median, 5™
and 95" percentile of the wave power are calculated and shown in Figures 2 through 11.

The wave climate in Hawaii is composed of year-round wind waves from the northeast as
well as swells from the North and South Pacific during winter and summer months.
Therefore, Makapu’u is characterized by higher power flux in winter and lower wave
power flux in summer. Between May and September, the average monthly wave power
flux is less than 15 kW. Between October and April, higher values were observed. The
power probability density function in Figure 12-16 shows a similar feature where the
distributions are skewed towards the high values due to exposure to the larger swells
from the North Pacific.

Directional histograms are a convenient way to present the occurrence, magnitude, and
direction of the wave climate at a particular site. However, the Makapu’u buoy is non-
directional and only measures motions in the heave axis, resulting in a 1D frequency
spectraS(f). Therefore directional histograms are not be presented; further numerical

modeling is required to attain the full 2D spectraS(f,0).

Lastly, the occurrence of events in terms of significant wave height (Hs) and wave
periods (T, or T,) are presented in tables 2-6 utilizing all of the measured data of each

time period. These are useful in the estimation of possible power generated for a
particular wave energy converter. The significant wave height Hs is defined by

Hs=4,/j5(f)df )

The characteristic wave periods T,and T,, are defined by

m_,
T =—2

™ 3)
m
T. = |2 4
2 1/m2 4)
where m,, m , and m, are computed from

m, =j0°° f"S(f)df (5)
Eqg. (5) also provides the definition for the n-th spectral moment.



Table 2 - Monthly Average Wave Power Flux

Power Flux (kW/m)

Time |Jan | Feb | Mar | Apr | May | Jun |Jul | Aug |Sep | Oct | Nov | Dec
Period

1981-

1982 17.99 | 12.78 | 25.02 | 18.91 | 12.86 | 9.40 | 12.11 | 12.37 | 13.53 | 15.49 | 28.29 | 23.35
1983-

1985 17.45 | 22.73 | 25,52 | 20.01 | 12.43 | 9.98 | 10.98 | 10.71 | 9.62 | 15.43 | 17.42 | 17.69
1985-

1989 25.02 | 19.32 | 17.78 | 18.92 | 18.02 | 10.88 | 11.80 | 9.68 | 10.25 | 13.22 | 22.12 | 25.13
1992-

1994 16.67 | 40.32 | 20.97 | 19.39 | 12.64 | 10.28 | 12.27 | 13.30 | 8.52 | 12.53 | 19.90 | 17.32
1995-

1996 15.78 | 15.49 | 14.67 | 17.24 | 10.26 | 10.94 | 10.31 | 8.59 | 10.01 | 14.61 | 33.84
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Figure 2 — Daily average wave power flux for 1981-1982
Wave Power Flux (kWim) at Makapuu Oahu for 1981-1982
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Figure 3 — Monthly average wave power flux for 1981-1982
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Daily Averaged Wave Power Flux (k¥W/m) at Makapuu Oahu for 1983-1985
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Figure 4 — Daily average wave power flux for 1983-1985
Wave Power Flux (kWim) at Makapuu Oahu for 1983-1985
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Figure 5 — monthly average wave power flux for 1983-1985
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Figure 6 — Daily average wave power flux for 1985-1989
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Figure 7 — Monthly average wave power flux for 1985-1989
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Figure 8 — Daily average wave power flux for 1992-1994
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Figure 9 — Monthly average wave power flux for 1992-1994



Daily Averaged Wave Power Flux (k¥im) at Makapuu Oahu for 1995-1996
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Figure 10 — Daily average wave power flux for 1995-1996
Wave Power Flux (kW/m) at Makapuu Oahu for 1995-1996
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Figure 11 — Monthly average wave power flux for 1995-1996
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Figure 13 — Wave power flux probability density function for 1983-1985
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Figure 14 — Wave power flux probability density function for 1985-1989
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Table 3— Te-Hs Occurrence in Makapuu Point over the year 1981-1982
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Table 5—- Te-Hs Occurrence in Makapuu Point over the year 1983-1985
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Table 7— Te-Hs Occurrence in Makapuu Point over the year 1985-1989
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Table 9— Te-Hs Occurrence in Makapuu Point over the year 1992-1994
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Table 11- Te-Hs Occurrence in Makapuu Point over the year 1995-1996
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