ARALYSIS OF WAVES OFF UMSSRGRON - WEST COAST OF INZIA

E. .U, Hayak S, Mandal

Head, Ocean Zngineering Division Scientist

Kational Institute of COceanography Ocean Encineesing Division

Dona Paula, Goa~403 004 ~ National Institute of Oceanography

Dona Pauvla, Goz=403 004

AZETRACT

Wiaves measured off Umbercaon on the waet coast of Indiz using
the Datawell Waverider buoy are anzlysed ané tie results presentec. The
computed wave height parameters are found to follow the theoreticz Ray=-
leigh distribution relationship derived by Longuet-Higgins (1952), The
scatter diagram of significant wave height versus zero-crossing vave
reriod shows that the highest waves are not a2ssociated with the longest
periods. The steeper and higher waves are founpd to occur mostly in the
moncoon period in the absence of severe cyclones wnich may occur in Oct-
ober-NRovember., The percentage occurrence of wave heignt, p2riod, sprectral
width and steevness have been presented in the paper and discussecd.

INTRODUCTION

Rational Institute of Oceanography, Goa undertook wave mzasure-~
ment programme off Umbergaon on the west coast oi Incia using Datawvell

. Waverider puoy. This programme was sponsored by the Oil and Natural Gas

Commission, Bombay Offshore Project, Bombay far its vroject on subsea gas
pipeline from South Bassein to Umbhrat on the Gujarat coast. In November
1982, a cyclonic storm passed ‘from south to north in the Arabian sea; the
shortest distance of the cyclone track from the wave rider buoy location
was about 350 km. The effect of the cyclone on waves could be clearly
observed from the wave records obtained by means of wave rider buoy de-
ployed off Umbergaon. The results of the analysed wave data are presented
%F this paper.

WAVE MEASUREMENT PROGRAMME

A 70 con diameter Datawell waverider buoy was installed off Umber--
gaon at a distance of 25 Xm from the shore. The waverider location is
shown in Fig, 1. The vertical movements of the buoy were telemetered to
the receiving and recording equipment installed in the light house at
Umbergaon. The Datawell waverider receiver (WAREP) recorded analog wave
data of twenty minutes duration each on chart paper rolls at every three
hour interval, Digital magnetic tape recordexr (DIMA) interfaced to WAREP
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FIG. 1 LOCATION OF WAVERIDER BUOY

receiver in program mode recorded digitised data on cassettes for every

0.5 second interval. The guality of digital data was, however, not satis-
factory due to serious interference of the radio and wireless sicnals '
coming from other sources. Analysis of the time series wave data contained
on DIMA cassettes using the special software packace called NIPIUK revea-
led that the digital data recorded were not saulsfactory due to the above
reasons,

Higher waves were found to occur as expected during the monsoon
period (June to September) with highest waves occurring in July when the
monsoon was very intense. Cyclones in the Arabian Sea generally occur in
October or November and the Gujarat coast is more wvulnerable to the attack
of cyclones .on the west coast. The sea state is generally calm during the
non-monsoon period except for the short cyeclonic perlods. The wind blows
from the west or the south-west. durlng the monsoon and from the north-west
during the non-monscon pericd except during the cyclonic nerlod vwhen wind
field may become very complex. .

RESULTS AND INTERPRETATION OF WAVE DATA

Statistical wave parameters namely s;gnlflcant wave heaght (Hs)
root-mean-square wave height (Hrms), average wave height (Hpean), zero-
cross:.ng period (Tz), spectral width (G) and steepness are computed using-

G-102



Ms in M- i

. THEORETICAL RELATION
Himean = 0885 Hrms
=1
WA : ‘ 3
~THEORETICAL RELATION B
Hs = 143 Hrag I &
N 3N 4
P ’ ) J
| 2 3 e 1 2
Hms in M | W in M
C
4
-l
£ y -'\msoRUUL RELATION
Hmax = 2.172 Hrms
o
%
€L
: .
e L
) 1 2
Hrms in- M

FIG2 . WAVE HEIGHT RELATIONSHIPS

G-103-




b

the Tucker's method (1963)'and'zerc up-crossing metnod (Torsethaugen &
Krogstad,1979) for each three hourly wave record of 20 minute lengtn.

Viave heicht distribution:

Tor best representation of wave height distribution, theoreticzl
relaglonshln for Raylnigh Eistribution, which "is valid for nzrrow fra-
aquency band (Longguet-Eiggins, 1952) can be compzrsd with the obsecved
datz. This has been Ziscussed by Colonell and Ferry (i968) ené zlsc by

ttatri (1973). Figure 2 shows the comparison of the computed wave
heicht pzrameters with theoretical R-vle;ah éistribution relstionshi
Here the observed datz are found to follow tne theoretical relationsn

guite well,

“d

picure 3a shows the Cumulut’Je distribution of signiZficant wave
neight (Hg) and hichest wave height (Hpmax). Hs was found to exceed 1 m
for 42% of the time and 2 m for. only 7% of the time, Similarly hmam el
ceeded 1 m and 2 m for 62% and 32% of the time reeoﬂc tively.,

Seasonal variaztions of wave heights zre chown in ficure 3b,where
histograms showing percentage occurrence of Hg during monsoon (June-Sept)
and non-meonsoon periods are presented. Wave height, Hs varied . between
1.0 and 2.5 m for most of the time in the monsoon psriod with hichest
ciomificant wave heicht occurred being 3.5 m. In the non-moncoen perziod,
the sicnificant wave height Hg was found to be within 1 m except Zor the
snort cyclonic period in November during which Hg'upto 4. 75 m ccourrec,

e oy

The effect of the cyclione at the wave rider stotion wis aprporeatls not

- thrt severe since the dictance of the cycleone track vag more than 250 Im
" from the buoy ctction,

Zero-crossing wave period trivutions. for P oth seasons e
ghowr in figure 4. Tne nfeco*;n;rt tave mericd wzs € to 7 sec durint the
monsecon pericd 2.3 of mensoon timc). In the non-monsocn periol,T, wes

(
widely veryine from 3 to 12 sec.

" Epoctrzl width noramoter:

Spectrsl widih parameters are defined by. Tucker's (€r) and by
spectrzl methods (€5) as follows:

GT - L 1
m2
2
e = - cn— LRCI ] 2
S mom'4_

where Tg, T, - wave crest period and zero~crossing wave pericd respective~

“ly.

mo, M2, my4 - zeroth, second and fourth spectral moments re,pect-
ively computed from spectral analysis,
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Table - I shows some ccmputed values of €p znd €. T, znd T,
were obtained from Tucker's methnod and €5 was ccleculsted by spectral
method. - : ' ‘ ) T

THBLE I: SOME COMFUTED VALUES € &, AND &

Date Time: Em = '
' {rhrs = =
31- 5-82 1135 0.56 C.77
15- 982 - 0BS54 - . C.87 . 0.e5
15~ 9-B2 2041 0.7 . 0,83
12-10-82 .. 1537 C.73 , - 0.88
12-10-82 1337 0,73 C.88"
13-10-82 2250 .. 0.60 ~ 0.85
12-10-86 0901 '6.70 ‘ 0.83

The distribution of the spectral width psrameters is shgwn in
figure 5, Here it is ranging widely. from 0.40 to 0.90 indicating that’
the waves fall in a wide band rather than a narrow band. . But the theo-
retical relationship of Rayleigh Gistribution is velid for tne narrow
freguency band. Eventhough, the speétral width is ¥very hich in the
present csse, the observed values =%ill follow sporoximately the Rayleigh

Qistribution relationship.

Steevness distribution:

The steepness of wave is expressed as

Viave steerness = HJ/L- ves 3
vhere, o1
= =2 2d ces 8
L = 3TT tanh i <.
L = wave length for water depth 4.

The wave steepness distribution is shown in figure 6. It is clearly shown
that the higher waves have high steepnesses during the monsoon_§eriod,
whereas non-monsoon waves have low steepnesses (less than 1/100),

Scatter diagram Hg versus T, :

The scatter Qiagram presenting the joint distribution of Hg and
Tz is shown in figure 7 for wave data covered over 7 months period. It is
clearly seen that the monsoon waves are higher. The contours give the
concentration of waves for the period of observation., -Inner-most contour
gives highest occurrence of waves with wave height 1,0 to 2.0 m and corr-
esponding period 6~7 sec. From this diagram, it is observed that  the
highest waves are not associated with longest period confirming the result
reported earlier by Battjes (1970). Based on the theoretical investiga-
tion on wave generations, the wave height increases with period at the
initial stage and thereafter, at a certain stage, the wave height decre-
-ases eventhough period increases. As long as wave height increases it is
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crowing wind-sea state. When the wave height starts aGecreasing, it is
fully deveXoped state and then a part of wind wave energy is being con-
verted into swell energy. The non-monsoon wave pcriods are widelv sca-
ttered ranging from 3 - 12 sec., It is however, difficult to hignlicht
the predominant wave height and the asscciated period for the non-monsoon
period. From the observations on the monsoon waves, predominant waves
appear to have Hg = 1,75 m and Tz = 6.5 sec.

tlave spectra:

The study of the shape of the wave spectra is of great value in
the analysis of offshore structures. Using the FFT techniques, the
energy spectra are obtained by a moving average of B raw spectral esti-
mates, ‘A few typical wave spectra are shown in fig. 8 which indicates
occurrence of multipeaked spectra during the measurement riod.Similar
observations have also been made by Harish and Baba (1986) for the Kerala
coast. The highest peak frequency varies from 0.06 to 0.15 Hgz.

CONCLUSIONS .

. From the wave observatzon and interpretation of the results, the
following points may be concluded.‘ ‘
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1. The observed wave heicht <istributions losely £ollow 2
ayleigh distribution relationship aervvea by LOHQUEL-
chc1ns (1952).

2. Tne hicher and steeper waves occur mostly in the monsoon
period. Higher and steeper waves .can also be cbserved
curing tne occurrence of a severe cyclone as that occurred
in Kovember B2 off Gujarat coast. In general, in the ab-
sence of cvclones, the non-monsoon periof is dominated by
2 relatively czlm ssz-state.

.3. 7The hignest ooserved waves are not associated with longest
periods wnich con-lrms the similar observations made by
nattges (1970). ~

-

4+ The spectral width parameters are widely varying (0,40 to
© 0.90), that is, the waves .observed do not fall' into a

narrow freguency band.

5.7 The steepest observed waves during the monsoon period had
the steepness of about 1 : 11, :
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