CHAPTER 5

WAVE CLIMATE IN SOME ZONES
OFF THE BRAZILIAN COAST

Alberto Homsi1

INTRODUCT ION

METEOROLOGICAL FEATURES - The Brazilian coast could be considered a
calm area not affected by violent tropical storms. The major meteo
rological factor in Brazil is the South Atlantic anticyclone,almost
permanent, which causes periodical northward heading of cold fronts.
A slightly reduced energy and frequency of storms could be observed
going up from South coast toward North and could reach the major
part of Northeast region.

As a general condition the average monthly frequency of cold fronts
passing along the Brazilian coast is higher during the winter - five
per month with an average duration of 3 days, decreasing to 2 per
month during summer with an average duration of 5 days.During winter
high waves could occur between Santos and Macaé caused by a depres-
sion near the Rio de Janeiro as the cold front stays at North, befo
re the cold front goes down to South. Fig.l shows the average flow
pattern across Brazil for summer and winter periods and a six days
cold front advancing toward North, going into as far as to tropicdl
latitudes during winter time. The daily tracks of the winter cyclo
nes appear on this figure; they do not get beyond latitudes of 40°
South.

WAVE MEASUREMENTS - CHARACTERISTICS AND CHRONOLOGY - Instrumental
observations of waves in Brazil were initiated in 1962 with one
year wave measurements and direction observations in Tramandai, at
the very South of the Brazilian coast. After the occasion thirteen
other wave recording stations have seldom been installed simultane-
ously along the near—shore coastline (See Fig. 2), to collect wave
data for some limited period on an ad-hoc basis. These limitations
unfortunately occur because wave measurements are intrinsically dif
ficult and normally expensive, restricting in quality the required
data. As it could be observed from Fig. 4, only from 1973 the wave
measurements have occasionally been taken on a simultaneous  basis
for two or few more locations. The information so.obtained (See Fig.
3), could generally have application for the planning, design, cons
truction and operation of local coastal engineering structures, but
could not provide a reliable picture covering all the coast, and
could not be used for the research of wave generation.

A NEED FOR A COMPREHENSIVE WAVE MEASUREMENT PROGRAM - Reliable in-
formation on waves along the Brazilian coast can only be obtained
by installing, at suitable locations, and for sufficient time lenght
(from three to five years, for example), wave recording stations be
ing part of a system to carry out a comprehensive program of obser-
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vations of wave direction and also instrumental measurement of wave
heights and periods, to detect annual and seasonal changes taking
place in the characteristics parameters of the wave conditions. The
more reliable the resulting information on waves, the better a coas
tal or an offshore structure could be properly and economically de
signed.

The increasing demand from 1975, for studies of coastal and offshore
engineering problems, has led the INPH to undertake an evaluation of
how the available wave record observations, specifically made for

the design of a coastal engineeering work, could be of a possible and
reasonable use in adjacent areas; and what kind of overall wave mea
surement and analysis program would be needed for the entire Brazi-~

lian coast, in order to get more accurate wave data to be mainly us-
ed in studies with simulation of random sea states, and in the re~
rearch of wave generation (four random wave generators are going to

be installed in the INPH in the beginning of 79, with the coopera-

tion of the Danish Hydraulic Institute).

With this evaluation it was possible to reach a diagnosis of the pre
sent state of understanding of the wave climate for the various wa
ve recording locations, as well as an assessment of its usefulness.

Experience gained with this evaluation formed the basis for the lay
ing down of basic criteria, methodology and specifications(See Fig.

2) for the Brazilian Wave Measurement Project (BRAZWAVE) in order to
derive the wave climatology by means of measurements and calcula
tions. As waves information heavily affect the ultimate cost of a

coastal or an offshore project, the cost of the wave information to

be obtained with the BRAZWAVE are warranted by: the economy in capi
tal cost of overdesigned structures, the economy in operationalcosts,
major repair costs and costs of total reconstruction of underdesign-—
ed structures.

WAVE STATISTICS AND ANALYSIS METHODOLOGY

The wave statistics results presented in this paper are based in the
analysis results of about seventeen thousands stripchart wave re—
cords of about fifteen minutes, obtained by means of fifteen wave
record stations. With the exception of two or three stations where
the significant wave heights were calculated by the average of the
highest one-third wave, all records were processed according to
Tucker-Draper's simplified method. In the case of Natal, the wave
records have been processed also by spectral analysis.

WAVE CONDITIONS ALONG THE COAST

SHALLOW WATER WAVE HEIGHT TRENDS - Fig. 5 shows the general water wa
ve height trends along the Brazilian coast for Hs max - the maximum
significant wave height recorded during the observation period, for
NE, E, SE and S directions, for the various seasons and for all sea
sons — all directions. The highest Hs max being 4,90m, occurred off
Tramandal for E and SE direction during the autumn. In Macaé the
highest Hs max, also higher than 4,00m, occurred for S direction du
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118 COASTAL ENGINEERING—1978

ring the spring.

As a general feature, from Rio Doce to Natal and for NE direction ,
the wave heights are less than 2,00m. For the other places,NE waves
were not observed as a result of local shore configurations.
Because of the heavy local refraction the waves undergo (caused by
the sea bottom topography) no E direction waves were recorded at
Santos, Angra dos Reis, Macaé and Tubarao; for the other places,with
the exception of Tramandal and Natal where the waves are higher,the
Hs max trend assumes values around 2,00m. SE direction waves have
been observed all along the coast. At Tramandai they range from
4,00 to 5,00m; at Tubarao and Maceio, they stay less than 2,00m,and
for all the other places between 2,00 and 4,00m.

Only for Natal and Recife, S direction waves were not observed. For
Tramandai, S.F. Sul, Paranagua, Portocel, Maceioc and Suape the wave
heights lie between 1,00 and 2,00m; for Aracaju, Rio Doce, Angra dos
Reis and Santos between 3,00 and 4,00m; and for Macae they stay ,
between 4,00 and 5,00m. ]

During the spring at Macaé and Natal, the trends stays around 3,00
and 4,00m; for the other places around 2,00 and 3,00m.

During summer Hs max assumes values between 1,00 and 3,00m. In the
autumm for all the places, exception made for Tramandai,Hs max lies
between 1,50 and 3,00m. In winter season all along the coast , the
trend lies between 2,00 and 3,00m with the exception of Tubarao whe
re it is about 3,50m. Considering all seasons all directions trend,
Hs max values smaller than 2,00 were not observed.

DEEP WATER WAVE HEIGHT TRENDS - Fig. 6 shows the equivalent deep wa
ter wave height trends derived after the wave rays have been back
tracked from shallow water waves directions. The trends show them-
selves more irregular than in shallow water. The highest Hs max
deep water wave is found off Tramandai with about 6,50m for E  and
SE direction during the autumn. Offshore Santos an Hs max
of about 5,40m was found for SE direction. In the case of S direct-
ion, waves of about 5,50 to 6,00m could be found off Angra dos Reis,
Macaé and Portocel, during winter and spring seasons.

As a general feature the Hs max waves become smaller the more north-
ern the place is. An exeption is made to S direction waves which
pass through a maximum at about Angra dos Reis and Portocel, to de
crease towards the north. The shallow water wave trends and mainly
the deep water wave trends results should be taken with precaution
due to the restrictions imposed by the near-shore method of observa
tion of wave directions.(Visual).

WAVE CLIMATE ALONG THE COAST

The wave statistics presented herein for each location represent a
seasonal and or annual reduction for publication, of the monthly re
sults obtained in the whole analysis involved in this paper for the
wave parameters: Hs, Hm (maximum wave height of the wave records),Tz,
Tc, E (spectral width) and D (wave direction), of the joint-distri-
bution of Tz x Hs, Hs x Tz and Hs x D, the Life-Time~Wave-Distri_
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120 COASTAL ENGINEERING—1978

bution of Hs and Hm and the excedance distributions of Hs.

TRAMANDAT - Fig. 7 presents some statistics information about  the
wave climate off Tramandal coast. The field observations and a first
simplified analysis were done by the "Instituto de Pesquisas Hidrau
licas''of the Federal University of Rio Grande do Sul for PETROBRAS
(the Brazilian State Oil Company) for the purposes of the hydraulic
model studies of the Tramandai bar.

A range of Tz periods from 5 to 13,5 seconds; not yarying for the
various seasons were recorded, presenting a slightly asymetric dis
tribution, with a maximum at about 7,5 seconds. The maximum occur—
ence for Tz x D joint distribution is for 7,5 seconds and 105° N.
For Tz x Hs it is 8,5 seconds and 1,5m. The Hs wave heights do
show significant variations, tending to be higher in the autumn.Lar
ger Hs wave heights of about 4 to 5m are associated with periods of
about 13,5 seconds and larger,and with the SE direction. The Hs wa-
ve for a 30 year return period is 6,0m.

PARANAGUA - The wave measurements were done by the INPH to give sup
port to the studies of disposal areas for the dredging materials of
the new channel entrance of Paranagua Port.

Fig. 8 shows information about the Paranagua wave climate. The Hs
x Tz distribution has a maximum percentage of occurence - 20%, for
1,00m and 5,5 seconds. For Hs x D the maximum is also 20%Z for 1,0m
and 135° N. From Life-Time-Wave Log-Normal Distribution an Hs of
4,20m was predicted for a return period of 30 years. Tz periods do
show a significant variation being longer in autumn with periods up
to about 12 seconds.

SANTOS - For Santos the INPH made recordings of sea waves at two
points simultaneously. P2 point at -15,00m and P, Point at -10,00m,
as a part of a large coastal measurements projec% for the hydraulic
studies of the Port of Santos Expansion Program.The P, record sta
tion had been in operation only during the winter and spring, what
restricts the comparisions which could be made between the wave cha
racteristic parameters distributions of P, and P,. During the winter
the Hs distribution for P, and P, shows tfie same range while a lar-
ger frequency of occurencé of low Hs could be noted in the case of
P.. In the case of spring the range of Hs for P, station is wider
anid with larger Hs wave heights.

A, comparision between the Life-Time-Wave Log-Normal Distribution of
HM for P, and of Hs for P, shows that they are almost coincident 3
anyway, One must be aware that for P, Point the measurements of sum
mer and autumn were not included and“in the case they were, this
coincidence should not occur.

The maximum value for Hs was 3,5m at P, and 2,40m at P..

The Tz period distribution ranges are” about the same,at Pl and PZ’
during winter, spring and for all seasons.

In the case of P,, the most common situation for Tz x D joint distri-
bution is 12 seconds and 170° N3 for Hs x Tz it is 1,0m and 12 secon
ds, and for Hs x D, 1,0m and 170° N. At P_ there is a tendency to
associate larger Tz period with 165° wave“direction, and larger Hs
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with southern wave direction and with 12 to 13 seconds Tz periods.

ANGRA DOS REIS - Two years of wave measurements have been made and
processed by "FURNAS — Centrais Eletricas S/A" for the purposes of
the hydraulics studies of the water intake protection works for the
Angra dos Reis Nuclear Power Station. Fig. 10 presents the wave cli
mate based on the first year of measurements. -
During the winter and summer no Hs waves higher than 2,00 were obser
ved, while in spring and autumn the waves respectively go up to 2,5
and 3,00m. A prediction of Hs = 4,00m could be observed for 30 years
return period.

The range of the Tz distributions become wider going from spring to
winter. The most common situation for Hs x D distribution is a fre
quency of 45% for the binary 0.5/1,0m and 1650 N.

MACAE - The INPH was charged by PETROBRAS (The Brazilian 0il State
Company) to develop the hydraulics studies of the Maritime Terminal
of Macaé. This terminal, now under construction, should provide 12
sheltered berths for the supply boats of the Campos 0il Field. As
a part of the field measurements, wave have been recorded since June
1977. The first year of measurementshas been analysed (See Fig. 11).
The Hs distribution do show larger waves in the spring with heights
of more than 4,00m. During the winter the Hs highest wave is  less
than 2,00m. Summer and autumn seasons show maximum Hs waves of about
3,00m. With the exception of the spring, when the Tz period distri-
butions range from 4 to 10 seconds, for the other seasons the range
is wider, going from 4 to about 14 seconds.

Due mainly to diffractions around nearby islands, the range  of
wave directions distribution obtained at the site is narrow going
from 135° N to 170° N. Because of this, a second wave measurement
station is now in operation to get information of waves coming from
NE and E direction. The most common situation of the Tz x D joint
distribution was for 8 seconds and 150° N; for the Hs x Tz it was
1,50m and 8 seconds,and for the Hs x D, 1,5m and 150°N. There is a
strong association with higher waves heights and the direction 150°
N.

TUBARAO - CVRD(Tubardao Iron Ore Terminal) made a wave survey during
71/72 and the data were analysed by the CTH (Centro Tecnologico de
Hidraulica). Fig. 12 shows the statistics obtained based on the pro
cessed CTH data. It is during winter and spring that occur the high
est Hs waves being more severe during winter ranging from 0,0 to
4,00m and from 0,5 to less than 4,00m for the spring., Summer is the
most calm season. The Tz period distributions range for the various
seasons from 6 to 15 seconds. Higher wave heights are associated wi
th 1800 N direction and with 10,5 seconds periods.

PORTOCEL - The specialized Terminal of Portocel situated at about
65 Km north of CVRD Tubarao Iron Ore Terminal is now in operation.
The wave observations carried out during the period 73/74 were ana-—
lysed by the Danish Hydraulic Institute (DHI) and those of the pe-
riod 76/77 by the INPH. Fig. 13 shows some statistics results obtain
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ed for the period of 76/77, which did not include observation of
wave directions.

During the spring and autumn the Hs wave distribution ranges from
‘0,00 to 2,50m, During the winter the conditions are a little more
severe, ranging from 0,00 to 3,00m. In the summer, from 0,0 to 1,20m.
With the exception of autumn when the Tz period distribution ranges
from 5,5 to 10 seconds, for all the seasons it varies from 4,5 to
about 12 seconds. The highest frequency (25%) is associated with the
binary 1,0m and 7,5 seconds for the joint distribution Hs x Tz. Ac-
cording to Time-Life Log-Normal Distribution, a significant wave of
about 4,40m is predicted for a return period of 50 years.

RIO DOCE - The CTH (Centro Tecnoldgico de Hidraulica) made wave re
cordings off Rio Doce at PETROBRAS P. and P, oil survey platforms,
in the period 72/73, and processed tﬁe resu%ted 189 strip-charts re
cords., Fig. 14 presents some wave statistics information based on
the CTH calculations. It is important to note that the observation
period was less than one year and it did not include the winter.
The most severe conditions were found in the autumn with Hs waves
going as high as 3,00m and BM as high as 4,50m. The Tz period dis-
tributions ranges from 3 to 8 seconds for the spring, 5 to 13 secon
ds for the summer, and 5 to 11 seconds for the autumn. The most com
mon situation for the Hs x Tz joint distribution is 1,50m and 6,5
seconds with a frequency of 157. The direction distribution show
gaps due probably to an exagerated simplification on the wave direc
tion method of observation.

ARACAJU - The wave measurements off Aracaju were made by the IPH of
the Federal University of Rio Grande do Sul (Motta,V. F-1966), for
the studies of the Off-Shore Terminal (TECARMO) of PETROBRAS.
During the autumn (See Fig. 15) the significant waves
went up to 2,50m while during spring, summer and winter less
than 2,00m. A maximum wave height of 4,00m were observed during the
autumn,

As regard of Ts (Significant Period) the range of the respective
distributions become wider going from spring to summer and autumn,
narrowing in the winter. Only during the autumn Ts values of about
14 seconds were found. A high frequency of 157 was found for the bi
nary 8 seconds and 120° N; for Hs x Ts the most common binary was
1,50m and 7 seconds with a frequency of 207%Z. The 30 year return pe-
riod Hs wave assume a value of about 3,50m.

MACEID - The Danish Hydraulic Institute has carried out the hydrau-
lic studies of the SALGEMA Terminal at Maceid. Fig. 16 presents so-
me wave statistics based on the results of those studies.

The most severe conditions occur during the spring when Hs  waves
go up to about 2,20m. During autumn and winter the significant wa
ves do not get nearer than 2,00m. In the summer the maximum waves
lie at about 1,50m.

The most common situation for the joint distribution of Hs x D is
1,00m and 120° N, with a frequency of 207. )
The Life-TimeWave Log-Normal Distribution of Hs was constructed by
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using the daily Hs highest waves observed. For a return period of
30 years a prediction is made for an Hs = 2,40m. For 100 years, Hs=
2,70m.

SUAPE -~ The INPH was charged by the Government of the State of Per-—
nambuco to develop extensive hydraulic studies comprising field mea
surements, stability and agitation models including mooring forces,
by using irregular waves generators, and movable bed model including
the coast and the estuary at Suape.

The wave measurements were made by the IPR (Radiocactive Research Ins
titute of NUCLEBRAS) by means of an accelerometer buoy of Datawell.
Fig. 167 shows the wave statictics analysis made by the INPH for the
first year of measurements. During the autumn and winter the wave
conditions are slightly more severe than during summer and spring.
The highest Hs wave was about 3,00m and the highest maximum recorded
wave about 4,50m.

A maximum Tz period of 10 seconds with a high concentration around
6,5 seconds was observed. The joint distribution show a concentra-
tion of 14% for the binary 6,5 seconds and 105° N; a slight tenden-
cy to associate large periods with northern wave directions  could
be observed. A high concentration of 35% for the binary 1,50m  and
6,50 seconds occur, in the case of the Hs x Tz joint distribution.
For the Hs x D distribution the most common frequency was for  the
binary 1,50m and 105° N. A slight association is observed between
the highest waves and 135°/150° N wave direction. The Life-Time-wa-
ve Distribution provides a prediction of a significant wave  of
3,90m which might occur over a return period of 30 years.

RECIFE - The INPH made recordings of sea waves at a point off Reci
fe Port and used the Tucker-Draper's method of analysis. In Fig. 18
some wave statistics results obtained may be observed. The signifi-
cant wave height exceeded 1,00m for 817 of the year. The variation
in height  for spring, summer and autumn is not significant; only
during the winter the conditions are more severe with Hs waves  up
to 2,50m.

The scatter diagram Tz x D shows a tendency of wave with NE direc-
tion to be associated with periods of 6,5 seconds and waves of SE
direction to be associated with periods from 10 to 12 seconds; the
most frequent combination was when Tz period was about 6,5 seconds
and the wave direction 120° N. For the Hs x Tz and Hs x D distribu-
tions the most frequent situations were respectively 1,5m and 6,5
seconds, and 1,50m 110° N

The Life-~Time-Wave Distribution predicts a significant wave of 3,40
m which might occur over a period of time of 30 years.

NATAL - The INPH is developing a comprehensive hydraulic study of
the coast of Rio Grande do Norte around Natal and of the estuary of
the Potengi river where the port of Natal is situated. The expansion
plans include the increasing of the depth of the entrance channel
to -12,00m. The wave measurements started at April/77 and is going
to continue until April/79.

Fig. 19 include the statistic analysis made by the INPH by using the
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Tucker-Draper's simplified method. The highest Hs wave was 3,00m
and the highest maximum measured wave, 5,00m. During the autumn
occur Tz periods of more than 13 seconds while in the other seasons
the maximum is 9 seconds. The Hs x Tz distribution shows that there
is a tendency to assiciate small wave heights with high periods;the
highest frequency of occurence is 257 for the binary 1,50m and 7,5
seconds. In the case of Tz x D distribution the most common frequen
cy (35%) is for 7,5 seconds and 105° N. For Hs x D the most common
frequency has a very high percentage (40%) for the binary 1,50m and
105° N. An Hs wave of about 3,40m is probable to occur in a return
period of 30 years. Fig. 20 presents a comparision of the periods
obtained from the analysis of four daily strip-chart records by ap-—
plying Spectral Analysis: Tp and Tcj and the Tz(.....) periods ob-
tained by the Tucker-Draper method. In this figure the average of
the four daily results were plotted. It could be observed that the
zero-crossing period obtained by the simplified method has higher

values than the obtained by spectral analysis. The trends of the
peak period and the zero-crossing (Tucker-Draper) period compare
well for the months of January, May, June, July and October, and

reasonable well for August, September and November. The relation
Tz/Tc for all seasons show values between 1,00 and 2,00 for the ca-
se of Tucker-Draper's analysis method,there being about 1% between
1,00/1,20 and 71% between 1,20/1,40. For the case of spectral ana-
lysis the relation Tz/Tc shows a range between 1,00/1,60 with 887
between 1,0/1,20 and 11% between 1,20/1,40m.

In the case of Tp/Tz (Tz of the S-A method) relation the values ran
ge from a little less than one (6.5%) to a little more than 2,00m
(2%). The maximum occurence is for 1,0/1,20 (45%) and 1,20/1,40(40%).
It is for the lowest value of the periods Tz and Tc that the rela-
tion Tz/Tc nearest to 1,00 are observed (due to filter effect of
the pressure recorder), This characteristic is more accentuated in
the case of the Tz/Tc Tucker~Draper's relation.

Fig. 21 shows the actual spectra for 24 days with significant wave
height and zero-crossing period obtained from each strip~chart spec
trum. The peak periods generally vary between 7,5 and 9,0 seconds.

THE PROBABLE WAVE INCOMING ENERGY

The wave action and the correspondent total energy at a location
vary from season to season and, for each season from year to year.
The actual situation is an irregular seasonal and yearly wave actim.
The information on this variability is important mainly for the ca-
ses of littoral process studies and work construction programs. The
monthly, seasonal and annual wave energy could be obtained by consi
dering the frequencies f; of the distribution of the significant wa
ves (Hs), calculating = H2 x f. for each month, each season,

each year and for each location.
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Fig. 22 shows the relative energy loads for the seasons, and for
the year by taking as denominator the evarege of the annual expec-
ted wave energy of each location. The highest annual wave energy
load occurred for Tramandal (1.94) followed by Santos (1.53 for P
point) and Macae (1.36).

In the case of the seasons, the highest seasonal wave energy load
for each location occurred, for Tramandai, in the spring(2.13) fol
lowed by Macae also in the spring (1.98), Tubarao in the autumn
(1.72); Suape in the winter (1.67) and Santos in the spring(l.60 for

2

P point).
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