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Sea wave action is a key factor for several aspEqiert activities. Numerical models for wave foasting at a
regional level can produce quite accurate estimaftéise sea state characteristics offshore a gdagh There is

a research project going on, code-named MOIA, thats at developing an integrated tool to suppoet th
management of port activities by taking into acdotie effects of waves on some of those activities.
characterize sea waves inside a given port usederof a set of coupled models that propagate ahees that
were measured or predicted off the port. The si@grpoint is a tool developed at LNEC, SOPRO, which
incorporates several of such numerical models. gdper describes the progress done so far in thalioguof
the several numerical models that enable the padjmagof the sea-state characteristics forecastheffPraia da
Vitéria port (Terceira, Azores) up to the port témais.

ADITIONAL INDEX WORDS: Wave regime, wave propagation, numerical modelsiaRia Vitoria

INTRODUCTION *  Characterization of sea-wave and tidal currentscesfen
Knowledge of the sea-wave characteristics is ofapaunt port infrastructures, navigation and operations;
importance in the design of port and coastal ptimteovorks, in - *  Issue of warning and alert messages to the seperahreas
the evaluation of the navigation conditions ateh&rance channel and real time management of risk abatement proesgur

and inside the port, as well as in the study ofrtleephodynamics ¢  Data base to store all the relevant information.

of coastal regions. Numerical models for wave andet So, if the sea state forecast is known one or tay® ¢h advance

forecasting at a regional level can produce quiteiate estimates it is possible to anticipate the occurrence of hdaas events and

of the sea state characteristics offshore a givam. Then, by to issue in due time warning or alert messages thaducing the

using numerical models for wave and current propagathose occurrence of emergency situations in port acésiti

characteristics can be transferred from offshoreaipny point The case study of the MOIA project is the maritiarea of

inside a port area. Praia da Vitoria port, at Terceira island of thechipelago of
The starting point is a software package develogtedNEC, Azores.

SOPRO(PINHEIRO et al., 2007), which incorporates several of A first attempt to characterize the sea waves fiakide this

such numerical models. SOPRO is presented as aigaapiser harbour was made inaSTos et al. (2008), by using the SWAN

interface that integrates several databases anénmuahmodels and the DREAMS modules of the SOPRO package. Thege tw

and enables the user to follow a clearly definetth p@assemble a

sea wave characterization project for a given megigathout

having a detailed knowledge of the workings of theveral

numerical models involved. This package enables user to |

easily store and process the relevant data, tothrenmumerical
models for sea wave propagation and ship manoeyvrin
simulations, to transfer wave information betweendsis, to get
the results and to produce their graphical visa#ibns. e

Sea wave propagation is a small task of a curresearch
project, code-named MOIA, Figure 1, that aims atettgping an ‘| | wave propagation from
integrated decision support tool for port managenmelnich is P snesn o l offshare to port interior
able to forecast the effects of sea waves and tigiaénts on port _ longtude @

Offshore:
Sea wave forecasts

| ']

[} Numerical models:

Latitud

infra-structures, navigation and operation andssué warning or

’ ‘ Warning messages ‘
alert messages to the relevant members of the quonimunity

whenever port safety is at stake. Inside the port:
. " onitorization |«(m===
The functionalities of the MOIA system are: Two days forecast
* Sea-wave and tidal currents characterization indigeport
area from offshore estimates obtained with regiomadels; Figure 1. MOIA's system simplified scheme.
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Figure 2. a) Azores archipelago; b) Terceira islar@hthymetry; c) Views of the Praia da Vitéria port

models propagated the values predicted off thist fmyr the
hindcast model WAVEWATCH 1l (WWIII) model (®LMAN,
1999), up to three points inside the harbour. Bason for the use
of several models is the absence of a single modphble of
simulating, in a computationally efficient way, theopagation of
sea waves in such a large area taking into accailnthe
phenomena relevant to that propagation. Thus, iiteisessary to
couple numerical models.

The present paper describes the coupling of theseerical
models that enable the propagation of the sea-shateacteristics
forecast off the Praia da Vitdria port (Terceirgofes) up to the
port terminals, namely at several points insidehtioour.

After describing the study area and the SOPRO packiag
paper proceeds with the coupling of the numericadlets SWAN
and DREAMS and finally the results from the applmatof such
models is presented.

THE PRAIA DA VITORIA PORT

The case study — the port of Praia da Vitéria, fégR — is
located in the Terceira island, the second largéshe Azores
archipelago. The port basin, which is approximatelgtangular 1
km x 2 km, is protected by two breakwaters.

In the port area, there are now several measuravires that
can characterize the sea waves in the port areantaking this
port a very interesting place to assess the pedoce of wave
propagation models. Under the CLIMAAT project sc¢BOES,
2006), a directional wave-buoy was installed sonkednortheast
from the port, in a region 100 m deep. Every 15 utan,
approximately, the buoy provides sea-wave chairiatitear online,
namely the significant height, maximum height, ager period,
observed maximum period, maximum height period tedpeak
period wave direction.

In the CLIMAAT project site it is possible to getettmeasured
buoy data in real time (http://www.climaat.angra.p#).

SOPRO PACKAGE

Introduction

SOPRO is a numerical data processing package tacthsare
and to propagate individual sea states or sea wegiemes from
offshore to points close to coastal protectioncitmes or within
ports. This package also permits to assess seaeff@ots on ship
manoeuvres. The package was created in Microsafegscand it
uses Visual Basic for Applications (VBA) as the pw@rgming
language. It is composed by a user interface, Eigjrseveral
databases and a set of numerical models. The userface
facilitates pre and post-processing such as datapuation and
storage as well as the assimilation of models’ otgtpnamely

their graphical visualization. The run of numericabdels is, in
this manner, simplified and totally automatically.

The wave propagation models are: the nonlinear vepeetral
model, SWAN (Bouw et al.,, 1996), the parabolic mild slope
model, REFDIF (RLrymPLE and KRBY, 1991), the elliptic mild
slope model, DREAMS @RTES 1993), and the fully nonlinear
Boussinesq equation, FUNWAVE @By et al., 1998). The ship
manoeuvring model, SIMNAV @Tos, 1991), determines the
time evolution of the ship position taking into aoat the
movements on the horizontal plane only.

The package also includes an additional databas\@&/ES,
(RBEIRO et al., 2004), which is a MS Access™ Database that
contains a compilation of information of sea wawtadcollected
from wave measuring equipments settled in severaitp of the
continental Portuguese coast operating during blriaime
periods. Finally, there is a VBA program REGIMEN#EIRO et
al., 2007), which allows the definition of wave imgs based
upon measured data from SEAWAVES module or on ésalts
of numerical models.

SOPRO is a modular system, where each module hasvits
interface and corresponds to a numerical model gpezific data
base. The selection of the modules to be emplogeémntis on the
coastal studies objectives, on the available dathteme and on
the phenomena involved. These ones depend on #naatéristics
of the area to be modeled.

For the case studied in the present paper, SWANDREAMS
were the most adequate models. Within the port, wae
reflection on its boundaries is one of the phenanehat
determine the sea-waves characteristics and thistisdequately
simulated by SWAN. Thus, there is the need to hedXREAMS
model which takes into account this phenomenorchntonly be
used in a small area due to the computationaltdffeolved.

SWAN module
The SWAN module of the SOPRO package takes carbeof t
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Figure 3. Main menu of SOPRO package.
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input data for the SWAN numerical model, the modet and
results visualization.

The numerical model
propagation and dissipation of sea waves. It isedasn the
conservation of wave action and it is a freewared@hdhat is
being developed by the Delft University of Techrgyidfrom The
Netherlands). This constant development of the insdme of its
major advantages, since improved versions do appéte often
and their inclusion in the SOPRO package is ndtcdif. This
model propagates sea-waves from offshore up t@dhst and it
takes into account refraction, diffraction and dimga due to
bottom depth variation and currents, sea-wave dgralue to local
wind, wave breaking induced by bottom variation ahg
whitecapping, energy dissipation by bottom frictiocurrent-
induced wave blocking and reflection and wave tmassion
through obstacles.

The input data needed for the SWAN model are: #thymetry
of the study region and the boundary conditiongshat domain
entrance, in addition to the computation optionke TSWAN
results that are currently available through thePBO package
are the significant wave height, the average aratk periods, the
average and peak wave directions, the directiopadasling, the
bandwidth parameter and the water level at any tpofnthe
computational grid.

DREAMS module

the DREAMS model, where the wave characteristicsrmpmsed
as input for this model.

SWAN simulates the generation, Atthe DREAMS module, new fields were created to:

* Read the file where SWAN results are to be writfEmose
results are the significant wave height, Hs, therage
period, Tz, the average direction at the peak peoiopeak
direction Dir, the water depth, and the peak perido&,
values at the selected points of the DREAMS model
boundaries;

e Assess of data quality and filter those resultswieeded;

e Evaluate the minimum, maximum and average valuesol
of the above mentioned parameters.

SEA-WAVE FORECAST AT PRAIA DA
VITORIA PORT FOR A GIVEN INCIDENT
OFFSHORE SEA STATE

The offshore sea state estimates used in this stredproduced
by the Azores University by means of the WAVEWATCH |
model. In turn, this model starts with 10 m windreftasts
obtained with the MM5 meso-scale model, operatethbyLisbon
University Geophysics Center, in a interpolated mesB.05° x
0.05° (lat. x long.). A point was the chosen onegtt the
WAVEWATCH Il forecast sea state results. The offehcea
state is the sum of overlapping groups of wavesegeead far
away (swell) with locally wind generated waves (Gvsea).

The DREAMS module deals with the input data for the Once the offshore sea state estimates are knowse theing

DREAMS numerical the model run and
visualization.

The numerical model DREAMS evaluates the propagadioch
deformation of monochromatic sea waves in coasgibns. The
model can be used to study the short wave perwiratito a
harbour or the resonance of a sheltered regionteskdiy long
waves. It is based on the elliptic form of the ndldpe equation,
which describes the combined effects of refractind diffraction
of monochromatic waves that propagate over mildpiskp
bottoms such as those that occur at ports, harkemuscoastal
regions. To solve the mild slope equation the magsds the
Finite Element Method. The boundary conditions enpénted in
the model are the generation-radiation conditiontte open
boundaries and reflection conditions (be it total partial
reflection), which are adequate for the solid bares of the
study region, namely beaches, cliffs and breakwater

Input data for DREAMS are the characteristics of itie@dent
wave (wave period and direction, as well as the kgdel) and the
characteristics of the finite element mesh usedliscretize the
study domain as well as of that domain boundanPRBO permits
the input/edition of all the referred data neededtiie DREAMS
numerical model.

DREAMS results are the wave height indexes (H/Hog.-the
ratio between the wave height at a point of the matational
domain, H, and the incident wave height, i.e. & ttomain
boundary, Ho - the amplification coefficients (fwave resonance
studies) and the wave directions. Optional rexaflthe model are
horizontal velocity field and the wave crests (ghasro contour
lines). Most of those results can be visualizedhwlite Tecplot™
software.

model,

Coupling procedure

To couple the SWAN and DREAMS models some change:

(PINHEIRO et al., 2007), had to be implemented in each eirth
corresponding modules.

At the SWAN module, one field was included to inghe
coordinates of selected points. These points ate@boundary of

result

gharacterized by its significant wave height (H®ak period (Tp)

and average direction at the peak period or peadctiin (Dir),
the SWAN model transfers these values to a regiosecto the
port entrance and then the DREAMS model evaluatesHhT,
Dir values at pre-defined points inside the poggar

The SWAN model was used in the offshore/nearshore
transference with 3 meshes, Figure 4. One fourtlitiadal mesh
was used by DREAMS to transfer into the port areandarshore
waves. The largest mesh is 55 km by 40 km and ¢lde spacing
is 400 m. The following mesh is square shaped @&@hkm side
and with a 200 m distance between nodes. The thash is 10
km side and has 100 m between nodes. Progressiatly refined
bathymetry files are used for each smaller mesh.

The use of multiple calculation meshes is neededctueve
better numerical performance. With the three calboh meshes

Point2 WWIII «—_ o

SWAN 1% mesh

H. T. Dir. -
(WAVEWATCH Ill) H._ T. Dlr
Forecasts or Port’s vicinity #

Execute
DREAMS

Execute
SWAN

H, T, Dir.
Inside port

measurements

Figure 4. Numerical models coupling scheme.
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Figure 5. a) SWAN Results, for Hs = 1 m, Tp = 1Gmx
direction N-50°-E; b) Left: Computational domainpims
selected and bathymetry; Right: DREAMS results.

500

mentioned above the simulation typically takes 2hutes,
whereas with only one mesh, with the size of the find with the
resolution of the third, the simulation takes mibr@n 2 hours.

Directional spectrum in SWAN computations was dedirwith
a frequency discretization of 21 intervals with @gdrithmic
distribution and a directional discretization 062 covering the
whole 360° range (which gives 144 direction int&a)aAll the
SWAN version 40.41 runs were carried out in statignmode,
without the presence of currents or wind. The ptalgphenomena
included were at the three meshes: refraction;adiffon, shoaling
and wave breaking due to bottom influence and whjiping. All
of these parameters were introduced in SOPRO package

To illustrate this procedure, Figure 5a presents 8WAN
results, for a sea state proceeding from N-50-B wisignificant
wave height of 1 meter and a peak period of 10rs#x0

As it can be easily seen, there are virtually nanges in the
peak direction from offshore up to port entrancee do the
bathymetry configuration. On the other hand, inigh@nd shadow
area, there is a significant change in the peadction, due to the
refraction and diffraction phenomena. Note thatthe shadow
areas, the results must be viewed with cautionalmse the
diffraction phenomenon is important and it is naoperly
simulated by SWAN.

In what concerns the wave heights in front of thet pntrance,
there is an increase due to shoaling. By contraghénisland
shadow area, wave diffraction and refraction causiop in the
significant wave height.

Based on the SWAN results at a point (A to F, Figbiog in
front of the port entrance, it is now possible talaate the waves
inside the port area, through DREAMS module.
computational domain, the bathymetry and the paiitkin the
port where DREAMS results are obtained can be \izeglin
Figure 5b.

The computational domain is discretized by a firetement
mesh with 142000 points. Since the reflective ctiarsstics of
the port boundaries were unknown by the time dfirggtup the
numerical model a radiation condition was assumnledgathat
boundary. These boundary conditions are to be ciedeor real-

time simulations. They were used here just to tilate the
coupling procedure.

Notice that the DREAMS model only propagates
monochromatic waves so the SWAN model informatias to be
processed. It was assumed that the average pemtdiieection
produced by the SWAN model are the wave period direttion
of the regular wave input to the DREAMS model.

Figure 5b shows the DREAMS results. In this caseisit
simulated an incident wave of 1 meter high, witpesiod of 10
seconds and direction N-67.5°-E, which was the wdivection
coming from SWAN results at point C. In that figuteere is a
marked region in the port, where according to th&ults, there
will be large waves. Actually wave heights therdl wouble the
ones outside the port.

REAL TIME FORECAST

The methodology presented in the previous chaptdy o
concerns the transfer of one sea-wave conditian fsffishore into
the port. Given the large computational effort ilweal, it can not
be replicated when it comes to make real time fstsc

The approach to overcome this difficulty may consis
determining beforehand a set of transfer matricestiie study
region that are able to relate the offshore seaevedaracteristics
with the sea waves at selected points inside tie @® shown in
the proof of concept pyMOIA, (&RiGo, 2007).

In the Praia da Vitéria case two transfer matriees to be
defined: one relating the offshore wave conditiaith the wave
conditions at a set of points in front of the pemtrance, that is to
be built using the SWAN model, and another matoixilt using
the DREAMS model, that relates the wave conditianghe port
entrance and the wave conditions at a set of selgmints inside
the port.

This involves simulating in advance a wide (plalegjibange of
sea-wave conditions that cover the possible canditiat the
boundary of each of those models. With the resiutim each
model one matrix is built enabling the interpolatiof all other
cases that were not simulated. The coupling praeepreviously
described is used to produce the entry valueshierREAMS-
based matrix from the SWAN-based matrix resultsaddition to
the computation time drastic reduction - this mdtatiows almost
instantaneous simulations - it also has the adgermé making the
automation process much simpler since only twaatiations are
needed: one relative to the SWAN propagation ameroto the
DREAMS propagation.

Transfer of December 21, 2008 to January 17, 2009

forecast data

To test the transfer matrix approach, approximabelg month
of data — from December 21, 2008 to January 179 2Qbat were
forecast with the WAVEWATCH Ill model at one poialbse to
Terceira island (point 2 in Figure 4) was transfdrto a point
inside the Praia da Vitéria port (point 1 in Figi®).

The range of the forecast values (Hs, Tp and peéak & point
2 was used to define the significant wave heigbgkpperiod and
direction ranges used in the establishment of tWéAS-based
fransfer matrix.

The SWAN model was run in advance 576 times, one&ch
of the offshore sea states that resulted from coimgi8 different
values of the significant wave height — 1 to 8 mete4 values of
the peak period - 6, 8, 10 and 12 seconds - arehj8lly spaced
values of the peak direction in the range 0° to°3B0addition to
the 6 points in front of the port entrance (poiatsB, C, D, E and
F in Figure 5b), needed to define the boundary itimmd for
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Figure 6. Results evolution (significant height greék direction), December 21, 2008 to January @@920ffshore — WAVEWATCH
lll, nearshore — SWAN (point C); port’s entranceifpd) — DREAMS.

DREAMS model an extra point was considered at tleation of
the wave buoy. Although not presented yet in ttapgs, SWAN
forecasts at the buoy position are very usefuhay will help in
the estimates validation. Since DREAMS is a lineadet in its
runs, 54 in total, only the wave period (6 equalhaced values
from 6 s to 16 s) and the wave direction (9 equsfigces values
from 0° to 180°, i.e. only waves coming from th&Nnd the E-S
gquadrants) were considered.

Then the estimation of the sea-wave characteristitise study
period was carried out by making the necessarypotations.
Figure 6 presents the data from WWIII (point 2 igu¥e 4), the
results of significant wave heights and wave dicgcbbtained at
the boundary of DREAMS computational domain (pointinC
Figure 5b) and finally the significant wave heigbtstained with
DREAMS model at point 1, Figure 5b, for the perigustudy.

As can be seen in Figure 6, on day 7 of Januaryvagas came
from West, which resulted in a steep reduction frahe
WAVEWATCH IIl model results to the other two modelsults,
especially in what concerns the significant wavaglhieforecast.
These are expected results, since the SWAN and DREAMput
points are in the shadow zone of the island.

On December 28, 2008 the situation is quite differthe waves
came from North, and so small differences can lem $etween
the forecast locations: 1.5 m for the WAVEWATCH pibint, 1 m
at 1 km from the port and 1 m at the port’s enteanc

CONCLUSIONS

The procedure to transfer the results from the SWaddel to
the DREAMS model, i.e. to couple those models, wasgnted in
this paper. Such procedure was already implemeimedhe
SOPRO package and is to have a key role in the M@®Idgcision
support system to help in the management of pcetaijpns by
taking into account wave effects on these operation

To illustrate this procedure, the wave conditiohpaints close
to the Terceira island forecast with the WAVEWATCH |
numerical model from December 21, 2008 to Janudry2D09
were transferred into the Praia da Vitoria poran&fer matrices
were defined to cope with all this information atié approach
proved adequate to automate simulation of the vpa@pagation
process.
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