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Introduction

1.1 PROJECT BACKGROUND

Enemalta is developing a new gas-fired power station near the existing Delimara Power Station on the
north-eastern shore of Marsaxlokk Bay. The gas for the power plant will be imported through a new to

build LNG terminal in Marsaxlokk Bay. Figure 1-1 shows the approximate position of the new terminal.

Marsaxlokk

ooale

'LNG terminal o K - ~.Google

Figure 1-1: Marsaxlokk Port and approximate position of LNG terminal (source: Google Earth)

Enemalta has awarded the contract for design, construction and operation of the new power plant and
LNG terminal to Electrogas Malta. The LNG terminal proposed by Electrogas consists of a jetty from the
shore south of the power plant to a berth that is positioned where the bay is deeper, so that no or only
limited dredging is required. On the jetty a converted LNG carrier will be permanently moored as Floating
Storage Unit (FSU), delivering LNG through a cryogenic line over the jetty to the regasification unit
onshore. The FSU berth has a conventional layout consisting of a platform, breasting dolphins and
mooring dolphins (Figure 1-2). LNG will be imported by LNG carriers (further shortened to LNGCs) that
will moor alongside the FSU.

078630641:E - Final ARCADIS | 5
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Figure 1-2: Proposed jetty configuration

To verify the design and evaluate safety aspects related to the permanent presence of the FSU in the port
and to the regular call of LNGCs to the new LNG terminal, Enemalta has commissioned MARIN to carry
out nautical and safety studies for the new LNG terminal. The study addresses a number of items raised
by Transport Malta, the authority responsible for the port, who required:
1. Validation of proposed jetty/berth layout
2. Nautical and safety study
a. Determine the required minimum navigation channel/fairway
b. Determine the risk involved in the handling of an FSU and LNG carriers when navigating to
the terminal
c. Determine the nautical procedures for the handling of the FSU and LNGC during routine
procedures and emergency situations
3. Site specific risk (safety) assessment including
a. Cargo release
b. Collision
c.  Fire and explosion
d. Grounding

The contract for the study (Ref: DPS-GEN-1190) was signed on 25 August 2014 and is based on MARIN's
proposal of 24 March 2014.

1.2 OBJECTIVES, APPROACH AND SCOPE OF WORK

Objective
The objectives of the present nautical and risk study for the Delimara LNG terminal are:
e  To evaluate the dimensions of the manoeuvring area and port approach
e To determine the operational envelope for ship manoeuvres (input for nautical procedures);
e To evaluate the proposed jetty layout and to determine the limiting operational conditions for
safe offloading and for staying safely at the berth (input for nautical procedures);
e  To determine the risk involved in the LNG operations in the port regarding grounding of LNGCs
and collisions involving FSU or LNGC,
¢ To determine the consequences (cargo release, fire and explosion) of incidents involving the FSU
or an LNGC.

6 | ARCADIS 078630641:E - Final
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Approach
The above mentioned items are evaluated in this dedicated nautical and safety study for the Delimara
LNG terminal. The study consists of the following items:
1.  Wave climate study to determine the normal and extreme wave climate outside Marsaxlokk port
(frequency of occurrence of directions and wave heights)
2. Wave penetration calculations to determine the wave conditions at the terminal
3. Numerical moored ship response simulations to validate the jetty/berth layout and determine
operational limits for the moored FSU;
4. Real-time manoeuvring simulations to verify dimensions of the fairway and determine
operational limits for sailing with LNG carriers;
5. Nautical risk study to determine the risks of grounding and collisions involving the FSU or LNG
carrier
6. Quantitative Risk Assessment to determine the consequences of collisions in terms of cargo
release and risk of fire and explosion
The wave studies (items 1 and 2), which serve as input for the nautical studies (items 3 and 4) were carried
out by ARCADIS. Items 3 and 5 were carried out by MARIN. Item 4 was carried out by MARIN in
cooperation with MMP (Malta Maritime Pilots) and MMRTC (Malta Maritime Research and Training
Centre). SGS Tecnos SA carried out the QRA in item 6.

To support the design of the modifications to the FSU and the storm mooring for the FSU, some additional
analysis was carried out for ElectroGas Malta on the data from the wave climate and wave penetration

studies. This has been reported directly to EGM.

The additional metocean analysis is presented in this report and concerns the items presented in Table 1-1:

Joint occurrence extreme data for swell, wind sea, wind, and current (100-year extreme associated

extremes) 95% confidence:

= 100 year Winter Storm - wind dominant

= 100 year Winter Storm — wind sea wave dominant

= 100 year Winter Storm — swell wave dominant

= 100 year Winter Storm - current dominant

= Separation of wind sea and swell with defined appropriate wave spectral model for each wave or swell
component and associated spectral parameters

= Relative direction of wind sea, wind, swell, and current (at least an assessment of collinearity)

= Tp ranges (Hs-Tp envelopes) for more precise sensitivity assessment otherwise +/-15% of current
design Tp’s will be used.

= Precise current information and clarification of a current profile at the project site

= TFatigue sea-states

Table 1-1: Requested data

In this study only wave conditions at the location of the bow are evaluated. This location was selected
because the conditions are most severe compared to other output locations. The coordinates of this
location are 459712, 3964687 (UTM33) and the local water depth is 17.0 m +MSL. An exception is the wind
data. The only available wind data is the offshore Oceanweather time series. The additional analysis of

wind conditions is therefore performed on the offshore Oceanweather wind data [1].

078630641:E - Final ARCADIS
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Figure 1-3: Output locations

ARCADIS used the separation between wind sea and swell, as given in the offshore Oceanweather time
series, as input for the wave studies carried out. Wind sea and swell were propagated separately to the
project site. At the project site, the operational wind sea and swell waves have been combined into a total
sea state for the entire offshore time series. The time series of wind sea and swell waves separately (i.e.

before combination), will be used as input for the wave analyses in this report.

To obtain information on the current velocities, a desk study is performed in which a review of available
sources on current conditions inside Marsaxlokk Bay is made and compared to the wave orbital velocities.
Since during the desk study it was found that no information was available on the water circulation
(current velocities) inside the bay during extreme events, some Delft3D computations were carried out to

get a first estimate on the magnitude of the current velocities.

Note

In the wave penetration report [2], results were presented at various output locations along the jetty (see
Figure 1-3). During extreme storm conditions the FSU will be shifted to a location 70 m west of the jetty. At
this location the height and direction of the wave and thus forces on the spread mooring system may be
different. Based on the wave simulation effort already carried out the spatial variation has been

qualitatively evaluated based on figures showing the spatial distribution of the significant wave height.

ARCADIS 078630641:E - Final
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1.3 REPORTS

The total study is presented in a series of reports, each one treating one of the above mentioned study

items. Table 1-2 gives an overview of the reports presenting the results of the study.

Volume Title Main author
27689-1-MSCN  [Item 1: Wave climate study ARCADIS
27689-2-MSCN  [Item 2: Wave penetration study ARCADIS
27689-3-MSCN | Item 3: Moored ship response study MARIN
27689-4-MSCN  |Item 4: Real-time manoeuvring simulations MARIN
27689-5-MSCN | Item 5: Nautical risk study MARIN
27689-6-MSCN | Item 6: Nautical Quantitative Risk Assessment SGS Tecnos

Table 1-2: Overview of reports

To support the design of the modifications to the FSU and the storm mooring for the FSU, some additional
analysis was carried out for ElectroGas Malta on the data from the wave climate and wave penetration

studies. This analysis is presented in this report.

1.4 THIS REPORT

This report describes the approach and results of the additional metocean analysis carried out. The

structure of the report is as follows:

= Chapter 1 provides the project background, objectives and scope of work;

= Chapter 2 discusses the study approach and the different types of wave loads;

= In Chapter 3 the directional extremes of offshore all-year wind speed, wind sea and swell significant
wave height are determined;

= Then, for each of these parameters, the most likely values of a series of associated parameters are
derived in Chapter 4;

= In Chapter 5 the difference between wind sea waves penetrating through the entrance of Marsaxlokk
Bay and waves generated by wind inside Marsaxlokk Bay, are discussed;

= Chapter 6 gives a description of the spectral shape of the waves;

= Chapter 7 presents the results of the collinearity analysis.

= Fatigue sea states are presented in Chapter §;

= Chapter 9 discusses the current velocities and directions inside Marsaxlokk Bay and at the location of
the jetty;

= The variation of wave heights between the location of the jetty and the spread mooring system is given
in Chapter 10;

= Finally, in Chapter 11 the conclusions and recommendations are given.

078630641:E - Final ARCADIS | 9
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1.5 CONVENTIONS AND DEFINITIONS

Units
All parameters and variables have units according to the international SI conventions except where

explicitly stated.

Coordinate Systems
All the coordinates given in this report are provided in Universal Transverse Mercator zone 33N (WGS 84)
unless otherwise stated. The vertical datum used for the bathymetry and different levels is Chart Datum

unless otherwise stated.

Notations
The following notations are used in this report:

Decimal point; 1.5 means “one and a half”.

~

Digit grouping symbol; 12,000,000 means “12 million”.

E Scientific notation with the exponent of 10; 1.2E-2 means “twelve thousandth”

Directions

Unless otherwise stated, wind and wave directions are given according to the nautical convention. For
winds and waves, they refer to the direction from which they are coming in degrees, measured clockwise
with respect to the North. For example, a wave direction of 90 degrees means the waves are coming from
the East. Directional sectors have a width of 30° and are indicated by their middle directions. The

directional sector 30°N for instance indicates directions between 15°N and 45°N.

Directional spreading
The directional spreading is given in terms of the (model free) directional spreading in degrees or in terms

of the directional spreading factor m based on the cos™(8/2) model. See Appendix 1 for definitions.

Current conditions
Current conditions are expressed as orthogonal components of the speed vector. The u component is

defined as positive eastwards and the v component as positive northwards.

Wind and wave parameters

The definitions of the wind and wave parameters are listed in Appendix 1.

Locations

Unless otherwise stated, the offshore is the location near the entrance of the bay.
Unless otherwise stated, the nearshore is the location at the bow of the FSU moored at the jetty.

ARCADIS 078630641:E - Final
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Design environmental conditions

2.1 DESIGN CONDITIONS IN PREVIOUS REPORTS

In the previous metocean study [1], yearly averaged directional extreme wind and wave design conditions
have been established at the offshore location. At this location (35°45'N, 14°37'30"E), a 33 year time series
of 1-hourly wind and wave parameters was purchased from Oceanweather based on their GROW FINE
MED database. Extreme offshore all-year wind speeds and significant wave heights were established for
directional sectors of 30° width and return periods of 1in 1, 5, 10, 25, 50 and 100 years. Associated integral
wave parameters (peak wave period) and spectral parameters (spectral peakedness and directional

spreading) were determined.

The extreme conditions were propagated towards the entrance of Marsaxlokk Bay using the wave model
SWAN [1] and consequently into Marsaxlokk Bay with the wave model MIKE21BW [2]. The
corresponding nearshore wave conditions are presented as representative 100 year design conditions. In
these computations, the effect of locally generated waves in the bay was not included. In this approach, it
is assumed that the 1/100 year wind speed and 1/100 year significant wave height for a specific directional
sector occur simultaneously. This is a pragmatic, but conservative assumption because the probability of

both extreme conditions occurring simultaneously is expected to be less than 1/100 years.

For the determination of less conservative joint extreme conditions, it is advised to determine them on the
basis of the nearshore time series which have been established in the previous studies using the wave
transformation matrix approach. More details on this approach can be found in Chapter 3.3.1 of the
ARCADIS wave climate study report [1]. In the previous wave penetration study [2], it was found that the
results of both methodologies (transformation of offshore extreme or extreme analysis based on
transformed time series) provide similar results for the extreme wave conditions. Therefore, the present

study is based on an analysis of the nearshore time series at the bow location.

In the wave penetration report [2], the omnidirectional nearshore extreme values for the combined (wind
sea and swell) significant wave heights at the bow are presented. These results are conservative as it is
assumed that different extreme conditions occur simultaneously. More realistic design conditions can be

derived by accounting for joint probabilities. This approach is outlined in the following sections.

2.2 STUDY APPROACH

The objective of the present additional metocean analyses (this report) is to provide a detailed description
of the results that can be used to determine environmental conditions for the design of the mooring
system. Key to selecting suitable (viz. less conservative) design environmental conditions is representing

the entire range of possibly occurring conditions for a restricted set of loading cases.

078630641:E - Final ARCADIS
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To reduce conservativism (introduced by assuming that different extremes occur simultaneously) we
followed a different approach in which we determined the most probable relation between simultaneously
occurring wind, wave and current conditions. Firstly, the directional extremes of offshore all-year wind
speed, wind sea and swell significant wave height (marked by black outlines around their boxes in Figure
2-1) are determined (Chapter 3). In the following we consider these parameters as primary parameters.
Secondly, for each of these parameters, the most likely values of a series of associated parameters are
subsequently determined. For instance for the extreme wind speeds, the associated wind sea and swell
significant wave height and peak wave period are determined. In this manner, a larger set of extreme
conditions is obtained since the extrapolated extremes are no longer assumed to occur at the same moment

in time.

In Figure 2-1, a schematic overview is presented of the various environmental conditions which are

evaluated in this study. Each of the environmental conditions is described by a series of parameters. Wind
conditions are described in terms of wind speed and direction. Wave conditions are expressed in terms of
significant wave height, peak wave period and mean wave direction. Current conditions are described by

orthogonal components of the speed vector.

Locally generated

Penetrating
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Figure 2-1: Schematic presentation of environmental parameters.

Between some of the evaluated environmental parameters, a distinct correlation exists. Wind sea
directions are for example closely related to the wind conditions because it reflects their physical
relationship. For such parameters, the full range of occurring conditions can be described by a restricted
set of loading cases. For poorly related parameters, more combinations should be evaluated to investigate
the full range of occurring conditions. Swell waves for instance are, by definition, not related to the wind

and wind sea wave conditions.

The relation between parameters is initially investigated in Chapter 4. In this chapter a general
methodology is followed which involves making scatter plots of combinations of parameters and fitting a
suitable function to the scattered data. In the subsequent chapters (Chapters 5 - 8) various relations
between parameters are investigated in more detail. Finally, in Chapter 10, the results are combined and

recommendations for their application are made.

ARCADIS 078630641:E - Final
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2.3 DIFFERENT TYPES OF WAVE LOADS

It is noted that three types of wave loads are discerned in this report. The first distinction is made between
wind sea and swell waves. A further distinction for wind sea wave conditions at the project site is made
into locally generated and penetrating wind sea waves. For a proper representation of the combined
impact of all types of wave loads, the contributions of all types of wave loads should be included in the
evaluation of the design of the mooring system. This can be done for instance by using a multi-peaked

wave spectrum.

All throughout the report, a distinction is made between swell and wind sea waves, consistent with the
previous wave studies [1], [2]. In Chapter 5, a detailed analysis of the separate components of locally
generated and penetrating wind sea waves is presented. All other chapters in this report are concerned

with the combined wind sea significant wave height.

078630641:E - Final ARCADIS
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Nearshore extreme conditions

3.1 INTRODUCTION

In this chapter, the derivation of extreme offshore wind and nearshore wind sea and swell wave
conditions is presented. In Chapter 3.2, the followed methodology is explained in detail. In Chapters 3.3
the results for all-year directional extreme conditions are presented. In Chapter 3.4 the monthly

omnidirectional extreme conditions are presented.

3.2 METHODOLOGY

To determine directionally extreme conditions and their confidence intervals from a time series the
following steps are taken:

1. Data selection to obtain peak values

2. Fitting an extreme value probability distribution

3. Estimation confidence intervals using a bootstrap method

1. Data selection
First, all data in the considered directional sector (based on the wind or mean wave direction) and/or

period (year, season, month, etc.) are selected.

A peak-over-threshold (POT) approach is then used for the selection of independent storm peaks in the
time series. For the POT method, the maximum (wind speed or significant wave height) peaks above a
selected threshold value are selected. To ensure independence of storm peaks only the highest peak in a
time window of 96 hours, centred on this peak, is selected. As an example, the selected peaks for wind

speeds exceeding 10 m/s in the year 2003 (omnidirectional) are presented in Figure 3-1.

14 | Arcapis 078630641 :E - Final
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Figure 3-1: Example of peak-over-threshold filtering of wind speeds in m/s

The threshold value is chosen such that the only the most severe storm conditions are included in the data
selection, while sufficient data is included to establish a reliable fitting of the probability of exceedance. As
most of the peaks are related to winter storms, applying a threshold makes the resulting extreme

conditions representative for winter events.

If less than 20 peaks are available in the considered directional sector and period, given the selected
threshold value, no reliable estimate of the extreme values can be determined and no results are presented.
This is for instance the case for nearshore significant wave height in directional sectors 0°N — 150°N. A
lower threshold is selected in some occasions to increase the number of selected peaks to allow fitting. The
selected thresholds for significant wave heights are between 1.50 and 0.75 m (increments of 0.25 m). The
threshold value for wind speeds is 10 m/s.

The time window of 96 hr is based on an evaluation of a series of storms. In Figure 3-2, the build-up of the
ten storms with the highest wind speeds in the offshore Oceanweather time series are presented. The wind
speed during a period of 96hr around the maximum is divided by the maximum value. In this manner, the
build-up of large storms can be easily compared. The figure shows that the selected time window is
appropriate for storms in the project area, as the storm evolution from build up to subsequent decay is

observed within this time frame.
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Figure 3-2: Build-up of the ten offshore storm conditions with the highest wind speeds in the offshore time series

2. Fitting an extreme value probability distribution
The extreme conditions are derived based on a statistical extrapolation of the selected peaks in the
OCEANWEATHER time series. This is done by fitting a Weibull probability distribution function to the
selected data. From our previous studies, the Weibull distribution has been proven to be a robust model
for fitting the extreme event distributions. The Weibull distribution has the following formulation:

x—a)c

p(x > x|6) = poe'(T

With:
x = parameter to be extrapolated, such as wind speed or significant wave height
0 = wave direction
Po = normalisation parameter
a =location parameter
b = scaling parameter

¢ = shape parameter

The Weibull distribution fit is optimized for three parameters: b, ¢ and p,. The location parameter (a) is

considered fixed and is assigned a value 0.

3. Bootstrap
Bootstrapping is a resampling method which allows assessing confidence intervals of return periods,
making use of the original data. Bootstrapping can be applied in different ways. For instance, regular
bootstrapping randomly takes samples with replacement from the dataset until a new set is created of the
same size as the original dataset. This process is repeated until a large number of bootstrap-datasets is

created, after which a statistical analysis is performed on the meta-data.

Instead of using the regular bootstrap, we applied the parametric bootstrap method as this method is more
suited to estimate confidence bands. This is because the number of redrawn samples is not restricted to the

number of samples in the original data, thus creating more accurate estimates of confidence intervals.

In the parametric bootstrap samples are drawn based on the Weibull distribution fitted on the original
dataset. For each bootstrap-dataset a new Weibull fit is made. This process is repeated 10.000 times
resulting in 10.000 bootstrap-Weibull fits. For each of the Weibull fits the values are calculated for several

requested return periods, returning 10.000 values for each return period. As boundaries of the 95%
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confidence interval, the 2.5% and 97.5% percentile scores are selected. This process is illustrated in Figure
3-3 for an all-year wind sea significant wave height. For higher the return periods the confidence band is

wider.

® datapoints
— \veifit data

4.5017 bootstraps
——— weifit bootstraps
............ - 0, i

4.00H 99% conf. interval

95% conf. interval
—— median

Significant Wave Height [m]
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0.00 i i e T
1 10 100
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Figure 3-3: Example figure showing the original selected peaks (green dots) and fitted Weibull distribution (thick black
line), 10000 bootstrap-datasets (blue lines) with corresponding Weibull fits (red lines) and resulting confidence intervals

(thin black lines).

3.3 ALL-YEAR DIRECTIONAL EXTREMES

3.3.1 WIND SPEED

The offshore all-year extreme wind speeds are determined per directional bin using a threshold of 10 m/s.
The corresponding number of peaks and the numerical results for a 1/100 year return period are presented
in Table 3-1. In Figure 3-4 the directional variation of the results for a return period of 1/100 years and their
95% confidence values are presented.
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Offshore direction Threshold Nr of peaks best fit low 95% conf high 95% conf

[°N] [m/s] [-] [m/s] [m/s] [m/s]
0 b 25.9 20.7 31.2
30 i 25.2 21.7 30.2
60 i 23.1 20.6 26.5
90 ! 21.1 19.4 23.5
20.4 19.0 22.2

219 20.1 24.2

20.0 18.1 223

20.7 17.8 23.5

21.4 19.7 23.6

25.4 23.8 27.3

25.0 23.9 26.2

24.4 22.8 26.4

26.1 25.1 27.2

Table 3-1: Applied threshold values, corresponding number of peaks and the offshore all-year extreme wind speeds in

m/s for a return period of 1/100 years for various directional sectors.

350

30.0

250

=
T 200

=

K  low 95%
F

.E 150 m best fit
= = high 95%

10.0

5.0

0.0

Directional sector [°N]

Figure 3-4: Offshore all-year extreme wind speeds in m/s and corresponding 95% confidence interval limits for various

directional sectors and 1/100 year return period.

The largest extreme wind speeds occur in directional sector 0°N, being 25.9 m/s for a 1/100 year return
period. The width of the confidence intervals is also largest for this direction sector. This is due to the
relative low number of peaks that is selected for the Weibull fit. The lowest extreme wind speeds are

expected in directional sector 180°N.

The results for the best fit are identical to those in the prior wave climate study [1]! but now the confidence
intervals have been added. The extreme wind speed conditions and their confidence intervals for all
directional sectors and return periods are presented in Appendix 2.1. The figures showing the selected
data, fitted Weibull functions and confidence intervals graphically are also presented in Appendix 2.1.

! The results for directional sector 0°N are slightly different from those presented in the Wave climate study report [1].
This is due to a minor improvement in our post-processing routines. This improvement increases the accuracy of the
Weibull fits while it results in slightly more conservative results. The modification only affects the results for 0°N in this

study.
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Those figures show that the quality of the fits is good and most of the higher data points are within the

confidence intervals.

3.3.2 WIND SEA SIGNIFICANT WAVE HEIGHT

To determine the nearshore extreme wind sea significant wave height, the corresponding nearshore mean
wave directions is used for the selection of data that belongs to the considered directional bin. The selected
threshold values are between 0.75 and 1.5 m in order to obtain a sufficiently large number of peaks. For
some directions, not enough data is available to determine reliable extreme values. This is very well
explained from the sheltering effect of the coastline. The selected thresholds, the corresponding number of
peaks and the numerical results for a 1/100 year return period are presented in Table 3-2. In Figure 3-5 the

variation of the results for a return period of 1/100 years is presented graphically.

best fit

Nearshore direction Threshold Nr of peaks low 95% conf  high 95%

[m] | [m] [m] [m]
0 - - -
1.00 0 - - -
1.00 0 - - -
1.00 0 - - -
1.00 0 - -
1.00 0 - - -
1.50 225 3.17 2.86 3.59
1.50 28 2.85 2.24 3.68
1.00 83 1.68 1.54 1.89
0.75 137 1.33 1.20 1.49
1.00 18 - - -
330 1.00 0 - - -
omni 1.50 238 3.19 2.88 3.61

Table 3-2: Applied threshold values, corresponding number of peaks and the nearshore all-year extreme wind sea
significant wave heights in m for a return period of 1/100 years for various directional sectors The red number indicate

directional sectors for which too few peaks are available for a reliable extreme values.
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Figure 3-5: Nearshore all-year extreme wind sea significant wave heights in m and corresponding 95% confidence

interval limits for various directional sectors and 1/100 year return period.
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The largest extreme wind sea significant wave height occurs for directional sector 180°N, being 3.17 m for
a 1/100 year return period, followed closely by 210°N. For other directional sectors, the geometry causes
sheltering from penetrating waves or prohibits the generation of local waves. The confidence intervals are

widest for 210°N, which is caused by the lower number of available peaks.

The extreme wind sea significant wave height conditions and their confidence intervals for all directional
sectors and return periods are presented in Appendix 2.2. Figures showing the selected data, fitted
Weibull functions and confidence intervals graphically are presented in the same appendix. Those show

that the quality of the fits is good and all of the higher data points are within the confidence intervals.

3.3.3 SWELL SIGNIFICANT WAVE HEIGHT

The nearshore swell wave conditions are determined with SWAN and MIKE21BW wave models, as
described in the wave climate study and wave penetration study reports [1] and [2]. The nearshore swell
wave climate is merely the result from swell wave penetration from the Mediterranean Sea into

Marsaxlokk Bay since no wind was included in the simulations.

To determine the nearshore extreme swell significant wave height, the corresponding nearshore mean
wave directions is used for the selection of data that belongs to the considered directional bin. The selected
threshold values are between 0.75 and 1.0 m in order to obtain a useful number of peaks. For all but two
directions, not enough data is available to determine reliable extreme values. The fact that the penetration
of swell waves depends more strongly on the geometry, explains that even fewer directions compared to
the wind sea need to be evaluated. The selected thresholds, corresponding number of peaks and extreme
swell significant wave heights for a 1/100 year return period are presented in Table 3-3. In Figure 3-6 the

variation of the results for a return period of 1/100 years is presented.

best fit

low 95% conf

Nearshore direction Threshold Nr of peaks

[m] [-]

high 95%

0
0
0
0
0
0 B - B
122 2.04 1.72 2.40
60 1.27 1.19 1.41
0 B - B
0
0
0 B - B
595 2.02 1.73 221

Table 3-3: Applied threshold values, corresponding number of peaks and the nearshore all-year extreme swell
significant wave heights in m for a return period of 1/100 years for various directional sectors The red number indicate

directional sector for which too few peaks are available for a reliable extreme values.
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Figure 3-6: Nearshore all-year extreme swell significant wave heights in m and corresponding 95% confidence interval

limits for various directional sectors and 1/100 year return period.

The extreme swell significant wave heights are largest for directional sector 180°N (2.10 m for a 1/100 year
return period). It is noted that for the wind sea waves, the largest extreme significant wave height is for the

same directional sector.

The extreme swell significant wave height conditions and their confidence intervals for all directional
sectors and return periods are presented in Appendix 2.3. Figures showing the selected data, fitted
Weibull functions and confidence intervals graphically are presented in the same appendix. Those figures

confirm a good quality of the fits.

34 MONTHLY OMNIDIRECTIONAL EXTREMES

To investigate the seasonal variation of extreme wind and wave conditions, a second series of extreme
values has been established. In this series, data has been selected per month. To restrict the number of
results, this analysis has been done for omnidirectional results only. As seen in Chapter 3.3, for nearshore
waves, this choice will not have a big influence on the applicability of the results since most waves
directions are confined to southwest directions. The wind results should be interpreted with extra care
since winds from different directions (but occurring in the same month) may have a completely different
effect at the jetty.

34.1 WIND SPEED

A threshold value of 10 m/s is applied, consistent with the prior wave studies and Chapter 3.3. The
corresponding number of peaks and the extreme wind speeds for a return period of 1/100 years are listed

in Table 3-4. In Figure 3-7 the extreme wind speeds for a return period of 1/100 years are presented as well.
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Period Threshold Nr of peaks best fit low 95% conf high 95% conf
[m/s] [-] [m/s] [m/s] [m/s]

Jan I 222 25.8 23.6 28.3
Feb I 210 25.2 23.4 27.5
Mar I 217 24.0 221 26.2
Apr I 198 20.1 19.2 214
May ! 147 20.8 19.0 232
Jun I 105 18.2 16.9 20.1
Jul I 84 19.3 18.0 21.3
Aug I 70 17.2 16.4 18.7
Sep I 106 17.0 16.4 18.3
Oct I 148 20.5 18.8 23.0
Nov I 210 21.1 19.9 22.6
Dec I 233 25.1 233 27.3
All Year i 1950 26.1 25.1 27.2

Table 3-4: Applied threshold values, corresponding number of peaks and the offshore omnidirectional extreme wind

speeds in m/s for a return period of 1/100 years for various months.

300

o

=

£

- H low 95%
b

2 m best fit
2 high 95%
£ m hig o
2
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Figure 3-7: Offshore omnidirectional extreme wind speeds in m/s and corresponding 95% confidence interval limits for

various months and 1/100 year return period.

The results clearly indicate that in winter, the highest extreme wind speeds are to be expected. For a 1/100
year return period, the extreme wind speed in January is 25.8 m/s, while in September it is as low as 17.0
m/s. The width of the confidence intervals varies from month to month. There does not seem to be a strong

relation to the number of peaks.

The extreme wind speed conditions and their confidence intervals for all months and return periods are
presented in Appendix 3.1. The figures showing the selected data, fitted Weibull functions and confidence
intervals graphically are also presented in that appendix. Those figures show that the quality of the fits is

good and all of the higher data points are within the confidence intervals.
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3.4.2 WIND SEA SIGNIFICANT WAVE HEIGHT

The selected threshold value for wind sea significant wave heights is 1.0 m for each month. The
corresponding number of peaks and the extreme wind sea significant wave heights for a return period of
1/100 years are presented in Table 3-5. For two months in summer (July and August), insufficient peaks are
available. In Figure 3-7, the extreme wind sea significant wave heights for a return period of 1/100 years

are presented.

Period Threshold Nr of peaks best fit low 95% conf  high 95%

[-] [m] [m] [m]
Jan 1.00 88 3.11 2.55 3.93
Feb 1.00 81 2.88 2.36 3.63
Mar 1.00 80 2.86 2.43 3.49
Apr 1.00 87 2.61 2.33 2.99
May 1.00 53 3.03 2.27 4.05
Jun 1.00 20 2.22 1.62 3.38
Jul 1.00 5 - - -
Aug 1.00 4 - - -
Sep 1.00 35 2.14 1.75 2.66
Oct 1.00 61 2.20 1.96 252
Nov 1.00 101 2.85 2.44 3.44
Dec 1.00 112 3.08 2.49 3.95

All Year 1.50 238 3.19 2.88 3.61

Table 3-5: Applied threshold values, corresponding number of peaks and the nearshore omnidirectional extreme wind
sea significant wave heights in m for a return period of 1/100 years for various months The red number indicate

directional sector for which too few peaks are available for a reliable extreme values.
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Figure 3-8: Nearshore omnidirectional extreme wind sea significant wave height in m and corresponding 95%

confidence interval limits for various months and 1/100 year return period.

The results clearly indicate that in winter, the highest extreme wind sea significant wave heights are to be
expected. However, the differences between months are not as clear as for the wind speeds. This may in
part be due to the omission of the months July and August which are likely to experience even less

extreme wind sea conditions.
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The highest extreme wind sea significant wave heights occur in January and December. The results for the
month May are higher than those for April and June. Although this seems surprising at first, the highest
observed peak in the month May (with a corresponding probability of occurrence of approximately 1/70
years) is 2.95 m. A corresponding extreme value of 3.03 m for a 1/100 year return period seems reasonable.
The figures of the selected peaks and fitted Weibull functions in Appendix 3.2 confirm that the results for
May (and other months) look reliable. The extreme wind speed conditions and their confidence intervals

for all months and return periods are also presented in Appendix 3.1.

343 SWELL SIGNIFICANT WAVE HEIGHT

The selected threshold value for swell significant wave heights is 0.75 m for each month. The
corresponding number of peaks and extreme swell significant wave heights are presented in Table 3-6. For
two months in summer (July and August), insufficient peaks are available. In Figure 3-9 the extreme swell

significant wave heights for a return period of 1/100 years is presented.

Period Threshold Nr of peaks best fit low 95% conf high 95%
[m] [m] [m] [m]
Jan 48 1.75 1.39 2.26
Feb 63 1.43 1.22 1.68
Mar b 71 1.66 131 2.05
Apr X 77 1.51 1.29 1.79
VEW, X 52 1.63 1.25 201
Jun b 21 1.43 1.09 194
Jul X 8 - -
Aug b 10 = =
Sep L 38 1.46 1.19 1.80
Oct b 58 1.42 1.17 1.72
Nov X 79 1.58 1.28 191
Dec b 70 1.89 1.44 2.44
All Year 595 2.02 1.73 221

Table 3-6: Applied threshold values and corresponding number of peaks for the nearshore omnidirectional extreme
swell significant wave height in m for various months. The red number indicate directional sector for which too few

peaks are available for a reliable extreme values.
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Figure 3-9: Nearshore omnidirectional extreme swell significant wave height in m and corresponding 95% confidence

interval limits for various months and 1/100 year return period.
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The results clearly indicate that in winter, the highest extreme swell significant wave heights occur.
However, the differences between months are not very pronounced. The difference between the highest
extreme 1/100 year swell significant wave heights (December 1.89 m) and the lowest (October 1.42 m) is
less than 0.5 m.

In Appendix 3.3, figures showing the selected peaks, the fitted Weibull distribution function and the
confidence intervals are presented. The figures of the selected peaks and fitted Weibull curve in Appendix
3.3 confirm that the results look reliable.
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