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Summary

As part of the We@Sea project “Operation and Maintenance Cost Estimator” (OMCE) the 3-
hour average wave and the 3-hour average wind data published by Rijkswaterstaat for the
location “IJmuiden Munitiestortplaats” in the following denoted as YM6 have been analysed.
Data measured over the period January 1990 - December 2001 have been considered. The co-
ordinates of YM6 are 52°33°00” east and 4°03°30” north, and the water depth is 21 m. Besides
the results over a period of 12 years also the four yearly seasons are considered separately,
where these seasons are defined as follows:

Winter : December, January, February;
Spring : March, April, May,

Summer : June, July, August;

Autumn : September, October, November

To calculate the revenue losses due to downtime the capacity factor of the wind turbine has to
be determined. For this purpose the wind speed distribution at YM6 is described by a 2-
parameter Weibull distribution. Generally this Weibull distribution is based on 10-minute
average wind speed data. However, 3-hour average data are available only so that the Weibull
parameters of the wind speed distribution are based on these 3-hour average data. Although the
parameters presented here are less accurate, they are still suitable to estimate the capacity
factors and subsequently the revenue losses.

Weibull parameters of average wind speed distribution at YM6

Winter  Spring Summer Autumn Year
shape parameter 2.16 2.27 2.29 2.16 2.16
scale parameter 8.90 7.41 6.98 8.07 7.84
mean wind speed [m/s] 7.88 6.57 6.18 7.15 6.94

The downtime of a wind turbine after a failure or the Time To Repair (TTR) is of importance to
estimate different types of costs, f.i. the revenue losses and it appears that especially the waiting
time due to bad weather conditions (T wait) is of great importance for the total downtime.
During this period an access system may be available but is not allowed to leave the harbour.
The capabilities of an access system are particularly dependent on the weather window in which
it can be operated. The weather window of an access system is characterized by the maximum
significant wave height H; ., and the maximum wind speed Vj, .., during which a certain
maintenance action can be performed. Besides the weather window the duration is of
importance. For the weather windows specified in the table below the waiting time has been
calculated as function of the duration of the mission, and the results are presented as 3rd order
polynomials. The coefficients of these polynomials are presented in this report.

Overview of weather windows

Weather window number | H. .| V,, .. | Weather window number | Ho o | Vi oy

[m] | [m/s] [m] | [m/s]
1 0.75 6 16 2 15
2 0.75 8 17 3 8
3 0.75| 10 18 3 10
4 1 6 19 3 12
5 1 8 20 3 15
6 1 10 21 3 20
7 1 12 22 4 12
8 1.5 6 23 4 15
9 1.5 8 24 4 20
10 1.5 10 25 4 30
11 1.5 12 26 5 15
12 2 6 27 5 20
13 2 8 28 5 30
14 2 10 29 8 20
15 2 12 30 8 30
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The characteristic behaviour of the waiting time is shown in the figure below, where the waiting
time is presented as function of the weather windows considered, viz. as function of the
maximum allowable significant wave height and the maximum allowable wind speed.
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Waiting time as function of the maximum
allowable wave height and the maximum
allowable wind speed

Logically the waiting time decreases when the weather windows become less harsh. It appears
that this decrease is most significant for wave heights up to 1,5 - 2 m and wind speeds up to 10 -
12 m/s. So using access systems that can operate up to wave heights of 2 m and wind speeds up
to 12 m/s will have a strong positive effect on the down time. On the other hand it is
questionable whether an investment in access systems that can operate at wave heights above 2
m and at wind speeds above 12 m/s should be made for this location with these conditions. In
general the advantage in terms of waiting time is only limited. However depending on the
number of times and the duration a device is needed it might be advantageous in specific
situations.
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1. Introduction

1.1 Operation and Maintenance Cost Estimator

It is well known that the O&M costs of an offshore wind farm contribute to the total
exploitation costs significantly [1]. The objective of the We@Sea project “Operation and
Maintenance Cost Estimator” (OMCE) is to determine a methodology with which owners and
operators of offshore wind farms are able to estimate and to optimise the future O&M costs [2].
This methodology together with monitoring of the wind farm should give owners and operators
tools to support the decisions in O&M.

In the planning phase of a project a realistic estimate of the expected yearly O&M costs is made
which is used together with other costs drivers for the economic assessment. To support the
development of the Cost Estimator a realistic offshore wind farm will be considered and used in
a case study. For this wind farm an initial O&M cost estimate will be made. This initial cost
estimate must be considered as a reference for the case studies supporting the development of
the Cost Estimator. Above all the initial cost estimate is used to make a comparison with the
actual O&M costs and is the starting point to quantify the effects of modifications in the O&M
strategy. For this purpose the calculation model in MS Excel developed by ECN [3, 4] will be
used. This model enables to determine the long-term average effort and costs that are needed to
maintain the wind farm and to calculate the associated downtime and revenue losses. The
process of a maintenance action is depicted in Figure 1.1 and this process has served as the
starting point for the development of the ECN model to calculate the initial costs of
maintenance.

time Event Activities

Failure of wind turbine
Alarm is send to central

38 operation office and next

% reponsible engineer is infomed

QI about damage;

— equipment, crew and spare parts

are ordered.

v Repair equipment, crew and
- spare parts ready for take off
B Due to bad weather conditions
§ ! the repair team can not depart
A Weather condition suitable for
g take off
=l .

© Repair team travels to damaged

=1l § WT's

1l

E Repair crew arrives at WT and

= | repair is started

S

o Repair is carried out

o

Repair completed

Figure 1.1: Schematic overview of the repair process [3]
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As can be seen from Figure 1.1 the Time To Repair (TTR) can be split up into four different
time intervals. Especially the waiting time due to bad weather conditions (T wait) is of great
importance for the total downtime and a lot of research is ongoing in the development of access
system with the aim to reduce T wait. An access system can be characterized by the weather
window during which it can be used and the waiting time for a certain device is dependent on
the weather window for that device and the duration of the mission (T_mission).

In the ECN model only the maximal allowable significant wave height and the maximum
allowable wind speed are considered, other aspects like fog and ice might be of importance but
are not taken into account. To determine the waiting time measured wind and wave data
representative for the location of the wind farm have to be considered. To make these wind and
wave data applicable for cost modelling the waiting time of a specific system characterised by
the maximum allowable wave height and the maximum allowable wind speed has to be
specified as a 3rd order polynomial of the mission time. For this purpose first the measured
wind and wave measured at a certain location are characterized by means of Weibull
distributions, which is described in Chapter 3. Next the waiting time for a specific weather
window and the mission time are calculated by means of Monte Carlo simulations based on the
previously obtained Weibull distributions, which is described in Chapter 4.

1.2 Climate data

For the development of the Cost Estimator climate data are obtained from the wave and wind
data published by Rijkswaterstaat for the location “IJmuiden Munitiestortplaats” [5], in the
following denoted as YM®6, see Figure 1.2. The co-ordinates of YM6 are 52°33°00” east and
4°03°30” north, and the water depth is 21 m.
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Figure 1.2: Locations for which Rijkswaterstaat measures wind and wave data.
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These data are available as 3-hour average values and the wind speed V,, and the significant
wave height H, for a period of 12 years (January 1990 - December 2001) have been analysed.
The measured data are presented in Chapter 2, where the correlation between the wind and wave
data is considered also.

Besides the data over a period of 12 years, the four yearly seasons are considered separately,
where these seasons are defined as follows:

Winter : December, January, February;
Spring : March, April, May,

Summer : June, July, August;

Autumn : September, October, November.

Next these data have been processed to determine the parameters of the Weibull distributions
characterising the weather windows specified in Table 1.1, see Chapter 3 and Annex C.

Table 1.1: Overview of combinations of maximum wind speed
and maximum wave height for which the measured
time series of YM6 have been processed, the
number denotes the weather window number.

Maximum significant wave height, EHmaxm;
075 1 1.5 2 3 4 5 8

6 1 4 8 12

8| 2 5 9 13 17

10 3 6 10 14 18

12 7 1 15 19 22
15

16 20 28 26
21 24 27 29
25 28 30

Maximum wind speed

Vw,max [m/s]
w N
o O

Finally the coefficients of the 3rd order polynomials for the waiting time are calculated (see
Annex D). An extended evaluation of the waiting times is presented in Chapter 4.
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2. Evaluation of measured wind and wave data

2.1 Wind climate

The 3-hour average wind speed distribution at the location YM6 has been characterized by
means of a 2-parameter Weibull distribution. For this purpose the @Risk functionality “Fit
Distribution to Data” [6, 7] has been applied to the measured wind data over the period January
1990 up to December 2001. The fit has been made for all data (year) and furthermore the four
yearly seasons have been analysed separately. A detailed description of the Weibull distribution
is given in Annex A.

The results of the fit procedure are shown in Figure 2.1- Figure 2.5.
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Figure 2.3: Weibull fit of wind speed Figure 2.4: Weibull fit of wind speed
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Weibull(2.1575; 7.8397)
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Figure 2.5: Weibull fit of wind speed
distribution over the whole year

The corresponding cumulative distribution functions are depicted in Figure 2.6 and the
calculated Weibull parameters are summarised in Table 2.1. It should be noticed that for an
accurate prediction the Weibull parameters should be calculated based on 10-minute mean
values. However, only 3-hour data are available for YM6. Although the parameters presented
here are less accurate, they are still suitable to determine the capacity factors in the cost model.

YM6
120%

100%

80%

w —&o— Winter
8 ez —f@— Spring
40% —a— Summer
—%— Autumn
20% —¥— Year
0% |
0 5 10 15 20

wind speed [m/s]

Figure 2.6: Cumulative distribution functions of the average wind speed
distribution at YM6

Table 2.1:  Weibull parameters of average wind speed distribution at YM6

Winter  Spring Summer Autumn Year
shape parameter 2.16 2.27 2.29 2.16 2.16
scale parameter 8.90 7.41 6.98 8.07 7.84
mean wind speed [m/s] 7.88 6.57 6.18 7.15 6.94
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2.2 \Wave climate

The 3-hour average significant wave height distribution at the location YM6 has been
characterised by means of a 2-parameter Weibull distribution too. For this purpose the @Risk
functionality “Fit Distribution to Data” [6, 7] has been applied to the measured significant wave
height over the period January 1990 up to December 2001. The fit has been made for all data
(year) and furthermore the four yearly seasons have been analysed separately. A detailed
description of the Weibull distribution is given in Annex A.

The results of the fit procedure are shown in. Figure 2.7 - Figure 2.11
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Figure 2.7:  Weibull fit of significant wave Figure 2.8: Weibull fit of significant wave
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Weibull(1.6018; 1.3801)
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Figure 2.11: Weibull fit of significant wave
height distribution over the
whole year

The corresponding cumulative distribution functions are depicted in Figure 2.12 and the
calculated Weibull parameters are summarised in Table 2.2

YM6

80% o
™ —&o— Winter
8 60% < .
/ —@- Spring
—a— Summer

40%
—%— Autumn
20% —¥— Year
0% |

0 1 2 3 4 5
significant wave height [m]

Figure 2.12: Cumulative distribution functions of the significant wave height
distribution at YM6

Table 2.2:  Weibull parameters of the significant wave height distribution at YM6

Winter  Spring Summer Autumn Year
shape 1.72 1.64 1.69 1.74 1.60
scale 1.75 1.20 1.04 1.57 1.38
mean wave height [m] 1.56 1.07 0.93 1.40 1.24
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2.3 Combined wind and wave data

The correlation between the 3-hour average wind speed and the 3-hour average significant wave
height over the period Jan. 1990 - Dec. 2001 is shown in Figure 2.13. Similar plots are obtained
when the four yearly seasons are considered separately. It is clear that the wave height and the
wind speed are strongly correlated. In Figure 2.13 two regions can be distinguished; the upper
region where the wind speed is relative low and the wave height is relative high and the lower
region where the wind speed is relative high and the wave height is relative low. In the upper
region the wind speed will be the determinative parameter, while in the lower region it is the
wave height. This can be explained as follows. For instance consider a wind speed of 10 m/s. It
appears that for wind speeds up to 10 m/s the wave height will be less than 2.5 m with a very
high probability. So variations of wave height in the interval greater than approximately 2.5 m
will not influence the length of the weather windows. For the lower region it holds that very
high wind speeds do not occur simultaneously with low wave heights, hence the wave height is
the determinative parameter in this region.

In Annex B the frequency of occurrence of combinations of wind speed and significant wave
height are given for the four yearly seasons and the whole year.

6
|

- wind speed

Wave height [m]
w

wave height ——

0 5 10 15 20 25
Wind speed [m/s]

Figure 2.13: Measured significant wave height as function of the measured wind
speed for the period Jan. 1990 - Dec. 2001

ECN-C--05-060 15



16

ECN-C--05-060



3. Weather Windows

3.1 General description

The maximum significant wave height H ,, and the maximum wind speed V}, .« during which
a certain maintenance action can be performed are of large influence on the downtime after a
failure. If a failure occurs, the repair action can only be initiated if the weather conditions are
suitable. If not, the repair has to be postponed. It is not only sufficient that the right weather
window occurs, the duration should also be long enough to make sure that the repair can be
carried out.

To illustrate this, a small part of a time series for the wind speed V,, and the significant wave
height H, are plotted in Figure 3.1. As an example it is assumed that a repair action can be
carried out only if both H £ 1.5 m and V,, £ 12 m/s, hence the lines corresponding with V.. =
12 m/s and H,,,, = 1.5 m are drawn too. At the horizontal axis corresponding with the
minimum y-value (V= 0 m/s) the low time intervals are indicated. During a low time interval V;,
£ Vyma and H £ H, ., and repair is possible provided that the length of the interval is sufficient
to complete the mission. At the horizontal axis corresponding with the maximum y-value (V=
25.0 m/s) the high time intervals are indicated. During a high time interval V> V, . or H>
H ..« and it is not allowed for the chosen device to leave the port or to be in operation. From
Figure 3.1 it can be seen that if the failure occurs at ¢ = 0, it takes approximately 96 hours before
a repair action of 40 hours can be carried out. If the duration of the repair is only 20 hours, the
waiting time is approximately 56 hours. Since the failure can occur at any point in time, the
waiting time until a suitable weather window occurs in fact is a stochastic variable.
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=4 Wind spegi Vm [m/s]
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0.0 | —— L Ll 1 1 Ll 1 Ll 1 —— L T ——— L —— | | 0.0
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lime [hrs]

Figure 3.1: Example of determination of waiting time for a maintenance action that can be
carried out if H £ 1.5 m and V,, £ 12 m/s and the duration is 20 hrs or 40 hrs

3.2 Characterisation of weather windows

Due to the stochastic behaviour of the waiting time it is not practical in the cost modelling to
work with measured time series because of the amount of data to be handled repeatedly. To
characterize long term wind and wave characteristics, data representative for the location of the
wind farm should be analysed to search for the following variables:
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number of times that suitable weather windows occur, i.e. H; and V,, are below the
maximum values;

duration of these suitable weather windows;

number of times that weather windows occur during which maintenance cannot be
carried out;

duration of these weather windows that in fact determine the waiting time.

The length of the i low interval is indicated by Tilow and covers the time interval starting on
¢/ and ending on t}f’zw . The same definition holds for the high intervals.

The probability that a failure does occur in a low interval or a high interval is now given by

é ]'vllOW

B..=1- R.,=
oarT+ar

low

high

To determine the first low interval in which a repair may be carried out it is not only of
importance whether the interval in which the failure did occur is low or high, but the length of
this interval is of importance also just as the length of the subsequent intervals. So the length of
the Ist interval has be determined. As failures occur randomly one is interested in the
probability that the point of time at which the failure occurs lies in an interval with a certain
length. The probability that a failure occurs in a low interval with a certain length is determined
by the fraction of the total duration of all low intervals with this length compared to total
duration of all low intervals considered. For instance n,”" low intervals with a length of 7"

are found. In case the 1st interval is low the probability that this interval has length 7, kl"w is now

low low
n " Xl
—

a Tlow ’
1
The same holds for the high intervals. In this way the statistical distribution function of the

length of the intervals can be determined for the low intervals as well as for the high intervals.

The corresponding cumulative distribution function (CDF) is denoted by F Ll,ow (T) for the low

intervals and by F/ £igh (T) for the high intervals and gives the probability that a certain point in
times lies in an interval with a length less than 7.

The subsequent intervals do occur randomly, so the length is determined by the fraction of the
number of intervals with a certain length compared to the total number of low or high intervals.

The probability that the length of next low interval equals 7, klow is now given by

low

o] low *

arn

The same holds for the high intervals. In this way the statistical distribution function of the
number of the intervals can be determined for the low intervals as well as for the high intervals.

This cumulative distribution function (CDF) is denoted by F ,:,OW (T) for the low intervals and
by F| A*,‘igh (T) for the high intervals and gives the probability that the length of a randomly chosen
interval is less than T.

So, to determine Py, or Py, and the cumulative distribution functionsF’ LI,OW (T), FYT),

F(T) and F!e"(T)the quantities n/°, n"®", T and T"*" have to calculated from the

time series of the wind speed and the wave height.
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For this purpose the times series of the wind speed and the wave height have to be processed to
determine the low and the high intervals and subsequently corresponding cumulative
distribution function.

For this purpose the computer program WeWiCDF has been developed at ECN [3]. In this
program, which is implemented in an Excel workbook, time series of measured wind and wave
data are processed to determine the low and the high intervals given the limit values V., and
H ox. Furthermore these low and high intervals are processed by means of pivot tables to
calculate the number of occurrences, finally resulting in tabulated cumulative distribution

functions for F>" (T'), FEeNT), FI(T) and FleN(T).

The tabulated CDF's are fitted by a Weibull distribution by means of the @Risk function “Fit
distribution to data” and the shape parameter and the scale parameter are obtained. Although
several statistical functions showed a good agreement it appeared that the Weibull distribution
could be used for all data sets (duration and length of intervals for both high and low) [8].

The parameters P, and the parameters for the cumulative distribution functionsF Ll,ow (1),

FNENT), FYY(T) and Fy'®"(T) are calculated taking into account the wind speed and wave

height data for all yearly seasons, resulting in yearly parameters. Furthermore the data of four
yearly seasons are treated separately resulting in four sets of parameters valid for a certain
season.

3.3 Data

The 3 hour mean wind speed and the 3 hour significant wave height published for YM 6 for the
period 1991 - 2001 have been processed in the way described above for the combinations of
maximum wind speed and maximum wave height listed in Table 1.1.

The calculated Weibull parameters for the weather windows specified in Table 1.1 are given in
Annex B.
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4.  Waiting Time
4.1 Model description

To determine the duration of the waiting phase (T wait) for a certain mission with length
T mission (see Figure 1.1) the Excel workbook 7" wait has been developed at ECN [3]. In this
workbook a stylistic time series consisting of alternately low and high intervals is constructed.
For this purpose an @Risk model has been developed [3] based on P,,, and on the Weibull

distributions of F" (T), FXe(T), F*¥(T), and F\®" (T, which are described in Chapter 3.

The shape and the scale parameters for these Weibull distributions are summarized in Annex C.
The construction is done according to the scheme shown in Figure 4.1. To determine whether
the first interval is low or high the RiskBinomial function is applied, while the length of the
intervals is determined by the @Risk function RiskWeibull together with the appropriate
parameters.

The first low interval TiIOW with a length greater than T mission is looked up and the waiting

. low
time now equals 7, .

l START )

Generate 1st time interval:
- low or high
- length

1st interval is low

No

|

Generate next
low interval

lenghth interval >
T_mission
Yes

¥

Generate next
high interval ——————N

Determine T_wait

END

Figure 4.1: Procedure for generating stylistic time series of alternately low and high intervals.
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As the input for this model is based on stochastic variables the result T wait will be a stochastic
quantity also, and the statistical parameters, like the mean value and the standard deviation of
T wait are of interest. The mean value and the standard deviation of T wait for a certain value
of T mission are determined by means of Monte Carlo simulation available in @Risk, where
the T Wait is determined by the @Risk function RiskOutput.

After performing analyses for several values of T mission the resulting mean values and
standard deviation can be given as function of T mission. The mean values and the standard
deviation calculated for a certain weather window can now be fitted by a 2nd or 3rd order
polynomial, so that the mean value and the standard deviation for a certain weather window are
available as a continuous function of the duration of the mission. It is clear that the waiting time
will increase when the duration of the mission increases, hence the polynomial fits should be
continuously increasing function of the mission time. As an example the waiting time as
function of the duration of the mission is shown in Figure 4.2 for a device that is able to operate
for wind speeds up to 8 m/s and wave heights up to 1.5 m, where the wind and wave data over
the whole year have been considered. Since the waiting time is a stochastic value, the standard
deviation, the 5% value and the 95% value are given also. Furthermore the polynomial fitted
through the calculated mean values and the calculated standard deviations are shown.

WeWi H=2 V=10; Hs=2 m , V=10 m/s, Year

900 I I I -
- -O- - 95% , N
@
750 4—| E Mean -
—¥— 5% P
T 600 1— ¢  Standard Deviation e’
E Fit Mean ) O
= 450 4— Fit St. Dev. 1o
=2 [
:é ] “ P 4
S : |
= 300 R —
E= =l
60 0 100 120 140 160

Duration Mission [hr]

Figure 4.2: Waiting time as function of the duration of the mission

4.2 Results

For the combinations of H, and V,, summarised in Table 1.1 the mean value of the waiting time
has been calculated as function of the duration of the mission similar to Figure 4.2 and the
results haven been fitted by a polynomial. The coefficient of these polynomials are summarised
in Annex D for the four yearly seasons and for the whole year.

To show the characteristics of the waiting time it has been plotted as function of wave height for
several different wind speeds in Figure 4.3 and as function of the wind speed for different
values of the wave height in Figure 4.4. In both figures the duration of the mission is assumed to
be 10 hours. These figure are based on the wind and wave data of the whole year for the period
Jan. 1990 - Dec. 2001. The same results are presented in Figure 4.5 where the waiting time is
given in a 3D plot as function of both the wind speed and the wave height. Besides a mission
with duration of 10 hours missions with a duration of 25, 50 and 100 hours are depicted also.
Similar results are obtained when the data for a specific yearly season is considered. In Figure
4.6 the influence of the seasons is shown
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Max. allowable wave height [m]

Figure 4.3: Waiting time as function of the maximum allowable wave height for several values
of the maximum allowable wind speed; duration of the mission is 10 hours, wind
and wave data of the whole year

140
—Hs=0.75m
120 ~ —Hs=1m
Hs=1.5m
— 100 Hs=2m
= —Hs=3m
°E’ 80 ——Hs=4m
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o
£ 60 —Hs=8m
©
= 40 ‘\
20
0 ~—
0 5 10 15 20 25 30 35
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Figure 4.4: Waiting time as function of the maximum allowable wind speed for several values

of the maximum allowable wave height; duration of the mission is 10 hour, wind
and wave data of the whole year
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Figure 4.5: Waiting time as function of the maximum allowable wave height and the maximum
allowable wind speed for several values of the duration of the mission; wind and
wave data of the whole year
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Figure 4.6: Influence of the season on the waiting time; (Hs = 2 m; Vw = 10 m/s)
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As expected the waiting time decreases when the weather windows become less harsh. This
decrease is most significant for wave heights up to 1,5 - 2 m and wind speeds up to 10 - 12 m/s.
So using access systems that can operate up to wave heights of 2 m and wind speeds up to 12
m/s will have a strong positive effect on the waiting time. Investment in access system that can
operate at wave heights above 2 m and at wind speeds above 12 m/s should be considered very
careful for this location. In general the advantage in terms of waiting time is only limited.
However depending on the number of times and the duration a device is needed it might be
advantageous in specific situations.
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5. Conclusions

After a failure, an offshore wind turbine may be out of operation for a significant period because
it can not be accessed due to bad weather conditions. To be able to estimate this downtime the
offshore weather conditions at the location of the wind farm have to be analysed. In this report
the 3-hour average wind and wave data measured by Rijkswaterstaat for the location
Munitiestortplaats [Jmuiden (YM6) over the period January 1990 - December 2001 have been
analysed.

To calculate the revenue losses due to downtime the capacity factor of the wind turbine has to
be determined. For this purpose the wind speed distribution at YM6 is described by a 2-
parameter Weibull distribution. Generally this Weibull distribution is based on 10-minute
average wind speed data. However, 3-hour average data are available only so that the Weibull
parameters of the wind speed distribution are based on these 3-hour average data. Besides the
data over a period of 12 years also the four yearly seasons are considered separately.

The capabilities of an access system are particularly dependent on the weather window in which
it can be operated. The weather window of an access system is characterized by the maximum
significant wave height H; ., and the maximum wind speed Vj, .., during which a certain
maintenance action can be performed. For a number of different weather windows the waiting
time due to bad weather conditions has been calculated and logically the waiting time decreases
when the weather windows become less harsh. It appears that this decrease is most significant
for wave heights up to 1,5 - 2 m and wind speeds up to 10 - 12 m/s. So using access systems that
can operate up to wave heights of 2 m and wind speeds up to 12 m/s will have a strong positive
effect on the down time for this location. On the other hand it is questionable whether an
investment in access system that can operate at wave heights above 2 m and at wind speeds
above 12 m/s should be made for this location. In general the advantage in terms of waiting time
is only limited. However depending on the number of times and the duration a device is needed
it might be advantageous in specific situations.
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Annex A: Weibull distribution

The cumulative distribution function (CDF) of the Weibull distribution is defined as

o=
FX(x)=1-egb'Z' , x>0 (A.1)
where:
o : shape parameter (o > 0);
B : scale parameter (B > 0).
The mean value reads
b
m=2 20 (A2)
a eag
and the standard deviation reads
gz 0 lg aelT (A.3)
€ &g a a
where I' is the gamma function defined by
¥
Gx)= ¢y 1" dt (A.4)
0

Integration by parts gives the important functional relation of the gamma function
Qx+1) =xEx) (A.5)

Given the mean value and the standard deviation the Weibull parameters can be calculated as
follows. From Eq. (A.2) and (A.3) it can be deduced that

, 220
aeg a éag (A.6)
Mg
I’} geloGzaelo
eag eag

which gives the value for the shape parameter. Next the scale parameter is calculated with Eq.
(A.2)

(A7)

i

&IO

1
a
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Annex B: Correlation of wind speed and wave height

For the location YM6 the frequency of occurrence of combinations of wind speed and
significant wave height over the period Jan. 1990 - Dec. 2001 are given below. Please note that
these tables should not be mixed up with scatter plots in which the occurrence frequency of the
significant wave height and the zero crossing period are plotted. In these type of scatter plots the
wind speed is not considered.

Winter significant wave height, Hs [m] - upper limi |
0.5 115 2 25 3 35 4 45 5 55 6 65 Grand Totall
z 2 111 117 28 6 3 1 266
= 4 498 580 177 35 9 3 1302
3 6] 214 751 431 105 19 3 1523
E 8 17 544 649 295 74 19 7 1604
- 10) 91 454 507 208 56 19 4 2 1 1342
£ 12) 5 150 418 392 153 53 18 8 3 1200
N 14 1 5 113 267 245 111 45 15 4 3 1 810
> 16} 5 53 114 121 5 32 19 10 3 1 413
3 18 1 18 55 25 19 10 7 4 3 143
2 20 5 7 12 12 4 5 1 49
2z 22 2 2 6 10
£ 24 1 2 3
> 2 1 1
Grand Total | 840 2089 1894 1484 1026 612 371 15690 51 29 14 7 8664
Spring ignifi i [m] - upper limi |
0.5 115 2 25 3 35 4 45 5 55 6 65 Grand Total]
z 2 191 128 21 7 347
= 4 715 633 159 19 3 2 1 1532
S 6| 667 1111 416 75 7 3 2279
E 8 200 985 659 191 32 5 2 2074
= 100 25 315 517 350 95 21 4 1327
IS 12) 33 177 289 189 69 24 7 5 793
N 14 1 14 62 116 64 43 12 7 2 321
> 16} 2 26 38 22 12 8 2 110
3 18 6 7 10 8 1 32
2 20 1 3 4 3 11
§ 22) 2 2 4
£ 24 1
Grand Total | 1798 3206 1963 995 468 210 106 45 31 6 3 8831
Autumn significant wave height, Hs [m] - upper limi |
0.5 115 2 25 3 35 4 45 5 55 6 65 Grand Totall
z 2l 102 107 38 10 2 259
= 4 431 754 188 51 17 3 1 3 1444
oy 6l 291 1109 515 111 28 5 3 4 1 2067
5 8 38 548 827 317 63 17 3 2 1814
- 10) 1 76 488 489 156 54 11 4 1 1280
F= 12) 7 8 350 313 113 47 12 4 932
s 14 6 37 180 203 71 35 15 5 1 553
> 16) 7 14 58 90 46 24 1 1 251
3 18 1 7 28 31 19 8 1 1 9§
3 20 3 8 9 7 2 29
é 22 1 1 2 4
£ 24 1 1
Grand Total | 863 2601 2148 1372 774 460 257 146 75 33 2 4 8734
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Year ignifi ight, Hs [m] - upper lim
05 1 15 2 25 3 35 4 4.5 o) 55 6 6.5 71 Grand Tota
g d 676 472 109 24 5 1 1287
= 4 2624 2663 648 112 29 8 3 3 6094
S g 2039 4070 1733 325 57 13 3 4 1 8245
> g 475 3044 2730 950 179 43 14 2 7437
- 10 56 798 2039 1647 512 134 36 8 3 1 5234
IS 12 71 624 1339 1019 359 127 38 17 3 3597
s 14 2 31 261 689 560 253 100 37 11 4 1 1949
> 14 15 101 237 247 115 65 32 10 4 1 827
3 19 3 36 94 69 46 18 9 5 3 1 284
g 20 1 11 19 24 19 4 7 1 84
s 22 3 3 10 2 18
£ 24 1 1 1 2 5
= 2 1 1
Grand Total 587011120 7914 4673 2594 1393 788 361 197 90 34 18 7 1 3506(
Summer significant wave height, Hs [m] - upper limi |
0.5 115 2 25 3 35 4 45 5 55 6 65 71Grand Total
£ 2 272 120 22 1 415
= 4 980 696 124 7 1 1808
2 6 867 1099 371 34 3 2 2376
5 8 220 967 595 147 10 2 2 1943
- 100 30 316 580 301 53 3 2 1285
£ 12 26 211 282 125 24 3 1 672
s 14 6 49 126 48 28 8 265
> 16 1 8 27 14 2 1 53
3 18 1 5 4 3 13
§ 20|
=
= 2
Grand Total | 2369 3224 1909 822 326 11154 14 1 883(
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Annex C: Weibull parameters weather windows

The calculated Weibull parameters of the CDF for the duration and the number of low and high

intervals and the probability P, are given in Table C.2 - Table C.6 for the weather windows

specified in Table C.1.

Table C.1:  Overview of weather windows
Weather window number | H. ...] Vi mad VWeather window number | H. .| Vi oy
[m] [ [m/s] [m] | [m/s]
1 0.75 6 16 2 15
2 0.75 8 17 3 8
3 0.75 10 18 3 10
4 1 6 19 3 12
5 1 8 20 3 15
6 1 10 21 3 20
7 1 12 22 4 12
8 1.5 6 23 4 15
9 1.5 8 24 4 20
10 1.5 10 25 4 30
11 1.5 12 26 5 15
12 2 6 27 5 20
13 2 8 28 5 30
14 2 10 29 g | 20
15 2 12 30 8 30
Table C.2: Weibull parameters of the CDF for the duration and the number of
low and high intervals and the probability P,,,, for the winter period
WINTER Low intervals High intervals
duration number duration number
Nrl Ho o Vi ooy Py a b a b a b a b
[m] | [m/s]| [%] [l [hr] [l [hr] [ [hr] [] [hr]
1075 6| 10.7% 1.1391 62.45 0.62875 14519 1.1048 358.46] 053700 51.469
4 0.75) g 2179 1.2755 66.904 0.67849 19.056 1.1342 339.00] 0.57950 59.394
3§ 0.5 10| 21.8% 1.0757 67.264 0.68480] 19.39q] 1.1305 336.50] 0.58807 60.171
4 1 6| 2769 1.0938 66.17 062922 14.381 1.0771] 220.01 0.56144 34.060
= 8 33.3% 1.1633 86.0564 0.65980] 20.809 1.1199 203.7§ 0.60692 39.091
B 1 100 3429 1.1174 96.23] 0.66071] 21.927 1.1805 197.16] 0.63687 43.450
7 1 12| 34.3% 11305 96.88q 0.65471 21.99§ 1.1814 197.18 0.63896 43.680
q 15 6| 35.2% 1.0008 65.086 0.63830] 13.497] 1.1366 126.24 061898 25.807
d 15 8 489% 1.0323 116.3] 0.60404] 2097 1.2327] 103.37] 0.65593 25697
i 15 10 5529 0.9267d 169.561 0.60767] 25.914 1.3473 91.249 0.73034 28.474
1 15| 12| 56.2% 090733 181.74 061029 26.771 1.3142] 90.202] 0.75194 28.724
12 2 6| 36.8% 098818 63.346 0.63746 13.01 1.1274] 108.09 0.65024 24.51Q
13 2 e 542% 1.0451 11421 056521 18.194 1.1853 73.069 0.6954 19.659
14 2] 10 67.2% 1.0002] 181.19 056708 26.347] 1.2766] 55.387] 0.74579 17.79Q
(E 2| 12 7294 1.0115 230.8 058872 35.341 1.3563 48.958 0.83567] 18.772
14 2] 15 74.29% 1.0272 242.6 057767 36.81q 1.2974] 47.900 0.84989 18.359
17 3 8| 55.3% 1.0326 113.8] 054634 16.619 1.2660 62.07¢ 0.7264 18.672
14 3] 10| _71.56% 099459 183.14 0.53497] 23.127] 1.3453 38.545 0.78885 14.031
19 3| 12 834% 1.0234 30259 050162 32.051 1.3007] 25.529 0.85939 10.463
20 3] 18 91.3% 0.97594 582.5 0.55004] 65.089 1.3962 21.84§ 0.90054 9.8689
21 3| 200 9204 1.0060] 637.70 052044] 67.245 1.3607] 22.32§ 0.8484 94079
2J 4] 19 845% 1.0268 305.3 050153 32.42¢ 1.3256 22.799 0.87639 9.7049
24 4 15 954% 1.0503 769.51 053738 87.039 1.1925 14.500] 0.79263 5.6749
24 4 20 97.8W 15514 1468.4 041175 212.94 1.2414] 18.224] 0.77433 6.8453
28 4] 30 97.8% 1.5514] 1468.9 042155 222.79 1.2577] 18.393 0.76604 6.8839
26 5] 15 96.1% 1.0432 799.91 0.56827] 96.559 1.2056] 12.065 0.85434 5.272]
27 5 20| 99.7%4 3.4045 86921 050093 14954 1.7930 12.741 1.074d 7.5709
28 5] 30| 100.0%
29 8| 20| 100.0%
30 8] 30 100.0%
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Table C.3: Weibull parameters of the CDF for the duration and the number of
low and high intervals and the probability P,,,, for the spring period
SPRING Low intervals High intervals
duration number duration number
Nr Hsmaxﬁ&( Plow a b a b a b a b
m] | [m/s]| [%] [ [hr] [ [hr] [ [hr] [-] [hr]
T 0.75 6] 30.3% 1.0977] 42.33] 080668 14.091 1.1619 154.30 052317 23.041
A 075 8] _37.1% 12912 66.881 0.7300d 20.67¢] 1.2671 146.8§ 0.56060 27.624
3 075 10 385% 1.1884 8426 071124 23271 1.2912 149.26 060702 33.221
4 1 6] _38.7% 1.0934 441949 0.79014 14.32 1.1524] 98.898 0.56594 17.651
BE 8 52.0% 13219 86.819 067667 23.94 1.1556 95424 056994 17.944
6 1] 10 553%4 1.2286 126.79 0.64724 30497 1.1956 98.063 0.65984 24.344
71 1| 12 5564  1.2058 130.61 065511 31.900 1.2005 98.647 0.6726¢ 25277
815 6] _455% 1.1501 44.163 0.75847 14.089 1.1230] 66.548 0.61909 14.160
g 15 8 66.09 1.3395 99.569 0.66313 26.353 1.0654 50.779 0.64329 11.703
10 15| 10 75.7% _1.3054 197.34 0.63774 4847 1.1424 51.65§ 0.7544 15.839
111 15[ 19 77.3W 13520 241.5 0.63329 61.190q 1.1769 54.056 0.85255 19.244
2 6] 4679 1.1416] 44.084 0.75989 14.050 1.1526 60.285 0.63743 13.971
19 2 8] 69.5%4 1.3224 104.59 0.6407d 25580 1.1741] 37.799 0.6994 10.93
14 2| 10| 829%W 1.0651 239.90 058255 48274 1.0681 33.354 0.802624 11.001
19 2| 19 87.3W 1.3039 383.6] 053714 68277 1.1199 35.386 0.77920 _11.40§
19 2| 15 87.9% 1.0017 44649 054362 74950 1.145§ 37.041 0.79560 12.364
I 87069 1.3192 104.81 063575 25229 1.2443 33.394 0.72754 10.729
1 3| 10| 854% 1.0495 24594 054424 42580 1.139§ 22.209 0.90769 9.2393
19 3| 19 _934% 1.0071] 56549 048864 7143 1.1581 17.597] 0.81730 6.872
20 3| 15 96.0%4 1.2581 890.93 049653 126.4¢ 1.664§ 15500 1.0064 8.4253
23] 20 964°% 1.1819 10274 050074 137.51 1.5846 15.734 097087 8.1514
2 4] 12 9394 1.2177 597.01 0.4795¢ 70.80d 1.1671] 15.58d 0.86567 6.5663
23 4] 15 97.8%] 1.1269 1326.4 055549 169.04 1.6815 10.052 1.0691 59759
24 4] 2od 9884 17779 1296.9 0.7242d 527.7d 2.1706 8.8829 1.4564 6.4690
294 30 _989%W 17746 12964 0.72580] 526.9] 2.1380_8.9686 _1.304d 6.2151
2 5| 15 9814 1.0153 1557.9 059635 182.4d 1.5006 9.7827] 1.023] 55323
27 5| 20 100.0%
28 5| 30| 100.0%
29 g 20| 100.0%
30 8 30 100.0%
Table C.4: Weibull parameters of the CDF for the duration and the number of
low and high intervals and the probability P,,,, for the summer period
SUMMER Low intervals High intervals
duration number duration number
NrlH .| Vool Poy a b a b a b a b
m] | [m/s]| [%] [ [hr] [ [hr] [ [hr] [-] [hr]
_0.75) 6] _38.8% 1.3481 46.12] 0.82877 17.53 1.2378 109.44 056224 20.761
2 075 8| 464 1.201¢ 87.179 071924 26.150 1.3214] 108.9¢ 0.64589 28.537
3 075 10 47.74 1.269 103.31 071189 29.02 1.3434 109.72 0.70387 _33.050
41 6| 472 1.2974 47.483 077404 16.341 1.1704] 67.329 0.62394 15314
—q 1 8] _59.8% _1.213§ 100.69 0.70981 2828 1.0476] 67.612 0.65137 17.419
8 1| 1d 6404 12470 14821 0.68387 39.28d 1.2080 70.503 0.7685] 23674
77 1| 12 6429 12438 15451 067295 39.914 1.3036 70.740 0.77909 24047
8 15 6] 52.7% 1.2916] 47.629 0.77884 16.389 1.1341] 47.456 0.70626 13.319
q 15 8 7219 11947 11050 069319 29630 1.1778 37.183 068814 10.564
1015 10 832% 1.3693 250.94 0.59720] 57.879 1.2261 36.487] 0.79834 13.004
T 15 19 85.7% 1.3242 347.1] 055006 67.02 1.3362] 36.947 0.81704 14.041
2 2 6] _53.04 1.0906] 47.464 0.76994 16.119 1.1471 45503 0.71640 13.174
EIE 8 74094 11862 111.14 068087 28.95] 1.1106 31.989 0.70940 9.3961
14 2| 10 _886% 1.3053 311.8 054069 57.169 1.0864 26.305 0.69923 7.7659
19 2| 19 942%W 15523 624.84 050246 12291 1.2008 24.460] 075172 8.5239
18 2| 15 948% 15395 748.00 049522 139.29 1.1843 24.750] 0.80382 9.1413
7 3 8 7429 11934 1114 067676 28.784 1.1294 30.957 0.72129 9.4364
1 3| 10 _89.5% 1.0634 339.21_0.52237] 56.549 1.1236 23.07§ 0.72929 7.5179
1 3| 12 965% 21183 686.8] 048286 16529 15367 13.419 097568 7.0559
20 3] 15 9919 1.6426] 1964.9 0.75140 8103 1.9819 9.8907] 1.1749 6.399]
21 3] 20 9929 19935 21664 073143 10584 24335 10.803 1.3849 7.8001
20 4] 12 966 1.9682 711.99 046347 15514 1.4672 13.026] 0.96844 6.7309
23 4] 15 99.6% 18043 26214 076868 11837 1.4123 54989 098159 3.2109
244 20 100.0%
28 4] 30 100.0%
26 5| 15 99.7%] 2.0797] 2767.4 0.81607] 1370 1.4667 5.6487 _1.0141_3.3769
27 5| 20 100.0%
28 5| 30| 100.0%
29 g 20| 100.0%
30 8 30 100.0%
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Table C.5: Weibull parameters of the CDF for the duration and the number of
low and high intervals and the probability P,,,, for the autumn period

AUTUMN Low intervals High intervals
duration number duration number
Nr Hs max M Plow a b a b a b a b
m] | [m/s]| [%] [ [hr] [ [hr] [ [hr] [-] [hr]
1 0.75 6 23.19 1.2420] 42.39q0 0.75577 13.81Q 1.2050| 228.43 0.51851 33.711
2 0.75 8 255% 1.1590 59.470 0.74458 17.619 1.2288] 230.65 0.58471 44.717
3 0.75 100 25.6%4 1.1113 61.630 0.74931| 17.84Q0 1.2327] 230.80] 0.59030] 45.679
4 1 6| 33.09 1.2709 46.841 0.77664 15001 1.3009 136.51 0.55012 25.264
5 1 8 39.9% 1.2532 83471 0.71957 24.694 1.3253 137.95 065703 36.124
6 1 100 41.69%4 1.1084 99.874 0.69399 24.984 1.2957] 136.80] 0.68107] 37.229
7 1 12|  41.69%4 1.0841] 102.00 0.68900] 24.754 1.2961] 136.44 0.6821¢ 37.179
s 1.5 6 4199 1.2767] 47.699 0.73649 15.049 1.2384] 81.040] 0.62502 18.548
9 1.5 8 57.394 1.2451] 105.09 0.64884 25.992 1.2250| 72.913 0.7014Q 20.109
10 1.5 100 64.5%d 1.1860] 154.34 0.63487] 34.747 1.2519] 71.189 0.72615 20.844
11 1.5 12| 65.694 1.1273 172.14 0.63763 36.514 1.2726] 72.265 0.73040 21.53(

|
D)
\S]
[e)]

44.099 1.2238] 47.294 0.74198 14.73¢ 1.1361| 71.887 0.65591 17.209
8 6299 1.1442 109.71 0.63309 24.179 1.0757] 55.212] 0.72594 15.197
100 7529 1.1623 208.9q 0.56353 35.709 1.1722] 46.904 0.74041 14.183
12 80.29 1.1988 315.24 0.55302 52.857] 1.3095 47.254 0.82179 17.511
15 80.7% 1.2130] 343.34 053594 5425 13359 47.825 0.84359 18451
8 _645% 1.1350] 108.54 0.63484 23.74] 1.0374] 51.742 0.71083 13.534
10 79.4% 1.1851 210.2 055902 35979 1.0525 35.6400 0.77435 11.072
12 89.59 1.1137] 464.14 0.5238¢ 59.784 1.1620] 25.713 0.880224 10.199
15 9499 1.1939 936.74 0.53173 145.67] 1.1269] 28.092] 0.8971§ 10.734
20 95.89d 1.0667] 1400.4 0.51234 159.04 1.1155 29.237 0.88855 11.019
90.69 1.1408 482.99 0.50621 59.33Q 1.2257| 22.269 0.89764 9.4577
15__97.8% 1.1987] 1557. 0.45048 207.10 1.0992] 16.265 0.92806 6.8234

24 20 99.59 2.8142] 5333.0 0.29499 530.91 1.3356| 12.262 0.89639 5.7529
25 30__99.5% 2.8171 5332. 0.30405 579.89 1.3588 12.359 0.91602 5.0243
26 15  98.19 1.2418 1645.1 0.45242 243.23 1.0645 15.486 0.84801 5.875§
217 20 99.99 11.917] 7056. 1.9238 6318.0 1.2540 6.4261| 0.79413 2.7200

30_100.0%
20 100.0%
30 100.0%

N
DD
ol DI ISID O] WIW] WIWININININ
-
N

Table C.6:  Weibull parameters of the CDF for the duration and the number of
low and high intervals and the probability P,,, for the whole year

YEAR Low intervals High intervals
duration number duration number
Nrl Ho ol Vi Pow a b a b a b a b
m] | [m/s]| [%] [ [hr] [ [hr] [ [hr] [-] [hr]

1 0.75 6 28.19 1.1707] 46.974 0.7667] 15.17Q 1.0173] 206.67] 0.53304 27.503
2 0.75 8 32.89 1.2172 72.661 0.71838 21.074 1.0498 205.54 0.58901] 35.499
3 0.75 100 33.59% 1.1467] 83.913 0.70497] 22.48¢ 1.0580] 207.08 0.6197¢ 39.642
4 1 6 36.7% 1.1512] 49.574 0.74963 15.309 1.0462] 126.50 0.5671¢ 20.323

BE| 1 8 46.3% 1.2260 90.51] 0.6948d 24.674 1.0699 127.90 0.60487 24.358
6 1 100 48.894 1.1403 123.91 0.65849 28.8471 1.0988 130.08 0.669124 30.303
7 1 120 49.0% 1.1397] 127.34 065450 29.219 1.1023 130.39 0.67575 30.880
3 1.5 6 43.9% 1.1491 49.629 0.73474 14.87 1.0594] 79.328 0.62923 16.479
9 1.5 8 61.19 1.2062 107.3§ 0.65737] 25.989 1.0604] 68.657] 0.64752 15.321
10 1.5 100 69.79%4 1.1651] 200.04 0.60349 38.984 1.1566] 68.443 0.7197¢ 19.082
11 1.5 120 71.3% 1.1261] 246.01 0.58015 42.204 1.1726] 69.683 0.75167] 20.88()
12 2| 6 4529 1.1346 49.269 0.73235 14.599 1.0764] 70.438 0.6529¢ 16.049
13 2 8 6529 1.1842] 109.59 0.63309 24.333 1.0543] 51.002 0.68872 13.048
14 2| 10 78.59% 1.1514 242.01 0.55382 38.574 1.1293] 44.086] 0.72220 12.743
1§ 2| 12| 83.8% 1.1565 403.49 0.52123 54.737 1.2336] 43.429 0.7863¢ 14.85(
14 2 15 84.69%4 1.0988 461.34 0.51361] 57.123 1.2356] 43.641] 0.80992 15.492
17 3 8 66.29 1.1807] 109.34 0.62518 23.581 1.1025 45.725 0.70528 12.568
18 3 100 81.49%4 1.1349 248.94 0.531724 35.591 1.1428] 32.020] 0.77480 10.67(
19 3 121 90.6%4 1.1833 527.11 0.46844 55309 1.1926] 22.856] 0.85664 9.1187
20 3 15 9549 1.0608] 1167.4 0.4809¢ 115.37 1.2562] 21.591| 0.92232 9.4614
21 3 200 95.894 1.0310| 1432.4 0.46164 116.89 1.2498 22.362 0.89772 9.4859
22 4 121 91.3%d 1.1850] 544.54 0.4607H 54.574 1.2235 20.386] 0.87401| 8.5334
23 4 15 97.6%4 1.0728 1663.9 0.46417] 155.44 1.1228 13.886] 0.8621¢ 5.8275
24 4 20 99.09 1.1782 3998.94 0.3828¢ 372.23 1.1897] 14.716 0.86911 6.293()
25 4 30 99.099 1.1800 3991.9 0.39266 391.74 1.1989 14.877 0.85907 6.3111
29 5 15 98.09 1.0629 1826.4 0.47750 17521 1.1388 12.253 0.87572 5.2961
27 5 200 99.894 2.3480| 8909.4 0.5139¢ 2385.71 1.5255( 11.644] 0.90364 5.914Q
28 5 30 99.894 1.4523 14844 0.50733 3080.94 2.2365 13.7100 1.1173 8.681H
29 8 200 99.99 2.0305 13604 0.53708 4467.54 1.9448 4.1807] 1.576(Q 3.1724
30 8 30 100.0%
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Annex D: Time to wait results

The waiting time for a mission with duration of ¢ hours is given by

T _wait=Cy+Ct +C,t* + G’

For the weather windows specified in Table D.1 the polynomial coefficients C, i =0,..,3 are

given in Table D.2.

Table D.1:  Overview of weather windows

Weather window number | H. .| V,, .. | Weather window number | Ho o | Vi oy

[m] | [m/s] [m] | [m/s]
1 0.75 6 16 2 15
2 0.75 8 17 3 8
3 0.75| 10 18 3 10
4 1 6 19 3 12
5 1 8 20 3 15
6 1 10 21 3 20
7 1 12 22 4 12
8 1.5 6 23 4 15
9 1.5 8 24 4 20
10 1.5 10 25 4 30
11 1.5 12 26 5 15
12 2 6 27 5 20
13 2 8 28 5 30
14 2 10 29 8 20
15 2 12 30 8 30

ECN-C--05-060
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Table D.2:

Winter

weather window

Hs,max

38

0.75
0.75
0.75

A A a A

Vw,max

6

Polynomial coefficients for waiting time

polynomial coefficients

Co

127.836
116.5792
108.7434
90.75643
69.07969
71.52711
65.20972
49.13868
23.33379
25.5843
24.16063
43.42893
11.80419
6.150373
10.64462
10.13819
13.71656
3.999631
0

0
0
0
0
0
0
0
0
0
0
0

C1
13.35595
10.75958
10.00367
3.950768
3.544768
1.458832
1.778173
2.240212
1.748556
0.550888
0.793979
2.091328
2.263339
0.624626
0.209222

0.04213
1.540357
1.158457
0.679058
0.206504
0.013042
0.238412
0.213714
0.066647
0.033317
0.049676
0.027762

0
0
0

C2
-0.125518
-0.146188
-0.090582

0.140226
0.087804
0.114669
0.101413
0.139067
0.051853
0.042377
0.03555
0.130862
0.033966
0.024282
0.019331
0.018179
0.035554
0.003601
0.000677
0.004351
0.006164
0.00965
-0.002399
-0.000164
0.001416
0.00328
-2.91E-05
0

0

0

Cs
0.004006
0.003692
0.002693
0.000628
0.000116

[=NeoNeNoNoNeNoNeNoNoNal

Spring

weather window

Hs,max
0.75
0.75
0.75

A A a A

Vw,max

6

polynomial coefficients

Co
41.52782
37.24326
39.24181
34.16386
21.04359
18.09406
21.29345
14.78555
11.05083
7.313341
6.533664

11.0353
6.124716
4.194705
2.194576
1.682272
6.504572
0.772581

[=NeNeNoNoNoNoNoNoNeoNa}

C1 C2
5.899317 -0.013608
3.915248 -0.010349
2.094214 0.082962
1.657042 0.118821
2.05153 0.005328
1.386803 0.004772

0.3671 0.040344
3.18474 -0.017913
0.353914 0.035119
0.465182 0.006091
0.556066 0.00422
2.325534 0.030973
0.278781 0.033652
0.121287 0.011694
0.067626 0.007511
0.043262 0.006568
0.183829 0.035057
0.159586 0.009513
0.020711  0.00397
0.023446 0.001365
0.10038 0.000848
0.005278 0.004266
0.041309  0.0005
0.044961 -0.000107
0.091497 -0.000837
0.060053 0.000379

0 0

0 0
0 0
0 0

Cs
0.005202
0.001654
5.44E-05
0.001942
0.000491
0.000283

0
0.002961
6.18E-06
5.71E-05
4.62E-05
0.002285

[eNoNoNoNoNa)

3.32E-06
5.28E-06
0

2.16E-06
6.22E-06
6.94E-06
1.17E-05
7.89E-06

o o oo
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Summer

weather window

Hs,max
0.75
0.75
0.75

A A a A

Vw,max

6

polynomial coefficients

Co
28.74454
23.17037
20.37167
15.19936
9.471205
8.463008
7.445337
8.219994
3.559139
1.982866
1.372772
3.003118
2.446146
1.244981
0.911289

[eNeNeNoNoNeNoNe oo oMo o NoNa}

C1 C2
3.635979 0.006345
3.750624 -0.05864
3.03021 -0.020759
3.201289 -0.028375
0.971495 0.024888
1.090568 0.006987
1.244904 -0.001747
2.209574 -0.007681
0.654996 0.016793
0.289328 0.006946
0.466275 -0.000617
2.97946 -0.038369
0.496041 0.024987
0.162984 0.006647
0.017303 0.001356
0.046441 0.001661
0.144084 0.033719
0.299664 0.004544
0.068018 0.002028
0.106364 0.000362

0.034981 0.000299
0.01016 0.002179
0.072709 -7.6E-05
0 0

0 0
0.017054 9.52E-05
0 0

0 0

0 0

0 0

Cs
0.002946
0.001406
0.000806
0.002174

0.0002
0.000141
0.000177
0.001924
0.000141

1.51E-05
3.54E-05
0.002149
4.77E-05
3.02E-06

9.7E-06
2.73E-06

1.09E-0

6.63E-0
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Autumn
weather window

Hs,max Vw,max
0.75 6
0.75 8
0.75 10

A a A

-
o

ECN-C--05-060

polynomial coefficients

Co
104.7626
99.53664
96.54334
51.81158

47.0512
44.07898
40.39507
27.96359

18.0074
15.04943
12.45818
20.74555
16.05795
9.011325
3.975207
1.431014
11.10633
6.351079

[eNeoNeoNoNoNoNoNe oo NoNo]

C1
0.89863
0.63713

0.800418
1.433948
1.334731
1.294558
1.695597
0.574589
0.453196
0.2885
0.305154
0.590623
0.213348
0.215292
0.304786
0.397343
0.471226
0.163329
0.186681
0.091074
0.008288
0.135089
0.047898
0.014416
0.0329
0.032843
0.023417
0

0

0

C2
0.418606
0.284419

0.28246
0.241665
0.083931

0.08244

0.06924
0.163773
0.042619
0.030407

0.0268

0.15756
0.039599
0.015411
0.009134
0.007081
0.037004
0.015278
0.005946
0.001451
0.001813
0.004562
0.001123
0.000163
0.000179
0.000978
5.08E-05

0
0
0

[eNeoNeloNeNoNoNeNoNe oo o o Ne oo o oo oo o e oo o o Neo No)

Year

weather window

Hs,max
0.75
0.75
0.75

A a A

Vw,max

6

polynomial coefficients

Co
82.60291
60.38231
64.74088
39.90952
32.62395
34.17694
31.46166

23.0116
11.84377
13.78605

4.21224
14.65954

9.01333
3.806602
0.438803
1.635813
4.886275
3.542891

0

0
0
0
0
0
0
0
0
0
0
0

C1 C2
1.639936 0.246828
5.063425 -0.003153
3.141411  0.07206
1.232015 0.179169
2.203921 0.001876
1.307912 0.028422
1.60121 0.02087
0.799259 0.151157
1.38961 0.016352
0.496921 0.008513
1.192668 -0.000406
1.363067 0.144782
0.73863 0.018882
0.376982 0.010137
0.388704 0.006093
0.266962 0.004782
0.595197 0.03551
0.262555 0.007979
0.222178 0.003489
0.043883 0.000849
0.008134 0.001554
0.180522 0.004315
0.037424 0.001387
0.019252 0.00039
0.038074 -0.00025
0.021204 0.001261
0.013826 7.31E-05
0.022655 8.15E-05
0.038705 -0.00018

0 0

Cs
0.000772
0.001284
0.000418

0
0.000736
0.000203
0.000227

0
0.000148
8.19E-05
7.44E-05

0
0.000139
2.68E-05
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