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Abstract

Clients of Ampelmann Operations B.V. require an indication of the workability when using an Ampelmann sys-
tem. Overestimating workability can lead to reputation damage due to unexpected downtime, while underestimating
workability weakens Ampelmann’s value proposition. The predicted workability must be a close match to reality.
Workability for the Ampelmann A-type is predicted using an in-house built prediction model, which contains several
uncertainties regarding the modelling of waves. This research tests these uncertainties through several analyses.

Generated random wave phases possibly influence the consistency of workability prediction. Verification of pre-
diction consistency shows that, due to the random wave phases, a small chance on incorrect results exists. However,
as this possibility is minimal, it is considered not to limit this research. Deviations around the mean workability
percentage are tested by evaluating 23 years of separate monthly and yearly wave scatter diagrams. The resulting
deviations show large monthly variations and clear seasonal effects. These variations are weather dependent, thus
beyond means of Ampelmann Operations B.V. to mitigate, and should be added as a disclaimer to clients.

Currently, the existence of a secondary sea system (swell) is excluded from the modelled wave spectra. In order
to evaluate the influence of swell waves, a double peaked spectral model (Torsethaugen) is applied. Sensitivity of
predicted workability is then tested to directional wave spreading and non-unidirectional wind sea and swell waves.
Results show that accounting for swell within a generated wave spectrum influences workability significantly, especially
when narrowing wave spreading and applying non-unidirectional swell.

The spectral wave models are then compared to a benchmark. The first comparison (wind sea dominated area)
sets a benchmark by predicting workability using 37 years of 3-hourly detailed spectra (WaveWatch I1I). Before testing
the earlier introduced spectral models, a 6 Parameter Based (6PB) model is introduced to approximate the detailed
spectra, and test the effect of discarding spectral information. Comparable results have verified the 6PB model and
indicate little influence of asymmetric spectral peaks, differences in 3-hourly wave spreading, and more than one swell
system. The Torsethaugen model is then compared to the benchmark, showing a mismatch in predicted workability
and created H;T, boundaries. Comparing the, by default applied, JONSWAP model shows similar results for this
case study at a wind dominated area.

In this research, WaveWatch III data is available for a single location. To benchmark the spectral wave models
at a swell dominated area, the verified 6PB model is used. The Torsethaugen model again results in a mismatch,
which for that reason is considered unsuitable for Ampelmann workability prediction. The default JONSWAP leads
to overestimated workability at this swell dominated area. As the current spectral model neglects the possibility of
coexisting wind sea and swell waves, more detailed wave spectra (such as WaveWatch III or 6PB) are required to
predict workability at swell dominated areas. These conclusions are based on results from the 6PB model, further
verification of this model is recommended.
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pelmann Operations B.V. due to unexpected downtime,

Accessing offshore structures is a difficult task with con-
stant motions due to waves. Using an Ampelmann[l]
system to compensate wave induced motions allows safe
personnel transfer at rougher sea conditions, resulting in
an increase in workability. Clients of Ampelmann Oper-
ations B.V. require an indication of the workability prior
to deploying an Ampelmann system. Overestimating
the workability can lead to reputation damage for Am-

while underestimating the workability weakens Ampel-
mann’s value proposition and therefore its competitive
position. As the predicted workability must be a close
match to reality, the in-house built prediction model
needs to represent the situation offshore accurately.
Predicting workability starts with modelling waves
that represent the sea state at the area of interest. These
waves are translated to vessel motions using the Re-
sponse Amplitude Operator (RAO) of the host vessel.



Motions of the Ampelmann system are then derived
from the vessel motions by using its location on deck
and type-specific geometry. The final step compares the
Ampelmann motions to type-specific limits and evalu-
ates whether the situation is workable or non-workable,
resulting in a workability percentage and boundary line.
This boundary line represents the maximum workable
combinations of significant wave height (H,) and zero-
crossing wave period (7).

This research focuses on the modelling of waves in
combination with type-specific parameters of the Am-
pelmann A-type. Waves are generated by api)lying the
Joint North Sea Wave Project (JONSWAP)4l spectral
model to each H,T,-combination within a given wave
scatter diagram, after which the created spectrum is
given a directional spreading. Furthermore, random
wave phases are generated. These phases are necessary
for the simulation of vessel time series.

There are several uncertainties regarding the workabil-
ity prediction based on the current modelling of waves:

1. Introducing random wave phases could lead to in-
consistencies in the statistical properties of the sim-
ulated vessel time series, if the chosen duration is
too short

2. Wave scatter diagrams use averaged values, leading
to a lack of insight into possible deviation around
the resulting mean workability percentage

3. The default spectral model (JONSWAP) excludes
the existence of a secondary sea system (swell)
within the generated wave spectra, possibly leading
to biased results

4. Sensitivity of predicted workability to the assumed
directional spreading of wave spectra is unknown

In this paper these uncertainties are tested by several
analyses.

e Verification of the consistency of an Ampelmann
workability prediction

e Analysis of the deviation around a mean workability
percentage

e Implementation of a double peaked spectral model
to account for a secondary sea system when predict-
ing workability

e Sensitivity analysis of predicted workability to di-
rectional spreading in wave spectra

e Comparison of the spectral wave models to a bench-
mark

Results presented in this paper are obtained from
analyses using the RAO of the Damen PSV 1600. Two
locations are considered: one dominated by a typical
sea system of wind sea waves (Gemini wind farm), and
the other typically dominated by swell waves (Baoab oil
field). Using the RAO of a second vessel (Acta Orion)
led to comparable results.

2 Verification of prediction consis-
tency

If the duration of the simulation is too short, the intro-
duction of random wave phases possibly leads to incon-
sistencies in the statistical properties of the simulated
vessel time series. This can result in an incorrect work-
ability prediction.

To verify prediction consistency, the duration of the
simulated vessel time series is set on default (8000 sec-
onds), and the workability prediction for a single situ-
ation (simulation settings and location) is repeated 385
times. The verification showed that the prediction is
99.3% consistent, which is based on a verdict with 95%
confidencel3. Although there is still a small chance of
an incorrect workability prediction due to inconsisten-
cies in time series, it is considered not limiting for the
remaining analyses within this research.

3 Deviation around a mean work-
ability percentage

The predicted workability represents a mean value for a
year, season or month. To assess the use of a mean value
to represent workability, the annual and monthly varia-
tions are researched. The monthly variations are anal-
ysed by taking separate wave scatters for each month
of 23 years of wave data (3-hourly Hg and T, values, re-
trieved from waveclimate. com[4]), instead of taking total
averaged values.

This analysis showed large variations and clear sea-
sonal effects. Figure 1 shows these results for the Gem-

ini wind farm. In this example, the Standard Deviation
(SD) varied from 4.59% (May) to 15.64% (January).
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Figure 1: Large monthly variations in predicted workability at
the Gemini wind farm, showing clear seasonal effects

Next to seasonal effects, the yearly deviations are
evaluated. In this case, each of the 23 years has its
own (average) wave scatter, which means seasonality
is averaged out. Figure 2 shows the yearly workability
of the 23 analysed years, with a boxplot display-
ing the deviations around a yearly mean. In the given
example, the SD of a yearly prediction is equal to 4.15%.
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Figure 2: Yearly variations around the mean workability per-
centage at the Gemini wind farm

Results from this analysis are a side-note to this re-
search, meant to provide insight and give context to
other findings.

4 Double peaked spectral wave
models

Before analysing the sensitivity of workability prediction
to the directional spreading of generated wave spectra,
alternative spectral models are introduced. The current
prediction model uses either a JONSWAP (default) or
a Pierson-Moskowitz[?) spectrum, both of which do not
account for a secondary sea system (swell).

By implementing the most probable Ochi-Hubble(0]
and simplified Torsethaugenm spectral models, it is pos-
sible to create double peaked wave spectra based on
H,T,-combinations within a given wave scatter diagram.
The Torsethaugen model creates spectra using both Hy
and T, while the most probable Ochi-Hubble model only
requires H, as input. Figure 3 shows the four spectra
(S¢(w)) for Hy = 2.5m and T, = 4.5s, plotted against
angular frequency.

the resulting workability. In this analysis, identical di-

rectional spreading (default) is applied to each generated
spectrum.
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Figure 4: Predicted workability at the Gemini wind farm and
Baoab oil field, using four different spectral wave models

To verify these alternative models, the significant wave
height based on the zeroth-order spectral moment (H,,,)
is used. For a correct representation of a sea state, a
spectral wave model should create a spectrum of which
its total energy corresponds to the given input, mean-
ing Hp,, = Hs. The zeroth-order spectral moment is
calculated using equations 1 and 2 .

Hmo:4'm (1)

mn:/oow"-Sg(w)-dw (2)
0

The resulting H,,, is compared to the H, given as in-
put for three different wave heights, displayed by table 1.
Generated wave spectra, used to evaluate their H,,,, are
created with T, = 4.5s.
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Figure 3: Double peaked versus single peaked spectral wave
models, for Hs = 2.5m and T, = 4.5s

Applying these models to workability prediction shows
a strong decrease in workability when using Ochi-Hubble
and an increase when using the Torsethaugen model,
with respect to the default prediction (JONSWAP).
Workability is predicted for following waves (4 = 0°) to
head waves (p = 180°) in steps of 45°. Figure 4 shows

H; [m] 1.25 | 2.50 | 5.00

= JONSWAP || 1.22 | 2.44 | 4.88
- Pierson-Moskowitz || 1.25 | 2.50 | 5.00
“‘QE Ochi-Hubble || 1.46 | 2.88 | 5.56
Torsethaugen || 1.25 | 2.53 | 5.03

Table 1: Comparing Hyn, to the H, given as input

The Ochi-Hubble spectrum in its most probable form
overestimates the energy within the spectrum (H,,, >
H,). Due to this overestimation and its independence
of wave period, the most probable Ochi-Hubble spectral
model is considered unsuitable for workability predic-
tion. The Torsethaugen model is in accordance with the
given input (H,,, ~ Hy), and therefore is chosen as dou-
ble peaked spectral model in the analysis of sensitivity
to directional spreading. Although its H,,, follows a
given Hg, it does not mean the simplified Torsethaugen
model is unquestionably applicable to workability pre-
diction. The applicability of this model and an adjusted
Ochi-Hubble model are discussed in section 6.



5 Sensitivity to directional wave
spreading

Sensitivity to the directional wave spreading is tested
by varying the spreading exponent and by testing the
influence of non-unidirectional wind sea and swell waves.
The sensitivity analysis is concluded with a note on the
influence of the used RAOs.

Spreading exponent Spreading is added to the wave
spectra by applying the cos®* () model®, in formulae:

Sew, p) = S¢(w) - D(p) 3)
s/ 1
D) = A-cos” (p) (4)
s I‘(sl—i— 1) (5)
S¢(w,p) = Directional wave spectrum  [m?s/rad|
S¢(w) = Wave spectrum [m?s/rad
D(n) = Directional distribution -]
w = Angular frequency [rad/s]
@ = Incoming wave direction [deg]
s = Spreading exponent -]
I'() = The gamma function -]

Width of the directional spreading is determined by
the value of the spreading exponent s, illustrated for
five different s-values in figure 5.
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Figure 5: Spreading distribution D() shown for five different
s-values, using the cos”® (1) model

By default, Ampelmann workability studies are con-
ducted using s = 2. Influence of the s-value is tested us-
ing JONSWAP spectra for five different incoming wave
directions (u), showing that narrowing wave spreading
(higher s-value) for incoming waves corresponding to a
sensitive part of the RAO (rolling motion at p = 90°)
decreases workability drastically. Figures 6 and 7 show
results at respectively the Gemini wind farm and the
Baoab oil field.
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Figure 6: Sensitivity to s-values at the Gemini wind farm
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Figure 7: Sensitivity to s-values at the Baoab oil field

By splitting the spectral peaks created by the
Torsethaugen model, it is possible to evaluate the ef-
fect of separate s-values for wind sea and swell. These
effects are studied by varying the directional distribution
per peak (D;(p)) and combining the results, explained
by equation 6. Indices 1 and 2 mark the separate sea
systems.

2

ST (w,p) =Y 8¢ M (w) - Dy(w) (6)

=1

This separate wind sea and swell spreading showed a
dominance of the spectral swell on the workability re-
sults. Results from this analysis are displayed in table 2.

Furthermore, a different number of discrete angles
(N,) is applied to model the directional wave spread-
ing. Results show that the chosen number of angles in-
fluences the prediction, especially for the combination
of narrow wave spreading and a low number of discrete
angles. Results seem to converge at N, > 24, which
is therefore recommended as the minimal quantity for
modelling wave spreading.



Gemini field Baoab field
Hswetr || Work. | A% || Work. | A%
180° 79% | Norm 94% | Norm
135° 72% -9 90% -4
90° | 66% [ =16 || 72% [NNS28
45° 72% -9 90% -4
0° 79% 0 94% 0

Swind = 2 Swind = 16
1 Work. | A% || Work. | A%
o | 180° 74% Norm 74% 0
I | 135° 72% | Norm 72% 0
T | 90° 67% | Norm 64% -4
S145° || 71% | Norm || 2% | 1
0° 76% | Norm 76% 0
© 180° 79% 7 79% 7
LB [ 71% | -1 || 2% | 0
= [ 90° || 61% | 9 || 58% | -i3
%5 45° 72% -1 72% 1
0° 79% 4 79% 4

Table 2: Sensitivity to separate wind sea and swell spreading
at the Gemini wind farm

Non-unidirectional wind sea and swell Non-
unidirectional wind sea and swell waves are created
by giving each spectral peak its own direction (u;),
resulting in equation 7.

ST (w, p) = ZS?H’j(w) - D) (7)

Figure 8 shows an example of a non-unidirectional
Torsethaugen spectrum for a sea state corresponding to
H, = 2.5m and T, = 4.5s, where separate spreading
and directions are applied to the wind sea and swell
peak (Swind = 2, Ssweti = 16, fiwing = 135°, and
Hswell = 2700)

It is plausible that swell waves are more narrow
spread than wind sea waves (due to the wave disper-
sion principle[gl), therefore a higher s-value is chosen
to represent swell spreading. The different directions of
figure 8 are randomly chosen to provide visual interpre-
tation of non-unidirectional wind sea and swell within a

wave spectrum.
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Figure 8: Directional Torsethaugen spectrum for Hy = 2.5m,
Tz - 4.58, Swind = 2. Sswell = 16: Mwind = 1350’ al’ld Mswell =
270°

Sensitivity is tested by evaluating the effect on pre-
dicted workability when varying the incoming wave di-
rection of the wind sea peak (puing) and swell peak
(tswenr) in steps of 45°. Results are shown for fixed in-
coming wind sea head waves (fying = 180°).

Table 3: Sensitivity to non-unidirectional swell waves, for
Hawind = 180°, UsSiNg Swind = 2 and Ssweir = 16

Non-unidirectional swell leads to considerable fluctu-
ations in workability. Emphasizing the importance of
accounting for swell waves when predicting workability.
Occurrence of this non-unidirectionality is location de-
pendent. To provide insight in the possibility of non-
unidirectional swell waves at the Gemini wind farm and
Baoab oil field, the probability density of pis.e; relative
tO pwing 1S plotted for both fields in figure 9 and 10.
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Figure 9: Probability density of pswen relative to pying at the
Gemini wind farm
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the Baoab oil field



Influence of the RAO All results strongly depend on
the RAO used in the analysis. The used RAO shows high
sensitivity of rolling motion to low frequent excitation,
which corresponds to swell waves.

Figure 11 shows the roll response of the Damen PSV
1600 for p = 0° to u = 180° in steps of 30°, where its
resonance frequency is at 0.088 Hz (equal to a period
of 11.4 seconds) and the highest response is found at
incoming beam waves (p = 90°).

Due to the dominance of the used RAO in workabil-
ity studies, further research on its influence is recom-
mended.
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Figure 11: Roll response of the Damen PSV 1600

6 Comparison of spectral wave

models

By comparing results of workability prediction using dif-
ferent wave spectra it is possible to determine whether
the default JONSWAP method is applicable for work-
ability prediction, and if other spectral models would
provide more accurate results.

This comparison is executed in four steps, where at
each step pieces of spectral information are discarded.
First a benchmark is set (WaveWatch III), after which
an approximation based on 6 parameters is introduced.
The earlier discussed Torsethaugen model is then com-
pared to the set benchmark, followed by the currently
employed JONSWAP model.

(1) WaveWatch Il A benchmark is set by determin-
ing workability using 37 years of 3-hourly WaveWatch
IIT spectra for the Gemini wind farm, which are the
most detailed spectra available (by courtesy of BMT
Argoss[4]) to this research. Figure 12 shows an exam-
ple of a WaveWatch III spectrum for the 8" of June
1993 from 21:00 to 00:00, which corresponds to a sea
state having Hy; = 0.34m and T, = 2.18s.

%1073
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Figure 12: Example of a WaveWatch Il spectrum, correspond-
ing to a sea state of H; = 0.34m and T, = 2.18s

Results show that, when presenting workability us-
ing H,T,-combinations, an overlap in workable and non-
workable H,T,-combinations exists. This overlap is dis-
played in figure 16, where results of all the used spec-
tral models are compared. Possible causes for this
overlap are asymmetric spectral peaks, differences in 3-
hourly wave spreading, the presence of one or more swell
systems, ratio differences in H,; and 7}, ;, and non-
unidirectionality of wind sea and swell waves.

(2) 6 parameter double peaked The WaveWatch III
spectra are approximated by introducing the 6 Param-
eter Based (6PB) spectral model. This model is an ad-
justment of the Ochi-Hubble spectral model to create
wave period dependency and normalising it to ensure
that its H,,, equals the H, given as input, thus mitigat-
ing shortcomings of the earlier introduced most probable
Ochi-Hubble model. Equations 8 to 14 show the formu-
lation of the 6PB model.

SEPB(w,p) = nf - SEM (w, ) (8)
SEPB (w,u) = 6 Parameter Based spectrum
SgOH (w,u) = Adjusted Ochi-Hubble spectrum
nf = Normalisation factor
w = Angular frequency

In which S?PB(w,u) and SgOH(w,u) are given in
m?/rad, and w in rad/s.

The adjusted Ochi-Hubble spectrum is a summation
of separate wind sea and swell peaks, where each peak
has its own significant wave height (Hj ;), peak period
(T},j), and mean wave direction ().

SEOM (w, ) = Z SO (w) - Dy(uy) (9)

§UOH.I () (i) HZ T, (A; +0.25)8
¢ 21/ AL\ ) (T, ;) @+

»J 2w
A; +0.25 .
eXp{—W} for .72172

2J 2w

(10)



. J1 Swell sea system
I = 2  Wind sea system

The most probable Ochi-Hubble shape parameters (A;)
are applied in this model.

The normalisation factor is equal to the ratio between
the required zeroth-order spectral moment (méqs) and
the zeroth-order moment of the adjusted Ochi-Hubble
spectrum (maoH).

nf = nTZH (11)
mgOH = /000 SgOH(w) - dw (12)
mils = 1;[652 (13)
H, = \/Hs2,wind + H? e (14)

Separate wind sea and swell spreading is applied by
using mean s-values for the Gemini wind farm, retrieved
from analysis of the WaveWatch III data:

Swind = 9.99
Ssweit = 10.81

Figure 13 shows the resulting 6PB spectrum, which
approximates the WaveWatch III spectrum of figure 12.

Angular frequency [rad/s]

Wave direction [degrees]

Figure 13: 6 Parameter Based spectrum, corresponding to a sea
state of Hs = 0.34m, T, = 2.18s, Swind = 5.59 and Ssyen =
10.81

The 6PB spectra are a close match with the de-
tailed WaveWatch III spectra. Results using two differ-
ent RAOs (Damen PSV 1600 and Acta Orion) showed
matching results in 96.79% and 98.10% of all 3-hourly
cases (37 years of data), resulting in a maximum of less
than 1% difference in workability.

For this particular case study (the wind sea dominated
Gemini wind farm), asymmetric spectral peaks, 3-hourly
wave spreading differences and multiple swell systems
have little influence on workability prediction. Further-
more, the close agreement with the WaveWatch III data
verifies the 6PB spectral model. Figure 17 shows the
workability H,T,-scatter of the Damen PSV 1600 at the
Gemini wind farm when using 6PB spectra.

(3) 2 parameter double peaked The third step com-
pares results from analysis using WaveWatch III spectra
with the earlier introduced 2 parameter double peaked
Torsethaugen model, illustrated by figure 14.

Angular frequency [rad/s]

Wave direction [degrees]

Figure 14: Torsethaugen spectrum, using Hs = 0.34m, T. =
2.185, Swind = 5.59 and Sswell = 10.81

Boundary lines are drawn using the Torsethaugen
model for pisye = 180° (upper limit) and figywe; = 90°
(lower limit), while keeping fiing fixed at 180°. Fig-
ure 16 shows the resulting Torsethaugen boundary lines.

This method creates insight in overlap between work-
able and non-workable H,T,-combinations due to non-
unidirectional swell. The resulting representation of
overlap is a mismatch with results that followed from
WaveWatch III and 6PB analyses. This means either
separate wind sea and swell wave heights and periods
are needed, or the model is (in this case study) unsuit-
able for application of workability prediction.

(4) 2 parameter single peaked The final step is the
comparison with the 2 parameter single peaked JON-
SWAP model. This step is executed using mean wave
spreading for the Gemini wind farm, and default spread-
ing (s = 2). The mean wave spreading is derived from
the WaveWatch III data, and is equal to s = 4.70 for
combined wind sea and swell systems. Figure 15 shows
the directional JONSWAP with mean directional wave
spreading applied for the same combination of H, and
T, as the earlier showcased examples.

Comparing the JONSWAP method to the WaveWatch
III results (figure 16) shows that a boundary line created
with JONSWAP spectra is a fair approximation, espe-
cially when using mean wave spreading (JS mean). The
resulting workability percentages are similar to analyses
with WaveWatch III spectra.
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Figure 15: JONSWAP spectrum, using Hs = 0.34m, T, =
2.18s, and s = 4.70

Overview of results A comparison of WaveWatch III,
Torsethaugen, and JONSWAP analyses is shown in fig-
ure 16. Results from the 6PB analysis are shown in
figure 17, where the default JONSWAP boundary line is
merely drawn to simplify comparison with figure 16.
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Figure 16: Comparison of results from analyses with Wave-
Watch Ill, Torsethaugen, and JONSWAP

Table 4 summarizes the resulting workability of the
different methods of spectral modelling. The differences
(normalised) with respect to the outcome of the Wave-
Watch III analysis are shown in the second column.

Method Work. A%
WaveWatch Il 82.25% | Norm
6 Parameter Based 81.36% -1
Torsethaugen fisyen = 180° 84.81% 3
Torsethaugen figpen = 90° 72.96% -
JONSWAP mean spreading 82.23% 0
Default Ampelmann prediction || 80.76% -2

Table 4: Comparison of resulting workability at the Gemini
field, differences normalised to WaveWatch IlI
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Figure 17: Results from 6PB analysis, showing the default
JONSWAP boundary line as a reference

Case study of a swell dominated area Previous re-
sults are based on a case study using a wind dominated
area, which could explain the close agreement between
WaveWatch III and JONSWAP results. To evaluate this
possibility, a second case study is executed, which eval-
uates the performance of the spectral models in a swell
dominated area (Baoab oil field).

Unfortunately, for this swell dominated area there are
no WaveWatch III spectra available to this research. In
this case study the 6PB model is used as a benchmark,
which creates the overlap in workable and non-workable
HT,-combinations. The 6PB model is applied to 23
years of 3-hourly wave parameters of the Baoab oil field,
retrieved from waveclimate.com.

Results show (figure 18) that the Torsethaugen model
again results in a mismatch with more detailed spectra,
and therefore is considered unsuitable for Ampelmann
workability predictions. The boundaries created with
JONSWAP spectra follow the trend of the workable and
non-workable H T, overlap, but nonetheless result in an
overestimation of the workability.

Table 5 displays the resulting workability from the dif-
ferent analyses at this swell dominated area.
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Figure 18: Comparison of spectral wave models at the swell
dominated Baoab oil field



Method Work. A%
WaveWatch Il n/a n/a
6 Parameter Based 84.25% | Norm
Torsethaugen figyen = 180° 98.43%
Torsethaugen fisyen = 90° 96.05%
JONSWAP mean spreading 90.81%
Default Ampelmann prediction || 88.98%

Table 5: Comparison of resulting workability at the Baoab
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field, differences normalised to 6PB

Conclusions

Based on the analyses within this paper, the following is
concluded:

The current workability prediction is 99.3% consis-
tent (confidence of 95%), and therefore allows for a
small possibility of an incorrect workability predic-
tion due to inconsistencies in time series.
Deviations around mean Ampelmann workability
predictions differ per location and month(s) of inter-
est. When communicating a workability percentage
to clients a disclaimer must be added, as these vari-
ations are beyond means of Ampelmann Operations
B.V. to mitigate.

Narrowing wave spreading (higher s-values) for in-
coming waves at a sensitive part of the RAO de-
creases workability drastically. Applying separate
directions and spreading to wind sea and swell
waves leads to considerable fluctuations in result-
ing workability. All sensitivity strongly depends on
the RAOs used in the analysis.

Using WaveWatch IIT (and 6PB) spectra provides
insight into the possible overlap between workable
and non-workable H T ,-combinations.

The 6PB model is a satisfactory fit to generate wave
spectra when comparing it to the detailed Wave-
Watch III spectra, thus applicable to other areas.
The simplified Torsethaugen model is unsuitable for
Ampelmann workability prediction, as its results
are a mismatch with the more detailed models.
For wind sea dominated areas the Ampelmann ap-
proach using JONSWAP spectra is a fair approxi-
mation of the workability percentage. However, it
lacks the insight of possible overlap between work-
able and non-workable H/T,-combinations. For
swell dominated areas Ampelmann workability pre-
dictions are likely to overestimate the workability.
To accurately predict workability for swell domi-
nated areas, more detailed models, such as Wave-
Watch IIT or 6PB, are required.
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Recommendations

Following from the presented analyses and conclusions,
several recommendations are drawn:

It is advised to investigate if it is achievable to
complete workability studies without making use
of time series, by performing all simulations in the
frequency domain. Besides eliminating the (small)
possibility of inconsistencies, it would decrease com-
putational time. Lowering computational time in-
creases feasibility of more detailed spectral analyses
such as WaveWatch III or 6PB.

Showing deviations around the mean workability
percentage by using SD values per month depends
on the area of interest. Ampelmann systems are
operational worldwide, therefore multiple locations
should be analysed. When performing these analy-
ses, it is suggested to create a situation where the
resulting workability does not reach the limits of 0%
and 100%.

Verification of four different spectral models showed
discrepancies between H,,, and Hy. A generated
spectrum must be a correct representation of a sea
state, therefore it is recommended to apply scaling
within the prediction model to ensure H,,, is equal
to Hy.

This thesis showed significant influence of non-
unidirectional wind sea and swell waves. It is possi-
ble that an optimal vessel position exists when this
non-unidirectionality is present. Further research
on such a position could improve the workability of
future projects.

It is recommended to investigate the modelling error
due to the chosen number of discrete angles (N,,) to
model wave spreading. This error is possibly related
to the interpolation of the RAO, which should be
examined.

The extent of influence due to non-unidirectional
swell waves can be examined by downscaling the
6PB model to a 4 Parameter Based (4PB) model,
discarding the independent directions (x;). Evalu-
ation of workability results with such a 4PB model
could provide useful insights.

In this thesis the verification of the 6PB model is
based on a single case study using WaveWatch III
spectra of a wind sea dominated area as a refer-
ence. Further verification is recommended, using
areas with increasing dominance of swell waves. If
further verification would result in a mismatch, it is
advised to investigate the influence of multiple swell
systems. This can be performed by expanding the
6PB model to a 9 Parameter Based model (9PB),
which is allowable due to the implemented scaling.
For a 9PB model, parameters of three different par-
titions are required.
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