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One of the most urgent environmental issues in 416oastal
systems worldwide is eutrophication and hypoxia [1]Cause of
eutrophication is the rapid increase in intensive gricultural

practices, industrial activities, and population gowth which

together have increased nitrogen and phosphorus figs in the
environment. This is a major problem in the Baltic Sea. The
present study introduces the Wave-Energized BalticAeration

Pump (WEBAP). This is one floating overtopping deve that
uses the collected overtopping water to oxygenathe sea bottom
in areas suffering from eutrophication. This is doe by using the
driving head of the overtopping water temporarily gored in the
reservoir flowing out through a long vertical pipeleading close to
the bottom of the sea. The necessary amounts of gen and
corresponding overtopping volumes in order to havea positive
impact in a damaged environment have been considetdor the

Baltic Sea case and laboratory tests in scale 1:#the North Sea
have been conducted in the 3D deep wave basin aethlydraulics
and Coastal Engineering Laboratories of Aalborg Unversity.

The “prove the concept” and investigation of motianforces are
here presented with focus on extreme wave conditierproviding

relevant insight on technical aspects.

Overtopping. Oxygenation. Eutrophication. Morring Forces.
Multipurpose Pltaforms. Motion Transfer Function.

I. INTRODUCTION

stratification together with decreasing salt watérusions has
lead to a situation with severe oxygen deficitsniany deep-
water areas in the Baltic Sea. The internal vdriigixing of
fresh oxygen-rich surface water and deep wateinideined by
the stratification, and new oxygen-rich water wittigh
salinity has not entered the basin during recearsyeWhen
excess of nutrients (nitrogen and phosphorus) pedby the
increased human activities reach the coastal sgstéinen
they can cause excessive growth of phytoplanktacromlgae
(e.g., epiphytes and microphytes), and macroalgas, (
seaweed). These, sequentially, can lead to othes lof
biodiversity, damage of coral reef damage and lsgalved
oxygen.

The Baltic Sea is affected by eutrophication tagaificant
degree. For several decades the inflow of nutribats been
higher than background levels and nutrient conegiotn
levels have increased considerably during the dasitury.
Excessive blooms of cyanobacteria have occurrednglur
summers of many of the latest years covering lapaggs of
the Baltic Proper. Anoxia has spread and now coadrgttom
area of around 100 000 Km3]. Increasing levels of
chlorophyll and summer phytoplankton has been ekskf],
as well as decreased water transparency. Lowehestand
collapses of top-consumers such as cod are alsmeserng

Patents from wave energy machines date back at teasthreat, at least partly caused by eutrophicatidresé species

the middle of the 1800 a.C.. At that time wave ggenses
other than electricity production were also consde For
example, the “Santa Cruz Wave Motor” [2] was desdjho
pump up to a higher level the water from the sehuse it to
spray and wash a close by railway. In a similar wine

have also been subject to heavy fishing which gison
contributes to the pressing situation today. Initzafdthe flat-
fish stock is threatened by eutrophication.

The idea to use floating breakwaters to oxygenat t
anoxic bottoms and the deep water of the Baltic@&pgnates

Wave-Energized Baltic Aeration Pump (WEBAP) hasrbeén this form from an independent non-profit orgatian

conceived in order to pump oxygenated water tdtttom of
the sea, more than 80 m below the mean sea |&Ve.Baltic
Sea’s surface area is 415 000km2 and the averagk de
only 60 m. The catchment is large, 1 641 650km3.Fiand
river runoff of fresh water is significant compareal the
restricted exchange of saline sea water throughshaiow
(17 m) Danish straits (Fig. 1). Large intrusionssafine water
are dependent on special weather conditions amibtoccur

called O2-gruppen [5], WavePlane [6] and WaveDragon
thought about oxygenation as a complementary fonctf
their wave energy turbine. Finally, another proposa
counteract the oxygen depleting situation and tkeessive
algal blooms in the Baltic Sea is the “haloclinentéation by
mid-water mixing” [7]. In the overall, previous this work,
specific technical aspects have not been discubsganainly
the conceptual mitigating ideas and their possdilecomes

regularly, or even annually. All conditions giveeito a stable have been considered.

stratification of the water body, with a halocliné 60-80 m
depth and a salinity gradient from north to sotthe strong
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Fig. 1. The population density in the Baltic Seainiage basin (UNEP GRID
Arendal).

Il. OBJECTIVES

The WEBAP is a concept that proposes to find atswluto
the low level of oxygenation of the Baltic Sea binging the
surface sea water to the depth where the oxygeerdded. It
proposes to do so by using the rich in oxygen opging
water collected in a reservoir floating on the sBlae stored
water, after overtopping the ramp leading to ttszreoir, will
be at a higher level than mean water level andethez will
have a potential energy. The driving head of thertmpping
water temporarily stored in the reservoir induce thater
flowing out through a long vertical pipe leadings¢ to the
bottom of the sea (Fig. 2). Based on the develodesign,
investigations on the concept have been carried ©hé
purposes of the investigation are:

Proof of concept.
Estimation of motions of the floating body with foc

on extreme wave conditions by mean of laboratostjrig.

Estimation of mooring forces with focus on extreme

wave conditions by mean of laboratory testing.

Estimation of overtopping with the focus on given

everyday wave conditions by mean of formulae catéxl for
low crested structures.

I1l. LABORATORY TESTING

The laboratory tests investigated mooring
movements of the floating body and the functionofgthe
“pump mechanism” to take the overtopping water dowthe

forces,

sea bottom through the pipe. Tests have been daukin the
deep wave tank of the Hydraulic and Coastal Enginge
Laboratory of Aalborg University. The tests arespale 1:25
(Froude scale). Particular attention has been giteerthe
dimensioning of the pipe. The model of the WEBARide

has been constructed at Aalborg University in ligtgtal and
foam. The ramp extension, part of the concept pegdy the
developer in order to capture more water, is redlizvith

rubber cloth in order to simulate the wanted flditio The

outlet tube is fixed to the main body by mean ofgid tube
that is also hosting the propeller for rotationgbeesd
measurement (Fig. 2).
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Fig. 2. Measures of the model, scale 1:25, measuren.

The instrumented model (Fig. 3) was placed in thedia
of the deep 3D wave tank, in the deep section widtter
depth d=2.15 m and equipped with front and rearrnngs.

N2

Fig. 3. Setup and instrumentation of the WEPAP rhiodecale 1:25



Three wave gauges (sample frequency: 25 Hz) haea belifficult to scale down properly the roughness feé material

installed in front of the system to measure incidend
reflected waves, generated by software AwaSys B.ribdel
has been equipped with:

- No. 2 load cells on the mooring lines, sample fesgy:

25 Hz.

No. 1 MTi to measure the movement of the body und

waves excitation i.e. roll, pitch and yaw, as wal

accelerations in the three directions, sample &#aqu 25

Hz (A appendix).

No. 1 propeller to measure rotational speed propuat to

flow velocity inside the pipe.

No. 2 small wave gauges in the reservoir to meathee

water level.

The device was tested under 2D irregular wavess@ap
spectrum 3.3) for the conditions in Table 1 sumpli®y the
developer. Length of each test is 30 minutgs=1™ T, has
been used. A total of 18 tests with two differenbaming
stiffnesses S1 and S2 have been conducted. Theivf of
the buoyancy level has also been investigated. dae
acquisition has been handled by WavelLab3. The sa
software allowed also the analysis of the mooriogcds,
generated waves and water levels inside the reiseriioe
propeller revolutions were noted down at regulaervals of
time during the tests. The movement data wherellbdrby
the MTi software in a different computer. Outputsres pitch,
roll, yaw and accelerations in the three referedicections.
The movements” analysis has been carried out witatéab
routine. Indeed, the Mti instrument acquires pitadl], yaw
and the accelerations in the three dimensions. |a$teones
needed to be double integrated to obtain the disptants.

TABLE 1.INPUT WAVES USED AND CORRESPONDING FULL SCALE

PM spectrum 1:25 | PM spectrum 1:1

Hs [m] Tz [s] Hs[m] | Tz[s]
w1 0,024 0,6 0,6 3
W2 0,04 0,72 1,0 3,6
W3 0,096 1,02 2,4 51
W4 | 0,192 1,38 4,8 6,9

A. Estimation of pipe capacity

Differences in water column density and losses tduthe
length of the pipe must be won by the driving hemadrder to
have the pump mechanism working. It has been cied|[8]
that the minimum head necessary is 0.13 m for an70ng
pipe, 0.19 m for an 80 m long pipe while only Oi®4are
needed for a 50 m long pipe consider salinity @amdperature
gradients in the Baltic Sea. This indicates alsowlater level
that will stay permanently in the reservoir. In ta&oratory,
the pipe was realized with a flexible plastic tiKept vertical
by weights attached to the bottom side. Directlsliag the
pipe dimensions with Froude law would be impreasethe
flow process is not dominated by gravity forcesitawave’s
processes) but by viscous forces that would requitdferent
scaling law (not Froude but Reynolds). Moreover, ist

when going to the laboratory. Finally, in the laddory there
is no salinity or temperature gradient. It is s#idt scaling
down directly the dimensions of the pipe (L=70 ndab

=2.05 m) with Froude law would give pipe dimensidghat

would allow a smaller flow; this as result of sogi
wmitations. Keeping this in mind, the final pipesad in the
model is 1.7 m long, has a diameter of 0.10 m aralighness
k=0.003. This guarantees flow rates comparablehéoanes
desired for the full scale. The pipe capacity wtteld in Fig. 4,
together with other pipes taken into consideration the

laboratory model.

Fig. 4. Different pipe capacities for the laborgtorodel. D = diameter of the
pipe, L = pipe length, k = roughness.

B. Results and Analysis

Mooring forces are presented in terms of statitpesmk
force parameters conforming to the Rayleigh distidn
F1/250 obtained from Wavelab time series analy$ighe
signal measured by load cells on the mooring lirEse
characteristic of the two tested stiffnesses ar€ign 5. The
stiffness is then the inclination of the curves.
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1) Free oscillation tests.The free oscillation tests are By lowering the structure and increasing the dtate is a
performed in order to find the natural frequencytwf floating change on the mooring forces. This can be seeroimparing
body which characterized its shape and hydrodynantie curves S2 and S2B2 in Fig. 7. Indeed, by lavgethe
behaviour. For the free oscillation tests, thefretfs S1 was crest (i.e, increasing the draft) of 0.38 m (pagsfrom
used. The results show a natural frequency of &breds for dr1=0.55m to dr2=0.93 m. B2 test tag) under comégan
surge, 20 seconds for heave and 2.8 seconds feittie(Fig. S2, we recorded a decrease on mooring forces ahdr0%

6).
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Fig. 6. Free oscillation tests results.

For the surge it has been noticed that when thectsire
was let free after it was pulled from the rear niogr while
the device was smoothly moving backward, it wadimgt
stuck moving forward due to the extension of tr@nfrramp.
This can be noticed in seconds 99.9-101.9 wherel¢hie is
moving forward. The device is moving forward alstveen
seconds 97.9 and 98.9 but the dragging force ofrthering
recalling the device forward is stronger than thetibn
generated by the ramp as the device has just leeased
after the rear mooring has been pulled.

For the heave, a quite long natural frequency veamd.
This could be justified by the presence of the pipe

The pitch is almost independent of the mooringesystWe
can notice that device tilts easier forward thawckbards,
generating bigger displacements on the positive eicthe Y
axis. Indeed, the oscillations on the positive siflthe Y axis
represent the tilting of the front, while the tilg of the back
results blocked by the presence of the pipe whidh the rear
side of the structure.

2) Mooring forces.Forces are here presented in full scal

through the key statistical parameter F1/250 arnthomit the
pretension. The maximum F1/250 obtained is on tioatf
mooring for the S2 and draft of 0.55 m below setewkevel,
under Hm0=4.22 m. This force corresponds to F1/26@-9
KN. The second highest force is F1/250=89.5 KN aodurs
mooring stiffness S1 with a draft again of 0.55 nd &dm,

4.19 m. Further results are presented and extragubla Fig.
8. Mooring forces increase linearly with the waveigt.

Higher forces are associated with S2 stiffer canfgjon, as
expected. The average difference on front moorioges
between configurations S1 and S2 is 23.5%.

on the front line. This is also an expected reaslforces on
floating bodies, decreases when lowering the siractinder
mean water level where the amplitude of particlesstion

under wave action is smaller and decreases whileasing
water depth.

The maximum F1/250 obtained on the rear moorinigris
the S2 and draft of 0.55 m below sea water levatjeu
HmO0=4.22 m. This force corresponds to F1/250=5KNL
Similar behaviour of the front mooring is recogmiz®r the
rear mooring, despite performed tests failed tonshesults as
clearly as for the front mooring. Indeed, the 9z¢he model

and perhaps not enough difference on the two chosen

stifnesses resulted in the over-looping of the esrv
representing the dependency of the rear mooringefon the
significant wave height for S1 and S2 (Fig. 8). bitheless it
is still clear that forces increase with the insing wave
height and that a lower structure (bigger drafguaes the
forces on the mooring line.

In average, the forces on the front mooring aredwas
much the ones on the rear mooring that are thexefat
negligible even if considerably smaller.
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Finally, the minimum and maximum force distributior
the front line in test W4AS2 has been plotted inczmtial
paper (Fig. 9). This shows a difference of arour@o4
between the two curves for expedience probabilitizgher
than 0.5%. Therefore, for bigger waves, it is expeécthe
mooring lines will have to work far away from optng
conditions and therefore need to be carefully desig
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Fig. 9. Force distribution distribution Min (green) and M@ed) in KN, front
mooring, Hm=4.22 m and S2.
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3) Motion transfer functionThe motion response of the
structure is reported for surge, heave and pitcle Nére
compare the input (waves™ spectral density) tordsponse
(movements” spectral density) to obtain the motiamsfer
function as the ratio between these two. This isedfor two
different wave conditions in order to cover a widange of
frequencies. The selected wave conditions for phixedure
are the ones obtained by the tests: W4Sland W3g11@®).

For surge we can see a huge natural response](li,ig.,:ig.

top). Indeed, while all the wave energy is conaett around
0.6-0.9 Hz, the peak response is instead around.B.Hz.

This is confirmed by the fact that the natural betgon for

surge was found to be 2.5 s, (frequency=1/T). Theasfer
function (Fig 11, bottom) for values lower than 618 has not
been reported as subject to height uncertaintieiedd, being
the transfer function the ratio between the respapectrum
and the wave energy spectrum, the result featueeg igh

values being the energy input very small. Instéad; clear
that under the influence of waves, the motion isishated by
the moorings.

For heave, the natural response is concentrateergd
low frequencies (Fig. 12, top). This is the caseabse the
free oscillations have been found to have a veng Iperiod.
A small response is also recorded under the aatfothe
incoming waves, around 0.6 Hz close to the pealevpriod.
Also in this case, the transfer function is rel@tdnly for
values of Hz bigger than 0.4 (Fig. 12 bottom).

For pitch, we have a response that matches verly w
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the energy input (Fig, 13, top). Indeed the respois Fig. 12. Response and transfer function for Heave.

concentrated between 0.5 and 1.4 Hz. As for theique two
transfer functions, also here and for the sameoressthe
reliable transfer function must be considered far815 (Fig
13, bottom).
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Fig. 13. Response and transfer function for Pitch.
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IV. OVERTOPPING CALCULATIONS

Stigebrandt and Gustafsson [7] suggest that 100fkQ2
per second, which would correspond to 3.1 x 108@ytar,

would have to be added to subhalocline waters énvthole

4) Proof of concept and propeller measurements. Baltic Sea to obtained the desired results, i.ekdep the
propeller was installed at the entrance of the page waters well oxygenated, and thereby reduce P coratgms,

approximately 0.06 m from the entrance (1.5 m szzlle).

in a fairly short period of time. The conclusiorort Zillén

From this point we have measurements of number §d Conley [9] is also that 63-190 kg/s of O2 is thquired

revolutions per second (RPS). The number of reimistis
directly proportional to the overtopping flow ratver the
crest. Therefore conclusions are made based on
parameter. No overtopping occurred for low seaestdW1l

and W2) corresponding to Hm0=0.6 m real scale ia tt

floating configuration for Rc1=0.7 m; indeed RPSwual to
zero.

When using a lower crest level Rc2=0.32 m we can s

some overtopping for W2 but still no overtopping f&v1.
This is to be attributed to the influence of thevetments of
the device riding the incoming weaves. In our case,
significant  difference  among the different
configurations has been found, despite the stiffeoring did

prevent a bit the movements (Fig. 14). No significa

difference for S1 and S2 and S2B2 is recorded, ibus
unlikely that a situation with a stiffer mooring wld result in
a lower overtopping, keeping all the other condisiothe
same. Instead, influence of the movements of tbatihg
body on the overtopping can be better noticed whamg the
device (tests'tag: _Fixed ).

It is clear that when the device is fixed insted&dlaating,
bigger volumes of water enter then the reservaideéd,
overtopping does occur for W1 and W2 but most bftlzs
overtopping increases of 38% for W3 and 53% for Wen
comparing the fixed configuration to the
configuration with the same crest level (green gnuple
trend lines in Fig.14).

From the recordings of the 2 small wave gaugesiéntie
reservoir it emerged that the water did never egitbut of the
reservoir, not even with higher wave conditionstifging that
the pump mechanism is working properly and pummcep
was sufficient to handle overtopping flow. Standiwgves
across the reservoir have been noticed as a conistaall
tests.

floating

theoretical oxygen supply. The floating structureler exam

is a low crested structure, very similar to Wavedora (Fig.
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Fig. 15. WEBAP working principle.

It is then possible to calculate the overtoppingflwith
sufficient accuracy using the formulation by Kofd&d:

floating

1)

Where Hs is the significant wave high, Rc is thestifree
board and g the gravity acceleration=9.81°milkie factors
take into account different geometrical parametrsh as
varying slope angle, draft extension (dr) and small
dimensionless free board R#R.. The coefficients are
reduction coefficients as defined by van der Mewt danssen



[11]. By mean of the above equation, the influeotcdifferent
parameters such as crest free board Rc, draftsatedr and
slope angle
explained.

A. Crest free board

For a fixed geometry and a slope angle of 23°ediffit
crest freeboards are obtained by changing the Imegykevel
of the model, meaning that when we increase thécReast
free board) we decrease dr (draft), therefore time Rc+dr is
a constant = 1.25 m in full scale. Therefore, ia firesent
calculations Rc and dr are not independent one frenother.

taking the dependency of the draft into accoubiised on the
ratio between the time averaged amount of energy fl

on the overtopping flow rates has beeimtegrated from the draft up to the surface Efjld ¢he time

averaged amount of energy flux integrated fromsthabed up
to the surface Ef,d (Fig. 17):

s

o thgg 1t
O

) s :
Y.

@)

Based on this assumption, the results the ovemgppi

discharge has been calculated
conditions Fig 16.

T

Fig. 16. Dependency of the overtopping dischargetten Rc and dr, for
different wave conditions. Full scale values, getmynbased on configuration
with solid draft, slope angle =23°.

B. Ramp Extension

Extending the front ramp increases the draft offtbating
body and the overtopping volumes by directing tlogv fthat
would pass under the device, to the reservoir. @ase this
idea, the developer expressed the wish of addistyetiched
cloth fixed on a steel frame to make the ramp lorged
“capture” that flow. Despite the clothe not beirg toptimal
solution to reach the purpose, calculations witiee¢hdifferent
“ramp extensions” have been made, in order to sivbat is
possible to gain with such an implementation.
calculations, are instead based on Equation (1)thecd:fore
on one geometry where the ramp extension makesnep
piece with the entire structure. In the equatioredugo
calculate the average overtopping discharge,

in four different avav

Fig. 17. The ratio in Eqg. 3 as a function of thiatige draft for various values
of kd.

In the derivation of Eq. 3 linear wave theory iseds
Because of the limitations of the linear wave tlebBq. 3
cannot completely describe the effect of limitedaftiron
overtopping. Using dr equal to Eq. 3 would lead to an
estimation of zero overtopping for dr=0 which o8ty is
not the case for all combinations of Hs and Rc.r&tme the
coefficient k=0.4 is introduced and the expressfon dr
given in Eqg. 2 is obtained.

For the selected geometry with slope angle of 23,
overtopping calculations have been made for a rextgnsion
of 2 m, 4 m and 6 m varying separately the drafand the
crest level Rc that are not longer considered digenon
each others. However, if the WEBAP structure vi#é
realized with a flexible slope, the results thdtoiw must be
decreased proportionally to the weakness of themahtused.
The losses depend on details that are not knolWeaprtesent
time of development of the device, such as the mahtef the

Thextension, the connection to the main body, thdinaton

angle. It would be indeed expected that a flexitiaterial
without a rear support, would block and direct ordy
negligible flow to the reservoir, while most ofvitould pass

theap raunder the structure. In addition such a solutiory ha not

extension is expressed by the coefficiedit and therefore by resistant and durable.

the draft:

| |
A b L T

(& @

Extending the ramp has positive effects on maxitioneof
the overtopping volumes (Fig. 18-21). In averageye
foreseen an increase of overtopping volumes upGt6% for
a ramp extension of 2 m compared with the case mathramp
extension for Hs = 0.6 m while for waves with Hs8 # the
increase in overtopping is 6.9 %, with smaller aade

where kp is the wave number based on Lp = wavetengompared to the case with smaller waves. This ésube for

based on Tp and k is a coefficient controlling tegyree of smaller waves the overtopping is zero until theilRmughly
influence of the limited draft. k is found to bet(y best fit to 0.55 m and dr=0.70 m, being the waves too smativiertop

Kofoed [10] tests; d is the water depth and theeoththe crest. Therefore an increase in the draft isenedfective
parameters have been previously described. Theegsipn



for lower sea states than in bigger waves as mbshe
incoming waves would overtop the crest anyways.

Fig. 18. Overtopping for different ramp’s lengthts=0.6m, T=3s, device
length =13.5 m.

With 2 m ramp extension, 0.020 m3/s/m of overtogpin
flow rates are reachable with Rc = 0.58 m whilehwitt the
ramp the same results needs Rc 0.55 m. If thepram
extension is 6 m, then an average increase onviéigopping
flow rate of 29% is expected for Hs = 0.6 m whileiaerease
of 13% in the case with Hs=4.8 m.

For an Rc = 1.25 m (Table 1) and Hs = 0.6 m a ramp
extension of 2 m with slope inclination of 23°, sponding
to a draft of 0.8 m, would generate an overtopfiogy rate of
0.0010 m3/s/m; compared to the case with no dnaft gives
0.0008 m3/s/m we have an increase of 33%. For HO=-ml
passing from 2 m to 6 m a ramp extension wouldeiase the
overtopping flow rates from 0.0178 m3/s/m to 0.0213/s/m
corresponding to an increase of 25% and 51% reispéct
compared with the case with no draft that havewamtopping
of 0.0142 m3/s/m. For Hs=2.4 m the increase in topging
passing from the case with no ramp and the cade 6vin
long ramp foreseen an increased in overtoppingdét going
from 0.3360 m3/s/m to 0.4503 m3/s/m while for H8=#
gives an increase of 21% with the longest extension

TABLE 2. OVERTOPPING FLOW RATE$M3/S/M] IN DIFFERENT WAVE
CONDITIONS FORRC =1.25M AND VARYING CLOTH LENGTH.

Fig. 19. Overtopping for different ramp’s lengthis=1.0 m, T=3.6 s, device
length =13.5 m.

Fig. 20. Overtopping for different ramp’s lengthis=2.4 m, T=5.1 s, device
length =13.5 m.

Fig. 21. Overtopping for different ramp’s lengthis=4.8 m, T=6.9 s, device
length =13.5 m.

2 mlength| 4 mlength| 6 mlength

] o0 0,8:draft 15 n:1 draft| 2,3 n:1 draft
E'fjf.'gsmrﬁ 0,0008|  0,0010 0,0011 0,0012
,;'szlll'SSmrﬁ 00142| 00178 |  0,0200 0,0214
gsjf.'gsmrﬁ 0,3360| 0,3834 0,4208 0,4503
,;'(f::ffsmrﬁ 1,5817| 1,7103 1,8232 1,9223

Finally the influence of the slope angle is presedntn total
four different slope angles have been consider&f: &
suggested by the developer, 15°, 30 ° and 35°.dBraare
similar to the ones presented in Fig. 18-21.

The higher overtopping occurs for angles betweeha2@l
35°. While graphically there is a noticeable diéece for the
case featuring 15° and generating the lowest oppinhg,
almost no difference shows for the remaining caseess all
the wave conditions.

V. CONCLUSIONS

A total of 18 tests have been run with WEBAP moidel
scale 1:25 in different configurations and wave ditons.
Previously, free oscillation tests had showmen natu
frequency for surge corresponding to 2.5 seconds.hEave
20 seconds and 2.8 seconds for pitch.

The maximum generated wave height corresponds to
Hs=4.22 m and Tp=8.715 s. Under the action of thesecs;
the maximum mooring force occurred. This force(2.9 KN
on the front mooring and 51.11 KN on the rear mugri

Higher forces correspond to bigger waves and stiffe
moorings.

Forces on front mooring are in average twice bighgan
forces on the rear mooring.



By lowering the structure, the forces on mooring afll
reduced. By passing from dr1=0.55 and dr2=0.93sit i
expected a decrease of the mooring force of ara0f6

Movements of the floating body have a negativectfte [2]
the overtopping. No overtopping occurs for Hs=0.6and
Hs=1.0 m for Rc1=0.70 m. The smallest overtoppingnev (3]
recorded was for Rc2=0.32 m, draft = 1.43 m and H&-6n.
This situation generated RPS in average 10 timedlenthan [4]
the tests with Hs~4m.

The influence of movements on the overtopping [E]
increasing with Hs. For Hs=2.4 m the overtoppingrdases 6]
of 38% compare to the case of a fix structure widme Rc, [7]
while decrease of 53 %for Hs=4.8 m.

Transfer functions for surge, heave and pitch hbeen
given. It seems that the first two are dominated thg
mooring characteristics. The heave movement is géow.
During the tests it was noticed that the device vidisg the
waves very much. (9]

(8]
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