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Early November 2015 two weeks of 3D scale model tests have been carried out at MARINôs Offshore 

Basin, one of the worlds most renowned test facilities for floating structures. With the test setup it was 

possible to simulate barrier lengths of up to 3600m  using a prototype length  of 360m long, with a scale 

of approximately 1/18, leading to a scale model of approximately 20m long. Tests were conducted mostly 

in regular waves, as the response in these waves enables to efficiently understand the system dynamic 

characteristics and load response. Also a number of irregular wave tests have been carried out; one test 

that closely resembles a Pacific Ocean sea state, with long waves and relatively mild current, and one 

test that is similar to a North Sea storm condition , governed by short and steep waves with high current.   

In order to learn as much as possible about the system, various configurations are tested: a low, high 

and secondary mooring concept. This indicates the location of the tension wire in the system: placed 

underneath the floater, at the ballast weight location or externally, i.e. by usage of an external subsea 

wire. Fur thermore, the high mooring concept has been tested for increased pretensions, in order to 

simulate a boom much longer than the actual barrier in the tank. By considering the model as a section 

of a virtually longer  barrier span, the loads for this virtual barrier can be derived by simulating the loads 

of the adjoining structures by increased pretension in the mooring lines.  

This report presents the main results and findings from this test campaign, which was the first model 

testing campaign of its kind; wit h a 3D floating barrier subject to waves and currents from various 

directions. Before the tests were carried out there were many unknowns with respect to the 3D motions 

of the barrier. For instance, how the system performs in  waves: do waves run over the barrier 

(overtopping) ? Do gaps appear underneath the screen (bridging)? Measurements from the various tests 

are used to: 

1. Study the: 

a. Hydrodynamic Response of a floating barrier system  

b. Plastic capturing efficiency (bridging and overtopping occurrences)  

2. Calibrate and validate numerical models 

 

This report focusses on understanding the physics of the system, such that in a numerical environment 

parametric variation leading to an optimized design can be performed. As such, even though no extreme 

Pacific storm has been carried out (this was not feasible in the basin), the situation can be accurately 

modelled. 

The three mooring configurations behave in terms of hydrodynamics highly similar, especially in waves. 

In high current velocities , the low mooring and secondary mooring boom are subjected to higher loads 

than the high mooring.  

The most important finding of tests is that loads in waves are lower than what was expected. By smart 

engineering the forces in a Pacific Ocean barrier in storm conditions can be kept lower than expected, 



 

 

reducing the amount of mooring lines required and greatly impacting the costs. In order to realize this, 

the system has to be flexible. A flexible system can move along with the 2D wave surface and governing 

loads are caused by current. Even more so, a flexible system will also show less overtopping and bridging. 

It is therefore highly recommended that the tension member of the Pacific array in a high or low mooring 

system is made out of stretchable material such as Polyester or Nylon.  

The system responds excellent in long waves: no bridging and overtopping is observed and loads are 

mild. In the Pacific Ocean 97.5% of the waves are long, promising high workability of the Pacific array. 

The wave loading can be decomposed in a low, wave and high frequent component. The low frequent 

phenomena cause the highest loads and is more dominant in low pretensions. It oscillates with a much 

lower frequency than the wave frequency. Two types of low frequency motions are observed: transient 

motions duri ng wave build-up, and low frequent motions in irregular sea states. Wave frequent loads 

remain low, even in higher pretensions. At a certain threshold the system cannot flexibly follow the 

waves anymore and wave frequent loads increase. Even though these loads were found to be higher for 

the highest pretension, relative to the current load they are small. A high frequent component (at twice 

or three times the wave frequency) is observed in all configurations. It is thought to be caused by a 

pitching motion (rotation about the length axis) of the floater. The magnitude of this component is 

relatively low: in some cases equal to the wave frequent component, but in most lower. Even though the 

magnitude is low, due to the high frequency it may cause local fatigue damage. This effect should be 

investigated, it may be mitigated by installing an additional tension wire on top of the floater.  

Effects such as the low frequent and transient motion, which cause high loads and offsets, or the high 

frequent pitch, have not been found as such in numerical simulations. The model test campaign has 

shown to be of key importance in understanding the dynamics of a floating barrier. Furthermore, the 

results provide confidence in further strengthening the feasibility of an ultra -long floating barrier type 

of artificial coastline in the Pacific Ocean, in order to retrieve ocean plastics.  
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The Ocean Cleanup (TOC) is developing a permanent floating barrier, to extract harmful plastic debris 

from the ocean. The aim of TOC is to install a barrier in the great pacific garbage patch (Figure 1-1) in 

2020. Plastic that doesnôt beach ends up in one of the five patches, the biggest patch today is found in 

the Pacific gyre. The system is a passive system that relies on the mean surface current to intercept 

plastics in the top level of the ocean, see Figure 1-2. This way, substantial amounts of plastic can be 

removed. This way the system acts as an artificial coastline. It is, as for today, not yet possible to give an 

accurate estimation of the total amount of plastics that can be removed as this is determined by: the 

total mass of the great pacific garbage patch, the distribution of the debris over the sea surface and the 

efficiency of the boom. 

 

The problem is widely acknowledged, as the consequences for coastal communities, the ecosystem, 

marine life and shipping become more and more visible. Examples of the impact of plastics for marine 

species are given in Figure 1-3. 



 

 

 

 

 

 

  



 

 

 

A key aspect to designing of a permanently moored floating barrier is understanding of the 

hydrodynamic forces that act on such a flexible system. Previously, model testing has been carried out 

for a simplified 2D boom at Deltares. However, 3D aspects play a crucial role in the motions and loads 

occurring in a barrier subjected to current and waves. There exists very limited literature on this subject, 

as no other mission of this scaleð100 km long system moored at least 10 yearsðhas been performed. 

Particularly challenging in  terms of hydrodynamics, is that the motions of the barrier disturb the flow, 

which then again influences the system: the fluid and structure are strongly coupled. In order to better 

understand this phenomenon, multiple configurations of a floating barrier  have been tested at MARINôs 

Offshore Basin. This basin provides dimensions that can accommodate a 360m section at a scale of 1:18 

and has good possibilities to generate different current speeds and wave conditions from different 

directions. This document presents measurements and more important interpretation of these results:  

¶ The tension in the boom in transverse current and varying wave parameters 

¶ The forces in the suspension points 

¶ The gaps (bridging and overtopping) between boom and water surface 

Tests have been carried out for three different configurations: a high, low and secondary mooring. In 

the first the system is suspended right underneath the cylindrical floater where a tension line runs, in 

the second the ballast weight is used for this purpose. The secondary mooring system decouples the high 

loads in current from the dynamic wave induced loads, by having a secondary subsea tension member 

that connects to the screen at multiple locations.  Furthermore, by subjecting the system to a pretension, 

the barrier behaves as it was part of a much longer system, enabling the possibility to simulate a barrier 

of more than 2 km with only 360 m boom in the basin. Lastly, the mooring system is not considered in 

these tests, as it is not possible to have a scaled 4 km mooring system in the basin and more importantly: 

the mooring design is not sufficiently mature for model testing. This test focusses on flexible barrier 

hydrodynamics. 

The model tests provide understanding of the response of a barrier in waves and current and also serves 

to calibrate and validate the numerical hydrodynamic models that are being developed to design the 

barrier and its mooring system. Calibrated models are key to designing a permanent system, as they 

ensure various sea states can be simulated in order to determine governing loads and motions, which 

determine the design of the system. 

 

 

 The Ocean Cleanup Wave and Current Load Model Tests, 28559-1-OB-2.0 



 

 

 

 

Tank conventions are provided in Figure 1-4. 

 

  

Boom  



 

 

 

Model axes conventions are shown in Figure 1-5. Port side corresponds with the upper part of Figure 1-4 

(positive surge points towards the current outlet, sway towards the wave maker side of the basin). 

 

Barrier  motions are expressed relative to any point on the floater (as the system is flexible and deforms 

consequently). In the figure above, the six (6) motion components are indicated as follows: 

¶ surge x: translation along x -axis, positive in positive x direction  

¶ sway y: translation along y -axis, positive in positive y direction  

¶ heave z: translation along z-axis, positive in positive z direction  

¶ roll ű : rotation around x -axis, positive with positive y down 

¶ pitch ȅ: rotation around y -axis, positive with positive x down 

¶ yaw ȑ: rotation around z -axis, positive x to portside 



 

 

 

 

 

Three mooring layout or system setups have been tested. The barrier design remains equal, consisting 

of a flexible floater, a screen and a ballast weight. A schematic cross section of the boom is provided in 

Figure 2-1. 

 

 

 

The main dimensions (prototype scale) of the barrier (floater diameter, screen length, etc.) are provided 

in Table 2-1. The barrier is scaled by Froude law, at a geometric scale of 18.8.  
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Three different suspensions will be tested:  

1. High suspension:  on both ends of the boom a connection is made, with the suspension point 

at the screen/floater connection point.  

2. Low suspension:  also on both ends of the boom, however the suspension point is in this case 

the ballast chain/wire.  

3. Secondary suspension: an extra tension cable is suspended to which the lower end of the 

boom is connected with a cable, every other 60m.  

Schematic representations of these three models are presented on the following pages. The distance 

from the suspension points that are mounted to the basin carriage is also provided in these figures. 
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Mechanical properties of the system can be found in Table 2-2, taken from reference [ER.1]. 
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The system is setup such that the bending stiffness is as low as reasonably possible for multiple reasons. 

Bending stiffness scales with the scale parameter to the power five. It is very difficult to specify a realistic 

material to accurately model the flexible boom. Anot her reason is that the material that will be used for 

the floater and other components is still unknown.   

Axial stiffness in the tension cable is very large; the actual axial stiffness of the system is modelled with 

the two springs on both sides of the model (see previous section). The axial stiffness of other components 

other than the tension cable is low in comparison.  

Note that the spring stiffness given in Table 2-2 is the spring stiffness of an individual spri ng. The total 

system stiffness is given by: 
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One spring Ὧ models half of the total system axial stiffness . 

 

As described in the previous chapter, by introducing pretension effectively the modelled segment 

becomes part of a bigger system. This has been validated using numerical tools. Table 2-3 provides three 

lengths of the total section for which the pretension has been computed. Note that this only holds for 

high/low mooring, as the secondary mooring interval will be sufficiently small, such that loads are 

transferred often and mean tension remains low.  

 

 

 

The following properties are measured with respective sensors positioned on the model: 

¶ Displacement (position): 3 DoF optic position measurements are taken on five poin ts on the 

mid -section of the model. 

¶ Accelerations: 3&6 DoF accelerations measurements by accelerometers and gyrometers. 

¶ Loads: on both sides of the mooring connections of the barrier (3 DoF) and in the secondary 

mooring lines (1 DoF) loads are measured. 

¶ Angles: the planar orientation of the pulleys that guide the mooring wire to the model is 

measured with a potentiometer.  

Figure 2-6 shows the location of the sensors in the high mooring concept. In the low mooring concept 

the only change is the connection point of the mooring lines. Note that the secondary mooring lines of 

the third concept are not shown in this figure.  

 



 

 

 

 

The mid segment, that contains most of the sensors, is consequently heavier. This addition is significant 

and shall be considered in the validation of the numerical models. Furthermore, a number of wires run 

from all these sensors to the carriage, suspended in a catenary to the downstream side of the model. The 

wires are partly suspended in the water. It is expected that the cables exert small disturbances to the 

motions of the barrier.   

 

The wave and current sensors are placed close to the location of the model. Four more wave sensors are 

used in order to calibrate phases of the two wave maker sides for the oblique waves. These sensors are 

not shown here, as they were only used to correct phases and not amplitudes. All other sensors are 

presented in Figure 2-7. 

 



 

 

 

 

 

Tests are carried out in current and waves. Two types of waves are tested: regular and irregular waves. 

Regular waves resemble most a simple sinusoidal waves with a single amplitude and wave 

length/period. These types of waves do not exist on the ocean, but enable the hydrodynamics of the 

system to be understood much better. Irregular waves resemble sea states and can be thought to exist of 

infinite sinusoidal wave components.  

 

Two different current cases will be tested, all having the same relative direction to the model: 

perpendicular to the boom. An extreme current speed is taken, in order to amplify any unexpected 

behaviour, this velocity is expected to occur in the North Sea in a five year storm, but in the Pacific Ocean 

such a speed will not be observed. Also a relatively low current velocity is tested, which is somewhat 



 

 

 

higher than the day-to-day velocity in the Pacific: a too low speed leads to a high noise/error ratio and 

is furthermore difficult to produce in the tank. An overview is provided in Table 2-4. 

 

 

 

The system is tested in a number of irregular sea states. Sea state parameters and corresponding current 

conditions are provided in Table 2-5. Note that the ULS resembles a North Sea storm conditions, and 

the SLS the longer swell waves that one would encounter in the Pacific. The steep waves of the ULS are 

very unlikely to be encountered in the Pacific Ocean. This condition was with the relatively large scale of 

tests the maximum wave height that could be generated.  

 

 

 



 

 

 

 

In order to find linear system response, and bridging and overtopping characteristics, a number of 

regular wave tests are performed. The wave heights, periods, directions and steepness are given in Table 

2-6.  

 

During testing it was decided to limit the num ber of regular wave tests, as in the longer regular waves 

response was predictableðthe system followed the waves well. 

 

An overview of load cases can be found in Appendix B - . 



 

 

 

 

The tests to be carried out are: 

¶ Decay tests (in surge only, by giving the model an initial displacement) 

¶ Current load tests  (no waves) 

¶ Regular wave tests (combined with current) 

¶ Irregular wave tests (combined with current)  

The order of the tests is as follows: 

¶ Static load tests (in order to test sensors) 

¶ Decay tests (surge) 

¶ Current tests (no waves) with velocities (0.3 & 1.0 m/s as per Table 2-6) as per Table 2-4. 

¶ Regular waves with no current (wave ID 5-4, 6-4 and 7-4)  

¶ 13 Regular waves from Table 2-6 with the 2 current velocities from Table 2-6. In total 26 tests. 

¶ Irregular wave tests with currents  as described in Table 2-6. 

The test program is to be carried out with three configurations:  

¶ High mooring with three pretensions and low spring stiffness  

¶ Low mooring with pretension corresponding to 360m and low sp ring stiffness 

¶ Secondary mooring with pretension corresponding to 360m  

 
The total test programme is presented in Appendix B - .Not all cases have been carried out due to time 

restrictions. For instance the high  mooring with high pretension is not tested in 0.3 m/s currents.  

Furthermore, the highest pretension was not realized due to time constraints: a value of approximately 

880 kN instead of 1600 kN was realized. 



 

 

 

 

 

In the post-processing of the results use is made of Fourier transforms, to transform the measured 

signals into the frequency domain. This is relevant, as it shows at which frequencies a response is present 

and the magnitude of said response. For instance, moored tankers show a large low-frequent response 

outside of the wave spectra frequencies. This indicates non-linearity, in this case low-frequent drift due 

to a structureôs ability to cause waves. Figure 4-1 shows an example frequency domain plot, where three 

signals are shown which shown a peak at approximately 0.8 rad/s, which is also the wave frequency. A 

small peak can be seen at twice the wave frequency, indicating a second order harmonic. 

 

Filtering can be performed in the frequency domain, cutting of certain bands of frequencies.   

 

In regular sea states amplitudes can be computed straight forward: amplitudes and mean values can be 

identified.  In irregular sea states, this is not the case. The maximum event corresponds to the realization 

of the spectrum that was used in the tank. Running a different realization, yields a different extreme. 

Therefore statistical values are used: significant values and most probable maxima (MPM) that 

correspond to the duration of a sea state, commonly three hours.  

Most probable maximum values are calculated by using a Peak Over Threshold (POT) method. In this 

method indivi dual peaks are identified (one peak per certain cycle, a peak period or mean zero crossing 



 

 

 

period for instance). The peaks are identified if they are over a certain threshold, and a distribution 

model is fitted; in this case the most general distribution, the Generalized Pareto. In the tank the 

irregular test was limited to one hour, to safe time. The distribution is fitted over the extremes in this 

duration and extrapolated to a three hour maximum.                

 

 

As the floating barrier is small with respect to the wave length, it can be expected to behave as a Morison 

element. Morisonôs equation describes the forces exerted by a flow on a structure and exists of quadratic 

drag and linear  added mass/inertia:  

Ὂ ”ὅὠό
ρ

ς
”ὅὃόȿόȿ 

Where the first term denotes the inertia part and the second a drag term. Furthermore:  

¶ ” is the density 

¶ ὅ  is the inertia coefficient  

¶ ὠ denotes the volume 

¶ ό is the derivative of the flow velocity ό 

¶ ὅ  is the drag coefficient 

¶ ὃ reference area of drag 

The system thus responds to the fluid velocity. Therefore it is important to know local particle velocity. 

The velocity is measured on a fixed location, below the water line. We expect the horizontal velocity 

components of a regular wave to be fairly of the same characteristic, except if a current is present which 

should lead to a mean increase. The horizontal velocities are written as follows, assuming linear Airy 

wave theory and deep water: 

ό ὃᾀȟ‫ȟὟ ϽὧέίὯὼ ‫ὸ 

With  

ὃ ὥϽὯϽ‫ ὯὟϽὩ  

Where ὥ is the wave amplitude, Ὧ the wave number, the wave frequency, Ὗ current velocity, ὼ and ᾀ ‫ 

the respective horizontal and vertical fixed position, and ὸ the time.  

Based on this, we would expect the local velocity in a point located slightly below the free surface, to take 

the shape as shown in Figure 4-2. 



 

 

 

 

Consequently it is expected that the response shows similar characteristics. Low frequent response can 

be expected, although not in the conventional form of drift. It is unlikely that this system reflects waves 

that are so much longer than the diameter of the boom and especially due to its flexible nature. However, 

a non-linear term is present in the waves: Stokes drift. Stokes drift is a constant velocity that a fluid 

particle experiences, in line with the wave heading. This velocity is as a function of the frequency, for a 

regular Airy wave the Stokes drift reads: 

ό ‫ὯὥὩ  

In the derivation of this results, higher order terms have been neglected. In irregular seas this will lead 

to a slowly varying velocity, superimposed of all component loads. In order to prove this statement, a 

numerical experiment is carried out. The Morison equation is solved for a light object with high drag 

and low stiffness. At the instantaneous position the velocity and acceleration of wave particles is used to 

calculate loading on the boom. Note that merely a single DoF system is solved, which can be thought to 

be a 2D boom, neglecting 3D effects.  

The equation is solved in the time domain using the Newmark-beta method for time integration. First 

one wave is taken into consideration, leading to the excursion as shown in Figure 4-3.  



 

 

 

 

A transient motion is seen, leading to a steady state response. The transient motion originates from 

Stokes drift. The spectral response of the excursion and Morison load is shown in Figure 4-4. Higher 

order harmonics are seen: notably the largest at three time the wave frequency.  

 



 

 

 

Now a simulation is carried out with two waves with equal amplitude, but different frequencies: 0.5 and 

0.75 rad/s. The total velocity can now be written as: 

ὠὸȟὼ ὃÃÏÓ Ὧὼ ‫ὸ ὃÃÏÓ Ὧὼ ‫ὸ 

Unfortunately, it is not straightforward to plug this into the Morison equation and find an analytic 

solution, due to the absolute value present. Resulting time traces of the displacement and the Morison 

load are provided in Figure 4-5. Also here a similar transient motion is visible. Furthermore, spectral 

density plots of said signals are given in Figure 4-6. Note that since the figure is plotted on a logarithmic 

axis, small amplitudes are exaggerated.  Multiple observances can be made: 

1. Two peaks are present at the wave frequencies, in both excursion and loading. These contain 

most energy. 

2. A small peak is observed at a difference frequency of 0.75-0.5=0.25 rad/s. Although the energy 

is low, if this excites a natural period response can be high. Interestingly, this peak is relatively 

low in the Morison load, but due to the low stiffness of the system it yields a significant response. 

3. Multiple peaks are found  in the Morison load time trace  at either multitudes of the wave 

frequency or sum frequencies: 1, 1.25, 1.5, 2, 2.25, 2.5 rad/s and further on. Mos t energy is in 

the 2 rad/s peak. 

A response is found at the following frequencies, in order of magnitude:  

‫ȟ ‫ȟ‫ ‫ ȟς‫ȟς‫ȟ‫ ‫ ȟȣ 

 



 

 

 

 

It can be concluded that responses can be expected at different frequencies than the wave frequencies 

in bot regular and irregular waves. It depends on the system characteristics (stiffness, mass, added mass, 

etc.) at which frequency largest response is found. However, the following can be expected: 

¶ In regular waves response at two and three times the wave frequency, where loading at three 

times the wave frequency is higher than two times.  

¶ In irregular waves both low and high frequency effects are to be expected. This consists of 

difference, sum and double frequencies. The difference frequency loading is approximately two 

order of magnitude lower tha n the wave frequent loading, furthermore the difference frequency 

is again an order lower than the sum frequency loading. 

 

Limiting criteria in terms of plastic capturing are bridging and overtopping. When bridging, the screen 

is lift ed out of the water as the floater rests on two wave crests and is not sufficiently flexible to follow 

the waves. During overtopping, the system is pulled under water in a wave crest, allowing plastic to wash 

over the barrier. An example is provided in Figure 4-7. 



 

 

 

 

Overtopping and bridging are influenced by the following parameters:  

1. Buoyancy force: this is the main force that keeps the system afloat. As the system is pulled down, 

the buoyancy force increases greatly due to the cylindrical shape of the floater. Once the system 

is half submerged, the increase decreases. 

2. Static weight: the static weight of the system consists of ballast chain (which may be submerged) 

and the weight of the floater. This load is equally distributed over the system and pointing 

downwards (if the ballast chain is fully submergedðonce it is out of the water the weight 

increases). 

3. Pretension force: as the pretension increases, the system gets more resistant towards bending.  

4. Dynamic forces: drag in the vertical plane and mass cause the system to respond out of phase 

with respect to the wave. In a system dominated by stiffness (buoyancy) the dynamic loads will 

be low. However, then the load pointing downwards is low as well. Note that in the low mooring 

configuration a vertical component is introduced, where the screen pulls the floater down.  

An example of the quasi static vertical loads is presented in Figure 4-8, where the system is subjected to 

the medium pretension (300 kN)  and a wave with 6m height and 6.5s period.  Note that the bend 



 

 

 

stiffness has been neglected in this case: assuming the bend stiffness is much lower than the resistance 

to bending due to pretension. The loads have been computed with a finite element numerical model. 

 

Two interesting aspects can be observed: if the system is lifted out of the water, at the through, the 

buoyancy load is zero and consequently the vertical component of the pretension load is equal to the 

constant weight. At the crest, the buoyancy load steeply increases, due to the cylindrical shape of the 

floater. In order to maintain statics the vertical pretension component decreases.  

If the diameter of the floater is large with respect to the weight, then the plastic capturing limiting 

behaviour is bridging. The other way around holds as well: with large weight and small buoyancy, the 

system will be pulled into the wave crest easier. Another important aspect is nonlinearity of waves: in 

the tank steep waves tend to look slightly more trochoid shaped than sinusoidal. This implies wave crests 

are sharper and higher, and troughs shallower and flatter. The same case as presented in Figure 4-8 is 

ran with a Stokes 5th order wave. Results are presented in Figure 4-9. The vertical loads are larger; 

consequently the distance between the wave crest and top of the floater is smaller. It can therefore be 

expected in waves that get more non-linear, the occurrence of overtopping will increase. 



 

 

 

 

It is important to be able to compare configurations (span, mooring configuration, dimensions, etc.) 

quantitatively in terms of overt opping and bridging. The three most governing parameters for a certain 

configuration are: wave steepness, significant wave height and current velocity. Using these parameters 

it is envisioned an area of operation can be determined, where no bridging and overtopping occurs. 

Indeed, this is not something binary, as plastic might already escape once the screen is lifted a meter out 

of the water. Therefore this should be combined with the local plastic capturing efficiency, which is still 

being determined numer ically and empirically. An example of such a figure can be found in Figure 4-10, 

where the coloured area is the area in which can be operated. This figure can be generated for different 

designs (floater dimension, weight, span, etc.) enabling a quantitative comparison and optimizing the 

design. 



 

 

 

  

 



 

 

 

 

 

 

Two current velocities have been tested: 0.3 and 1.0 m/s. Current is calibrated without waves and the 

obtained signals are used for wave calibration. The time signals and power spectra of these two currents 

are presented in Figure 5-1 and Figure 5-2 for the centre line (CL) and reference (REF) locations, as 

show in Figure 2-7. 

 

In the 0.3 m/s case the mean of the CL signal is 0.307 m/s, slightly lower than that of the REF signal ; 

0.323 m/s. The signals are, as expected, not entirely constant: the standard deviation of both signals is 

0.0166 and 0.0375 m/s. This is small, yet significantðfor the REF signal the standard deviation is more 

than 10% of the mean. In the power spectra a peak can be observed at around 1 rad/s; response of the 

system can be expected here as well.  

 



 

 

 

 

 

Regular waves without current are fairly straight forward to calibrate and t he error is consequently low. 

The combination of waves and current is more complex, especially the oblique waves. A phase difference 

occurs between waves propagating from the two different wave makers that needs to be corrected. 

Therefore the error between nominal and realized (measured) waves in these cases is larger. An overview 

of all these cases is presented in Table 5-1.  

Steep waves tend to get more nonlinear than relatively long waves. In order to check the nonlinear 

effects, three periods for the 6m regular wave are shown and compared with a regular Airy and Stokes 

5th order wave in Figure 5-3. The longest wave is approximated best by an Airy wave, however, the 

steeper two waves show more nonlinear behaviour and are better modelled by a Stokes wave. 



 

 

 

 

The nominal values of these signals are not of great important: as there is no clear design case yet and 

the goal of this campaign is to understand the response of the system; it is of more importance to know 

the exact wave/current input and to be able to compare that to slightly different cases.  

  



 

 

 



 

 

 

 

Two irregular wave conditions are carried out: SLS and ULS (note that these are not SLS and ULS of the 

Pacific system, but representative cases within the tank capabilities). The wave parameters are shown in 

Table 5-2. The theoretical and realized spectra are shown in Figure 5-4 and Figure 5-5.  

 

 

 



 

 

 

 

A number of observations can be made: 

¶ The SLS condition is a better fit than the ULS 

¶ ULS contains less energy than theoretical: actually Hs 5.62 m instead of 6.5 m. 

¶ Less energy is present in the high frequency range of the ULS spectrum, likely due to wave 

breaking at higher frequencies (steeper waves). 

Wave height measurements were carried out at a number of positions (see Figure 2-7). The spectra for 

the ULS at 225 degrees is shown for the various positions in Figure 5-6. The spectra show significant 

differences over the width of the tank. The significant wave heights of the various positions are listed in 

Table 5-3. 



 

 

 

 

 

A decline in fluid velocity is observed in the SLS cases (see Figure 5-7), likely leading to lower response 

in the system. This was communicated with MARIN, who state that it is a sensor issue and not a physical 

observance from the basin. 



 

 

 

 

 

The centre displacement for all configurations in current without waves is shown in Figure 5-8. 

Unfortunately the results in medium pretension with the original ballast weight were not usable, as the 

targets rotated out of view of the optical measurement device.  

The offset is an important aspect to the working principle of the barrier, as it should concentrate plastic 

to one central point, meaning the plastic has to be able to travel along the barrier. Too much offset 

disables this mechanism. A second option is to retrieve plastic at multiple points along the barrier.  

The mean excursion reduces as pretension increases. However, as the ballast weight was increased in 

the high mooring configuration, the screen is pulled down more in 1 m/s current leading again to a 

higher excursion. The secondary mooring configuration is limited in surge due to the length of the 

secondary mooring lines.   

Limiting offsets can thus be achieved by increasing pretension, by for instance tensioning the system 

between two mooring buoys. The downside of this option is that overtopping and bridging will occur 

more often. A second option is working with a secondary tension wire that is relatively stiff and 

tensioned.   



 

 

 

 

Tensions are measured starboard and portside. The mean tensions for the various configurations are 

shown in Figure 5-9. It should be noted that the pretension configuration has a significant impact on the 

tension of the mooring line.  

 

The transverse load, pointing the current direction, is presented in Figure 5-10. The transverse load in 

the medium and high pretension is equal to that of the low mooring. As the ballast weight was increased 

the high mooring system is more similar to that of the low  mooring. In 0.3 m/s loads for all 
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configurations are equal. In 1.0 m/s the transverse load almost doubles if the ballast weight is increased 

or the connection point fixed at the ballast weight (low mooring). Furthermore, the exposed area of the 

boom to current is larger for higher pretensions, this effect is not visible as an increase in transversal 

load. 

 

 

The unit load (distributed load per meter span) for various configurations in current only is shown in 

Figure 5-11. The unit load is a useful figure as it allows for quick comparison and calculation of design 

loads for a certain length of boom. The unit load is derived by dividing the transversal loads of Figure 

5-10 by the span. The span varies per configuration and can be estimated based on the horizontal 

azimuth of the two connection points and the elongation of the two springs.  

Based on the unit load, an effective drag coefficient can be calculated. This is done with a constant area 

assumption: the projected area remains the same. This is not the case as the screen rotates away from 

the current in the high mooring confi guration. However, the orientation of the screen is unknown. The 

drag coefficient is presented in Figure 5-12.  
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In order to find the linear wave response of the system, a bandpass filter is applied. The low pass 

frequency is 0.3 rad/s and the high pass frequency is 1.5 rad/s. The high pass frequency is taken 

relatively low because of higher order effects occurring at twice the wave frequency. These higher order 

effects are visible in Figure 5-13, where spectral density plots are given of the starboard and port side 
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loads. In this case even more energy is present in the first higher order harmonic than in the wave 

frequent component. Note that this frequency domain plot is mad e of the high mooring low pretension 

configuration in 270 degree (parallel) waves. 

 

In order to st udy the higher order harmonics a second bandpass filter is applied between 1.5 and 3 rad/s. 

 

A top view is given for the high mooring and low pretension mean positions in 0.3 and 1.0 m/s current, 

in Figure 5-14.  



 

 

 

 

 

The surge motion of the barrier is presented in the centre position. This value is highly transi ent/ or low 

frequent: i.e. the motions are dominated by a component that is not linear with the waves. See Figure 

5-15 for an example time trace, with a low pass filtered signal overlapped. Note the irregularities in the 

filtered signal at the beginning and end, which should be ignored. Furthermore, we see a decrease in the 

mean excursion of the system in waves with respect to its initial position. In various wave conditions the 

low frequent behavior is different. F irst a look is taken to the low frequent characteristics, after which 

wave- and high-frequent behavior is studied. 

 

 



 

 

 

Mult iple wave and current conditions for the high mooring low pretension configuration are shown in 

Figure 5-16 and Figure 5-17. An error is present in the 6m 6.5s wave from 225 deg in 0.3 m/s current, 

from approximately 600s. Different configurations for equal wave and current conditions are shown 

Figure 5-19 and Figure 5-21. Note that the initi al position has been set to zero, in order to have an easier 

comparison for different configurations, as the initial position differs. Low frequent motions are 

observed in all cases and correlations are present: 

¶ In 225 and 180 deg waves the centre of the systems moves away from the mean current position 

during the first wave occurrences. The motion builds up to a peak from which a slow decline 

takes place, which seems to be continuing after the test stops.  

¶ The steep increase and slow decrease of the mean position in observed in all mooring 

configurations and pretensions. In 0.3 m/s current the decrease is either slower or likely 

stagnates. In 1.0 m/s the decrease is to approximately to the position the system started the test 

in. In one case (high mooring, med pretension) the decrease is such that the system moves 

further back than the position it started in.  

¶ In 0.3 m/s the transient motion is larger than in 1.0 m/s current, the difference is approximately 

a factor 2. In 1.0 m/s the system is subjected to more tension, leading to a higher resistance to 

bending. In higher pretensions lower transient motions are observed.   

¶ In 270 deg waves no increase is observed. Even more so, the system slowly moves in the current 

direction.  This can be caused by lowering of the effective drag area of the boom, as the screen 

compresses part of a wave cycle.  

¶ Possibly the transient loads cause excitation of a very low frequent natural mode.  

As these tests were carried out with a regular wave, which consists only of a single wave component with 

a frequency and amplitude, no slow difference frequency drift can be present. It is concluded this is 

transient behaviour due to the sudden build -up of waves. It is expected this will not take place in the 

same order in ocean waves, as build -up of waves is much more gradual. However, during engineering 

special attention should be paid towards the build -up of a storm in confused seas, instead of simulating 

merely steady state situations.  



 

 

 

 

 

 

 



 

 

 

  

 



 

 

 

 


































































































































