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a b s t r a c t

Floating booms constitute a fundamental tool for the protection of marine and coastal ecosystems against
accidental oil spills. Their containment performances in exposed areas are often impaired by the action
of waves, currents and winds in a manner which is dependent on the boom’s response as a floating
body, and which is not fully understood at present. In this work the relationship between the design
parameters of a floating boom section and its efficiency against the mode of failure by drainage under a
variety of wave and current combinations is investigated by means of physical modelling. Seven boom
il spill
nvironmental damage
loating boom
hysical model
rainage failure

models with different geometries and buoyancy–weight ratios are tested with an experimental setup
that allows them to heave and rotate freely. The model displacements under waves (both regular and
irregular) and currents, as well as those of the free surface adjacent to the model, are measured with a
Computer Vision system developed ad hoc. Two efficiency parameters are defined—the significant and
minimum effective boom drafts—and applied to the results of an experimental campaign involving 315
laboratory tests. Thus, the manner in which the design parameters influence the boom’s efficiency under

t con
different wave and curren

. Introduction

Oil spills resulting from maritime disasters have the potential to
ause extensive environmental damage to the marine and coastal
cosystems. In spite of the safety enhancement measures recently
mplemented in oil transport by sea and the observed decrease
oth in the number of accidents and volume of oil spilled world-
ide since 1970 [1,2], oil spills still constitute a significant risk. It

s therefore not surprising that oil spill modelling is the subject of
ntensive research efforts (e.g. [3]). In order to reduce this risk it
s important, first, to develop the ability to predict the path of an
il slick under the prevailing wind, wave and current conditions. A
econd issue of importance concerns the in situ response methods
hat may be used to deal with the oil slick on its approaching the
oastline so that its environmental impact is as low as possible [4].
echanical methods, based on the use of floating booms to contain

he oil slick and skimmers to recover the pollutant either from ships
r the shoreline, are the most common countermeasure [5], among
ther reasons owing to a significant advantage over other methods

chemical dispersants, in situ burning, etc.)—the absence of adverse
nvironmental effects. The success of mechanical methods hinges
n the containment efficiency of floating booms. Though usually
ufficient in sheltered waters, such as port basins or estuaries, it
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is often insufficient in open waters under the action of currents,
waves and winds.

Among the various modes of failure of a containment boom,
drainage failure—in which the contaminant escapes underneath
the boom (Fig. 1)—is one of the most important. A crucial concept
in this respect is the effective boom draft, or the draft available at
a given moment considering the displacements of the free surface
in the vicinity of the boom and those of the boom itself under the
action of waves, currents and winds. Drainage failure occurs when
the effective boom draft becomes lower than the oil slick thickness.
The oil slick thickness depends on the characteristics of the partic-
ular oil spill (volume involved, hydrocarbon properties, etc.) and its
evolution as determined by currents, winds, and waves (e.g. [6]). For
this reason, unless focusing on a particular point in space and time
during a particular oil spill, the oil slick thickness must be regarded
as an unknown. Fortunately the other aspect of the problem (the
effective boom draft) can be analysed in more general terms—and
therein lies the motivation of this work.

The effective boom draft is a function of the geometry of the
boom section and its motion, itself dependent on the hydrodynamic
agents and the boom characteristics (geometry, buoyancy/weight
ratio, etc.) In spite of the importance of boom motions, many previ-

ous works investigated drainage failure by means of fixed models,
in most cases with highly simplified geometries (typically a ver-
tical plate) and considering only the action of currents [7–10]. In
these works, the boom draft was constant—undoubtedly a great
simplification, though not a very realistic one. The draft reduction

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:alberte.castro@usc.es
dx.doi.org/10.1016/j.jhazmat.2009.09.040
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Fig. 1. Schematic of the mode of failure by drainage.
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ig. 2. Schematic of the reference boom module in prototype dimensions. The skirt
ength (L) may be 0.8 m or 1.2 m, depending on the model (see Table 1).

ue to boom motions caused by wave action was investigated in a
ew works by means of numerical models based on the potential-
ow assumption [11–13], generally taking into account the vertical
isplacement of the boom relative to the free surface, and also by
eans of laboratory experiments [13].
In this work the efficiency of seven boom section designs in rela-

ion to the mode of failure by drainage is investigated by means
f realistic physical models that move vertically and rotate freely
nder the action of both waves and currents. For the reasons
utlined above, allowing for these motions is crucial to a good
ssessment of the boom’s performance. The motions are measured
ith a Computer Vision system based on the analysis of digital

mages. This system, designed ad hoc for this research [14], not
nly records the displacements of the floating model throughout
ach test, but also those of the free surface in its vicinity, which
re necessary to determine the effective boom draft. The perfor-
ance of the seven model booms is characterised by means of

fficiency parameters based on the evolution of the effective boom
raft during each test. These parameters, applied to an experimen-
al campaign comprising, in total, 315 laboratory tests, enable to
ompare the performance of the different boom designs under var-
ous wave and current conditions and to analyse the influence of
ach design parameter on the boom’s performance.

. Materials and methods

.1. Physical models
Seven physical models with different design sections were built
t a 1:10 scale. The models represent a floating boom module with
length of 6.4 m, a buoyancy cylinder with a diameter of 0.80 m,

nd a vertical skirt with two possible heights: 0.80 m (models M1 to
4) and 1.20 m (models M5 to M7) (Fig. 2). The buoyancy cylinder

able 1
arameters of the seven boom section designs (prototype values).

Boom parameter M1 M2 M3

Cylinder diameter (m) 0.80 0.80 0.80
Skirt height (m) 0.80 0.80 0.80
Initial freeboard (m) 0.70 0.68 0.64
Initial draft (m) 0.90 0.92 0.96
Weight without ballast (N/m) 329.7 329.7 329.7
Ballast (N/m) 0.0 96.0 306.5
Total weight (N/m) 329.7 425.7 636.2
Desired B/W ratio 20 15 10
Actual B/W ratio 19.27 14.95 10.06
Centre of gravity (m) 0.67 0.86 1.09
Moment of inertia (Kg m) 6.9 14.2 35.3
Materials 174 (2010) 226–235 227

was made of polystyrene and the vertical skirt was a PVC sheet.
To achieve different values of the buoyancy–weight ratio (B/W),
ballast was added in the form of stainless steel sheets attached to
the bottom of the skirt—with the exception of the model M1, which
had the largest B/W ratio. The ballast weight added to the remaining
models was calculated so as to obtain three pairs of models with
B/W ratios close to 15 (models M2 and M5), 10 (models M3 and
M6) and 5 (models M4 and M7) respectively, each pair consisting
of a short skirt and a long skirt model. In this manner the seven
models present a range of variation both in initial draft (D0) and B/W
values which allows to analyse the influence of both parameters on
the boom’s performance. The main characteristics of the physical
models are presented in Table 1.

2.2. Experimental setup

The physical tests were carried out in the wave and current
flume of the University of Santiago de Compostela. The wave flume
is 20 m long and 0.65 m wide with a maximum water depth of 0.8 m.
Waves are generated by means of a piston-type paddle equipped
with a system for absorbing reflected waves. At the opposite end
of the flume, a wave-absorbing artificial beach with a slope ratio
of 1:15 was used in order to minimise the effects on the model
of the waves reflected at the end of the flume. The flume is also
equipped with a reversible pumping system for current generation.
The physical tests were performed with a water depth of 0.55 m.
The physical model was placed at a distance of 10.3 m from the
wave paddle (mid-position) and moored by means of four lines,
2.3 m in length, as shown in Fig. 3. Water surface elevation was
measured by means of conventional wave gauges at five differ-
ent stations along the longitudinal axis of the flume. A group of
three sensors (WG1, WG2 and WG3) was used to separate the inci-
dent and reflected waves by means of the method of Baquerizo
[15]. They were placed between the wave paddle and the physical
model at x1 = 8.0 m, x2 = 8.8 m and x3 = 9.1 m respectively. The next
wave gauge (WG4) was located 25 cm in front of the physical model
(x4 = 10.05 m), while the last wave gauge (WG5) was placed 25 cm
behind the physical model (x5 = 10.55 m) (Fig. 4).

2.3. Wave and current conditions

A total of 315 tests were conducted for as many combinations of
waves and currents, using both regular and irregular waves. Three
current velocities were used, 0 m/s, 0.257 m/s and 0.514 m/s (pro-
totype values). In the regular wave tests wave heights were 0.25 m,
0.5 m and 1.0 m, and wave periods, 4 s, 6 s and 8 s; in the irregular
wave tests the JONSWAP spectrum [16] was used, with four values

of significant wave height (0.25 m, 0.5 m, 1.0 m and 1.25 m) and four
values of the peak period (4 s, 6 s, 8 s and 10 s) (prototype values).
Waves and currents were scaled according to the Froude model
law, for the inertial forces are balanced primarily by the gravity
forces—as is the case in most flows with a free surface [17]. With

M4 M5 M6 M7

0.80 0.80 0.80 0.80
0.80 1.20 1.20 1.20
0.56 0.68 0.64 0.58
1.04 1.32 1.36 1.42

329.7 376.2 376.2 376.2
986.1 23.2 232.2 839.0

1315.8 397.8 608.4 1215.2
5 15 10 5
4.95 15.01 9.89 5.03
1.28 0.89 1.25 1.57

94.2 17.3 54.5 150.0
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Fig. 3. Mooring arrangement in the laboratory flume.

length scale ratio Nl = 10, the time and velocity scale ratios are
t = Nv =

√
10.
.4. Computer Vision system

A new Computer Vision system based on the analysis of digi-
al images was developed ad hoc for measuring the model boom

Fig. 4. Experimental setup showing the position of the model, wave gauges, wave
Fig. 5. Video frame after processing by the Computer Vision system. The model
boom is at the centre, and the wave gauges WG4 and WG5 are on both sides. The
numbers indicate the frame number (centre), the vertical coordinate of the float axis
in mm (right, above) and the roll angle in degrees (right, below).

motions in a nonintrusive manner [14]. The system also provides
the free surface elevation adjacent to the model boom—which
is essential to determining the effective boom draft, itself a
fundamental parameter for characterising boom behaviour. The
Computer Vision system uses a set of processing algorithms to
extract information from images recorded with a digital video
camera. The camera is mounted on a tripod at a distance of 2 m
from the flume sidewall, focusing the model section with its objec-
tive at the level of the quiescent water depth; it records a video
sequence of the model section, which is subsequently processed
by the Computer Vision system in order to determine the motions
of the physical model and the free surface position. The former is
obtained with the help of two identification marks (red squares)

glued to the lateral of the buoyancy cylinder at symmetrical posi-
tions with respect to the vertical axis of the stationary model (in
quiescent water) (Fig. 5). The system detects the marks in the image
and draws a green line between their centres. By tracking this line,

generator, wave dissipation ramp, and video camera (distances in meters).
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Fig. 6. Schematic of the model boom section at rest (a) and in mo

he system obtains the evolution of the boom’s roll angle. Similarly,
ollowing the midpoint of the line—which coincides with the cylin-
er axis—the system obtains the model’s vertical displacement. In
rder to detect the free surface position, a highly reflective green
lm was glued from the interior of the flume onto the opposite

ateral wall. This film provided a back-lighting source for the water
olumn, producing a high contrast between air and water in the dig-
tal images; the Computer Vision system detects the line separating
he areas with different colours, i.e. the free surface.

.5. Boom efficiency parameters

The concept of effective draft (De) was used to characterise the
fficiency of the floating boom models due to its relationship with
he drainage failure. The instantaneous values of this parameter
De.i) in the course of each test were obtained from the data pro-
ided by the Computer Vision system by means of the following
xpression:

e.i = (D0 + d0)cos �i − di, (1)

here D0 is the initial boom draft, d0 is the vertical distance
etween the centre of the cylindrical float (P1) and the free sur-
ace position (P2) at rest (Fig. 6a), �i is the instantaneous roll angle
f the model and di is the instantaneous vertical distance between
he axis of the buoyancy cylinder (P1) and the free surface (P4)
Fig. 6b). Fig. 7 presents the evolution of the effective draft during
ne of the irregular wave tests. Once the instantaneous values of
ffective draft have been determined, two characteristic values are
alculated: the significant effective draft (De.s) and minimum effec-

ive draft (De.m). These values allow to compare the efficiency of
he different models under different wave and current conditions.
he significant effective draft was calculated as the average of the
ne-third lowest local minima of the instantaneous effective draft

ig. 7. Evolution of the effective boom draft during an irregular wave test of the M2
odel. Test data: Hs = 1 m; Tp = 6 s; Vc = 0 m/s [Only the first part of the test is shown

or clarity].
). D0 , initial draft; De.i , instantaneous effective draft; �i , roll angle.

values and was given by

De.s = 1
1/3

1/3∑

j=1

Dmin
e.j , (2)

where Dmin
e.j

are the local minima selected in ascending order and I
is the total number of local minima. The significant effective draft
provides a quantitative overall assessment of the boom behaviour
during a given test in relation to drainage failure.

The minimum effective draft was given by

De.m = min(De.i), i = 1 . . . I. (3)

This value represents the least favourable situation in terms of
effective draft (and hence of drainage failure) that occurred in the
course of a given test.

3. Results and discussion

The experimental results of significant and minimum effective
draft obtained from the tests will be analysed separately for regular
and irregular wave conditions. First, the general trends observed in
the behaviour of the physical models as a function of the hydro-
dynamic conditions (current velocity, wave height and period) are
commented. Next, the behaviour of the different models as a func-
tion of their respective design parameters (buoyancy–weight ratio
and initial draft) is compared.

3.1. Regular waves

The results in terms of significant effective draft correspond-
ing to the model M1 for the three values of current velocity tested
(Fig. 8) show that this parameter decreases with increasing wave
height or current velocity. Furthermore, the influence of wave
height diminishes as the current velocity increases. Finally, the
influence of the wave period is secondary. These general trends
have been observed for all the physical models. With the objec-
tive of comparing the behaviour of the different models, the results
obtained for all models with a wave period of 6 s are presented
in Fig. 9. The values of the significant effective draft (De.s) are
shown alongside those of the dimensionless significant effective
draft (De.s/D0). In the absence of current (Fig. 9a) the significant
effective drafts of the long skirt models (M5, M6 and M7) are signif-
icantly larger than those of the short skirt models (M1, M2, M3 and

M4) irrespective of the B/W ratio. On the other hand, considering
separately each group of models, it is readily observed that the sig-
nificant effective draft diminishes as the B/W ratio increases. When
the model booms are subjected to both waves and a current (Fig. 9b
and c) the significant effective draft diminishes as the current veloc-
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Fig. 8. Significant effective draft vs. wave height for three current velocities. Regular wave tests with the M1 model. [Initial draft (- - -); T = 4 s (�); T = 6 s (©); T = 8 s (�)].

Fig. 9. Significant effective draft (left) and dimensionless significant effective draft (right) vs. wave height for three current velocities. Regular wave tests with T = 6 s. [Short
skirt booms (––): M1 (�), M2 (©), M3 (�), M4 (�). Long skirt booms (- - -): M5 (©), M6 (�), M7 (�)].
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Fig. 10. Significant effective draft (a and b) and dimensionless significant effective draft (c and d) vs. current velocity for model booms with different B/W ratios, in the
absence of waves. Above (a and c), short skirt models (––): M1 (�), M2 (©), M3 (�), M4 (�). Below (b and d), long skirt models (- - -): M5 (©), M6 (�), M7 (�).

Fig. 11. Minimum effective draft vs. wave height for three current velocities. Regular wave tests with the M1 model. [Initial draft (- - -); T = 4 s (�); T = 6 s (©); T = 8 s (�)].
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long skirt boom are larger than those corresponding to the corre-
ig. 12. Minimum effective draft (left) and dimensionless minimum effective draft
kirt booms (––): M1 (�), M2 (©), M3 (�), M4 (�). Long skirt booms (- - -): M5 (©)

ty increases. A further point of importance is the influence of the
nitial draft, i.e. of the skirt length. The effect of the current is more
ronounced on the long skirt models (M5, M6 and M7) than on the
hort skirt models (M1, M2, M3 and M4), i.e. the former experience
greater reduction of effective draft as the current velocity is aug-

ented. In the case of the models with a B/W ratio of 15, this effect

s so pronounced that, for the strongest current (0.51 m/s), one of
he long skirt models (M5) has a smaller significant effective draft
han its short skirt counterpart (M2) (Fig. 9c).

ig. 13. Significant effective draft vs. significant wave height. Irregular wave tests
ith the M2 model. [Initial draft (- - -); Tp = 6 s (�); Tp = 8 s (©); Tp = 10 s (�)].
) vs. wave height for three current velocities. Regular wave tests with T = 6 s. [Short
), M7 (�)].

The dimensionless significant effective draft is very informative
as to the performances of the various boom designs. Beginning with
the no current case, Fig. 9d shows that, for a given B/W ratio, the
values of dimensionless significant effective draft obtained for the
sponding short skirt boom. However, in the cases with both waves
and current (Fig. 9e and f) the long skirt models present smaller
values of the dimensionless significant effective draft—the current

Fig. 14. Significant effective draft vs. significant wave height. Irregular waves with a
current, M2 model. [Initial draft (- - -). Current velocities: Vc = 0 m/s (�); Vc = 0.26 m/s
(©); Vc = 0.51 m/s (�). Wave conditions: (Hs = 0.25 m, Tp = 4 s); (Hs = 0.5 m, Tp = 6 s);
(Hs = 1.0 m, Tp = 8 s); (Hs = 1.25 m, Tp = 10 s)].
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fact that, for a given roll angle, the models with low B/W ratios
experience larger righting moments than those with higher B/W
ig. 15. Significant effective draft (left) and dimensionless significant effective dra
Short skirt models (––): M1 (�), M2 (©), M3 (�), M4 (�). Long skirt models (- - -
Hs = 1.0 m, Tp = 8 s); (Hs = 1.25 m, Tp = 10 s)].

enerates a dynamic pressure on the skirt which causes the boom to
oll, bringing about a draft reduction. For the same current velocity
nd B/W ratio, this effect is more marked with the long skirt boom.
aturally it increases as the current velocity, the B/W ratio, or both

ise. The corollary is that increasing the skirt length does not nec-
ssarily result in a larger effective draft under current and waves,
.e. in a more effective boom design as regards the mode of failure

y drainage.

The sensitivity to the current of model booms with different B/W
atios is compared in Fig. 10. It may be seen that, for a given current
elocity, the models with a low B/W ratio (hereafter referred to

ig. 16. Minimum effective draft vs. significant wave height. Irregular wave tests
ith the M2 model. [Initial draft (- - -); Tp = 6 s (�); Tp = 8 s (©); Tp = 10 s (�)].
ht) vs. significant wave height for three current velocities under irregular waves.
(©), M6 (�), M7 (�). Wave conditions: (Hs = 0.25 m, Tp = 4 s); (Hs = 0.5 m, Tp = 6 s);

for brevity as heavy models) experience, ceteris paribus, a lower
reduction in either effective draft or dimensionless effective draft
than their counterparts with higher B/W ratios (lighter models).
At the limit, model booms with B/W = 5 (the smallest value used
in the study) are hardly affected by the current. This is due to the
ratios; and conversely, the righting moment necessary to balance
the overturning moment caused by a given current velocity acting

Fig. 17. Minimum effective draft vs. significant wave height. Irregular waves with a
current, M2 model. [Initial draft (- - -). Current velocities: Vc = 0 m/s (�); Vc = 0.26 m/s
(©); Vc = 0.51 m/s (�). Wave conditions: (Hs = 0.25 m, Tp = 4 s); (Hs = 0.5 m, Tp = 6 s);
(Hs = 1.0 m, Tp = 8 s); (Hs = 1.25 m, Tp = 10 s)].
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ig. 18. Minimum effective draft (left) and dimensionless minimum effective draft (
kirt booms (––): M1 (�), M2 (©), M3 (�), M4 (�). Long skirt booms (- - -): M5 (©)
p = 8 s); (Hs = 1.25 m, Tp = 10 s)].

n the boom is achieved with a smaller roll angle by the former. In
ther words, a given current velocity induces less roll, and hence
smaller draft reduction, in the models with a low B/W ratio than

n their counterparts with higher B/W ratios, all other things being
qual (in particular, skirt length). This is apparent in Fig. 10.

The results in terms of minimum effective draft for the M1 model
Fig. 11) show the same trends observed for the significant effective
raft: the minimum effective draft diminishes as wave height, cur-
ent velocity, or both rise; the influence of wave height decreases
s the current velocity increases; and the influence of the wave
eriod is secondary. Again these trends have been observed for all
he physical models. In Fig. 12 the results in terms of minimum
ffective draft (De.m) and dimensionless minimum effective draft
De.m/D0) obtained for all models with a wave period of 6 s are pre-
ented. It may be observed that the minimum effective draft follows
imilar trends to those of the significant effective draft.

.2. Irregular waves

The results of the M2 model in terms of significant effective
raft without and with a current are showed in Figs. 13 and 14,
espectively. In the absence of a current the significant effective
raft diminishes as the significant wave height increases; the influ-
nce of the peak period is secondary. In the presence of a current

Fig. 14), the significant effective draft decreases as the current
elocity increases, and its value is overall less sensitive to the sig-
ificant wave height. These trends have been observed with the
even model booms tested (Fig. 15). Comparing these results with
hose of the regular wave tests (Fig. 9) it is apparent that the influ-
vs. significant wave height for three current velocities under irregular waves. [Short
�), M7 (�). Wave conditions: (Hs = 0.25 m, Tp = 4 s); (Hs = 0.5 m, Tp = 6 s); (Hs = 1.0 m,

ence of the B/W ratio and skirt length (i.e. initial draft) on the
boom performances is similar under regular and irregular waves.
The results of the M2 model in terms of minimum effective draft
without and with a current are presented in Figs. 15 and 16, respec-
tively. In the absence of a current, the influence of the significant
wave height and the peak period follows the same lines observed
for the significant effective draft (Fig. 13). In contrast, the effect of
the current velocity (Fig. 17) depends on the significant wave height
considered. For significant wave heights under 1 m, the minimum
effective draft diminishes as the current velocity rises (as did the
significant effective draft, Fig. 14). On the other hand, for significant
wave heights above 1 m, the influence of the current velocity on the
minimum effective draft is all but negligible.

The performances of the seven model booms are compared in
Fig. 18 in terms of minimum effective draft and dimensionless
minimum effective draft. It can be observed that, for Hs ≤ 1 m, the
variation of these parameters depends on the B/W ratio and the
initial draft in much the same manner as did the significant effec-
tive draft. Notwithstanding, under the highest waves (Hs = 1.25 m),
especially if acting alongside a current, the minimum effective draft
becomes so small that the influence of either the B/W ratio or the
initial draft vanishes.

4. Conclusions
Floating booms constitute a fundamental tool for the protection
of marine and coastal ecosystems against accidental oil spills. Their
containment efficiency in open water can be significantly impaired
under currents, winds and waves. In spite of the great practical
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mportance of floating booms, our understanding of their response
n the face of these hydrodynamic agents is still incomplete. In
his work the performances of floating booms against the mode
f failure by drainage under currents and waves (both regular and
rregular) were investigated by means of physical modelling. Seven
oom models with different geometries and buoyancy–weight
atios were tested under a large number of combinations of cur-
ent velocity, wave height and period. In total, 315 laboratory tests
ere conducted.

Drainage failure is directly related to the concept of effective
oom draft, itself a function of the displacements of the model and
he free surface adjacent to it. Based on this concept, two statis-
ical parameters were defined to assess the performances of the
ifferent boom designs: the significant effective draft and the min-

mum effective draft. Their values were computed for each test on
he basis of the displacements of the model and the free surface
n its vicinity, measured by means of a Computer Vision system
eveloped ad hoc for this work.

As regards the hydrodynamic conditions, the higher the wave
eight or the current velocity, the smaller the significant and mini-
um effective drafts. The influence of the wave period was found to

e secondary. The extent to which wave height and current velocity
ffect the boom’s performances is intimately related to its design
arameters, in particular its buyancy-weight (B/W) ratio and ini-
ial draft. For similar initial drafts, booms with high B/W values
ere found to be more sensitive to the hydrodynamic conditions

whether waves or currents) than those with low B/W values. In
ther words, for a given initial draft, a high B/W ratio results in less
fficient designs.

As for the influence of the initial draft on the boom’s efficiency,
t is necessary to differentiate between two situations: a boom sub-
ected only to wave action, or to both waves and currents. In the
rst case, the larger the initial draft, the better the containment per-

ormance. To analyse the second case, slightly more complex, the
oncept of dimensionless effective boom draft, or the ratio of the
ffective draft to the initial draft, was introduced. It was found that,
or a given B/W value, boom sections with a long skirt experience
larger reduction of the dimensionless effective boom draft under
aves and current than their short skirt counterparts. Furthermore,

his effect becomes more pronounced as the current velocity, the
/W ratio, or both increase. The implication is that boom section

esigns with a larger initial draft can be, under certain conditions,

ess efficient against drainage than designs with a smaller initial
raft. Owing to this somewhat counterintuitive fact, when a floating
oom is to be deployed in an area where both waves and currents
re present, the decision as to the most appropriate boom sec-

[

[

[
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tion design should be taken on the basis of physical model results
(allowing for the model displacements as a floating body) or similar
quantitative data, and considering the wave and current conditions
expected.
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