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ABSTRACT

Two steel spar buoys were constructed and moor6@ and 100 m deep of water in the Aegean Sea
to support recreational fisheries. The first FAD swdeployed at coordinates 38°01°48°'N
26°58'02"E and at a distance of 3 nautical mitemfthe shoreline. The other FAD was moored at
1.1 nautical miles from the shoreline at coordisa®8°03'11"N; 26°59°01”E. An anchor
(1.2x1.2x0.8 m3) weighing approximate 2.76 meto, tmade of reinforced concrete, was used to
hold a FAD weighing approximate 1.5 metric ton. ddeare and connections of FADs, ropes,
mooring calculation and anchor design were made. ifiteraction between the forces of wave and
current and FADs in those waters was investigatedthe experiment, all forces (drag force,
buoyancy force etc.) acting on FADs were calculateds proposed that the construction of the
FADs should take the following design criteria ictsideration: wave and current, forces related to
the FADs, deployment depth, mooring hardware ampesoThis knowledge provides an important
reference for stakeholders performing projects rgntb increase the performance and service life
FADs.

Resumo

Duas boéias de aco spar foram construidas e ancoead®0 e 100 m de profundidade nas aguas do
Mar Egeu para dar apoio a pesca recreativa. O pankAD foi implantado nas coordenadas
38°01'48"N 26°58'02"E, a uma distancia de 3 mil@uticas da costa. O outro ficou ancorado a 1,1
milha nautica da costa nas coordenadas 38°03'126R§9'01"E. Uma ancora (1.2x1.2x0.8 m3),
pesando aproximadamente 2,76 toneladas, feitardeato armado, foi usada para prender um FAD
de peso aproximado de 1,5 toneladas. Foram rea$izzlculos para determinagéo das conexdes dos
FADs, dos cabos e da ancoragem. A interagéo esifiar@gas de ondas e correntes com os FADs foi
também investigada. No experimento, todas as foffpasa de arrasto, forca de empuxo, etc)
atuantes sobre os FADs foram calculadas. E progpstgara a construcdo dos FADs deverdo ser
levados em consideracéo os seguintes fatores: @ndasentes, forgas relacionadas com os FADs,
profundidade de implantagdo, sistema computacidoal moorings e cordas de amarragdo. Esse
conhecimento proporcionara referéncia important& s interessados em realizar projetos que
visem aumentar o desempenho e a vida Util dos FADs.

Descriptors: Fish aggregating system, FADs, Waveeatiand effects, Aegean Sea.
Descritores: Sistema de concentracdo de peixeBsHAfeito das correntes e ondas, Mar Egeu.

INTRODUCTION Guidelines for the Management of Artificial Reefs in

the Great Barrier Reef Marine Park (prepared by the
Australian Great Barrier Reef Marine Park Authority,

An  artificial reef has recently been Australia, 2009). Of these, floating structures are
identified as &ny structure that people build or "@med Floating Artificial Reefs (FARs) or Fish
place on the seafloor, in the water column or flogti Adgregation/Attraction Devices (FADs). FADs are
on the sea surface for the purpose of either cnepéi objects suspended in the water column or floating o
new attraction for scuba divers or to concentrate ofn® Surface to aftract pelagic or semi-pelagicefish

attract plants or animals for the purpose of figiby ~ (RELINI et al., 1995). These systems are capable of
aggregating a large number of schools of migratory

(*) Paper presented at thd €ARAH - International Conference on fish (DEMPSTER, 2005; RELINI et al., 1995;
Artificial Reefs and Related Aquatic Habitats ol 3-November, ANDALORO et al 2007) FADs have. therefore
Curitiba, PR, Brazil. - ’ . ! "

been used by fishermen to increase catches with
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minimal fishing effort (KOJIMA, 1956; MORALES- MATERIAL AND M ETHODS
NIN et al., 2000). Although FADs have for many
years been defined basically as objects placethen t Study Site

seas to aggregate fish for capture, according ¢o th .
literature the first commercial FADs were moored in ThT Fﬁ‘DS v]\c/feLe deplo&/ed Z“ a (kj]|stafnce of1.1
the seas off the Philippines at the beginning @ th'© 3 nautical miles offshore and at depths of 5000
1970s (KIHARA, 1981; DEMPSTER; TAQUET, mgters, respectively, in waters of the Gulf ofsdasi
2004). Even though fishermen have been using FAD(E'g' 1. The site had b d . |
for some centuries in various parts of the world, . . e site had been used as an experimenta
researchers have only started to investigate thetmei  @/tificial reef area since 1998. Two steel sparysuo
last 50 years (RELINI et al., 1995) (FAD units) were moored there in 2008 to assist the
It was against this background that theR/V EGESUF (26.8 m length, ~500 HP engine).

experimental use of anchored FADs was planned in
the Aegean Sea. Two steel surface spar buoys were
designed and constructed to aggregate fish. thisr

study, we designed a FAD system capable of A FAD consists of two main parts: the buoy
remaining stable in the face of wave, current ainmtiw and the pedestal (Fig. 2). The spar buoys (theboby

forces. We used wave data from OZHAN: ABDALLA the FADs) have three separate float-tanks to pteven

(2002) obtained at the station off §adasi, Aegean sinking. All the components of the FADs were made
- of steel protected by anti-corrosive paint. The erpp
Sea. Current data were obtained from a current meter .
t%art of the mast and spar buoy was painted yelow t

deployed at 50 m water depth. We used wind da - T L
from the nearest point to the FADs position, of th ensure high visibility for shipping. The bottomlxbib
uoy and the lower part of the mast were painteé.bl

Turkish State Meteorological Service of the REpUbll%athodic protection using galvanized steel was agpli

of Turkey’s Ministry of the Environment and Forgstr
The main goal of the study was to design a staBle F to the underv_vater parts of the buoy .(FAD) to préven
electro-chemical corrosion. Two horizontal lids wer

system with respect to mteractlon.s between all thgonstructed on the body of the spar buoy to alloev t
forces (wave force, current force, wind force, Jedmd

the floating reef body. Then the hardware an&)erlodlc maintenance of. the inner pqrts. An indine
. . -~ upper surface was designed to drain water off the
connections of the FADs, ropes, mooring calculation ;
. buoys. Pad-eyes were fitted to the upper and lower
and anchor design were prepared. As well as the . o
. . ; arts of the buoys for the mooring of fishing vésse
aspects of the engineering design, the shape ¢f eac
. and as attractors. Four rectangular steel panete we
spar buoy was also designed to attract surface
. ) . Welded onto the lower part of the mast of the FADs
migratory fish by changing the pattern of the cotre

around the floating reef body. create vortices and change the current pattern.

Spar Buoys

Mediterranean

Seg

Fig. 1. Study site.
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No Components Weight (t)

1 Outer buoy wall 0.277

2 Top plate 0.156

3 Buoy base plate 0.156

4 Compartment walls 0.120

5  Mast 0.316

6  Body pipe 0.056

7  Gusset 0.077

8  Attractor Plates 0.160

9  Pad-eye 0.026

10 Lid 0.084

11 Lid base 0.018

12 Mooring Pad-eye 0.017

13 Information plate 0.009

Total 1.472

Fig. 2. lllustration of FAD.
Mooring Wave Data and Calculation of Water Particle Velpcit
Mooring hardware and connections consisted To enable us to design a stable FAD in the

of buoyant and sinking ropes, a chain, connection§ace of the wave force, wave data were obtaineah fro
and an anchor (Table 1). The spar buoy was corshectthe "Atlas of Wind and Deepwater Wave Climate of
to an anchor by a combination of chain, sinkingerop the Turkish Coast” (OZHAN; ABDALLA, 2002).
buoyant rope and hardware (shackle, swivel, rop®ind data and, hence, wave conditions were provided
connector etc.) connections. The anchor, made &y the synoptic weather charts of OZHAN;
reinforced concrete, weighed approximately 2.76ABDALLA (2002). The approach to wave forecasting
metric tons. The sinking rope (@32, lead cords based on the 10-year-results of wave obsenation
polypropylene rope) was used following the chairDeepwater-significant wave heightBlgj for various
rope so as not to interfere with shipping. Thedttind periods of recurrence (1, 10, 25 and 50 years @srsh
fourth parts of the rope combination were of budyanin Table 2) are presented in the atlas. In theysthd
rope (polypropylene) (@32) and chain, respectively5-year recurrence period was used.
(Fig. 3). The length of the whole rope was 20% tgea The horizontal velocity of the water particles
than the installation depth to reduce the liftirfie@  (Uwav) towards the underwater section of the spar
of the rope on the anchor. Further, the ratio okisiy  buoys was calculated using Eq. (1) based on tleadin
rope to buoyant rope was 30/70. wave theory (wherd is the wave numberg a wave
angular frequencyz the depth at which the particle
Table 1. Combination of chain and ropes in moosygtem.  velocity is calculatedh the water depthH the wave
height andT the wave period). In this equatiogijs a
wave angular frequency that is equal @T2(DEAN;

Componentsof maoring system FADSOm FADA00m DALRYMPLE, 2000; SORENSEN, 2006).
length (m) __length (m)
Upper chain (double layer) 5.6 5.6
Sinking rope (lead-core polypropylene) 14.0 29.2
Buoyant rope (Polypropylene) 436 88.3 [ _}
Bottom chain 122 122 U= e COS]_] k h+‘ COS(/(X—O')
- - T sinh k&

@)
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12
13

. Minimum
Components | Description | Size | Weight Material Breaking Strengt
() (kg)
Hot-dip galvanised
1 Shackle 112 | 7590 low-carbon steel 17000
(Hdg-Ics)
2 @ Shackle 11/8 3310 Hdg-lcs 9500
3| R Shackle | 58 | 630 Hdg-lcs 3500
4 Long-link | 14  |4500 gr/m| Hdg-Ics 5300
O chain
51 Shackle | 558 | 630 Hdg-lcs 3500
6 @ Shackle 11/8 3310 Hdg-lcs 9500
7 Swivel 7/8 2610 Hdg-lcs 6500
8 @ Shackle 1172 7590 Hdg-lcs 17000
9 @ Rope 32 1590 Hdg-lcs .
connector
Sinking rope :
r/m -
10 3 strand 32 | 900 gr/ Poly-propilen 16700
twisted with lead seed
7 Buoyant rope
1 ? O | 32 | 450grim|  Poly-propilen 16700
% twisted
12 @ Rope 32 1590 Hdg-lcs s
connector
13 @ Shackle 11/8 3310 Hdg-lcs 9500
14 Swivel 718 2610 Hdg-lcs 6500
15 @ Shackle 11/8 3310 Hdg-lcs 9500
16 @ Shackle 7/18 1720 Hdg-lcs 6500
A .
17 r|'l Long-link | 20 (8120 gr/m)| Hdg-lcs 12500
Ll] chain
18 @ Shackle 718 1720 Hdg-lcs 6500
19 @ Connection | 16/8 [ 1690 Hdg-lcs 11200
Rings (25mm)
20 ﬁ Anchor - 2760 Concrete Block -

Fig. 3. FAD system mooring arrangement and compisnen
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Table 2.Wave data of recurrence periods of 1, 10, 25, &d 5 F
C

years for Kgadasi (OZHAN; ABDALLA, 2002). =iy 3)
Station Kusadasi ResuLts
Period of year Hy(m) To(sec)
Study Site and Application
1 1.50 4.88
10 6.30 10.00 The site selection criteria to deploy FADs can be
summarized in six categories:
&5 7.580 1031 (1) Feasible sea bottom structure for the deployragn
50 8.10 11.34 FADs; o
— SEEW (2) This site had been used as an artificial reed for
the last decade;
(3) The project was supported by the local
municipality;
(4) Fishing activity and maritime traffic at a Idewel;
Current Data (5) Logistic opportunity;

(6) Researchers had experience of the reef site.
A current meter (Acoustic Doppler Current
Profiler, 600 kHz) was deployed at 50 m water depth In view of the above circumstances, two spar
to measure current velocitU(iren) @nd direction. The buoys were transported by R/V EGESUF and moored
maximum current velocity was used for bothat two different water depths. The coordinateshete
installation depths. A stainless steel cage wasd tse depths were recorded by GPS before deployment. The
hold and protect the current meter. spar buoys were lifted and deployed by a winch with

maximum capacitgf around 8 metric tons.
Wind Data

Current Measurement
Wind speed measurement data were
obtained from the observation station nearest & th During the observation periods (30 days in
study site. The maximum wind speed.f was spring and 60 days in summer), the maximum and the
observed as 107.3 km/h (01.31.2003), accordingeo t minimum current velocity were recorded as 1259
observation results of the Turkish Nationalmm/s and 1 m/s, respectivelpetween the 0-4 m
Meteorological Service. depths ranges. The average current speed forgthsle

from the surface to 48 m water depth is shown in
Calculation of Combined ForcesdjF Figure 4.

The body of the FAD is subject to wave, Calculation of Force and Stability Analysis

current and wind forces. The same direction was

assumed for all these forces to estimate their tota The drag force and vertical forces (weight of
resulting impact on the FAD's body. Those forces arFADs and anchoMViap and Wnenos buoyancy force
defined by Eq. (2) wherEp is the drag forceCp the  of FADs and anchorEg, andFg,, vertical net force;
drag coefficientyscawaethe density of sea water (@  N) acting on the spar buoy were estimated. To
the density of air)u the water particle velocity (or calculate the forces of wind, waves and currentsg d
Ucurrent the current velocity andy;, the wind speed), coefficients Cp), dimensions of spar buoys, and

andA, the projected cross-sectional area. horizontal velocities Uy: 29.80 M/S,Uyae 2.36 m/s,
Ucurrent 1.26 m/s) were obtained (Table 3). Wind forces
e Q( gwatcruz) A were calculated for the upper parts of the FAD.
v 2 K Components of wind force, wave force and current

@

force were calculated as given in Table 3 and Eigur
According to stability analysis the magnitude oé th
combined forces is lower than the resisting foiidee
weight of the anchoM;ncho) Was 2.76 t, although its
design weight Wesign ancndr Was 2.63 t. The friction
force Fr) was higher than the mobilizing forces,
according to the results of static analysis.

In the stability analysis;c must be equal to
Fr (friction force) for the equilibrium to be thatshin
in Eq. (3).



18

BRAZILIAN JOURNAOF OCEANOGRAPHY, 59(special issue CARAH), 2011

FD (wind)
F.
c
Fo uave
FD (current) FC=FF=}1N
1

Fe=t(WnchorFez)
Fe=1(mg-V,chor-Y)

m=268.6 kg
w, =2635t

designanchor < Wonchor

lesignanchor

Fo,/

n=0.5

nchor,”

Fig. 4. Current data obtained from current meter.

Table 3. Approximat€p values, dimensions and horizontal forces for upperlower parts of a spar buoy.

Surface LD bh A(m) C, _Windforce Wave force Currentforce
R N /R (N KR (N
Upper parts
1 2/0.32 064 074 2073
2 0.67/2.25 150 056 398.0
Lower parts
3 0.33/2.25 0.74 0.64 1180.3 327.2
4 3/0.32 096 0.82 2010.9 423.6
B 0.4/1 0.4x2 118 2150.7 471.8
Combined force (F;):7159.8 N (~0.73 t)
—F, D (wind)
—F, D (wave) FC

WFAD T D FD (current) FC=FF=].LN

F= W, nnomFez)

Fe=p(mg-V,nenorv)

----------------- 0 :73=0.5[m9.81-(1.152)(1.02)]
m=268.6 kg
““ Wdesignanchor= 2,635t
“l‘ designanchor< Wanchor
| IF alz,"'
* Wanch:;," p=0.5
\\ N %

L

Fig. 5. Equilibrium of forces.
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DiscussioNn ANDCONCLUSION DEMPSTER, T.; TAQUET, M. Fish aggregation device
(FAD) research: gaps in current knowledge and &itur

. . directions for ecological studiesReviews in Fish
This study sought to design FAD systems Biology and Fisheries, v. 14, p. 21-42, 2004.

before deployment offshore to avoid possible ma@prinpeMpSTER, T. Temporal variability of pelagic fish
failures. The main forces - excluding the liftingde - assemblages around fish aggregation devices: lialog
acting on a FAD unit were calculated. By the end of and physical influencesournal of Fish Biology, v. 66,
the study, it had become apparent that the weight o p. 1237-1260, 2005.
the anchor was sufficient for safe deployment. T®UZBASTILAR, F. O.; LOK, A.; ULAS, A; METIN, C.
carry out stability analysis, the resisting and Recent developments on artificial reef applicatioms
mobilizing forces and related coefficients were Lurkey: Hydraulic experimentsBulletin of Marine

. N Science, v. 78 (1), p. 195-202, 2006.
cglcu!atgd. This quantitative stydy was “nde,rtakeBUZBASTILAR, F. O.: SENTURK, U. Determining the
with limited wave current and wind data and without  yeights of two types of artificial reefs requires resist
performing any laboratory experiments. However, we wave action in different water depths and bottoopes.
have observed both FAD systems as stable for Ocean Engineering, v. 36, (12-13), p. 900-913, 2009.
approximately 2 years following the deploymentFLUENT. Fluent Inc., FLUENT6.3.26 User Manual. 2007
process. Hardware and connections were selecteel toINGSRISAWANG, V., BAN, M. KIMURA, H.
sufficiently strong to resist the loads caused by Comparative study on the sinking of artificial mdfy
external forces. Similar numerical studies (SU let a local scour between laboratory and field experiment

T . Fisheries Engineering, v. 32 (2), p. 95-103, 1995.
2008; DUZBASTILAR AND SENTURK, 2009) and |\GsRISAWANG, V.; KIMURA, H.; BAN, M. Experiment

hydraulic experiments (INGSRISAWANG et al., ' o |ocal scour and embedment of artificial reef elsd
1995; 1999; DUZBASTILAR, et al., 2006; RECIO  due to wave action in shallow water area. Thairine
AND OUMERACI, 2007) and on-site research have FisheriesResearch Bulletin, v. 7, p. 26-34, 1999.

been undertaken to understand and evaluate tHK®JIMA, S. Fishing for dolphins in the Western pafithe
mechanisms and effects of waves and currents on the Japan Sea - Il. Why do the fish take shelter under
benthic reefs. However, no information on the scbje  floating materials? Bull. Jap. Soc. Sci. Fish. @D),

. . 1049-105, 1956.
relative to FADs has so far been reported. To pi®vi MORALES-NIN, B.. CANNIZZARO, L.: MASSUTI, E.:

long service life for FADs deployed in the Aegean POTOSCHI, A ANDALORO, F. An overview of the
Sea, all the components of the units must be etetlua  FAps fishery in the Mediterranean Sea. In: Le GaH,
in view of the environmental conditions and Y. cayre, P. and Taquet, M. (eds.), Pe"che Therser
considering the worse possible scenario. Even thoug Dispositifs de Concentration de Poisons. Ed. Ifreme
taking the worst possible sea conditions into  ActesCollog. v. 28, p. 184-207, 2000.

consideration, the actual weight of the anchor wa9ZHAN, E.; ABDALLA, S. Wind and Deep Water Wave
greater than its design weight. When undertakinFA ~ Atlas for Turkish Coast in Turkish, Kiyi Alanlar
design, decision-makers must take into account wave Yonetimi Tark Milli Komitesi (MEDCOAST), Orta

. Dogu Teknik Universitesi, Ankara, 445pp. 2002
current and wind effects and these should be etedua RECIO. J.. OUMERACI, H. Effect of deformations anet

using the stability equation before the deploymet hydraulic stability of coastal structures made of
the FADs. geotextile sand  containers.  Geotextiles  and
Geomembranes 25, 278-292. 2007.
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