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Abstract—Cyprus’ offshore aquaculture industry has promising _ 140%

prospects taking into account that Cyprus is amil Its production
trend is increasing overtaking bigger countrieshsBeeece and ltaly.
However, current mooring systems seem to be unedofqming
acting as obstacles for its future developmenttHeumore, shallow
coastal waters scarcity due to competing industliesates future
development to come by moving further from shorposing fish
farms and subsequently mooring systems to harsidroeamental
loadings. It is, therefore, of paramount importateceesign mooring
systems based on engineering and scientific plegignd leave
behind the present “trial and error” methods. Tgaper presents the
current state of Cyprus’ offshore aquaculture inguand focuses of
its mooring designs by proposing a new methodologydesigning
more reliable systems, hence ensuring its future.
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Fig. 1 Aquaculture production of marine fish

Nevertheless, as the second quarter of 2012 igglas the
target of 10000tn by 2013 seems to be unachiev&darce
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|. INTRODUCTION

FFSHORE aquaculture economic activity was introducecompanies in Cyprus suffered severe losses andedeas

in Cyprus over the past twenty years. Cyprus’ govemt
policy, initiated in 2007, aimed to promote thisoromic
activity and reach the annual production level @d0tn over
the next seven years from 2500tn, in 2008.

that prohibit materialisation of this policy arens® of reasons

but other more practical ones are also to be blanhed
particular, in recent years one in three offshoyeagulture

operations due to environmental conditions. Thisdamnt rate
is excessively high when compared to Northern Eeaop
offshore aquaculture industry. In fact, taking imimcount that
Cyprus is located in an isolated “protected” ardattee

The Cyprus Department of Fisheries and Marine Rekea Mediterranean Sea which wears out any major envieotal
(DFMR) latest report indicate that in 2010 the lKotaphenomena, such high failure rates signify thatremir

aquaculture production rose to 4077tns compare8i3dtns
in 2009, a more than 20% increase correspondifgst@above
20mil Euros [1]. Similarly, the 2009 Fisheries ahguaculture
Statistics report from the Food and Agriculture &mngation
of the United Nations (FAO) shows that Cyprus lesgecond
largest increasing trend behind Turkey, in a 10r ymeriod
starting from 2000 and ending in 2009,
significantly larger Mediterranean countries such Greece
and Italy [2], as depicted in Fig. 1.
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mooring systems seem to be underperforming. Thigpled

with the fact that offshore aquaculture economtivitg needs
to be developed further away from coast in ordemtkle the
problems of competing industries, further highlgtite need
for more robust and reliable mooring designs.

Consequently, this paper examines the current stéte
overtakin@ypriot aquaculture installations and their engiimeg aspect

and proposes a more scientific structured apprdachthe
development of more reliable mooring scenarios.

1. OVERVIEW OF CYPRUSOFFSHOREAQUACULTURE

Based on the 2010 report, in Cyprus there are seven

licensed companies that operate offshore aquaeulfish
farms. Their main product portfolio consists of skass
(Dicentrarchus labrax) and sea bream Sfarus aurata)
although on a commercial basis blue fin turiehufinus

species sharp snout breafultazzo puntazzo), red porgy
(Pagrus pagrus), pandora Ragellus erythrinus), and rabbit
fish (Sganusrivulatus) are also cultured [3].
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The main location of the majority installations die
aquaculture companies is at the east side of thmtifk
Peninsula in between the Akrotiri and the Vasilbay at the
southern part of Cyprus, as shown in FigQh average the
installations are located at a distance of 1 ton¥ftom the
shore, at water depths ranging from 18 - 70 metedswith a
distance of about 2 km between each other [3]. Atm®
decade ago there were also offshore aquacultutallat®ns
at the southwest part of Cyprus, offshore the oftyPaphos.
However, after a high intensity storm the majoraf the
aquaculture cages were destroyed due to failuretheir
mooring lines that left them ungoverned at the meartthe
rough sea waves.

Fig. 2 Akrotiri Peninsula and location of offshanstallations

Almost all Cypriot fish farms utilize surface grarays as
their mooring system. Surface grid arrays are tieelgminant
mooring system in the aquaculture industry worldwéohd are
part of a group of five different types, the resting (a)
submerged grid array; (b) single point mooring9; témsion
leg platforms; (e) multipoint anchor arrays. Suefagid arrays
consist of a series of anchor legs supported bwtdlo
interconnected by lines, shackles and connectiategl They
mostly utilized with plastic gravity-type net pefi$ie mooring
grid is located at depths of approximately five enstbelow
surface and is held up off the bottom with cylidti of
spherical floating elements on each anchor leg. dimehor
legs are made up of chain and rope and extend dowhe
bottom beneath the floats and the grid to plow eintent or
dead-weight anchors [5].

I1l. CURRENTMOORINGDESIGN AND ENGINEERING

The current mooring design of the majority of thgp@ot
offshore aquaculture fish farms is based on thal“tand
error” method for deploying surface grid arrayseThooring
design is typically based on the type of mooringtem to be
deployed and engineering principles only contritautare on
the issue of basic anchoring tension calculations @anchors
positioning. The various parameters existing at dnea of
deployment are not considered except for the cdseea
basin’s depth. Overall, a “do-it-yourself” mentglgoverns the
deployment of fish farms coupled with practical whedge of
experienced divers which usual leads to over siapstem

components and connections. Apart from the cageiksp

which are purchased by dedicated companies, the, typ

dimensions, material, physical properties etc lier rest of the
mooring parts’ are selected on a ‘trial and errbésis and
bought from the local hardware stores.

In particular, a typical fish farm’s anchoring lmplemented
either with 10 to 12 tones cement blocks and/ohars; the
floating cages are of approximately 20m diameteatzd with
double high density polyethylene (HDPE) tubes oOrab
diameter passed through brackets of an inversekGamma
shape on which net pens and net pen tension weifl28 to
50Kg are connected that provide a restoring foodeetp resist
net deformation and volume loss in waves and ctsrehe
connecting elements are shackles, mooring line8-siirand
rope or 8-plaite with a 45mm or 40mm diameter, dimnid
chains of approximately 30m length and iron ropegsi
finally, the floating devices utilized are plastifpam-filed
cone-shaped floating buoys of 1000L [4]. The follogvFig. 3
gives a bird’s eye-view of a typical cage arrangetmas well
as the orientation of the offshore aquaculture faowards the
predominant wind, while Fig. 4 gives a graphicalesview of
the whole system and its components.
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Fig. 3 Bird’s eye view of aquaculture array
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Fig. 4 Side-view of mooring system
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This method is not characterized as reliable arfnlsb
enough as expressed through the partial failuresraind
especially in the case of complete failure of Samaaculture
fish farm near Paphos International airport. In &eber 2001
and after a high storm event mooring lines werekémnoand
the grid arrays were left unanchored. In the afsgmof the
destruction undersized mooring line’s diameter
inconsistent maintenance practices were blamed [6].

IV. PROPOSEDMETHODOLOGY

Three different participant organizations are eegagithin
the project’s seven work packages, two of whichaa@demic
institutions which are lead by Frederick Resear@mntf@ in
Cyprus accompanied by University of New Hampshirehie
US and supported by a leading Cypriot aquacultuE S
Seawave Fisheries Ltd.

and The Mooring research project aims at the developrota

structured approach for mooring systems design cgypjate
for the Cyprus region. For this reason a numencadlel of a
candidate mooring system representative of a Cyfshdarm

To overcome the issues of underperforming moorysgesn ~ Was constructed in the University of New Hampsisirdtua-
and for the future development of the Cyprus offsho FE software package. The software uses the firenant
aquaculture a robust engineering approach is pempoEhe analysis approach most recently described by [GuaAFE
approach is of a bottom-up, evidence-based charagth as €an simulate waves and currents on marine stricsueh as
in any classic engineering problem, far superiantthe “trial
and error” techniques currently employed by fistmfers. motion and tension values.

In brief, the proposed engineering methodology steiof As part the research project are also work-packtgey(a)
(a) understanding the environmental conditionshatdrea of Perform a state-of-the-art review of alternative omog
investigation; (b) design and analysis of the muprsystem scenarios available and their respective merits(Bhgerform
using numerical or physical models; (c) field moritg @ cost-benefit analysis regarding those and thespective
procedures; and finally (d) validation of the madelith in- Merits under Cyprus’ offshore environment
situ data. reqUIrements.

Starting with the environment conditions, it is actf that
although the design of mooring systems can easilgrouped developed, described a typical Cyprus fish farmsesiimg of a
and analyzed, based on their similarities, as demgrin Surface grid array securing 18 fish cages as dapict Fig. 5.
Section I, the environmental conditons and theid e 40 meter long grid lines are suspended 5 mbtgosy the
understanding are essentially unique and locatieeific. In  Surface by thirty float and chain assemblies, eaating a
fact the primary forcing mechanism on aquacunurgooo liter float and 14 mm diameter chain. Twerityeschor
installations are waves and currents hence it ipashmount €9S, consisting of 110 meters of 45 mm nylon |2ie meters

fish cages and moorings and output selected commpone

operating

The preliminary assembled Aqua-FE mooring model

importance to quantify the level of exposure ass tis
characterized by the current velocity (velocityfies of tidal,
wind and pressure driven currents) and wave hémbtailing

of 42 mm diameter chain and a 12 tone deadweigbhan
secure the mooring to the seafloor. Note thahértumerical
simulations, the anchor positions were fixed.

wave spectra, and 25 or 50 year significant wavghteand
period). Accurate identification of operational ifgp and
extreme (storm events) environmental load caseddésign
purposes will help develop more accurate numericadiels
thus extract more reliable results. Current preféee typically || ‘
measured with Doppler instruments whereas the locale |
climate can be either measured with deployed in#niation f__ Eﬁ Eo e = 4
or estimated from meteorological stations' windagateather f s e ‘g =+ Sl
buoys and other sources. =1

Following environmental loading recording, numekica||=:s=
models are developed that provide insight into esyst
dynamics, mooring tensions, and possible systemnesge.
Scaled physical modeling were crossed out sincg ribguire
significant infrastructure such as wave tanks dothdés and
are also far more time consuming. The numericahrtiggie
chosen is that of finite element analysis proceslure

Validation of the models with in-situ data and Idie
monitoring procedures, have an iterative natureaardhe last
stages of the methodology

moorin g line

floats

float_chain |

net_bottom
net_ueight

stiffener

Fig. 5 The ﬂfish farm Wés constructed the UNH’s\wsafe package
Aqua-FE

Each grid bay contains a 20 meter diameter grayjig-fish
cage. The cages consist of floating superstruadéirg2 high
density polyethylene (HDPE) pipes, 25 brackets, and
handrail. The buoyant rim supports a 10 meter deep
chamber and 16 concrete weights.

V.RESEARCHPROJECT ANDRESULTS

This effort is expressed through a funded reseprofect
that has the acronym “Mooring” and it is currerdtygoing.
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For this analysis, the net had a twine diametet.8f mm _02m32

and a mesh spacing of 8 mm. This high solidity §3¢). grow- Hmo 9

out net is typically used during initial fish stoel / grow-out \y\here ais a shaping factorg is gravity, f is the wave
and represents a worst case design condition duéhdo frequency, andJ is the wind speed.

increased drag of the net. ~The net chamber typical £qr the purposes of the initial investigation reguiaves,
dominates the drag of fish cages, as documentd@]byThe having a height of 2 meters and period of 8 secomuis a co-

entire cage and mooring system model was CONSHUE™G  |inear, constant with depth, 0.4 m/s current, vagplied to the
1659 nodes and 2522 elements. system as shown in Fig. 7.

The development of the current profile of the ada
investigation is achieved through the purchasedspdoyment
of RDP600 instrument from AANDERAA Data Instruments End Anchor Line Tension
RDP600 is a medium range, 600kHz self-recording fbep \
current profiler that can be configured to dealhwieveral
profiles simultaneously for optimum flexibility [9]as shown
in Fig. 6.

®)

Middle Anchor
Line Tension

2m, 8 second waves

—

0.4 m/s current

GridLine Tension(s)

Fig. 7 Surface grid array arrangement and curnediveave
parameters

—— The model was run for 180 seconds, allowing théesygo
E enter a cyclic steady state response. The defogmehetry of
the system can be seen in Fig. 8.

Fig. 6 RDCP600 Doppler current profiler

In contrast, historical wave data for the extractmf the
load conditions were not available. For this reassords of
the wind speed and direction will be used to prettie wave
conditions. The methodology to develop the wav
environmental load cases was as follows. Wind speedl
direction data were purchased from local meteoiotdg
stations near the coast of Cyprus. The wind datee \ileen
processed to determine the relationship betweenwiinel
speeds, direction, duration and fetch. Average raagimum
values were then utilized to generate a spectrusedyafor
example, on the Pierson-Moskowitz approach desdriine
[10]. Note that this approach is only one of thesgible
approaches, and its usage has to be validatedg Wsgind
speeds corrected to 19.5 meters above the watkcsuithe
spectral energy of the seg,significant wave heightl,,, and

AQUEFE Ocean Efgineering/UNH

dominant wave frequencyf,, can be calculated using the Fig. 8 The deformed geometry of the fish cage nmapsiystem
following Eg. (1)-(3).

g )} The results of the analysis showed that anchomgaiddines
S(f) = ag®? A[ﬁj (1) have maximum tensions of 47 kN and 37 kN, respelgtivas
(2m)* 15 shown in Fig. 9 and Fig. 10. These values areifgigntly
ower than the minimum breaking load of the lin
0879 I h h ini breaking load of the lin@§3kN
fp = i) (2) [11].
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Tirne Series Anchor Line Tension Results
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Fig. 9 The time series anchor tensions

Tirne Series Grid Line Tension Results
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Fig. 10 The time series grid line tensions

However, it is important to note that this analysés
preliminary. The wave characteristics and currenfile were
estimated and might not represent the actual egtieading
conditions at the site. In addition, the system wagnted
perpendicular to the loading, which is only oneha possible
arrangements in the field. A more thorough invedtan will
be performed on various scenarios once all paramete
recorded and categorized.

VI. CONCLUSIONS ANDFUTURE RESEARCH

Within this paper the current state of the Cyproféshore
aquaculture was presented. The main focus waseoouttient
mooring designs and engineering as these have ptovee a
major drawback by constantly underperforming.

The existing mooring design methodology was preskas
well as a description of the typical fish-farm aitel main

components. The case of a mooring system failure wa
the currdh$l R. SorensenBasic Wave Mechanics for Coastal and Ocean Engineers,

described emphasizing the weakness of
methodology to ensure uninterrupted performance lamd
reliability.

To this end, a more scientific methodology is pr®mb and
presented here. This methodology takes into accmajor
parameters that influence an offshore mooring aysiich
are (a) environmental conditions; (b) design aralyais using
numerical models; (c) field monitoring procedurasd finally
(d) validation of the models with in-situ data. Aetdil
description of the instruments and methods utilie@xtract
the environmental loadings is presented accompanyethe
description of an initial numerical model and preagon of
the extracted simulation results. The analysis gbthat the
existing mooring system can withstand daily envinent
loads however, different variations must also bangred in
addition to performance in the case of extremers@vents.

Finally, as offshore aquaculture installations planed to
be moved further away from shore, future researdhbe
evolved around the
Therefore, energy automation must be closely exaghiand
different energy producing methods must be sougbh sas
energy from Renewable Energy Sources (RES), asistisd
by [12]. However, this will give rise to other technicaltiss
such as thestructural behaviour of aquaculture rings if RES
generators are to be attached on them, as discimnsEEg].
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