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Risk based design uncertainty analysis has also been used on system that use fill 

materials from seabed, hills, deep underground excavations, and even construction 

debris, engineers are able to create relatively vast and valuable land from the sea. 

Aaquaculture industry is one of the fastest growing sectors in the world. Considerable 

interest exists in developing open ocean aquaculture in response to a shortage of suitable, 

sheltered inshore locations and possible husbandry advantages of oceanic sites. Adopting 

the concept of very large floating structure in aquaculture oceanic farming can leads to 

production of more aquaculture product like seaweed. Such system requires study of 

property and support for growing aquaculture industry. Risk analysis study of offshore 

aquaculture ocean plantation system is very important to determine the system 

functionality and capability that meet sustainable and reliability requirement.  
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1. INTRODUCTION 

 

The technology, for very large floating 

structures has developed continually, while changing 

societal needs have resulted in many different 

applications of the technology for floating structure. 

The design of very large floating structure for 

offshore aquaculture ocean plantation system 

required a reliable and risk free system with robust 

mathematical and simulation, risk and reliability of 

the hydroelastic structure, mooring system, structure, 

and material. Hence, the study of risk and reliability 

analysis for the mooring system of offshore 

aquaculture ocean plantation system is required to 

make sure the system can function well, be 

monitored, and accessed for safety and efficiency. 

Typical mooring structure for offshore aquaculture  

include piers, docks, floats and buoys and their 

associated pilings, ramps, lifts and railways.  

 

Marine algae biomass energy source 

is increasing getting approval from policy 

maker and community. Beside production of 

seaweed for biomass energy, seaweed 

plantation has benefit for food, custometic, 

gelatin and pharmaceutical products. Large 

production of biomass will require 

deployment of very large multibody floating 

structure offshore. To ensure that the system 

is reliable, design needs to be built, a 

mooring component for the mooring system, 

need to be properly sized to provide reliable 

strength for position keeping [1,9]. 
 

 Mooring structure is required to follow local 

and international requirements for offshore standards, 

materials, installation timing and surveys. Mooring 

system for VLFS need risk and reliability analysis of 

the associated system risk criticality. The study of 

risk analysis of offshore aquaculture ocean plantation 

system presented in this paper focus on analyzing 

mooring structure with hope to help determine the 

safe, reliability and efficiency of the system [3].   

 

 Qualitative assessment and quantitative risk 

analysis methods are explored towards reliable 

decision support for VLFS. This paper describe 
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development of  holistic methodology that determine 

risk based decision support  for reliable design and 

development of VLFS system, the  risk analysis focus 

on mooring structure failure analysis and reliability  

through employment of  risk tools like FMEA, FTA, 

RCO and HAZID.  

 

 The study involves conduct and determination 

of the reliability analysis that can reduce the 

probability of accident risk occurrence and impact in 

offshore aquaculture system for ocean plantation, 

especially for mooring structure system integrity and 

reduction of consequence of failure. The study 

accesses the risk, system functionality and capability 

of offshore aquaculture seaweed plantation for 

mooring structure. The study also estimate the risk in 

design of mooring structure for safe deployment of 

very large floating structure for oceanic aquaculture 

seaweed plantation and decision recommendation 

will be offered for safety level integrity of oceanic 

aquaculture seaweed plantation for mooring structure 

and system.   

 

2. OFFSHORE INDUSTRY RISK  

ANALYSIS 

 

 Traditionally, offshore quantitative risk 

analyses (QRAs) have had a rather crude analysis of 

barrier performance, emphasizing technical aspects 

related to consequence reducing systems.  However, 

recently the Petroleum Safety Authority Norway 

(PSA) has been focusing on safety barriers and their 

performance, both in regulations concerning health, 

safety and environment (PSA, 2001) and in their 

supervisory activities. The development of offshore 

Quantitative Risk Assessment (QRA) has been  lead 

by the mutual influence and interaction between the 

regulatory authorities for the UK and Norwegian 

waters as well as the oil companies operating in the 

work sea. Also, other countries have participated in 

this development, but to some extent this has often 

been based on the British and Norwegian initiatives 

according to DNV Consulting Support, GI 291, Det 

Norske Veitas AS, 1322 Hovik, Norway[1, 18]. 

  

 In more recent times, efforts to protect citizens 

and natural resources, has make governments to be 

more involved, requiring corporations to employ risk-

reducing measures, secure certain types of insurance 

and even, in some cases, demonstrate that they can 

operate with an acceptable level of risk. During the 

1980’s and 1990’s, more and more governmental 

agencies have required industry to apply risk 

assessment techniques.  For instance, the U.S. 

Environmental Protection Agency requires new 

facilities to describe “worst case” and “expected” 

environmental release scenarios as part of the 

permitting process.  Also, the United Kingdom 

requires submittal of “Safety Cases” which are 

intended to demonstrate the level of risk associated 

with each offshore oil and gas production facility 

(ABS Guidance Notes On Risk Assessment, 

2000)[2,4]. 

 

2.1 Offshore Rule for Offshore Structure 

 

 The variety of offshore structures concerning 

the function, size, geometrical configuration and  

material selection as well as the variability of the 

environmental factors complicate the development of 

a unique design procedure (Research Centre Asia 

Classification Society,  2003). Therefore, the separate 

investigation of the interaction between the actual 

structure and the environment is necessary. For 

mooring system offshore rules (Bureau Veritas, 

2010) use reference documents NI 493 “Classfication 

of Mooring System for Permanent Offshore Units”. 

The design and specification of mooring structure for 

offshore aquaculture ocean plantation system  must 

be based on all requirements had listed and mention 

in NI 493 document [10.12]. 

 

  

2.2  Safety And Risk Of Offshore Aquaculture  

 

The EC–JRC International Workshop on ‘‘Promotion 

of Technical Harmonization on Risk-Based Decision 

Making’’ (Stresa/Ispra, May 2000) investigated the 

use of risk-based decision making across different 

industries and countries. Under the UK safety case 

regulations (UK Health and Safety Executive, 1992), 

each operator in the UK Sector is required to prepare 

a Safety Case for each of its installations, fixed or 

mobile, to demonstrate that; 

i The management system 

adequately covers all statutory 

requirements. 

ii There are proper arrangements for 

independent audit of the system; 

iii The risks of major accidents have 

been identified and assessed; 

iv Measures to reduce risks to people 

to the lowest level reasonably 

practicable have been taken; 

v Proper systems for emergency 

arrangements on evacuation, escape 

and rescue are in place. 

 

Before an installation is allowed to operate, the 

Safety Case must be formally accepted by the Health 

and Safety Executive (HSE).Like any aquaculture 

industry, offshore aquaculture will benefit from 
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thoughtful site selection. Offshore enterprises should 

be sited in areas that meet optimal biological criteria 

for species grow-out and minimize user conflicts with 

other established groups. Careful site selection may 

also ensure the development of offshore aquaculture 

zones or parks to expedite industry development. 

 

2.3  Failure of Mooring System 

 

  It is clearly identified that mooring systems 

on Floating Production Systems are category 1 safety 

critical systems (Noble Denton Europe Limited, 

2006). Multiple mooring line failure is required to put 

lives at risk both on the drifting unit and on 

surrounding installations. There is also a potential 

pollution risk. Research to date indicates that there is 

an imbalance between the critical nature of mooring 

systems and the attention which they receive.  The 

mooring system failure probability is considerably 

reduced with increases safety factor in particular for 

system with several parallel loads sharing element. 

For system with low overall safety factor, the 

mooring system failure probability is expected to 

increase with increasing in number of lines, whereas 

for high safety factors, the system failure probability 

is expected to reduce with the increasing number of 

lines. While for the same load distribution and 

number of lines, a wire system is in general more 

reliable than a chain system with the same overall 

safety factor [6, 23]. 

 

Risk analysis is a process that provides a 

flexible framework within which the risks of adverse 

consequences resulting from a course of action can 

be evaluated in a systematic, science-based manner. 

Risk analysis is now widely applied in many fields 

that touch human daily lives and activities. These 

include decisions about risks due to chemical and 

physical stressors (natural disasters, climate change, 

contaminants in food and water, pollution etc.), 

biological stressors (human, plant and animal 

pathogens; plant and animal pests; invasive species, 

invasive genetic material), social and economic 

stressors (unemployment, financial losses, public 

security, including risk of terrorism), construction 

and engineering (building safety, fire safety, military 

applications) and business (project operations, 

insurance, litigation, credit, cost risk maintenance 

etc.). Risk analysis has wide applicability to 

aquaculture. So far, it has mainly been applied in 

assessing risks to society and the environment posed 

by hazards created by or associated with aquaculture 

development depending on aquaculture farming in 

question. The risks include risks of environmental 

degradation; introduction and spread of pathogens, 

pests and invasive species; genetic impacts; unsafe 

foods; and negative social and economic impacts[7, 

14].  

 

 

2. METHODOLOGY 
 

Safety and Environmental Risk Model is 

adapted from [5], it address risk over the entire life of 

the complex system. SERM address quantitative 

analysis of accidents frequency and consequences. 

The study is divided into 3 main parts. The first part 

focused on qualitative analysis. The 3 identified 

suitable qualitative methods were Checklist, FMEA, 

and FTA. Second part is the quantitative analysis 

stage of performance analysis of the system. In this 

part, analysis of the probability of failure had done 

against the consequence. The consequence of 

environmental load, mooring risk analysis, and risk 

cost benefit analysis is determined. And the third part 

is model test, to determine the hydrodynamic 

coefficient of the transfer function to mitigate the 

uncertainty required of the design. 

 

 

In quantitative risk assessment and analysis 

method, a mooring device fails when the mooring 

reaction force W, due to oscillation of the floating 

structure, exceeds the yield strength R. The floating 

structure drifts when all its mooring devices are 

failed. Failure of a mooring device indicates presence 

of an event satisfying the following condition:  

 

Zk (t) = Wk (t; X) > 0  0 ≤ t ≤ T  

  

where X is natural condition parameters, T duration 

of the natural condition parameters, and Rk the 

random variable for the final yield strength of 

mooring device k, X and Rk are independent of each 

other. The total reliability for years of service life is 

approximated by the following equation: 

 

RN (T) = (1- Pf (T)) N 

 

Floating structure and the pressure drag for 

the lateral walls. Average wind velocity distribution 

on the horizontal plane is assumed uniform. The 

velocity profile in the perpendicular direction 

expressed using the logarithmic rule. For the 

fluctuating wind velocity, the mainstream direction 

(average wind velocity direction) is the sole element 

of consideration [11].  
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2.1 Assessment of Functional And 

Serviceability  

 

Modern safety criteria for marine structures 

are expressed by limit states as indicate in the Table 1 

below and are briefly outlined in the following. This 

will be applied to stages of risk and reliability 

assessment and analyzing the system required. 

 

 

Table 1: Safety Criteria (e.g. ISO 19900 1994, Moan 

2004) 

 

 

The analysis on quantitative analysis is 

progress; the analysis is done to obtain probability of 

exceedance, system and mooring reaction relative to 

annual maximum current velocity, extreme wave 

return period, maximum mooring force and strength 

while the reliability will determined the mean 

current, conditional probability of failure and 

eventual determination of variation of failure 

probability and acceptable number of mooring 

required for the system [12]. 

  

2.2 ALARP Principle and Cost Analysis 

 

 

 ALARP  (As Low As Reasonably 

Practicable), is a used in the analysis of safety-critical 

and high-integrity systems. The ALARP principle 

define residual risk that  shall be as low as reasonably 

practicable, it has been used for decision support for  

Nuclear Safety Justification, is derived from legal 

requirements in the UK's Health & Safety at Work 

Act 1974 and is explicitly defined in the Ionising 

Radiation Regulations, 1999. The ALARP principle  

 

Figure 1: Levels of Risk and As Low As Is 

Reasonably Practicable (ALARP) 

 

 

 

 

 

is part of a safety culture philosophy and means that a 

risk is low enough that attempting to make it lower 

would actually be more costly than cost lkely to come 

from the risk itself. This is called a tolerable risk. The 

meaning and value of the ALARP tolerability risk 

presented in Figure 1 the triangle represents 

increasing levels of 'risk' for a particular hazardous 

activity, as we move from the bottom of the triangle 

towards the top". 

 

Risk control measures are used to group risk into a 

limited number of well practical regulatory and 

capability options. Risk Control Option (RCO) aimed 

to achieve (David, 1996):  

i. Preventive: reduce probability of occurrence  

ii. Mitigation: reduce severity of consequence 

 

Total cost = present value of future cost + Cost of 

protective measure 

 (Cc) = Co +Cc  

 

The cost effective risk reduction measures should be 

sought in all areas. It is represented by followed: 

 

Acceptable quotient = Benefit/ (Risk /Cost) 

Limit State Description Remarks 

Ultimate (ULS) ¶ Overall structure stability. 

¶ Ultimate strength of structure. 

¶ Ultimate strength of mooring system. 

(Not relevant for VLFS) 

Component design check 

Fatigue ¶ Failure of joint-normal welded joins in 

hull and mooring system. 

 

Component design check 

depending on residual system 

strength after fatigue failure. 

Accidental collapse 

(ALS) 
¶ Ultimate capacity of damaged structure 

(due to fabrication defects or accident 

loads) or operational error. 

System design check 

Serviceability (SLS) ¶ Structure fails its serviceability if the 

criteria of the (SLS) are not met during 

the specified service life and with the 

required reliability 

Disruption of normal use due to 

excessive deflection, deformation, 

motion or vibration. 
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2.3  Model Test 

 

 

A typical block of the system has an overall length of 

100 meter and the breadth is 100 meter. One block of 

seaweed farming contains four main ropes for the 

frame, four main buoy and 30 load lines on which is 

the seaweed will be planted. Table 1shows the 

structural properties of one block of seaweed farming 

(Table 2 and 3). 

 

Table 2 structural properties 

 

 

 

The model test is desiged to investigate the 

modeling laws required for the system in question to 

be analyzed. The scaling parameters is very 

important in designing a model test and a few key 

areas of consideration in replicating a prototype 

structure for a physical model test. In order to 

achieve similitude between the model and the real 

structure, Froude’s law equally used for the 5o 

percent system scale model built at UMT. 

 

 
Figure 2: Scale model of the physical system 

The model test involve towing test 

conducted at UTM marine Lab involved (Figure 3) to 

determine the hydrodynamic loading coefficients 

(added mass and damping) in a few different 

configurations. A frame consisting of aluminium 

channel sections attached to the towing carriage is 

used. The seaweed clumps then in turn attached to a 

rope line. The rows of  wet seaweed are held using 

ropes separated by about 2.6 m between rows. The 

seaweed were towed from the moving carriage. 

Tension load cells will be attached between the line 

and the frame and the measured forces recorded on 

the model basin’s data acquisition system (Figure 3a 

and b). 

 

 
 

 

 

 

Figure 3: UTM Towing 

Tank and Carriagc 

 

Component of the full- 

scale platform and  

 

 

Figure 3: Model test set - up 

 

 

The model tests is carried out to identify 

hydrodynamic coefficients of an equivalent Morison 

model of the seaweed which will be suitable for use 

in typical mooring design and analysis package such 

as Arianne. Samples (clumps) of dried seaweed, the 

dried will restore to nearly nominal properties when 

soaked in water for a period of time (Figure 4). 

Typical size seaweed clump weigh up to 1.5kg in air, 

when fully grown. However, the natural buoyancy of 

the seaweed, make its weight in water almost 

insignificant. A sample clump of seaweed weight in 

air 4.1N and the corresponding weight in water is 

0.01N in UTM lab (Figure 2)[8,14] 

 

 
a.                                b. 

Figure 4: Seaweed 

 

Item 
Actual 

Structure 
Model 

Length Overall for 10 

Blocks, L 
1000m 2m 

Breath, B 100m 2m 

Dimension for Each 

Block 
100m x 100m 2m x 2m 

Mooring Depth, D 50m 2.5m 

Frame 

to attach 
seaweed 
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A sample row of seaweed is attached to a 

frame and towed from the carriage. To determine the 

hydrodynamic coefficient, a series of tests including 

towing in calm water, towing in waves and wave-

only tests will be performed.  

 

The tests of floating structure in regular and 

irregular waves will be carried out in the towing tank 

120m x 4m x 2.5m of Marine Technology Laboratory 

UTM. This laboratory is equipped with the hydraulic 

driven and computer controlled wave generator 

which is capable to generate regular and irregular 

waves over a period range of 0.5 to 2.5 seconds. For 

this structural experiment, a model of 2m x 2m per 

block with 50 scale ration will be used (Figure 5).  

 

 

 

 
 

 

 
 

Figure 5: Seaweed test in towing tank for 

environmental sensitivity 

 

 

 

For this research, currents loading are 

considered because of the dominant contribution of 

load compared with wave and wind. In addition, it is 

expected that drag loads will account for a large 

portion of the wave-driven loads as well. So, by 

studying the drag loads first, we hope to quickly 

arrive at an approximate model that is adequate for 

the design of major system components. Static 

current loads are discussed in detail below [4]. Static 

loads due to current are separated into longitudinal 

load, lateral load [5]. Flow mechanisms which 

influence these loads include main rope drag, main 

buoy drag, seaweed drag, and planting lines drag.  

 

The general equation used to determine 

lateral and longitudinal current load are 

 
 

Thus current loading on the system is considered at 

this stage, after the wave test, Morison equation will 

be incorporated accordingly. 

 

 
The solution chosen at present is to focus on 

certain key non-dimensional values and try to use the 

use different scaling factors to apply the results at 

fullscale. In this way, the kinematics available in the 

towing tank can be used.  

 

The weather in Malaysia is mainly 

influenced by two monsoon regimes, namely, the 

Southwest Monsoon from late May to September, 

and the Northeast Monsoon from November to 

March. (K.C.Low, 2006). However the east coast of 

peninsular Malaysia is the area that exposed directly 

to the strong sea currents and periodic monsoon 

season which is prevalent off the east coast. 

Furthermore, with the existence of nature elements of 

the deep and open water environment, seaweed 

farming is hard to be applied in this area. 

 

 

Incident waves will be measured and 

analyzed prior to the tests. Two wave probes will be 

installed for calibrations: one in front of the carriage 

at the basin centreline and one to the side of the 

nominal position of the model. Wave force vector is 

generally expressed as the sum of linear wave force 

proportional to wave height and the slowly varying 

drift force proportional to the square of the wave 

height.  

 

Table 2: Full Scale Wave 

 

Return 

Period 

 

(Year) 

Full Scale 

Wave Height  

(m) 

Full Scale Wave 

Period (s) 

90% 4.599 9.711 

95%  4.850 10.25 

1/12th 0.6 1.295 
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1-Yr  5.110 10.79 

10-Yr  10.7 12.82 

100-Yr  7.3-13.6 11.1-15.1 

 

 

Mooring design for offshore platforms 

makes use of software tools which have been 

benchmarked against model tests, computational data 

and full scale measurements for their given 

applications. Hydrodynamic loading on the platform, 

risers and mooring system itself due to waves and 

currents are calculated using a variety of tools such as 

potential flow, CFD and empirical data. 

 

 

3. RESULT AND DISCUSSION 

 

3.1  Checklist 

 

The Figure 6 and Figure 7 show the score of 

likehood which revealed the aspect of potential 

failure mode for the system, the checklist is divided 

into two, the risk to the system and risk from the 

system to outside are examined. 

 

 
Figure 6: Histogram graph score for likelihood risk to 

the system 

 

The histogram graph on risk to the system 

shows that the potential failure modes of anchor and 

mooring system. Environment and design scores the 

highest marks, 9. Whereas, buoy, cost and location 

scores 8 marks compare to planting line, human, and 

operation scores 7 marks. In addition, frame and 

boundary scores 6 marks followed by connector, 

floating platform, GHG and manual scores 3 marks, 

besides, seaweed scores 2 marks and natural disaster 

and pollution score 1 mark.  

 

 

Figure 7: Histogram graph score for likelihood risk 

from the system to outside 

 

The histogram graph risk from the system to outside 

shows that the potential failure modes of anchor 

passing vessels/navigations scores the highest marks, 

7. Nevertheless, ecology and health scores 8 marks 

compare to human scores of 7 marks. This highlights 

the priority of which failure must be concern more 

and at critical stage for risk from the system to 

outside. It is observed that the risk to system is higher 

than risk from the system to outside. The high modes 

potential of failure was environment, design, anchor 

and mooring system, cost, location and as well as 

buoy. They highlight the need of area if risk to 

research at the critical stage and need to get more 

attention. 

 

 

Risk Rating 
Severity (FMEA) 

1 2 3 4 5 6 7 8 9 10 

L
ik

el
ih

o
o

d
(C

h
e
k

li
st

) 

10 10 20 30 40 50 60 70 80 90 100 

9 9 18 27 36 45 54 63 72 81 90 

8 8 16 24 32 40 48 56 64 72 80 

7 7 14 21 28 35 42 49 56 63 70 

6 6 12 18 24 30 36 42 48 54 60 

5 5 10 15 20 25 30 35 40 45 50 

4 4 8 12 16 20 24 28 32 36 40 

3 3 6 9 12 15 18 21 24 27 30 

2 2 4 6 8 10 12 14 16 18 20 

1 1 2 3 4 5 6 7 8 9 10 
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Likelihood    * 

  Severity 

0-2 Zero to very low     0-2 No 
injury or illness 

3-4 Very unlikely     

 3-4 First aid injury or illness 
5-6 Unlikely      

 5-6 Minor injury or illness 

7-8 Likely      
 7-8“Three day” injury or illness 

9-10 Very Likely     

 9-10 Major injury or illness 

Score Action to be taken 

0-16  No further action needed. 

20-36 Appropriate additional control measures 
should be implemented 

42-100 Work should not be started or should cease 

until appropriate additional control measures 
are implemented 

 

 

 

 

 

 

3.2 FMEA 

 

FMEA analysis determine the top potential failure 

modes for this system after t is define are anchor and 

mooring system, environment, design, cost, buoy and 

location. For anchor and mooring system 

requirement, the severity almost reaches the highest 

mark which of 9 marks, but for occurrence and 

detection they are 8 and 7 marks respectively. That 

result to 504 Risk Priority Numbers.  

 

 

 

Table 3: Risk Matrix 

For environment requirement, like wave, 

wind, current, and seabed the severity number is 9 

marks same with detection and the occurrence is 8 

marks. Hence, the RPN is 648. Furthermore, for 

design requirement for example the inappropriate 

design, configuration, structure integrity make the 

severity number is 9 marks share the marks with 

detection while occurrence is 8 marks, from that, the 

RPN is 648 same with environment. Moreover, the 

costs also contribute the biggest potential modes of 

failure for this system like system deployment. The 

severity number for the cost is 9 marks, the 

occurrence is 8 marks and the detection is 7 marks 

that make the RPN of 504. Besides that, buoy and 

location requirements are also very important. For the 

buoy, like corner buoy and intermediate buoy make 

the severity number is 8, the occurrence number is 7 

and detection number is also 8 marks which result to  

RPN is 448.  

 

 

Meanwhile, the selection for the location 

plays the strong point. For the severity it achieves 8 

marks same with occurrence, and the detection is 7 

marks. From that, the RPN is 448. There are also, 

potential failure modes failure for example frame and 

boundary, connector, planting line, floating platform, 

natural disaster, pollution, seaweed, human, manual, 

operation, ecology, passing vessel or navigations and 

health. But, they only score medium and low marks 

for severity, occurrence and detection. As summarize, 

the most potential modes failure are environment and 

design. While anchor and mooring system with cost 

are below them and followed by location and buoy.  

 

 

From this deduced observation, the 

quantitative analysis focus more on environment, cost 

and mooring system.   

 

 
Figure 8: Histogram graph comparision of Risk 

Priority Number Revised Risk Priority Number 

 

 

 

 

 

 

The histogram graph Risk Priority Number 

versus Revised Risk Priority Number shows result of 

the comparison between these two numbers and the 

difference before revised and after revised. The figure 

that shows RPN before and after revised, the highest 

failure modes score, 648 in RPN are environment and 

design score of 180 and 150 respectively after 

revised. Furthermore, for anchor and mooring system 

score 504 after revised score 100, for cost and 

location from RPN score 448, after revised reduced 

until 120and 150 respectively.  

 

 

Table 3 show risk matrix for likelihood 

(from checklist) and severity (FMEA). 
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Risk Rating = Likelihood x Severity 

 

 

 

3.3 FTA 

 

The resulting fault tree diagram is a graphical 

representation of the chain of events in the system or 

process, built using events and logical gate 

configurations.  

 

 
.3 Fault Tree Analysis 
 

 

 

 

 

 

 

 

 

Mooring 

System Failure 

MSF 

Mooring 

Line 

Breaks 

Anchor 

Failure 

Anchor Handling 

Failure 

Appurtenances 

Connection 

Failure 

ML

B 

AH

F AC

F 

A

F 

 
 

Figure 9: FTA 
 

MSF  = MLB  AF  AHF  ACF 

  = MLB + AF + AHF + ACF 

 

Minimal cut expression for the top event 

T  = C1 + C2 +C3 +.....+ CN 

T  = CAF + CMLB + CACF +CAHF 

 = 0.0457015+0.0450327+0.0438+0.0132 

 = 0.1480042 per year. 

 

 

 

 

 

Table 4: the cut set of MLB 
Rank Cut Set Order Important Level 

1 EWa, EWi, 

ECu 

3rd 0.037 

2 AEC 1st 0.003 

3 NH 1st 0.0023 

4 HE 1st 0.0009 

5 EF 1st 0.0006 

6 MF 1st 0.0006 

7 UC 1st 0.0004 

8 IC 1st 0.0004 

9 ESE 1st 0.0001 

10 RS, DiS 2nd 0.0000027 

Probability of MLB 0.0453027 

 

 

From the calculation of minimal cut set it is 

found that the probability of top event mooring 

system failure is 0.1480042 per year, in terms of 

frequency index it is classified as reasonably 

probable. Figure 4.5 shows the graph shows the most 

critical event in mooring system failure is due to 

anchor failure (AF) with the probability 0.0457015 

per year. The second critical event is mooring line 

break (MLB) 0.0453027 per year, followed by 

appurtenances connection failure (ACF) 0.0438 per 

year, and anchor handling failure with probability 

(AHF) 0.0132 per year. 

 

 
Figure 10: Fault three analysis summary 

 

3.4 Environmental Load 

 

Figure 11 obliviously shows that, when the 

current velocity was increases, the current drag force 

also increases.  That shows that current velocity is 

one of the biggest factors that control the current drag 

force.  

 

 
Figure 11: Current drag force 

 

Figure 12 below show the lateral current 

drag coefficient compared with longitudinal current 

drag coefficient. The figure shows clearly that, the 

lateral current drag coefficient was more higher than 

longitudinal current drag coefficient. This is becauses 

the lateral direction is more exposed to environmental  

loading is critical loading compared to longitudinal  

direction.  
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Figure 12: Lateral and longitudinal current drag 

coefficient 

 

Figure 13 shows that the drag current 

coefficient of  tow two lines transverse across the 

basin is more higher than the other four test case. 

Also, for tow one line, tow one line transverse across 

the basin has more drag current coefficient compared 

to tow one line diagonally across the basin.  

 

 
Figure 13: Drag current coefficient at the tow test 

 

3.5 Mooring Risk Analysis 

 

Table 3.1 below shows the estimated results 

of mooring line equilibrium without and without 

elasticity. The results shows that minimum line 

length for a fairlead tension of without elasticity 

more longer was 12 3995.6231 m compared to with 

elasticity was 6917.413933 m. Furthermore, for 

horizontal force, they came out with same force with 

and without elasticity were 13952.955 N, whereas for 

horizontal scope with elasticity resulted longer than 

without elasticity which were 2222674.985 m and 

123995.6096 m respectively. In addition, vertical 

force at fairlead for without elasticity is much higher 

than with elasticity which was 11.2526 N and 0.6277 

N respectively. 

 

 

 

 

 

Table 5: Mooring line equilibrium without and with 

elasticity 

 

Without 
Elasticity With Elasticity 

Minimum Line Length 

(for a fairlead tension) 

L = h √(2T/wh) 

-1 L = 1/w √(T²- H²)  

 

= 123995.62 m  = 6917.413933 m 

   

Horizontal Force H = T - wh 

H = AE √((T/AE 

+1)² - (2wh/AE)) -
AE 

 

= 13952.9554 N  = 13952.95999 N 

Horizontal Scope 

X = H/w sinh-1 

(wL/H) 

X = H/w sinh-1 

(wL/H) + HL/AE 

 

= 123995.61 m = 2222674.985 m 

   Vertical force at 

fairlead V = wL V = wL 

 

= 11.252602 N  = 0.627755314 N 

 

3.6 Risk Cost Benefit Analysis 

 

All identified benefits should be compared 

against all identified costs. Even high risk endeavours 

may be undertaken when there is clear knowledge 

that the sum of the benefits exceeds the sum of the 

costs. Balancing costs and benefits is a subjective 

process, and ultimately the balance may have to be 

arbitrarily determined by the appropriate decision 

maker. 

 

3.7 Failure Probability 

 

The probability of failure and reliability of 

the system is very low compared to structure of very 

large floating structure. The system can be able to 

withstand the harsh condition. However, a lower 

reliability for accidental loads may be accepted, as 

society understands that the engineer is less able to 

predict these events and there may be less of an 

outcry if failure occurs due to an accidental load. 

From the figure acceptable failure for 1 block in 

million years requires 25 mooring line. Also the 

probability of failure in 1000 years predict 1m/s 

current speed. 

 

 
Figure 13: Probability of failure against the number 

of mooring 
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Figure 14: Exceeding probability against the current 

velocity 

 

 

3.8 Simulation at different Depth of 

Water 

Three type of offshore model with 

different mooring arrangement is simulated 

and the best design with less tension on 

mooring is selected. Once selected, the 

model will then test with different depth at 

10m and 100m. The model also will be 

tested at Bidong Island.  

 

Figure 17: Preliminary Model 1 

 

Figure 15: Preliminary Model 2 

 

Figure 16: Preliminary Model 3 

Figure 15, 16, and 17 above shows 

three types of preliminary model with 

different mooring arrangement. Basically, 

for a one block seaweed platform model 

have four main buoy with two planting lines. 

 

 

The seaweed model platform from 

model 3 is more stable, than the other two 

models that is model 1 and model 2. This 

model 3 is then will be tested at different 

water depth which is 100m. This test is done 

in order to assess the reliability and 

toughness of this model at much deeper sea 

depth. The result from the simulation shows 

the buoy elevation movement, mooring line 

tension at anchor and fairlead, and the 

tension on planting lines. 
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Figure 18(a), 18(b) and 18(c) shows 

the animation result after the time-domain 

simulation of model 3 under the sea depth of 

100 meter. In these figure we could see that 

the mooring line in the model is in stable 

condition and none of the borderline and 

planting line is dark in colour which state as 

broken line. 

 

Figure 18(a): Animation Result (Above) 

 

 

Figure 18(b): Animation Result (Isometric) 

 

Figure 18(c): Animation Result (Side) 

Figure 20 shows the buoy elevation 

at depth of 100 meter. The graph still shows 

the sinusoidal motion which is result from 

the wave motion in sea. It also shows that 

the buoy elevation on wave2 is higher than 

wave1. 

 

Figure 20: Buoy Elevation on Wave Motion 

Figure 21 shows the mooring line 

tension of the model at anchor and fairlead 

position. From the graph plotted, it is 

observed that  none of the line at anchor and 

fairlead have horizontal and axial tension 

higher than the line breaking load limit. The 

tension is higher at fairlead that is at 

mooring line 7, mooring line 8, mooring line 

10, and mooring line 12. 

 

Figure 21: Horizontal & Vertical Tension at 

Anchor & Fairlead 

Figure 21 shows the tension on 

planting lines also not exceeding the line 

breaking limit. Thus, the seaweed planted on 

this line is in safe condition since the line is 

not broken.  
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4. CONCLUSIONS 

 

 An integrated approach to risk analysis will 

assist the aquaculture sector in reducing risks to 

successful operations from both internal and external 

hazards and can similarly help to protect the 

environment, society and other resource users from 

adverse and often unpredicted impacts. This could 

lead to improved profitability and sustainability of 

the sector, while at the same time improving the 

public’s perception of aquaculture as a responsible, 

sustainable and environmentally friendly activity.  

There exists, considerable scope to develop and 

expand the use of risk analysis for the benefit of 

aquaculture and the social and physical environments 

in which it takes place. Design based on risk continue 

to be a best practice in many industry such as 

offshore, nuclear, airline, power plant  and others 

where occurrence of accident is unacceptable. 

Offshore platform design has been successful 

because of risk approach to design. The maritime 

industry has adopted risk based design for reliability 

of marine system in order avoids accident that can 

lead to loss of life loss of property, loss of money and 

destruction of environment.  
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