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 Accidents and damage to goods or ships is the leading cause of increase in the port 
operation stoppage time and the cost of goods or ships in port and consequently rise of 

shipping time generally. Lack of attention to identify and analyze the hazards and 

assess the risk rating of the ports to make decisions and controls and also allocating 
resources to reduce these and it’s another reason for expansion injuries and repeated 

adverse events are occurring at ports.Because of the above, considering safety issues 

with regard to intensive competition between ports in attracting customers and 
investors, is crucial for ports authorities.Aimed to Seaports Risk Assessment, the 

present research has been implemented by use of Gray Relational Analysis in two 

stages. The first stage by analysis of Accidents and occurred incidents database As 
well; brain storming cessions attended by experts from the studied port were held 

during which 22 numbers of risks were identified. In the second stage identified risks 
according to the occurrence probability (occurrence frequency). Its effect measure on 

the process after the occurrence and its identity probability before the process is 

detected, have been prioritized by use of Gray Relational Analysis. 
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INTRODUCTION 

 

Acting as a key trade facilitator, maritime transport plays a crucial role in providing relatively low-cost and 

efficient transportation. Maritime transport is a dominant mode as about 90% of global trade volumes are carried 

by sea. Historically, the role of seaborne trade has been the backbone of economic development. Ports are key 

components of logistics activities and contribute to the effective and efficient management of flows of materials, 

products and information in supply chains. In particular, major ports are key nodes in supply chains serving 

stakeholders of various roles, while shipping networks are the links among the supply chain parties. Any major 

accidents of ports and shipping networks would lead to significant business interruptions and losses causing 

damaging effects on a country’s or region’s economy. The corresponding supply chain impacts could also be 

substantial.  

Uncertainty is one of the most important issues from the beginning of human life has been involved. 

Decisions, particularly on complex issues are always uncertain and likely to live in space. The gray theory is one 

of the ways in which to study uncertain and incomplete data are used and its use in mathematical analysis of 

systems with incomplete information is growing trend. Ironically, ports are also considered among the most 

important causes for uncertainty in trade and logistics flows due to the concentration of goods being transported. 

Seaborne cargoes and seaports have been increasingly challenged by significant increase in accidents [1, 2]. 

These accidental damages are wide-ranging, spanning from operational to catastrophic in terms of occurrence 

level, and from man-made to natural in terms of risk nature [3, 4].Therefore, it is crucial for ports authorities to 

better understand and mitigate the accidental damage involved, and adopt appropriate strategies and programs to 

reduce losses and waste custodians of the accidents take priority. So it is becoming increasingly difficult to 

ignore the role and importance of risk assessment in the Accidents and damage reduction and in the improving 

competitive situation of ports. 
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Problem statement: 

The relevance of seaports in the efficient working of an economy cannot be understated since all goods and 

passengers transported by sea require the use of, at least, two ports. In the majority of countries, most 

international trade (export/import), and in some cases also large shares of domestic trade, is done through 

maritime transport [5]. To remain competitive in the market and to keep up with trading pace, ports have to be 

efficient, reliable, secure, and safe in providing services to their customers. Port costs, for example, represent 

about 8−12 percent of total transport costs from product origin to destination [6]. 

Ports as high-traffic crossings and terminals on the commercial world today are faced with many 

challenges[7]. High traffic in the verge of ports and accumulation waiting ships for loading and unloading, the 

increasing volume and variability of trade and therefore high traffic On the one hand and the other hand a lot of 

human involvement in operations, incidents, errors and mistakes can lead to failure of operational loss events 

have increased in the ports And caused extent of the risk and increase the risk of the operation is carried out in 

ports [8]. Andthe scope and consequences of these events occurred more often damage the broader human 

capital and business environment or harm to. This further emphasizes the importance and necessity of assessing 

and ranking ports risks already adds more [9, 10]. 

 

Port Accidents and its cost: 

Rise in idle time, waiting time and service time to vessels and trucks, decrease in ship output per hour and 

more damage to cargo are a few out of the widespread consequences of port accidents. Less reliability, lower 

flexibility and inefficiency are what port users customarily experience from ports’ low safety level. High speed 

operation in combination with a mixture of equipment, heavy truck and vessel traffic, and dissimilar types of 

cargo especially dangerous ones are considered as safety risk factors causing accidents. The most common 

origin for a port accident is in the transport of cargo (56.5%), followed by loading/unloading operations 

(14.9%); the majority (65%) of transport-origin accidents involve ocean-going vessels, followed by pipeline 

accidents (12%) [11]. Such port accidents can be reported in several forms for example per number of port 

employees and/or tonnage or TEU handled in port. 

When it comes to calculating the costs, costs of accidents have to categorized into three main categories; 

direct, indirect & opportunity costs or economic loss costs. Direct costs are visible costs incurred immediately 

following an accident or incident. Damage to ship, damage to or loss of cargo, damage to port equipment and 

their repair costs, workers’ injury and treatment cost are considered as part of direct cost of an accident. 

Sometimes the direct cost of an accident contributes only 10- 20% to the total accident cost[12, 13]. But the 

main part of the accident cost is an indirect one that cannot be determined immediately and need vigilant 

investigation[14, 15,]. Time needed to investigate port or port people after an accident, money needed to train 

replacement stevedoring staff, crane operator or technician, higher premium that needs to be paid to the 

insurance company for higher risk at workplace, idle times for port equipment and demurrage to shipping lines 

for delay in providing services are some of the indirect costs of a port accident [16,17]. 

 

MATERIALS AND METHODS 

 

Gray relational and gray analysis: 

Fuzzy Deng in late 1960, was a lot of studies on economic forecasting and control systems And was faced 

with high uncertainty systems[18]. Parameters of these systems are difficult to describe with fuzzy 

Mathematical or probability and statistics. Fuzzy mathematics in general, dealing with issues of uncertainty by 

experts to be expressed by membership functions are discrete or continuous[19]. Solve problems using statistics 

and probability distribution functions related to cognition or large samples are needed to achieve the required 

reliability. In such a case, if the problem is a lack of experience and a number of experts and the membership 

functions can be extracted or have a small number of samples, what should I do? Optimal solution in terms of 

systems, Professor Deng published an article entitled Gray Issues in International Journal of Control Systems 

"Systems & Control Letters" in 1982, the gray system theory was introduced[20]. A gray series is defined as a 

set of inconsistent data by gray numbers, equations, gray, gray, etc. matrices is described. The exact amount is 

unknown but finite number of gray area in which it is defined. In other words, an interval gray number or set of 

numbers. Let X be a reference set, then set the reference set X with two gray G icon μ
G
 x μ

G
 x  as the upper 

and lower limits of the membership function G as μ
G
 x : x →  0,1 μ

G
 x : x →  0,1  defined[21]. Remarkably 

thatμ
G
 x > μ

G
 x  and state equalized gray set G is a fuzzy set representing the state, including the gray fuzzy 

theory and its flexibility in dealing with the fuzzy issues. 

 

Grey Numbers: 

Each grey system is described with grey numbers, grey equations, grey matrices, etc. Here, grey numbers 

are the elementary “atoms” or “cells”. A grey number is such a number whose exact value is unknown but a 
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range within that the value lies is known. In applications, a grey number in general is an interval or a general set 

of numbers[22]. 

Let X be the universal set. Then a grey set G of X is defined by its two mappings μ 
G

(x) and μ
G

(x). 

 
μ 

G
(x): x →  0,1 

μ
G

(x): x →  0,1 
  (1) 

μ 
G
 x  ≥ μ

G
 x , x ∈ X, X = R, μ 

G
(x) and μ

G
(x)are the upper and lower membership functions in G 

respectively. Whenμ 
G
 x = μ

G
(x)the grey set G becomes a fuzzy set. It shows that grey theory considers the 

condition of the fuzziness and can flexibly deal with the fuzziness situation[23]. 

A grey number is one of which the exact value is unknown, while the upper and/or the lower limits can be 

estimated. Generally grey number is written as⨂G, (⨂G = Gμ
μ 
. 

 

Grey numbers with only lower limits: 

If only the lower limit of G can be possibly estimated and G is defined as lower limit grey number. 

⨂G =  G,∝)   (2) 

 

Grey numbers with only the upper limits: 

If only the upper limit of G can be possibly estimated and G is defined as lower limit grey number[24]. 

⨂G =  −∝, G  ) (3) 

 

Interval grey numbers: 

If the lower and upper limits of G can be estimated and G is defined as interval grey number. 

⨂G =  G, G     (4) 

 

The basic operation of grey numbers: 

One gray number can be defined as follows[25] 

⨂ ∈  a, b  (5) 

Iftwo numbersaregivenbelowingray,thenwe have: 

⨂1 ∈  a, b  ,⨂2 ∈  c, b  (6) 

⨂1 +  ⨂2 ∈  a + c, b + d  (7) 

⨂1 −  ⨂2 = ⨂1 +  −⨂2  (8) 

−⨂1 ∈  −b,−a  (9) 

⨂1 ∈  1/b, 1/a  (10) 

⨂1 ∈  a, b  ,⨂2 ∈  c, d  (11) 

⨂1 × ⨂2 ∈  min ac, ad, bc, bd , max ac, ad, bc, bd   (12) 

⨂1/⨂2 = ⨂1 ×  ⨂2 
−1 (13) 

⨂1 × ⨂2 ∈  min a/c, a/d, b/c, b/d , max a/c, a/d, b/c, b/d   (14) 

K × ⨂2 ∈  ka, kb ; k ∈ R+ (15) 

 

There are several factors that affect the interaction of the general system status and development trend of 

the system are determined. Most of the systems analysis effort is to identify the most important factors in any 

system is always in operation, there are little-known or unknown factors. The core idea of gray relational 

analysis is a quantitative analysis method, is based on the fact that the close correlation between the various 

factors of a dynamic process growth of the curves analyzed by is similarity[19]. The degree of similarity is 

much higher; the result is a higher correlation between the series and vice versa. For assessing the degree of 

similarity between the gray is used. If it is assumed, by definition, 𝑚 + 1 series behavior of the system is as 

follows: 

(16) 
XI =  xi 1 , xi 2 ,⋯ xi(n) , i = 1,2,⋯ , m 

 

In this case, assuming 𝜁 ∈  [0, 1] gray relational coefficient and grade of gray relation to respectively the 

relations are defined as follows: 

(17) γ
0i

= γ x0 k , xi k  =
mini mink  x0 k − xi k   + ζmaximaxk  x0 k − xi k   

  x0 k − xi k   + ζmaximaxk  x0 k − xi k   
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(18) γ x0 , xi =
1

n
 γ x0 k − xi k  

n

j=1

 

In the above equations 𝜁 is called the coefficient differentiation. Gray level 𝛾 (𝑥_0, 𝑥𝑖) often in the form 

𝛾_0𝑖 and the gray relational coefficient 𝛾 (𝑥_0, 𝑥𝑖) often at the point to 𝛾_0𝑖 (𝑐) is written[20]. 

The algorithm used in this study 

In the first decision of the image, the gray decision matrix is formed as follows. 

D =   

x11 … x1n

⋮ … …
xm1 … xmn

  

Then D matrix is normalized according to the following procedure and the matrix R is called the matrix. 

R =   

r11 … r1n

⋮ … …
rm1 … rmn

  

If the standard measure of income (higher is better) in the form of equation (1) is used. 

(19)  
rij =  

xij

xj
max  ,

x ij

xj
max    

xj
max  = max1≤i≤m  x ij  

If the standard measure of loss (less - more), from equation (2) is used. 

(20)   
rij =  

xj
max  

xij

,
xj

max  

x ij

  

xj
min  = min1≤i≤m xij  

Method of normalizing the gray numbers are normalized to the interval [0,1] placed. 

(21)  R =  0,1 m×n  

Then weight of each criterion in the Criteria column of the matrix is multiplied by the normalized Rw  be 

achieved. This operation causes to the sort of gray relation degree of alternative to avoid the sort of gray 

numbers. Series are based (positive ideal solution) is defined as follows[22]: 

(22)  A∗ =  r01 , r02 ,⋯ , rn ,   
The distance between the desired option (set-based) and other alternative measures can be calculated. 

Favorable item is composed of the best elements of all options. The criteria of "more is better" and maximum 

values of the criteria for "better than" The minimum is selected: 

(23) ∆ij =  r0j − rij = 1,2,⋯ , n 

Thus, the distance matrix option (H) is obtained: 

(24)  H =  ∆ij  m×n
 

The gray relational coefficients obtained from the following equation is used: 

(25)  γ r0j − rij =
mini minj∆ij + ζmaximaxj∆ij

∆ij + ζmaximaxj∆ij

 

 

Next, gray relational grade will be calculated from the following equation: 

(26)  Γij =
1

n
 γ r0j − rij 

n

j=1

 

That  Γij   is the final assessment of the options i th.Finally options prioritization is done.The choice of 

𝑝, 𝑞 ∈  𝐼 {1,2,⋯  𝑚}, we have:If Γp > Γq , then we can conclude that the optimal choice of p option is desirable 

than q[25]. 

 

Results: 

The first stage by analysis of Accidents and incidents occurred database As well; brain storming cessions 

attended by experts from the studied port were held during which twenty two numbers of risks were identified. 

there are a lot of method which being used for the identifying the risks and to name just one of them, occurred 

events informational bank analysis can be a good instance. That finally by analayzing these most occuring data 

and information in the studied port, one can identify the repeatitive events that cause damage to human 

resources, ships and financials .in the first phase, for risk determing in the studied port, first probable risks are 

identifyed by describing such events in the ports processes. Another way for identifing such risks can be setting 

sessions with managers and charged principals of the port for the council. In this study, by setting brain 

storming cessions with experts and managers of the specific parts, risks are identfied. these session are 
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organized to foreseen the probable risks that they are not occurred yet. As a result of this process have been 

identified 22 risks as described in Table 1. 

 
Table 1: Identified risks 

NO Risks NO Risks 

1 Collision between one inbound, one outbound vessel 12 Tug disabled during the berthing  of vessel 

2 Fuel oroilspillsat sea 13 Commodity falling on dock workers 

3 Passengersfallingoverboard 14 Contact with jetty during berthing operation 

4 The loss ofcontrol of theship 15 Pilot fallingat sea 

5 Ship on fire 16 Engaging in ship propellers creel 

6 Loss of ship balance 17 collision with floating static 

7 Vessel grounds during transit inward or outward 18 Release of the goods, from the L/U equipment 

8 The sinking ofship in thedock 19 Rope tearing of the docked ship 

9 
Dock worker exposure during loading and unloading 
dangerous goods 

20 Empty containers fall due to Wind 

10 Release ofthe anchor 21 Ship hatch door not opening 

11 The sinking ofship in access channel 22 Clash with consistent signs of the way 

 

In the second stage Then based on the criteria of determination of causes occurrence probability 

(occurrence frequency), the extent of its impact on process after occurrence (severity) and probability of its 

identification prior to having impact on the process (detection), Based on the scale provided in Table 2 are rated 

based on the gray number. 

  
Table 2: Linguistic Terms and Their Corresponding Grey Numbers  

Grey Numbers 
Linguistic Values 

Severity Occurrence Detection 

[1-0.0] No Almost never Almost certain 

[2-1.1] Very slight Remote Very high 

[3-2.1] Slight Very slight High 

[4-3.1] Minor Slight Moderate high 

[5-4.1] Moderate Low Medium 

[6-5.1] Significant Medium Low 

[7-6.1] Major Moderately high Slight 

[8-7.1] Extreme High Very Slight 

[9-8.1] Serious Very high Remote 

[10-9.1] Hazardous Almost certain Almost impossible 

 

Based on the scores obtained by each of the risks described in Table 3 gray relational analysis, decision 

matrix was formed. 

 
Table 3: Decision matrix 

O D S 
Risks No 

L U L U L U 

5.0000 4.1000 6.0000 5.1000 3.0000 2.1000 Collision between one inbound, one outbound vessel 1 

10.0000 9.1000 8.0000 7.1000 6.0000 5.1000 Fuel oroilspillsat sea 2 

10.0000 9.1000 6.0000 5.1000 6.0000 5.1000 Passengersfallingoverboard 3 

9.0000 8.1000 9.0000 8.1000 5.0000 4.1000 The loss ofcontrol of theship 4 

10.0000 9.1000 6.0000 5.1000 6.0000 5.1000 Ship on fire 5 

7.0000 6.1000 8.0000 7.1000 5.0000 4.1000 Loss of ship balance 6 

8.0000 7.1000 9.0000 8.1000 8.0000 7.1000 Vessel grounds during transit inward or outward 7 

8.0000 7.1000 9.0000 8.1000 8.0000 7.1000 The sinking ofship in thedock 8 

9.0000 8.1000 8.0000 7.1000 6.0000 5.1000 
Dock worker exposure during loading and unloading 

dangerous goods 
9 

8.0000 7.1000 7.0000 6.1000 5.0000 4.1000 Release ofthe anchor 10 

8.0000 7.1000 7.0000 6.1000 8.0000 7.1000 The sinking ofship in access channel 11 

7.0000 6.1000 7.0000 6.1000 2.0000 1.1000 Tug disabled during the berthing  of vessel 12 

6.0000 5.1000 10.0000 9.1000 3.0000 2.1000 Commodity falling on dock workers 13 

8.0000 7.1000 10.0000 9.1000 4.0000 3.1000 Contact with jetty during berthing operation 14 

3.0000 2.1000 4.0000 3.1000 9.0000 8.1000 Pilot fallingat sea 15 

6.0000 5.1000 6.0000 5.1000 4.0000 3.1000 Engaging in ship propellers creel 16 

6.0000 5.1000 4.0000 3.1000 4.0000 3.1000 collision with floating static 17 

4.0000 3.1000 3.0000 2.1000 10.0000 9.1000 Release of the goods, from the L/U equipment 18 

3.0000 2.1000 7.0000 6.1000 5.0000 4.1000 Rope tearing of the docked ship 19 

3.0000 2.1000 2.0000 1.1000 10.0000 9.1000 Empty containers fall due to Wind 20 

3.0000 2.1000 6.0000 5.1000 5.0000 4.1000 Ship hatch door not opening 21 

3.0000 2.1000 4.0000 3.1000 2.0000 1.1000 Clash with consistent signs of the way 22 
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Then the normalized decision matrix. According to the criteria measure of income (higher is better) using 

equation (19) is used for normalizing. In this study, the weight of each criterion is determined by collecting 

expert’sweight; Table 4 shows the Weight of criteria. 

 
Table 4: Weight of criteria 

Occurrence detection severity 

L U L U L U 

0.1 0.2 0.2 0.3 0.3 0.4 

 

The weight of each criterion in the criteria column is multiplied by the weighted normalized matrix is 

obtained. Table 5 shows the weighted normalized matrix. 

 
Table 5: Weighted normalized matrix 

O D S 
Risks 

L U L U L U 

0.0923 0.0132 0.1681 0.0077 0.0901 0.0004 1 

0.2242 0.0264 0.2341 0.0103 0.2000 0.0009 2 

0.2242 0.0264 0.1681 0.0077 0.2000 0.0009 3 

0.1802 0.0220 0.2670 0.0116 0.1780 0.0008 4 

0.2242 0.0264 0.1681 0.0077 0.2000 0.0009 5 

0.1802 0.0220 0.2341 0.0103 0.1341 0.0006 6 

0.3121 0.0352 0.2670 0.0116 0.1560 0.0007 7 

0.3121 0.0352 0.2670 0.0116 0.1560 0.0007 8 

0.2242 0.0264 0.2341 0.0103 0.1780 0.0008 9 

0.1802 0.0220 0.2011 0.0090 0.1560 0.0007 10 

0.3121 0.0352 0.2011 0.0090 0.1560 0.0007 11 

0.0484 0.0088 0.2011 0.0090 0.1341 0.0006 12 

0.0923 0.0132 0.3000 0.0129 0.1121 0.0005 13 

0.1363 0.0176 0.3000 0.0129 0.1560 0.0007 14 

0.3560 0.0396 0.1022 0.0051 0.0462 0.0003 15 

0.1363 0.0176 0.1681 0.0077 0.1121 0.0005 16 

0.1363 0.0176 0.1022 0.0051 0.1121 0.0005 17 

0.4000 0.0440 0.0692 0.0039 0.0681 0.0003 18 

0.1802 0.0220 0.2011 0.0090 0.0462 0.0003 19 

0.4000 0.0440 0.0363 0.0026 0.0462 0.0003 20 

0.1802 0.0220 0.1681 0.0077 0.0462 0.0003 21 

0.0484 0.0088 0.1022 0.0051 0.0462 0.0003 22 

 

Then the base series (positive ideal solution) is defined the distance between Favorable option (set the base) 

and other alternative measures can be calculated thus, the distance matrix option (matrix subtraction) is obtained 

by subtracting the matrix of Table 6 shows. 

 
Table 6: Difference matrix 

maxj∆ij  minj∆ij  O D S risks 

0.3080 0.1099 0.3080 0.1319 0.1099 1 

0.1760 0.0000 0.1760 0.0659 0.0000 2 

0.1760 0.0000 0.1760 0.1319 0.0000 3 

0.2200 0.0220 0.2200 0.0330 0.0220 4 

0.1760 0.0000 0.1760 0.1319 0.0000 5 

0.2200 0.0659 0.2200 0.0659 0.0659 6 

0.0880 0.0330 0.0880 0.0330 0.0440 7 

0.0880 0.0330 0.0880 0.0330 0.0440 8 

0.1760 0.0220 0.1760 0.0659 0.0220 9 

0.2200 0.0440 0.2200 0.0989 0.0440 10 

0.0989 0.0440 0.0880 0.0989 0.0440 11 

0.3520 0.0659 0.3520 0.0989 0.0659 12 

0.3080 0.0000 0.3080 0.0000 0.0879 13 

0.2640 0.0000 0.2640 0.0000 0.0440 14 

0.1978 0.0440 0.0440 0.1978 0.1538 15 

0.2640 0.0879 0.2640 0.1319 0.0879 16 

0.2640 0.0879 0.2640 0.1978 0.0879 17 

0.2308 0.0000 0.0000 0.2308 0.1319 18 

0.2200 0.0989 0.2200 0.0989 0.1538 19 

0.2638 0.0000 0.0000 0.2638 0.1538 20 

0.2200 0.1319 0.2200 0.1319 0.1538 21 

0.3520 0.1538 0.3520 0.1978 0.1538 22 

 0.0    miniminj∆ij  

0.3520     maximaxj∆ij  
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Using gray relation coefficient between 25 and 26 degrees and gray correlation is calculated as described in 

Table 7. Based on the degree of gray relation to the risks were ranked. 

 
Table 7: Gray relation coefficient 

ranking Gray degree O D S Risks No 

20 0.516817 0.3636 0.5715 0.6155 Collision between one inbound, one outbound vessel 1 

3 0.742424 0.5000 0.7274 1.0000 Fuel oroilspillsat sea 2 

8 0.690476 0.5000 0.5715 1.0000 Passengersfallingoverboard 3 

5 0.725146 0.4444 0.8422 0.8889 The loss ofcontrol of theship 4 

9 0.690476 0.5000 0.5715 1.0000 Ship on fire 5 

13 0.632997 0.4444 0.7274 0.7274 Loss of ship balance 6 

1 0.769591 0.6667 0.8422 0.8001 Vessel grounds during transit inward or outward 7 

2 0.769591 0.6667 0.8422 0.8001 The sinking ofship in thedock 8 

7 0.705387 0.5000 0.7274 0.8889 
Dock worker exposure during loading and unloading 
dangerous goods 

9 

14 0.628148 0.4444 0.6401 0.8001 Release ofthe anchor 10 

6 0.702222 0.6667 0.6401 0.8001 The sinking ofship in access channel 11 

16 0.566869 0.3333 0.6401 0.7274 Tug disabled during the berthing  of vessel 12 

11 0.676768 0.3636 1.0000 0.6668 Commodity falling on dock workers 13 

4 0.733333 0.4000 1.0000 0.8001 Contact with jetty during berthing operation 14 

15 0.601307 0.8000 0.4707 0.5334 Pilot fallingat sea 15 

17 0.546032 0.4000 0.5715 0.6668 Engaging in ship propellers creel 16 

21 0.512418 0.4000 0.4707 0.6668 collision with floating static 17 

10 0.667954 1.0000 0.4325 0.5715 Release of the goods, from the L/U equipment 18 

18 0.539259 0.4444 0.6401 0.5334 Rope tearing of the docked ship 19 

12 0.644444 1.0000 0.4001 0.5334 Empty containers fall due to Wind 20 

19 0.516402 0.4444 0.5715 0.5334 Ship hatch door not opening 21 

22 0.445752 0.3333 0.4707 0.5334 Clash with consistent signs of the way 22 

 

Discussion and Conclusion: 

This research aims to identify and rank risks in ports using gray relational analysis is done in two steps. The 

first stage of the analysis database accident happened in ports and harbors also hold brainstorming sessions with 

experts from 22 countries have been identified risks.In the second stage Then based on the criteria of 

determination of causes occurrence probability (occurrence frequency), the extent of its impact on process after 

occurrence (severity) and probability of its identification prior to having impact on the process (detection), 

Based on the scale provided are rated based on the gray number. Based on the scores obtained by each of the 

Risks matrix composed of gray relational analysis and decision making about the Risks of using this approach 

are ranked. Considering the final achieved results, Vessel grounds during transit inward or outward, the sinking 

of ship in the dock, Fuel or oil spills at sea, Contact with jetty during berthing operation, the loss of control of 

the ship have gained highest importance and priority. 
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