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EXTENDED ABSTRACT

Introduction: Managing environmental risks associated with marine installations, such as the
breakwaters of the Caspian Sea, plays a critical role in mitigating potential hazards and ensuring
sustainable development. The Caspian Sea, a unique and environmentally sensitive region,
faces significant ecological risks due to construction and operational activities related to
breakwaters. This study aims to model and analyze the environmental risks specifically related
to the breakwater located in the Caspian Port. By comprehensively identifying the various
activities and processes during both the construction and operation phases, this research seeks
to uncover potential hazards and damaging factors. The ultimate objective is to provide a
framework for preventing or minimizing these risks, thus contributing to the long-term
environmental sustainability of the region.

Material and Methods: In this research, the Failure Modes and Effects Analysis (FMEA)
method was employed to evaluate the environmental risks. FMEA is a widely used risk
assessment tool that helps in determining the severity, likelihood of occurrence, and
detectability of risks. Expert opinions were collected to assess these factors for each identified
risk. Following this evaluation, the risk priority number (RPN) was calculated, which helped
identify the critical risks requiring immediate attention. The highest RPN for non-human-
related risks was 384, while for human-related risks, it was 126. These priority levels were
further analyzed using Bayesian networks through the Netica software, a tool known for
efficiently modeling risk interdependencies.

Results and Discussion: The analysis of human-related risks revealed that skin damage posed
the highest risk, with a quantitative value of 0.167. Direct auditory impairments were less
significant, with a value of 0.004, while indirect human risks included soil pollution (0.125)
and noise pollution (0.004). These findings indicate that while direct physical harm to
individuals may not be highly prevalent, indirect risks, especially related to environmental
degradation, hold substantial importance. On the other hand, in the category of non-human-
related risks, the most critical hazard was identified as the depletion of natural resources due to
mining activities, with a high quantitative value of 0.764. Water pollution (0.224) and the use
of hazardous substances (0.024) were also identified as key risks impacting the environment.
The Bayesian network analysis effectively highlighted the interconnections between these
risks, revealing how the occurrence of one risk could amplify others, demonstrating a web of
interdependent risk factors.

Conclusion: The results underscore the significance of understanding the interdependence of
risks when addressing environmental challenges in marine construction projects. The use of
Bayesian networks in this study clearly demonstrated the mutual influence between different
risk factors, emphasizing the need for an integrated risk management approach. By identifying
critical risks and understanding their interdependencies, decision-makers can implement
targeted and localized solutions to mitigate these risks.
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Table 1. Critical human-dependent risks in order of priority
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Human_related risk Activity Row
12 3 6 7 oe ool w2P gl 1
Miam Borrowed resources
2 3 6 7 sl Ll w5 e )
Auditory effects Borrowed resources
0 4 5 5 Iy 55 w2 gle 3
Air pollution Borrowed resources
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Financial damages Hydraulic considerations in construction
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Table 2. Critical non-human-dependent risks in order of priority
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Water pollution
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Table 3. Quantitative value of human-dependent risks

b S glg! (R SWRRW-SK) S o
Risk types Percentage risk Quantitative value

o] s il b sl

. . 7 30.7 0. 0004
Risks with a direct impact on humans

bl peitan e 56 b slacSian,

16.2 -
Risks with an indirect effect on humans
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Table 4. Quantitative value of risks with direct impact on humans
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Risk types Percentage risk Quantitative value
o ! 9.93 0.167

Skin damage

ol S 9.93 0.004

Hearing problems
ros 9.93 0. 004
Maim
il ol s
A 0.131 0. 002
Fatalities and injuries
S e
‘_;“s—“) slas,lon 0.111 0

Genetic diseases
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Table 5. Risks with indirect impacts on humans
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Risk types Percentage risk Quantitative value
St 7ol 146 0.125

Soil pollution

5 gl
oo 39 146 0. 004
Noise pollution
Wﬂ)h"‘: it «55‘)9” . 2.79 0
Environmental pollution
e 29 0.156 0
Air pollution
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Table 6. Quantitative value of non-human-dependent risks
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Risk types Percentage risk Quantitative value
45, olge 5l eolal 6.96 0.024
Use of hazardous materials
i YT il
§ Y o 6.96 0.024
Heavy machinery
resb i a2 0.13 0. 003
Destruction of natural resources
S g 0.13 0.010
Sedimentation
s [ S, 0. 0605 0
Total risk changes
SIS 0.0275 0

Total risk of contamination
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Table 7. Quantitative value of pollution-related risks

b S glg! S jouo y &5 ool
Risk types Percentage risk Quantitative value
G 26.1 0.224
Water pollution
- e "
e 53 311 0.023
Noise
SE Sl 0.0748 0
Soil pollution
S jlanma (Sl 0.0178 0

Environmental pollution

=R R) ‘.-’l gs§°9” 0.0103 0
Groundwater pollution
Ly g skl b_fay\g_.jlj:;_i! 0.0103 0
Groundwater pollution
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Table 8. Quantitative value of risks associated with changes

b Sy glg! Sy 50 &S o0l
Risk types Percentage risk Quantitative value
5
L"J_’L“’)" S 41.2 0.276
Changing the coastline
bos = "
23 et e 057 0.001
Seabed change
. |
eS| 0. 0101 0

Ecosystem change
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Table 9. Quantitative value of risks associated with natural resource destruction
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Risk types Percentage risk Quantitative value

obre ) gl aals 5 il 5| 80 el lie g 55
Cads 5 ol 5l as),d
Destruction of natural resources resulting from 32.6 0. 764
extraction and supply of materials from borrowed
mines and nature
b b s gllas el i ol b glie o5
Destruction of natural resources resulting from the 0.717 0.123
extraction of materials and natural resources
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