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History of the Conference

The Ports and Maritime Organization of Iran is going to hold the 14th International 
Conference on Coasts, Ports and Marine Structures (ICOPMAS 2022) in 
cooperation with International Maritime Associations, domestic and foreign 
organizations, universities, contractors and consulting engineers in the Thirty- 
second anniversary of the conference. The conference emphasizes on technical 
and specialized cooperation among all countries, particularly between neighboring 
coastal countries. 
In this respect, ICOPMAS secretariat recommends interested students, experts and 
scientists visit the website for more detailed information: http://icopmas.pmo.ir.

On May 27, 1990 the first International Conference on Ports & Marine Structures 
took place at Tehran University, and the Thirteenth session of the conference 
(ICOPMAS 2018) was held on 26th-28th, NOV 2018 at Tehran Olympic Hotel with 
participation of more than 1300 related experts and scientists from 37 countries.
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Objectives

Language

IMPORTANT DATES 

As one of the most important technical and scientific events of Iran, ICOPMAS 
aims to provide an appropriate ground to exchange the latest scientific innovations 
and technical executive achievements. The conference affords a forum to promote 
coastal and marine engineering science and opens up new horizons for related 
experts to present their capabilities to the world. In addition, this conference leads 
to using new methods and modern devices in the marine industry to promote 
innovative management systems, strategic and economical technology and 
preparing the required ground for future cooperation among employers, investors 
and consultant engineers. 

The official language of the conference is English. 

Procedure Deadline
Abstracts Submission Deadline 1st Jun. 2022

Authors Notification 1st Aug. 2022

Closure early bird registration 20th Oct. 2022

Conference Dates 9 & 10 May 2023
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1. Hydrodynamics and Sediment  
- Waves and Currents
- Tropical Storms and Tsunami
- Sediment Transport, Erosion and Geomorphology 
- Metocean Measurements and Analysis 
- Marine Renewable Energy

2. Port and Coastal Management
- Integrated Coastal Zone Management (ICZM)
- Crisis Management of Marine Hazards
- GIS and Remote Sensing 
- Port Technologies and Management

3. Port Engineering and Coastal Structures
- Planning and Design of Ports 
- Design and Construction of Coastal Structures 
- Maintenance, Inspection and Repair of Coastal Structures
- New Equipment and Materials for Construction of Coastal Structures
- Hydrography and Dredging

4. Offshore and Pipeline Engineering
- Design and Construction of Offshore Structures
- Maintenance, Inspection and Repair of Offshore Structures
- Planning and Construction of Submarine Pipelines 
- Marine Geotechnics 

5. Marine Environment and Safety
- Ports and Maritime Safety Management
- International Convention, Regulations and Rules 
- Pollution and Environmental Impacts of Structures and Marine Transportation
- Coastal and Marine Ecosystems

Topics
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1. Introduction 
Oil and gas construction projects are of great 

importance to support and facilitate the process of 
operation and production. However, these projects usually 
face chronic risks that lead to time overrun, cost overrun, 
and poor quality, affecting the projects’ success. This is 
why very few projects complete within the expected costs 
and timetable. 

  
2. World records circa 2017 
2.1. Largest subsea pipeline networks [1] 

Notable offshore production regions include the Gulf of 
Mexico (GoM), the North Sea, Brazil, West Africa, the 
Persian Gulf. Wherever there is a continental shelf and 
sedimentary basins, there exists the potential for 
commercial hydrocarbon deposits. 

The US GoM has the greatest amount of offshore 
pipeline installed in the world because of its rich 
hydrocarbon basins, vintage, development strategies and 
licensing terms.  

At the end of 2016, over 72,000 km of pipeline have 
been installed in federal waters since 1952 which would 
encircle the earth at the equator about two times. About 
42,000 km of pipeline are active circa 2016 with the rest 
out-of-service or abandoned. The North Sea has the second 
largest pipeline network in the world with around 45,000 
km installed pipeline since 1966. About 60% of the 
pipelines in both regions are export lines with the rest 
smaller diameter flow lines [2]. 
2.2. Deepwater pipelines 

Deepwater production, defined as water depth greater 
than 300 m, is mostly cantered in the ‘golden triangle’ of 
the US GoM, West Africa and Brazil. 

Pipelines in deepwater are subject to increased 
pressures, colder temperatures, stronger currents, possibly 
higher flow rates, greater lengths, challenging topography 
and difficult access for repair and monitoring. 

 
3. Gas Export Pipeline Outstanding 

Concerns 
Below enlisted are the main concerns regarding the 
offshore pipeline construction project that are 
classified subjectively: 
• Technical Concerns 

– Transportation volume;  
– Route Selection: Data Acquisitions/ 

Comprehensive Survey 
– Gas Composition 

• Integrated Management Scheme  
– Responsibility Matrix 
– Shares during construction and operation 

• Financial Concerns 
– Finance Structure  
– Gas fee Structure/ Payments  

• Long Lead Items Procurement  
– Line Pipe/ Compressor  

• Legal Concerns  
- 3rd Party Interactions 
– National and International laws 

applicable to the transportation 
– Gas transportation contracts. 

 
4. Transboundary offshore pipelines 
4.1. Iran –Oman Pipeline Project  

The pipeline route includes ab. 190 KM onshore 
section from Roudan to Kouh Mobarak Oil and Gas 
Terminal. The offshore section of the pipeline starts 
towards southern part of Oman. 

The offshore pipeline route includes a landfall at Kouh 
Mobarak, runs through the Oman Sea to the Sohar area on 
the approximately 180 KM (Figure 1  

 
Figure 1.  Iran –Oman Gas Export Pipeline Route 
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As a minimum, a feasibility Study for this project 

contains below topics: 
Gulf of Oman Characteristics; Results of Geohazard 

Study; Environmental Considerations; Third Party 
Interactions; Route Survey and Geohazard Design 
Requirements; Wall Thickness and Installation Feasibility 

Evaluation of Route Options; Panel Discussion and 
Route Selection 

 
4.2. Nord Stream 

This is a Mega project that includes construction and 
subsequent operation of two 1,224-kilometre 
offshore natural gas pipelines [3] in Europe that runs under 
the Baltic Sea from Russia to Germany. 

According to EIA report [4] on Potential National and 
Transboundary Impacts, with reference to the social 
environment the following assessment results needs to be 
documented for such projects: 

· cultural heritage (in particular wrecks); fisheries 
· marine traffic, tourism and recreation 
· existing and planned installations (pipelines, cable, 

wind farms, etc.) 
· existing and planned extraction sites 
· military operations, dumping sites (dredged spoils, 

chemicals and munitions dumps)  
· Long term monitoring stations  
 

5. The main activities during the different 
phases of the lifetime of the pipeline 
Project include 
✓ feasibility study and conceptual design  
✓  engineering surveys and munitions screening 
✓  detailed pipeline design 
✓  environmental study, risk assessments 
✓  permitting 
✓  setting up infrastructure and logistics 
✓  surveying of the pipeline installation corridor 
✓  seabed intervention works prior pipe lay 
✓  construction activities at the landfalls in both 

termination points 
✓  preparation of crossings of existing offshore 

cables and pipelines 
✓  offshore pipe lay and environmental monitoring 
✓  pre-commissioning of the pipelines (flooding, 

cleaning, gauging, pressure-testing, dewatering, 
drying) 
✓  hyperbaric tie-in of the different offshore pipeline 

sections 
✓  commissioning (filling the pipelines with gas) 
✓  operation, including inspection, maintenance, and 

repair 
✓  decommissioning (abandonment) of the 

pipelines. 

6. Conclusions & Recommendations 

     Export Pipelines may face immense technical, legal, 
political, economic, and social challenges and sometimes 
entail innovative solutions to mitigate environmental risk.   
For instance, lack of technology, expertise or facilities is 
one of the limitation. To overcome this challenge, 
indigenous infrastructure must be upgraded or borrowed. 
The shareholders, foreign investors or bank loans can 
finance project cost. An extensive and transparent 
communication strategy must be established to solve 
disagreement and political issues. Finally, the potential 
impact of the project must be evaluated to avoid possible 
negative effects on the environment.  
     Pipelines are the most economical and safest means for 
exporting gas. They are long term projects, hence require 
detailed planning. Benefits of parties, international 
regulations and neighboring countries' determinations 
govern settlements, so for making decision a collaborative 
approach must be adopted for these projects.   
Export or import pipelines contribute to political security 
for countries, by pursuing compatible goals. 
It is worth to allocate time, pay consideration and put 
efforts into these multidisciplinary projects due to their 
advantages and importance.  
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1. Introduction 
Post-tsunami field survey evidence indicate that 

destructive tsunamis cause substantial coastal sediment 
mobilization. Measurements collected following several 
tsunami events, such as the 1992 Nicaragua Tsunami, the 
2004 Indian Ocean Tsunami, and the 2011 Tohoku 
Tsunami provided substantial evidence of scour around 
damaged buildings and bridges. Tsunami-induced coastal 
inundation is characterized by high overland flow 
velocities, both during the inland flow phase as well as 
during the drawdown. These high flow velocities produce 
high bed shear stresses and large amounts of sediment 
movement over extensive areas, resulting in substantial 
beach erosion and significant scour around many of the 
structures located in the inundation zone. 

A vast amount of research exists on scour depth in 
waves, currents and combinations of waves and currents. 
However, in the case of tsunami-induced scour, forensic 
engineering post-tsunami surveys are the primary source of 
scour data and the literature is limited. Numerous studies 
have pointed out scour around structures as the main 
failure factor for many coastal structures during the 2011 
Tohoku tsunami (Jayaratne et al. 2016). Researchers such 
as Van et al. (2007), Mazumder and Ojha (2007), Zhao et 
al. (2010), Yeh (2010), Kato et al. (2006, 2012), Yeganeh-
Bakhtiary et al. (2012), Arikawa et al. (2012), and Arya 
and Shingan (2012) performed experimental studies which 
investigated scour mechanisms around vertical cylinders 
and breakwaters. Yoshii et al. (2017) and Yoshii et al. 
(2018) investigated tsunami inundation and associated 
sediment transport and deposition in the coastal hinterland 
using two large wave flume studies. However, 
experimental work related to scour around structures 
attempting to simulate the local scour induced by tsunamis 
inundation are limited to a few studies. 
 
2. Research Objectives and Novelty 

This study will present results of several tsunami 
forensic engineering campaigns as well as results of a 
comprehensive new experimental program dealing with 
bore-induced local scour around structures. The 
hydrodynamic forcing conditions for the experimental 
program was due to a dam-break wave generated in a 
hydraulic flume located in the Hydraulics Laboratory at the 
University of Ottawa, Canada. This highly turbulent bore 
was generated by the rapid release of water impounded 

behind a rapidly-opening swing gate equipped with a lock 
and sudden release mechanism. A video system was used 
to record the evolution the of scour and vortex 
characteristics using video imaging obtained from inside of 
the structure model which was built from transparent PVC. 
Image processing allowed tracking the time and spatial 
evolution of the scour around the structure. Finally, new 
provisions for scour around structures stemming from this 
research which are now included in the ASCE7 Chapter 6 
Tsunami Loads and Effects and which will be presented.  

Figure 1 Experimental setting (not at scale) 
 
The experimental setup was performed in the Dam-break 
Flume (30 m long, 1.5 m wide, and 0.8 m deep) at the 
University of Ottawa, Canada. The dam-break waves was 
were generated using a rapidly opening swing gate, which 
released an impounded volume of water generating a dam-
break wave. Two false floors with a height of 0.20 m were 
installed in the downstream of the gate, before in front and 
after the sand bed section, to provide a section for the 
sediment bed. The latter which consisted of uniform sand 
with a mean sand diameter (D50) of 0.5 mm. Two sand 
beds with a horizontal slope and a positive slope of 5% 
were tested in this study as the bore front propagation over 
the false floor and the sandy section. The bore propagation 
over the bed s and the scour formation evolution were 
recorded with four video-cameras (GoPro Hero5). The 
dam-break waves were generated with four different 
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impoundment depths of 0.4 m, 0.35 m, 0.3 m, and 0.25 m 
and two still water depths of 0.1 m and 0.03 m were set in 
the sand section. 
3. Results and discussion 

Several parameters were measured and analyzed in this 
experimental program. Figure 2 (a), (b) and (c) show the 
evolution of the upstream scour hole geometry at different 
scour stages. The scour hole is characterized by a gradation 
of bed slope, an inner slope immediately adjacent to the 
structure and an outer slope, with a slope break in between 
them. The boundary between the two slopes within the 
front scour hole is shown with a dash line in Figure 2. 

Figure 2 (a) Suspended sediment movement from 
outer slope to inner slope at t=6.41 s; (b) suspended 
sediment moving back to the upstream of scour hole and 
the oscillation of the boundary between two slopes at t 
=7.06 s; and (c) final scour hole geometry with outer and 
inner slopes at t=24 s, for Test 1 (hu=0.25 m). 

 
First, suspended sediment entrained from the outer 

scour hole entered the inner hole due to slope failure of 
outer slope (slumping), as shown with arrows in Figure 2a. 
Additionally the boundary between the two slopes moved 
toward the downstream of the inner slope (the latter shown 
with the dash line in Figure 2b. Furthermore, the 
suspended particles moved back to the upstream of the 
inner scour hole while still remaining suspended, shown 
with arrows in Figure 2b. As a result, the boundary moved 
back to the upstream part of the scour hole. Subsequently, 
the suspended sediment was carried out transversely, along 
the structure, and moved into the inner scour hole all over 
again. The oscillation of the boundary between the inner 
and outer slopes demonstrates the oscillation of the 
horseshoe vortex in terms of its location and magnitude 
over time in stream-wise direction.  

Figure 3 shows the measured results for the initial 
condition of hu = 0.25 m (Test1). Bore duration was 
approximately 120 seconds. The negative and positive 
values of the left axis represent scour and bore depth (m), 
respectively, whereas the right axis represents the stream-
wise velocity (m/s). The black line represents the time-
history of the horizontal flow velocity measured at X= 5.4 
m from the longitudinal axis of the flume (40cm upstream 
of the structure). The red, light blue, and pink lines show 
the time-histories of the water surface elevation measured 
by the wave gauges located at the front, side and back face 
of the structure, respectively. Also, the red line with 
triangle pattern, light blue line with cross pattern and pink 
line with star pattern show the scour depth time-histories 
observed at the front, side and back of the structure, 
respectively. It can be seen that stream-wise velocities 
were captured after 2 s from the passage of the bore front 

as the ADV measurements were noisy for the first 2 
seconds after the arrival of the advancing bore due to air 
bubble entrainment and cavitation formed around the head 
of the ADV.  

Figure 3 Time history of the water surface elevations 
measured by the wave gauges located at the front (red 
line), side (light blue) and back (pink line) face of the 
structure, and scour depth measured at the front (red line 
with triangle pattern), side (light blue line with cross 
pattern) and back (pink line with star pattern) face of the 
structure, and horizontal velocity (black line) measured 
50 cm upstream of the structure for an impoundment 
depth, hu=0.25 m (Test 1). 

 
The time-history of the bore depth at the front of the 

structure suddenly increased moments after initial impact 
and continued to increase beyond the first sudden rise until 
a maximum value of 0.166 m was reached, after which a 
decrease was observed. The initial bore front (recorded by 
the front WG) had an almost vertical front profile, and the 
maximum bore depth was attained within 5 seconds after 
initial bore impact. The bore depths measured by the wave 
gauges installed on the side and back of the column show 
smaller bore height values compared to the bore depth 
measured by the front wave gauge.  

Figure 3 also illustrates that the maximum bore depth 
(runup) measured on the upstream face was approximately 
1.6 times greater than that recorded by the side and back 
wave gauges. Scour at these three locations began shortly 
after the arrival of the bore at each face. Scour at the side 
of the structure started slightly later than the initiation of 
the scour at the front corner.  

The critical velocity for the initiation of sediment 
motion was calculated using the Shields entrainment 
criterion. For the 1 mm grain size, the calculated critical 
velocity was 0.28 m/s. Figure 3 shows that the highest 
scour rate coincided with the largest flow velocities greater 
than the critical velocity Once the flow velocity decreased, 
the erosion rate slowed and the scour hole reached its 
maximum depth. As previously discussed, once the 
velocity decreased, slumping of the over-steep scour hole 
slopes towards the sediment’s natural angle of repose was 
observed and filled the scour hole. 
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1. Introduction 
Coastal disasters such as tsunamis, storm surges and 

high wind waves are natural disasters that can occur in any 
coastal area worldwide [1].  They occur when several 
natural conditions, such as earthquakes, typhoons, local 
topography, and social conditions, such as prior disaster 
experiences and preparedness, are combined as 
unfavourable circumstances for the coastal residents.  They 
can occur at various time intervals, from tsunamis, which 
occur once every hundred or thousand years, to storm 
surges and high wind waves, which occur somewhere in 
the world every year due to typhoon strikes.  They can be 
as extensive as the 2011 Tohoku earthquake tsunami or the 
2004 Indian Ocean tsunami, which extended hundreds of 
kilometres along the coast, or as small-scale as the 2014 
extratropical cyclone-induced storm surge in Nemuro, 
where the storm surge inundated land in a narrow area of a 
few kilometres. 
 
2. Purpose of Field Surveys 

The purpose of surveying coastal disasters worldwide 
is to analyse them and then recommend strategies for 
disaster mitigation from a local perspective, adapted to the 
actual conditions in each region.  As Japan has historically 
experienced many coastal disasters over the years since the 
beginning of history, it is also essential to organise this 
experience and contribute to disaster reduction worldwide.  
In practice, the first step is to conduct post-disaster field 
surveys and organise the data numerically and 
descriptively.  In order to incorporate new findings into 

disaster mitigation methods, hydraulic model experiments 
are used to observe phenomena in more detail and to 
understand the physical processes.  The results are then 
incorporated into a numerical prediction model to 
reconstruct a more concrete image of the disaster.  By 
sharing these results with the local residents, it will finally 
be possible to construct rational disaster prevention 
structures and create evacuation plans tailored to the actual 
conditions of the region. 

 
3. Examples of Recent Coastal Disasters  

Table 1 lists the significant tsunamis, storm surges and 
high wind waves that have caused damage in coastal areas 
in the last 20 years since the 2004 Indian Ocean tsunami.  
The author conducted post-disaster field surveys for all the 
disasters in this table.  From the standpoint of coastal 
disaster research, from the 1970s onwards, for about 30 
years, there were few significant coastal hazards.  In 
coastal engineering, research interest was focused on 
coastal erosion and water quality in inner bays.  However, 
since 2004, major coastal disasters have occurred every 
year, and for the first time in 30 years, research interest in 
coastal disasters has increased. 

The author started studying coastal disaster 
management at the end of the 1970s, so we had vivid 
memories of the Ise Bay typhoon (1959) and the Chilean 
tsunami (1960).  At that time, knowledge of coastal 
disaster prevention was still shared among limited experts 
but was not widespread among the general public.  Later, 
after the Indian Ocean Tsunami (2004) and the Tohoku 

Table 1.  List of Major Coastal Disasters after 2004. 

COASTAL DISASTER SURVEYS AND RISK MITIGATION
Tomoya Shibayama



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

8

 

2 
 

Earthquake Tsunami (2011), knowledge of coastal 
disasters became widespread worldwide. 

 
4. Recovery from 2011 Tohoku Tsunami: 

Japanese Choice of Reconstruction  
  

In 2011, the great east Japan Earthquake tsunami 
(Tohoku tsunami) attacked the northern part of Japan.  
After the tsunami, there was a significant change in the 
engineering concept of protecting the coastal area from 
tsunamis based on field survey results and analysis.  There 
are now two levels of protection.  The "tsunami protection 
level" (level 1) is the level of the tsunami that can be 
handled by structures such as seawalls and is the height of 
the tsunami used in the design of coastal protection 
facilities.  The tsunami protection level is for a tsunami 
that occurs once every 100 years.  The "tsunami disaster 
mitigation level" (level 2) is above the protection level, 
which is the level of tsunami evacuation planning and is 
the maximum height necessary to save lives if a tsunami 
exceeds the protection level. 

In the aftermath of the Tohoku tsunami, the recovery 
from the disaster was carried out through consensus 
building in each region, using a 32 trillion yen (300 billion 
USD) reconstruction budget based on public consensus.  
Different choices were made in each region based on local 
disaster experience and the history of the community.  The 
following are some of the most common choices.  These 
cases are instructive examples for the future choices of 
coastal communities. 
1) To rebuild the community by building higher and 
stronger tsunami seawalls to prepare for the subsequent 
tsunami:  In Taro District, the 10.0m tsunami embankment 
before the Tohoku Tsunami was breached by overflow, so 
a new 14.7m embankment was built closer to the coastline 
(Fig. 1). 
(2) New artificial ground was constructed in the old urban 
area.  A new urban area is constructed on the artificial 
ground:  In Rikuzentakata, a new urban area was built on 
top of the old one, 10-12m above sea level.  The 
surrounding hills (45 ha) and the new embankment (91 ha) 
were combined to create the new residential area (Fig. 2).  
(3) The old low-lying area inundated by the tsunami is an 
open space without housing:  In Onagawa, the old town is 
used as a railway station and shopping area.  A new 
residential area was built on a natural hill, and the residents 
were relocated (Fig.3). 
(4) Abolish the residential area and withdraw:  The 
Arahama area in Sendai City was developed as a bedroom 
town of Sendai City before the tsunami.  However, all the 
residents moved out and withdrew from this area following 
the heavy damage (Fig.4).   

 
5. References 

 
[1] Shibayama, T.,  Esteban, M. (Editors), "Coastal Disaster 
Surveys and Assessment for Risk Management", (Taylor & 
Francis、379p, 2022.  

Figure 1.  Case of Taro (High Embankment). 

Figure 2.  Case of Rikuzentakata (Artificial Hill). 

Figure 4.  Case of Arahama (Withdrawal). 

Figure 3.  Case of Onagawa (Open Space). 
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1. Introduction 
Morphodynamics, driven by the hydrodynamic 

characteristics of the nearshore region, is a complex 
physical process, understanding of which is essential for 
engineers, especially for port and harbour, as siltation in 
navigational channel is undesirable for vessel movements. 
Dredging is an inevitable process, in order to keep the 
channels navigable, which cost significant expenditures to 
ports. On the other hand, sediment transport along 
coastline, influenced largely by wind waves, of great 
interest to coastal engineers for planning any suitable 
coastal management strategy. This paper presents our 
research efforts to understand the siltation behavior of 
navigational channels and nearshore region, through 
comprehensive analysis by using the powers of in-situ 
measurements, numerical modelling tools and remote-
sensing techniques.  
 
2. Siltation Dynamics in Ports 

Siltation behaviour of navigational channels and basins 
of (i) Kandla, Gujarat (ii) Mumbai harbour (iii) Thane 
Creek using process based hydrodynamic and 
morphological model developed using Delft3D numerical 
scheme is discussed. The tidal levels and currents of the 
numerical model are validated with in-situ measurements 
at different location. We used input reduction technique [1] 
to estimate the annual siltation rates but with minimal 
computational efforts The modelling results revealed that 
siltation rates and morphological trends, which is useful for 
deriving the dredging management strategies. Site specific 
recommendation of sediment management system is also 
discussed.  

Figure 1.  Location of Kandla creek 

 

 
Figure 2.  Location of Thane creek & Mumbai port 

 
3. Morphological Changes along Beaches  

Coastal zones are more susceptible to hazards as global 
ocean climate changes and utilization of coastal resources 
increases. Thus, coastal observation has to support the 
societal economy of the country by protecting coasts and 
the people. Our emphasis on the coastal observation and 
opportunities associated with it to understand the nearshore 
dynamics is established with several case studies. We have 
successfully adopted (a) Eulerian method of observation 
[2] (b) Lagrangian method of observation (c) Unmanned 
Aerial Vehicle (UAV) based coastal observation system 
and (d) Coastal monitoring programme for coastal 
protection works, as part of our field measurement 
campaigns. The various measurement types, sensors, and 

PRACTICAL CHALLENGES OF UNDERSTANDING THE HYDRO-MORPHO-DYNAMICS FROM 
COASTAL & PORT ENGINEERING PERSPECTIVE
Balaji Ramakrishnan 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

10
 

moreover the recent advancement of data collection 
methods such as satellite imageries, lidar, and UAV etc. 
are discussed. These collected data are used for calibration 
and validation of ocean state forecast numerical model and 
satellite image processing.   

 

Krishnapur, Gujarat

Malgund beach, Ratnagiri, Maharashtra  
Figure 3. Typical beach topographical data collected by 

UAV 

 

 
Figure 4. Typical in-situ measurement of hydro-morpho-

dynamics 

 
4. Summary 

The talk highlights some of recent research and 
developments in the thematic domain of hydro- and 
sediment dynamics, pertaining to ports, waterways and 
nearshore environment, successfully accomplished by 
Ocean Engineering Division, Department of Civil 

Engineering, Indian Institute of Technology Bombay, 
Mumbai, in India.  
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1. Introduction 

Internal waves are one of the most important marine 
phenomena due to their effect on how densities change in 
different layers. The internal waves formed and produced 
by the passage of tidal and ocean currents over the seabed's 
mounds. Internal waves appear as parallel ripple bands on 
the sea surface. So, for this reason, evaluating spatial and 
dynamic properties of internal waves, especially their 
propagation speed, is possible through satellite image 
processing. The detection of internal waves at the sea 
surface is done in satellite images with alternating traces 
almost similar to depressions and ridges at the sea surface 
[1, 2, 3, 4]. Internal waves consequently affect the ocean's 
sound and acoustic wave propagation [5]. Collecting 
images from an area with high temporal and spatial 
resolution using optical images and SAR radar images is 
an important application for studying internal waves [6]. 
Synthetic aperture radar (SAR), which is very sensitive to 
sea surface roughness, is a powerful tool for observing 
internal waves [7]. Using images from Sentinel-1 SAR-C 
band and Landsat-8 OLI Sensor satellites, it is possible to 
retrieve the spatial parameters of internal wave groups on 
the surface due to the high resolution of the data and 
repetitive imaging of an area [8]. The creation of internal 
waves is expected due to the bathymetry and 
characteristics of the water in this area. In this study, we 
examine the images to identify and detect these waves 
using satellite images and extract their parameters.  
  
2. Materials and Methods 

In this study, satellite images have been used in the 
Oman Sea region for the whole of 2020 and 2021 years. 
The Oman Sea is located in the southeast of Iran and the 
north of Oman and is in the eastern part of the Strait of 
Hormuz. Its coordinates are between 56.2 E and 59 E 
longitude and 23 N and 27 N latitude. In this study, 48 
images per month of Landsat 8 ETM+1, the panchromatic 
band (band 8) [9], and Sentinel 1, Band C, SAR sensor 
[10] were downloaded. The Landsat 8 satellite band 8 has a 
spatial accuracy of up to 15 meters, which is suitable for 
detecting minor features. After receiving these images, the 
initial radiometric and geometric corrections were first 

 
1 Enhanced Thematic Mapper Plus 

made on them by SNAP2 and ENVI3 Software. Internal 
waves were identified in two stages. First, visually, after 
adjusting the brightness and color of the image, these 
waves were detected in the area, and then, by the designed 
and developed edge-detection algorithm in MATLAB, 
these waves were detected. Areas containing wave packets 
were studied and measured to extract the parameters of 
wavelength, largest wavefront length, and calculation of 
propagation speed from the image. In this study, the 
temperature and salinity of the region were used according 
to the results of field measurements performed in previous 
studies in the Oman Sea, showing that we have a stronger 
thermocline and more stable stratification in the warmer 
seasons [11, 12]. 
 
3. Results 

A Study of 48 images showed 15 internal wave 
packets, all identified between April and September. In 
other months of the year, no wave packet was observed, 
which could be the result of weaker stratification due to 
cold months and stronger stratification in warmer months 
(see Table 1). 

 
Table 1. The Number of observed internal waves  

Month LANDSAT 8 SENTINEL1-SAR Total 
April - 1 1 
May 2 - 2 
June 5 - 5 
July 1 2 3 

August 1 2 3 
September - 1 1 

 
The Bathymetry changes in the region are very intense. 

The depth in the western part of the Oman Sea suddenly 
has decreased to about 1500 meters, which is one of the 
influential factors in creating internal waves in this area 
and making them visible on the surface (see Figure 1). This 
is consistent with the results of Small and Martin in 2002, 
who concluded that the position and curvature of the 
internal wavefronts observed in the Oman Sea indicate 
propagation from the edge of the continental shelf [13]. 

 
2 Sentinel Application Platform 
3 Environment for Visualizing Images 
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Figure 1. Bathymetry and Observed internal waves in the 
Oman Sea in 2020 and 2021. The red points are Internal 
Waves locations. 

 
These waves are mainly seen in the western part of the 
Oman Sea, east of the Strait of Hormuz, and southeast of 
the Musandam Peninsula. In this study, a better-resolution 
image from each satellite was selected as a sample image 
to display the measured properties of the image. (see 
Figure 2-a) which is related to the Sentinel 1-SAR sensor, 
which shows about 3.6 km Wave-packet length. (see 
Figure 2-b) which is related to the Landsat 8 satellite, 
shows about 4 km Wave-packet length, and the length of 
the largest wavefront shown in blue is 21.3 km. 
 

 
Figure 2.  Internal waves in the Oman Sea, SAR image in 
2020 (a), and LANDSAT8 image in 2021(b), the blue line 
is the wavefront, and the red lines are the packet length. 

 
In the total of 15 observed wave packets, the average 
wavelength is about 465 meters, the biggest wavelength is 
about 726 meters, and the smallest wavelength is about to 
86 meters. Also, the largest wavefront length is about 49.3 
km, and the smallest is about 7.7 km. The average 
propagation speed is about 0.6 meters per second, and the 
average propagation angle is between 290 to 300 degrees 
in the northwest direction. 
 

4. Conclusion 
The results show that more internal waves occur in 

warm seasons near the area of intense depth changes in the 
western part of the Oman Sea near the Strait of Hormuz 
due to creating a stronger stratification in warmer seasons. 
The Landsat 8 and Sentinel1-SAR satellite images showed 
an excellent outcome for detecting internal waves. The 
wave Parameters such as wavelength, packet length, 
propagation speed, and angle of their propagation were 
extracted from the images. Also, due to consequently 
effect of internal waves on the sound and acoustic wave 
propagation in the ocean, identifying the occurrence 
locations can be applied in other fields as well. 
 
5. References 
[1] Rufenach, C., & Smith, C. (1985). Technical note 
Observation of internal waves in LANDSAT and SEASAT 
satellite imagery. International Journal of Remote Sensing, 6(7), 
1201-1207. 
[2] Lavrova, O. Y., Mityagina, M. I., & Sabinin, K. D. (2011, 
January). Study of internal wave generation and propagation 
features in non-tidal seas based on satellite synthetic aperture 
radar data. Doklady Earth Sciences (Vol. 436, No. 1, pp. 165-
169). SP MAIK Nauka/Interperiodica. 
 [3] Deldar, H., & Bidokhti, A. A. A. A. (2020). Visualizations of 
density fluctuations before and after the passage of bluff body 
objects in a laboratory stratified tank. Ocean Engineering, 209, 
107277. 
[4] Lavrova O. Yu., Mityagina M. I., Sabinin K. D., Possible 
mechanisms for generating internal waves in the northeastern part 
of the Black Sea, Sovremennye problemy distantsionnogo 
zondirovaniya Zemli iz kosmosa, 2008, Vol. 2, Issue 5, pp. 128–
136. 
[5] Deldar, H. (2017). A laboratory study of the effect of internal 
waves on acoustic propagation. Journal of the Earth and Space 
Physics, 43(1), 181-192. 
[6] Lavrova, O. Y. (2018). Internal Waves Observed in Satellite 
Images of the Northeastern Black Sea in July 2017. Sovremennye 
Problemy Distantsionnogo Zondirovaniya Zemli iz Kosmosa, 
15(1), 309-315. 
[7] Meng, J., & Zhang, J. (2002). Synergy ENVISAT ASAR, 
ERS-2 SAR, RADARSAT SAR, Landsat TM and MODIS 
Images to Research Propagation Features of Internal Solitary 
Waves in Northern of South China Sea. 
[8] Jackson, C. (2007). Internal wave detection using the 
moderate resolution imaging spectroradiometer (MODIS). 
Journal of Geophysical Research: Oceans, 112(C11). 
[9] Explorer, E. (2000). FS; 083-00. Geological Survey (US). 
[10] ASF DAAC 2020 and 2021, contains modified Copernicus 
Sentinel data 2020 and 2021, processed by ESA. 
[11] Ghazi, E., Bidokhti, A. A., Ezam, M., Azad, M. T., & 
Hassanzadeh, S. (2016). Physical properties of Persian Gulf 
outflow thermohaline intrusion in the Oman Sea. Open Journal of 
Marine Science, 7(1), 169-190. 
[12] Rezai, H., Wilson, S., Claereboudt, M., & Riegl, B. (2004). 
Coral reef status in the ROPME sea area: Arabian/Persian Gulf, 
Gulf of Oman and Arabian Sea. Status of coral reefs of the world, 
1, 155-170. 
[13] Small, J., & Martin, J. (2002). The generation of non-linear 
internal waves in the Gulf of Oman. Continental shelf research, 
22(8), 1153-1182. 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

15
 

INVESTIGATION OF INTERNAL WAVES GENERATED BY THE SEFIDRUD PLUMES 
IN THE SOUTHERN CASPIAN SEA 

 
 

Hossein Farjami1

 
1) Iranian National Institute for Oceanography and Atmospheric Sciences, Tehran, Iran, hfarjami@gmail.com 

 
1. Introduction 

Horizontal river momentum in the stratified sea water 
generates waves which are known as internal or internal 
waves (IWs). Such waves form at the interface of two 
layers of the water column, which play an important role in 
ocean dynamics. IWs effect on ocean energy balance and 
coastal ecosystem processes. Therefore, detection of these 
waves can be used in various coastal and marine studies 
such as marine pollution transport, submarine navigation, 
and in ocean models to calculate converted kinetic 
energy[1]. 

Based on in-situ measurements and satellite imagery, 
the IWs are manifistated in the southwest of the Caspian 
Sea by Sefidrud plumes in Iran's Guilan province coasts. 
Then IWs characteristics are extracted using in-situ 
measurements, satellite imagery, and modeling. 
 

2. Materials and Methods 
In this study, IWs generated by Sefidrud plumes were 

investigated using field measurements, and Landsat 7 and 
8 satellite, and Sentinel-2 images  in the Guilan province 
coasts of IRAN [2]. 

The southern part of the Caspian Sea, which ends off 
the coast of Iran, has a maximum depth of 1025 meters. 
This section, which has an area of about 168,400 km2, has 
an average depth of 350 meters [3]. The Sefidrud is 
a river with a length of about 670 km in the northwest 
of Iran that enters to the South Caspian Sea (Figure 1).  

 
 
 
 
 
 
 
 
 
 
Figure 1. Entrance of Sefidrud in southwest of The 
Caspian Sea 

 
The IWs effects on the sea surface are recognizable by 

satellite images [4]. Therefore, edge-finding algorithms 
were used to identify them. In order to achieve this aim, we 
collected Landsat 7, Landsat 8 and Sentinel-2 images in 

the Southern Caspian Sea. These images were then 
processed by SNAP, ArcMap and Matlab. 

On the other hand, we used datasets from the southern 
Caspian Sea acquired by the Iranian National Institute for 
Oceanography and Atmospheric Science (INIOAS) an 
Ocean Seven 316 CTD. The essential condition for 
propagating IWs is the stratification of water columns. In-
situ measurements show a rapidly changing density 
(Sigma-T) with depth. These data confirm the formation of 
pycnocline and thermocline in the study area, which are 
essential for forming IWs. The pressure and circulation of 
the water column can be changed by the large amplitude of 
IWs. The maximum vertical large-amplitude of an internal 
solitary wave can be estimated by the Dubreil-Jacotin-
Long Equation Solver (DJLES) (equation 1) in the 
stratified fluid structures [5, 6].  

2 2 2

2 2 2

( , ) ( , ) ( ( , )) ( , ) 0x z x z N z x z x z
x z c

     −
+ + =

 
       (1) 

Here ( , )x z  is the height of the internal wave from the 
resting level, 2N is the Brunt–Väisälä frequency, or 
buoyancy frequency, g is the acceleration of gravity, and c 
is the wave phase speed. 

 
3. Results and Discussion 

This study found concentrations of IWs activity on the 
continental shelf in the southwest of the SCS, near the 
coastal zone of Guilan province. An example of IWs 
identified is obviously shown in Figure 2, which were 
recorded by the mentioned satellites on May 30, May 2020 
in the study area. 

 

 
Figure 2. Example of detected IWs on entrance of 
Sefidrud in the South Caspian Sea 
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We can estimate the amplitude of IWs by numerical 
methods. Hence, in this study, we performed a numerical 
simulation based on equation 1 (see [7]) by using 
measurement data near the generation area on the 
continental shelf. Based on measurements taken on the 
continental shelf along the Sefidrud, the maximum 
amplitude of solitary IWs ranged from a few meters to 
about 20 m. Also, the maximum amplitude occurs at a 
depth of ~30 m and decreases with distance from that 
depth (Figure 3). 

 

 
Figure 3. Vertical Amplitude of IWs in the south of 
Caspian Sea using in-situ data 

 
The Caspian Sea, with complex geometry, inter-

seasonal differences in surface temperature, complex sea 
surface wind, and dense flow through rivers, has a high 
potential for forming a variety of IWs. These waves can 
affect different marine pollution transports, such as 
microplastics in the study area. 

As a result, the south Caspian Sea has a high potential 
for marine pollution because of the high population density 
in the coastal areas. IWs waves can capture, concentrate, 
and transport microplastic particles, floating plastic debris, 
larvae, contaminants, and toxic pollutants in this basin. 
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1. Introduction 
Availability of the forecasted wave data is of great 

importance for any marine activity. Today, not only the 
extreme waves are considered as a natural hazard but also 
lack of forecasted wave data in non-extreme conditions 
consider to be hazardous for many activities. Therefore, in 
the last decades, numerical wave models (e.g. 
WAVEWATCH III [1], SWAN [2]) forced with forecasted 
wind data have been implemented in operational mode to 
produce forecasted wave data. Forecasted wind data is the 
most important input data for operational wave forecasting 
models.    

One of the areas that is affected by severe wind induced 
waves due to the pre-post monsoon tropical storms is the 
Northwest Indian Ocean, Arabian Sea. Performance 
evaluation of numerical model such as WAVEWATCH III 
model (hereafter WWIII) has been carried out in several 
studies [3-5]. However, in the previous studies analysis 
and reanalysis wind data have been used for model 
validation. In the present study, the WW III model is 
forced with the GFS (Global Forecast System) forecasted 
wind data in the period of tropical cyclone. Then the 
forecasted significant wave heights are compared with the 
buoy data as well as satellite observations. 
 
2. Dataset 

Operational wave forecasting has been carried out in 
the period of Nilofar Cyclone, i.e., from 25/10/2014 to 
31/10/2014. The Nilofar Cyclone (the strongest cyclone in 
the Arabian Sea in 2014, Category 4 based on Saffir–
Simpson hurricane scale classifications), originated from a 
low-pressure area in the Arabian Sea on October 25. As the 
system continued to track north-northeastwards (see Figure 
1) it intensified into a cyclonic storm on October 26 and 
reached its peak intensity on October 28, with highest 3-
minute sustained wind speed of 205 km/h.  

GFS data provided by NCEP/NOAA has been utilized 
as a wind forcing of the WWIII model. The data includes 
wind speed components in 10 meters above the sea level 
with time resolution of 3 hours and spatial resolution of 0.5 
degree for both geographic longitude and latitude. 

The forecasted significant wave heights (Hs) were 
compared with remotely sensed data derived from 
GlobWave database as well as buoy data located at latitude 
and longitude of 15.062° and 68.878° with buoy ID of 
AD07 (see Figure 1).  

 
Figure 1.  Study area, location of AD07 wave buoy and 
track of Nilofar cyclones.  

 
3. Numerical Model  

According to the previous studies (e.g. [6]), in this 
study Tolman and Chalikov’s [7] (hereinafter TC) 
embedded in WWIII model ver. 4.18 is used for 
developing the wave forecasting system in the studied area. 
WWIII is a third-generation model based on the integration 
of wave spectral action balance equation, which states that 
the evolution of the wave field is controlled by a sum of 
source terms. More details about the numerical model can 
be found in [1]. 
  
4. Results 
Figure 2 shows the comparison between measured Hs at 
AD07 buoy and forecasted ones using TC source term 
package. In this figure, as can be seen the time series of the 
forecasted data is well adapted to those of the measured 
ones for duration of Cyclone Nilofar. In order to better 
evaluate the WWIII capability over the entire 
computational domain, the forecasted Hs were compared 
with GlobWAVE satellite data during the Cyclone Nilofar 
in terms of the frequency scatter plot (see Figure 3). In 
scatter plot the colors indicate the number of data points in 
each pixel. The frequency scatter plot show that the TC 
source term package slightly overestimate the 
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Figure 2. Comparisons of measured and forecasted Hs at 
AD07 station during tropical cyclones. 

 

 
Figure 3. Frequency scatter plot of forecasted Hs versus 
altimeter Hs over the Arabian Sea during Nilofar cyclone 
forecasted Hs, especially for the higher values of the Hs. 
Different statistical parameters are used to evaluate the 
forecasted Hs including normalized bias (NMB), scatter 
index (SI) and normalized root mean square error (HH). 
These parameters are calculated as follows: 
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Table 1 shows that application of TC resulted in an 
average overestimation of 12% for Hs in the entire Arabian 
Sea. To further investigates the numerical results, the data 
has been divided into two parts i.e., higher wave highest 
data (Hs>3.0 m) and lower wave highest data (Hs<3.0 m). 
As can be seen, the TC parameterization overestimated the 
Hs in both lower and higher wave data cases. 
 
Table 1. Error indicators of forecasted Hs for satellite 
data during Nilofar tropical cyclone. 
 

SWH Overall 

NMB HH SI 
Overall  0.12 0.21 0.24 

SWH<3.0 0.11 0.23 0.25 
SWH>3.0 0.15 0.19 0.21 

    
5. Conclusion 
In this study, WW III model has been used to forecast the 
cyclone induced waves in the Northwest Indian Ocean, 
Arabian Sea. GFS operational forecast wind data were 
used as the wave model forcing. Forecasted wave heights 
were compared with buoy data as well as remotely sensed 
data over the Arabian Sea. Results indicated that the GFS 
wind data can be used for operational forecasting of the 
cyclone induced waves and the use of GFS wind data with 
the TC parameterization leads to overestimation of the 
significant wave heights. 
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1. Introduction 
Modeling and testing inflatable membrane structures 

for rapidly deployable port infrastructures and their 
application as submerged breakwaters are essential for 
ensuring coastline stability. Exposure to waves, tides, 
winds, and human activities faces coastlines with the 
danger of change and destruction. In 1987, Ohyama et al. 
[1] introduced a "flexible mound" submerged breakwater 
as a thin membrane bag filled with water. The present 
submerged flexible mound breakwater consists of a multi-
freedom system allowing the structure to move as a spring-
damper system [2]. The analytical solution applies 
Hamilton's principle to evaluate the final equations 
obtained [3]. The space-time partial derivatives of 
Hamilton's principal function were identified as the 
energy-momentum tensor of the system. The effect of the 
structural displacement was investigated by implementing 
a rigid circular model in ANSYS 16.0 based on the 
obtained displacement to investigate the values of water 
free-surface perturbations caused by the structural 
displacements. This solution also used the superposition 
technique to investigate the wave's effects created by 
structure movements on the incident wave. Validation was 
performed using a laboratory model in which a movable 
circular model was played in the wave path. The wave 
height concerning the structure was recorded before and 
after the structure with the water level sensors. The present 
study focused on the structural movement and the wave 
interaction with a non-stretchable movable membrane to 
determine the effects of structural movements in different 
conditions using the laboratory data of waves generated by 
the movable submerged breakwaters.  

 
2. Numerical Method 

The observation systems mainly used a CMOS video 
camera with a frame rate of 60 frames per second. The 
scene of the interesting area was recorded using a sensor 
with a resolution of 1280×720 dpi. A rigid structure was 
then modeled in ANSYS and moved with the calculated 
displacement to evaluate the effect of the structure motion 
on the incident wave and the amount of wave generated. 
After obtaining the wave created by the motion of the 
movable structure, the interaction between the two 

radiation waves and the waves caused by the structure 
motion was investigated approximately based on the 
superposition technique. The wave heights obtained by the 
superposition were compared with the laboratory-obtained 
wave heights after colliding with the structure. ANSYS 
FLUENT (2016) was used for the numerical solution. To 
create geometry for the analysis, a two-dimensional model 
of the flume with a rigid circular structure was developed 
in ANSYS DesignModeler and discretized in ANSYS 
Meshing. The analytically-obtained structure displacement 
was numerically solved as the structure displacement 
velocity equation in ANSYS based on user-defined 
functions to specify flow-driven rigid-body motions. After 
solving a turbulent flow using a model developed based on 
the Reynolds averaged Navier-Stokes equations, which can 
be used to derive a turbulence model resembling the k-ε 
model, the results were compared with the laboratory 
findings. Movements of the rigid structure in the middle 
plane of the model made perturbations and waves. 
Therefore, the structure movement was modeled in 
FLUENT using a dynamic mesh to improve accuracy and 
reduce the computational burden locally. Since the moving 
object lay in the middle of the solution space, smoothing 
and remeshing were used in ANSYS FLUENT to improve 
element quality by transferring nodes concerning 
surrounding nodes and elements in a way that the mesh 
changed with the structure movement. The time step 
should be selected so that the current number lies in a 
proper range during the simulation. The adequately small 
time step of 0.0004 was therefore considered.   

 
3. Experiment Setup   

The schematic diagram of the submerged movable 
structure and the relevant study parameters are shown in 
Figure 1, where h represents the water depth, and D is the 
structure diameter equal to 0.14 m. A propagating wave 
traveled a distance of one wave length L (0.02-0.94 m) 
within a wave height Hi (0.6-1 m). The experiments were 
performed in a towing tank 14 m long, 0.4 m wide, and 0.6 
m deep at the Hydraulic Laboratory of Isfahan University, 
Isfahan, Iran. The free-surface elevation was measured 
using parallel-wire resistance gauges at four different 
locations. The difference in wave height with and without 
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the structure was measured in the laboratory to determine 
the effect of structure movement on the wave.  

 

 
Figure 1. Schematic diagram of the experimental setup 
and test apparatus. 

Throughout a test run, structure movements were 
continuously recorded within a predetermined section of 
4040 cm2. Post-processing was performed by first 
converting video images to digital images, enhancing the 
digital images, and extracting the structure displacement 
from the digital data. Wave flume was measured in this 
part using a video camera.  
  
4. Results and Discussion 
As stated previously, the ANSYS model was used to 
investigate the effect of the structure motion on the 
incident wave heights. This model comprised a rigid 
structure with the same diameter as a movable structure. 
Changes in the height of the wave generated in a stationary 
fluid by the structure displacement were then investigated 
at an analytically-obtained speed. The experimental data 
were used to validate the results of the present analytical 
model. Wave height in the ANSYS model was compared 
with the wave height obtained from the experimental data 
in the presence and absence of the structure. Comparing 
the experimental data with the model simulation in 
ANSYS showed a power correlation between the results 
with a coefficient of determination of R2 = 0.94. Figure 2 
shows variations in the normalized height of the generated 
wave H/Hi, (where H is the height of the wave created by 
the structure disturbance in numerical and experimental 
models) versus wave steepness Hi/L. According to Figure 
2, the numerical results compared well with the 
experimental data at a 0.19 m water depth. 

Given that the ANSYS model uses the structure 
displacement obtained from the analytical model for wave 
generation, the structure appears capable of generating 
more waves at an average depth of 0.19 m, and the results 
at this depth are generally consistent with the laboratory 
data. The maximum water depth reduces the effect of the 
waves generated by the structure on the primary wave. At 
relatively-low wave heights, the difference between the 
results is more significant at the highest water depth than at 
higher waves. The difference is that the structure effect on 
these waves is not significant in the laboratory. However, 
ANSYS has created a greater wave height, given the 
higher movement of the structure. The associated 
numerical simulation showed an adequately-accurate 
prediction of the structural movement and the resultant 
wave height. 

 

 

 
Figure 2. Calculated and measured H/Hi versus the wave 
steepness for (a) E1-E5 (h=0.29) (b) E6-E10 (h=0.19) (c) 
E11-E15 (h=0.15). 

 
5. Conclusion 

A rigid circular model was simulated in ANSYS 16.0 
using the analytically-obtained displacement to investigate 
the perturbation caused by the structure displacement. 
Comparing the structure movement and the resultant wave 
height obtained by the numerical model and the 
experimental measurements suggested a consistency with 
minimum error values.  
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1. Introduction 
Coastal management emphasizing on sustainability, 

lower natural degradation, and improved environmental 
protection requires updated procedures for managing the 
impacts of waves on the coastline. One of the emerging 
approaches is the implementation of coastal vegetation 
along the coastline. Besides being efficient from an 
environmental perspective and having the potential to 
create a beautiful landscape, this approach has been 
empirically proved to be highly effective in reducing the 
adverse impacts of tsunami and shock wave [1]. Moreover, 
vegetation approaches are regarded as an appropriate 
substitute for artificial barriers from various economic, 
practical, and environmental standpoints. Therefore, study 
of this topic is highly significant in the coastal engineering 
field. 

 
2. FLOW3D Numerical Model 

One of the important tools to study hydraulic problems 
such as wave run-up on coasts is numerical models. In this 
study, numerical modeling using the FLOW3D numerical 
model, which is based on the Finite Volume Method 
(FVM), has been considered. The governing equations in 
FLOW3D software are the 3D Navier-Stokes equations. 
Accordingly, first, the FLOW3D numerical model was 
validated basis on experimental data without vegetation. 
Next, the model was verified to study the solitary shock 
wave movement on the coast in the presence of coastal 
vegetation. 

 
3. Numerical Model Validation for Shock 

Wave Propagation on Shore without 
Vegetation 
The experimental data of Fuchs and Hager [2] was used 

to validate the results of FLOW3D numerical model for the 
shore without vegetation. The modeled coast has a gentle 
slope of 1 to 2.5. The depth of water in the front of the 
coast was 0.2 m, and the height of the solitary wave was 
0.14 m. The results of the free surface and its comparison 
with experimental data are shown in figure 1. The results 

of the numerical model and experimental data differed by 
approximately 4%. The results showed that the adjustment 
process of numerical model, including meshing, turbulence 
model, and determining boundary conditions was well 
done. 

 

 
Figure1. Comparison of free surface between the 

numerical model and experimental data of Fuchs and 
Hager [1]. 

 
4. Numerical Model Validation for Shock 

Wave Run-up on Shore with Vegetation 
At the next step, the movement of the solitary incident 

wave and its run-up on the shore with the presence of 
vegetation was modeled. The experimental data of Yao et 
al. [1] was used to evaluate the accuracy of model for the 
mentioned problem. The modeled coast has a slope of 1 to 
8. The depth of water on the shore is 0.3 m and the height 
of the solitary wave is 0.06 m. Vegetation was simulated as 
vertical cylinders with a diameter of 1 cm and height of the 
30 cm. The arrangement of simulated vegetation with 
experimental data is shown in figure 2. 

As shown in figure 2, to compare the results of the 
numerical model with experimental data, the water level at 
station S4 (after the vegetation) is extracted from the 
numerical model. The comparison of free surface levels at 
this station between the results of the numerical model and 
experimental data was shown in figure 3. As can be seen 
from this figure, the FLOW3D numerical model was 
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successfully modeled the shock wave run-up on the gentle 
slope shore. 

 

 

 
Figure 2. Experimental setup of shock wave run-up on 
shore with vegetation on the slope [2]. 

 

 
Figure3. Comparison of the free surface at S4 between 
the numerical model and experimental data of Yao et al. 
[2]. 

 
5. Conclusion 

In the present study, one of the most important issues of 
coastal engineering, the movement of shock waves on the 
gently sloping shore, was studied numerically. The main 
purpose of this study was the evaluation of the accuracy of 
the FLOW3D numerical model for the simulation of the 
mentioned problem. Therefore, two laboratory tests, 
including coast without vegetation and with vegetation 
were selected. The results of this study showed that this 
model could be used to more accurately investigate the 
problem of shock wave propagation on vegetated beaches. 
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1. Introduction 

Reliable wave estimation in a complex body of water 
from a geographical point of view is a matter of high 
importance  [1]. Main straits in the world, such as the 
Strait of Hormuz (SOH), are a major reference for this 
issue. Because of limited observations (in-situ, remote 
sensing, etc.) and measurement for such areas, employing 
wave simulations is a valuable option to understand wave 
climate variability.  

Wave models strongly depend on the quality of wind 
field data. In the last two decades, many studies have been 
performed to analyze the accuracy of different wave and 
wind models and the sensitivity of wave predictions to 
wind fields in open ocean conditions [2] [3]. 

Interestingly, the conditions are different whenever the 
surface wind fields are affected by the presence of land use 
complexity. In such areas, the marine modeled surface 
wind speeds are often underestimated, with the bias 
depending on land-use complexity [1] . 

The SOH is a particularly challenging region for 
atmospheric models. Because of the rugged mountain 
topography that lines both sides and closely borders the 
coast, climate conditions around the interesting area can 
vary spatially, and vary rapidly in time from the east to the 
west part of the strait, mainly when waves propagate into 
the central area of the strait. Some studies have been 
devoted to assessing the wind and wave climate in the 
SOH [4]. However, little attention has been given to wave 
growth under a developing wind field outflowing from a 
coast (land surface) and mountain. The mentioned studies 
are based on the ideal situation and do not consider 
orography complexity in the region. 

This study investigates a wave simulation in the SOH 
using the wind data from the WRF (Weather Research and 
Forecasting) model for the SWAN (Simulating Wave 
Nearshore model) to generate a wave field. The result of 
the simulation for the wind speed, significant wave height, 
mean wave period, and mean wave direction are 
considered to compare against observations. 

 
2. Methodology 

The study focuses on investigating the variability and 
trends of wind speed (WS) and significant wave height 
(SWH) over the SOH.  

 
WRF simulation with ERA-Interim as initial and 

boundary conditions (hereafter, WRFI) been used to 
simulate the wind field. Table 1 present the summery of 
physical parametrizations scheme used in this work and 
Figure 1 presents the computational domains of the WRF 
model covering PG and SOH. 

 
Table 1. WRF model physics and dynamic options. 

WRF model configurations 
Parameter Scheme Reference 
Microphysic Lin (Lin et al., 1983) 
PBL YSU (Hong et al., 2006) 
Cumulus Kain Fritsch  (Kain, 2004) 
Short wave  Goddard (Chou & Suarez, 1994)  
Surface layer Revised MM5 (Jiménez et al., 2012) 
land Surface Noah (Niu et al., 2011) 
Longwave radiation RRTM (Mlawer et al., 1997) 
 

 
Figure 1. Configuration of the WRF parent domain 
(D01: resolution 0.25) and the two nested domains (D02: 
0.1 resolution; D03: 0.03 resolution. 

The SWAN cycle III version 41.31 employed for 
simulating wave. SWAN [5] which is based on an implicit 
propagation scheme and is suitable for simulating wave 
conditions in coastal and semi-enclosed environments. 

The model was run in non-stationary mode with 
spherical coordinates and a time step of 2 min. The wave 
simulation period is from 19.01.2011 until 04.03.2011. 

 
3. Result 

Time series and the statistical parameters of simulated 
surface wind and Era5 data against the OSCAT for Jask 
station are given in Figures 2. The modeled surface wind 
speeds is underestimated as the bias is negative. 
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Figure 2. Comparison of the wind speed (m/s) from the 
scatterometer (OSCAT), WRFI and ERA5 wind data at 
Jask station. 

Figure 3 and 4 show the time series of the modeled and 
measured wave for Jask and Larak stations. The 
comparisons show the model results using the WRF model 
winds are pretty good in estimating wave parameters 
compared to the ERA5 wind data at each stations. We find 
the Bias and RMSE (Root mean square), and SI (scatter 
index) are smaller for the Jask station in the eastern part. 
The CC (Correlation coefficient) is also better on the 
eastern side. 

 

 
Figure 3. The significant wave height Hm0 (upper panel), 
mean zero-crossing period Tm02 (middle panel) and mean 
direction (lower panel) obtained with S_WRFI (black 
square) and S_ERA5 (green diamond) Compare with 
observed (red star). 

 
Figure 4. Evolution of the significant wave height Hm0 
(upper panel), mean zero-crossing period Tm02 (middle 
panel) and mean direction (lower panel) obtained with 
S_WRFI (black sguare) and S_ERA5 (green diamond) 
Compare with observed (red star). 

The scatter diagram of the distribution for Hs show that 
result of the hindcast model for Jask station (Figure 5) is 
reliable; large event wave (Hs >1.5) are accurately 
simulating apart from a slight underestimation of values 

between 1.5 and 2 m, and for Larak Station Wave S_WRFI 
show underestimation for the values less than 1 meter and 
overestimation for more than 1meter HS. For S_ERA5 
there is underestimating in the whole simulating 
timeframe.  

 

 
Figure 5. Wave height distribution versus the buoy 
measured data in left column for Jask station and right 
for Larak station. Darker marks include larger amounts 
of data. The result is shown from top to bottom for 
S_WRFI and S_ERA5. 

4. Conclusions 
The trend for wind speed compare with scatterometer 

observation shows a decrease in value of Bias moving to 
the east and west side with open areas. The Bias in stations 
near the coast and areas surrounded by orography (Larak 
station) were more significant than the one in the open sea 
(e.g. Jask station). The wind speed integrated from the 
atmospheric model in general is underestimated, and the 
Bias is negative both for ERA5 and WRF. Increasing the 
resolution (WRF) results in decreasing the Bias. 

From our experience, the modeled wave and wind 
parameters for station in open sea (Jask) is in a better 
agreement with observations than the station with a fetch 
limit (Larak). At short fetches, the average Hs 
underestimate is 22% and the Bias decreases substantially 
moving southwesterly, wherein the open waters in front of 
the Oman Sea the value decreases to an average of 11%. 
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1. Introduction 
The sea state is the general condition of the ocean-free 

surface in a period between 0.5 hours to 6 hours, in which 
the energetic conditions are assumed to be uniform. Wave 
climate is the result of the long-term analysis of the sea state 
parameters such as the significant wave height, peak period, 
and mean wave direction at a specific location over a 
particular period. The spatial variability of the wave climate 
is in the order of 10 to 100 km in deep waters and about 100 
m in near-shore areas of 10 to 30 m water depths. The wave 
climate is usually analyzed in annual periods, but it can also 
be examined monthly or seasonally [1]. 

The increase in the concentration of greenhouse gases 
and the consequent global warming is the driving force of 
climate change. The wind field, which is affected by the sea 
surface temperature, has a direct impact on wave 
characteristics [1]. Wave climate change can affect marine 
activities such as navigation and construction of coastal and 
offshore infrastructures [2]. It can also alter the shoreline 
and coastal flooding.  

This study presents an analysis of wind and wave 
climate in the Persian Gulf (PG), using long-term CMIP5 
multimodel ensemble results and CAWCR data collections, 
which derives global data for wave climate employing 
WAVEWATCH III [3]. The climate simulations are the 
outputs of global wind modeling under two future 
scenarios of greenhouse gas emission, i.e. RCP4.5 and 
RCP8.5, obtained from ensemble CMIP5 climate models.  

 
2. Study Area  

The PG is a shallow, semi-enclosed marginal sea, 
nearly 1000 km long water body located in the south of 
Iran with an average depth of about 36 m and a maximum 
depth of 170 m at its entrance, the Strait of Hormuz (Figure 
1). The tide in the PG is very complicated, and the dominant 
pattern, i.e., primarily semidiurnal or diurnal, varies from 
one region to another [4]. 

The sea surface temperature of PG normally varies from 
20 °C in February to 28 °C in November. The dominant wind 
over is Shamal wind which blows from the northwest with 
a speed up to 20 m/s. Shamal blows mainly during winters 
and summers. There are other winds such as seasonal 
southeasterly Kaus (Quas, Cowshee), which is most 
frequent between December and April. The Kuas wind is 

also called Sharki sometimes, especially more inland when 
it is turning dry and dusty. It is associated with the passage 
of winter depression and is often followed by a strong 
southwesterly wind, the Suahili.   

 

 
Figure 1.  Geography of the Persian Gulf. 

 
3. Analysis of Wind and Wave Climate  

The collected measurements, including winds at synoptic 
stations, Topex altimeter data of significant wave heights 
and buoy data at Bushehr and Asaluyeh stations are 
compared with winds/waves of ACCESS1.0 model subset 
of CMIP5 and CAWCR model outputs. CAWCR utilizes 3 
hourly wind fields of global climate models and the linear 
interpolation of sea ice concentration on a monthly basis as 
data input for the WWIII wave model.  

Figure 2 shows the spatial coverage of CAWCR data in 
the PG. 

 

 
Figure 2.  Spatial coverage of CAWCR data. 
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Figure 3 presents the comparison of global wind traits 
of ACCESS1.0 and 3-hour winds at Asaluyeh and 
Bushsher synoptic stations, using Cubic interpolation in 
climate Data Operation (CDO) to find the data at the 
desired locations. It is observed that the wind speeds of the 
climate model show lower values in both locations, in 
comparison to synoptic data. The study of model data in the 
mid-century (2026-2045) and end-century (2080-2099) 
shows that both significant wave height and peak wave 
period present lower values in the future, compared to the 
historical period (1980-2005). 

 

 
Figure 3. Comparisons of model wind roses and synoptic 
data at Asaluyeh and Bushsher (1950-2005). 

 
The distance-weighted average remapping is employed 

to interpolate between CAWCR waves data, with 1°×1° 
spatial resolution, in the PG. Figure 4 shows the 
comparisons of model results and buoys data. Similar to 
wind outputs, the model is not able to simulate the 
dominant west direction at Asaluyeh. It is also observed 
that the modeled wave heights and wave periods are lower 
than the corresponding measured values. Moreover, three 
locations along five Topex tracks in the PG are selected for 
the comparison of model outputs with 6-hour satellite wave 
data. Figure 5 shows a sample comparison of time series at 
location (49.2, 28.9). It is seen that the model provides 
lower values than Topex measurements.    

 
4. Summary and Conclusion 

The present research aimed at the analysis of wind and 
wave data and climate change in the PG. Different 
comparisons revealed discrepancies between the model 
results and measurements. The poor agreement can be 
highly attributed to the low spatial resolution of model 
inputs, resulting in unreliable outputs. The downscaling of 
wind/wave outputs by developers does not provide accurate 
results without proper downscaling of model inputs. Unlike 
the large water bodies, winds in the enclosed PG are highly 
affected by surrounding lands and the mountains in the 

south part of Iran, which adds to the complexity of the wind 
field.   

 
Figure 4. Comparisons of model wave roses (1980-
2005) and buoy data at Asaluyeh (2003) and Bushsher 
(1995).  

 

 
Figure 5. Time series comparisons between 
significant wave heights of Topex and model results.   

 
5. References 
[1] Méndez, F.J., & Rueda, A. (2020). Wave climates: deep water 
to the shoaling zone. Sandy Beach Morphodynamics, ch. 3. 
[2] Lobeto, H., Menendez, M. & Losada, I.J. Future behavior of 
wind wave extremes due to climate change. Sci Rep 11, 7869 
(2021).  https://doi.org/10.1038/s41598-021-86524-4 
[3] Hemer, Mark; Trenham, Claire; Durrant, Tom; Greenslade, 
Diana (2015): CAWCR Global wind-wave 21st-century climate 
projections. v2. CSIRO. Service Collection. 
https://doi.org/10.4225/08/55C991CC3F0E8  
[4] Reynolds, R. M. Physical oceanography of the Gulf, Strait of 
Hormuz, and the Gulf of Oman. Marine Pollution Bulletin, 
27(1993), 35–59. 

 
 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

27
 

NUMERICAL STUDY OF SOLITARY WAVE PROPAGATION ON SHORE WITH 
DIFFERENT SLOPES 

 
 

Nematullah Zafarani1, Rasoul Memarzadeh2, Majid Dehghani3 
 

1) Department of Civil Engineering, Vali-e-Asr University of Rafsanjan, Kerman, Iran, 
nemat.zafarani@stu.vru.ac.ir 

2) Department of Civil Engineering, Vali-e-Asr University of Rafsanjan, Kerman, Iran, r.memarzadeh@vru.ac.ir  
3) Department of Civil Engineering, Vali-e-Asr University of Rafsanjan, Kerman, Iran, m.dehghani@vru.ac.ir  

 
1. Introduction 

Flood management due to tsunami waves on the coasts 
is one of the most important issues in coastal management. 
A deep understanding of its effects will cause sustainable 
exploitation of the coast [1]. The tsunami wave behavior 
on the shore is influenced by many parameters, one of 
which is the shore slope. On the shore with a steep slope, 
the run-up occurs, while on the coast with a gentle slope, 
the tsunami wave breaks and propagates as the overland 
flow [2]. Therefore, solitary wave movement on the coasts 
has many details which understanding them requires 
widely numerical or experimental modeling.  

 
2. Numerical Model 

In the present simulations, the flow is considered an 
incompressible-viscose flow. The incompressible forms of 
3D Navier-Stokes equations are applied to determine the 
flow parameters. In the present study, the powerful 
computational fluid dynamics (CFD) program Flow-3D is 
used. Flow3D solves the RANS equations using the finite 
volume formulation obtained from a rectangular finite 
difference grid. 

 
3. Results 

In this section, the propagation of the solitary wave, as a 
simplified tsunami wave, toward the coast and its 
interaction with it was modeled to study the efficiency and 
accuracy of the Flow3D model. The experimental data of 
Fuchs and Hager [3] was used to evaluate the accuracy of 
computations. In the study of Fuchs and Hager [3] 
different configurations were developed to study the effect 
of various parameters on solitary wave propagation on the 
shores. In the present study, among the experiments of 
Fuchs and Hager [3], three slopes for the shore were 
selected, including 110, 220, and 330. The depth of steel 
water was 0.2 m, and the height of solitary wave was 0.1 
m. The schematic design of the models drawn in the 
FLOW3D software was shown in Figure 1. 

The comparison between the computed free surface 
flows by the present numerical model and experimental 
data [1] for each of the models are shown in Figure 2 at 
time t = 5.7 s. It was seen that the flow patterns had prefect 
agreement with experimental data, and the FLOW3D 

numerical model has strong abilities for modeling of 
coastal engineering problems. 

The quantified comparison of the essential features of 
the flow, including Maximum flow depth at the transition 
point (dmax) (i.e. the points which the overland flow has 
been formed) and the maximum propagation length on the 
shore (Lmax) between experimental data and numerical 
results, was presented in Table 1. The comparisons 
demonstrated the ability of the present numerical model for 
the solitary wave flow model. 

 

 
Figure 1. Schematic of geometry drawn in the FLOW3D 
numeric model. 

 

 

Figure 2 Comparison of free surface between the 
numerical model and experimental data of Fuchs and 
Hager [3] at t=5.7 s. 
 
Table 1. Quantified comparison of hydraulic parameters 
between the numerical model and experimental data of 
Fuchs and Hager [3]. 

 

330 

NUMERICAL STUDY OF SOLITARY WAVE PROPAGATION ON SHORE WITH DIFFERENT SLOPES
Nematullah Zafarani, Rasoul Memarzadeh, Majid Dehghani 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

28
 

4. Conclusion 
In this paper, the FLOW3D numerical model was used 

to study the propagation of solitary waves as examples of 
tsunami waves on the coast. Using the numerical model on 
three different slopes, solitary wave motion was modeled 
on the coast. The modeling results show that on shores 
with a slower slope, the maximum propagation length of 
the wave on the horizontal shore will be longer. On the 
other hand, on shores with a steeper slope, the depth at the 
transition point will be greater. The results of the 
numerical model were in good agreement with the 
laboratory data. 
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1. Introduction 
Estimation of nearshore currents in the vicinity of 

Nowshahr Port is an indispensable part of the study on the 
approach channel sedimentation of this Port which has 
become a major issue in recent years. Valuable 
hydrographic measurements have been carried out recently 
to obtain an insight into the sedimentation pattern in the 
channel and subsequent dredging endeavors to keep it 
navigable. The latest source of the available wave and 
wind estimates of this region goes back to the year 2013 
when the Modelling and Monitoring studies of southern 
Caspian Sea coasts (MMCS) were implemented [1]. In the 
present study, more recent climatic data was required to be 
synchronized with available hydrographic measurements. 
ERA5  wind and wave data were applied and evaluated for 
the first time in this region  [2]. The location of the focus of 
this study i.e. Nowshahr Port (Lat.: 36.65 degrees, Long.: 
51.50 degrees) on the southern coasts of the Caspian Sea is 
illustrated in Figure 1.  
 

 
Figure 1. Location of Nowshahr port 

 

2. Wave Modelling Results 
MIKE21 SW module was applied to obtain nearshore 

wave parameters taking ERA5 data as the offshore north 
boundary condition [2]. The computational domain and the 
applied mesh are shown in Figure 2. Modified wind data of 
the Nowshahr synoptic station was applied uniformly over 
the whole domain and the fully spectral nonstationary 
modeling approach was adopted. 

 

 
Figure 2.  Grid and bathymetry in the wave model 
(includes 2109 nodes and 3998 elements) 

 
As shown in Figure 3, a multiplication factor of 1.3 to 

ERA5 data was required to calibrate the modeling results 
with measured ADCP data at the site [1]. Nowshahr 
Synoptic data should also be corrected by an over-water to 
over-land wind factor. The ADCP wave measurements at 
the depth of 10 m near Nowshahr Port were acquired from 
MMCS measurements [1]. 
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 Figure 3.  Comparison of modeling results of significant 
wave height in March (2013) 

 

Figure 4.  Comparison of modeling results of significant 
wave height in July (2013) 

 
3. Flow Modelling Results 

The numerical modeling of combined wave and wind-
induced currents was carried out by the coupled Mike21-
HD-FM package. An overview of the computational 
domain and mesh configuration is shown in Figure 5. 

Figure 5. Grid and bathymetry in the flow model 
(includes 5890 nodes and 11319 elements) 

 
Modeling results were calibrated against ADCP 

measurements at the depths of 5 and 10 meters close to the 
Port. These measurements were also performed through 
MMCS studies. For shallow coastal zone, up to a depth of 
6 meters, Chezy bed roughness was taken as 40 m1/2/s. In 
deeper water with a depth of more than 9 meters, this 
parameter was set as 65 m1/2/s Interpolated values were 
implemented for the depths in between. The wind friction 
coefficient was taken as 0.004.  
 

 
Figure 6. Chezy values- varying in domain 

 
A comparison of modeling results of depth-averaged 

current speed with that of ADCP field measurements at 
two depths of 10m and 5m is illustrated in Figures 7 and 8.  

 

 
Figure 7. Comparison of modeling results of current 
speed with measured data (ADCP in depth=10m) 

 

 
Figure 8. Comparison of modeling results of current 
speed with measured data (ADCP in depth=5m) 

 
4. Conclusions  

The present research aimed to investigate the 
applicability of large-scale ERA5 data to a site-specific 
study on nearshore hydrodynamics. It was concluded that: 
▪ ERA5 data is a valuable source for such studies. 
▪ Based on available field measurements, it is shown that 

the offshore wave heights of ERA5 need to be 
magnified by a factor of 1.3.  

▪ A combination of onshore synoptic data and offshore 
ERA5 can considerably improve the performance of 
wind-generated wave modeling tasks.  

▪ It is intuitively clear that the nearshore bed roughness is 
distinctly higher than the offshore one. This study made 
it quantitative so that a Chezy value of 40 m1/2/s was 
appropriate for shallow waters and a value of 65 m1/2/s 
for deeper zones. 
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1. Introduction 

The construction of coastal structures generally affects 
the natural process of sea-coast interaction and leads to 
changes in the hydrodynamics and morphology of the 
region. These changes in hydrodynamic arise from the 
imbalance between current factors and phenomena on the 
nature of the coastal region that has been formed over the 
years [1]. One of the structures that were made on the coast 
of Bandar Abbas over the past years is the Nakhle 
Nakhoda Pier. This Pier is located on the eastern side of 
the coast of Bandar Abbas in the position of latitude 27.1 
degrees and longitude 56.3 degrees. Field visits, as well as 
sampling, show sedimentation around Nakhle Nakhoda 
Pier and swampy areas, on the other hand, the sedimentary 
beds of coastal areas are always affected by shear stresses 
caused by coastal currents. Also, due to the location of this 
area near the Strait of Hormuz, the current velocity in it is 
considerable. The purpose of this study is to investigate the 
effect of the construction of this Pier on the current in the 
region using the ROMS numerical model, evaluate the 
current conditions in the region. 

 
2. Methodology 

To measure the current velocity an ADCP device was 
installed on the south side of the Pier, at a distance of 500 
meters from the jetty in the geographical position of 56.35 
° E and 27.16 ° N (Figure 1). It should be noted that after 
selecting the appropriate location, the ADCP was installed 
at a depth of 7 m and was measured for 30 days, taking 
into account the presence of two neap and spring in a 
period. Due to the depth of the area and changes in water 
level, an ADCP device with a frequency of 600 kHz was 
used [8]. To record the current in both x and y directions, 
the ADCP device settings were configured in 10-minute 
intervals in two layers with a thickness of 2 meters. Over a 
30-day measurement period, more than 4300 current 
velocity data were obtained. The data required for the 
bathymetry of the region were obtained from the GEBCO 
(General Bathymetric Chart of the Ocean) database with a 
resolution of 2500 m by 2500 m, as well as the data of the 
National Cartographic Center of Iran, with a resolution of 
500 m by 500 m. Other parameters, such as salinity, 
density, water turbidity, and temperature, were measured 
and monitored throughout CTD at 11 stations around 
Nakhle Nakhoda pier. ROMS numerical model was used to 

simulate the Pier and investigate the impact of its 
construction on the hydrodynamics of the region. 

 

 
Figure 1. Location of ADCP installation station and 
monitoring location by CTD and simulation boundaries 
in ROMS model 

To simulate the study area, a range of 5 km off the coast 
of Bandar Abbas was considered, and also a distance of 9 
km perpendicular to the coast was considered, thus the 
model has a dry boundary on the coast of Bandar Abbas 
and three open maritime boundaries (Figure 1). Also, 
wet/dry capability was used for the ability to overlap near 
the land boundary and the place that is affected by tidal 
currents [10]. Tidal currents have different velocities and 
directions at various times. As expected, the maximum 
current velocity occurred at intervals of spring and the full 
moon. The flood current is to the north, the coast of Bandar 
Abbas, and the ebb current is to the southwest. CTD 
monitoring and sampling results show that the amount of 
turbidity in the east of Nakhle Nakhoda Pier is in the range 
of 9 to 12 NTU, while this amount has increased in the 
western part of the Pier and is in the range of 15 to 21 
NTU. 

  
3. Analysis of Simulation Results  

To more accurately investigate the conditions in the 
area and how the construction of the Pier has affected the 
tidal current pattern and caused salinity and turbidity 
changes on both sides of the Pier as well as sedimentation 
in the area. The model was calibrated for 30 days with two 
scenarios, including Scenario (a) was implemented without 
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considering the Pier, and Scenario (b) was implemented 
with considering the Pier structure, the results of which are 
given in figure 2. After implementing the models and 
extracting the results with each other, it was observed that 
the general tidal current patterns before and after the 
construction of the Pier are completely different (Figure 2). 
The simulation output results for the average tidal current 
patterns are presented in Figure 2, which shows how the 
tidal current velocity is distributed on the coast of Bandar 
Abbas and around the Nakhle Nakhoda Pier. 

 

 
Figure 2. Average current pattern (A) without Nakhle 
Nakhoda Pier, and (B) with Pier, (C) with Nakhle 
Nakhoda Pier and canals 

The simulation results show that the formation of a 
channel in the middle of the Pier has a good effect on 
changing the tidal current. This channel allows proper 
passage of seawater and thus reduces the number of 
suspended particles and sedimentation rate. According to 
the simulation (Figure 2.C), the creation of this channel 
increases 3×103 m2 the amount of effective tidal surface 
and to some extent reduces the problem in creating this 
structure. 

 
4. Conclusions  

Field measurements showed that the turbidity in the 
western area of Nakhle Nakhoda Pier increases due to 
changes in magnitude and direction of tidal current, as this 
change leads to increased sediment mobility and suspended 
particles, resulting in increased turbidity in this region. The 
construction of the Pier and the change in the magnitude 
and direction of the tidal current in that area have increased 

the area of arid and inaccessible areas of the tidal current, 
and as the simulation time increases, this drying increases. 
A dramatic reduction in velocity in the Pier area and the 
horseshoe-shaped area, in addition to creating a suitable 
area for vessel traffic, will lead to a doubling of 
sedimentation in this area. A region in the western part of 
the Pier, salinity has decreased, which was not consistent 
due to the increase in turbidity and the direct relationship 
between turbidity and salinity. Because the tidal region is 
dominant, it seems that the construction of this structure 
and disturbing the nature of the current in that region has 
reduced the speed of the tidal current in the region and has 
been the main factor in increasing the coastline on the west 
side of the Pier. Comparison of the results of this research 
with similar articles shows that there is a good agreement 
between the work process and the output results.  
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1. Introduction 

Rip currents, which are formed perpendicular to the 
shore, are among the important nearshore currents. They 
are effective in cross-shore sediment transport and can 
result in the change of seabeds and sand bars. However, 
these localized strong currents are particularly important 
for public safety as they flow away from the shoreline 
towards the sea and can be hazardous to swimmers.  

 
2. Study Area 

The Caspian Sea is the world’s largest inland water, 
located in a semi-arid area between latitudes 36°-47°N and 
longitudes 47°-54°E. The basin is surrounded by five 
countries, i.e., Russia, Kazakhstan, Turkmenistan, Iran, 
and Azerbaijan (Figure 1). Three coastal provinces at its 
Iranian border are Gilan, Mazandaran and Golestan, from 
the west to the east. 

 

 
Figure 1. Caspian Sea. 

 
The green landscape of the south of the Caspian Sea is 

very popular among Iranian people as one of the main 
tourist destinations of the country for sightseeing and 
swimming. However, the recent data reveals that in 
average 46 people drown in the shores of Gilan province 
every year. The statistics show that 67% of the dead people 
in 2015 were trapped in rip currents, which reveals the 
necessity of definition and accurate modeling of rip 
currents. The rip currents at the west coast of Bandar 
Anzali in Gilan Province is studied in the present research, 
(Figure 2). 

 
Figure 2 .   Study area at the west of Anzali Port in the 
southwest of the Caspian Sea. 
 
3. Field Data 

Shafiee Sabet and Barani (2011) measured the rip 
currents at the west coast of Anzali Port in 2008 and 2009 
[1]. The gathered data includes bathymetry, wave 
characteristics and current velocities. Five GPS drifters 
were employed in a 700 (m) by 400 (m) area and a RCM9 
flow meter was used to validate the current velocities. The 
submerged drifters moved far from the coast and then 
returned back to the shore, indicating the existence of rip 
current and a rotating cell in the area. 

The wave characteristics was obtained from a buoy, 
installed 3 km offshore at 15 m water depth for the 
“Monitoring and Modeling studies of the southern Caspian 
Sea” project. 

 
4. Numerical Modeling  

The database of United States National Geophysical 
Data Center (NGDC) GEBCO is used for the general 
bathymetry of the global model [2]. This is combined with 
the data of hydrography survey for the modeling of 
nearshore areas of local model (Figure 3).  

 

 
Figure 3. General bathymetry of the study area. 
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The wind field is extracted from reanalysis ERA-
Interim data produced at the European Centre for Medium-
Range Weather Forecasts (ECMWF) meteorological 
database. 

MIKE 21 of Danish Hydraulic Institute (DHI, 2011) is 
selected for the hydrodynamic simulations of global and 
local models [3]. The unstructured mesh comprises 44490 
nodes and 87410 elements with a grid cell size of 3000 m2 
that is decreased to 2000 m2 and 1000 m2 in intermediate 
and shallow areas, respectively (Figure 4). Modeling 
scenarios with different driving forces of wave and wind 
inputs are examined to investigate the formation and 
characteristics of rip currents in the study area. 

 

 
Figure 4. Computational grid. 

 
Wave transformation is done by Spectral Waves (SW) 

model of MIKE 21. Table 1 presents the final input 
parameters for the calibration of SW model. The radiation 
stresses are introduced to the Flow module of MIKE 21 to 
simulate the nearshore currents. Table 2 offers the 
calibrated input variables to Flow model. 
 

Table 1. The input parameters to SW model. 
 

 Bottom friction  KN 0.002 

  Wave breaking 𝛶𝛶 0.8 

White capping coefficient 𝛿𝛿  0.8 

White capping coefficient Cdis 2 
 
Table 2. The input calibration parameters to Flow model. 

 
Eddy viscosity 0.28 

Bed resistance 38 

Wind friction 0.0011 

 
5. Results and Discussion 

Figure 5 shows a time series of the favorable 
comparison between the modeled and measured longshore 
current velocities. Figure 6 shows the developed rip 
currents in the local model. Table 3 shows the overall 
comparison between the measured velocities and modeling 
results at different parts of the rip currents. 

 
 

Figure 5. Comparison between the measured and 
modeled velocities of longshore current. 

 

 
Figure 6. Water surface elevation and vectors of rip 
currents in local model. 
 
Table  3. Measured and modeled velocities at different 
points of rip currents. 

 

Velocity Neck Feeder Head 

Measured 0.30-0.72 0.12-0.35 0.12-0.35 

Modeled 0.21-0.54 0.10-0.26 0.02-0.25 
 

Comparisons of field measurements and modeling 
scenarios with different input driving forces, i.e., wind and 
wave, reveal that both wind-induced and wave-induced 
currents need to be carefully modeled for the successful 
modeling of rip currents at this area.   
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1. Introduction 
Urbanization requires an integrated strategy for land and 

environmental conservation, moving from maritime defense 
interventions focused primarily on protecting people and 
goods to coastal protection measures focused on the land 
[1]. Coastal protection structures such as groins, 
breakwaters, seawalls, and revetments have been 
constructed worldwide to limit the coastal erosion and to 
provide protection against hinterland flooding. In order to 
manage and control the effects of coastal structures 
constructed therein, a hydrodynamic study of the region is 
essential [2].   

This study aims to characterize the complex nearshore 
process affected by coastal protection structures at Chabahar 
Bay using numerical modeling. Chabahar Bay is located in 
the southeast of Iran (Figure 1). Several coastal structures 
were constructed in Chabahar Bay during the last two 
decades. The change in mangrove forests (as an important 
ecosystem in this area) and the coastline there during this 
period highlight the effect of these man-made structures on 
the coastal process. In this study we address the complex 
current pattern changes due to the construction of the coastal 
protection structures after 2000. 

 

 
Figure 1.  The study area location 

 
2. Methodology 

A methodological framework was established to evaluate 
the impact of man-made structures on current speed and 
direction in Chabahar Bay during last two decades. The 
framework focuses on boundary data preparation, coupling 
of wave and hydrodynamic models, and model calibration. 
To assess the impact of structures on the current (without 
affecting other factors), the model was run with same data 
of wave, wind, and hydrodynamic for each scenario of 
construction (data of Sept. 2006 used for simulation). 

Hydrodynamic characteristics was simulated using a 
coupled MIKE 21 HD/SW (flow model/spectral waves) 
numerical model (the coupled model was used to consider 
wave-induced currents). The modeling system is based on 
the numerical solution of the two/three-dimensional 
incompressible Reynolds-averaged Navier-Stokes 
equations with Boussinesq and hydrostatic pressure as the 
underlying assumptions [3]. 

 The numerical model extends 19 km offshore from the 
coastline, covering an area of approximately 200 km2. The 
unstructured grid has 14,196 elements and 7366 nodes. The 
largest elements have a size of 0.4 km and they become finer 
towards the coast with the smallest approximately 3 m. The 
data collected from the instruments AW1 and AW3 (Figure 
1) during September 1 to 30 (2006), were used as model 
boundary conditions (including current speed, current 
direction, water level, significant wave height, peak wave 
period, and mean wave direction). Meanwhile the model 
was forced by a 10 m wind field from ECMWF ERA5 
dataset with a temporal resolution of one hour and a spatial 
resolution of 0.25°. In addition, the effects of eddy viscosity, 
bed resistance and Coriolis forcing on the flow field were 
considered. 

 
3. Results and Discussion 

Figure 2 shows the current patterns in Chabahar Bay 
based on the numerical models which were run in 2001, 
2006, 2008, 2010, 2015 (years that man-made structures 
were constructed), and the eastern port development plan in 
the future. As shown in Figure 2, the construction of the 
coastal structures during the last two decades affects the 
current patterns in this area. Man-made structures were 
mostly built in the eastern part of this omega shape bay and 
so the eastern section of the bay has been more affected than 
the western part. The result of the current direction shows 
that the construction of coastal structures in the bay have 
changed the patterns of current direction all over Chabahar 
Bay, especially after 2010 (Shahid Behesti Port 
development- completion of phase 1). 

Several optional points were chosen to study the 
hydrodynamic characteristics (Figure 1). Figure 3 depicts 
the time series of current speed in five selected nearshore 
locations in Chabahar Bay, as well as comparison of the 
maximum current speeds.  
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(c) (d) 

  
(e) (f) 

 
Figure 2.  Current direction pattern in the Chabahar 
Bay. a) 2000, b) 2006, c) 2008, d)2010, e)2015, and f) 
future plan of the eastern port development 

 

 
Figure 3.  Time series of current speed in a) P1, b)P2, c) 
P3, d) P4, e) P5, and f) comparison of maximum current 
speed, during the last two decades 
 

Based on Figure 3, after the construction of man-made 
structures in the bay, the maximum current speed has 
generally decreased over this time. The current speed at 
point P1 has decreased by 34% from 2000 to 2015 following 
development of the Shahid Beheshti Port and construction 
in the eastern part of the bay. Development of the Shahid 
Beheshti Port (phase 1) have reduced the maximum current 
speed at point P2. Despite that, due to the Shahid Behesti 
Port development (completion of phase 1 and phase 2), the 
current speed at this location has increased. However, the 

current maximum speed has not yet returned to 2000 levels. 
In contrast, the current speed trend at points P3 and P4 (in 
the bay's northeast) is distinct from that of the bay's eastern 
and southeastern parts. Due development of the Shahid 
Beheshti Port, the maximum current speed increased at 
these points. At the point P3, before the completion of 
Shahid Behesti Port development- phase 1 (2008), the 
current speed had increased by 83% on the 2000 value. 
However, as a result of the completion of Shahid Behesti 
Port development-phase 1 (post 2010), the maximum 
current speed has decreased, and by 2021 it had reached just 
22% of its 2008 value. This is comparable to the trend in 
current speed at the point P4. The current speed at this point 
increased until 2010 and its value had risen by a factor of 
1.43 since 2000. However, between 2010 and 2015, the 
maximum current speed has decreased by 9%. At point P5 
(in the north of the bay), the current speed decreased by 23% 
from 2000 to 2015. The results of maximum current speed 
by consideration of the eastern port development plan in the 
future show that the current speed will be affected by this 
development. However, the maximum current speed will 
decrease at all optional points around the bay. The current 
speed in P1, P2, P3, P4, and P5 will reduced by 10%, 1%, 
5%, 7%, and 1.5% compared to the 2015 scenario, 
respectively. 

 
4.Conclusion  

The hydrodynamics in Chabahar Bay has been affected 
by the construction of coastal structures over the last two 
decades. It seems that with the development of man-made 
structures since the year 2000, the current patterns have 
changed significantly. The results show that the maximum 
current speed in the southeast and north of Chabahar Bay 
has reduced over the last two decades, while the current 
speed in the east and northeast of Chabahar Bay increased 
between 2000 to 2010. This was due to the construction of 
the breakwater and the development of the port in the 
southeast of the bay. However, since 2010, by constructing 
the breakwater in the eastern part of the bay, the current 
speed has decreased in the eastern and north-eastern parts of 
the Chabahar Bay. The current speed will be affected by 
considering the eastern port development plan in the future 
so that the maximum current speed will decrease at 
nearshore around the Chabahar Bay. 
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1. Introduction 

The present paper aims to evaluate the significance of 
wind-induced  versus longshore waves generated due to the 
available current measurements carried out during the 
Modelling and Monitoring study of the southern coasts of 
the Caspian Sea (MMCS) [1], this research was performed 
in the vicinity of Nowshahr Port located at (Lat.: 36.65 
degrees, Long.: 51.50 degrees), as shown in Figure 1. 
Delft3D open-source software was applied as a modeling 
tool for the present research. 
 

Figure 1. Location of Nowshahr port in the Caspian Sea 
 

2. Modelling Approach 
The 2DH version of the Delft3D [2, 4] which solves the 

depth-integrated mass and momentum conservation 
equations on a curvilinear grid was applied. The coupled 
WAVE and FLOW modules are used to account for wave-
induced currents [3]. This computational domain is 
composed of 89464 computational grids. Wave and wind 
data were obtained from MMCS studies [1]. The 
bathymetry of the computational and the grid configuration 
are shown in Figure 2. 

 

Figure 2. Computational grid and bathymetry  

Based on the calibration of the simulated currents with 
field measurements, the Chezy coefficient of 40 was 
appropriate for the nearshore depths - up to 6 meters and a 
value of 65 for offshore depths – greater than 9 meters. A 
linearly interpolated value was applied for the depths, in 
between. Considering the above roughness values the 
simulated current speed versus the measured ones at two 
depths of 5 and 10 meters are shown in Figure 3.  

 

  
Figure 3. Comparing modeling results with measurement 
Data-Current speed (m/s) 

 
Modeling results of waves at the same depths are 

compared with measured ones in Figure 4 
 

  
Figure 4. Comparing modeling results with measurement 
data- Hs (m) 

 
1st-7th July 

  
4th-12th October 

  
Figure 5.  Significant wave height (m) and Wind speed 
(m/s) in models 
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Simulations were performed with the calibrated model 
for two storms at the intervals of 1st-7th July, and 4th-12th 
October 2013. Significant wave height at the offshore 
boundary of these simulations and wind speed are shown 
in Fig.5.  For each of these time intervals, three modeling 
scenarios are considered as follows:  

1) Only wave-induced current model  
2) Only wind-induced current model 
3) Combined wave and wind-induced current model 

 
3. Results 

Figure 6 shows the results of models at two depths of 
5m and 10m located at the same points where previously 
mentioned measurements were performed. For the sake of 
illustrating the significance of wind-induced currents in 
this region, Figures 7 and 8 show the maximum values of 
current speed profiles during these storms along a line 
passing through the location of ADCP measurement 
stations for better understanding, Figures a. are zoomed in 
Figures b. For all the results shown below, the blue, black, 
and red lines represent; only wave, only wind, and 
combined wave and wind models, respectively. 

 
1st-7th July 

  
4th-12th October 

  
Figure 6. The results models-(ADCP-5m, ADCP-10m) 
 

4. Conclusions  
Figures 7 and 8 show the results of models in three 

different domains, in the surf zone (up to 5 meters), in the 
shallow zone (5-10 meters), and beyond 20 meters. Table 1 
clearly shows the significance of wind-induced currents 
even inside the surf zone (more than 65%).  

 
(a) (b) 

 
 

 
 
 

 

Up to 5 meters 

 
5 - 20 meters 

 
Beyond 20 meters 

 
Figure 7. The profile results models- (1st-7th July) 
 

(a) (b) 

 

 

Up to 5 meters 

 
5 - 20 meters 

 
Beyond 20 meters 

 
Figure 8. The profile results models- (4th-12th October) 
 

Table 1. Percentage of the effects of wind and wave-
induced currents 

  1st-7th July 4th-12th 
October 

Up to 5 m 

Percentage of 
(V1/V3) 84 % 81 % 

Percentage of 
(V2/V3) 66 % 67 % 

5 - 20 m 

Percentage of 
(V1/V3) 26 % 64 % 

Percentage of 
(V2/V3) 109 % 109 % 

Beyond 20 
m 

Percentage of 
(V1/V3) 4 % 7 % 

Percentage 
of (V2/V3) 105 % 106 % 

V1= the maximum current speed in the only wave-induced current model 
V2= the maximum current speed in the only wind-induced current model 
V3= the maximum current speed in the combined wave and wind-induced 
current model 
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1. Introduction 
High energy potential is found in ocean waves. For this 

reason, many different types of wave energy converters 
(WECs) have been developed, with the purpose of 
designing devices with reduced costs and increased annual 
energy production (AEP). Design optimization offers the 
opportunity to explore more of the design space while 
avoiding expensive build and test iterations and it has been 
used to improve energy efficiency of a range of 
commercially developed systems.  

From previous studies, it is known that one of the 
largest cost reduction potentials is associated with the 
WEC structure, i.e., hull. Apart from the high capital 
expenditure associated with the device hull, the geometry 
of the hull is crucial for the device hydrodynamic, and 
thus, for the AEP. A point absorber based on simple hull 
shapes using cylindrical geometries was studied by 
Gilloteaux et al. [1] to understand the effect of different 
control strategies on optimal device size. 

The present work addresses this gap by finding a 
suitable and efficient optimization method for WEC 
geometry optimization. With this purpose, the geometry 
definition is studied. Different geometry definitions are 
compared; cylindrical, triangular, and octagonal shapes. In 
addition, two main objective functions, namely maximum 
power output and minimum construction cost are 
considered for a device oscillating in surge, heave, and 
pitch. A novel metaheuristic multi-objective optimization 
algorithm [2], i.e., multi-objective particle swarm 
optimization, is applied to discover optimal shape design in 
terms of radius, height, and draught. 
 
2. Methodology  
2.1. Multi-objective Particle Swarm Optimization  

In 1995, Kennedy and Eberhart developed Particle 
swarm optimization (PSO), an algorithm inspired from 
swarm behavior such as exhibited in fish and bird 
schooling. To this end, one of the earlier attempts to solve 
multi-objective problems using PSO was made by Coello 
and Pulido using multi-objective Particle swarm 
optimization (MOPSO). The algorithms uses the concept 

of Pareto dominance to find solutions for multi-objective 
problems. It also employs a secondary population or 
external archive to store non-dominated solutions and 
guides the search of future generations. A special mutation 
operator is also implemented to improve the search 
procedure. MOPSO uses Pareto ranking scheme to handle 
multi-objective optimization problems. The algorithm store 
previously generated non-dominated solutions by 
recording the history of best solutions found by a particle. 
 
2.2. Multi-axis WEC Shape Optimization 

Obviously, most of the designed two-body point 
absorber (2B-PA) WECs generate energy from single 
mode of motion e.g., surge or heave. For this purpose, a 
design of multi-axis WEC could produce energy from 
multiple direction, like surge, heave, and pitch. In addition, 
different geometry of this 2B-PA was generated to compare 
its energy production and finding optimal design. The 
initial design of multi-axis WEC is illustrated in Figure 2. 
 

 
Figure 2. Design of multi-axis 2B-PA WEC 

There are several design factors or characteristics that 
must be taken into account to determine the optimum 
geometry for any given WEC, including capturing highest 
wave energy from certain frequency range, wave direction 
effectiveness, and reducing extreme dynamic motion. For 
this reason, the objective function of geometry 
optimization was considered as maximum power output 
and minimum construction cost, which certainly focused 
on minimizing Levelized cost of energy (LCOE).  A 
geometry database consist of cylindrical, triangular, and 
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octagonal shape has been created and employed in the 
MOPSO procedure. Additionally, the input of the 
optimization procedure was the wave energy spectrum 
based on the probability of occurrence of each sea state of 
a specified coastal region, which is depicted in Figure 3. 

 

 
Figure 3. Probability of occurrence of sea state 

3. Results 
This study presents MOPSO to investigate the optimal 

design of a multi-axis two-body point absorber WEC. 
Different shape design, namely, cylindrical, triangular, and 
octagonal have been considered in this study to compare 
each shape annual energy production (AEP) in terms of 
volume surface. The dimension of radius varied between 1-
35 m and height and draught was in the range of 1-18 m. 

By solving dynamic equation of the floating body, the 
structural response of the device was obtained and the AEP 
and construction cost were calculated and compared. 
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(b) Height variation 
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(c) Draught variation 
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Figure 4. AEPy and Pareto front of cylindrical, 
triangular, and octagonal shapes 

 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 5 10 15 20 25 30 35 40 45

LC
O

E 
[$

/M
W

h]

Iteration

Cylindrical Triangular Octagonal

 
Figure 5. LCOE variation vs. iteration for cylindrical, 
triangular, and octagonal shapes 

 

4. Conclusion  
This research proposes multi-objective particle swarm 

optimization (MOPSO) framework for optimizing shape 
design of a multi-axis WEC considering different 
geometries. It has been shown that a novel model may be 
used to optimize wave power plants from a financial 
perspective, whereby minimizing the LCOE yields 
optimum solutions. The input used to determine the ideal 
geometry configuration was the annual wave energy 
spectrum. To this end, the optimal shape was the octagonal 
shape with radius of 29 m, height of 13.6 m, and draught of 
16.3 m, respectively. 
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1. Introduction 
Chabahar Bay (CB) is a semi-enclosed and shallow 

omega-shaped bay, located on the south-eastern coasts of 
Iran. Despite, some oceanographic expeditions in the CB, 
it seems necessary to have a reliable numerical simulation 
in order to better understand the water circulation of the 
Bay. Most of the previous studies conducted in the 
Chabahar region are about the hydrodynamic conditions, 
wind and storm effects on the region [1-4] and there is 
little knowledge about the physical properties and water 
masses formation in the Bay [5, 6]. In addition, a 
comprehensive spatial-temporal measurement is not 
available, most of the studies have a limited time frame 
and are limited to specific points and do not provide a 
three-dimensional and complete view of the circulation of 
the Bay. Few studies have been conducted on modeling the 
circulation of water in CB. For example, Soltanpour and 
Dibajnia (2015) examined tidal currents and water 
circulation in the Bay using the MISED model; they 
indicate that the tidal currents mostly enter the Bay at the 
eastern headland and exit at the western part. 
Hassannezhad, Soltanpour, and Haghighi (2011) [7] also 
investigated tidal currents in the Bay using the MIKE 21 
model. They found that hydrodynamics of CB is 
complicated and dominated by tidal and wind driven 
current. 
 
2. Material and Methods 

The FVCOM model was employed to conduct the 
numerical experiments in CB. The computational domain 
of the numerical model covers the entire CB and part of the 
Oman Sea (25.00–25.45°N, 60.00–61.00°E). The 
computational domain consists of 3,397 nodes, 6,290 
triangles (elements) and 10 uniform σ-layers. The 
horizontal grid resolution is between 5 km in the deep 
ocean to 500 meters in the interior of CB. The vertical 
resolution changes between less than 1 meter in shallow 
water to more than 50 meters in deep ocean. Results from 
the 1/12-degree global HYCOM model with 6-hour time 
steps were interpolated and used to determine the open 
boundary temperature and salinity at the 10 σ-layers. In 
addition, the 6-hourly NCEP Reanalysis_2 datasets were 
used for the calculations of the atmospheric fluxes at the 

surface of the model. The forcing data consist of u and v 
wind speed components (m/s), sea level pressure (Pascal), 
the rate of evaporation_ precipitation (m/s), heat fluxes 
(W/m2) and air temperature ( K). The NCEP data have a 
spatial resolution of 2.5×2.5 . The Tidal Model Driver [8] 
was used to extract the water level at the open boundary. 
ETOPO1 bathymetry data with 1 arc-minute spatial 
resolution [9] was used for entire of the model domain, and 
field data with 100 meters’ resolution from the Port and 
Maritime Organization was used for interior part of CB. 
The model domain and its bathymetry are shown in Figure 
1. The FVCOM model was run for a twelve-year period 
from 2006 to 2017 in hydrostatic baroclinic mode. 

 

 
Figure 1.  A) Model domain and b) Hydrography of CB 
versus (1) Tide Gauge Station and (2) ADCP Station. 

 
The modelling results of the surface water level were 

compared with the measurement data from the Chabahar 
tide gauge (Station 1) for November 2016 (Figure 2 (a)). In 
order to validate the current velocity of the model, the 
model results were compared with ADCP (Acoustic 
Doppler Current Profilers) data for May 2007 (Figure 2 
(b)). The tide gauge and ADCP data are provided by the 
Ports and Maritime Organization of Iran. The correlation 
coefficients between modeled results and measurements 
data for surface water level and current velocity are 0.99 
and 0.84, respectively. 

 
3. Results and Discussion 

The average monthly of current velocity at the surface 
and bottom versus sigma-t values, related to February and 
August are shown in Figures 3. Also, a schematic of water 
circulation in CB is presented in Figure 4. 

WATER CIRCULATION OF CHABAHAR BAY 
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Figure 2. Comparison of model outputs (black lines) 
versus observed data (red circles) for a) water level and b) 
current velocity. R is correlation coefficient. 

By comparing the monthly mean values of the current 
velocity at the surface and the bottom, two main patterns 
for water circulation can be distinguished (Figure 4). 
Almost at every month, the denser water of the Oman Sea 
from the bottom enters the Bay. In winter monsoon only 
one surface anticyclonic system is seen at the surface 
(Figure 4 (a)). In this season, the bottom inflows almost 
penetrate to the northern and western parts. In these parts, 
waters come to the surface and due to the existence of 
north-eastern winds in this season, southern and 
southwestern surface currents are created. Blowing the 
wind from the northeast at the winter monsoon creates a 
mixed layer in shallow waters of the north. In summer 
monsoon, due to the high north-south gradient of 
temperature, the bottom incoming waters, just penetrate to 
the middle parts of the Bay and there is a dominant 
anticyclonic system at the western parts and a weaker 
cyclonic system at the eastern parts (Figure 4 (b)). The 
southwestern winds at the summer monsoon cause 
upwelling in western regions and a mixed layer at shallow 
water of the north and east. The order of bottom inflow and 
surface outflow current related to the density gradient, are 
2 cm/s and 4 cm/s, respectively. 

 

 
Figure 3. The mean monthly average of current velocity 
(cm/s) versus sigma-t (kg/m3) at surface (up) and bottom 
(down) for February (left) and August (right). 

 

4. Conclusion 
The most of the previous hydrodynamic studies of the 

CB have mainly considered the currents induced by tide 
and wind using barotropic models. Our finding of short 
time tidal circulation is consisting with their results. It is 
worth to note that the barotropic models cannot provide 
information about residual current induced by the density 
gradient, and the stratification effects of the water column. 
The 3D FVCOM model in baroclinic setup, with more 
accurate data as boundary conditions, may predicts current 
velocities in the interior of the Bay better than results of 
2D MIKE 21 model and the 3D MISED model. 

 
 

 
Figure 4. Schematic of CB circulation at the surface and 
the bottom, during: a) winter monsoon and b) summer 
monsoon. 
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1. Introduction 

In recent years, the Reef Balls (RB) have been used 
worldwide to enhance the habitat quality of marine 
environment, as their shape, texture, and material are very 
attractive to marine life [1]. In the last two decades, in 
addition to using these units to enhance the marine 
environment, they have been used as submerged 
breakwaters in several projects to control coastal erosion. 
In this study, the performance of this type of submerged 
breakwater in wave energy dissipation and transmission 
coefficient has been studied through physical modeling. 
Considering the limited number of similar laboratory 
studies, new configurations have been designed, and 
physical tests were performed in the Hydraulic Laboratory 
of the School of Civil Engineering, University of Tehran. 
New configurations were designed to optimize the 
performance of these units as a submerged breakwater in 
terms of wave attenuation and transmission. In wide 
domains, data related to dimensionless variables based on 
structure width, water depth, wave height, and wave period 
were defined to fill the information gaps of previous 
experiments. With such a more comprehensive data set, a 
more reliable prediction of the performance of submerged 
breakwater made of RBs is achievable. 
 
2. Previous Studies 

Despite using RB units in various projects to protect 
beaches, there is still weakness in predicting their 
performance against wave action. Two studies have been 
reviewed to estimate the wave transmission coefficient of 
this type of breakwater in the past. The first study was 
conducted by Armono, H. D., and Hall, K. R. 2003. In this 
study, RB units were used with 1, 2, and 3 layers, which in 
some cases, they were placed on a base [2]. Another study 
was conducted to protect part of the beaches of Miami, 
Florida, USA, in which all the layouts had only one layer. 
These two groups of experiments were analyzed by  
Buccino et al. 2014, and predictive relationships were 
proposed [3]. Based on the results of the two previous 
groups of experiments, it was attempted to select the best 
arrangement of units in terms of application and 
performance against the wave action. Accordingly, new set 
of data have been added to the already available ones to 

complete the data set and enable achieving more 
comprehensive prediction equations. 
 
3. Description of New Experiments 

 The experiments were performed in a wave flume with 
total length of 25.3 meters, width of 1 m, and height of 1.2 
m. The distance between the wave paddle and the end of 
the flume was 24 m. The sides of the flume are made of 
glass. The bed was covered with a layer of impermeable 
concrete. As shown in Figure 1, the units were placed on 
top of a platform with a 0.41 height above the bottom 
connected to it with a 1:10 slope. The placement of the 
units and wave gauges are illustrated in the same Figure. 
Crushed stones were used as wave absorber at the end of 
the flume. To separate the incident waves from the 
reflected ones, six sensors were used in the experiments. 
Determination of distances and analysis of their results 
were performed according to the Mansard method. 

 

 
Figure 1. A view of experiments specifications 

 Since Goliath ball units in the RB category have 
suitable dimensions for use as submerged breakwaters and 
were also in the second group of experiments, this type of 
unit was used, in the present experiments with a scale of 
1:10. The units had a dimension of 15 cm in height and 20 
cm in diameter with 38 holes with diameters of 23 and 28 
mm on their lateral surface. The weight of the units varied 
between 2.6 to 3 kg. The appearance of the units is shown 
in Figure 2. 
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Figure 2. A view of units made of RB type 

In order to obtain sufficient information to examine the 
effect of structure width, 5 values, and to evaluate the 
effect of the ratio of structure height to water depth, 4 
values for depth were examined. At each depth 3 values of 
significant wave heights and 9 values of peak wave period 
were considered. As a result, a total of 180 experiments 
were performed. Table 1 shows the experiments 
specifications including water depth, wave height and 
wave period for each width arrangements of units. It 
should be noted that the actual values of the wave heights 
and periods in these tests were slightly different from the 
target values mentioned in this Table. 

 
Table 1. Specifications of tests in each arrangement of 

RBs 

Structure 
width (m) 

h 
(m) 

T 
 (s) 

d  
(m) 

0.55-1.25 0.15 1 - 2.2 0.045-0.075 0.15 
0.55-1.25 0.15 1 - 2.2 0.055-0.09 0.175 
0.55-1.25 0.15 1 - 2.2 0.06-0.1 0.2 
0.55-1.25 0.15 1.1 - 2.2 0.07-.011 0.225 

 
4. Analysis and Conclusion 

Four dimensionless parameters based on the results of 
these experiments were drawn as follows: 

st

si

H
H

; 
h
d

; 
h
B

; 2
siH

gT
 

where Hst and Hsi are respectively the transmitted and 
incident significant wave heights, h is the unit height, d is 
the water depth, B is the width of embedded units and Tp is 
the peak wave period. The variation of transmission 
coefficient, Kt (first parameter) was investigated against 
the other three while keeping two of them as constants.  

Two samples of the results are illustrated in Figures 3 
and 4. As expected, by comparing these two Figures, it is 
seen that the wave transmission coefficient increases by 
decreasing the relative height (h/d) of RB units. It is 
observed that at higher relative heights, the effect of the 
width change is more significant. It can thus be concluded 
that by decreasing the relative height of the units, the 
effects of the width become negligible. 

 
Figure 3. Test results based on different h/B at h/d=0.857 

 
Figure 4. Test results based on different h/B at h/d=0.666 

    Armono, H. D., and Hall, K. R. 2003, came to the same 
conclusion and points out that if the height of the structure 
is less than 70% of the water depth, the effect of changing 
the width of the structure will be negligible [2]. It is also 
noted that by increasing the wave steepness (Hs/gTp

2), the 
transmission coefficient decreases. This decrease is almost 
linear for higher relative heights. With the same water 
depth and relatively equal wave period, it is observed that 
increasing the wave height will reduce the transmission 
coefficient. Also, increasing the wave period increases the 
transmission coefficient at the same water depth and wave 
height. Carefully in Figure 4, contrary to expectations, it 
can be seen that in all layouts, the endpoint shows a higher 
transmission coefficient compared to their previous point. 
While the wave height is almost constant, and the wave 
period is smaller than its previous point. To justify this 
phenomenon, we can say that the amplitude of wave 
elliptical currents depends on the wave period. As a result, 
reducing the wave period at high immersion depths does 
not always reduce the wave transmission coefficient, and 
from somewhere, it increases the wave transmission 
coefficient. 
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1. Introduction 
One of the prominent turbines for extracting energy 

from tidal currents is the Darrieus turbine. The geometric 
format of turbine blades plays an important role in the 
efficiency of these turbines. Darrieus turbines generally 
have straight blades. Another common format is the helical 
blade. For the first time in 1998, Gorlov made a Darrieus 
turbine with a helical blade and claimed that the efficiency 
of this turbine is higher than the Darrieus turbines with 
straight blades. [1] But by conducting experimental tests, 
Shiono et al. (2002) showed that the efficiency of the 
helical turbine is lower than the efficiency of the straight 
blades Darrieus turbine. [2] 

Since there is no consensus on the effect of blade 
helicization on the efficiency of the Darrieus turbines, this 
research intends to investigate the effect of the helicization 
of blades on turbine efficiency with the help of 
computational fluid dynamics simulation. Two turbines 
with the same dimensions have been designed, one of 
which has three straight blades and the other has three 
helical blades. To create equal conditions for the two 
turbines under research, the distribution of the blades in the 
turbine area is done in such a way that the surface area in 
front of the flow is the same for both turbines. This area 
has a direct relationship with the input power to the 
turbine. 
 
2. Methodology 

In this research, the computational fluid dynamics 
method is used to obtain the characteristics of the flow 
around the turbines. The main equations governing the 
flow regime are the two equations of conservation of mass 
and conservation of momentum. To solve the governing 
equations, the Finite Volume Method has been used. For 
this purpose, OpenFOAM is used which is an open source 
CFD software. Since the purpose of the research is to 
compare a straight blade Darrieus turbine with a helical 
one, to reduce the size of the grid, a 1:10 scale of the 
turbines has been used. To model the turbulence, the k-ε 
model has been used, which is a subset of the RANS 
model. The value of parameter y+ is set equal to 300. 
Based on this, five layers are considered around the turbine 
geometry, and the thickness of the first layer is equal to 
0.00025. The grid contains one million cells. The 

dimension of the simulation domain and the external view 
of the grid are shown in Figure 1 and Figure 2, respectively. 
 

 
Figure 1. Dimension of the domain (Units:m) 

 

 
Figure 2. Grid external view 

 
2.1 Simulation Strategy 

To simulate the behavior of the turbine, two strategies 
are followed. In the first strategy, the turbine inside the 
water flow rotates around its central axis at a fixed speed 
given as the input of the domain. The second strategy is 
that the turbine is stationary at the first moment and the 
forces acting on the turbine from the water cause it to 
rotate. This strategy is called flow-induced rotation. In this 
research, the flow-induced rotation strategy is used. This 
strategy is close to the physics of a tidal turbine and can be 
used to obtain changes in angular velocity over time. 

 
3. Results 

For validation, laboratory data from a 2008 Darrieus 
turbine study by Hill et al. has been used. [3] The angular 
velocity diagram obtained from the simulation with the 
model used in this research and the angular velocity 
diagram obtained in the experimental research of Hill et al. 
are presented in Figure 3. 
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Figure 3. Simulated angular Vel. Vs. experimental tests 

 
As it is clear from the diagram in Figure 3, the results 

of the simulation with the help of the model used in this 
research are in good agreement with the data obtained from 
the experimental tests. The average error obtained is 18%. 

Equation (1) is used to estimate turbine efficiency. Pi is 
the input power and Pt is the output power from the 
turbine. 

 

𝜇𝜇 = 𝑃𝑃𝑡𝑡
𝑃𝑃𝑖𝑖

 (1) 

The input power is obtained from Equation (2) and the 
output power is obtained from Equation (3). 

𝑃𝑃𝑖𝑖 =
1
2𝜌𝜌𝜌𝜌𝑉𝑉

3 (2) 

𝑃𝑃𝑡𝑡 = 𝜔𝜔𝜔𝜔 (3) 
In Equation (2), ρ is the density of water, A is the cross-

sectional area of the turbine in front of the water flow and 
V is the velocity of the flow upstream. In Equation (3), ω is 
the angular velocity and T is the torque on the turbine. 

The average diagram of the hydrodynamic efficiency of 
two Darrieus and helical turbines in terms of the tip speed 
ratio is shown in Figure 4. 

 

 
Figure 4. Efficiency of Darrieus Vs. Helical turbine  
 
As shown in Figure 4, the maximum hydrodynamic 

efficiency of the Darrieus turbine is greater than that of the 
helical turbine. This data confirms the results obtained by 
Shiono et al. 

In Table 1, the maximum hydrodynamic efficiency of 
the turbines is presented. 

 

Table 1. T.S.R. per Max. efficiency  

Max. Efficiency Optimal T.S.R.1 Turbine 

%26.2 2.5 Helical  

%38.5 3.5 Darrieus 

 
 As it showed in Table 1, in the straight blade Darrieus 

turbine, the high-efficiency operation occurs at a larger tip 
speed ratio than the helical turbine. This is considered an 
advantage for this turbine. Because generators that convert 
mechanical energy into electrical energy generally need a 
high rotation speed, and the optimal performance of the 
turbine at a higher tip speed ratio requires a gearbox with a 
lower conversion factor. [4] 

4. Conclusion 

According to the results of this research, helicizing the 
Darrieus turbine blades does not increase its efficiency. 
Therefore, this research cannot confirm Gorlov's claim that 
the efficiency of the helical turbine is higher than that of 
the Darrieus turbine. So, the Shiono et al. research results 
are confirmed. 
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1. Introduction 

Although there is natural variability in climate when 
measured over millions or billions of years, the speed of 
climate change has accelerated as a result of human 
activity [1]. These changes typically persist for an 
extended period, typically decades or longer [2]. One of 
the most serious and certain consequences of climate 
change is the increase in sea level height. Major concern is 
expressed for coastal regions of the planet where much of 
the world's population is found, because of the disastrous 
flooding that would follow from rapid melting or collapse 
of a major polar ice sheet [5, 8]. Using a combination of 
satellite altimeter data with the more traditional 
measurement of tide gauges, scientists have concluded that 
the sea level is rising globally, and that the rate of sea-level 
rise is likely to increase [7]. They have documented a 
direct relationship between climate change and sea-level 
rise through its two major contributors, which are the 
mechanisms of the expansion of water volume associated 
with ocean warming, and the absorption of more solar 
energy that accompanies the melting of glaciers and ice 
sheets [6, 8]. 

 
2. Material and Method 

Assessment of sea level height variations due to climate 
change was carried out in 10 grid points alongside the Gulf 
of Oman (Figure 1). The Gulf of Oman is located in the 
north of the Indian Ocean and is connected to the Persian 
Gulf through the Strait of Hormuz. It borders Iran and 
Pakistan in the north, Oman on in south, and the United 
Arab Emirates in the west. Study of sea level rise on the 
Gulf of Oman is very necessary because of its inevitable 
association with flood risk, coastline changes and resulting 
threats to coastal cities and habitats. 

 

 
Figure 1.  Location of Gulf of Oman in southern part of 
Iran between Persian Gulf and Arabian Sea 

 
In this study a CMIP5 model, BCC-CSM1.1 (Beijing 

Climate Center) model with monthly temporal and 1° × 
0.74° spatial resolution is selected for future projections. 
As the reference, the Global Ocean Gridded L4 satellite 
datasets from the Copernicus Marine Environment 
Monitoring Service (CMEMS) project covering all the 
globe with monthly temporal and 0.25° × 0.25° spatial 
resolution is selected. In order to perform comparisons, 
model and satellite datasets were interpolated onto the 
same grid as 1° × 0.5° using Climate Data Operator 
(CDO). 

3. Results and Discussion 
According to the satellite observation data presented in the 
Figure 2, the yearly mean sea surface height during the 
historical period for the satellite observation data is 61.92 
cm. The highest sea surface height according to satellite 
dataset is 67.24 cm in year of 2015 and the lowest height is 
57.57 cm in year of 2001. Within this period, the estimated 
rate of rise is 0.45 cm/year. 

 

 
Figure 2. The satellite dataset for yearly mean sea 
surface height during the historical period 

 
The projections of sea surface height during the first 

future period (2050-2070) under the RCP8.5 scenarios are 
depicted in Figure 3. In this period, the highest sea surface 
level is predicted for the year of 2052 with the 75.53 cm 
and the lowest height belongs to the year of 2062 with 
64.64 cm. The average sea level height for the first future 
period is predicted 71.93 cm and compared to the historical 
period with 61.92 cm, it shows a rise of 10.01 cm. Within 
this period, the estimated rate of rise is 0.14 cm/year. 
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Figure 3. Projections of sea surface height during the 
first future period 

 
The projection of sea surface height during the second 

future period (2080-2100) under the RCP8.5 scenarios are 
represented in Figure 4. In this period, the highest sea 
surface level is projected for the year of 2096 with the 
82.64 cm and the lowest height is belonging to the year of 
2082 with 73.51 cm. The average sea level height for the 
first future period is predicted 78.43 cm and compared to 
the historical period with 61.92 cm, it shows a rise of 16.51 
cm. Within this period, the estimated rate of rise is 0.21 
cm/year. 

 

 
Figure 4. Projection of sea surface height during the 
second future period 

 
Summary of the different period’s analysis is in the 
Table1.  
 
Table 1. Summary of sea surface height during different 
periods (cm) 

Period Time 
Slice 

Average 
Height Max Min Rise rate within the 

period (cm/year) 

Historical 2000-
2020 61.92 67.24 57.57 0.45 

First 
Future 

2050-
2070 71.93 75.53 64.64 0.14 

Second 
Future 

2080-
2100 78.43 82.64 73.51 0.21 

 

4. Summary and Conclusions 
In this study, using a CMIP5 model, Sea Level Height 

were projected for two 20-year future periods over the Gulf 
of Oman under RCP8.5, the highest emission scenario and 
the results were compared to the historical satellite 
observation datasets of the 2000-2020-time period. In the 
historical period, the average sea surface height was 
estimated 61.92 cm and the highest value is shown in the 
year 0f 2015 with 67.24 cm and the lowest one is for the 
year 2001 with 57.57cm. Within this period, the estimated 
rate of rise is 0.45 cm/year. In the first future period (2050-
2070), the height of sea was estimated averagely 71.93 cm. 
Therefore, compared to the historical period, in the first 
future period an increase of 10.01 cm is predicted. The rise 
rate of sea height is expected to be 0.14 cm/year. In the 
second future period (2080-2100) the average height of sea 
is anticipated 78.43 cm. Thus, the sea surface rise is 
forecasted 16.51 cm and the average rise rate within this 
period is calculated 0.21 cm/year. 
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1. Introduction 

An estuary is a partially enclosed coastal body of 
brackish water with one or more rivers or streams flowing 
into it, and with a free connection to the open sea [1]. 
Estuaries form a transition zone between river 
environments and maritime environments and are an 
example of an ecotone. Estuaries are subjected both to 
marine influences such as tides, waves, and the influx of 
saline water, and to fluvial influences such as flows of 
freshwater and sediment. Therefore, estuaries are among 
the most productive natural habitats in the world [2]. 

The estuaries are the dominant geographical landforms 
in the coastal zones of Khuzestan province of Iran. Two of 
the most important ones of them are Bahmanshir and 
Zohreh estuaries. Bahmanshir estuary was actually one of 
the branches of Karun River. The Karun River is split into 
two branches in Khorramshahr city: one leads to Arvand 
River through the Hafar channel and the other flows in 
Bahmanshir. Bahmanshir flows nearly parallel to the 
Arvand River towards the Persian Gulf, passing through 
the cities of Abadan and Choebdeh. The Bahmanshir River 
is about 90 km long and its width varies from 60 m in 
upstream to 450 m in the mouth. In the past, Bahmanshir 
was connected directly to Arvand River through the Hafar 
Canal, while nowadays that entrance is physically blocked 
and the water enters from Karun River by pumping 
through the Mared canal. 

The Zohreh estuary is the other important estuary in the 
region. It collects the waters of a vast areas of Ardakan, 
Noorabad Fars, southern Doganbadan, Behbahan and 
Handijan and then flows into the Persian Gulf. Fishing and 
aquaculture is considered as one of the main jobs of the 
residents along the riverside. Therefore, there are several 
traditional fishery landing sites and small ports along the 
river. The length of the estuary from the Persian Gulf to 
the upstream of its main branches is more than 400 km, but 
only the first 60 km is navigable for commercial and 
fishery ships due to the limitation in the river depth. 

The hydrodynamic condition of these estuaries is 
important due to the important ports that located in them 
and also commercial and fishery exploitations of these 
water bodies. The Choebdeh and Qofas ports in 
Bahmanshir estuary and Sajaafi commercial and fishery 
ports in the Zohreh are among the most important active 
ports in this region. The studies of tidal hydrodynamics in 

these rivers, not only provides essential data for the 
operation of existing coastal structures and ports, but also 
helps to proper recognition of natural state of the river and 
provide basic information for other studies. 

 

 

 
Figure 1. The location of Bahmanshir (up) and Zohreh 
(down) in the coasts of Khuzestan province of Iran. 

The Iranian Port and Maritime Organization (PMO) 
initiated a project, led by Pouya Tarh Pars Consulting 
Engineers to study the hydrodynamics of these estuaries. 
Limited previous studies have been performed to study 
these water bodies, however in this study, the tidal 
hydrodynamics of them are investigated by numerical 
simulations applying new accurate hydrography and also 
water level measurements (which also performed in this 
project). 
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2. Study Area and Employed Data 
The study area for the Bahmanshir estuary includes the 

total length of it from Mared canal to the end of the estuary 
at Persian Gulf. For the Zohreh estuary on the other hand, 
the navigable part of the estuary (from the Persian Gulf to 
about 50 km upstream) is considered for the simulation. 

The coast line was extracted from satellite images, 
considering the pictures that taken at the time of highest 
tidal level. For the river depth data, hydrography with a 
scale of 1: 10,000 has been performed in the present 
project. It should be noted that more accurate hydrographic 
data with a scale of 1:1000 was also available and used for 
certain areas such as Sajaafi port. 

The water level data were used for the calibration and 
verification of numerical model results. Observations have 
been performed as a part of this study in different locations 
of both Bahmanshir and Zohreh estuaries which has shown 
in Figure 1. The measurements have been performed using 
tide gauges for about one month in 2017. 

 
3. Simulation and Results  

In this study, 2D simulations of tidal flow in the 
estuaries were performed using MIKE21 flow model. A 
combination of triangular and quadrangular mesh was used 
for the simulation, in which the river mouth and some 
irregular curve areas of the river spatially discretized using 
triangular meshes while for the main river body 
quadrangular mesh was used.The boundary condition for 
the downstream of the estuaries was defined as the 
predicted water level using tidal constituents extracted 
from measurements. For the upstream, the discharge of 60 
m3/s and 85 m3/s has been used based on the previous 
measurements for Bahmanshir and Zohreh, respectively. 

As mentioned, the model was calibrated and verified by 
comparing the results with water level observations. Figure 
2 and Figure 3 show the comparison of the model water 
level results with the observations in different stations at 
Bahmanshir and Zohreh, respectively. It can be seen that 
the performance of the model for the simulation of water 
level is quite accurate. The average of correlation 
coefficient for the results in various stations is 0.96. 

 

 

 
Figure 2. Comparison of the model water level results 
with the measurements of tide gauges (observed in this 
study) in Bahmanshir estuary. 

 

 

 
Figure 3. Comparison of the model water level results 
with the measurements of tide gauges (observed in this 
study) in Zohreh estuary. 

The streamwise profiles of the minimum, average and 
maximum water level along the estuaries from the mouth 
to the upstream are shown in Figure 4. These profiles are 
extracted based on a one-year simulation. According to the 
figures, the water intrudes from the Persian Gulf into the 
whole of the river length for Bahmanshir and the whole of 
study area in Zohreh and the tidal variation of the water 
level can be seen in the upstream of the both estuaries. By 
moving from the mouth to the upstream, the difference 
between the minimum level and the maximum level 
decreases. It should be noted that this difference does not 
necessarily mean the tidal range of the region, because the 
maximum water level may occur on a different day than 
the minimum water level. 

 

 

 
Figure 4. The streamwise profiles of the min, mean and 
max water level along the estuaries from the mouth to the 
upstream (up: Bahmanshir, down: Zohreh). 
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1. Introduction 

Sea level is a key factor in port planning, coastal 
protection and dredging projects. Caspian Sea, being the 
largest lake in the world, has experienced considerable 
fluctuations during the last two decades, exceeding 3 m. 
The overall trend is decreasing. Global warming leading to 
decrease in rainfall and river discharges, and increase in 
evaporation is one of the main factors of declining closed 
lake levels. Excess water use due to agricultural and 
industrial growth is another important reason for falling of 
the Caspian Sea level.  

There are several ports around the Caspian Sea which 
play an important role in transportation and economic 
trade. Having a reliable estimate of the sea level in the 
coming years is essential for the operation and 
development of these ports. Researches have been carried 
out to estimate long-term and short-term fluctuations of the 
Caspian Sea ([1] - [4]). In the current paper, Artificial 
Neural Network (ANN) is used to predict the Caspian Sea 
level for the next 10 years based on the available time-
history of the sea level. This research was done as part of 
the project undertaken by Khakbaft Consulting Engineers 
for the Ports and Maritime Organization.  
 
2. Method 

The longest record of the Caspian Sea level is available 
at the Baku station in Azerbaijan starting at 1837. This data 
has been used as the basis of the current analysis. It should 
be noted that the sea level at Baku station is measured with 
respect to the Baltic Sea, i.e., -28 m. The time series of the 
Caspian Sea level during 1837-2021 is shown in Figure 1.  

 

 
Figure 1. Caspian Sea level measured at Baku station 

 
Two abrupt changes can be identified in the time series 

which, based on the literature, may be related to human 
interventions. To be able to predict the natural trend, these 
sharp changes need to be taken out of the time series. To 
detect the change points, Pruned Exact Linear Time 
(PELT) and Binary Segmentation methods have been used. 
Based on the results, the sea level corresponding to 1934-
1941 and 1978-1988 have been omitted (see Figure 2). 

 

 
Figure 2. Sea levels corresponding to 934-1941 and 1978-

1988 are omitted by detecting change points. 
 

The next step is to fill the missing data and move the 
sea level corespondig to 1941-1978 to correspond to the 
filled data. In order to do so, ANN is used. First the time 
series is detrended using the differencing method. A neural 
network with different number of lagged data (P) is used. 
To predict the missing data in 1934-1942, the data for the 
previous 20 years has been used to train the network. 

  

 
Figure 3. Predicting the sea level during 1934-1942 
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As seen in Figure 3, the value of P has a sginificant 
influence on the result. To choose the right value for P, the 
nueral network is further used to reconstruct the sea level 
during 1943-1977. Then the results are compared with the 
available measured data to see which network leads to the 
closest results. The results corresponding to P = 8 shows 
the most consistency with the measured data (Figure 4). 
Having the data in 1933-1942 and the sea level differences 
in 1943-1977, the time series is reconstructed and used to 
predict the sea level for 1978-1988. The same method is 
used. The reconstructed time series is shown in Figure 5. 

 

 
Figure 4. ANN results for different number of lagged 
data  

 

 
Figure 5. Reconstructed time series 

 
3. Results 

The reconstructed time series is ready to be used for 
prediction. To choose the most apporpriate value for P and 
also, the proper numebr of data to train the network, a 
further analysis is carried out. The neural network is used 
to predict the sea level during 2000-2010 and 2010-2020. 
20 years and 30 years data have been used and P=6, 8, 10, 
12 and 14 has been considered. The results show that if 
using 30 years data to train the network, it’s better to set 
the number of lagged data to 6 or 8. On the other hand, 
when using 20 years data for training, P= 6, 10 and 14 lead 
to better results.  

Using the above mentioned configurations, different 
networks are used to predict the sea level during 2021-
2031 (Figure 6). The maximum, minimum and average 
values of the results are calculated and shown in Figure  7 
and Table 1. 

 

 
Figure 6. Prediction of the Caspian sea level during 
2021-2030 
 

 
Figure 7. Maximum, minimum and average of the 
predicted values during 2021-2030 
 

Table 1. Predicted Caspian Sea levels at Baku station 
(2021-2030) 

 Max Min Avg 
2021 -27.86 -27.86 -27.86 
2022 -27.78 -27.99 -27.90 
2023 -27.94 -28.29 -28.07 
2024 -27.83 -28.48 -28.09 
2025 -27.62 -28.40 -27.93 
2026 -27.88 -28.58 -28.09 
2027 -27.91 -28.88 -28.22 
2028 -27.95 -28.97 -28.26 
2029 -27.84 -29.33 -28.44 
2030 -27.74 -29.39 -28.43 
2031 -27.98 -29.22 -28.45 

 

4. Conclusion 
An ANN method was used to predict Caspian Sea level 

for the next 10 years. To remove the direct effect of the 
industrial developments, the abrupt changes in the data 
were omitted and later reconstructed using a neural 
network. The method was verified by using the model to 
predict the data in the intervals which measured data was 
available. The prediction shows that in the next 10 years, 
the average sea level can decrease up to 60 cm.  
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1. Introduction 

The sea surface temperature (SST) is one of the most 
important oceanic variables [1]. It is a vital property of the 
marine ecosystems which controls the physical, biological, 
and chemical characteristics of the environment [2] and 
modulates the exchange of heat between the ocean and the 
atmosphere [3]. Climate change refers to any long-term 
significant change in the weather pattern of a specific area 
or the whole earth, due to natural or human-caused 
variability. Excessive use of fossil fuels by human 
activities which increases the concentration of greenhouse 
gases and causes the global temperature to rise has been 
identified as the primary reason for ongoing climate 
change [4]. This phenomenon has altered the Earth’s 
energy balance, resulting in the accumulation of thermal 
energy in the climate system [5]. Over the past fifty years, 
more than 80% of this extra energy has been absorbed into 
the oceans with a primary consequence of raising SSTs [6]. 
These temporal and spatial changes of SST impact the 
atmospheric system, aquatic life, marine currents, and 
other characteristics of seas. 

The Persian Gulf is one of the most valuable aquatic 
ecosystems in the world. The high temperature and salinity 
of water in the Persian Gulf cause the creatures of the 
Persian Gulf region to be in a state of extreme salinity and 
temperature. Hence, a slight increase in water temperature 
will have a great impact on the ecosystem of this region. 
Therefore, it seems necessary to evaluate the effects of 
climate change on the temperature of this water body. 

In this paper, SST satellite data are used to study the 
effects of climate change on the water temperature in the 
Persian Gulf. In this regard, monthly and seasonal average 
AVHRR SST data for the years 1980 and 2015 are 
compared.  
  
2. Materials and Methods  
2.1. Study Area 

The Persian Gulf (24–30°N; 48–57°E) is a semi-
enclosed, shallow water body, with an average water depth 
of 36 m (Figure 1). It is spread over an area of 239×103 
km2 and is 990 km in length. It is connected to the Gulf of 
Oman through the 56 km wide Strait of Hormuz. Because 
the region is located in a hyper-arid region [7], mean 
annual evaporation exceeds both mean annual precipitation 

and freshwater run-off, which results in more saline and 
denser waters of the gulf. In the Persian Gulf, the seasonal 
differences of insolation, along with cold winds from the 
nearby highlands, result in extreme temperature (ranging 
from 16°C to 35°C) [8] and salinity (ranging from 36 to 43 
parts per thousand) conditions [9]. The Persian Gulf is not 
just strategically important because of its rich sources of 
oil and natural gas but is also the hot spot of marine 
biodiversity, which are so sensitive to thermal changes in 
water. 

 

 
Figure 1. Study area location and bathymetry 

2.2.  Data Sources 
A new high-resolution sea surface temperature (SST) 

analysis product has been developed by NOAA National 
Centers for Environmental Information (NCEI) using 
optimum interpolation (OI) of Advanced Very High-
Resolution Radiometer (AVHRR) infrared satellite SST 
data. The analyses have a spatial grid resolution of 0.25 
degrees and a temporal resolution of 1 day, which is 
available from January 1980 [10]. In this study the daily 
NOAA AVHRR dataset at 0.25-degree resolution was 
obtained from NOAA National Centers for Environmental 
Information (https://www.ncei.noaa.gov/), for the years 
1980 and 2015, to evaluate the impacts of climate change 
on the SST of the Persian Gulf. 

 
3. Results 
The mean monthly SST of the Persian Gulf for the years 
1980 and 2015 are shown in Figure 2. As can be seen, the 
minimum and maximum thresholds both increased in 
2015. Figure 3 shows the comparative diagram of the 
monthly climatological mean SST in the region for the 
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mentioned years. The results demonstrate that the surface 
temperature was increased in all months. The highest and 
lowest increment belonged to March with a value of 
2.31°C and January with a value of 0.5°C, respectively. 
We can see a distinct uni-modal SST curve in the Persian 
Gulf. The graph shows that the minimum SST for this 
water body was in February and the maximum SST was in 
August, in both years.  
 

 

 

 

 
Figure 2. AVHRR Monthly mean SST of the Persian 
Gulf for the years 1980 (Upper panels) and 2015 (lower 
panels) 

The seasonal mean SST comparison for the years 1980 and 
2015, over the Persian Gulf, is shown in Figure 4. 
According to this figure, in comparison to the year 1980, 
spring had the highest (1.61°C) and winter had the lowest 
(1.1°C) SST increment in the year 2015. Summer and 
autumn had a 1.26°C and 1.24°C rise in SST. However, the 
general trends of the two years seem to be similar. 

 
Figure 3. Monthly mean SST comparison for the years 
1980 and 2015 

 

 
Figure 4. Seasonal mean SST comparison for the years 
1980 and 2015 
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1. Introduction 

The Caspian Sea is the most extensive inland body of 
water in the world, with a surface size of around 371,000 
km2 (excluding the Kara-Bogaz-Gol Bay) and a length of 
1200 km. Five nations border the Caspian Sea, which is 
situated in an endorheic (no outflow) basin between 
Europe and Asia: Russia, Kazakhstan, Turkmenistan, Iran, 
and Azerbaijan [1]. The dynamics of water displacement 
and sea-level monitoring have long been the attention of 
several studies due to their significance in managing water 
resources and addressing environmental concerns [2, 3, 4, 
5, 6, 7, 8]  

The Caspian Sea is a closed basin, fluctuations in water 
level changes both in the past and in the future have a 
significant effect on its progress and regression on coasts 
and environmental impact, as well as on the destruction of 
coastal areas and wetlands and the loss of economic 
resources and maritime industry. In this study, the aim is to 
predict future balance changes for the year 2020-2030, 
considering the changes in the observed observational 
balance in the past and the trend of its changes. Therefore, 
climatic data such as effective parameters such as 
precipitation, temperature and evaporation and their effect 
on changes in the Caspian Sea Level (CSL) in the neural 
network were used. The procedure uses the available 
climatic data as input and observation data as output in the 
neural network, then run 20 times and finally calculates the 
average compared with existing data. This trend has also 
been used to predict the future, showing that balance 
changes will increase by about 40 cm in the next 10 years, 
with a 68.2% chance of occurring from -20 to 80 cm per 
year. Although the balance between river intake and 
precipitation and outflow from surface evaporation 
essentially accounts for CSL variation, a thorough 
understanding of massive, decadal CSL oscillations is still 
missing. 

The main motivation of the present study is to develop 
an understanding of past changes through a comprehensive 
analysis of hindcast data [9, 10], river discharge (R), and 
climate model estimates of precipitation (P) and 
evaporation (E) fluxes. The goal is to reconstruct past 
long-term CSL variations using integrated P, E, and R 
fluxes and to lay the groundwork for predictions of future 
CSL trends.  

2. Materials and Methods 
     ANNs are data processing methods consisting of input, 
output, one or more hidden layers and fundamental 
processing components. The perceptron is a binary 
classifier and the most fundamental type of artificial neural 
network. A Multi-Layer Perceptron (MLP) is a fully 
connected class of feedforward Artificial Neural Network 
(ANN). MLP networks learn to simulate the behavior of a 
complex and nonlinear system through learning algorithms 
and training data. Learning algorithms, such as back-
propagation [11], delta-bar-delta [12], conjugate gradient 
[13], and Levenberg–Marquardt (LM) [14], are commonly 
used to find an optimal set of parameters of MLP models. 
Three different training algorithms, LM, conjugate 
gradient and gradient descent with adaptive learning rate, 
were employed before [15] for the ANN models, from 
which LM performed better than the others. Therefore, the 
MLP model was used with the LM learning algorithm. One 
to 10 neurons were used in the hidden layer to assess the 
effect of network structure on its performance in 
simulating the CSL and the data set were divided into 
training (75%), testing (20%) and validation (5%). 
 

Table1: Characteristics of Artificial Neural Network 
Training set 75% 
Validation 5% 
Test set 20% 

Training algorithm Levenberg-Marqardt 
No.of neurons in hidden 

layer 
10% 

No.of network layers 2% 
 
3. Results and Discussions 

In this study, CSL climatological parameters were used 
as input variables. Precipitation, rainfall, evaporation, 
surface runoff and sea level changes were used as hindcast 
data. As a result, the diagram of precipitation and CSL vs 
the predictions is presented in Figure1-3 which show the 
changes in precipitation, evaporation, surface runoff and 
sea level change in the Caspian Sea between 2020 to 2030, 
with a probability of 68.2%. As a result, we have a 40 cm 
increase per year. Moreover, the evaporation will be 
between 110 to 120 cm per year, and the precipitation will 
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be between -40 to 33 cm per year. The surface runoff also 
would change between -60 to 40 cm per year.  

Figure 1. Prediction of the precipitation parameter using 
the climate model (a); reproduction of the precipitation 
using the climatic precipitation parameter as the result of 
the neural network (b). 
 

 

 
Figure 2.  Recovery of water level changes using neural 
network (a); reproduction of observed level changes and 
neural network output using the relationship P-E+R (b) 
 

 
Figure 3. The Prediction of changes in water level, 
runoff, evaporation and precipitation of the Caspian Sea 
using neural network 
 
The model runs 20 times while using the climatological 
model results. The uncertainty of any single data is always 
∆x, the uncertainty in the mean ∆xavg becomes smaller (by 
a factor of 1/ N); Therefore, the predicted data averaged 

through 20 times of various runs. Utilizing the distribution 
function, the results would be as follows: 
Table2: The range of changes in water level, runoff, 
rainfall and evaporation for the years 2020-2030 

CSL Run off Precipitation Evaporation 
+40 -60+40 -33+40 +110-120 
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1. Introduction 

The Southern Caspian Sea has a persistent sea-breeze 
pattern, present through most of the year [5]. Here, we 
investigate the nature of a geophysical water column 
response on a shelf to periodic sea-breeze forcing in the 
lack of confounding tidal effects [6] using measured 
current records at 5 well-separated locations along the 
southern Caspian shelf obtained between late 2012 and 
late 2013. Analytical solutions to a coupled two-layer 
rotating wind-driven shallow-water model are compared 
with observations and show good agreement. 
 
2. Material and Methods 

The details of wind and current meter datasets used 
here can be found in [4, 5]. In brief, we use WRF wind 
data [2] and current measurements at five locations a few 
kilometers offshore in depths of about 10m over the 
southern Caspian shelf from 2013 to 2014. In order to 
concentrate our attention on the sea breeze forcing and 
response and ignoring the low-frequency variability 
discussed in [4], we use a Butterworth 4th-order band-
pass filter to remove periods less than 6 hours and more 
than 30 hours.  

 
3. Results 

The average diurnal water response has a similar 
pattern at all locations along the South CS in general. 
Therefore, here we only show an “average” day only at 
Roodsar. The detailed analysis of diurnal water response 
at all stations were fully described in [4, 5].  

 
3.1. The Mean Diurnal Cycle 

In the morning, there is an offshore flow in the 
surface layer, apparently matching the offshore wind 
stress, and onshore flow at the bottom layer. An opposite 
response with an onshore flow in the surface layer (and 
an onshore wind stress) and offshore flow at the bottom 
layer can be observed during afternoon. (Figure1)  

In the alongshore response, a noticeable barotropic 
flow can be seen, in addition to a baroclinic response. 
Current maximums and minimums of O(0.01m/s) near 
the bottom lag those at the surface by about 1/4 wave 
period, so that they reach a maximum while surface 

values approach zero (and vice versa). In the diurnal 
alongshore current pattern, there is a positive (leftward) 
flow in the morning and negative (rightward) flow in the 
afternoon. The cross-shore response is almost entirely 
baroclinic, with a node at a height above bottom of 
around 6 to 7.7m (Fig.1). 

 

 
Figure 1.  The 24h averaged daily cycle of (i) wind 
stress, (ii) alongshore and (iii) cross-shore current at 
Roodsar statin. 

3.2. Theoretical Water Response to the Sea Breeze 
To understand the linkages between the diurnal 

surface wind stress and the diurnal currents, we now 
attempt to model the dynamics. Instead of following the 
depth-dependent “oscillating Ekman-layer” approach of 
[1] which has been used by many authors, we restrict 
ourselves to a mathematically simpler coupled two-layer 
system, as suggested by our observations, for which 
analytical solutions are more straightforward to obtain. 
The details of our analytical model described in [5]. 

  Fitting sinusoids with a period of one day to the 
daily wind stress time series to estimate T0

y and T0
x is 

straightforward (Figure2), as these time series are clearly 
dominated by the daily variations. Next, we estimate the 
barotropic response by averaging observed current 
velocities at equal distances above and below the 
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apparent layer interface, and the baroclinic response by 
subtracting current velocity at these depths (Figure2). For 
comparison with the observations, the analytical solution 
is computed with decay offshore scale of α-1 as 40km, the 
friction of 5×10-4s-1 at all stations, and zero interfacial 
friction (Figure2). The predicted responses are 
reasonably close to our observations in both amplitude 
and phase. Particularly, the predicted amplitude and 
phase of barotropic alongshore and cross-shore current 
are in a reasonable agreement with the observations. 

 

 
Figure 2.  The 24h averaged daily cycle of theoretical 
and observational (i) wind stress, (ii) alongshore and 
(iii) cross-shore current at Roodsar station.  
4. Conclusion 

The daily-frequency current variations of 0.02m/s are 
clearly consistent with the water column response to the 
local sea breeze forcing all along the southern Caspian 
coast (Figure1). In both the along-shore and cross-shore 
directions, the daily response is large and baroclinic; 
there is also an along-shore barotropic component which 
is about half as large, and an even smaller cross-shelf 
barotropic component linked to coastal water level 
changes. In comparison, lower-frequency coastally-
trapped waves in the same area, generated by lower 
frequency wind variations, are associated with barotropic 
current variations over the shelf, of O(0.1m/s), mostly in 
the along-shelf direction, and surface height changes of 
O(0.1m) [4]. Thus, the water column response to the sea 
breeze does not dominate time series of currents, 
although it is clearly an important factor in short-term 
coastal water level changes [5], resulting in a small “tide-
like” daily cycle.   

In the cross-shore direction, currents are baroclinic 
with a zero crossing near the middle of the water column 
(Figs.1 and 2). The sea breeze forces onshore surface 
flow and offshore bottom flow in starting in the late 
morning, which reverses sometime before midnight. A 
diurnal current response to diurnal wind stress with a 
combined barotropic/baroclinic response in the 
alongshore direction and two-layer baroclinic structure in 
the cross-shore direction exist in our case which has been 
observed in other case studies around the world’s ocean. 

Our observations clearly suggest a two-layer 
response, without along-shore propagation of long 
waves, which is superimposed on lower-frequency 
variations arising from coastally-trapped waves [4], and 
so we have developed a linear two-layer model [5], 
including interfacial and bottom friction but without 
along-shore variations, to investigate the sea breeze 
response and the important factors governing this 
response in a more general way. Analytical solutions for 
this forced system greatly simplify the identification of 
important factors in the response, without making prior 
judgments about their importance. Generation of the 
baroclinic flow was driven mostly by the local effects of 
wind stress on the surface layer, with coupling to an 
oppositely directed flow in the lower layer through the 
coastal boundary condition. 

Finally, the sea breeze response in the southern 
Caspian accounts for nearly half of high-frequency 
variance and may be the dominant mechanism driving 
baroclinicity, and thus, in turn, may be the major source 
energy driving vertical mixing in this area. This is an area 
which requires further investigation. 
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1. Introduction 

Determining surface parameters on ocean 
environments has many applications, especially in the field 
of wind-wave prediction as well as ocean modeling. Using 
numerical meteorological models is one of the common 
methods to fulfill this purpose. One of the most 
challenging issues in determining the surface parameters 
such as wind and surface temperature is the use of 
mesoscale numerical models in microscale atmospheric 
modeling, which imposes high computational costs. The 
WRF numerical model has the ability to simulate small 
scale domains (with a resolution of less than 1 km), but it 
requires the use of heavy hardware resources. The aim of 
this study is to provide a reasonable simulation of wind 
speed near a small island with optimal use of hardware 
resources and high-resolution bandwidth. 

The Farsi Island is one of the islands of the Bushehr 
province in Iran located in the Persian Gulf. This island is 
the border between Iran and Saudi Arabia and it is the last 
Iranian island in terms of location around which oil 
facilities are still active.  

In this study, mesoscale modeling with a range of 
15 km and 5 km was used; hence, the geographic data 
(topography and land cover) used have a 30-second 
resolution, which is fine-enough for mesoscale numerical 
modeling. Due to the small size of the Persian Gulf, this 
type of modeling faces challenges regarding the lack of 
high-resolution model set-ups (resolution less than 1 km) 
and consequently, the lack of higher resolution land data. 

 

 
Figure 1.  The domain used for simulations – Farsi 
Island location and observation buoy were also shown 

 
2. Methodology 

Observed data were provided by an offshore buoy 
shown in Figure 1. 

The WRF Model [1], version 4.3, developed by NCAR 
was employed for modeling mesoscale wind in the Persian 
Gulf region. Two-way nested WRF simulations were 
performed with two grids as shown in Figure 2. The outer 
domain uses a 15-km grid resolution and the inner domain 
has a 5-km resolution. To find the best configurations, 21 
physical schemes presented in Table 1, were evaluated to 
find out whether or not a small island can be well 
simulated in this large resolution using WRF physical 
ensembles. [2-5] 

 
Table 1. Different parametrizations used for simulations. 
NO MP CU LW SW PBL SFC SFS 
1 WSM3 BMJ CAM CAM YSU R MM5 N-MP 
2 WSM5 BMJ CAM CAM YSU R MM5 N-MP 
3 WDM5 BMJ CAM CAM YSU R MM5 N-MP 
4 WDM5 KF RTM Dudhia MYJ Eta N-MP 
5 WSM3 BMJ RTMG RTMG MYJ Eta N-MP 
6 WSM5 BMJ RTMG RTMG MYJ Eta N-MP 
7 WDM5 BMJ RTM Dudhia MYJ Eta N-MP 
8 WDM5 BMJ RTMG RTMG MYJ Eta N-MP 
9 WSM6 KF RTM Dudhia MYNN Eta U Noah 

10 WDM7 KF RTM Dudhia MYJ Eta U Noah 
11 WSM6 GF RTM Dudhia QNS QNS N-MP 
12 WDM7 GF RTM Dudhia MYJ Eta N-MP 
13 WSM6 GF RTM Dudhia TMF TMF N-MP 
14 P Lin KF RTM Godard ACM2 Pl–Xiu N-MP 
15 P Lin KF RTM Godard MRF R MM5 N-MP 
16 P Lin KF RTM Godard YSU R MM5 N-MP 
17 WSM3 KF RTM Dudhia MRF MM5 S N-MP 
18 WSM6 KF RTM Dudhia YSU MM5 S 5–layer  
19 WSM6 GF RTM Dudhia MYJ Eta N-MP 
20 WSM6 GF RTM Dudhia QNSE QNSE N-MP 
21 WSM6 GF RTM Dudhia TEMF TEMF N-MP 

 
The initial and boundary conditions were obtained from 

ERA5. The simulations were carried out for a 10-day 
period starting from 1st September 2013.  
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3. Model Evaluation 
The ensembles ability to simulate the meteorological 

conditions of the two case study periods were assessed 
using methods that quantify bias in magnitude and 
measures similarity in temporal and spatial variability. The 
model performance was evaluated using the mean bias and 
Root Mean Square Error (RMSE): 
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where M0 is the average of the observed values. 
 
4. Results 

Although the modeling resolution is not suitable for 
micro-scale atmospheric modeling, the sensitivity of WRF 
wind data to physical schemes is considerable. The area of 
Farsi Island is only 7.5 km2; hence, in order to numerically 
model the wind over this island optimally, the working 
resolution should be less than 1 km. But in this study the 
configuration of the model was larger; however, the wind 
speed on this island was well modeled with a special 
physical configuration. This configuration can be 
generalized to other small islands in the Persian Gulf. 

 

 
Figure 2.  Time-series comparison of WRF wind speed 
ensembles 17 and 18 with in situ observations. 

 
The results of numerical modeling presented in Table 2 

showed that ensemble 17 and 18 performed well in this 
situation. The use of the mentioned configurations 
increased the accuracy in wind modeling by the WRF 
model with meso-scale resolution, and it is recommended 
to be used close to the small islands. In Figure 2, the time 
series of the results of these two ensembles were compared 
with the Buoy observational data. 
 
 
 
 
 

Table 2.  Results of statistical evaluation 
NO IOA R RMSE MBIAS 
1 0.585 0.419 2.17 -0.04 
2 0.571 0.412 2.141 -0.08 
3 -0.18 -0.09 2.701 -0.02 
4 0.209 0.125 2.634 0.571 
5 -0.09 -0.05 2.904 0.714 
6 -0.05 -0.03 2.947 0.551 
7 0.11 0.061 2.835 0.577 
8 -0.02 -0.01 3.065 0.833 
9 0.653 0.495 2.003 0.001 

10 0.669 0.534 2.033 0.597 
11 0.054 0.029 2.776 0.416 
12 0.056 0.031 2.826 0.583 
13 0.521 0.367 2.203 -0.21 
14 0.465 0.321 2.221 0.118 
15 0.447 0.302 2.269  -0.006 
16 0.009 0.005 2.633 0.09 
17 0.825 0.703 1.692 0.11 
18 0.809 0.688 1.739 0.349 
19 0.106 0.06 2.7 0.497 
20 0.087 0.047 2.742 0.386 
21 0.51 0.364 2.166 0.047 

 
5. Conclusion 

Based on the results, it was determined that ensemble 
No. 17 with mp-physic WSM3, CU physic KF and short 
and longwave radiation RRTM/Dudhia as well as PBL 
MRF and surface and surface layer physics of MM5 and 
Noah-mp, provided more accurate results both statistically 
and in terms of peak detection. Secondly, ensemble 18, 
with some modifications to ensemble 17, such as WSM6 
microphysics instead of WSM3, YSU pbl instead of MRF, 
and 5-layer thermal diffusion model instead of Noah-mp, 
provided good results in estimating speed and wind 
direction near the Farsi islands in the Persian Gulf.  
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1. Introduction 
Catastrophic atmospheric events like hurricanes and 

tropical cyclones can significantly mix the upper ocean and 
increase the mixing depth from days to weeks [1]. The 
severe upper ocean mixing can substantially enhance the 
physical and biogeochemical process in the upper ocean, 
including water column re-oxygenation and phytoplankton 
bloom [2]. Due to an apparent increase in the frequency of 
occurrence of the tropical cyclones entering the northern 
Arabian Sea and the Gulf of Oman during the last two 
decades, it is imperative to study the mixing properties of 
such events in the region. In this study, two approaches 
based on analytical models and also application of satellite 
sea surface temperature (SST) data are employed to study 
the mixing induced by the Tropical Cyclone Shaheen (2021) 
and estimation of the mixed layer depth (MLD) in these 
regions.  
 
2. Tropical Cyclone Shaheen 

Cyclone Shaheen was formed on 30 September 2021 in 
the northeast of the Arabian Sea from the remnant of 
Cyclone Gulab that had been formed on 24 September in the 
Bay of Bengal and had been dissipated to a tropical 
depression after traveling across India. At this time, the 
predominant wind field in the region was the southwesterly 
summer monsoon of the northern Indian Ocean [3]. The 
reorganized cyclone in the Arabian sea moved in the general 
direction west and gradually strengthened as entering the 
Gulf of Oman. With an approximate west-to-northwest 
direction, the storm upgraded to a category 1-equivalent 
tropical cyclone on 2 October at 6:00 UTC while its eye was 
approximately off the Gavater Bay, Iran (Figure 1). After 
reaching its closest distance from the Iranian coast offshore 
of Chabahar Bay on the same day, the cyclone changed its 
direction to the southwest until it finally made landfall along 
the northern coast of Oman in the Gulf of Oman on 3 
October at 20:00 UTC.     

 

 
Figure 1. ERA5 wind vectors at the time that Shaheen 
upgraded to a category one storm. The solid red line shows 
the track of Shaheen. 

 
3. Using Satellite SST for MLD Estimation 

The first approach for estimating the cyclone-induced 
mixed layer in this paper is based on simplifying the heat 
budget equation across the mixed layer and using satellite 
SST data as the mixed layer temperature [4]. This results in 
the following equation for the mixed layer depth: 
 
𝑇𝑇 = 1

𝐷𝐷 ∫ 𝑇𝑇0(𝑧𝑧)𝑑𝑑𝑧𝑧
0
−𝐷𝐷                                                             (1) 

 
In this equation, T is SST, D is the mixed-layer depth 

(MLD), T0 (z) is the initial temperature profile, and z is the 
vertical coordinate within the water column. SST data are 
provided from the operationally-interpolated product (OI), 
providing 9-km spatial resolution maps of SST based on 
measurements in near-infrared and microwave bands 
(Figure 2). The pre-storm (initial) temperature profile is 
obtained from the climatology data of WOA.  
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Figure 2. Satellite-measured SST(ºC)at 6 hours after 
Shaheen upgraded to a category one storm. The solid 
black line shows the track of Shaheen. 

This approach was successfully implemented by 
Koohestani et al. [5] to estimate MLD for the regions 
affected by Cyclone Gonu(2007) in the Gulf of Oman and 
Northern Arabian Sea with an RMSE=5 m for estimated 
MLD. Equation (1) results in logarithmic relationships 
between the MLD and SST. It should be noted that this 
equation is only valid for the regions that are affected by the 
severe cyclone winds. Figure 3 shows an example of the 
estimated maps of MLD from SST data for the radius of 200 
km around the cyclone’s eye at the time, similar to Figure 2. 
Available ARGO data is used for the evaluation of the 
estimated MLDs. 

 

 
Figure3. Estimated MLD (m) s using satellite SST within 
200km of the cyclone’s eye at 6 hours after Shaheen 
upgraded to a category one storm 

 

4.  Application of analytical models 
During the last several decades, some analytical models 

have been developed to estimate wind-induced mixed layer 
depths. The main approach is solving the mixed layer heat 
budget equation by including the wind stress as the surface 
boundary condition. In this paper, two approaches presented 
by Cushman-Roisin [6] and Ushijima and Yoshikawa [7] 
are used. The first approach simplifies the governing 
equation to a turbulent erosion model, while the second 
approach considers the effect of Coriolis force on inhibiting 
the wind-induced shear. Based on Ushijima and Yoshikawa 
[7], the MLD is proportional to:  
𝑀𝑀𝑀𝑀𝑀𝑀 ∝ 𝑈𝑈∗

√𝑁𝑁𝑁𝑁⁄                                                                (2)  

For which 𝑈𝑈∗ is the wind friction velocity, N is the initial 
buoyancy (calculated using WOA climatological profiles), 
and f is the Coriolis force. The scaling factor for this 
equation was estimated as 1.6-1.7. Results from this section 
are compared to the estimated MLDs from satellite SST and 
ARGO measurements. 

 
5. Conclusions 

The results from this study provide a quick and low-cost 
estimation of the MLD during tropical storms with good 
accuracies. In the absence of expensive 3D baroclinic 
models, this estimation can be used as first-hand metrics for 
different met-ocean and biogeochemical studies in the 
region. 
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1. Introduction 

In recent decades, tsunamis induced considerable 
destructive effects on coastlines and nearshore 
infrastructure and have caused the death of many people 
around the world [1]. The structural damages related to this 
phenomenon can be due to direct hydrostatic and 
hydrodynamic loading from inundation, impact forces 
from water-borne debris, fire spread by floating debris and 
combustible liquids, and associated scour and 
slope/foundation failure.  

Scour can be defined as erosion caused by the action of 
the flowing stream or flood flows and can be classified as 
general scour, in which the sediment particles are 
transported by flow without the presence of structures, and 
local scour which occurs due to the interaction of flow 
with structures. Local scouring depth can reach one order 
of magnitude greater than general scour, a fact that 
emphasizes the importance of this type of localized 
scouring. 
 
2. Methodology 

The FLOW-3D software was used to investigate the 
effects of the column’s shape on scouring caused by 
tsunami inundation. In this regard, this numerical model 
was first calibrated against the experimental results. By 
using the calibrated numerical model, three different 
shapes of the column were considered to conduct 
numerical modeling of the scouring due to tsunami 
inundation. 

 
3. Numerical Model 

In this study, the FLOW-3D software was used to study 
the scouring around the column. FLOW-3D solves the 
Navier-Stokes mass and momentum equations, allowing a 
fully non-hydrostatic solution methodology for the flow. 
Two nested cubic grids whose sizes were different at 
regions far and near the column location were considered 
(3 cm and 1.5 cm). 

 
4. Calibration 

To calibrate the numerical model, the experimental 
results of Mehrzad et al. (2016) [2] which were carried out 
in the Dambreak Flume at the University of Ottawa, were 
considered. To study the spatiotemporal evolution of 

scouring around a square column generated by a dam-
break wave, they used a flume with the length, width, and 
height of 30 m, 1.5 m, and 0.5 m, respectively (Figure 1).  

In the sediment transport model, the entrainment 
coefficient was selected as a calibration parameter [3], and 
the value of 1.5 was selected which resulted in the highest 
agreement with the experimental outputs. A comparison 
between the final bed level changes in the experimental 
and calibrated numerical model is depicted in Figure 2 for 
two cross sections. 

 

 
Figure 1: Experimental setup from Mehrzad et al. (2016) 
(not at scale). 

 

 
Figure 2: Comparison between experimental and 
numerical results along x-x and y-y sections. 

EFFECTS OF COLUMN GEOMETRY ON TSUNAMI-INDUCED SCOUR USING FLOW-3D
Reza Arefi, Ioan Nistor and Majid Mohammadian



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

64
 

5. Results and Discussion 
To study the effects of column geometry on scouring 

features, three different geometries with equal transversal 
areas (0.04 m2) were considered for the column section. 
The main difference between these shapes is the 
performance of the column on flow blockage and how the 
flow crosses the column. Figure 3 shows the flow field 
(upper part) as well as the final scour depth (downer part) 
for different column geometries. 
 

 
Figure 3: Flow pattern and final scour depth for different 
column geometries. 

 

As can be seen, the maximum scour depth did not 
occur at the same locations for different column 
geometries, and the maximum scour depth for square, 
circle, and diamond cross shapes was 15, 14, and 16 cm, 
respectively.  

Due to the interaction of flow with the diamond 
column, a greater downstream extension of scouring was 
observed for this geometry compared to the other two. It 
seems that this phenomenon is due to the stronger velocity 
gradient in the x-z direction. On the other hand, scouring in 
front of the circular column, and deposition behind it, is 
less than the other column shapes.  

The downstream current speed, just behind the column, 
decreased because of the formation of a shadow zone 
behind the column. This shadow zone affects the 
sedimentation pattern behind the structures, where the 
current velocity in the x-direction decreased or sometimes 
its direction changed toward the upstream (in negative x-
direction). The scale of the shadow zone has a direct 
relationship with the surface area of the structures which 
faces the tsunami inundation. Given the same cross-
sectional area for different column geometries, the width of 
the surface facing the current for the square, circle, and 
diamond column geometries was 0.2, 0.23, and 0.28 cm, 
respectively. The shadow zone behind the diamond column 
was observed to be greater than the others.  

The shape of the circle column without sharp edges 
causes the flow pass by the column with less flow 
disturbance compared to the other geometries investigated. 
Less disturbance leads to less turbulence and velocity 
gradient around the column, and this is the main reason 
why the maximum scour depth around the circular column 
is less than that observed in the case of the other two 
investigated geometries. Of course, the circle shape is not 
necessarily the optimum shape to minimize the scouring 
around columns, but among these three simple geometries, 
the circular one caused minimum interaction between the 
flow, column, and the bed material. 
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1. Introduction 
Wave energy is one of the cleanest energy sources available 

to humankind; prominently renewable energy that is both 
periodical and predictable. Wave energy has been an 
interesting topic in the last few decades, hence many devices 
such as surface attenuators, oscillating water columns, water 
overtopping devices, and so on are being developed to harvest 
energy in ocean waves efficiently. One of the most known 
wave energy converters (WEC), Pelamis P2, is a semi-
submerged, articulated structure formed of cylindrical sections 
linked by hinged joints. Motion from the waves is resisted by 
hydraulic rams, which pump high-pressure oil through a 
system of hydraulic motors via smoothing accumulators to 
generate electricity. The device is moored to a fixed location 
but can change its direction to face incoming waves for 
maximum power generation. The joints used to connect each 
tubular section are configured to induce wave power from 
small sea states. They can be actively controlled to use the 
phenomenon of resonance, allowing power generation to be 
maximized in small seas. As both the geographic location and 
ocean climate influence WEC's performance, design cannot be 
developed on a global and generic basis. The design must be 
based on the characteristics of the local deployment site and 
estimated sea state to maximize the power outputs. Complex 
sea states, including a wind-sea component combined with one 
or more swell components, are generated far from the area and 
reach the area. These swells superimpose on wind-sea waves 
and produce complex seas that result in bimodal or even multi-
peaked spectra. Consequently, for an accurate description of 
WEC performance in a realistic sea state, it is imperative to 
clarify the peak periods of various wave components and the 
spreading status of energy [1]. 

 
2. Wave Data and Method 

Adibzade et al, (2021) provided a parametric description of 
the main patterns of the wave climate at a 210-km-long area in 
the Makran region using measured wave data in 2016 by the 
Iranian Ports & Maritime Organization. Accordingly, multi-
peak spectra in Roodik and Pasabandar (Stations 6 and 7 in 
Figure 1) are selected based on the region-driven dominant 
climatology of the monsoon seasons. We used ANSYS 
AQWA software as a core tool for computation, and we 
carefully considered the existing software restrictions and our 
study objectives. The hydrodynamic parameters come with 

AQWA software based on the boundary element method and 
linear potential wave theory. Therefore, it is suitable for 
modeling floating WECs [3]. 

 

 
Figure 1.  Location of wave measurement stations in the Gulf 
of Oman [2] 

 
3. Model Validation 

Two series of simulations were performed to validate the 
model by estimating the horizontal Fx and the vertical forces Fy 
acting on a horizontal cylinder with a radius of 0.05 m and a 
height of 0.295 m. In the first series, incident waves have 
different amplitudes with a frequency of 1 Hz and a wavelength 
of 1.539 m. In the second series, waves have different 
frequencies and wavelengths, but this time with a fixed wave 
amplitude of 0.02 m. It should be noted that the theory used to 
model waves is Stokes's second-order. The modeling results in 
AQWA (BEM), along with the experimental data as well as the 
results of a simulation by the Finite Volume Method (FVM) 
[4], are shown in Figure 2. 
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Figure 2.  Comparison of normalized values of Fx and Fy 
results with laboratory data 

 
4. Result and Discussion 

This section presents the hydrodynamic response of 
Pelamis P2 in the governing sea states of the eastern coasts of 
Makran. For this simulation, a depth of 60 m and water density 
of 1025 kg/m3 were considered. The device consists of 5 parts, 
parts 1 to 5, connected through 4 connection points, joint 1 
(connects part 1 to part 2) to joint 4 (the connection between 
part 4 to part 5). The joints are of the hinged type. The mass of 
each segment was defined centrally at its COG. Four spectra 
measured during monsoon seasons were selected and exerted 
to WEC. Spectra and their Specifications are shown in Figure 
3 and Table 1. Also, a single peak JONSWAP spectrum was 
used with a Hm0 of 3.2 m, gamma of 1, and a peak frequency of 
0.09 Hz. The total simulation time is 500 Sec. The time 
response of the joint 1 force is presented in Figure 4. In order 
to compare force values created at all joints, their 
dimensionless values are calculated and given in Table 2.  

 
Table 1. Specifications of the used multi-peak spectra 

Case Station Date Hm0 (m) 
1 Pasabandar 2016/07/10     9:00 3.21 
2 Pasabandar 2016/07/19     5:00 3.24 
3 Pasabandar 2016/06/01    11:00 2.00 
4 Roodik 2016/03/17    12:00 1.27 
 

  

  
Figure 3.  Measured multi-peak spectra in frequency-
direction domain 

 
Figure 4.  Time series of forces created in the joint 1 

According to the dimensionless values (suppressing Hm0), 
the forces created in the joints in cases 3 and 4 of the sea 
conditions, where there are at least two distinct peaks in the 
frequency domain, are higher. While cases 1 and 2 are multi-
peak, there is no significant difference compared to the 
JONSWAP single-peak spectrum because their peak values are 
approximately the same in the frequency domain. The 
performance of the other joints aligns well with joint 1 and 
shows higher values in cases 3 and 4. 

 
Table 2. Dimensionless values of forces created in joints in 
different sea states 

Joint JONSWAP Case 1 Case 2 Case 3 Case 4 
1 3.37 3.34 3.33 4.93 4.72 
2 3.65 3.62 3.56 5.2 4.25 
3 3.44 3.43 3.38 4.85 3.79 
4 2.79 2.8 2.76 3.9 3.13 

 
5. Conclusion 

In this research, using the ANSYS AQWA software, the 
Pelamis P2 WEC is simulated in the sea condition governing 
monsoon seasons on the southeastern coast of our country (east 
of Makran). Several simultaneous wave components can be 
seen in the spectra measured at the Eastern stations (Pasabandar 
and Roodik) in monsoon seasons. In such spectra, the swell 
components, which often propagate from the Indian Ocean and 
reach this area, have a lower frequency than the wind waves are 
usually from the west. According to the results in Table 2, the 
presence of these components with different peak frequencies 
creates more forces in the joints, which will result in increased 
energy converter efficiency. 
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1. Introduction 
Marine wave energy is being increasingly regarded in 

many countries as a major and promising renewable 
resource [1]. It can be divided into offshore wind, tides 
(tidal stream and tidal ranges), ocean currents, waves, 
ocean thermal energy, salinity gradients, and biomass. 
Wave energy has the potential to provide at least 15% of 
the UK’s annual electricity and help the country meet its 
Net Zero greenhouse gas emissions target by 2050 [2]. 
Climate change is already happening in the UK - the ten 
hottest years on record have all been since 1990. In 
response to international concern surrounding the impacts 
of climate change, the UK government has committed to 
ambitious carbon emission reduction targets of at least 
80% by 2050. To achieve these targets, it is estimated that 
a key portion of the UK electricity will need to be 
generated from renewable sources [3]. The marine 
renewable energy industry is expanding globally in 
response to increased energy demands and the desire to 
curtail greenhouse gas emissions. 

 
2. MRE Converters in Wales 
2.1. Minesto 

Minesto are developing their Deep Green project off 
the coast of Anglesey with a 10MW array. Deep Green is a 
unique technology that can operate cost effectively in low 
velocities. They have also established a manufacturing and 
assembly hall in Holyhead, from which they plan to export 
devices globally. 

Increased performance, reduced costs, and scalable for 
commercial installations: Using extensive CFD modelling, 
ocean scale model testing and operational data, Minesto’s 
technology development team has been able to improve the 
energy conversion and at the same time refine the power 
plant by reducing the number of power plant subsystems 
and components. In addition, it simplifies handling during 
installation and maintenance, which is crucial when 
Minesto now scales up the technology to megawatt-sized 
power plants for commercial installations. 

Tailored to customer needs and operating conditions: 
The Dragon Class design scale effectively and will thus be 
available in different sizes tailored for maximum yield 
depending on site conditions like water flow rate and depth.  

  
Figure 1.  Minesto MRE converter [4] 

 

2.2. Nova Innovation 
Nova is developing a 1MW array, building on the 

success of deploying the world’s first commercial tidal 
array in Shetland in 2016. Rapid deployment: our plug and 
play system enables our turbines to be containerized, 
transported, and installed anywhere in the world using 
locally available infrastructure. 

 

 
Figure 2.  Minesto MRE converter [5] 

2.3. BOMBORA Wave Power: 
 Bombora is an Australian wave energy developer (Figure 
3) that has developed an innovative and patented wave 
energy converter called the mWave. Bombora has 
developed a patented membrane-style wave energy 
converter, mWave™. mWave™ is unique among wave 
energy converters as it simultaneously addresses the cost 
of energy and ocean wave survivability challenges. 
 

 
Figure 3.  Bombora wave converter [6] 
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2.4. Marine power systems limited (see Figure 4): 
 Marine Power Systems (MPS) Ltd. have developed 

and tested the WaveSub Wave Energy Converter (WEC) 
which has undergone sea trials in FaBTest. They are now 
constructing a full-scale prototype which will also function 
as a floating offshore wind foundation. 

 

 
Figure 4.  MPS wave converter [3] 

3. Research Priorities 
There is room for improvement of energy extracting 

devices in the different phases' ranging from design, test, 
fabrication to implementation into the real environment. 
The research priorities can be classified into four 
categories including: 

3.1. Data Collection and Analysis, Wave 
Simulation Tools and Installation Point 

To design energy converters, we need to analyze the 
wave, tide, and wind data using statistical approaches. 
Although these methods will provide us with valuable 
information, they are not adequate for an efficient and 
robust design. There are two issues given the data: (1) data 
collection, and (2) data analysis 

There are various methods such as in-situ 
measurements, remote sensing such as satellite 
observations, or mathematical models. There are some 
services that provide various data sources for a wide range 
of regions. For instance, Copernicus can provide data 
given the 6 core services including marine data.  

To design the converters, we need local data, but 
usually the data at hand are collected a few km away from 
the construction site. For instance, the wave data collected 
in deep waters must be manipulated using wave 
transformation equations such as shoaling, refraction, 
diffraction, among others, to be accurate for local use. To 
determine the local wave parameters from the collected 
data, we have to use wave simulation tool such as Swan or 
Delft3D Wave module. The results of the wave simulation 
tool will highlight the positions prone to the high levels of 
wave energy. 

The collected data are not so accurate in some cases, 
they contain many missing values and have several 
outliers. All these limitations compel us to exploit Data 
mining approaches to hindcast/forecast/predict the data of 
different resources such as wind, wave and even tides. 
Data mining approaches can help us to have high quality 
predictions which can be used for robust and stable designs 
during the life span of the converters. I am an expert in this 
field.  

3.2. Environmental Effects of Energy Converters 
When the energy converter locates in the water, it 

changes the hydrodynamics and morphodynamics of the 
nearshore zone. For instance, the structures locate on 
seabed onshore such as tidal lagoons or mWave converter 
designed by Bombora wave power, the interaction of the 
flow (wave)-seabed-structure will change the flow pattern 
regarding its capability in sediment transport, turbulence, 
vortex generation, among others. Furthermore, their 
existence may cause the waves break far from the coastline 
(breaking zone) and consequently some sand bars will 
generate in their vicinity which pose a threat to their 
stability and functionality. 
One of the possible consequences will be the scour at the 
converters which threaten their stability and may cease 
their functionality. 

3.3. Design Optimization 
Recently, data-driven and optimization approaches such 

as Genetic Programming (GP) and Particle Swarm 
Optimization (PSO) [7] are integrated into the design 
process of marine structures to achieve the optimal 
configuration. Accordingly, the converter design must not 
be static. In other words, depending on the environmental 
condition, some components can be added/removed 
automatically. To do this, we can embed the design 
procedure to an optimization process and determine the 
most optimal configuration based on the selected design 
wave/wind/tide conditions. However, we can consider 
some moving components whose implementations can 
improve the quality of design under different conditions. 
For instance, under storm conditions, we can predict the 
storm using data mining and then active the special 
components considered for this condition.  Nowadays, 
integrated systems like Multiple Wave Energy Converters 
Placed on a Floating Platform are increasing since they can 
provide different types of energy using one converter. 
Being successful in their design and fabrication may 
enhance the performance of energy converters in 
comparison to conventional ones. 
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1. Introduction 
Vortex-Induced Vibration Aquatic Clean Energy 

(VIVACE) harvesting has been an attractive marine 
engineering research topic in recent years. It was first 
proposed by Bernitsas and Raghavan [1] at the University of 
Michigan. Many aspects of VIVACE harvesting have been 
examined [2-5]. What has not received previous attention is 
that immediately after a structure is placed in the seawater, 
marine fouling begins to inhabit its submerged surfaces. 
Marine fouling includes various species of different sizes and 
textures. They change the flow regime around the body by 
increasing its dimensions and surface roughness. In the case 
of VIVACE, marine fouling affects the amplitude of the 
Vortex-Induced Vibrations (VIVs), thus the magnitude and 
quality of the energy harvested from an oscillator. Jadidi and 
Zeinoddini [6] studied hard marine growth's effect on 
renewable energy harvesting from a single degree of freedom 
circular oscillator. They showed that hard marine growth 
negatively affects VIVACE harvesting. This paper presents 
the first study on the effects of soft marine growth on 
renewable energy harvesting from a single degree of freedom 
circular oscillator. 

2. Laboratory Equipment and Modelling 
The in-water VIVs towing tank experiments are 

performed on a vertical circular cylinder. The one degree of 
freedom mass-spring system used in this research is similar 
to that in the Jadidi and Zeinoddini [6], Assi et al. [7], and 
Zeinoddini et al. [8] experiments. The system consists of a 
rigid aluminum cylinder, a two-directional loadcell, and two 
leaf springs, which are placed between two horizontal stiff 
aluminum slabs. The upper aluminum slab is fixed 
underneath the carriage of the towing tank (Figure 1(top)). 
Based on the Terry and Picken study [9], hydroids have the 
highest frequency among soft marine growths observed on 
marine structures. Polishing fabrics are used in the present 
study to model the hydroid-type soft marine fouling. Three 
coverage ratios of 33, 67, and 100% are examined. Figure 1 
(mid) illustrates a test cylinder with artificial soft marine 
fouling. Figure 1 (bottom) provides a picture of a natural 
community of hydroids [10].  
 
3. Validation of the Experimental Set-up 

Figure 2 depicts the non-dimensional amplitude of 
transverse oscillations (A*=A/D) versus the reduced velocity 

(U*=U/fn/D) from present VIVs tests conducted on a clean 
and smooth cylinder. Here, A is the amplitude of the 
oscillations, D is the cylinder diameter, fn is the system's 
natural frequency, and U is the flow velocity. Figure 2 also 
provides the results of Kiu et al. [11] and Jadidi et al. [12] 
experiments on similar clean circular cylinders. The figure 
shows that the amplitude responses for the smooth cylinder 
from the current study are satisfactorily comparable with 
those from the two other studies. 

 

 

 

 
Figure 1. Towing tank VIVs testing of a marine-fouled 
cylinder (top), a test cylinder with artificial soft marine 
fouling (mid), and a natural community of hydroids 
[10] (bottom). 
 

4. Renewable energy equations 
The equation of motion of a cylinder in the cross-

flow direction can be expressed as follows: 
𝑀𝑀𝑜𝑜𝑜𝑜𝑜𝑜�̈�𝑦 + 𝐶𝐶�̇�𝑦 + 𝐾𝐾𝑦𝑦 = 𝐹𝐹fluid                                           (1) 
where Mosc is the mass of the system (sum of the 
oscillating masses and the added mass), C is the system’s 
damping, K is the system stiffness, y, �̇�𝑦, �̈�𝑦, are the 

Leaf spring 

Loadcell 

Marine fouled 
cylinder 
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oscillator’s displacement, velocity, and acceleration, 
respectively, and Ffluid is the viscous lift force applied to 
the oscillator. The mechanical power (PMech), the fluid 
power (Pw), and the energy ratio (η) can be derived from 
the VIVs test results as follows: 
𝑃𝑃Mech = 1

𝑇𝑇 ∫ 𝐶𝐶�̇�𝑦2𝑑𝑑𝑑𝑑𝑇𝑇
0                                            (2)    

𝑃𝑃w = 1
2 𝜌𝜌𝑈𝑈3(𝐷𝐷 + 2𝐴𝐴max)𝐿𝐿                                      (3)     

 η = PMech
CBetz× PW

                                             (4)   
  where T is the time period, L is the length of the 
cylinder, CBetz is 0.59, ρ is the water density. 

 
Figure 2. The VIVs response amplitude of a clean circular 
cylinder in different experiments. 

5. Marine Fouling Effect 
Figure 3 (top) compares the amplitude response of the 

clean and marine fouled cylinders with three different 
coverage ratios. It shows that the soft marine fouling 
reduces the oscillations’ amplitudes (A*) noticeably 
compared to A* in the clean cylinder. The reduction becomes 
more pronounced by increasing the fouling coverage ratio. 
Figure 3 (bottom) shows that the energy harvesting ratio 
also markedly reduces in the presence of marine fouling. In 
general, the higher the coverage percentage, the more 
significant the decrease in the energy harvesting ratio. 

 

 

 
Figure 3. Effects of soft marine fouling on the VIVs response 
amplitude (top) and energy harvesting ratio (bottom).  

6. Conclusions 
This experimental study deals with renewable energy 

harvesting from VIVs and, in particular, the effects of soft 
marine fouling on the mechanical energy output from a 
circular oscillator. The results show that soft marine fouling 
noticeably affects energy harvesting. The fouling may halve 
the maximum energy harvesting ratio. The reduction in the 
energy harvesting ratio becomes more pronounced by 
increasing the marine fouling coverage ratio. 
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1. Introduction
The growing energy demand, along with the 

environmental problems caused by the consumption of 
fossil fuels, has led to an increasing desire for renewable 
energy. Among renewable energies, wave energy has 
always been considered because of its availability on most 
days of the year and its high potential. Ocean waves are an 
important source of renewable energy; If extensively used, 
they can significantly contribute to the power supply of 
coastal zone countries. Wave energy is not economically 
competitive at present, but thanks to the high power of the 
sea waves and its potential utilization, it is still attracting 
engineers. Efforts to capture the power of the ocean and 
understand its behavior have become a major challenge that 
increased the demand for investment in innovation and 
technology, as well as the growth promotion and 
competition in the maritime economy of many strategic 
regions around the world. The development of maritime 
activities requires robust and more reliable systems. An 
oscillating water column converter is one of the converters 
which converts sea wave energy into electrical energy. 
Because of the fluctuation of the water level at the outlet to 
the sea in this converter, the trapped air inside the chamber 
is removed and re-entered to move the turbine located at the 
other outlet (Figure1). 

 

 
Figure 1. OWC structure 

 

2. Literature Review 
 In a study, Bouali and Larbi by performing simulations 

in CFX software showed that the chamber size, the depth of 
immersion of the front wall of the device, and its orientation 
toward the flow direction have a very important effect on 
the performance of the device [1]. Hashemi et al. extracted 
the governing relationships of the OWC converter with the 
shape of a cylindrical chamber [2]. Rodriguez et al. showed 
that with increasing the thickness of the front wall, 
bandwidth on efficiency curves decreases [3]. Luo and 
Cooper observed that in completely nonlinear waves, 
increasing the wave height will significantly decrease the 
hydrodynamic absorption efficiency of the OWC, which 
indicates a significant deviation from the linear wave state 
[4]. 

 
3. Methodology 

 In this study, daily data of Persian Gulf waves for one 
year (2018) were received from the National Institute for 
Oceanography and Atmospheric Sciences (INCOD). These 
characteristics include wave height, wavelength and, wave 
period with an interval of one hour per day. Then, with the 
help of coding using Python language, the latitude and 
longitude of the points inside the sea border of Iran were 
extracted. Since this type of converter is located on the 
rocky shore wall, among the extracted points, those that are 
closer to the shoreline were isolated. Then the potential of 
the Persian Gulf region limited to the interior of the Iranian 
border for using this type of converter has been measured. 

 
4. Results 

The results show that some of the studied areas have the 
acceptable potential for using this type of converter. For 
instance, the waves in the Parsian region of Hormozgan 
province in Iran have a good potential to use this converter. 
The wavelengths of the mentioned area are longer than other 
points; therefore, it has a great effect on the power of the 
waves and ultimately the converter power (Table 1). 
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Table 1. Stations and their efficiencies 

Station number latitude Longitude η % 

1 30.125 50 2.8 

2 28.75 51 3.1 

3 27.75 52 4 

4 27.125 53 15 

5 26.75 54 1 

6 26.625 55 1 

7 27 56 0.5 

  
After analyzing the data in this particular area, the 

dimensions of the converter were changed to improve its 
efficiency. In the best possible case and using a converter 
with an efficiency of about 15%, it is possible to produce an 
average power of about 79 kW. 
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1. Introduction 

The energy generation from fossil fuels is considered to 
be related to environmental pollution, and also to produce 
CO2, which is currently recognized for its adverse effect on 
climate change. 

These resources are limited, and due to the increasing 
rate of population growth and the overwhelming demands 
for energy consumption, which depends a lot on 
hydrocarbon deposits, alternative methods like utilizing 
renewable energy sources should take place [1]. They are 
clean, and almost all regions can facilitate their nation 
depending on their environmental features, using different 
types of renewable energy like wind and wave energy. 

 
2. Study Area and Data Description 

The study location of this research is the Persian Gulf 
which is a shallow, semi-enclosed marginal sea, with an 
average depth of 35 m in the south of Iran [2]. This region 
produces almost one-third of the world’s oil and has 
reserved a significant portion of the world's natural gas.  

The dominant wind over the Persian Gulf is the Shamal 
wind, which blows from the northwest and may have a 
speed of up to 20 m/s. There are also some monsoons, such 
as Kaus which blow from the southwest, and play a 
remarkable role in creating the cold and warm circulation 
of the ocean. 

In this study, the hourly wind data obtained from some 
global climate models’ projections in the CMIP6, is 
calibrated by ERA5 reanalysis data, downscaled by a 
Weibull method [3], and applied as the primary input data 
in the SWAN wave model and obtain the wave model that 
best represents the study area.  

The bathymetric data was extracted from GEBCO 
(General Bathymetric Chart of the Oceans) using a 30 arc-
second interval grid. Northward and eastward wind speeds 
at 10 m were obtained from the 10 CMIP6 GCMs and 
subsequently bias-corrected according to the reference data 
(ERA5). The modified wind fields for various climate 
change scenarios have been used to force the numerical 
wave model (SWAN). 

To analyze the performance of the wave model outputs, 
data observations for significant wave height were used at 
two buoy stations, Asaluyeh and Bushehr. Besides 
statistical analysis has been performed, and based on the 

values of correlation variance obtained from each model 
and being closer to 1, as well as considering the mean 
relative error, among the climate models, the model 
ACCESS 1.0 has been designated as the most appropriate 
one for the Persian Gulf, and the wave climate analysis in 
this study is made based on it. 

Figure 1 illustrates the wave roses for the historical 
period and SSP5-8.5. The dominant mean wave direction 
is preserved in the direction of the Shamal wind. In the 
northern part of the gulf, the waves incline to the west (P1, 
and P2). In the deeper water and the middle of the gulf, 
there are stronger wave incidences, and the direction is 
mostly in the northwest. Since the wave model simulates 
more powerful waves in points P3 to P5, the study of wave 
energy is based on the P4 results as a representative point. 

 

 
Figure 1. The wave roses in the Persian Gulf in 
Historical Time Spans, and Future Projection 
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As illustrated in Figure 1, wave direction variability 

under a high emission scenario (SSP5-8.5) from CMIP6 is 
marginal. Moreover, the rose plot reveals a partial decrease 
in high waves (the green petals). 
 
3. Modeling Process 

The wave energy is calculated using Equation 1. In 
each sea state, i.e., every 6 hours in the total time spans for 
historical data (1981-2000) and the future projections 
(2081-2100) under SSP1-2.6, SSP-.4.5, and SSP5-8.5 
scenarios. 

8

2LgHE 
=                                                        (1) 

Where ρ is water density, g is the acceleration of 
gravity, H is the significant wave height, and L is the 
wavelength that is assumed 1.56Tp

2 in deep water. 
 

4. Results and Discussion 
The mean of wind speed, wave energy, and significant 

wave height for the historical period and the future 
projection under the three forcing scenarios are illustrated 
in Figure 2. All mean values show a descending trend. For 
wind speed, the result of SSP 5-8.5 which is considered the 
most severe climate forcing scenario, has a 40% relative 
difference from the corresponding historical results. 

 Wave Energy is dependent on the wave height and the 
waves are generated by surface winds. Therefore, any 
changes in the wind characteristics result in wave climate 
change. 

 

 
Figure 2.The Comparison of Wind Speed, Wave Height, 
and Wave Energy under different Climate Scenarios 

The variation of wave energy relative to the wind speed 
is presented in Figure 3. In wind speeds below 10 m/s, 
there is no significant difference between historical and 
future wave energy. However, in the wind speed above 12, 
there is a noteworthy difference between wave energies. 
As is illustrated in the speed of 14 m/s, the wave energy is 
around 70 MJ for the historical period, while the 
corresponding wave energy for SSP5-8.5 is about 140 MJ. 
However, the Persian Gulf and Oman Sea are considered 
as the areas with wave energy potential less than 5 Kw/m 
[1], which is not applicable for energy conversion, and the 
possibility of the occurrence of 14m/s wind speed in the 
Persian Gulf is very low, and it may only come about in 
some extreme conditions, which are also very improbable. 

 

 

 
Figure 3. Wave Energy is based on Wind Speed under 
different Climate Scenarios 
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1. Introduction 
Construction of coastal structures  significantly affects the 
natural sediment  transport and could cause deposition on the 
up-drift side and erosion on the down-drift side of the 
structure.  The former could result in major problems for 
navigation and the latter may result in certain environmental 
damages. Therefore, clear understanding of the dynamics of 
coastal sediment transport is of great importance for the 
design of coastal structures including breakwaters, jetties 
and groins as well as finding solution for sedimentation 
problems of the constructed ones. 
However, the dynamics of coastal sediment transport is very 
complex and its understanding faces major difficulties, 
especially in coastal areas with extensive development of 
coastal structures.  
One of the best methods available to provide reliable field 
data for coastal sediment transport study is fluorescent sand  
tracing. In this method, the marked sands with fluorescent 
inks are injected in the coastal area, and their movement are 
traced (Silva et al. 2007; Badr and Lotfy 1999; Ciavola et 
al., 1998; Duane et al. 1980; Fields and Weishar 1987; 
Madsen 1987; Muñoz-Perez et al. 1999; Sherman et al. 
1990; Silva et al. 2007; Vila-Concejo et al. 2004) 
    Amirabad Port in the southern coast of the Caspian Sea. 
faces major sedimentation problems and requires 
considerable dredging in its access channel and inside its 
breakwater and certain actions for reducing the port 
sedimentation is needed. However, knowledge about 
sediment transportation dynamics in the coastal area of 
Amirabad Port is mainly based on numerical modeling 
studies. 
This paper provides information about the use of sand tracer 
method in the coastal area of the Amirabad Port. 
 
2. Materials and Methods 
Before the field experiment, a comprehensive set of tests of 
the marking process carried out in the laboratory of Iranian 
Institute for Color Science and Technology including the 
test of different inks, components proportions and marking 
processes. From the results of these tests, four inks were 
selected and used for marking sand traces (Figure 1).  
 

 
Fig. 1: Marking sand traces with four inks of yellow, 
orange, red and green, using sands from Amirabad Port 
coastal area 

Four different color tracers (yellow, orange, red and green) 
were injected at four depths of 2m, 5m, 8m and 10m along 
a cross-shore line in Amirabad coastal area in September 
2019 (Figure 2).  
 

 

 
Fig. 2: Injection of colored traces into coastal waters of 
Amirabad Port. 
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Sediment samples were collected over a wide part of the 
Amirabad coastal area during two field experiments 
conducted 30 and 60 days after tracer injection. The samples 
were examined for the detection of sand tracers by use of 
UV radiation (Figure 3). 
 

 
Fig. 3: Detection of sand traces using UV radiation. 

 
3. Results 
Among 83 sediment samples that were collected in two field 
experiments 30 and 60 days after tracer injection, in 41 of 
samples sand tracers were detected.  The results showed 
successful performance of the experiment and provided data 
for the study of sediment transport in the study area. The 
results also provided information, knowledge and 
experience for conducting similar experiments in other 
coastal areas of Iran.  
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1. Introduction 
Dredging is a routine necessity in waterways because 

sedimentation gradually fills channels and harbors. In 
comparison with other sediment transportation in pipelines, 
the control of dredged materials faces the following 
challenges; Firstly, the dredged slurry differs from a 
homogeneous material, such as mineral slurry [1], oil [2], 
and may include coarse particles of hard rocks that vary in 
size [3]. Secondly, the dredger ship is usually located 
several kilometers away from the final disposal area, and 
the dredged slurry must be transported to the area with a 
high concentration [4]. Moreover, the distribution of solid 
particles along the pipeline is uneven, and the particles 
tend to accumulate at the bottom of the pipeline because of 
gravity. Thus, if the flow rate is too slow, the solid 
particles of slurry will be deposited on the bottom of the 
pipeline, causing blockage accidents. Therefore, the 
method of measuring the concentration of these sediments 
should be a non-intrusive method and cover the entire 
section of the pipe. Conventional sensing techniques of 
dredging sediments concentration, are based on nuclear 
mass flow meters. Due to use of a radioactive source in the 
nuclear mass flow meter, while its environmental and 
economic impact, insurance, transport, supervision, 
certification training and disposal, caused many researches 
to concentrate for using an alternative method. Also, online 
measuring of the sediment concentrations and showing a 
dredging map will increase dredging efficiency, dredger 
life, reduce costs, and increase user satisfaction. Therefore, 
in the present study, a special electrical impedance 
tomography (EIT) system is designed and constructed to 
monitor performance of the dredging process. EIT system 
is online imaging systems that in contrast to most non-
tomography sensing techniques, which can provide only a 
single-point measurement value, EIT sensing technique 
can provide a cross-sectional image of a measurement 
object or process and represent further information. Also, 
the EIT system does not have the limitations of 
conventional tomography such as MRI and CT scan. The 
objectives of this system are to determine online the 
concentration of passing sediments, velocity and efficiency 
of dredging, filling of the hopper in hopper suction 
dredger, prevention of pipes blockage in cutter suction 

dredger and the determination of the dredged locations 
with the amount of extracting in each point. 

 
2. Materials and Methods 

A high-speed EIT-based instrument abbreviated as 
BDSS (Basir Dredge Support System), designed and 
developed in the mechatronics Lab. of University of 
Tehran. This system was actually developed to measure the 
concentration of sediment passing through large dredger 
pipes. The system was installed and its performance 
investigated on the Khazar dredger ship, a Suction Hopper 
Dredger (SHD) with hopper capacity and pipe inner 
diameter of 650 m2 and 610 mm respectively. According to 
Figure 1, 16 sensors are embedded at equal distances in 
perimeter of a vertical pipe with outer diameter about 700 
mm. The diameter of each sensor is 60 mm. Liquid phase 
in the phantom under test was saline water with ratio of 
12.5 gr.lit-1 of NaCl (equivalent to conductivity of 18 
ms.cm-1 in temperature of 25 oC). 

 

 
Figure 1. Suction Hopper Dredger of Khazar and Basir 
Dredge Support System  

A graphical user interface (GUI) was designed that 
shows online dredging operation for user at the bridge 
(Figure 2). The GUI has two main screens. On the first 
page (Figure 3), a map of dredged sediments is drawn and 
shows the intensity of sediment extracting using colors. 
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The second page (Figure 4) shows the tomogram drawn by 
the EIT system as well as other fluid characteristics such as 
concentration, velocity, mass flow rate and efficiency. 

 

 
Figure 2. Display unit of EIT system at bridge of Khazar 
ship  

 
Figure 3. Map of dredged sediments that is designed by 
graphical user interface  

3. Results and Discussion 
Figure 4 illustrates the reconstructed image from the 

cross section of pipe in the different solid volumetric 
concentrations and velocity for the dynamic experiments. 
Effect of main variable parameters, such as variation of 
temperature and salinity of liquid phase (seawater) on 
performance of the BDSS was evaluated. 

 

 
Figure 4. Reconstructed images from the cross section of 
pipe and changes of velocity with sediment concentration 

The results show a linear trend and acceptable correlation 
between the data obtained from tomography and the 
measured data by the sampling method. The coefficient of 
determination is almost 0.98 to 0.99 for each curve in 
different levels of temperature and salinity. So, according 

to these curves accuracy of BDSS is in acceptable range 
and change in temperature and salinity could be 
compensated by the algorithm in a right manner. 

Results of the evaluation of system on the dredger 
showed that the system is able to measure the maximum 
mass flow (330 kg/s) of materials that passing through the 
dredging pipe. The results of this study also showed that 
with increasing the concentration of load passing through 
the pipe, the velocity of sediment passage through the pipe 
decreases. So that the maximum velocity for seawater 
through the pipe is 5 m/s and the minimum velocity for 
high concentrations is 1.5 m/s. 

 

 
Figure 4. Volumetric concentration of BDSS and manual 
sampling 

4. Conclusion  
This manuscript presents a slurry concentration 

monitoring system in dredger pipeline with the ability to 
measure mass concentration of up to 650 gr/lit and mass 
flow rate of 330 kg/s. An electrical impedance tomography 
system was developed and evaluated for online monitoring 
of solid-liquid two-phase fluid (dredging sediments) 
passing through a 610 mm diameter pipe. The results 
showed that due to the fast response of the system and its 
resolution, tomography technique can be used to measure 
the concentration of load passing through dredged pipes 
and is an appropriate alternative to nuclear density meters. 
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1. Introduction 
Sediment transport is an important ingredient of coastal 

and river engineering as it highly affects sediment 
accumulation in channels, erosion around structures, 
nearshore morphological change, etc. Terrigenous 
sediments, derived from weathering and erosion of 
continental rocks, are predominant along the continental 
margins in mid-to high latitude. The terrigenous sediment 
in origin are replaced by carbonate sediments, i.e. 
carbonate sands and fine-grained carbonate muds, along 
arid coastlines and other areas, where the supply of 
terrigenous sediment is limited or absent [1]. Coral reefs 
are the great engines of carbonate sediment production [2]. 

 Most of solid material is carried within the water flow 
as suspended sediment but some is rolled or bounced along 
the bed as bed-load. Many researchers have proposed 
equations for bed-load transport rate (e.g., Shields (1936) 
[3], Meyer-Peter and Müller (1948) [4], Engelund and 
Fredsoe (1976) [5]). 

In the present study, a series of laboratory tests is 
designed in a circulating rectangular flume to study the 
bed-load transport of carbonate sediments. Following 
Roseberry et al. (2012) [6], open-source ImageJ software is 
employed for particle tracking, i.e. to measure the particle 
velocities for the calculation of bed-load [7]. Dimensional 
analysis is used to define the important dimensionless 
variables, e.g. Shields number, for data analysis [8]. 
Finally, Lab Fit is employed for multiple regression to 
derive the bed-load transport formula of carbonate sands. 

 
2. Laboratory Setup 

The tests are performed in a rectangular flume of 12 m 
in length, 30 cm in width, and 45 cm in height at Hydraulic 
Models Lab. of K. N. Toosi University of technology 
(Figure 1). Two samples of natural carbonate sediments 
were taken from the coasts of the Persian Gulf with median 
sizes of D50=0.4mm and D50=0.42mm and the density of 
sediments of ρs=2830 kg/m3 and ρs=2620 kg/m3, 
respectively. A part of sediment particles is fixed to the 
flume bed to provide similar roughness of natural 
environments. 

A high-speed camera of 30 frames per second (fps) is 
fixed to top of the flume to monitor the particle motions 
above the water surface (Figure 1). The water depth and 
flow rate are measured at some stations along the flume to 
ensure the steady uniform flow. Feeding 0.5 gr of sediment 
from the top at each laboratory test case, 31 test runs are 
performed with different flow rates. Table 1 shows the 
sediment characteristics and hydraulic parameters of 
laboratory tests. 

 

 

 
Figure 1. Side view of flume (top) and laboratory setup 
(bottom, not to scale). 
 
3. Dimensional Analysis 

Considering the important parameters, the rate of the 
bed-load transport can be generally expressed as: 

( )* 50, , , , ,  , ,sq f u H g D S  =       (1) 
where u* is shear velocity, H is flow depth, g is gravity 
acceleration, ρ is flow density, ρs is sediment density, D50 is 
median sediment diameter, ν is the kinematic viscosity of 
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Table 1. Hydraulic parameters and sediment 
characteristics. 

 
water and S is bed slope. By Buckingham π theorem, Eq. 
(1) is reduced to 6 non-dimensional parameters:  
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Dq g R Re S
H
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Multiple Regression Method by LabFit results in the 
following formula for non-dimensional bed:                                                                                                                                                                                                                                                                                                                     

 
1.026

1.754 1.532 3.114* 3.628 ( * )s
Dq R Re
H

=             (3)             

where R is relative density, Res is settling Reynolds 
number, and τ* is Shields number. 
 
4. Discussion and Conclusion  

Statistical parameters of Root Mean Square Error 
(RMSE) and Mean Absolute Error (MAE) can be used to 
evaluate the overall differences of model results and 
measurements: 

 2

1

1RMSE ( ) ( )
N

bM bC
i

g i g i
N =

= −                       (4)          

1

1MAE ( ) ( )
N

bM bC
i

g i g i
N =

= −                            (5) 

where N is number of test cases, gbM is the measured bed 
load by image processing, and gbC is the calculated bed 
load by empirical formulas [9]. 

Table 2 shows the prediction errors of Eq. (3) and 
different bed load formulas. It is observed that Duboys, 
Meyer-Peter and Rottner formulas show better agreement 
with the conducted laboratory tests. The derived Eq. (3) 
can be used for the estimation of bed-load transport rate 
but its good performance needs to be further evaluated 
with more samples of carbonate sediments from different 
coasts. 
 
Table 2. Prediction errors of Eq. (3) and existing bed load 
transport formulas. 

MAE(kgm-1s-1) RMSE(kgm-1s-1)  

0.1142 0.0156 Parker 
0.1227 0.0164 Fernandez 
0.2473 0.0685 Engelund 
0.1426 0.0237 Ashida 
0.0188 0.0004 Duboys 
0.0189 0.0004 Meyer-Peter 
0.0189 0.0004 Rottner 
0.0600 0.0041 Wong1 
0.0591 0.0040 Wong2 
0.0189 0.0004 Shields 
0.0000 0.0000 Present study 
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2nd sediment 
sample 

1st sediment 
sample 

 

0.00042 0.0004 D50 (m) 
0.007-0.01 0.004-0.016 Q (m3s-1) 

0.0016 0.0016 S 
0.058-0.073 0.044-0.095 H (m) 

0.4-0.45 0.3-0.56 V (ms-1) 
0.11-0.13 0.084-0.145 τ* (Nm-2) 
0.027-0.03 0.025-0.032 u* (ms-1) 

2620 2830 ρs (kgm-3) 
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1. Introduction 

The sediment transport models still heavily rely on 
physical data obtained in laboratory and field studies [1]. 
The objective of this study is to introduce a reliable, robust 
and rather simple formula for predicting total load transport 
subject to asymmetric waves in coastal environment.  

General bed load formulas are considered in this study as 
the basis for calibration and verification of total sediment 
transport in the surf zone under asymmetric waves. The 
time-dependent transport was treated in a quasi-steady 
manner using the instantaneous Shields parameter for the 
two consecutive half-periods of the wave to implement in 
the 8 well known bed load formulas. The bed load formulas 
are calibrated using data from experimental measurement 
for a wide range of flows and sediment conditions.[2] The 
predictions are well improved by application of different 
threshold shear stress for onshore and offshore half-periods.  

 
2. Background 
The bed load transport is often represented by the following 
non-dimensional parameter: 
 Φ = QB

d√(s−1)gd                                                                           (1) 

Several relationships for bed load transport under a steady 
current have been proposed where the rate is related to the 
dimensionless bottom shear stress or Shields parameter, as 
follows: 
Φ ∝ (θ, − θc)√θ,                      (2) 

Where Shields parameters (θ)are defined as follows: 
θ == 𝜏𝜏0

𝑔𝑔𝑔𝑔(𝑠𝑠−1)𝑑𝑑                                                                      (3) 

θc is the critical Shields parameter. In this study, a 
number of well-known general bed load relationships are 
applied for prediction of the total load in the surf zone under 
asymmetric waves.   

 
3. Materials and Methods  

Among the bed load relationships, 8 formulas including 
Meyer-Peter (1948), Bagnold (1966), Van Rijn (2007), 
Yalin (1963), Wilson (1966), Ashida and Michiue (1972), 
Madsen (1991) and Nielsen (1992) are considered as the 
main bed load formulas in order to apply in asymmetric 
waves [3-10]. The quasi-steady approach of Soulsby is 

applied to calculate the sediment transport in a wave orbit.  
The instantaneous velocity and bed shear stress is applied to 
calculate the instantaneous sediment transport, where the 
instantaneous sediment transport rate (q) is positive in the 
onshore direction and it is negative when velocity is in the 
opposite direction. The instantaneous rate is then integrated 
over the entire wave cycle [11].  

The results are compared with the laboratory 
measurements. Different threshold velocities are applied for 
offshore direction to calibrate the formulas. 

 
4. Result 
The comparison between the results of the models and the 
measured values  (40 different experimental data in total) are 
presented in Fig. 1, where comparatively more accurate 
prediction of Bagnold model is evident. 
 

 
Figure 1. The comparison between the results of the 
models and the measurement 

 
The comparison between the results of the models and 
measurements is presented in Table 1 in terms of root-mean-
square error (RMSE) and percentage of correct estimate of 
direction. The threshold in offshore is generally considered 
less than onshore for better results both in terms of the 
amount and the direction of the sediment movement. 
According to Table 1, the root-mean-square error of 
Bagnold’s method is about 1.2, which is much lower than 
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other methods. Also, by this method in 69%, the direction 
of sediment transport is correctly predicted by the model. 
Therefore, Bagnold's relationship with the following 
formula is considered as the best formula for predicting the 
total load in surf zone.  
 
∅ = 𝐹𝐹𝐵𝐵𝜃𝜃0/5(𝜃𝜃 − 𝜃𝜃𝑐𝑐𝑐𝑐)                     (4) 
 
𝐹𝐹𝐵𝐵 =

0/1
𝐶𝐶𝐷𝐷
1/2(tan∅𝑖𝑖+𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)

                     (5) 

 
Where, the angle of inclination Øi and the bed slope β are 
positive during onshore and negative during offshore 
direction of the half waves. 
 
Table 1. The root mean square (RMSE) and the 
percentage of the correct direction of predicted sediment 
rates using measured data 

 RMSE Correct direction estimate of 
sediment transport (%) 

Meyer-Peter (1948) 1.9 69.0 

Bagnold (1966) 1.2 69.0 

Van Rijn (2007) 3.0 71.4 

Yalin (1963) 4.3 42.9 

Madsen (1991) 2.3 69.0 

Ashida (1972) 1.7 71.4 

Wilson (1966) 2.3 64.3 

Nielsen (1992) 3.3 69.0 

 
5. Conclusion 

The application and modification of the bed load 
transport formulas for non-cohesive sediment, based on the 
quasi steady bed-shear concept is introduced for predicting 
total sediment transport under asymmetric waves at coastal 
zone. The results indicate that Bagnold is the best in 
predicting the sediment rate of asymmetric waves in 
compare to the other well-known bed load based formulas 
More accurate prediction in terms of direction and value are 
achieved when threshold in offshore is considered less than 
in onshore direction.   

Among the advantages of this study is introducing a 
rather simple method for the first hand estimate of sediment 
rate in the surf and swash zone, which can be applied in 
engineering practices.  
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1. Introduction 
Port development in estuaries can have a considerable 

impact on estuary dynamics, resulting in hydrodynamic 
changes that alter sediment transport patterns. 
Understanding these consequences is critical because of 
socioeconomic importance and high sensitivity of the 
complex natural systems of estuaries [1]. 

Babolsar Fishery Port is located at the mouth of the 
Babolrood River in the southern part of the Caspian Sea 
(Figure 1). The lengths of the main and secondary rubble-
mound breakwaters are 1100 m and 150 m, respectively. 
After the completion of the breakwaters in 1995, large 
sedimentation was observed. The water depth at the harbor 
decreased from 3 m to 1  m, based on the hydrography 
surveys of 1996 and 1999. In order to maintain the 
navigation depth along the river, the first remedy solution 
was to build a short guide-wall by steel sheet piles in 1999. 
However, the next hydrography surveys in 2000 and 2002 
showed that this method is not capable to effectively 
reduce the infiltration of river sediments into the harbor 
and continuous dredging at the port entrance and along the 
river is still needed. In 2011, it was finally decided to 
construct a new rubble-mound breakwater, extending the 
guide-wall towards the port entrance (Figure 1) [2,3]. 

 

 
Figure 1. Babolsar Fishery Port 

The purpose of this paper is to study the sedimentation 
problem at Babolsar Fishery Port and the morphological 
changes of Babolrood River as well as the effectiveness of 
remedy solutions. 

 
2. Hydrography Surveys 

Figure 2  presents four sets of conducted hydrography 
surveys at the site from 2000 to 2014. Bathymetry data at 
the river mouth in 1993, i.e., before the construction of the 
port, and after the construction of the guide-wall in 1999 
are also available. The high fluctuations of the Caspian Sea 
water level should also be considered in the morphological 
analysis of these hydrographic surveys (Figure 3). It is 
observed that the water level is falling down since 1995. 

 

 
Figure 2. Bathymetry changes before and after 
constructing the new breakwater (2000-2014). 

 
3. Numerical Modelling  

The process-based morphological model of Delft3D, 
which simulates currents, waves, sediment transport, and 
bed level change, is selected in this study. The model 
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incorporates density gradients, wave generation and 
propagation, and sediment transport of cohesive and non-
cohesive fractions [4]. 
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Figure 3. History of Caspian Sea water level (1941-2021). 

 
The model is run from 2000 to 2002 in the 1st case, 

where the guide-wall is also included. The second 
modeling is after the final extension starting from 2011 to 
2014. Boundary conditions include time-series of the total 
discharge and sediment concentration on river boundaries, 
water levels along the offshore boundary, and Neumann 
boundaries prescribed on the eastern and western sides. 
The model is calibrated and verified using data from river 
flow velocities and periodic hydrography surveys. 

 
4. Discussion and Conclusion  

Figure 4 shows the amount of erosion and sediment in 
the model between 2000 and 2002. The increase of 
sedimentation in the harbor and slight erosion along the 
river can be justified by comparing the hydrographic 
surveys of 2000 and 2002 (See Figure 2). 

 

 
Figure 4. Modeling results of erosion/sedimentation 
between 2000-2002. 

 
Figure 5 presents the comparison of the modeled 

bathymetry and hydrography data along three sections, A-
A, B-B, and C-C of Figure 1. In spite of existing 
discrepancies, it is observed that the process-based 

Delft3D model can simulate the sedimentation rates and 
the complex bathymetry of river and harbor, both before 
and after the 2011 extension.  

The study showed that the extension of the guide-wall 
is successful in protecting the harbor from river sediments. 
However, the sedimentation along the river still affects the 
navigation of fishing boats towards the old pier. 

 

 
Figure 5. Morphology changes before and after new 
breakwater, 2000-2014. 
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1. Introduction 

Navigation channels are prone to sedimentation. They 
behave like a sediment trap and their capacity reduces 
annually by sedimentation. Thus high annual costs have to 
be spent on dredging operations. Three main strategies can 
minimize harbor sedimentation: keep sediment out, keep 
sediment moving, and keep sediment navigable  [1]. It is 
essential to use a method that has cost effective and low 
environmental impacts. Tubular marine sponges are the 
main coral reefs elements. They are immobile and have a 
perforated-cylindrical shape. They can clean their 
residence and receive nutrition by suction/pumping 
mechanism [2]. Therefore they can be a good choice for 
inspiring and finding a solution to cure the sedimentation 
problems. In the current study by inspiring the cylindrical 
sponge's physical shape and suction/pumping mechanism, 
its effects on flow hydrodynamics and momentum 
exchange were investigated. The RANS numerical model 
and image processing technique were deployed to 
investigate the sponge-flow interactions (i.e., Von-Karman 
street, and Counter Rotating Vortex Pair (CRVP)) behind 
the sponge.  
 
2. Computational Method and Details of 

Validation 
Modeling the effects of sponge (which will be called 

synthetic sponge from now on), was carried out by the 
interFoam solver of OpenFOAM V.1812. For validating 
step, an experimental program by Palau-salvador et. al     
(2009) was considered [3]. The experiment was carried out 
in a rectangular channel with 152×56×30 cm (L×W×H). 
The current flow has a depth of 30 cm and an initial 
velocity of 0.54 m/s. A rigid finite height cylinder with 
body diameter (D) and height (h) of 8 and 20 cm 
respectively, was placed at 32 cm from the upstream 
boundary. For numerical modeling, a block mesh was 
designed with 0.065 h cm × 0.044 h × 0.04 h dimensions 
(Figure 1). The no-slip boundary condition was chosen for 
both cylinder and channel wall boundaries. For inlet and 
outlet of the channel fixedValue and zeroGradient were 
chosen respectively. The K-Omega shear stress transport 
(K-OmegaSST) was used as a turbulence closure model. 
The validation results of the mean horizontal velocity 

confirmed that the numerical modeling has reliable accuracy 
for modeling the flow hydrodynamics around the cylinder 
with a correlation coefficient of R2 > 0.90 (Figure 2).  

 

 
Figure 1. Computational domain 

 

 
Figure 2. Results of mean longitudinal velocity validation 
for (a)Z/h = 0.2 and (b)Z/h=0.6 

3. Model Setup 
Suction/pumping mechanism was simulated by 

introducing an appropriate boundary condition on the 
cylinder body perforation and top outlet as shown in Figure 
3. The CATIA and SnappyHexMesh also were utilized for 
the design and mesh generation of the sponge body (Figure 
3). 

 

 
Figure 3. Sponge boundary conditions and mesh 

generation 
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Three different scenarios were considered to study the 
suction/pumping discharges effects on the vortical flow 
behind the sponge, as shown in Table 1. 

Table 1. Modeling scenarios. 

Scenario Perforation 
diameter (cm) 

Suction/pumping 
discharge (lit/hr) 

M1 0 0 
M2 1 150 
M3 1 600 

 
4. Results 
4.1. Von-Karman Street 

For rigid-finite height cylinders which have h/D  ≤ 2.5, 
the Von-Karman street (VK-S) is laminar (Von-Karman 
Type I) and the momentum exchange through the width of 
the channel does not occur. Changing the h/D ratio and 
replacing longer cylinders will turn the laminar street into a 
nearly turbulent (shedding) street [4]. Figure 4 illustrates 
that the suction/pumping mechanism acts the same as 
changing the h/D ratio. This means that by changing the 
suction/pumping discharge, the Von-Karman street type I 
turns into the Von-Karman streets type II and III. The 
suction function causes the shrinkage of the re-circulation 
bubble (R-B) close to the cylinder wall. The pumping flow 
increases the Re number behind the sponge, and the 
widening occurs by flapping the shear layer. Thus 
increasing the suction/pumping function can enhance the 
momentum transfer through the width of the channel. It is 
worth to point out that the widening of the Von-Karman is 
a rare phenomenon that can not easily be observed behind 
the rigid finite-height cylinders.  

 

 
Figure 4. Von-Karman street visualization at Z/h = 0.2 
(left panels) and Z/h = 0.6 (right panels) for (a,b) M1, 
(c,d) M2, and (e,f) M3 

 
4.2. Counter Rotating Vortex Pairs (CRVP) 

The outflow jet generally produces two vortex pairs on 
the water column. They are also proof of the vertical 
momentum exchange [5]. When the perforated cylinder 
with the suction/pumping phenomenon exists, the partial of 
tip-vortex on the leading edge will be carried by CRVP. In 
this regard combination of bubble and spiral will be 
generated. It can be called a sharp-edge delta wing vortex 
[6]. 

 
Figure 5. CRVP visualization on the free surface by 
image processing technique for (a) M2 and (b) M3 

 
This type of vortex can weaken the downward flow by 

enhancing the uplift force. Consequently, in turbidity flow, 
the probability of particle deposition reduces, and sediment 
transport enhances.  

  
5. Conclusion 

In the current study, a synthetic sponge was designed to 
enhance the momentum transfer through the navigation 
channels. The synthetic sponge by suction/pumping 
mechanism and its special physical shape, can increase the 
momentum transfer laterally and vertically. The lateral 
momentum transfer emerged by shedding and rare 
widening vortex street. The vertical momentum exchange 
was also triggered due to the sharp-edge delta wing 
formation. In this vortex, the combination of tip-vortex and 
CRVP leads to the increase of the buoyancy force and 
diminishes the strength of the downward flow. In this 
regard, the possibility of sedimentation reduces. Overall, 
the idea of the synthetic sponge can be practical where the 
Access channels suffer from loss of capacity by 
sedimentation and the high cost of dredging. So, the 
synthetic sponge can enhance sediment transport by 
changing the flow hydrodynamics. 
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1. Introduction 

The focus of the present paper is to obtain an insight 
into the hydrodynamic behavior of the Anzali Port – 
Wetland complex and quantify the effects of the main 
influencing processes. There are several sensitive and 
challenging issues in the domain of this study, shown in 
Figure 1, that have led to a severe environmental 
degradation and the present study can be considered as a 
first step towards addressing these issues. This study was 
carried out as a part of “Anzali Port Sedimentation Study” 
by Khakbaft Consulting Engineers for Ports and Maritime 
Organization of the Islamic Republic of Iran [1]. 

 

 
Figure 1. Location of Anzali Port and Wetland 

 
2. Modelling Approach 

The open source 2DH curvilinear Delft3D-FLOW 
module [2] was applied as the computational tool. River 
inflow and precipitation data at stations delineated in 
Figure 2 were obtained from hydrometric and synoptic 
stations respectively in the region [3]. 

Hydrography and topography of the region were 
obtained by combining the data from bathymetric survey 
[4] and satellite imagery digital elevation model (DEM) 
[5]. Mesh configuration and bathymetry of the 
computational domain are shown in Figure 3. Valuable 
data acquired from current velocity measurements [6] 
carried out at the location shown in Figure 4, was used for 
calibration and verification of numerical simulations.  

 
Figure 2. Location of hydrometric stations as model 
boundary  

 

 
Figure 3. Model Domain and Bathymetry 

 

 
Figure 4. Velocity measurement station 
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3. Simulation Results 
Hydrodynamic simulations were carried out for 

40 days of flooding during the fall of 2019. In Figure 
5 current velocity magnitudes are shown over the 
whole computational domain (top) and in the Port 
zone (bottom). During a flood event, as shown in the 
top of Figure 5, in addition to the Abkenar reservoir 
(red zone), two distinct zones can be identified; the 
main channels and the flood plains (green zones). 
 

 

 
Figure 5. Flow pattern at the Anzali wetland and port  

 
Two main factors that are considered to have 

significant effects on the results of simulations i.e., 
the effects of vegetation, in flood plain zones, and 
precipitation are investigated. The effect of 
vegetation is taken into account through bed 
roughness. Simulated depth averaged velocities are 
compared with the measured one for two cases 
where a constant Manning roughness coefficient of 
0.02 is assumed over the whole domain, and a 
second case where this is taken as 0.02 for main 
water ways and 0.5 for flood plains and vegetated 
zones.  These results are illustrated in Figure 6.  

 

 
Figure 6. Flow velocity at the observation point in the 
preliminary model and measurements 

The effect of precipitation over the computational 
domain downstream of hydrometric stations was taken into 
account. This zone has an area of 200 million square 
meters and precipitation data used in the calculations is 
shown in Figure 7. 

 

 
Figure 7. Timeseries of precipitation in the model area  

 
The effect of accounting for precipitation is shown in 

Figure 8. It is obvious that constant roughness yields a 
higher peak than observed values.  

 

 
Figure 8. Flow velocity at the observation point in the 
adjusted model and measurements 

 

4. Conclusions  
The complex system of Anzali Wetland was 

numerically simulated using Delft3D-FLOW open-source 
software. The effects of flood plain vegetation and 
precipitation over the wetland were investigated. It was   
shown that: 
1- Accounting for precipitation brings the simulated peak 

of the flow through the harbor area, closer to the 
observed one. 

2- Accounting for higher roughness caused by vegetated 
flood plains yield more realistic results    
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1. Introduction 

Slurries are two-phase flows in which insoluble solid 
particles are dispersed in a liquid carrier and are an 
importance part of many industrial processes such as 
petroleum, food processing, pharmaceutical, nuclear, 
mineral, chemical and dredging industries. Dredging is an 
essential environmental and economic action in coastal and 
riverine systems around the world, and may be carried out 
with the aims of land reclamation, contamination 
remediation [1], deepen and maintain navigation channels 
and harbor entrances [2] (Figure 1). 

 

 
Figure 1. Dredger ship, Density-meter installation position. 

Online measurement of fluid density during dredging 
operations plays an important role in increasing efficiency 
of dredging operations, reduction energy consumption, 
reduction costs, etc. Many different methods and 
techniques have been studied and developed for measuring 
slurry density in pipelines which can be divided into two 
methods: invasive method and non-invasive method. 
Techniques such as Coriolis tube [3] and fork density 
measurement are the invasive method for measuring the 
density of multiphase flow in pipelines. The non-invasive 
methods for measuring slurry density included ultrasonic 
attenuation, γ-ray method, optical method, differential 
pressure, electromagnetic waves and electrical tomography 
which each of these methods is used based on the 
characteristics of slurry flow. Tomography is imaging by 
sectioning, through the use of a penetrating wave or field, 
in other words, it is a technology to get target features, 
such as concentration and distribution by a non-contact or 
non-invasive means. Compared with the conventional 
measurement methods, which can only provide a single 
point measurement value, tomographic measurement 

techniques can provide accurate information from total 
cross section of slurry in pipelines. 

Due to characteristics such as nondestructive, non-
invasive, non-nuclear and contactless technique, Magnetic 
Induction Tomography (MIT) technique has gained 
increasing research interest for the visualization of a 
conducting phase in multiphase flow [4]. MIT has many 
potential applications spanning a diverse range of problems 
and industrial challenges, from biomedical imaging 
through to non-destructive testing and conductive flow 
imaging [5]. For a typical MIT system, coils are used as 
transmitter and receiver sensors [6], but for large diameter 
of imaging region (Usually 50 cm or more), the magnetic 
flux cannot pass through the region optimally. For such 
cases, the transmitter coils would be substituted by a pair 
of electrodes while the receivers are still coil. This system 
was titled as Applied Current Magnetic Induction 
Tomography (AC-MIT). Therefore, in order to monitor 
multiphase flow in pipelines with large diameters, AC-
MIT system would be a favorable candidate. 

In the present study, a special AC-MIT system is 
designed and constructed for measuring slurry density in 
dredger ship pipeline. Also, effect of salinity and 
temperature on performance of AC-MIT system was 
evaluated. 

 
2. Materials and Methods 

In this study, according to the need of the Ports and 
Maritime Organization (PMO) of Iran to measure the 
density of multiphase fluid inside dredger ships, the 
studied fluid was selected as seawater with a mixture of 
sand and soil. 

The AC-MIT system works based on electromagnetic 
induction law. The main parts of this system include 
transmitter and receiver sensors, data acquisition system 
and image reconstruction algorithm. In the AC-MIT 
system, innovative transmitter sensors were used, which 
include two annular electrodes and mounted on the wall of 
the media. Receiver sensors include sixteen coils that are 
installed around the media (Figure 2). In AC-MIT system, 
constant current, I, is applied into conductive object Ω 
through a pair of annular electrodes that mounted to 
object’s boundary. By changing the electrical properties of 
the media, the amplitude and phase of the induced voltage 
in the receiver sensors change. 
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For solving the governing equation, forward problem 
computes the current density within an electrically 
conducting domain, magnetic flux density surrounding the 
object and phase difference between reference signal and 
detected signal from the known conductivity distribution 
according to the boundary value problem and Biot-Savart 
law (Equation 1). Inverse problem involves estimating the 
object conductivity distribution from the measured mutual 
inductances between the receiver coils and annular 
electrodes, which is an ill-posed problem. In this research, 
Iterative Gauss-Newton algorithm with Tikhonov 
regularization was used to solve the inverse problem. 

( ) ( )0
34

r rB r J r dv
r r


 

 − = 
−


                              (1) 

 In order to evaluate the performance of AC-MIT 
system in the laboratory, saline water was used as the 
carrier phase and soil-sand mixture was used as the solid 
phase. The effect of temperature and salinity was 
investigated using the response surface method and 
analysis of variance of mass concentrations. 

 

 
Figure 2. Evaluation of developed AC-MIT system in lab. 

3. Results and Discussion 
The results of evaluation of AC-MIT system showed 

that there is a linear relationship between the solid mass 
concentrations measured in both manual and measured by 
the AC-MIT system with an acceptable correlation 
coefficient. The correlation coefficient of each curve for 
different salinity and temperature levels is approximately 
in the range of 0.98 to 0.99 (Figure 3). The results of 
statistical analysis showed that temperature and salinity 
levels of the carrier phase did not have a significant effect 
on system performance. Also, the interaction of 
temperature and salinity had no significant effect on the 
performance of AC-MIT system. 

The results of evaluations showed that the error of the 
AC-MIT system is in the range of 1% to 11%. At low fluid 
concentrations, the measurement error of AC-MIT system 
was about 10% and with increasing fluid concentration, the 
measurement error decreases (about 1%). 

 
Figure 3. Online display of volume and position of removed 
sediment by dredger ship (a); Solid mass concentration 
Measured by AC-MIT system and manual measurement (b).  

 

Maučec and Denijs measured the concentration of 
sediment-like materials using a gamma-ray densitometer. 
Their results showed that the error of gamma ray 
densitometer in measuring the concentration of sediment-
like material with water is 10% and with increasing 
sediment concentration, the measurement error increases. 

 

4. Conclusion 
In this study, design, construction and evaluation of a 

special AC-MIT system for measuring the density of 
multiphase fluid were investigated. The results showed that 
there is a linear relationship between the mass 
concentrations measured in two modes with an acceptable 
coefficient of determination. Also, the error of AC-MIT 
system in measuring density of high concentration fluids is 
less than 5%. By using AC-MIT system with GPS system 
on dredger ships, the density of dredging fluid can be 
measured online and volume and position of removed 
sediment can be shown on map. This will prevent re-
dredging of dredged positions. 
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1. Introduction 
Submarine pipelines are mostly used for transporting 

oil, gas, or water at low cost. In a shallow water 
environment, a pipeline is subjected to waves and currents. 
Below the pipeline, there is a bowl-shaped depression 
caused by the scour hole. A scour can cause the pipeline to 
become curved, resulting in lateral instability and 
breakage. As a result, pipeline scour remains a crucial 
topic for extending the relevant knowledge and numerical 
scour modeling capabilities. 

In order to study pipeline scour using numerical 
models, various numerical investigations have been 
conducted. By solving the incompressible Reynolds-
Averaged Navier-Stokes (RANS) equations with the k 
turbulence model and morphological solver, Brørs [1] 
analyzed pipeline scour under a steady current. Using a 
rigid lid to represent the free surface of a pipeline, the free 
surface was modelled as steady flow. Fuhrman et al [2] 
studied pipeline scour under waves with a RANS-based 
numerical model and found that the backfilling process 
includes an initial re-distribution phase that reorganizes 
sediments close to the pipeline. They analyzed wave 
motion as an oscillatory flow, but did not resolve the free 
surface. Ahmad et al [3] developed a numerical model of 
pipeline scour under the combined action of waves and 
current, including the prediction of the unsteady free 
surface. The numerical modelling is performed with the 
open-source CFD model REEF3D. In this model, 
Reynolds Averaged Navier-Stokes (RANS) equations and 
the k-ω turbulence model are combined with a sediment 
transport algorithm. The model is rigorously validated for 
the hydrodynamics of co-directional waves and currents to 
ensure its accuracy. In this paper, we evaluate Ahmad et 
al's [3] method for simulating the interaction between free 
surface dynamics, represented here by wave motion, and 
sediment dynamics. Experimental measurements are 
compared with model results to determine the model 
performance quantitatively. Simulation and validation are 
based on test number (3) of Sumer and Fredsoe's 
experimental data and setup. 
 
2. Governing Equations 

The hydrodynamics flow field is calculated by solving 
the incompressible Reynolds-Averaged Navier-Stokes 

(RANS) and the continuity equations as given Equation (1) 
and (2), respectively. 

(1) 
 

(2) 
Where is the fluid velocity, is the pressure,  is the fluid 
density,  is the eddy-viscosity, and g is the gravitational 
acceleration. The k-ω model is used as closure for the 
RANS equation to calculate the eddy-viscosity [4]. The 
convection terms of the RANS equations are discretized 
with the fifth-order accurate conservative Weighted 
Essential Non-Oscillatory (WENO) scheme [5]. The time 
step for the transient flow is determined using the adaptive 
time stepping method. In this method, the time step is 
controlled with the Courant-Freiderichs-Lewy (CFL) 
number [6]. Further details of the governing equations can 
be found in Bihs et al [3]. A basic assumption of the 
scouring process is that when the acting bed shear stress τ 
is higher than the critical bed shear stress τc, sediment 
particles undergo initial motion. A morphological model 
calculates the shear stress, the load, the suspended load, 
and the elevation change of the bed. Details of the 
morphological model are described in Ahmad et al [3]. 

 
3. Numerical Setup 

As shown in Figure 1, the numerical domain in this 
case is 2DV. The initial sediment bed thickness is 2D = 0.1 
m and the free surface is 0.40 meter above the bed.  The 
pipeline is located in the center of the domain and the 
domain extends in each direction by 70D.  Simulations 
were carried out using variable mesh sizes from 5 mm at 
the free surface to 1 mm at the bed interface. The time step 
was variable, but was constrained to a maximum s and a 
maximum Courant number of 1.0. The experiment was 
conducted in a piston wave flume of width equal to 0.6 m 
and mean water depth equal to 0.40 m. 

The experiment was carried out in a piston type wave 
flume with a width of 0.6 m and a mean depth of 0.40 m. A 
hydraulic smooth pipe of diameter D = 0.05 m was placed 
in contact with a packed sand bed. This experiment used 
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sand with a median particle diameter of 0.58 mm and a 
density of 2700 kg/m3. The carrier fluid is water of density 
ρw=1000 kg/m3 and viscosity. In Sumer and Fredsoe [7], 
although the wave height was not explicitly reported, a 
wave height of H w= 0.15 m was found to correspond to 
Um = 0.228 m/s, which resulted in KC = 7.0 with a wave of 
Tw = 1.43 s. 

 

 
Figure 1. The computational domain of the pipeline 
scour experiment setup 

 
 

4. Result and Discussion 
According to Sumer and Fredsoe [7] the lee-wake of 

the pipeline is the main action that governs the scour 
below a pipeline in waves. In order to model this process 
adequately, k-ω model was used for turbulence modeling 
in this case. Figure 2 illustrates the interaction between the 
wave, the pipeline and sediment bed. 

 

 
Figure 2. Velocity of wave profile over the submerged 
pipeline 

 
The temporal evolution of the bed scour profile is 

shown at time t=12 s (0.2 min) and t=300 s (5 min) from 
the start of the simulation. Those figures show a 
qualitative similarity between the scour profile reported in 
Sumer and Fredsoe [7] and numerical model that utilized 
in this study. The fluid velocity extension of the scour hole 
is also consistent with experimental values. In contrast to 
the experiment, both the upstream and downstream sand 
dunes were completely washed away by the vortex 
shedding in the numerical model at this time. This is 
believed to be primarily due to the k- model's 
overestimation of eddy viscosity in the wake of the 
pipeline, which is known to overestimate turbulent kinetic 
energy and eddy viscosity in the separated flow. 

 

Figure 3. Comparison of scour profile with 
experimental results of Sumer and Fredsoe [7] 
 

5. Conclusion 
In this study, by solving the RANS equations with the 

k- turbulence model and a sediment transport model, the 
open-source CFD model REEF3D is used to simulate the 
flow hydrodynamics. The validated model is used to 
investigate pipeline scour under combined waves and 
current while resolving the dynamic free surface emotion. 
Compared to Sumer and Fredsoe [7] experimental data, the 
numerical model predicts pipeline scour under the 
combined waves and current satisfactorily 
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1. Introduction 
     The mismatch between sediment transport models and 
experimental data lies at the basis of the research efforts of 
the authors. Despite all the efforts since Rouse [1], at 
present it is still impossible to reproduce all the details 
(especially near the bed) of measured sediment 
concentration profiles in steady uniform flume experiments 
for non-dilute conditions. 
     The data of Cellino [2] shows that non-dilute conditions 
prevail in the lowest 2-3 cm in his experiments, 
characterized by turbulence which is no longer fully-
developed and therefore a low-Reynolds modelling 
approach is require. A New Turbulence Model (NTM) [3] 
with damping function which are applied on the standard k 
- ε model is introduced, which implies that the model is 
applicable over the entire cross-stream dimension 
including the low Reynolds number region (viscous 
sublayer). 
     The present study carries out two-dimensional 
numerical simulations of scouring beneath a single 
submarine pipeline subjected to a current flow condition 
using SedFOAM (an open-source, multidimensional 
Eulerian two-phase solver for sediment transport based on 
OpenFOAM). The turbulence model is modified Low-
Reynolds k - ε. The particle-particle interactions and the 
particle stresses are modeled using the dense granular flow 
rheology. 

 
2. Governing Equations and General Setup 
     In the low-Reynolds k-ɛ model, where the damping 
functions fµ, f1 and f2 are introduced to correct the original 
k-ɛ equations. Various forms have been proposed in the 
literature, most of which contain correction factors which 
are a function of the distance from the wall [4]: 
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(2) 

     Here k is the turbulent kinetic energy, ε is the 
dissipation rate, νt =cµ fµ k2/ ε  is the eddy viscosity, cμ = 
0.09 is a coefficient, fμ is a coefficient as listed below, σk 
and σε are turbulent Prandtl-Schmidt numbers for k and ε, 
respectively; Bk is the buoyancy flux and c3ε is coefficient, 
which are related to stratification effects. 
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The various coefficients in the standard k - ε model and 
NTM model are summarized in Table 1. 

 
Table 1. Coefficients in the standard k − ε and NTM 
turbulence model. 

 
        

Standard 0.09 1.0 1.44 1.92 1.0 1.3 1.0 1.0 

NTM 0.09 f  1.45 1.90 Var. Var. 1.0 2f  
 

     The numerical domain dimensions are presented in 
Figure 1. The inlet was decomposed into two parts. From 
the bottom to y = 1.5D, a wall-type boundary condition 
was applied. From y = 1.5D to the top, a log law velocity 
profile was used following the expression: 

c F 1c 2c k  1f 2f
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     where κ = 0.41 is the von Karman constant, 
u∗=0.04318m/s is the bottom friction velocity, and k=2.5d 
is the Nikuradse roughness length. The physical property 
of the particles (diameter and density) and of the fluid 
(density and kinematic viscosity) have been set to the 
values given in Mao, (1986) [5]. 
 

 
Figure 1. Sketch of the geometry and the boundary 
conditions used for the computational domain [5]. 

 
3. Results and Discussion 
     Figures 2 and 3 illustrates the time evolution of the 
maximum scour depth and the shape of the sediment bed. 
 

 
Figure 2. Time evolution of the maximum scour depth 

 

 
Figure 3. Time evolution of the sediment bed’s shape. 

 
     Figure 4 shows the ability of the current numerical 
model to capture the role of vortex shedding in the scour 
process. Moreover, the presence of the pipeline caused an 
increase in the near-bed wave-induced velocities in the gap 
between the bed and the pipeline. This gives rise to the so-
called “tunnel erosion” below the pipeline which is one of 

the crucial aspects that control the pipeline scour especially 
in the initial stages [6], [7]. The snapshot provided in 
Figure 4 confirms that the erosion was caused by the 
vortices in the wake of the cylinder. A strong sediment flux 
was associated with a vortex reaching the sand dune 
downstream of the pipeline. 
 

 
Figure 4. Vortex shedding in the wake of pipeline. 

 
4. Conclusion 
     The consistent modelling of turbulent flows with non-
dilute conditions, using k- ε turbulence model, requires 
several modifications to the standard implementation. 
Modifications include adding some damping functions to 
the model. This study, successfully implemented modified 
Low-Reynolds k- ε turbulence model in simulating 
scouring beneath submarine pipeline using SedFOAM. 
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1. Introduction 

The Zohreh River is one of the main rivers in 
Khuzestan province that flows into the Persian Gulf. It 
collects the waters of a vast areas in the Fars and 
Khuzestan province. The length of the river from the 
Persian Gulf to the upstream of its main branches is more 
than 400 km, and it brings a large number of sediments 
into the Persian Gulf during floods. Due to the rising 
commercial and fishery activities in the estuary of the 
river, investigation of its sediment plume has a great 
importance for the engineers. 

The suspended sediment concentration in the sea water 
at the river outlets is commonly evaluated by taking field 
samples in scattered places at the time of flooding. 
Although these measuring are quite accurate, it cannot be 
done in regular intervals due to high financial and time 
costs. On the other hand, it is not possible to take a water 
sample in large areas or multiple points. Therefore, it 
would not be possible to track the sediment plume area in 
intensification and weakening of the storm and flooding. 
One of the new and suitable tools for conducting such 
studies is to monitor the satellite images. In the areas 
where the type of sediments is fine-grained and sea water 
becomes muddy under the effect of the high flow of the 
rivers during floods, satellite images can determine the 
extent of the sediment plume in the river outlet at the sea. 
Using the available satellite images, it is possible to study 
the spread of sediments plumes from the rivers into the sea. 

The Iranian Port and Maritime Organization (PMO) 
initiated a project, led by Pouya Tarh Pars Consulting 
Engineers to study the hydrodynamics of estuaries and 
outlets located on the Khuzestan province. Limited 
previous studies have been performed to study these water 
bodies. According to the drainage basin of the rivers 
located on the coasts of Khuzestan province and based on 
the available evidence, the Zohreh River brings the largest 
sediment load to the Persian Gulf compared to other ones 
such as Bahmanshir and Arvand [1]. Therefore, in this 
study, the sediment plume area of the Zohreh River is 
evaluated using satellite images, and the correlation of 
sediment plume area with the precipitation on the drainage 
basin is also investigated. 

2. The Extent of the River Plume 
In this study, the extent of the Zohreh River plume was 

evaluated using satellite images for different days. The 
landsat8 images with the 30m resolution [2] were used to 
track the plume area. For example, Figure 1 shows a 
sample of sediment plume and its estimated area in the 
Zohreh River outlet at March 2, 2020. 

The analysis of satellite images on different dates 
showed that in general, the number of days that the Zohreh 
River enters the suspended sediment load into the Persian 
Gulf is much more than the number of days that the plume 
of suspended sediments is observed in the mouth of other 
rivers such as Arvand. Therefore, although the discharge 
and the width of the Arvand estuary may be greater than 
that of the Zohreh, the Zohreh River brings more sediment 
load to the Persian Gulf. 

 

 

 
Figure 1. A sample of sediment plume and its estimated 

area in the Zohreh River outlet at March 2, 2020. 
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Table 1 presents the extracted sediment plume extent of 
the Zohreh River at its outlet area in the Persian Gulf, 
estimated based on the satellite images of different dates. 
Based on the obtained values, the extent of the sediment 
plume is variable in different times according to the 
amount of rainfall and flood discharge. 

 
Table 1. The extracted sediment plume extent of the 

Zohreh River based on the satellite images. 

Date 
Plume 
Area 
(km2) 

Date 
Plume 
Area 
(km2) 

Date 
Plume 
Area 
(km2) 

4/28/2020 167 12/6/2019 66 9/1/2019 19 

4/19/2020 25 11/27/2019 105 8/16/2019 49 

4/12/2020 215 11/20/2019 90 8/7/2019 89 

3/11/2020 130 11/11/2019 10 7/31/2019 65 

3/2/2020 223 10/19/2019 35 7/22/2019 130 

1/30/2020 273 10/10/2019 50 7/15/2019 235 

1/23/2020 260 10/3/2019 160 7/6/2019 210 

1/7/2020 60 9/24/2019 39 6/29/2019 81 

12/29/2019 335 9/17/2019 36 6/20/2019 182 

12/22/2019 115 9/8/2019 114 6/13/2019 167 

 
3. The Correlation between Sediment Plume 

Extent and the Precipitation 
Normally, after the rain falls on the drainage basin of 

river, the resulting runoff carries the bed material of the 
basin into the downstream of the river. Therefore, it is 
expected that there is a direct relationship between the size 
of the sediment plume extent in the river outlet and the 
amount of rainfall at the upstream of the basin. Of course, 
the rainfall on the basin needs to travel a distance to 
become surface runoff and reach the mouth of the river in 
the sea, and therefore the peak of sediment plume would be 
with a delay compared to the peak of rainfall. As an 
example, Figure 2 shows the variation of the extent of the 
sediment plume and cumulative precipitation in the Zohreh 
River outlet for the March of 2017. As seen, the increase in 
the size of the sediment plume extent occurs with a delay 
compared to the rainfall. 

 

 
Figure 2. The variation of the extent of the sediment 
plume and cumulative precipitation in the Zohreh River 
estuary for the March of 2017. 

 

Figure 3 is obtained by extracting the amount of 
cumulative precipitation and the maximum extent of the 
sediment plume for different independent storms. 
Investigations showed that the variation of type and 
intensity of rainfall in the region is low. Therefore, the use 
of cumulative rainfall as an input has somehow considers 
the effect of intensity and duration of rainfall and for this 
reason, there is a good correlation between the data of the 
sediment plume extent and the cumulative rainfall. The 
Figure 3 graph and the resulting equation can be used to 
estimate the maximum extent of the sediment plume in the 
mouth of river after a specific rainfall. 

 

 
Figure 3. The regression between cumulative 
precipitation and the maximum extent of the sediment 
plume in the Zohreh River estuary for different 
independent storms. 
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1.  Introduction 
Shoreline Management Plan (SMP) is an integral part of 

the Integrated Coastal Zone Management (ICZM) studies 
in Bushehr province, through which a significant section of 
the "Sea-oriented" perspective forms in the planning and 
realization of its intended goals. The SMP development for 
Bushehr Province [1] stepwise in 4 following procedures: 
▪ Updating spatial distribution of the SMP zone planning 

and determining specific boundaries. 
▪ Identifying and evaluating functional and induced 

problems and issues in the coastal zone. 
▪ Developing the thematic and spatial action plan to deal 

with and reduce the adverse effects of existing issues and 
problems. 

▪ Developing the thematic and spatial action plan to 
balance and modify issues and problems raised by 
existing land uses and planned land uses. 
 

2. Material and Methods 
Accordingly, considering the strategic programming 

behind the SMP studies to develop conceptual models 
(Figures 1 and 2). Therefore, the SMP objectives are 
designed based on specified definitions [2]. An updated 
explanation for the ICZM is the "problem-oriented" but 
"goal-directed" program for the protection of natural 
resources (biological, non-biological, and human), natural 
and artificial hazard management, and sustainable coastal 
development through a balanced use of land and natural 
resources. 

 
Figure 1.  The overall trend to obtain the conservation 
plan of the SMP of Bushehr Province  

 

 
Figure 2.  The overall trend to obtain the desirable land 
use planning of the SMP of Bushehr Province  

 
The SMP conceptual models of the Bushehr Province 

obtained regarding the ICZM concept have conservation, 
development, and integration approaches. Conservation is 
one of the main approaches that emphasize three levels of 
conservation, protection, and preservation of natural 
resources (biological, non-biological, and human health) 
and their sustainable activities. Sustainable development 
was another approach that the SMP plan introduced for 
decision-makers to deal with the issues and problems in 
both thematic and spatial places along the shorelines. 
Identification, statement, strategies, and measures of the 
plan analyses using the DPSIR framework [3]. 
Accordingly, driving forces (D) for causing problems, 
pressures (P) induced from issues on environment and 
stakeholders, the state (S) established through existing 
problems on the coastal zone and users, impacts (I) of 
specific issues raised on environment and stakeholders, 
and responses (R) or actions regarding each mentioned 
terms specified. The concept behind the DPSIR framework 
and its strategies were applied to provide conservation and 
development action plans. Besides the DPSIR framework, 
the SWOT model is used to evaluate issues and problems 
of the Bushehr Province ports and to present relevant  
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3. Results 
The conservation, development, and integrated 

approach in the mission and action plans for stockholders 
formed the conceptual models for the SMP of Bushehr 
Province. The Checking of the resultant models and data 
performed by the advisory and technical committee of the 
Port and Maritime Organization in terms of applicability 
and thematic duties of the shoreline management plan. For 
instance, the conceptual model for identification and 
providing an action plan of SMP to deal with issues and 
problems of shorelines of Bushehr Province is illustrated in 
Figure 3. Reviewing literature [4-6] indicates that the 
conceptual models of the SMP of Bushehr Province open a 
new window to manage existing issues and implement 
specific measures for the conservation of natural resources 
and sustainable development in a highly challenging area 
of the coastal zone of Iran in terms of development 
projects. 

 
4. Results 

The conservation, development, and integrated 
approach in the mission and action plans for stockholders 
formed the conceptual models for the SMP of Bushehr 
Province. The Checking of the resultant models and data 
performed by the advisory and technical committee of the 
Port and Maritime Organization in terms of applicability 
and thematic duties of the shoreline management plan. For 
instance, the conceptual model for identification and 
providing an action plan of SMP to deal with issues and 
problems of shorelines of Bushehr Province is illustrated in 
Figure 3. Reviewing literature [4-6] indicates that the 
conceptual models of the SMP of Bushehr Province open a 
new window to manage existing issues and implement 
specific measures for the conservation of natural resources 
and sustainable development in a highly challenging area 
of the coastal zone of Iran in terms of development 
projects. 

 

 
Figure 3.  Conceptual model of the action plan for 
dealing with the issues and problems, the SMP of 
Bushehr Province 
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1. Introduction 

Coastal communities have increasingly exposed to 
various types of hazards [1]. Natural hazards are naturally 
occurring events that might have negative effects on 
people or the environment [2]. In this regard, a “coastal 
hazard” defines as a phenomenon, which has the potential 
of causing damage to natural ecosystems, buildings, and 
infrastructure in the coastal area [3].  The main coastal 
hazards include Tropical storms and hurricanes, Storm 
surges, Tsunamis, Flooding, Landslides, Volcanic 
eruptions, Earthquakes, etc.  The Coastal Zone is a region 
where interaction of the sea and land processes occurs in a 
very complex and dynamic way [4]. Since an ever-
increasing population inhabits this zone, it subjected to a 
number of natural coastal hazards [5]. Environmental 
hazards in the coastal zone are among the influential 
factors in regional planning process and establishment of 
human communities and facilities. Failure to pay attention 
to natural coastal hazards and their detrimental effects in 
the coastal region leads to loss of capital and destruction of 
natural and human resources. For this reason, attention to 
environmental hazards is very important in the studies of 
integrated coastal zone management (ICZM)1. 
     
2. Material and Methods 
2.1. Study Area 

The study area is the coastal zone of Sistan and 
Baluchestan province including the area affects the coastal 
zone [6] (Figure 1).  The surface area of the coastal zone in 
this province is 12341.74 km2. 

 
2.2. Methodology 

Coastal areas expose to damages caused by various 
natural hazards, so planning is necessary to provide 
appropriate measures to prevent or reduce the effects of 
these hazards. The aim of this study is the identification of 
natural hazards to urban and rural settlements in coastal 
areas of Sistan and Baluchestan province and introducing 
them to management sections and local authorities in order 
to reduce the risk and managing the risk factors. The initial 

 
1 This article is part of a comprehensive study regarding natural hazards in 
the Integrated Coastal Zone Management Plan of Sistan and Baluchestan 
Province, which examines the hazards associated with urban and rural 
settlements. 

list of hazards, with 14 identified threats, provided by 
reviewing internal and external references. Based on the 
identified threats, a questionnaire was prepared and its 
results examined both qualitatively and quantitatively. The 
final list of threats was determined using Delphi method 
(five hazards were identified) (Table1). After finalizing the 
main threats, the Hazards map was prepared by using 
ArcGIS software, and the number of possible hazards for 
each of the urban and rural settlement in the coastal zone 
depicted on the map [7, 8].  

 

 
Figure 1.  Study area. 

 

Table 1.List of Hazards 

Hazards Rural  
settlements 

Urban  
settlements 

Landslide * * 
liquefaction * * 
Activity of sand dunes * * 
Risk of meteorological 
drought - - 

The intensity of stormy 
winds - - 

The intensity of wind erosion - - 
Soil salinization potential - - 
Possibility of changing soil 
texture - - 

Severity of flood risk * * 
Danger of encountering high 
waves - - 

The flooded area caused by 
the tsunami event * * 

Average maximum flow 
speed - - 

*natural hazards affecting urban and rural settlements 
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3. Results 
The results indicated that most of the hazards for urban 

settlements occur in the coastal zone and the number of 
hazards reduces by moving from the shoreline towards the 
inland (affecting area). A large part of the coastal zone 
subjected to the undesirable effects of at least one or two 
hazards (see Figure 2). Areas with three or four hazards 
were located in the western part of the coastal area of 
Sistan and Baluchestan province, especially behind the 
Gordim port and the Gulf of Pozm. In these areas, there 
exist risks of tsunamis, liquefaction and flood. It is 
noteworthy that the most extensive hazard for urban 
settlements found to be inundation caused by the tsunami, 
which means that part of the coastal area may inundated by 
seawater.      

Similar studies conducted for rural settlements. The 
results revealed that most of the rural settlements subjected 
to one or two hazards and the number of hazards increased 
to three or four in the western part of the coastal area 
adjacent to Hormozgan province (Figure 3). The studies 
showed that, in addition to the risk of liquefaction and 
tsunami, the activity of sand dunes also threatens the rural 
settlements of these areas. 

 

 
Figure 2. Hazards of urban settlements in the coastal 
area of Sistan and Baluchestan province 

 
Figure 3. Hazards of Rural settlements in the coastal 
area of Sistan and Baluchestan province 
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1. Introduction 
Shoreline Management Plan (SMP) is one of the 

fundamental parts of the Integrated Coastal Zone 
Management (ICZM) studies in Bushehr Province, through 
which a significant part of the "Sea-oriented" perspective 
organizes the planning and realization of its intended goals. 
[1]. The study of changes in the position of coastlines in a 
specific period is the basis for determining the status of 
erosion and sedimentation in the coastal area. Shorelines 
are the water borders of land with open seas representing 
different geographical, geological, and hydrodynamic 
features at varying elevations and forms. This critical 
boundary undergoes short- and long-term changes. Such 
changes result in relocating the position of shorelines and 
the sedimentary regimes of the coasts that are progressive 
and regressive regarding the sea. [2-4]. Balancing between 
land and sea driving forces causes the stable location of 
shorelines. An imbalance in these forces and processes will 
cause the shoreline to be higher and lower than before. 
Therefore, the present study aimed to measure coastal 
changes and erosional and depositional regimes along the 
Bushehr Province.     

 
2. Material and Methods 

Studying coastal change and its spatial zoning in 
relation to erosion and sedimentation is an important part 
of geological, geomorphological, technical, and 
management studies. [5-8]. Therefore, a variety of criteria, 
indices, and methods have been introduced to identify and 
sketch shorelines related to conventional elevation codes 
(MSL1 or CD2). According to previous works and 
experiences [5-8], recognition and sketching of shorelines 
based on berm crest is the most reliable reference for 
coastal changes in complex coastal sedimentary 
environments such as the coastal area of Bushehr Province. 
High uncertainty and recording of water lines instead of 
shorelines are common mistakes in some new remote 
sensing studies. Therefore, interpretation of shoreline, 
especially the line of the berm crest along sandy coasts and 
permanent shoreline of estuaries and tide-dominated areas, 
which is an index of the Mean Sea Level (MSL), was 
detected and sketched using the on-screen digitizing 

 
1 Mean Sea Level 
2 Chart Datum 

method in two-time series of satellite images. The research 
material included the IRS and Sentinel-2A (panchromatic 
band) with 6 and 10 m spatial resolution, respectively. 
Besides, orthophotos of the coastal zone of Bushehr 
Province with a scale of 1:2000 scale (2007) was obtained 
from Pars Especial Economical Zone to increase the 
accuracy of sketched shoreline. Several control points with 
accurate coordinates are considered to improve the 
georeferencing accuracy and the overlapping of shorelines.  

  
3. Results 

Results showed that from the north of Bushehr Province 
till the headland of Bushehr, an area of 974 hectares 
experienced coastal erosion, land transgression or 
sedimentation has occurred about 1360 hectares, artificial 
land development into the sea was 1115 hectares, and 
coastal structures and ports have occupied 68 hectares 
from the sea. The urban area of Bushehr and Negin, and 
Sadra islands have 921 hectares distributions experienced 
the maximum coastal changes. As a result, a depositional 
regime dominated in the north of Bushehr Province until 
the port of Genaveh. Results showed that from the 
Genaveh to the southern area erosion process of the 
shoreline increased against sedimentation. The rate of 
erosion, especially erosion of sand spits is three times 
sediment accumulation in Abbassak Bay. Coastal change 
investigation revealed that from the Bushehr headland to 
the Nayland headland about 876 hectares of shorelines are 
subject to erosion, and 430 hectares are under sediment 
accumulation. Besides, about 811 hectares are land 
extracted from the sea, and finally, 164 hectares of coastal 
structures and new breakwaters have been constructed. A 
severe erosional regime was observed along the Bushehr 
headland to Halileh port and from Mohammad-Ameri port 
to Lavar port. Such a condition also was obtained with 4.5 
times the intensity of erosion against sedimentation from 
Methanol to Assaluyeh port. Sediment input from Mond 
and Gavbandi rivers has decreased locally the relation of 
erosion rate against sedimentation to 1.4 and 2.5 times, 
respectively. The long-term drought resulted in a decrease 
in sediment discharge from the watershed, and the 
construction of several breakwaters or jetties has caused an 
erosional regime along most of the shorelines of Bushehr 
Province.  
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Figure 1.  Severe coastal erosion of rocky shorelines of 
Genaveh city 

 

Figure 2.  High rate of coastal change through land 
erosion and reclamation from the sea along Bushehr 
shorelines 
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1. Introduction 
The purpose of this research is to analyze the factors 

affecting the development of coastal tourism with a 
sustainable development approach. In terms of the purpose 
of this research, it is a development that was carried out 
using a combined method in two stages, including the 
identification of indicators by the method of thematic 
analysis and its testing by the method of structural equation 
modeling. The statistical population of the research was 
formed from 2 quantitative sections where 384 tourists were 
selected from the free areas of Arvand and the qualitative 
section was composed of 15 coastal tourism experts using 
the snowball method. The statistical sample size of 384 
people was randomly selected and analyzed. 

The conceptual model of the research was designed 
based on the research and a questionnaire was prepared and 
the desired data was collected. The validity of the 
questionnaire was confirmed using content validity and the 
reliability of the research was confirmed using Cronbach's 
alpha method. Finally, by using structural equation 
modeling and through AMOS software, research hypotheses 
were investigated and it was determined that cultural and 
social factors, individual factors, economic factors, political 
factors, and infrastructure factors affect the formation of 
factors affecting the development of coastal tourism with a 
sustainable development approach. Are effective. 

 
2. Area of study 

Arvand commercial-industrial free zone is located in the 
northwest of the Persian Gulf and the southwest of 
Khuzestan province in Abadan and Khorramshahr cities 
with an area of more than 173 square kilometers at the 
confluence of Arvand river and Karun and has a common 
border with the countries of Iraq and Kuwait. This 
geographical area has always been important as one of the 
tourist destinations in the province and the country due to its 
special weather conditions in different seasons and its 
strategic location. The presence of various air, road, rail, and 
sea communication routes is one of the characteristic 
features of this region, which, due to this variety, has 
provided the possibility for tourists to choose their desired 
route. In general, it can be said that Arvand free zone has a 

variety of tourist attractions, including; it is natural and 
rural, cultural, historical, religious, holy defense, industrial, 
urban, commercial and recreational, sports, etc. Therefore, 
the existence of all kinds of actual and potential tourist 
attractions in the Arvand free zone, along with sea tourism, 
promises the growth and development of coastal tourism. 
 
3. Methodology 

The statistical population of the research in the 
quantitative phase included all the tourists of the Arvand 
Free Zone. Due to the large size of the statistical population, 
the available random sampling method was used. The 
sample size was determined using Cochran's formula of 
unlimited societies to the number of 384 people and the 
research questionnaires were prepared and distributed. After 
returning, the questionnaires were collected and adjusted 
using Amos and spss22 software and using the structural 
equation modeling technique. Analysis was done. 

To answer the main question of the research and 
according to the research method, interviews were 
conducted with 15 professors, managers, and tourism 
experts. The interviews were conducted with experts for 
data analysis and to measure the reliability of the results 
were examined and analyzed separately by the research 
team (researcher and two colleagues) the absence of 
differences in the results obtained by each of the researchers 
indicates the reliability of the results. Had been obtained to 
measure the validity of the method, in addition to the 
comprehensive, organizing, and basic themes that were 
selected and confirmed based on the theoretical foundations 
and background of the research, opinions, and views of a 
group of experts were also used. 

Figure 1 is a visualization of the factors affecting the 
development of sustainable tourism from the point of view 
of tourists, which is drawn based on the data obtained from 
interviews and their analysis using the thematic analysis 
method. 
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Figure 1.  Structural factors affecting the development of 
sustainable tourism (made by a researcher) 

 
4. Results and Discussion 

Tourism, as one of the service sectors, has a significant 
contribution to increasing growth and development, 
especially in less developed countries. Due to its connection 
with other economic sectors and also its impact on 
macroeconomic variables, especially incomes and 
employment, this industry causes an increase in the income 
of different strata, a decrease in unemployment, economic 
prosperity, and as a result, an improvement in the quality of 
life of the people and an increase in social well-being. This 
research has identified the factors affecting the development 
of coastal tourism with a sustainable development approach 
to provide the necessary foundations for the formation of 
sustainable coastal tourism in the Arvand Free Zone and 
ultimately to improve the tourism situation in the country. 
In this study, factors affecting the development of coastal 
tourism with a sustainable development approach were 
identified in the form of 13 indicators and five dimensions 
as follows. It was determined that cultural and social factors, 
individual factors, economic factors, political factors, and 
infrastructure factors are effective in the formation of 
factors affecting the development of coastal tourism with a 
sustainable development approach. 
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1. Introduction 
Fluctuations of the Caspian Sea (CS) water level are 

mainly controlled by this land-locked basin’s balance of 
hydrological variables (mainly river run-off and 
precipitation minus evaporation). As a result, predictive 
capabilities are restricted by the ability to forecast 
hydrological components, which are too complex to model 
and/or measure. Moreover, uncertainties in predicting 
future trends in part due to climate change make the study 
of CS water levels even more challenging [1- 2]. At 
present, CS water level stood at dangerously low levels of 
around -27.5 m relative to open seas mean sea level, with 
the possible further downfall in future years due to climate 
factors. Globally, extreme value analysis (EVA) is used as 
a statistical tool to predict a parameter’s maxima and/or 
minima. Numerous applications of this technique on sea 
level parameters have been reported in the literature [e.g., 
3]. To the best of our knowledge, EVA theory has not been 
applied to CS level forecasts so far. In this paper, 
exceedance probabilities (i.e., return periods associated 
with return values) will be calculated and assigned to 
various predicted water levels for CS. Results from this 
study can inform the decision-making process for future 
planning of a wide range of activities (i.e., shipping, 
navigation, construction, recreation, conservation, 
management, etc.). 

  
2. Data and Methods 

In the present study, EVA theory was applied to 
existing monthly sea level measurements (1941-2021) 
from Anzali port to predict sea level exceedance 
probabilities within the next 20 years. Furthermore, 
frequency domain analysis including wavelet and spectral 
analysis was also performed. For EVA analysis, two 
classes of methods were adopted: (1) stationary analysis 
using MIKE ZERO EVA module and (2) non-stationary 
analysis using NEVA (non-stationary Extreme value 
analysis) in MATLAB [4]. The basics of both techniques 

have been covered in many publications [e.g., 5]. Unlike 
stationary methods that assume no underlying change in 
the basic probability distribution from which data is 
withdrawn, in non-stationary methods change of 
probability distribution with a covariate (usually time) is 
taken into account. This ensures a more meaningful result 
in the case where a significant trend exists in input data 
(CS water level shows dramatic changes in the form of 
increasing or decreasing trend (see below figure)). 

 

 
Figure 1. Monthly-averaged sea level measurements from 
Anzali station. Regressed lines indicate a linear trend 

 
3. Results 
3.1. Spectral Analysis  

Under results obtained from power spectral density 
analysis, various significant (in statistical terms) peaks 
were found in raw data (i.e., 3 and 6-monthly peaks plus 
two peaks at 1 and 4 years) (Figure 2). The yearly signal is 
due to changes in CS water level due to variation of 
hydrological input (i.e., river run-off). Also, based on 
wavelet analysis, the time variation of the above-
mentioned peaks was investigated. It was found that the 
yearly signal showed little variation with time (see Figure 
3) while other peaks (particularly 4-yearly or 10-yearly) 
indicated much stronger change with time). This has 
perhaps to do with the difference in forcing of each 
spectral peak.  
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Figure 2. Spectral analysis of de-trended monthly-averaged 
CS water levels. The dashed lines indicate the 95% 
confidence interval. Significant peaks were marked with an 
upright blue line. 
 

 
Figure 3. WAVELET analysis of monthly-averaged CS 
water level. The narrow black line indicates the Cone of 
influence. The vertical axis’s unit is a month and the 
horizontal axis is a function of time. 
 
3.2. Stationary Analysis of Long-Term Fluctuations 

Stationary analysis was performed using the entire 
length of the monthly-averaged record (Tables 1 and 2). 
Using the annual maximum method yielded 80 records for 
analysis. Two assumptions were made: (1) a scenario 
where sea level will rise in the future (analysis using 
negative values) and (2) a scenario where sea level will fall 
in the future (analysis using positive values).  

 
Table 1. Return periods associated with CS water level in a 
sea level rise scenario. This analysis was performed using 
raw (no change of sign) input data for CS water level (which 
is recorded as negative values) 

Return Period 5 10 20 50 100 
Water Level -25.9 -25.7 -25.7 -25.6 -25.5 

 
Table 2. Same as Table 1 for the sea level downfall scenario 

Return Period 5 10 20 50 100 
Water Level -27.8 -28.0 -28.2 -28.4 -28.6 

 
3.3. Non-Stationary Analysis of Long-term Fluctuations 

Non-stationary analysis, as its name suggests, needs to 
take into account significant trends in input data. As a 
result, it was not possible to perform the analysis 

throughout the recorded period. Non-stationary analysis 
was performed for the recent period during which a 
downfall in CS water level has been recorded (beginning in 
1995). As a result, various return levels (2, 10, 25, 50, and 
100 years) were calculated (Figure 4). It is evident from 
the investigation of results depicted in Figure 4, that CS 
water level return periods change as a function of time, due 
to the existence of an underlying trend in raw input data. 
Another analysis was performed using the same segment 
of input data with a sea level rise scenario (not shown).  

 

 
Figure 4. Non-stationary return levels of CS as a function of 
time.  
 
4. Conclusions  

A wide range of statistical methods both in frequency 
and time domain were employed to predict CS water level 
exceedance probabilities. In addition to using the 
conventional stationary EVA method, a more robust 
method with the assumption of non-stationary water level 
was taken into account. Table 3 presents the main findings 
of the present study, including results for both the 
stationary and non-stationary assumptions. 

 
Table 3- Return levels for the year 2042 (with omitted 
negative sign) associated with CS water levels.  

 Applied EVA technique 
Non-stationary Stationary 

R.P. 10 25 100 10 25 100 
Rise scenario 27.6 27.5 27.5 25.7 25.7 25.5 

Downfall scenario 28.2 28.4 29 28 28.2 28.6 
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1. Introduction 

Globally, a large number of drowning incidents take 
place each year in the coastal ocean [1]. The majority of 
these incidents were blamed for a ubiquitous feature of surf 
zone circulation known as rip current: a strong (0.3- 2 ms-

1) offshore-directing surface flow formed as a response to 
near-shore mass and momentum balance due to 
asymmetric wave breaking. Along the Caspian Sea (CS) in 
northern Iran, at least more than a hundred fatalities due to 
drowning (Iranian part only) occur per year. Details of rip 
current dynamics and its formation mechanism were 
covered in many past studies [e.g., 2-3]. Rip currents could 
be broadly categorized as being formed due to either 
hydrodynamic controls (transient rips) or morphological 
controls (rip channels) with morphologically-driven 
currents usually being stronger. Near-shore bathymetry 
usually consists of transverse bars and rips under skewed 
or normal waves which facilitate rip current formation.  

Analytic models, along with experimental studies, were 
developed to study rip currents [4-5]. In recent years, a 
wide range of novel approaches including usage of 
numerical modeling, Doppler velocity measurements, 
drifter or dye tracking, etc., were used to study rip currents 
with various degrees of success [e.g., 2, 6]. These methods 
are often limited in scope (both spatial and temporal) and 
fail at providing a comprehensive mapping of rip current 
hazard levels. Another approach is to determine “beach 
profile shape” through well-defined criteria and to relate 
that to rip current hazard level.  This will enable a zonation 
of rip current hazards all along the entire coastline using 
this simple approach. In the present study, this methodology 
has been applied for the zonation of hazard levels.  

 
2. Data and Methods 

 “beach shape profile” could be classified with the 
following two formulas [7-8]: 
Ω = 𝐻𝐻𝑏𝑏

𝜔𝜔𝜔𝜔                                                                     (1) 

RTR = TR
Hb

                                                                 (2) 

Table 1- “Beach profile shape” classification [9] 

Description Criteria range 
Barred beaches (B) 𝑅𝑅𝑅𝑅𝑅𝑅 < 3 & Ω~2 − 5 

Low Tide Bar/Rip beaches 
(LTBR) 𝑅𝑅𝑅𝑅𝑅𝑅~3 − 7 & Ω~2 − 5 

Low Tide Terrace beaches with 
Rip currents (LTTR) 𝑅𝑅𝑅𝑅𝑅𝑅~3 − 7 & Ω < 2 

Barred Dissipative (BD) 𝑅𝑅𝑅𝑅𝑅𝑅 < 3 & Ω > 5 
Non-Barred Dissipative Beaches 

(NBD) 𝑅𝑅𝑅𝑅𝑅𝑅 > 3 & Ω > 5 

Completely Reflective Beaches 
(R) 𝑅𝑅𝑅𝑅𝑅𝑅 < 3& Ω < 2 

Ultra-Dissipative beaches (UD) 𝑅𝑅𝑅𝑅𝑅𝑅 > 7 & Ω > 2 
 
Where Hb is the breaking wave height (m), ω is the 
sediment settling velocity (ms-1) (see [10]), T is the wave 
period, and TR is the tidal range (m). It has been reported 
that the first two types of beach profile shapes listed in 
Table 1 possess the highest risk of rip current formation (B 
and LTBR beach profiles). LTTR and BD beach profiles 
possess a medium risk of the rip current formation while 
the remaining beach profile shapes possess the lowest risk 
of rip current formation (NBD, R, and UD). In this paper, 
equations 1-2 along with beach profile shape classification 
as presented in Table 1 will be used for rip current hazard 
classification. A similar approach for rip current hazard 
classification was adopted in previous studies [e.g., 11].  

To obtain wave parameters in the surf zone, a spectral 
wave transformation model (MIKE21-SW) was employed. 
The model was run for the entire simulation year of 2013 
to obtain near-shore wave characteristics for one year. 
Offshore wave data was provided by a wave hindcast 
product provided by the ports and maritime organization of 
Iran. An algorithm was used in MATLAB to find breaking 
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wave height based on calculated radiation stresses (at each 
time step and each location along the coastline). 

 
3. Results 
In Figure 1, the zonation of CS based on rip current hazard 
level has been presented (for June). In Table 1, the number 
of areas identified as having high hazard levels for rip 
currents was presented. It follows that area “C-1”, from 
Kelachay to eastern parts of Chalus has the highest number 
of areas with high hazard levels. 

 

 

 

 

 

 

 
Figure 1.  Rip current hazard levels in June (red: high, 
blue: medium, and green: low). Zoomed-in sections (C-1 
– E-2) were also presented.  

 

Table 2- Number of areas identified as high risk in 
zoomed-in sections of Figure 1 per month 

 W-1 W-2 C-1 E-1 E-2 
Jan 12 8 8 4 5 
Feb 5 20 32 11 4 
Mar 7 8 19 10 6 
Apr 6 21 34 19 6 
May 5 35 37 22 6 
June 10 16 35 11 4 
Jul 9 10 33 11 2 
Aug 6 15 35 12 3 
Sep 7 10 31 12 4 
Oct 6 3 16 8 5 
Nov 11 14 35 12 5 
Dec 9 3 16 8 6 

4. Conclusions  
CS drowning data from various data sources were also 

evaluated. It was found that coastal areas of Rasht and 
Anzali in Gilan province and Babolsar and Mahmoodabad 
in Mazandaran province possess the highest rate of 
drowning incidents. The largest proportion of zones falls 
into the “medium risk” category with the highest rates of 
drowning belonging to the same category. This indicates 
the necessity of taking into account other factors (e.g., 
coastal accessibility, population density, etc.) for a holistic 
approach to risk analysis of rip currents in CS. 
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1. Introduction 
Risk is an inseparable part of marine operations; 

therefore, to predict possible risks and prevent their 
consequences, risk management and its assessment in 
marine projects are of special importance. Risk assessment 
in projects requires the selection of appropriate and 
accurate methods so that by using these methods it is 
possible to reduce risks and their consequences before they 
occur. Not allocating enough time to carry out the 
necessary checks to identify and assess risks in projects 
and not having enough expertise in choosing and applying 
the proper method of risk assessment increase the 
possibility of faults, failures and occurrence of catastrophic 
events in projects. 

In order to increase the safety of marine operations, 
including navigational safety, protection of life, marine 
environment and marine infrastructure and the safety of 
offshore projects, structured and systematic standards have 
been prepared by classification societies and various 
international organizations as a guidance for selection and 
application of risk assessment techniques.  

Dredging often is focused on maintaining or increasing 
the depth of navigation channels, anchorages, or berthing 
areas to ensure the safe passage of boats and ships. Vessels 
require a certain amount of water in order to float and not 
touch bottom. Water depth in mentioned areas decreases 
over time due to deposition of sediments and thus making 
problem for safe passage of ships. Since massive ships 
carry the bulk of the goods imported into the country, 
dredging plays a vital role in the country's economy [1]. 

In Iran ports in any region have their own dredging 
vessels which are handed over to subcontractors via certain 
contract for a certain time. Subcontractors must keep the 
waterways and ports safe for the passage of ships by 
providing required water depth. Therefore, the first and 
primary responsibility of the subcontractor is to keep the 
dredgers in operable condition.  

Ports and waterways are strategic infrastructure of 
countries and must be kept open continuously. Therefore, 
threats, consequences of this vital issue must be 
investigated and barriers to avoid them must be determined 
through a proper risk assessment analysis. In this study risk 
assessment of the out-of-service of dredging equipment in 

Iranian ports and waterways using the qualitative bowtie 
method is carried out based on guidance notes of ABS 
classification society on risk assessment applications for 
the marine and offshore industries.  

 
2. Bowtie Analysis 

Based on ABS’s guidance notes on risk assessment, 
bowties are a visual method of describing, documenting, 
and dictating the link between initial threats (i.e., causes) 
to any process or situation, the resulting consequences of 
these threats if they were to trigger an undesired event, and 
the barriers and measures put in place to prevent this chain 
of events being acted out in fullness. 

Bowties are useful tools for risk assessment (e.g., 
identification of causes and consequences) and barrier 
management. Bowties are often used to highlight and 
facilitate the management of barriers that are in place to 
prevent accidents [2]. 

 

 
Figure 1. Generic example of a bowtie 

3. The Out-of-Service of Dredging Equipment  
The out-of-service condition for dredging equipment is 

defined as any conditions under which the equipment 
cannot fulfill their primary objective – maintaining 
required water depth of the ports and waterways through 
dredging. This can be either due to technical or managerial 
issues. Technical issues are obviously those that may make 
the vessel inoperable such as failure of main and auxiliary 
machinery, navigational equipment, dredging equipment, 
etc. On the other hand, detention of the ship, failure in 
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insurance or any obligatory certification renewal, 
prolongation of docking and machinery overhaul, etc. may 
also cause the vessel not to be able to fulfill its objective 
properly. 

 
4. Risk Assessment of the Out-of-Service of 

Dredging Equipment 
Here the top event is out-of-service condition for 

dredging equipment. Here qualitative bowtie which uses 
simpler cause–effect scenarios with barriers to 
communicate the risk to an audience is used. Bowties are 
barrier-orientated and focus on the preventative barriers 
between the causes and the top event and the recovery 
barriers between the top event and the consequences. 
Threats to the operability of the vessel and their 
consequence are determined based on previous experiences 
of dredging operations in various ports of Iran and are 
tabulated in Table 1 and Table 2. Preventative barriers and 
recovery barriers are derived based on the opinion of a 
panel of experts as shown in Table 3. 

 
Table 1. Events (Causes) 

Event 
Level 

Event 
Symbol Event Description 

E 

E1 Financial and contractual disputes 
E2 Poor vessel management 
E3 Failure to comply with the rules 
E4 Poor project management 

F 

F1 Failure in certification renewal 
F2 Failure in insurance renewal 
F3 Machinery failure 
F4 Prolongation of docking 
F5 Prolongation of machinery overhaul 

F6 Using the equipment in another port 
or other projects 

 
Table 2. Consequences (Effects)  

Consequenc
e Symbol Consequence Description 

C1 Endangering safety of waterway 
(e.g., Grounding) 

C2 Increased accumulated dredging 
C3 Damage to the equipment and crew 

C4 Damage to other vessels and port 
facilities 

C5 Damage to the environment 
C6 Decreasing port income (capacity) 

 
5. Conclusion 

The Bowtie methodology facilitates the understanding 
of the interactions between risk management and barrier 
performance as well as the integration between the barriers 
and operations as a whole. Bowtie diagram for the out-of-
service condition of dredging equipment is shown in 
Figure 2. This study can be used as a basis for a 
quantitative bowtie risk assessment using fault tree 
together with an event tree and barriers escalation factors 
to calculate risk more precisely. 

 
Table 3. Preventative barriers and recovery barriers 

Barrier 
Type 

Barrier 
Symbol Barrier Description 

P 

P1 Monitoring and inspection 
P2 ISM Compliance Obligation 
P3 Considering Penalty  
P4 Training of crew 
P5 Handover checklist 

R 

R1 MOM for substitution of the 
equipment 

R2 Considering equipment 
capacity tolerance 

R3 Set the minimum required 
dredging volume in contract 

 
 

 
Figure 2. Bowtie diagram for the out-of-service condition 
of dredging equipment 
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1. Introduction 
The Caspian coastal zone contains a wide range of 

resources and functions, considered national assets 
and capital. In addition to the risk of extinction and 
natural destruction, these resources also face unnatural 
biological threats. Therefore, identifying and 
protecting these resources against a wide range of 
threats is necessary and inevitable. 

Population density, the concentration of various 
urban, industrial, and tourism areas and marine 
facilities in the coastal zone, accessibility and 
communication network, commerce role, military 
forces distribution, and the surrounding strategic space 
are among the issues that govern the coastal area from 
a security point of view. 

In these studies, it has been tried to plan the risk 
management of coastal areas from the point of view of 
passive defense, relying on the identification of 
possible offensive threats in coastal areas and 
investigating the probability of occurrence of these 
threats, identifying the weak points and vulnerabilities 
of defense, and following the results of the offensive 
risks assessment and possible consequences, 
appropriate and optimal strategies for facing security 
risks in the Caspian coastal zone have been explained. 

 
2. Methodology 

Security risks in the coastal zone are evaluated 
according to the nature and characteristics of these 
areas (containing various activities, uses, and 
ecosystems) based on the FEMA method. The Caspian 
coastal zone is not an exception to this rule and the 
security risk assessment in this region is based on the 
FEMA method. 

 
 
 
 

The risk assessment method used in this study has 
been done according to the following steps: 

 
- Assets identification 
- Asset value assessment 
- Threat identification 
- Threat assessment 
- Vulnerability assessment 
- Risk assessment 

 
 

 
Figure 1.  Offensive Risk Assessment Steps 
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3. Risk Management 
Risk management is based on strategic planning 

and analysis. In this regard, after assessing the security 
risks in the Caspian coastal zone and categorizing the 
quantitative and qualitative results of the risk, the 
appropriate strategy has been determined. Usually, for 
those risks that have many consequences and the 
probability of their occurrence is also high, you can 

use the "Risk Acceptance" strategy, for those risks that 
have many consequences but the probability of their 
occurrence is low, you can use the "Risk Transfer" 
strategy, for those risks that have low consequences 
and the probability of their occurrence is high, the 
"Risk Treatment" strategy can be used, and for those 
risks that have low consequences and the probability 
of occurrence is low, the "Risk Reduction" strategy 
can be used.  

4. Conclusion 
Offensive risk management in integrated Caspian 

coastal management studies will lead to forming a 
resilient zone, while protecting key infrastructure, 
saving people (residents, clients, and tourists), and 
providing essential needs to facilitate emergencies. 
Accordingly, passive defense strategies have been 
explained aimed at resolving fundamental challenges 
and vulnerabilities, managing security risks, and 
controlling and mitigating the consequences of 
offensive hazards in the Caspian coastal zone 
following the passive defense topics: physical, cyber, 
chemical, biological, radiation, urban, and people-
oriented. 

To achieve this, the passive defense programs in 
the Caspian coastal zone are proposed as follows: 

- Determine the safety, security, and defense 
sub-zones and governing rules related to each 
of the hazardous facilities located in the 
Caspian coastal zone, prepare a master security 
plan for special economic and energy zones, 
and prepare an Emergency Response Plan 
(ERP) in the coastal zone in proportion to the 
possible consequences, 

- Prepare a passive defense plan and a public 
emergency evacuation plan for urban areas 
located in high-risk regions, 

- Locate safe and secure zones for temporary 
residence in urban areas proximity (within the 
legal boundaries), 

- Apply passive defense considerations in 
(future) development plans of port areas and 
complexes, obligation to consider passive 
defense studies in all tourism projects in the 
Caspian coastal zone, 

- Develop and equip the communication network 
of the Caspian coastal zone to provide 
alternative routes and facilitate emergency 
management, 

- Equip medical centers with special and modern 
devices to improve the quality of services in 
emergencies and offensive crises (especially 
for CBRNE scenarios) and also prepare a 
cooperation plan to create parallel medical 
networks with neighboring provinces to meet 
the medical requirements, 

- Perform training courses and exercises to make 
people and personnel ready as well as improve 
preparedness in the face of emergencies and 
crises. 

 

Considering the different roles and position of each 
coastline, strategic location and peripheral 
communications, challenges, and unique issues of 
each region resulting from the main functions, and 
characteristics, besides key resources, key assets, and 
critical infrastructures in each coastal zone, it is 
rational that the current applied methodology of 
security risk management in the Caspian coastal zone, 
could be proposed to implement in other coastal zones 
of the country. 
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1. Introduction 

Liquefaction disaster is defined as loss of strength of 
granular and cohesionless saturated or partially saturated 
soil in response to earthquake shaking. Liquefaction 
potential analysis in coastal areas is of paramount 
importance for coastal management and disaster 
mitigation. In coastal regions of Caspian Sea, about 11 
million people live where main urban centers are near the 
western and southern coasts. In this regard, suitable 
prediction of liquefaction potential in these areas can 
provide useful information for coastal vulnerability 
assessment. However, it is a complicated process due to its 
nonlinear behavior and also its dependency on various soil 
properties [1]. Furthermore, sandy soils may be mixed with 
fine contents which affects its potential for liquefaction. 
There are a large number of research studies exploring 
effect of fine contents on the soil resistance against 
liquefaction [2-3]. 

Energy-based models are a common approach to assess 
liquefaction potential. It is usually quantified in terms of 
capacity energy which is defined as accumulation of 
maximum stored energy per unit volume until the onset of 
liquefaction [3]. Thus, different techniques can be 
employed to find the relationship between the capacity 
energy and soil properties and also the other influencing 
factors such as loading frequency. [1] developed a 
numerical model based on genetic programming to 
estimate capacity energy of sandy soils using different 
parameters including relative density (Dr), mean grain size 
(D50), percentage of fine content (FC), coefficient of 
uniformity (Cu) and soil initial effective mean confining 
pressure (Sigmamax). 

The main purpose of this study is to develop a 
prediction model for capacity energy of sandy soil of 
Anzali located in the southern coast of Caspian Sea. An 
artificial neural network (ANN) model combined with a 
metaheuristic training algorithm called particle swarm 
optimization (PSO) is used to estimate capacity energy 
based on a limited number of input parameters. An attempt 
is made to choose the input variables which can be easily 
measured mainly dependent on the soil gradation. It is 
noteworthy that the model is solely based on the results of 
laboratory tests conducted for Anzali soil. 

2. Methodology 
2.1. Data 

The dataset used in this study obtained from the 
experimental data presented by [3]. The data consist of 63 
experimental tests conducted for Anzali soil. The capacity 
energy (liquefaction potential) was determined from 
shaking table test. Apart from availability of the results of 
experiment for various parameters for these 63 samples, 
this study considers a limited number of them as tentative 
input variables for the model development. In other words, 
percentage of fine content (FC), mean grain size (D50), 
curvature coefficient (Cc), uniformity coefficient (Cu), and 
plasticity index (PI) are used as the potential input 
variables. These parameters can be determined from the 
soil gradation (sieve analysis) and PI can be obtained from 
Atterberg’s limits as: 

PI=LL-PL     (1) 
Cu=D60/D10     (2) 
Cc=D30

2/D10*D60    (3) 
where LL and PL are liquid and plastic limits, respectively. 

Correlation matrix displaying linear dependence of 
different variables can be used as a helpful tool to find 
effective parameters in prediction models. However, this 
approach may be misleading for variables with nonlinear 
behavior and necessitates further investigation. Figure 1 
illustrates correlation between different variables 
considered for this study. 

 

 
Figure 1.  Correlation between the variables 

Regarding Figure 1, the highest correlation of the 
input variables with the target is obtained for Cc and PI. 
Mean grain size (D50), FC (negative correlation) and Cu are 
ranked latter.   
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2.2. Modelling Procedures 
The modelling procedures can be divided into: data 

manipulation, training the ANN model, model 
performance evaluation, and the results analysis. The 
datasets cover clean, silty and clayey sands with fine 
contents in a range of 0 to 45%. ANN models have been 
frequently used to capture nonlinear relationship between 
input and output variables. A usual ANN is formed from 
three distinguished layers including input, output and 
hidden layer. Neurons of each layer are connected with 
neurons in the next layer. Strength of the connections is 
determined by a term called weight. The training procedure 
is viewed as a process to find the optimum weights and 
biases [4]. In this study, a metaheuristic optimization 
algorithm (PSO) is used to train the ANN model. Different 
combinations of the variables are taken under 
consideration to find the best model performance. 80% of 
the data are used for the model training and 20% left for 
testing purpose. Evaluation of the model efficiency are 
carried out using mean squared error (MSE) and 
coefficient of determination (R2). Finally, the trained 
model is used to predict capacity energy. 

 
3. Results and Discussion 

Initially, the PSO-model gained all the candidate 
variables for predicting the capacity energy. Afterwards, 
several models have been developed excluding a specific 
parameter to examine importance of the variable 
individually. Table 1 gives the inputs variables and 
performance of the models for the testing dataset. 

 
Table 1. Performance of the PSO-ANN models 

No. Inputs R2 MSE(J/m3) 

1 FC, D50, Cu, Cc, PI 0.86 0.0106 

2 D50, Cu, Cc, PI 0.93 0.0074 

3 FC, Cu, Cc, PI 0.87 0.0089 

4 FC, D50, Cc, PI 0.89 0.0087 

5 FC, D50, Cu, PI 0.93 0.0063 

6 FC, D50, Cu, Cc 0.87 0.0106 

7 D50, Cu, PI 0.84 0.0086 

According to Table 1, the model including all the 
variables does not necessarily yield the best predictions for 
the capacity energy. The best model performance is 
achieved when curvature coefficient is not among the input 
variables (model No. 5). The model excluding PI or D50 
gives the least accurate predictions demonstrating that the 
target variable is mostly dependent on these variables. 
Juxtaposition of Figure 1 and Table 1 reveals that the 
variable with the highest correlation (Cc) does not 
necessarily contribute to the best model performance. 
Moreover, it can be found that Cu has the lowest 
correlation with capacity energy while its excluding from 
the input structures deteriorates the model performance 
remarkably. The main reason for this issue is initiated from 

the nonlinear behavior and relationship of the input (e.g., 
C) and the output variables. On the other hand, in case of 
Cc, its effect may be indirectly reflected in D50 and FC 
since it is strongly correlated with them. Figure 2 displays 
the measured capacity energy against predicted values. 

 

 
Figure 2. Measured versus predicted values of the 
capacity energy 

Generally, Figure 2 shows a good agreement between 
the observed and predicted values of capacity energy. The 
proposed model has the potential to predict the target 
variable for a wide range of variation from 0.2 to 1 J/m3 
accordingly. Results of this study are promising to gain 
capability of the model to predict liquefaction potential 
using only a limited number of input variables which are 
easily measured from laboratory tests. Our future study 
will focus on the preparation of hazard map for 
liquefaction potential across the southern coasts of the 
Caspian Sea by including data samples from other 
locations throughout the coasts. 
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1. Introduction 
     The Port traffic control tower  and MRCC are equipped 
with many communication devices to keep sailing safe for 
the seamen around the world. If MRCC operators do not 
perform their duties, even if control tower equipped 
correctly, what will happen? This is a human error and it 
can create major hazard. Administrators must have plans to 
service marine requirement 99.98% up on IALA regulation 
[1]. 
 
2. Description 
In this paper we consider a device called TNWAS as a 
tower navigational watch alarm system. The idea of the 
work is similar to that of BNWAS, which instead of the 
command bridge of the ships is obtained for the 
telecommunications of the port control towers which have 
a much heavier duty [2]. The registered proposal of this 
work dates back more than a decade [3]. Operator in this 
situation must acknowledge every 45 minutes by pushing 
key used for TNWAS to do it as a daily job. After a while 
if operator forgets or becomes ill or by any other reason 
such as high traffic day, etc. doesn't not give feedback, 
TNWAS sends alarm to the boss. Boss can be more than 
one person and becomes aware and take their part one after 
another. The level of safety for more information will 
accumulated in data base of system and can be monitored 
from long distance via network. In addition, it can create a 
history through time for making new programing monthly 
and yearly. TNWAS implementation schedule varies with 
ships [4]. The Purpose was construction of a warning 
device for the standby status of operators in order to 
improve the operation of telecommunication control 
towers. 
 
3. Work Process 

See TNWAS laboratory diagram in Figure 1. In this 
laboratory design, the central controller of the Smart Logo 
230RCE model, which was a locally produced PLC, was 
used. For this purpose, the relevant software (LOGO) was 
prepared and installed on the laptop. Mushroom stop was 
also used for the required keys. Also, a normal lamp was 
used as a visual warning and a common sounder of fire 
alarm equipment was used for the sound warning system. 
The laboratory device was designed in such a way that 
after 20 seconds, if the first key is not reset, the sounder 
will ring. Will ringing. 5 seconds later, that is, in the 25th 

second, while maintaining the alarm status at the operator's 
location, this alarm is visually transmitted to the 
supervisor's location. Then this warning will be doubled 
with an audio warning for 5 seconds later (i.e. on the 35th). 
In the third step, this work will transfer the alarm to the 
supervisor. At each stage when the next domain is 
activated (for example, activation of the supervisor 
domain), that domain itself and the previous domain (the 
operator domain) can reset the system counter by pressing 
the corresponding keys. This scenario helps the supervisor 
to ensure that the operator is ready to respond in the 
telecommunication control towers. Telecommunication 
control towers are equipped with a lot of expenses in order 
to carry out governance duties in waterways and ensure 
their health and readiness. This is an important point. 

 

 
Figure 1. Diagram of TNWAS 

 
4. Additional Report 

The software used in this PLC was the popular LOGO 
Soft Comfort program (figure2). One of the capabilities of 
this controller was the networking capability, which can be 
created jointly by adding this equipment to a network (for 
example, 11 telecommunications stations of the General 
Administration of Ports and Maritime Affairs of Bushehr 
Province in Bushehr Port). The simulation done on circuit 
has shown in figure3. Below the software window, there 
are warning lights and control keys available to the tester, 
which can reset the controller counter to zero and repeat 
the process by pressing the key. Figure 4,5 shows the 
dimensions of the device. As you can see, one of the 
advantages of the device is the use of PLC, which enables 
its operation in an industrial environment [5]. 

 
5. Limitations 

This equipment is designed in a laboratory and can be 
optimized with the following specifications: 
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1- Setting up the SMS sending module. 
2- Launching the classic dialer with pre-recorded voice. 
3- Adding a key with fingerprint recognition. 
4- Adding a module for reporting the status of the device. 

 

 
Figure 2. Software Environment. 

 

 
Figure 3. Circuit Diagram. 

 

 
Figure 4. Device Picture & Size. 

 

 
Figure 5. User Friendly Tools. 

 
6. Conclusion 
     This device was made in the summer of 2021 by 
colleagues in the research and development group of 
administrative equipment of the General Administration of 
Ports and Maritime Affairs of Bushehr province, and the 
results were acceptable [5]. 
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1. Introduction 
The world coastal zones problems, including 

population concentration, indiscriminate construction, 
rising seawater, coastal erosion, and other 
environmental hazards, environmental pollution, 
biodiversity reduction, natural resources loss, 
inconsistency, and conflict between different 
executive organizations have led to a new global 
approach, which is called "Integrated Management of 
Coastal Zones". The study of the Integrated 
Management of Coastal zone started in the late 70s in 
Iran and detailed investigations were carried out 
regarding the explanation of the situation of the coasts 
of Iran in terms of problems and limitations. Based on 
this, the scope of the coastal zone and its borders were 
determined on the south and north coasts of the 
country. The coastal zone of the Caspian Sea 
corresponds to the Golestan, Gilan, and Mazandaran 
provinces, which are more than 7600 square 
kilometers, and the coastline length is calculated to be 
about 890 kilometers. 

The evaluation of the integrated management 
process of coastal areas has been explained based on 
environmental, economic-social, and governance 
indicators. In this article, the relationship between 
these indicators in interaction with the basic concepts 
of passive defense has been investigated to create an 
alignment between the key indicators of IOC and 
macro indicators of passive defense to an improved 
model in the integrated coastal areas management 
context. In this way, the concepts of passive defense 
have penetrated the essence of these studies, and 
considering passive defense perspective with 
engineering tools and knowledge approach within the 
scope of the studies is possible and operational. In this 
regard, the concepts of promotion, sustainability 
(biological, economic, and socio-cultural), education 
and participation, and considerations and requirements 
of passive defense have been compiled in the form of 
an optimized table of passive defense strategies in 
interaction with IOC indicators. 

 
2. Methodology 

This article is based on the strategic planning 
approach. Main issues and challenges have been 
identified in the Caspian coastal zone based on the 
objectives of passive defense in interaction with the 
IOC indicators. After recognizing and evaluating the 
Caspian coastal zone, main policies and strategies 
have been explained to reduce the vulnerabilities 

against probable and possible man-made hazards in 
the Caspian coastal zone, from the point of view of 
passive defense. Finally, main plans and 
considerations of passive defense have been set to 
reduce the vulnerabilities and respond to possible 
offensive threats in the Caspian coastal zone. 
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Figure 1.  Communication diagram of ICZM goals  
in interaction with the macro goals of Passive Defense 

3. Conclusion 
The strategic management of the Caspian coastal 

zone from the perspective of passive defense is based 
on the main goals of passive defense in interaction 
with the goals of integrated coastal zone management; 
In connection with the "governance" indicator, one of 
the main indicators in evaluating the coastal zones 
performance, to establish coordination at different 
levels, facilitating emergency management and crises, 
management of key resources, assets and 
infrastructure in coastal zones and reduce or control 
probable consequences caused by offensive hazards, 
the concept of "management" is included alongside the 
three major approaches of ICZM, including 
protection, development, and integration. The 
presented model could apply to implementation in 
other coastal zones according to their nature, 
functionality, and location. Hence, the main policies 
and strategies of passive defense are explained as a 
result of internal and external factors analysis in the 
Caspian coastal region to achieve key goals of passive 
defense in interaction with governance (management), 
socio-economic and environmental indicators in such 
a way that, it also includes physical, cyber, chemical, 
biological, radiation, and people-oriented fields in 
addition to the above three indicators. 

The passive defense main strategies for the 
strategic management of the Caspian coastal zone are 
presented as follows: 

- Prepare passive defense and master security 
plans for key assets and infrastructures in the 
Caspian coastal zone, 

- Efficient land planning to prevent unauthorized 
land use changing (thus preventing incompatible 
allocation from a passive defense point of view) 
as well as preventing illegal construction permits 
in the Caspian coastal zone and getting necessary 
approvals for locating activities in the Caspian 
coastal zone, 

- Establish a centralized command and crisis 
management center on the north coast of the 

country to monitor threats and the passive 
defense alarm system, 

- Identify emergency accommodation centers in 
the Caspian coastal zone and provide necessary 
services for population areas in emergencies, 

- Plan to meet the basic and essential requirements 
of people in emergencies, during short, medium, 
and long periods, 

- Organizing, developing, and upgrading the 
particular capacity of relevant organizations and 
agencies for emergencies in the Caspian coastal 
zone, 

- Improve the security of coastal and maritime 
border areas through developing defensive 
infrastructure and capabilities, 

- Develop environmental detection and monitoring 
systems, supplementing alarm systems, to assess 
chemical threats in the Caspian coastal zone, 

- Expand the particular operational capacities for 
limiting or eliminating pollution, controlling loss 
and chemical waste management in the Caspian 
coastal region, 

- Upgrade the defensive capabilities and 
protection apparatus of the infrastructures that 
are located in port areas, 

- Make up sustainable living opportunities for the 
population in the Caspian coastal zone, 

- Establish an appropriate structure and procedure 
for surveying and the risk assessment, make-up 
population, and tourism areas in the Caspian 
coastal safe zone. 

Figure 1.  Communication diagram of ICZM goals  
in interaction with the macro goals of Passive Defense 

3. Conclusion 
The strategic management of the Caspian coastal 

zone from the perspective of passive defense is based 
on the main goals of passive defense in interaction 
with the goals of integrated coastal zone management; 
In connection with the "governance" indicator, one of 
the main indicators in evaluating the coastal zones 
performance, to establish coordination at different 
levels, facilitating emergency management and crises, 
management of key resources, assets and 
infrastructure in coastal zones and reduce or control 
probable consequences caused by offensive hazards, 
the concept of "management" is included alongside the 
three major approaches of ICZM, including 
protection, development, and integration. The 
presented model could apply to implementation in 
other coastal zones according to their nature, 
functionality, and location. Hence, the main policies 
and strategies of passive defense are explained as a 
result of internal and external factors analysis in the 
Caspian coastal region to achieve key goals of passive 
defense in interaction with governance (management), 
socio-economic and environmental indicators in such 
a way that, it also includes physical, cyber, chemical, 
biological, radiation, and people-oriented fields in 
addition to the above three indicators. 

The passive defense main strategies for the 
strategic management of the Caspian coastal zone are 
presented as follows: 

- Prepare passive defense and master security 
plans for key assets and infrastructures in the 
Caspian coastal zone, 

- Efficient land planning to prevent unauthorized 
land use changing (thus preventing incompatible 
allocation from a passive defense point of view) 
as well as preventing illegal construction permits 
in the Caspian coastal zone and getting necessary 
approvals for locating activities in the Caspian 
coastal zone, 

- Establish a centralized command and crisis 
management center on the north coast of the 

country to monitor threats and the passive 
defense alarm system, 

- Identify emergency accommodation centers in 
the Caspian coastal zone and provide necessary 
services for population areas in emergencies, 

- Plan to meet the basic and essential requirements 
of people in emergencies, during short, medium, 
and long periods, 

- Organizing, developing, and upgrading the 
particular capacity of relevant organizations and 
agencies for emergencies in the Caspian coastal 
zone, 

- Improve the security of coastal and maritime 
border areas through developing defensive 
infrastructure and capabilities, 

- Develop environmental detection and monitoring 
systems, supplementing alarm systems, to assess 
chemical threats in the Caspian coastal zone, 

- Expand the particular operational capacities for 
limiting or eliminating pollution, controlling loss 
and chemical waste management in the Caspian 
coastal region, 

- Upgrade the defensive capabilities and 
protection apparatus of the infrastructures that 
are located in port areas, 

- Make up sustainable living opportunities for the 
population in the Caspian coastal zone, 

- Establish an appropriate structure and procedure 
for surveying and the risk assessment, make-up 
population, and tourism areas in the Caspian 
coastal safe zone. 
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1. Introduction 
Land refers to all natural conditions of a place such as 

climate, topography, hydrology, etc. Land-use change and 
land cover are the result of complex interactions among 
geophysical, ecological and social processes. Detection of 
changes of land-use and its trend is required to take care of 
the ecosystem, especially in areas with rapid and often 
unplanned change that is common in developing countries. 
Detection of land-use changes using remote sensing data 
and modeling its future changes provide a good 
understanding of how the land-use has changed and 
provides appropriate solutions for its management in the 
future. By predicting land-use changes, the amount of 
exploitation of resources and possible destruction of the 
environment can be determined and the changes can have 
directed towards right directions.  

Cellular automata (CA) is a cell-based method that can 
model spatial phenomena. Modeling based on CA method 
is suitable for studying the temporal and spatial 
distribution of any phenomenon. Examples of this method 
are Land Change Model (LCM) and Markov Chain 
Analysis.  Using these models for examining the trend of 
time-dependent changes is appropriate. Land-use models 
are tools for analyzing the causes and consequences of land 
use change by which one can identify future land-use and 
land cover changes according to different scenarios1.  

  
2. Methodology 

In order to extract the land-use maps of the studied area 
over the planning time to predict the future land-use 
changes, the following steps are performed (Figure 1).  
This method has used for analyzing the changes of land-
use of the coastal area of Sistan and Baluchestan province. 

 
3. Data 

In this study, the satellite images of 2001, 2010 and 
2020 as well as other basic data such as 1:50.000 digital 
topographic maps of the Geographical Organization of the 
Armed Forces, 1:25.000 topographic maps of the Iran 
surveying organization and digital elevation model (DEM) 

 
1 This article is part of a comprehensive study regarding population 
forecasting in Integrated Coastal Zone Management (ICZM) Plan of 
Sistan & Baluchestan Province. 

of the area were used. In this study, ENVI5.1, 
TERRSET2020 and Arc GIS 10.7 software used for data 
processing, highlighting, modeling and acquiring the 
output. The capabilities of Google Earth and SAS Planet 
software have also used to review and control the results. 

 

 
Figure 1- Graph of Methodology 

4. Production of Land-use / Land-cover Maps 
After performing atmospheric, geometric and 

radiometric corrections on the raw input data, which were 
satellite images of ETM + and OLI Landsat 7 and 8 
sensors for all three years, the final processing was 
performed. According to the studies, 12 land-use classes 
identified and delineated in the study periods, which 
presented in the land-use maps of the studied periods. 
Various classes of uses that identified in the study zone are 
the following: 
• Man-made installations and facilities; 
• Agricultural lands; 
• Rangelands; 
• Mixed vegetation lands (groves and mangrove forests); 
• Coastal Landforms (sand dunes, sandy beaches, rocky 

outcrops, swamps and marshes; 
• Water resources and fishponds. 

Land-use maps for 2001, 2010 and 2020 were prepared 
by combining classification methods and using the results 
of hybrid bands such as NDVI in the GIS environment 
with the help of images from Google Earth software. 
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5. Detection of Changes, And Modeling of 

Land-Use Changes  using LCM 
Detection of land use change is an essential tool for 

environmental analysis, area planning and watershed 
management. This process determines the status of 
changes based on images obtained at different times. The 
modeling carried out in four steps: 
▪ Review and analysis of changes 
▪ Transmission force modeling 
▪ Modeling land-use change 
▪ Assess modeling accuracy 

Land-use maps produced in 2001 and 2010 were 
selected as the input for the LCM to analyze the existing 
regional changes and predict the land cover and land use 
changes for a long time period in the future until 2020. 
Auxiliary variables such as digital elevation model (DEM), 
slope, direction of slope, distance from constructions and 
residential areas (dynamically) and probability map of 
evidence prepared from the extracted uses, were selected 
and entered into the model. Transfer potential modeling 
expresses the tendency of each image cell to receive a 
change from one type of use to another with respect to 
auxiliary variables (such as height, distance from 
residential areas, etc.) over a certain period. The change 
from one use to another estimated in the form of sub-
models called transfer sub-models. 

In order to simulate land-use changes for future, the 
LCM model in TerrSet software is used. This model 
combines an artificial neural network for image 
classification and CA Markov for future prediction. 

 
6. Discussion and Conclusion 

The results of the modeling process according to the 
below table and chart show that in the study period over 
7500 hectares of the coastal area of Sistan and Baluchestan 
province have been construction/ residential areas. Around 
7500 hectares of agricultural area increased. On the other 
hand, during this period, about 16,000 hectares of 
rangeland reduced. 

 

 
Figure 2- Graph of land use area changes in time periods 

 

 
 

Table 1- Land use area in in the study area 

Class 
Area (ha) change 

2001 2010 2020 2030* 2001-
2010 

2010-
2020 

2020-
2030 

Construction 18568 23859 26160 30133 5291 2301 3972 

Marine 
structures 92.9 108 383 540 15 275 156 

Aquaculture 4378 4562 4561 4645 184 -1 84 

Agriculture 4985 7575 12333 14676 2589 4758 2342 

Groves and 
trees 3401 3697 4971 5475 296 1273 504 

Sandy Hill 104943 102905 102432 101199 -2037 -473 -1232 

Rocks and cliffs 478756 477489 477484 476815 -1266 -5 -668 

Sandy beach 1067 995 992 986 -71 -3 -6 

Range 607109 602704 591168 584883 -4404 -11536 -6285 

Tidal levels 8126 8377 8268 8342 251 -108 73 

Mangrove 469 358 725 872 -110 367 147 

Swampy & 
fertile  1782 1793 4662 5592 11 2868 930 

Sea 2837 2090 2373 2355 -747 284 -18 

 
 Most of the forecasting models are based on the 

constant inter-relationships between changes and their 
causes over time, however, the processes of land-use 
change are dynamic, and thus modeling should be 
performed for short periods. According to the presented 
chart of land use and land cover changes during different 
periods (based on the matrix of probability of land use 
transfer), if the current trend of land use change will 
continue in the future, there will be a substantial decrease 
in rangelands and a considerable increase in construction 
areas. The land-use map simulated in this study can be a 
good guide for managers and planners of natural resources 
and other sectors. In addition, the Predicted land use maps 
can use as a warning about the consequences and future 
impacts of unplanned land-use changes in the region.  
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1. Introduction 
Land use changes (LUC) considered as an important 

factor for monitoring the global environmental change and 
sustainable development [1]. Examining the processes and 
trends of LUC via quantitative analysis is a prerequisite to 
gain a deep understanding of LUC and help the policy 
makers to set improvement targets in specific areas and 
adopt appropriate practices while maintaining other fields 
of sustainability [2].  

Since the beginning of the 21st century, alongside the 
continuous global extension of human activities from land 
to sea [3], more than 40% of the world population has 
concentrated in a 100 km stripe along the coastline [4]. In 
addition, coastal lands developed very fast through 
establishments of residential, industrial and commercial 
centers. The analysis of land use changes over time can 
lead to better understanding in exploring suitable growth 
pattern for future development [5].  

This study is conducted with the aim of investigating 
land use changes (LUC) in the coastal areas in order to 
obtain an insight understanding of changing  trend and 
evaluating the sustainability of the future development1. 
     
2. Materials and Methods 
2.1. Study Area 

The study area is located in the southern part of Sistan 
and Baluchestan province, this region is part of the coastal 
zone including coastal area and effecting area [6]. 

 
2.2. Data Collection and Processing 

The Landsat images for the years 2001 and 2020 used 
for image classification to identify land use patterns and 
create LUC maps. Landsat-7 satellite images obtained for 
2001. Similarly, Landsat-8 satellite images acquired for 
2020. The Landsat images had the spatial resolution of 30 
m. Only images with uniform weather conditions 
throughout the study period and cloud cover of less than 
5% selected to maintain quality. The Landsat images 
acquired from USGS through their earth explorer web 
portal. The satellite images were analyzed and processed 

 
1 This article is part of a comprehensive study regarding landuse 
investigation in the Integrated Coastal Zone Management (ICZM) Plan of 
Sistan and Baluchestan Province. 

(geo-referencing, mosaic, and extraction) to correct its 
geospatial imagery. Satellite images processed using the 
ENVI 5.3 software package. ANN classifier, a supervised 
classification approach in ENVI 5.3, used in this study. 
The theory behind supervised classification is that a user 
may pick sample pixels in an image that are indicative of 
certain classes and then instruct the image processing 
software to utilize these training samples as references for 
the categorization of all other pixels in the image. In this 
work, uniformly dispersed Regions of Interest (ROI) in the 
study area for all class types identified using visual 
interpretation of Landsat images to train the classification. 
True and false composites employed to improve the feature 
visualization so that LUC classes can easily distinguished 
in the image. The digital elevation model (DEM), and 
public map datasets used as references when collecting the 
training samples and for validating the classified maps. 

The adopted LUC classification scheme for this study 
consisted of 12 classes, namely: Aquaculture, Groves and 
forests, Sandy Hill, Mangroves, Tidal flats, Agriculture, 
Sandy beach, Construction, Marine structures, Range, 
Rocks and cliffs, and Sea.  

An accuracy assessment of maps created from any 
remotely sensed product is a universal requirement in 
image classification since it allows for self-evaluation, 
offers a quantitative comparison of various approaches, 
algorithms, and analysts, and assures higher dependability 
of the resultant maps [7]. In this study, an assessment of 
the accuracy of the classification carried out using derived 
measures generated from the error matrix. The error matrix 
is the most common way to represent the classification 
accuracy of remotely sensed data [8]. 

 
3. Result  

Land use change (LUC) maps obtained from the image 
classification shown in Figure 1 and Figure 2. The overall 
accuracy of the classifications for years 2001 and 2020 is 
93%, and 92% with Kappa values of 0.94 and 0.92, 
respectively. The result of individual land-change classes 
shown in Table 1. 
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Figure 1.  LUC maps of the study area for 2001 

 
Figure 2.  LUC maps of the study area for 2020 

Table 1. LUC classes between 2001 and 2020. 

LUC classes 
Area (hectare) 

2001 2020 
Aquaculture 4364.75 4549.12 
Groves and trees 3367.40 4965.71 
Sandy Hill 105051.72 102345.39 
Mangroves 470.57 735.33 
Tidal flats 3237.75 5816.37 
Agriculture 5028.21 12304.05 
Sandy beach 1066.38 991.27 
Construction 18669.06 26160.31 
Range 606929.72 591878.58 
Rocks and cliffs 477662.25 476691.07 
Marine structures 94.33 119.52 
Sea 8232.18 7617.49 
 

4. Conclusions 
Monitoring the trend of changes of the land use over a 

certain time is a valuable tool for governors and regional 
planners to study the level of success of the development 
plans and its sustainability in the region.  This study used 
Landsat7 ETM+ and Landsat8 OLI image data, which 
downloaded and classified to detect the LUC changes in 

Coastal Zone of Sistan and Baluchestan province of Iran. 
ANN supervised classification used to produce accurate 
LUC maps for 2001 and 2020, which used in detecting the 
land use changes over a 20-year period. The overall 
accuracy and kappa coefficient values met the 
classification criteria. The results of the study revealed that 
there had been a significant change in LUC during the 19-
year study period in the area. 

The obtained results showed that there was a decrease 
(from the initial area) in the area of Sandy Hill, Range, and 
Rock and cliffs, while the area of Aquaculture, Groves and 
trees, Mangroves, Tidal level, Agriculture, Sandy beach, 
Construction and Marine Structure increased between 2001 
and 2020. The highest decrease was in the class of Range 
during the study period. The rate of decline of Rangeland 
was 66.2%, and most of the land in this class converted to 
agricultural land (27.33%) and marine structures (18.07%) 
between 2001 and 2020. Several factors identified as 
contributing to the LUC in the study area, including 
population increase, social-economic growth, climate 
change, poor planning, and poor plan implementation. 
Therefore, LUC change is essential for both the land 
administration and land use planning activities in the 
coastal zone of Sistan and Baluchestan province. 
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1. Introduction 
 Determining, drawing, quantifying, and monitoring 

shoreline changes play an important role in coastal 
planning, management, and engineering, and are key to 
calibrating numerical models with the ability to predict 
shoreline changes in the future. Remote sensing data and 
satellite images in different periods are considered as one 
of the most reliable and relatively accurate sources for 
studying and interpreting changes and quantitative 
measurements. Here, five shoreline extraction methods for 
the coasts around Amirabad port are investigated. 

 

2. Materials and Methods 
In order to extract the shoreline numerous indices have 

been developed and refined, including the Normalized 
Difference Water Index (NDWI), Normalized Difference 
Vegetation Index (NDVI), Modified Normalized 
Difference Water Index (MNDWI), Coastal Water Index 
(CWI), Tasseled Cap Wetness (TCW), Coal Mine Index 
(CMI), and Automated Water Extraction Index (AWEI). 
The main purpose of these indices is to increase the 
contrast between the water and the land pixels in the 
image. In this study, the NDWI, MNDWI, CWI and AWEI 
indices are used, the definition of which is presented in 
Table 1. CWI and AWEI indexes were developed 
specifically for bands in Landsat images, which limits their 
applications, but the NDWI index can be applied to any 
satellite with near-RGB and near-infrared (NIR) bands, 
and therefore Which is more widely used.[1] 

The performance of these indices is also compared with 
the CoastSat tool. CoastSat uses Google Earth Engine 
capabilities to effectively retrieve Landsat and Sentinel-2 
images cropped in any area of interest to the user. This 
new shoreline detection technique combines a supervised 
image classifier and a subpixel border delimiter to map the 
shoreline position to an accuracy of 10 meters. [3] 

The study area is the northern coast of Iran in the east 
and west of Amirabad port (Figure 1). In order to extract 
the coastline of Surface Reflection images of Landsat 9 
satellites and Sentinel 2 has been prepared for 19 April, 
2022 by Google Earth Engine. 

    
(https://earthengine.google.com/) 
Considering the better spatial resolution of Centile 2 (10 
meters), we chose the shoreline extracted from this image 
as a basis for evaluation, and because other indices use 
SWIR Badns with a spatial resolution of 20 meters, we 
used the NDWI index to extract the shoreline from that. 
 

Table 1: Different water indices 

Definition of index Applicable 
Satellites 

Referenc
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G NIR
NDWI

NIR G

−
=
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Figure 1. Study area for shoreline extraction 
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3. Results and Discussion 
The results of applying different coastline 

extraction indices in Figure 2 to 5 and result of 
CoasSat tool in Figure 6 are shown. Figure 7 also 
shows a view of the extracted shore lines. In order to 
quantitatively evaluate the obtained results, the Root 
Mean Square Error (RMSE) index on transects 
perpendicular to the shoreline has been used. The 
distance of transects is 200 meters.  

 

 
Figure 2. Land and sea separation with NDWI index 

 

 
Figure 3. Land and sea separation with MNDWI index 

 

 
Figure 4. Land and sea separation with CWI index 

 

 
Figure 5. Land and sea separation with AWEI index 

 

 
Figure 6. Land and sea separation with CoasSat 

 
The RMSE values for the different methods in 

Table 2 show that the CoasSat tool has a good ability 
to extract the shoreline. 

 

 
Figure 7. Extracted coastlines with different indicators (L 
means Landsat and S means sentinel) 

 
Table 2: RMSE statistical index values for different 
shoreline extraction methods 

Method RMSE 
NDWI 9.44 

MNDWI 9.65 
CWI 8.05 

AWEI 6.53 
CoastSat 5.58 

 
4. Conclusions  

In this study, the ability of four coastline extraction 
indices (NDWI, MNDWI, CWI and AWEI), along with 
CoasSat tool for the Amirabad port area was tested. For 
this purpose, two simultaneous images of Landsat 9 and 
Sentinel 2 satellites were used. After applying different 
methods and comparing RMSE values, it was observed 
that the CoasSat tool has a good ability to extract the 
shoreline, which can be due to downscaling and 
pansharpening processes. After that, the AWEI index had a 
better performance than other indices. 
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1. Introduction 
This paper studies the using possibility of the Persian 

Gulf Dredged soil (PGD) (obtained from the construction 
of Shahid Rajaei Port in Iran) modified with cement (C) 
and mineral polymer additive (N) as the base or subbase 
layer of road pavement. To this end, unconfined 
compressive strength (UCS) tests were performed with 
different curing times (7, 28, and 56 days) and results 
showed that dredged soil stabilized with a 1% combination 
of a new mineral polymer plus 8% cement (C8N1) had the 
better-unconfined strength than dredged soil stabilized 
with 9% cement (C9). Considering the superior properties 
of C8N1 we propose that the dredged soil will be used as a 
borrow source to construct access roads in the port. In 
addition to UCS, an Indirect Tensile Strength Test was 
performed. Therefore, ITS results have shown a better 
performance of C8N1. At last, an economic comparison 
between three different options (conventional, C8N1, and 
C9 as base or subbase layer) has been made. 
     
2. Materials 

Dredged materials are those dredged or capable of 
dredging [1]. Marine dredged sands/sediments can be 
successfully used as new materials for pavement layers [2], 
construction, agriculture, and environmental issues [3, 4], 
but since they have poor geotechnical properties, they are 
often stabilized for use [5]. Dubios et al. (2009) [4] have 
confirmed the use of stabilized marine sediments as the 
pavement’s base-layer materials. Many studies (e.g. [6-9]) 
have used cement for stabilization. In a comprehensive 
study, Sadeghpour-Monfared et al. (2021) [10] reviewed 
various methods of stabilizing dredged and carbonated 
soils. In some soil types, traditional stabilizers are not only 
ineffective but also have negative effects ([11]). In [12], 
the authors have shown some polymer types are useful in 
stabilizing silty sands and poorly graded sand soils. 

As Shahid Rajaei Special Economic Zone, Bandar 
Abbas, Iran (Fig. 1) needs infrastructures (roads, docks, 
etc.), the area lacks suitable borrow sources, and PGD soil 
can solve the problem. Based on the gradation of the 
ASTM D 6913-04 Standard, this dredged soil lacks 
plasticity properties and is classified based on the SP-SM 

unified method (AASHTO A-3). The optimum moisture of 
the PGD soil is 13.6% and its maximum specific gravity = 
17.50 kN/m3 based on the ASTM D 1557-12 modified 
density test. Chemical test results of the PGD soil show 
that it is a "calcareous silica" type based on the 
classification of reference [13]. 

 

 
Figure 1.  Location of dredging in Shahid Rajaei port. 

This research has stabilized the PGD soil with Type 2 
Portland cement (C) and a new mineral polymer material 
(N) as an additive the merits of which are reduced 
environmental pollution, execution time and cost and high 
durability, cold resistance, and very low permeability. The 
color of this material is gray, its density is 8-12 kN/m3 and 
its moisture content is more than 2% with a maximum of 
1% grains larger than 0.315 mm. As this new mineral 
polymer material is non-toxic, non-carcinogenic, and 
inflammable, it is not dangerous and useable in cold areas. 
It has a hydrophobic, Portland cement-compatible 
composition and increases the stabilized-soil strength by 
forming microcrystals and creating a resistant texture. 

 
3. Test Results  

PGD soil is not very resistant in the unmodified state 
because it lacks cohesion, but adding cement or a 
combination of new mineral polymer and the cement will 
cause particles to adhere and create a homogeneous 
structure leading to an increase in the strength of the 
stabilized compound. Table 1 lists the maximum UCS of 
the stabilized PGD soil specimens. 
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Table 1. Results of UCS test of cylindrical specimens with 
a diameter of 100 mm 

Curing Period  C9 C8N1 
7Days 10.70 43.51 

28Days 19.20 37.82 
56Days 14.90 52.43 

 
Table 2 compares the Indirect Tensile Strength and 

UCS of C9 and C8N1 specimens. 
 

Table 2. Comparison of ITS and UCS test results of 
cylindrical specimens with a diameter of 100 mm 

 ITS 
(Kg/cm2) 

UCS 
(Kg/cm2) 

ITS to UCS 
Ratio (%) 

C9 4.63 19.20 24.11 
C8N1 6.92 37.82 18.30 
 
The tensile strength ratio of stabilized specimens is 

more than Portland cement concrete (10%). Results show 
that C8N1 has better specifications than C9.  

 
4. Technical and Economic Comparison of 

Different Materials for Use as Base or 
Subbase Layer of Pavement 

Table 3 compares the cost of base or subbase layer 
construction with different materials/methods.  

 
Table 3. Economic comparison of different construction 
methods 

 Cost of 1m3 
Road 

Construction 
(IR Rial) 

Road 
Length 
(cm) 

Cost of 1km 
Road 

Construction 
(IR Rial) 

Conventional 706,436 78 905,687,719 
C8N1 1,027,559 110 934,144,596 

C9 513,780 92 558,456,008 
 
Based on table 3 results, the cheapest method of 

constructing the base/subbase layer is to use C9. Due to the 
inappropriate strength of this compound, it is not possible 
to use it for base and subbase layers. Therefore, this 
combination has an economical but not technical 
advantage. Despite not considering the costs related to the 
entry and exit of aggregate materials to Shahid Rajaei port, 
the total price for the two traditional methods and the 
superior combination (C8N1) are not much different from 
others. 

The main advantage of constructing the base/subbase 
layer from C8N1 is the simplicity of making the mix on 
site, as well as the availability of PGD soil and therefore 
the small volume of input materials (cement and new 
mineral polymer material) compared to the traditional and 
common road construction method. In addition to the 
mentioned items; we can mention the speed of execution, 
the use of deposited dredged soil, and the reduction of 
environmental pollution due to less fuel consumption. 
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1. Introduction 
A project started in 2009 by the Iranian Ports and 

Maritime Organization, in which it was planned to design 
and construct a number of small ports (about 50) along the 
Southern Iranian coastlines, the Persian Gulf and Gulf of 
Oman. The background of this project is related to the 90s 
decade aiming to development of the Southern Iranian 
coastlines by providing small ports for small coastal 
communities. So far, only the breakwaters of the most of 
the above mentioned ports have been constructed, hence 
the project is known as Small Breakwaters. In this paper, 
the benefits and challenges of the constructed breakwaters 
along the coastlines of Khuzestan, Bushehr and 
Hormozgan provinces are discussed, which can be used for 
similar breakwaters, particularly for those in Sistan province. 

At the beginning of the project, 39 sites were selected 
for construction of the breakwaters along the coastlines of 
the three mentioned provinces. Table 1 shows the names 
and Figure 1 depicts the location of sites. Three of these 
sites are located on the tidal inlets of Khuzestan province, 
namely Gooban, Govarian and Khour-e-Semayeli and the 
others are located on the open coasts. The three inlet sites 
are sheltered, thus they do not need breakwaters. 
Therefore, berthing facilities were designed and 
constructed, instead. 

 

 
Figure 1. Location of the small breakwaters on the 
southern coastlines 

Until now, the breakwaters of the 36 sites located on 
the open coast and the piers have been completed based on 
the primary program. Seven sites out of the 36 are located 
along the Iranian islands. According to the project, about 
38000 m of rubble mound breakwaters were constructed in 
total and about 310 Hectares basins have been obtained 
from the open coast sites. 

 
Table 1. List of the small breakwaters 

1 Gooban* 14 Bonood 27 Abumusa+ 
2 Govarian* 15 Teben 28 Berkeh Soflein 

3 Khour-e- 
Semayeli* 16 Ziarat Parsian 29 Kandaloo+ 

4 Ghamar 17 Shiyo 30 Shibderaz+ 
5 Emam Hasan 18 Mogham 31 Messen+ 
6 Bolkheir 19 Kalat 32 Rigoo+ 
7 Khour Shahab 20 Gorzah 33 Zakeri+ 
8 Karri 21 Tahooneh 34 Khour Karpan 
9 Chapahn 22 Moghuyeh 35 Ziarat Sirik 

10 Ouli 23 Divan 36 Berizak 
11 Dayyer 24 Faroor+ 37 Bonji 
12 Parak 25 Shenas 38 Yekboni 
13 Haleh 26 Hameiran 39 Bahal 

* located in tidal inlet          +located in Islands 
 

2. Achievements and Opportunities 
The population along the southern Iranian coastline is 

much lower than the other coastal areas in the world. In 
1995, nearly 40 percent of the world population were 
living in the coastal margins. Most of the large cities in the 
world are located in the coastal areas, such as Shanghai, 
New York, Hong Kong, Sydney, Cape Town, Buenos 
Aires and Rio de Janeiro. Iran has the rank of 106 in 
population density in coastal areas among 123 coastal 
countries in the world [1-4]. 

In Japan, with about 30000 km coastline, as a 
developed country, there are nearly 3000 fishing ports [5]. 
It means that there is just a fishing port in every 10 km in 
Japan, while there will be a fishery port in every 50 km on 
the southern coastline of Iran if we have 100 ports (by 
taking the small breakwaters into account). The small 
breakwaters can also be used for other purposes such as 
marine tourism. Thus, the construction of the small 
breakwaters was a step towards creating the necessary 
infrastructures for the development of the southern 
coastlines. Some of the other achievements and 
opportunities of these facilities are presented in the 
following. 

The achievements and opportunities of the small 
breakwaters project can be discussed from social, 
economic and technical viewpoints. As mentioned before, 
one of the significant achievements of the construction of 
these breakwaters is creating necessary infrastructures for 
development and improvement of the population centers. 

13 
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These facilities can improve employment in different 
issues. One of these issues is marine tourism, which is one 
of the most important ways for improving the economic 
condition of Iran. Some examples of the improvement of 
marine tourism have been observed in Rigoo, Shibderaz 
and Kandaloo, the small breakwaters in Qeshm Island 
(Figure 2). 

 

 
Figure 2. Kandaloo small breakwater 

 
Another case of using these small breakwaters for job 

creation and development of population centers is fishing 
activities such as fish farming cages (fish breeding in cages 
in the sea). The constructed small breakwaters are an 
appropriate infrastructure for supporting these activities. 
Some of the small ports are now used for this purpose, but 
the potential capacity is much more. The constructed small 
basins can be used in other economic activities such as 
local export bases and industrial activities. The noticeable 
point is that the cost of construction of these small 
breakwaters was so far insignificant compared to the cost 
of constructing large ports. Thus, it seems that the cost of 
creating job opportunities by using these facilities is lower 
than that of larger ports and industries. 

Generally, the constructed small breakwaters can act as 
the bases of job opportunities in different areas and prevent 
the migration of people living in southern coastal regions. 
The development and demographic prosperity in the 
southern coastal areas is an important step towards passive 
defense and enhancing the security of these areas. 

Another achievement of the small breakwaters project 
is technical achievement. Design and construction of the 
small breakwaters led to preparation of a complete data 
bank of rock materials for breakwater construction on the 
southern coastlines. Executive experiences of construction 
of these breakwaters can also increase the knowledge of 
breakwater construction. Analyzing the behavior of 
different kinds of breakwaters against the environmental 
forces and improvement of the design methodology of 
static and berm breakwaters are another technical 
opportunities of the small breakwaters project.  

 
3. Challenges 

In this section, the consequent challenges of 
construction of small breakwaters are described. One of the 
challenges is to oversee the ongoing activities in these sites 
and to prevent illegal issues such as smuggling. Another 
challenge is related to technical issues. The small 
breakwaters are facing more challenges about 

sedimentation due to their smaller basin and less extension 
to the sea than the larger ports. The necessary programs 
should be made by the owners for monitoring of the 
sedimentation around these breakwaters. Environmental 
issues are the other challenges of this project. Such as all 
of the human made structures, these breakwaters can also 
be a source of environmental pollution. This issue should 
be controlled by appropriate planning and training of the 
users.  

Another in fronting issue is completing the 
infrastructures of these ports to reach to a standard level 
for operation. In most of the selected points, the 
breakwaters have just been constructed and the necessary 
plans should be made for creating other facilities such as 
piers, water supplies, electricity, fuel systems etc.  

 
4. Conclusions 

Construction of the small breakwaters has led to the 
creation of valuable infrastructures along the southern 
Iranian coastlines. The important issue in this stage is the 
continuation of the work in both the optimal planning 
section and the completion and development section. 
Making appropriate plans for optimal operation of each 
basin based on the territorial condition is very important. 
Entering the private sector for doing the remaining works 
and facilitating the devolving of port affairs to this sector 
will also reduce the works of the public sector and 
accelerate the development of these ports. 
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1. Introduction 
The sort and quantity of deformation of coastlines, the 

rate of retreat and increase of Caspian Sea water in coastal 
lands, and the severity of abrasion of the coasts of the 
primary ports inside the north of Iran are the principal 
questions in this take look at the decrease of the Caspian 
Sea water level commenced in 1930 and by way of 1978 
the sea level reduced about 3 m. 

 

 

Figure 1. Water level fluctuations of the Caspian Sea 
from 1930 to 2019 

 
The results of studies on the shoreline of the Sefidrud 

Delta have shown that coastal landforms have gone 
through significant changes over the years due to 
fluctuations in the water level of the Caspian Sea. The 
Changes in coastlines around the main ports in the north of 
Iran during the period (2005-2012) were studied by the 
Ports and Maritime Organization (2008) using Landsat 
satellite images and it turned into determined that the 
coastline replacement is a function of fluctuations within 
the Caspian Sea water degree and processes. Due to the 
lack of comprehensive statistical studies on the impact of 
coastlines on the main ports of northern Iran from 
fluctuations in the Caspian Sea water level changing 
during the decreasing phase from 1995-2019, which 
became observed through a  1.5-meter decrease in sea 
level, this study has been done to determining and 
comparing the amount of shoreline replacement in the 
main ports of the southern shores of the Caspian Sea and 
assessing the severity of their erosion. To determine the 
number of shoreline changes and the level of 

sedimentation and erosion of the coasts of the main ports 
of the north of Iran, Landsat multi-Temporal satellite 
images (1995-2021) in the GIS environment and the 
Digital Shoreline Analysis System (DSAS) software had 
been used. 

 
2. Research Method  

This research has been done by documentary study 
method and software analysis. At first, the necessary 
acquaintance with the characteristics of natural geography 
and morphology of the study area became accomplished 
by reviewing scientific documents, including specialized 
reports, research articles, and thematic maps. Then, by 
initial processing of existing satellite images through 
Google Earth software (Google Earth Pro, 2020), the 
morphological appearance of the coast in the main ports of 
northern Iran was examined and erosion and 
sedimentation of coastal areas had been identified. 100 m 
distance in the software of digital line analysis system of 
coastlines (DSAS) and Landsat multi-time satellite images 
(TM and LOI sensors) with a spatial resolution of 30 m in 
the environment of GIS with the help of software (Arc-
Map) ESRI version 10.6.1 turned into analyzed alongside 
the coastlines overlooking the selected ports from 1995 to 
2019. Also, by analyzing the digital data in the GIS 
environment, the level of retreat and advancement of the 
coast during the above period was analyzed. To calculate 
the shoreline displacement in the GIS software 
environment, multi-temporal images of Landsat satellite 
sensors were processed and based on the data in the band 
(5), which belongs to the near-infrared (NIR) spectrum. 
The border between the dry coast and the shallow part of 
the sea Separation and coastlines were drawn. Then the 
amount of shoreline replacement in the mentioned period 
(MSN) and its annual average (EPR) compared to the 
baseline in the software of digital coastline analysis 
(DSAS) and with the help of a transect module at 
distances of 100 m, was drawn and calculated. All 
numerical data were processed in the form of data tables in 
the Microsoft Excel software environment and graphs 
related to the shoreline displacement and the level of 
erosion and sedimentation along the coasts of the main 
ports of northern Iran have been generated.  

 

COMPARISON OF THE INTENSITY OF COASTLINE CHANGES AND EROSION OF THE MAIN 
PORTS ON THE CASPIAN SEA COAST
Homayoun Khoshravan, Parisa Poursafari Yekrang



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

132

3. Discussion 
In this study, for the first time, the coastlines of the 

main ports of Iran were evaluated in a period 
corresponding to the decreasing phase of the Caspian Sea 
water level from 1995 to 2019. A few results in this study 
have shown, that the amount of shoreline replacement in 
the main ports in the north of Iran does not have a uniform 
and similar trend. Sometimes the joint impact of two or 
more port structures increases the shoreline displacement 
and the development of erosion and sedimentation 
processes. As the slope of the Caspian Sea bed increases 
in coastal areas, the shoreline replacement decreases. 
Therefore, two very important criteria for controlling the 
shoreline displacement include: the direction of currents 
parallel to the shore, which is an important factor for 
sedimentation, and the morphological and geometric 
structure of the shore 
 
4. Results 

Maximum and minimum shoreline replacement during 
the study period in the western part of Amirabad port (432 
meter, - 132 m) within the western part of 
Fereydoonkanaar port (270 m, -25 m), in the eastern part 
of Nowshahr port (304m,44m) respectively and the eastern 
and western part of the coastline of Anzali port (226 m, 
113 m) and within the northern and southern part of the 
coastline of Astara port (858 m, -350 m). Average 
shoreline displacement, sedimentation level, and erosion 
level in Amirabad port 171 m, 3600000, m2 and 300000 
m2, in Fereydunkenar port 50 m, 820000 m2, and 49000 
m2, in Nowshahr port 155 m with sedimentation area of 
600000 m2, In the coastline of Anzali port, 150 m with a 
sedimentation area of 410,000 m2 and in the coastline of 
Astara port, 150 m with a sedimentation area of 120,000 
m2 and the area of the eroded beach is 140,000 m2. 
Fluctuations in the water level of the Caspian Sea are 
taken into consideration as a serious threat to the social 
and economic infrastructure concentrated in the coastal 
areas. 

The results have shown that the behavior of the 
coastlines of the main ports in the north of Iran on the 
subject of the reduction of the Caspian Sea water level has 
been very distinctive and varied in terms of quantity and 
quality. Geographical location and length of coastlines, 
location of sediment supply sources such as rivers, and 
coastal morphological status are essential criteria for the 
behavioral response of coastlines of major ports to 
fluctuations in the Caspian Sea water level. The studied 
ports are divided into three main groups in terms of 
coastline displacement (severe positive and negative 
displacement, moderate positive and negative 
displacement, and non-negative displacement). They are 
also classified into types (high, medium, and low) in terms 
of the extent of erosion and sedimentary surfaces. 

 

 
Figure 2. Curve of shoreline displacement in the area of 
Amirabad port. 

 

 

Figure 3. Comparison of the average annual 
displacement (positive and negative) of the coastline of 
the main ports of northern Iran 
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1. Introduction 

Waste management is the collection, transport, 
processing or disposal, management, and monitoring of 
waste materials. The term usually relates to materials 
produced by human activity, and the process is generally 
undertaken to reduce their effect on health, and the 
environment. The most considerable purpose of waste 
management plans and reception facilities is to reduce and 
eliminate dumping wastes illegally into the sea 
environment. Many examples have already demonstrated 
that unsatisfactory waste handling and even illegal 
dumping take place in many ports around the world due to 
inefficient waste management operations, lack of control, 
recovery systems, and inefficient information flow. 

MARPOL Annex V requires governments to ensure that 
adequate port reception facilities are in place at ports and 
terminals and the Ships can use them as needed without 
causing undue delays to ships. Meanwhile, a Port 
Reception Facility Database) PRFD) has been established 
in the IMOs Global Integrated Shipping Information 
System (GISIS) to provide relevant data on port reception 
facilities. This basis, Iran has all imposed requirements on 
port reception facilities, requiring ports and terminals to 
provide port reception facilities in good condition without 
delaying the ships. We also require ports, terminals, 
loading and unloading stations, and units engaged in ship 
repair and building to be equipped with corresponding 
Pollutant monitoring facilities to reduce the illegal 
discharge of ship waste. 

Special area refers to a sea area that requires the 
adoption of a different compulsory measure from in other 
sea areas because of its special marine ecological 
environment or transportation conditions to prevent ship-
caused pollution. Designating a special area is an effective 
measure to control ship waste pollution and protect the 
marine environment. Due to the special water environment 
in special areas, the applicable ship waste management 
regulations should be more stringent. For this reason, 
targeted treaties and laws specific special areas are often 
applied. For some special areas, MARPOL Annex V 
requires the adoption of special mandatory methods to 
prevent ship waste pollution to the sea For the Persian gulf. 

The Government of the Islamic Republic of Iran ratified 
Annexes I, II, and V in the year 2002, and Annexes III, IV 
and VI in 2009. Under these provisions, the ports of the 
country need to be equipped with adequate facilities to 
receive wastes from ships, including petrochemical 

materials and oily wastes, used oil, sludge, bilge water, and 
garbage. 

 
2. International, Regional and National 

Requirements for Port Reception Facility 
All ships that go to and from Iranian ports must comply 
with the following national, regional, and international 
requirement. International Marpol Convention 
requirements that include: 
 
▪ Article 11(1) (d)   
▪ Reg.38 of Annex I 
▪ Reg.18 of Annex II 
▪ Reg.12 (1) (2) of Annex IV 
▪ Reg.7 (1) (2) of Annex V 
▪ Reg.17 (2) of Annex VI 
▪ The Basel Convention on the Control of Transboundary 

Movements of Hazardous Wastes and Their Disposal, 
usually known as the Basel Convention.1380 

▪ Kuwait Regional Convention for Co-Operation of the 
Marine Environment from Pollution.1357 

▪ The Law on the Protection of the Sea and Navigable 
Rivers against Pollution by oil substances approved 1389 
.act 89 

▪ Waste management law approved 1383 
▪ Wastewater discharge standards was approved 1373 
▪ The law on how to prevent air pollution approved in 

1374 
 
3. Prevention and Reduction of Marine Plastic 

A global project called Glolitter with the cooperation of 
IMO and Norway has started working with a budget of 3.5 
million dollars. The main plans of the project include: 

 
▪ Investigating the existence of suitable and adequate 

facilities for receiving waste in ports. 
▪ Raising the awareness of the shipping and fisheries 

sectors, especially sailors and Fishermen, regarding the 
problem of plastic waste in the sea. 

▪ Encouraging operators to mark fishing equipment to 
make it possible to trace their owners 

▪ Developing guides and training materials to help 
implement related regulations, such as the fifth annex of 
the MARPOL Convention 

▪ Emphasis on the implementation and application of the 
London Convention and Protocol, Including evaluation 
of wastes before issuing a permit for their disposal 
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▪ Attracting the participation of the private sector, through 
industries, and also encouraging the cooperation of 
Fishermen and fishing companies. 

▪ The statistics of receiving waste materials from ships in 
the year 1400 

 
inspection 

(item) 
Bilge 
(m3) 

Oily residues 
( sludge) 

Garbage Sewage 

7754 7216.279 5031.795 4407 221.7 
 
  

4. Challenges and Solutions Related to Waste 
Reception Facilities in Iranian ports and 
Terminals 

 
Not all solid wastes were segregated and the amount of 

recyclable/reusable wastes was not estimated. Total solid 
waste amounts for any waste type were remarkable in 
comparison to the overall waste generated from the 
municipality. There should be adequate monitoring and 
tracking of ship-generated wastes and residues. 

It will be beneficial to know how many ships are 
equipped with an onboard incinerator in which both sludge 
and household waste can be burned or if they have a 
compressor for diminishing the volume of solid waste. 

Furthermore, communities should be motivated to 
participate fully in the public awareness campaign on 
importing proper waste management for health and 
wellbeing. 

The authorized companies providing the reception 
facilities services Waste within the area will have an 
approved emergency response plan (CONTINGENCY 
PLAN) in place in the event of emergency pollution caused 
during the receipt of liquid, solid, or hazardous residues or 
due to an accident, damage or damage to its means. 

Establish laws and deterrent offenses in dealing legally 
with the personnel of faulty vessels that pollute the marine 
environment. 

Adjusting and updating the tariff for receiving, 
processing, and disposing of waste from ships based on the 
average tariff of the country's maritime regions by 
conducting comparative studies of other foreign ports. 

The Proper information to applicants for waste 
collection facilities and the possibility of surveys and 
suggestions to improve the provision of services through 
the Internet. 

Preparation of training program for personnel of non-
conventional vessels in the field of facilities for receiving 
and processing waste from ships and the need to deliver 
waste to facility centers to spread the environmental 
culture 

Currently, due to the enforcement of the IMO 2020: 
Consistent Implementation of MARPOL Annex VI on fuel 
consumed by ships, it has been changed to low-sulfur fuel 
and diesel fuel, and this has caused the fuel waste received 
from ships to be minimized, and mainly water, which is 
mostly caused by washing the engine room, has been 
received. Received contaminated water does not have 

financial value for the contractors of facilities for receiving 
waste materials, and only for its processing; a heavy cost 
must be done in order to dispose it correctly and with 
environmental approval. Solving this problem requires a 
review of the investment plans due to the changes made in 
the materials received from the ships and the decrease in 
fuel in the waste of the ships. 

To ensure the strict implementation of international 
regulations and requirements by the countries, the 
International Maritime Organization (IMO) has approved 
an audit framework. There are facilities for port reception 
facilities. Also, one of the tools of IMO to conduct an audit 
of countries and monitor them regarding facilities for 
receiving waste materials, entering information related to 
facilities for receiving waste materials and entering 
information by countries about companies active in the 
field of facilities for receiving waste materials, contact 
information and details related to their activities. It is 
inside the site that should be updated inside the site. The 
year of conducting this audit for Iran is 2024. According to 
the fifth article of the law on the protection of navigable 
seas and rivers against oil pollution. Act 89, the Ports and 
Maritime Organization must provide adequate facilities in 
ports, wharves, and oil terminals to receive ballast water 
and oil sludge from oil tankers, ships, and vessels. Fees for 
using these facilities are received from the ships based on 
the approved regulations. 

Following the rules related to the collection of waste, 
ensuring the possibility of timely delivery of all waste from 
incoming ships to the ports and monitoring the work, 
reducing the production and recycling of waste as much as 
possible and raising the awareness of relevant industries 
will lead to proper management of waste in ports. 
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1. Introduction 
The durability and service life of concrete structures 

exposed to the marine environment require long-term field 
exposure studies. In the marine condition, the service life of 
concrete relates explicitly to its durability, the interaction of 
its chemical compounds’ reaction mechanisms and physical 
characteristics [1-3]. The vulnerability of concrete subjected 
to the marine circumstance in terms of physical and 
chemical degradation depends on various factors. For 
instance, the chemical effects of SW (See-Water) as mixing 
water or curing water on hydration processes and products 
of cement form micro-cracks due to crystallization pressure 
of existing salt if the concrete is affected by consecutive 
wet/dry cycles (tidal condition).  

Over one billion tones of freshwater (FW) annually are 
consumed as mixing water in concrete. Providing FW 
incorporates significant difficulties; similar is the situation 
for the mine aggregates on islands and marine environments 
[1]. Therefore, using SW, with its vast scale resources, 
rather than FW, in concrete marine construction would be a 
beneficial option in terms of environmental and economic 
viewpoint [2]. Therefore, this research focuses on 
suppressing the degradation mechanism of Sea-Water Sea-
Sand Concrete (SWSSC) exposed to a tidal zone of the 
Persian gulf for 5-years. 

Marine construction sites might encounter an inevitable 
crisis of FW shortage and aggregate extraction, 
consequently increasing environmental impacts and 
unpredicted costs in the near future. The essential issue for 
concrete in tidal conditions is the ions attack, such as 
chlorides and sulfates. This condition is susceptible to 
concrete, which is constantly subjected to alternating cycles 
of wetting and drying, which can accelerate the impressions 
on concrete composites. The reduced w/c ratio of SW-paste 
and using supplementary cementitious materials (SCMs) 
significantly improved the durability test results of SWSSC 
in 5 years. In particular, the sustainability of SWSSC was 
highly improved by using 10% Silica Fume (SF). 

Meanwhile, a previous study showed that using SW in 
concrete does not affect the air content in fresh concrete or 
the water permeability. At the same time, the needle-shaped 
texture of C-S-H and expansive products such as ettringite 

and gypsum was observed [4]. Hence, another research 
examining the pore microstructure (MIP) reported that using 
SW reduces the diameter of larger pores and refines pore 
structures. Generally, the size of the pores is smaller than 
that of FW, and the volume of pores smaller than 10 nm, 
considerably increases while using SW compared to that of 
control concrete. 

28 days

5 years

Figure 1. Placing the samples in tidal conditions to 
investigate SF’s effectiveness on the characteristics of 

SWSSC after curing

2. Experimental Program 
The experimental program is categorized into three main 

phases. First is the design and programming of the mixes, in 
addition to the required tests on the raw materials. The 
second phase relates to the specimens preparations (mixing, 
casting, curing etc.). The final stage is the microstructural 
and compositional analysis of the samples. The latter is due 
to the sulfate and chloride attacks in the marine environment 
and the primary ions source in SW and DMS. The samples 
were prepared with water-to-cement (w/c) ratios: of 0.35 
and a certain percentage of supplementary cementitious 
materials (SCMs) replacement for the cement (ratio 400 
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kg/m3) and DMS replacement for the fine aggregates (#4). 
The samples were cured for 7 and 28 days in laboratory 
conditions. Then, they were transferred to the tidal zones on 
the coast of the Persian Gulf (Close to Shahid Rajaee Port) 
for 5 years. Afterwards, they were subjected to several 
destructive and non-destructive tests related to chemical 
compounds, sulfate, and chloride resistance, including 
RCPT, SEM, MIP, XRD and EDX. 

3. Outcomes of the Laboratory Tests 
Despite an early-age improvement due to porosity 

refinement, SWSSC was not resistant to recurring wet/dry 
cycles, carbonation, gradual crystallization, pore structure 
deterioration, and the sulfate attacks caused by the marine 
circumstance, neither did control concrete. Adding SF to 
SWSSC, by suppressing chloride penetration, 
crystallization and sulfate ions attack (specifically MgSO4), 
has developed and enhanced pore structure, chemical 
composites of SWSSC with elapse of exposing time [5]. In 
this research, SF densified the C-S-H gel in Sw-paste 
minimized Ca(OH)2  and ettringite volume, while in control 
concrete, more Ca(OH)2 was observed. Using SW as the 
mixing water has changed C-S-H to a needle-shaped 
structure with a deep pore. 

   
reference concrete SWSSC SWSSC + SF 
Figure 2. SEM images for Comparing the effects of SW 

and FW on morphology and hydration of ITZ. 

SF’s properties led to a faster reaction with the 
crystallized Ca(OH)₂ and SW. In particular, the durability 
and, thus, sustainability of SWSSC are highly improved by 
using 10% SF. As seen in SEM images, XRD analysis also 
shows expansive product formation such as Ettringite in all 
mixtures with only slight differences in their peak intensity. 
The presence of a higher amount of calcite (C) in the XRD 
analysis was due to higher carbonation and reaction between 
CO2 with C-S-H. Higher portlandite (P) in ordinary concrete 
and SWSSC has been formed, cement’s most vulnerable 
hydration product. Calcite peak (C) indicates the 
carbonation process, which was higher in ordinary concrete 
and SWSSC, even more than quartz (Q). These compounds 
were all improved by using 10 % SF. 

Table 1. Pore structure analysis results of 5 years 
exposed to tidal zone samples using mercury intrusion 

porosimetry (MIP). 
Mixtures  Total porosity 

(%) 
Average pore 
diameter (nm) 

Control 10.4 10 
SWSSC 12.9 18.7 

SWSSC+SF 7.4 10.1 
 

4. Discussion and Conclusion 
concrete structures in the marine environment are 

invaded by destructive ion attacks and chemical compounds 
such as CO2, Mg2+, Cl-, ,  even by microorganisms, 
oysters, and seashells. Then, erosions begin through 
external surface layers. SWSSC and ordinary concrete did 
not resist long-term exposure to tidal conditions. Due to 
sulfate attacks and the formation of harmful expansive 
products such as ettringite and portlandite, micro cracks and 
porous microstructures develop accordingly. Using SF by 
optimizing pore structure and cement matrix formed more 
quartz, which could be related to a high amount of SiO2 in 
its chemical compounds, consequently suppressing sulfate 
attack by filling capillary pores. 

Figure 3. XRD (X-ray diffraction) analysis, 5-years 
exposed to tidal conditions samples; Q: Quartz, C: 
Calcite, E: Ettringite, M: Magnesium sulfate, P: 

portlandite. 
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1. Introduction 
Chamkhaleh, one of the small towns along the Iranian 

coasts of the Caspian Sea, is among the most beautiful 
parts of Gilan province. As it is seen in Figure 1, 
Chamkhaleh area, to its southern end, meets the 
conjunction of two rivers i.e., Langrood River and 
Shalmanrood. Sandy beaches together with very green and 
calm area create a wonderful opportunity for Chamkhaleh 
to become a successful recreational region with potential 
advantages for future investments such as in marinas, 
marine sports, sea routes for passenger vessels. 

    

 
Figure 1.  Location of the Chamkhaleh, Gilan province. 

 
In 2000, two rubble mound breakwaters were constructed 
to protect the river mouth basin against waves and 
sedimentation. However, the basin suffered from both 
siltation during the river floods and sedimentation from the 
sea. Satellite imagery depicts the evolution of the coastline 
in the neighborhood of the basin. Figure 2 clearly shows 
that the dominant left to right longshore sediment transport 
(LST), (in reality, north-south LST due to alignment of the 
coastline), resulted in a considerable growth of the left 
beach, considerably. However, we should remember that 
during the period of 2003-2015 the Caspian Sea level 

decreased by 0.5 m. Hence, for the comparison between 
the coastlines, necessary corrections must be applied (done 
for the likely presentation). 

Future plans for having a modern marina for 
Chamkhaleh required a full investigation on the ongoing 
sediment transport in the area, and propose creative ideas 
to avoid any unfavorable morphology change. This paper 
describes an engineering solution to have a frog leap from 
the surf zone and prevent any collision between the 
longshore current and marina structures.  

 

 
Figure 2.  Evolution the coastlines around Chamkhaleh 
river-mouth basin (Green 2003, Red 2015), Rotated 90 
degree counterclockwise  

 
2. Methodology 

Reliable wind, wave, current data and bathymetric 
charts were available from a comprehensive four-year 
study on extensive field observation and 30-year hindcast 
numerically simulation for the whole Caspian Sea, planned 
and funded by the Ports and Maritime Organization (PMO) 
[1].  The above-mentioned valuable data together with 
technical information on discharges and corresponding 
sediment contents of the rivers were employed to 
determine effective factors in sediment behavior and 
morphology changes.  These findings, together with the 
necessary area for the marina basin and required natural 
depth, led to the potentially suitable locations for the 
marina.  Figure 3 shows the final location of Chamkhaleh 
marina [2]. 

Three main concerns were key factors in the 
determination of the final layout for the marina: First, 
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results of the interaction between longshore current and 
LST and the structure passing through the surf zone. 
Second, the probability of the formation of a tombolo in 
the shadow of the marina (rubble mound breakwaters). 
Third, how the longshore current interacts with the river-
mouth breakwater. In the following section the concerns 
are discussed. 

 
3. Results and Discussion 

In order to minimize the unfavorable results from 
having a solid and long obstacle in front of the longshore 
current and LST, a bridge was designed with suitable 
height and span (Figure 4).  The bridge allows the current 
and companion sediment to move naturally. To avoid the 
formation of tombolo, empirical recommendations were 
applied for preliminary design and long period numerical 
simulations were carried out to investigate probable 
consequences of different conditions, such as the Caspian 
Sea level fluctuations.  It has been shown that the 
formation of tombolo is very unlikely unless the Caspian 
Sea level drops dramatically.  It should be added that from 
the start of the construction, tens of sticks were planted at 
nodes of a regular mesh, covering both sides of the access 
bridge (as can be seen in figure 4) to monitor the changes 
in topography and bathymetry of the study area. A report 
on the behavior of the neighboring coastal area in response 
to the presence of new marine structures is presented 
during likely oral presentation.  

And for prediction of the results of the interaction of 
the longshore flow and the river mouth breakwaters, a 
series of 2D numerical simulations suggest that occasional 
contraction of longshore streamlines results in stronger 
currents in the vicinity of the river mouth, causing the 
deepening of the seabed. 

 

 
Figure 3. Final layout for Chamkhaleh marina 

 

4. Conclusions  
Chamkhaleh is a valuable coastal area with wonderful 

advantages for hosting various marine and coastal 
recreational activities. A modern marina will strongly 
support the role of Chamkhaleh to achieve the goals. Since 
a dominant longshore current and the resulting LST are 
present in Chamkhaleh coastal area and strong floods from 
the rivers do play important roles in the region, a creative 
engineering solution was required to reach a suitable 
layout for the marina as well as to avoid any unfavorable 
consequence by the LST and floods. A design consisting of 
an access bridge with optimized spans was proposed and 
constructed. Meanwhile, any changes in topography and 
bathymetry of neighboring areas were monitored. The 
results show the design has been successful and if the 
conditions remain without any dramatic changes, a safe 
and unique modern marina, using an innovative 
engineering solution will serve the public.    

  

 
Figure 4. Accesses bridge to the Chamkhaleh marina 
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1. Introduction 
The phenomena of ship upsizing and cascading of 

capacity have been fostered by the globalization of the 
world’s economy and the pursuit of economies of scale. 
Additionally, regulatory changes related to decarbonization 
targets have also been impacting newbuilding orders [1]. 
Consequently, ports, which are the key nodes of the 
shipping network, have been pressured to cope with the 
increasing demand to accommodate mega-container ships 
and deal with a greater throughput at container terminals. 
This revolution in containerization has challenged seaports 
to evaluate and improve their readiness to provide service 
reliability to the shipping lines in order to attract and 
secure them, addressing demand trends in a profitable and 
sustainable way [2]. 

It is concluded that the majority of ports worldwide 
lack equipment, machinery and facilities to handle mega-
container ships and the respective cargo, are still missing 
out on digitalization, have inadequate intermodal (and 
hinterland) connections, and do not have the financial 
capacity necessary to elevate their infrastructure at the fast 
pace that the industry requires [1-2]. In this context, with 
global trade increasingly dependent on containerized 
transportation and an uninterrupted trend of container ships 
becoming larger, this works aims to analyze how mega-
container ships are impacting ports and how ports are 
reacting to this pressure in order to remain competitive. 
 
2. Outlook and Forecast of Container Ships 

Size 
The definition of a container ship class is a function of 

its draft and related capacity in TEU (Twenty-foot 
Equivalent Units). Since the beginning of containerization 
in the mid-1950s, container ships undertook six significant 
waves of changes, each representing new generations [3]. 
The size limit of the Panama Canal, which came to be 
known as the Panamax standard, was achieved in 1985 
with a capacity of about 4,000 TEUs. In 1996, full-fledged 
Post Panamax containerships were introduced with 
capacities reaching 6,600 TEUs. By 2006, the third 
generation of Post Panamax containerships had a capacity 
in the range of 11,000 to 14,500 TEUs (the Emma Maersk, 
E Class). This new class started being particularly 
demanding for port infrastructures as their draught 

exceeded 15m and its width encompassed 22 containers 
across. A further extension of the design led to the 
introduction of the Ultra Large Container Ship (ULCS) 
class of 18,000 TEUs and above in 2013 (named ‘Triple E’ 
by Maersk). This class was further expanded, and by 2017, 
ships above 20,000 TEUs started to be delivered [3]. The 
Ever Alot container ship, delivered June 2022 with a 
carrying capacity of 24,004 TEUs, 400 m long, 62 m wide 
and a 17 m draft, is currently the world’s largest. 

There are already designs for bigger ships on the 
drawing boards, where some authors expect 30,000 TEUs 
vessels to appear in the year 2025 [4]. However, these are 
not anticipated to be constructed until sufficient volumes 
are demanded on the limited routes they could serve. 
Container ships in the range of 5,500 to 6,500 TEUs 
appear to persist as the most flexible in terms of the ports 
they can access and the market they can service.  

 
3. Systemic Weaknesses of Seaports in 

Accommodating Mega-Containerships 
It is verified that the emergence of mega-container 

ships is causing several problems in ports. It is reported a 
reduction in operational efficiency, congestion, limited 
capacity and infrastructure support, the existence of 
restrictions policies for seaport development, and 
constraints to additional spatial development [2]. Among 
these, unsuitable navigational access is the most common 
obstacle, namely due to insufficient channel width and 
water depth. Other major challenges comprise unsuitable 
crane capacity, limited berth size, less developed 
hinterland facilities, lack of intermodal connections, and 
the need for restructuring personnel training [5]. All these 
issues need strategic planning by port authorities and 
related operators, where a lot of investment is required to 
offer high-quality services, maximize the utilization rates 
and minimize the time in port, especially where 
diseconomies of scale happen [5]. 

 
4. Seaports’ Successful Adaptation Practices 

Nowadays, just a few seaports worldwide are able to 
accommodate ULCSs, with the majority of them located in 
Asia [2]. The Ports of Singapore, Tanjung Pelepas in 
Malaysia, and Hambantota and Colombo in Sri Lanka are 
examples that can be highlighted. In Europe, there is also a 
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list of ports able to be called by the newest generation of 
container ships, namely the Ports of Hamburg in Germany, 
Rotterdam in The Netherlands, Antwerp in Belgium, 
Algeciras in Spain, and Piraeus in Greece.  

Every port has different constraints to overcome. For 
example, the Port of Santos in Brazil has only been 
approved in 2021 to receive vessels of 366 m in length, 
equating to 14,000 TEUs, the largest ships calling on the 
east coast of South America, after dredging the navigation 
channel to 15 m depth. A plan to dredge to 17 m is already 
being drafted. The Port of New York and New Jersey, 
which is the largest port on the United States east coast, 
needed to lift the Bayonne Bridge roadbed (which connects 
both states) to allow ships of more than 9,500 TEUs to 
pass through it for the first time. In Portugal, the Port of 
Sines has inaugurated this year (2022) an additional 204 m 
of quay length which allows the handling of three mega-
vessels simultaneously. Finally, in the Port of Felixstowe, 
the largest container port in the United Kingdom, there are 
expansion plans involving 13 ha of new paved container 
yard and the reclamation of 3.2 ha of the seabed. 
Obviously, projects for new ports able to berth 30,000 
TEUs vessels are already in force, which is the case of 
Jinhae New Port in South Korea [6].  

From the literature review, major investments made by 
top container ports to enhance infrastructures’ readiness to 
receive mother vessels relate to the development of deep-
water terminals, channel deepening and land reclamation 
operations, acquisition of taller and more modern quay 
cranes, berths lengthening, acquisition of efficient port 
prime movers, and expansion of yard areas. Digitalization 
and automation of processes are also confirmed key 
enablers for higher efficiency and better performance. The 
incorporation of dry ports in the seaport framework to 
manage vessel size enlargement has been another measure 
ultimately considered to improve the efficiency of cargo 
handling and storage [2]. 

 
5. Discussion 

Anticipation, preparation and adaption capacities are 
found the best weapons for ports to fight against 
disruptions and the best tools to build resilience. These are 
especially important in a time of climate emergency and 
energy transition, overburden with the management of the 
COVID-19 pandemic, the Ukraine invasion, and Europe’s 
dependence on Russian energy. In addition to this, there 
are ongoing disturbances related to the swing of 
manufacturing production bases, restructuring of container 
carriers’ strategic alliances, creation of new shipping 
routes (e.g., resulting from the Arctic thaw) and disuse of 
others, and the continuous deepening and widening of 
water channels and transoceanic passages. 

Nevertheless, rethinking and reengineering ports’ 
infrastructures (including warehousing and logistics 
infrastructure) is the way forward to remain competitive 
and attractive, even though the question of whether 
container ships are close to reaching their peak capacity (as 
has occurred with bulk cargo vessels and, recently, 

aircraft) is still open to debate [7]. Furthermore, in this 
uncertain and complex environment, ports’ redevelopment 
needs to be underpinned by the alignment of governments’ 
strategic planning and policies, as well as local and global 
cohesive regulatory frameworks [1].  

 
6. Conclusion 

This work explored the implications of the emergence 
of mega-container ships on the sustainability of seaports, 
either in terms of their readiness to accommodate the 
vessel and the cargo, as well as in terms of resilience 
strategies adopted to ensure the continuation of 
competition and attractiveness. 

It is clear that mega-container ships brought a wide list 
of significant hurdles and constraints to the planning and 
management of port facilities. It is reported a lack of 
preparedness in the majority of seaports, both in terms of 
physical and operational resources. Particularly, shallow 
depth has shown the most sizeable impact [2]. Therefore, 
anticipating future changes in maritime transport and 
making investments accordingly is vital to be ahead in the 
market and cope with the clients’ needs. Especially, since 
it is verified that liner shipping operators will continue to 
deploy the most efficient size of vessels that their 
customers’ cargo volumes require [8], as the historical 
trend and current studies demonstrate, despite the 
diseconomies of scales that seaports may face.  

Future work comprises a categorized compilation of 
ports’ development, innovation and expansion solutions 
envisaged to successfully accommodate mega-container 
ships, with regard to ports’ container throughput, 
geographic and geostrategic position, landmass, hinterland, 
and proximity to main shipping routes.  
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1. Introduction 

Forecasting the demand for cargo handling services is 
one of the key components of port planning studies. The 
main purpose of cargo forecasting is to determine amount, 
type and structure of the cargo passing through the port in a 
certain period. However, this matter has proven to be 
challenging due to different uncertainties regarding this 
subject and therefore different methods are implemented. 

Generally, forecasting methods are divided into 
qualitative and quantitative methods. Quantitative methods 
are also divided into three subcategories: time series 
analysis, causal analysis, and combined method [1]. 
Qualitative methods are based on expert judgments and 
therefore are exposed to errors related to human knowledge. 
These methods are used when historical data is not available 
or difficult to obtain. Time series methods predict solely 
based on the past behavior of the desired variable. The main 
assumption of this method is that past events will maintain 
their trend. Different approaches can be adopted for this 
method with naïve forecasting being the most basic one in 
which the variable in question is assumed to behave 
similarly to the previous time period [2].  

The most common time series forecasting methods are 
vector autoregressive models (VAR) and Autoregressive 
Integrated Moving Average (ARIMA) models. Causal 
analysis is another common forecasting method in which 
one or more explanatory variables are used to forecast the 
dependent variable [1]. With regard to seaports, the 
dependent variable is usually the throughput and a set of 
explanatory variables such as gross domestic product 
(GDP), hinterland population, GDP per capita or energy 
consumption. 

Imam Khomeini port has been one of the main seaports 
of Iran in the past 80 years and currently acts as the main 
hub of bulk cargo in the country. The throughput of Imam 
Khomeini port can be divided into oil products and non-oil 
cargo which is mainly comprised of essential edible bulk 
commodities. This portion of the throughput is related to 
national domestic consumption and is less influenced by 
external factors such as economic sanctions. Hence, the 
non-oil throughput of Imam Khomeini port is selected as the 
case study in order to assess the precision of short-term 
trend-based forecasting methods for ports of Iran.  In this 

research, the non-oil throughput of Imam Khomeini port is 
predicted until 2024 using ARIMA model. 
 
2. Literature Review 

Studies carried out on port cargo and traffic forecasting 
are mainly focused on presenting and evaluating various 
methods and finding relationships between various 
descriptive variables. Some of the related literature to this 
research are listed in Table 1. 

 
Table 1. Literature review summary 

Author Year Method 
 Schulze & Prinz [3] 2009 SARIMA  

Ming et al. [4] 2013 ARIMA  
Min & Ha [5] 2014 ARIMA  & SARIMA 

 Rashed et al [2] 2016 ARIMA Intervention 
Liu et al. [6] 2017 ARIMA & BP Network 

 
3. Methodology 

ARIMA models are statistical models based on 
autocorrelation of the recorded values in a time series [7]. 
Unlike regression methods, ARIMA models describe the 
behavior of a variable based on its past values. 
Implementing these models is a relatively simple and 
straightforward process and has proven to be very useful for 
forecasting time series especially in the absence of data for 
descriptive variables and has produced satisfactory results 
especially in the field of transportation. 

This model is comprised of two main components, 
autocorrelation (AR) and moving average (MA) [8]. The 
written form of this model is ARIMA (p,d,q), where p is the 
order of autocorrelation, q is the order of the moving 
average, and d is the degree of differentiation needed to 
obtain stationarity in the time series which after the model 
can be formulated as below: 

             (1) 𝑋𝑋𝑡𝑡 = 𝜃𝜃0 +∑𝑘𝑘𝑖𝑖𝑋𝑋𝑡𝑡−𝑖𝑖
𝑝𝑝

𝑖𝑖=1
−∑𝜆𝜆𝑖𝑖𝑋𝑋𝑡𝑡−𝑖𝑖

𝑞𝑞

𝑖𝑖=1
+ 𝜀𝜀𝑡𝑡 

 Where 𝑋𝑋𝑡𝑡−𝑖𝑖 is the recorded observation, 𝑝𝑝 is the time 
lag,  𝑘𝑘𝑖𝑖 is autoregressive parameter, 𝜃𝜃0 is constant 
component, 𝑞𝑞 is the number of return periods, 𝜆𝜆𝑖𝑖 is moving 
average parameter and 𝜀𝜀𝑡𝑡 is disturbance term. 
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The four-step Box-Jenkins methodology was initially 
developed to estimate general ARIMA models in 1976. 
However, it is widely used for different univariate time 
series modeling methods [8]. This methodology was 
implemented in this study and detailed explanation of the 
process is presented in Figure 1. 

 

 
Figure 1.  Implemented forecasting procedure 

4. Results and Discussion 
Monthly time-series on the throughput of Imam 

Khomeini port was generated from March 1999 to March 
2019 using data provided by PMO. The time period was 
divided into a training sample (1999-2015) and an 
evaluation sample (2015-2019). The ARIMA model was 
developed based on the training sample and the accuracy of 
the model was evaluated calculating mean absolute 
percentage error (MAPE) values based on the evaluation 
sample. Since the MAPE value was within the acceptable 
range of less than 20%, the model proved to be sufficiently 
accurate and was subsequently used to forecast Imam 
Khomeini port throughput until March 2024. By using this 
model, the non-oil throughput of Imam Khomeini port in 
2024 is expected to be around 33.2 million tons. The 
specifications of the model is presented in Table 2 and the 
actual and forecasted time-series are displayed in Figure 2. 

 
Table 2. Model specifications 

Model Parameters ARIMA (1,1,1) 

Jarque- Bera Test Value 9.32 

Durbin-Watson Statistics 2.008 
ADF Test after 1st 

differentiation OK 

Akaike Info Criterion 27.833 

Ljung- Box Test OK 

MAPE 10.24% 

 
Figure 2.  Imam Khomeini port throughput actual and 
forecast values  

 
5. Conclusion 

ARIMA model proved to be accurate enough for short-
term forecast of non-oil throughput of the Imam Khomeini 
port. The developed model predicted an annual throughput 
of around 33.2 million tons by 2024. Since the non-oil 
throughput of Imam Khomeini port is mainly comprised of 
essential edible commodities which is related to national 
domestic consumption, it is less influenced by external 
factors such as international sanctions therefore using the 
past trend to predict the future proved to be sufficiently 
accurate.  
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1. Introduction 
In maritime missions, one of the most important parts is 

the processes of berthing and unberthing ships because 
these two processes are the final and beginning stages of a 
sea voyage. On the other hand, these two processes have 
their sensitivities because the slightest mistake may cause 
irreparable damage to the vessel. For these reasons, marine 
companies always seek to perform these operations in the 
best possible way and with the highest efficiency [1]. 

Due to the high volume of exchanges, the maritime 
industry is trying to move towards increasing productivity. 
One of the sectors that can be investigated is the operations 
of berthing and unberthing vessels. 

In this article, the processes of berthing and unberthing 
of vessels are modeled by using machine learning. With 
the help of machine learning, it is possible to model the 
phenomena without having a very deep knowledge of the 
sciences governing the phenomena, and it also takes less 
time and cost than simulating with software. 

Because machine learning only uses mathematical 
models, it may not be very accurate in simulation, which 
accuracy can be measured with formulas, so it uses 
optimization algorithms to increase the accuracy of these 
modelings. Optimization algorithms do not only use 
mathematical models but also use a series of natural 
optimal patterns that have emerged as a result of evolution 
and have become computer codes. In this article, a genetic 
algorithm is used to optimize the model. 

With this method, the most optimal mode can be found 
for these processes with the lowest cost. 
 
2. Modeling 

Modeling is a series of mathematical processes in 
which a phenomenon in the real world is transformed into 
a function in the computer with the help of its effective 
parameters. This process can be done with the help of a 
series of interface software or modeling codes. 

 
3. Machine Learning 
     It is a relatively new branch of computer science, based 
on some branches of mathematics, which can be used to 
produce a logical function called "objective function" for 
various phenomena and examine those phenomena with 

this function. In this project, with the help of machine 
learning, a function has been produced for the berthing and 
unberthing of vessels, and with these functions, the time of 
these operations can be predicted [2]. For berthing, the 
following function was produced with 66% accuracy. This 
modeling has been done using the data collection of the 
hydrodynamic parameters of the vessels and the recorded 
duration of their mooring. Its accuracy was calculated by 
comparing the obtained formula with 20% of the data by 
using the root mean square (RMS):   
 
 
 
 
 
 
 
 
 
 
     ϴs are the parameters of the float, i.e. length, width, 
water inlet and submerged volume of the float, and the 
number of tugs. 

    
For unberthing, a formula similar to the above formula was 
obtained, with the difference that the coefficient of the 
number of tugs becomes zero, and this factor is removed 
from the formula, and the formula is as follows: 
         The accuracy of this function is 40%. 
 
4. Optimization  

Optimization is a type of modeling, but instead of using 
only mathematical concepts, it uses algorithms derived 
from the social behavior of living organisms [3]. These 
algorithms have converted some social behavior of living 
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organisms, such as finding food, which has improved 
during evolution and becomes the most optimal form, into 
codes and mathematical patterns. There are different 
optimization algorithms such as artificial neural networks 
or ant nests. This project uses the genetic algorithm 
derived from Darwin’s theory [4]. 
      After applying the genetic algorithm to the data by 
“GeneXproTools” software, the berthing function was 
obtained as follows, which has an accuracy of 70%: 
 

 

+  
 
and: 
 
   
    
 For its unberthing, a function with 96% accuracy is 
produced as follows: 

 

+  
 

 
and the registers are equal to: 
 

 

 
 
         The figure below shows the convergence of the 
actual and optimization results, the yellow line is the actual 
results and the green line is the optimization results for the 
unberthing process: 
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Figure 1. Convergence of real results and optimization for 
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1. Introduction 
Tourism in the third millennium is considered as one of 

the most important drivers for the development of 
territories. The World Tourism Organization has predicted 
more than 2 billion international tourists by 2035. Per each 
land-visiting tourist that enters a country, 12 jobs are 
created, while per each marine tourist, 15 jobs are created. 
In 2019, the Middle East has taken a larger share of world 
tourism than other regions of the globe with an 8% growth 
in the tourism sector. Iran is among the top 10 countries in 
the world in terms of natural resources. However, Iran has 
not taken advantage of the mentioned opportunities until 
now. In fact, Iran has been ranked 89th in terms of 
attracting tourists amongst 140 countries in the world. 
Despite the fact that the tourism sector is considered as one 
of the most important sources of income for many 
developing countries, this sector comprises less than 0.5% 
of the Iran's economy. 

The main purpose of this study is the site selection of 
recreational and passenger harbors in the coasts and ports 
of Guilan province to take the advantage of tourism 
potentials of the area that have been of interest to tourists 
due to their special ecological, structural and spatial 
characteristics. With regard to tourism in marine and 
coastal environments, in the first decade of the 2000s, Hall 
[1] claimed that “marine and coastal tourism is one of the 
fastest growing areas among the world’s largest industries. 
Yet despite increased public awareness about the economic 
and environmental significance of marine tourism, it is 
only in recent years that a substantial body of research has 
emerged”. Coastal and offshore areas (as destinations of 
sailing tourism) have been rarely noticed compared to 
other forms of maritime tourism. In recent years, among 
relatively infrequent publications where studies on 
maritime sailing tourism have constituted the subject of 
interest, one can cite the following examples: Parrain’s 
analysis of sailing routes and stopovers across the Atlantic 
[2]; a study of critical factors in the maritime yachting 
tourism experience [3]; an estimation of the economic 
impacts of yachting in Greece by means of the tourism 
satellite account [4]. 

 
 
 
 

 
Guilan province, on the coasts of the Caspian Sea, from 

Chaboksar in the east to Astara in the west, has more than 
270 km of coastline, and the tourist attractions of this 
province are well-known nationwide. Before the covid-19 
pandemic, it hosted about 30 million tourists every year. 
Considering the importance of marine tourism and the 
potentials of Guilan, in this study, a comprehensive study 
on the coastline of this province has been done using AHP 
approach. The results of this study have been extracted in 
the form of GIS maps. 

 
2. Methodology 

In this study the multi-criteria decision-making method 
was applied to determine the priorities of site selection of 
recreational and passenger ports considering the key 
parameters. Table 1 shows the effective key parameters for 
planning of tourist and passenger ports and docks. As 
mentioned in table1 each of main parameters is divided to 
one or more detailed parameters. 
Having introduced the key parameters, they are weighted 
by forming a group of experts. Then, according to the 
available statistical studies and field observations, points 
are assigned to each of coastal locations. 

 
3. Result and Discussion 

The results of this study are extracted in the form of 
GIS maps. Two scenarios of recreational docks and marine 
traveling terminals are considered. It should be mentioned 
that the key parameters in two scenarios have different 
impacts. The priorities of 1. Tourist and 2. Traveling docks 
and port locations are shown in figure 1 and 2. 
As shown in these figures, by respect to zones with highest 
points, Astara, Anzali, and chamkhale can be introduced as 
the most potential coasts for planning and development of 
recreational and tourist docks and Astara, Anzali’s marina, 
Caspian free zone, and Chamkhale for passenger ports. 
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Table 1. Key Parameters 

Main criteria Indicators 
Climate Climatic comfort of tourists 

Environment 

Biocapacity (per capita) 
Ecological footprint (per capita)  

Distance from environmentally sensitive 
areas 

Distance from sensitive infrastructure areas 

Natural 
hazards 

Earthquake 
Flood 

Landslide 
Storm 
Waves 

Storm surge 
Water level fluctuations 

Sedimentation 

Social 
Population density 

Distance from residential zones 
Safety 

Accessibility 

Roads 
Rails 

Airport 
International accessibility 

Coastline accessibility 
Port accessibility 
Province intake 

Trips  

Intra-provincial trips 
Extra-provincial trips 

Intra-provincial passengers 
Extra-provincial passengers 

Tourists 

Distance from attractive zones 
Distance from selected tourism zones 

Distance from selected tourism corridors 
Distance from Elite Tourist Village 

Tourism ranking  
The residential facilities 

Catering services 
Distance from coastal tourism centers 

 
 

 
Figure 1. Priorities of recreational and tourist docks 

 

 
Figure 2. Priorities of passenger ports 

 
4. Conclusion 

In this study, the research purpose, i.e. the 
determination of priority of site selection for passenger-
tourism ports and docks in the Guilan province, have been 
presented. The Analytic Hierarchy Process (AHP) 
approach was applied to investigate multiple criteria 
impact. Due to its unique assets in the country, Guilan 
province has always been considered as one of the most 
important tourist destinations. On the other hand, tourism 
is one of the topics that has not been properly emphasized 
in the field of planning and design focusing on the 
development of the coasts and ports of Guilan province. In 
this study, a comprehensive survey has been done on 
existing tourism and marine travel destinations of Guilan 
coasts; Then by defining the key parameters and assigning 
weight to them, a GIS map of the desired areas for 
planning and developing has been extracted. The results of 
this study show that Haviq, Anzali, Chamkhale and 
Caspian free zone, are the first priorities for establishing 
docks.  
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1. Introduction 
Turkmen Port is located on Southeast of the Caspian 

Sea and on the east coast of Mian-Kale Bay in Iran. 
Gorgan Bay, due to the existence of Ashuradeh and 
Miankalah islands, there is the possibility of creating 
suitable marine tourism projects. Turkmen Port is one of 
the recreational and touristic ports of this region and 
provides tourism services for domestic and foreign 
travelers. The infrastructure of the port was the basis of 
port activities, the quality of which affects the better 
performance of the port, but the decrease in the water level 
of the Caspian Sea in the past years, the existing 
infrastructure for the marine tourism industry, including 
the existing docks, has faced many problems in operation. 

 

 
Figure 1. The current activity status of the port  

In this article, the future of Turkmen port and its 
development plans are discussed. Port infrastructure is the 
basis of port activities for serving ships, moving cargo and 
passengers. The development of port infrastructure 
requires long-term investment and planning. Continuous 
improvement of the quality of port infrastructure is critical 
for developing countries as it contributes to better port 
performance. 

 
2. Discussion and Detect 

The future performance and development of the port 
can be predicted according to the country's macro-
economic and political situation as well as plans and 
documents that affect the legal functions and procedures 
related to the development of sea passenger infrastructure 
in Turkmen port. The following results have been obtained 

from the study of comprehensive plans of commercial 
ports, comprehensive plan of small ports, integrated 
management plan of coastal areas, comprehensive tourism 
plan and urban comprehensive plans: 
1-Turkmen port is one of the small ports with multi-
purpose use and function. 2-The high nature tourism 
attractions of the region have the potential of cultural, 
sports and nature tourism. 3-Gorgan Bay is appropriate for 
building resort islands and has recreational and 
championship level boating capabilities. 4-Turkmen port is 
considered as a recreational and economic tourism 
destination. 5-The problem of Gorgan Bay is the heavy 
sedimentation of the opening and the access channel, due 
to which the port has dried up and has no special function. 
6-Tourism plans in the region lead to the reconstruction 
plan of Bandar Turkmen beach and Ashurade Island. 7-
One of the environmental capabilities and limitations of 
Bandar Turkman city is its proximity to Gamishan 
wetland, which is one of the most important wetlands and 
valuable habitats for native and migratory birds. 8-Most 
spaces seen in the tourism plan of Ashuradeh Island have 
been moved to the coast of Bandar Turkmen due to the 
problems that may cause for island environment. 9-It is 
proposed to organize or hand over Turkmen port. 10-
Turkmen port should be considered with the current local 
function or change of use. 11-touristification has been 
suggested for Turkmen port. 12-The landlord model is 
appropriate. 13-The port has a tourist pier suitable for 
boating. 

Identifying the current state of the port, including its 
strengths and weaknesses, and examining the limitations 
and opportunities for progress are necessary for the 
development of Turkmen port infrastructure. One of the 
important features of this port is the extension of the 
railway line up to the pier and the connection of this line to 
the national rail network. On the other hand, due to the 
lowering of the water level and the receding of the sea 
level, the harbor basin is filled with mud and sediments, so 
the water depth at the bottom of the docks is not sufficient 
for safe boat traffic and mooring. The approximate length 
of the main breakwater arm of Turkmen port is 165 meters. 
This port is connected to the city water network, electricity 
and telephone facilities and it has a VHF device. This port 
has 500 square meters of office building and 3300 square 
meters of covered warehouse. 
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Since Turkmen port is considered as a passenger and 
tourism port, the needs of development according to this 
port’s circumstances should be considered. In this article, it 
has been discussed that with attracting domestic and 
foreign tourists, sea travel with cruise ships, sea tours, 
recreational floating parking, water and sea sports and 
sightseeing and shopping on port hinterland, the following 
results have been obtained: 
1-Due to the low water level and the problems of Turkmen 
port, the ferry terminal and the cruise terminal in Turkmen 
port are not operational. Therefor a marina can be built for 
the establishment of pleasure boats in order to activate 
marine tourism in Turkmen port, and it can be considered 
as a place for parking pleasure boats.  
2- Due to the low depth and low turbulence of the sea, the 
beaches of Bandar Turkman are prone to water sports and 
the ability to sail at a recreational and championship level. 

According to the latest statistics obtained from the 
Cultural Heritage and Tourism Organization, the Ports and 
Maritime Organization and field studies, the number of 
passengers has increased between 1988 and 1995 with an 
average slope of 13%. And in 1996, it decreased by 67%. 

The decrease in passengers may be due to the problems 
that have occurred and the decrease in water depth, so it is 
expected that with the improvement of the existing 
situation, the increase in the number of passengers will 
take the same increasing trend as before, and considering 
the 13% slope of the increase in passengers, the number of 
passengers in the peak month in the next 15 years will 
reach The number will reach about 140 thousand people. 
According to calculations, on average, during the peak 
month, about 650 people visit the pier per hour. On the 
other hand, the depth of the water and its limitations, the 
port can accommodate a 6-meter-long and 2.3-meter-wide 
boat with a 0.6-meter intake. 

The strategic direction for this port should be 
conservative. Ports that have inappropriate economic 
performance and continue to operate only due to the 
dependence of local communities, need minimal reforms to 
fulfill the governance duties of the ports organization and 
reach a stable state. According to the reviews, forecasts, 
feasibility, capabilities and opportunities of the region and 
Turkmen port infrastructure, the following uses can be 
considered in the port: 1-Tourism and tourist complex, 2-
Craft market, 3-Beach camping, 4-Commercial, 5-Sports 
fields, 6-Restaurant and traditional tea house, 7-Temporary 
accommodation camping, 8-Lookout, and the development 
of sports such as: 1-Boating, 2-Horse riding, 3-Cycling. 

Factors that are effective in the physical design of 
Turkmen port include: 1-Wharf location, 2-functional 
relationship desirability, 3-economic optimization, 4-
Coordination by condition of the land and existing uses  
3. Summary and Proposed Plan 

The final plan of the required uses of the port is 
presented in Figure 2.The water sports and passenger 
services of the port have been formed according to the 
location of the pier around it. The existing shed space is 
proposed for service and welfare uses, and administrative 

development has been seen in the same direction as the 
existing office buildings, and recreational-sports spaces 
have been placed next to the water sports pool. At 60 
meters from the end of the pier, a shade is proposed for the 
comfort of passengers. In order to make maximum use of 
the available features of the site and organize the train 
buses that arrive at the port, a canopy has been planned for 
boarding and disembarking passengers. 

 

 
Figure 2. The proposed plan of Turkmen port 

 
The studies and investigations on the necessity of 

developing Turkmen port infrastructures show: 
1- Turkmen port is playing support role for Miankala 

port. This has become necessary for the development of 
Turkmen port in recent years, due to the environmental 
limitations of development in Miankala region. 

2- The development of the infrastructure of Turkmen 
port, considering the nature tourism attractions, the 
cultural, sports and nature tourism potential of the region 
will increase the port's passengers, which is accompanied 
by commercial and economic prosperity. 3- The receding 
of the sea has caused the existing unsafe pier to lose its 
function, and it is necessary to build a suitable pier with a 
longer length for the operation of the port again. 
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1. Introduction 

Water level fluctuations in water bodies such as seas or 
lakes is mainly resulted from climate change, construction 
of dams, excessive exploitation of water resources and 
unprecedented droughts. 

This phenomenon can affect the performance of the 
coastal systems in different ways such as inundation of 
coastal facilities, excessive flooding, erosion and also 
disrupting the ongoing port operations which can cause 
undesirable socio-economic impacts considering the vital 
role of ports in the coastal zone economy [1]. 

Although the potential impacts of water level changes 
have become a growing concern for communities around the 
world, few studies have been conducted to assess the effects 
of this matter on port inoperability and possible solutions for 
improving the performance of ports in these conditions [2].  

Lake Urmia, located in northwest of Iran with a recorded 
area of about 5,500 square kilometers, has experienced 
severe water level decrease of around 7 meters in the past 
25 years mainly due to excessive exploitation of 
groundwater resources and construction of dams for 
agricultural purposes [3,4]. Subsequently, Golman Khaneh 
and Sharaf Khaneh -the two recreational ports of the lake- 
have become almost inoperable. The study area and location 
of aforementioned ports is displayed in Figure 1. 

The main objective of this research is to evaluate 
important factors regarding port development approaches in 
these circumstances using analytical hierarchy process 
(AHP) method for the ports of Lake Urmia 

 
 

2. Methodology 
This study was based on multi-criteria decision making 

procedures and was conducted by implementing Analytical 
Hierarchy Process (AHP) method [5]. First, evaluation 
criterions were determined using Delphi method. Then, 
importance factor for every criterion was estimated using 
pair-wise comparison matrix. The selected criterions were 
as follows: 
▪ Development costs  
▪ Ease of construction  
▪ Simplicity of navigation operations  
▪ Simplicity of port service operations  
▪ Dependence to lake water level  

 

 
Figure 1.  Study area 

 

The considered approaches in development of Lake 
Urmia ports masterplan were as follows: 
▪ Convergent onshore approach (constructing an artificial 

basin using breakwaters and directing water to the port 
location through dredged channels- AP1- Figure 2-a)    

▪ Divergent onshore approach (constructing an offshore 
platform and accessing via fixed piers- AP2- Figure 2-b) 

▪ Divergent offshore approach (constructing an offshore 
and accessing via specialized vessels e.g. air boats- AP3- 
Figure 2-c) 

▪ Subsequently, each approach was evaluated based on 
each criterion and the most suitable approach was 
determined. Hierarchical structure of the study is 
presented in Figure 3. 

3. Results and Discussion 
The importance factor of criterions were calculated after 

analyzing the pair-wise comparison matrix results. As 
shown in Table 1, “dependence to lake water level” proved 
to be the most important criterion. 
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Figure 2.  Conceptual development approaches for Lake 
Urmia ports 

 

 
Figure 3.  Hierarchical structure of the study 

 
Table 1. Calculated importance factor for each criterion 

Criteria Importance Factor 
Dependence to lake Water level 0.376 

Simplicity of Navigation Operations 0.235 
Simplicity of Port Service Operations 0.177 

Development Costs 0.123 
Ease of Construction 0.088 

 

According to the results of pair-wise comparison of the 
approaches with regard to each criterion (Table 2) 
convergent onshore approach was selected as the most 
suitable approach.   

 
Table 2. Evaluation values of each approach 

Criteria 
Evaluation Value of 

Approaches 
AP 1 AP2 AP3 

Dependence to lake 
Water level 0.778 0.111 0.111 

Simplicity of Navigation 
Operations 0.294 0.157 0.594 

Simplicity of Port Service 
Operations 0.626 0.243 0.132 

Development Costs 0.613 0.251 0.136 
Ease of Construction 0.540 0.297 0.163 

Overall 0.565 0.186 0.249 
Ranking 1 3 2 

 
4. Conclusion 

Due to the current situation of Lake Urmia, dependence 
to the water level proved to be the most important factor in 
development planning of ports. Reviving the two ports by 
constructing an artificial basin using breakwaters and 
directing water to the port location through dredged 
channels - convergent onshore approach- was selected as the 
most suitable approach for this matters mainly because 
direct access to water is provided with a higher level of 
certainty. 
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1. Introduction 

This paper represents the structural analysis of an 
anchored pile quay wall located in quay 3 of Khadamti 
Pars port in Asaluyeh, Iran.  

The heavy lifting operation was mandatory for 
unloading two reactors with 915 tons gross weight from a 
general cargo ship; however, the quay was not designed or 
previously utilized for such operation, and thorough 
analysis for a safe and reliable operation by ensuring the 
sufficient strength of the system and avoiding any minor 
damage to the quay was of high importance.  

After some site visits, the structural strength of the 
quay-wall system was assured by utilizing the as-built 
drawings and a rational analysis procedure. 

A brief review of applied loads, structural model, and 
execution procedures is presented here.  

This study directed to the extension of the capacity of 
the wharf and presented a reliable procedure for similar 
future operations.  
 
2. Lifting Plan and Applied Loads 

Two cranes of MANITOWOC M18000 with 750 tons 
and TEREX/DEMAG CC6800 with 1250 tons capacity 
were used for lifting. After lifting the loads from the ship, 
two bogies with 19 axes were used to transfer the reactors 
to the installation site. The execution plan is shown in the 
flowing figure:  

 

 
Figure 1. The execution plan for heavy lifting. 

 

From the calculations in the execution plan, the applied 
loads beneath the crawler cranes were obtained. To reduce 
the applied pressure, two types of wooden and steel 
spreader mats were utilized beneath the undercarriage of 
cranes. The size of each mat varied from 6 to 8 meters, 
leading to the following applied pressures.  

 
Table 1. Applied pressure beneath the undercarriage of 
cranes and under bogie tires. 

Equipment Applied 
Pressure (t/m2) 

Reduced 
Pressure (t/m2) 

TEREX/DEMAG CC6800 57.3 24.9 

MANITOWOC M18000 60.2 23.6 

Bogie 60 19.84 

 
3. Structural Model  

Based on as-built drawings of the quay, a simplified 
structural model for each case of applied loads was 
created. 

 

 
 
 
 
 
 
 
 
 

Figure 2. Section and tie rods plan of quay 3. 
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All steel piles were hollow tubular of grade X52 with a 
minimum yield strength of 355 MPa and diameter of 56 
inches and 3/8 inches’ thickness, and for corrosion 
allowance, the thickness of piles was reduced to 16.1mm. 
All tie rods were tendons with seven wires of grade 6809 
from Dywidag Company and 1.5 meters spacing with 
increasing the numbers to three near the positions of 
bollards. Beside the wall, rockfill with different sizes and 
weights ranging from 5 to 50 kilograms was poured.  

 
3.1. Applied Loads 

From the previous calculations in the execution plan, 
the applied pressure on the surface of the wharf is given in 
below figures in three cases: 

  

 

 

 
 
The applied active lateral earth pressure on the quay 

wall was calculated as in [1]. 
 

3.2. Structural Analysis of Quay Walls 
For the calculation of structural demands of steel 

tubular piles and tie rods, SAP2000 and PLAXIS software 
was utilized. The force in tie rods is given below:  

 
Table 2. Forces in tie rods  

Case  F(kN) 
1 1232 
2 1059 
3 1220 

Considering the design codes, the capacity of cables 
was about 2500kN, which shows the adequate capacity of 
tie rods. Also, the maximum stress ratio of piles was below 
0.95.  

During the operation, two theodolite surveying were 
used to control settlement or any unusual deformations. It 
was seen that the maximum deflections were about 3 
millimeters. 

 

 

 
Figure 3. During operations pictures 

 
4. Conclusion 

Based on a simplified approach, an anchored sheet-pile 
quay-wall is analyzed for the heavy lifting operation of two 
915 gross weight reactors.  

The analysis has been verified through field operation, 
showing the accuracy of the analysis procedure.  

This analysis represented the capacity of similar future 
operations leading to diversifying the operational 
capability of the port.  
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1. Introduction 
A semi-submersible platform is one of the most 

favorable semi-floating units used for gas and oil 
exploration in deep waters due to its large deck area and 
payload capacities. However, conventional semi-
submersibles are susceptible to the heave motion response 
which this can often limit the operability of drilling rigs or 
even lead to damage to the risers and mooring system. 
Therefore, it is important to improve the heave motion of 
this platform. Moreover, it is necessary to shift its natural 
heave frequency away from the frequency of daily waves 
because of resonance phenomena. In the literature, different 
concepts have been suggested for reducing the heave motion 
of semi-submersible such as modifying its geometry, adding 
its draft, installing heave plates or additional material [1-4]. 

In this study, the installation of thin damping plates 
(TDPs) at the top and bottom of the pontoons of a typical 
GVA 4000 drilling semi-submersible platform was 
proposed to reduce its heave motion response under the 
action of a monochromatic small amplitude wave  train 
propagating. An analytical solution based on the 
Eigenfunction Matching Method (EMM) was applied to 
determine the heave motion. After ensuring the solving 
process, TDPs were added to the pontoons of the semi-
submersible platform. The effects of TDPs with different 
sizes on heave motion behavior were investigated. The 
results of the heave motion response showed that the 
modification of the conventional semi-submersible using 
TDPs not only reduces the heave motion response but also 
displaces the resonant frequency to a lower frequency. 
 
2. Mathematical Model 

Consider a typical GVA4000 drilling semi-submersible 
in a constant water depth of h1. As a schematic, two thin-
damping plates are attached at the top and bottom of its 
pontoons. The Cartesian system is chosen on the free 
surface water that its origin is in the center of the semi-
submersible platform with z axis vertically upward and x 
axis horizontally along the pontoons. It is assumed that the 
fluid is incompressible, inviscid and the flow is irrotational. 
Because of considering a monochromatic small amplitude 
wave train propagating in the x direction, the problem can 
be simplified as 3-D to 2-D [5]. Thus, the velocity potential 
is written as the following:  
𝜑𝜑 (𝑥𝑥, 𝑧𝑧, 𝑡𝑡) = 𝑅𝑅𝑅𝑅{𝜙𝜙(𝑥𝑥, 𝑧𝑧)}𝑅𝑅−𝑖𝑖𝜔𝜔𝑡𝑡                               (1) 

Where ‘Re’ is the real part of complex expression,  is the 
spatial part. In the wave-structure interaction issue, the wave 
field incident upon a floating structure can be divided into 
two parts: scattered wave field (S) and radiated field (R). 
The scattering potential is decomposed into the diffraction 
wave potential (D) and the incident wave potential (I). 
Thus, the velocity potential is decomposed as the following: 
𝜙𝜙 = 𝜙𝜙𝐼𝐼 + 𝜙𝜙𝐷𝐷 + ∑ 𝜙𝜙𝑅𝑅

𝐿𝐿4
𝐿𝐿=2                                                   (2) 

where L =2, 3, and 4 are related modes of sway, heave, and 
roll oscillations, respectively.  In this study, the wave train 
is assumed to be a small amplitude wave, so, induced motion 
of the structure can be assumed to be small, therefore, the 
interaction between different modes can be ignored. Thus, 
the heave mode is just considered. Moreover, the wave 
potential is obtained by assuming the linear wave of airy 
theory and the velocity potential satisfies the Laplace 
equation. According to what was said, the incident wave 
potential is extracted in the absence of the semi-submersible 
as Equation 3.  
𝜙𝜙𝐼𝐼 = −𝑖𝑖 𝐴𝐴𝐴𝐴

𝜔𝜔
𝑐𝑐𝑐𝑐𝑐𝑐ℎ(𝑘𝑘(𝑧𝑧+ℎ1)

𝑐𝑐𝑐𝑐𝑐𝑐ℎ(𝑘𝑘ℎ1) 𝑅𝑅𝑥𝑥𝑒𝑒(𝑖𝑖𝑖𝑖𝑥𝑥)                                     (3) 
The radiation potential is calculated by assuming the 

oscillation of the structure  in the absence of waves. So, to 
calculate the radiation potential, a typical GVA4000 semi-
sub with two TDPs is considered (Figure 1). Firstly, the 
radiation potential is expressed as Equation 4. 
𝜙𝜙𝑅𝑅

(3) = 𝑅𝑅𝑅𝑅{−𝑖𝑖𝑖𝑖𝐴𝐴𝑅𝑅
(3)𝜙𝜙𝑅𝑅

(3)(𝑥𝑥, 𝑧𝑧)}                                       (4)                                          
where, AR

(3)  is the heave oscillation displacement.  
Secondly, the fluid domain is divided into 12 different 
regions. The governing Laplace equation and the related 
boundary conditions for each region are considered. The 
equation of radiation potential in each region is extracted 
using the method of variables’ separation. Then, the 
unknown coefficients appearing in each equation are 
estimated using EMM.  Notability, the EMM is a common 
solution technique for wave radiation and scattering 
problems. After calculating the radiation and incident 
potential, the added mass and damping are extracted form 
real and imagine parts of the radiation potential. Also, the 
exciting forces is calculated using Haskind method. So, the 
heave motion displacement is determined by solving the one 
degree of freedom equation.  Finally, response amplitude 
operator (RAO) is obtained. Note that the RAO provides the 
response amplitude of the platform per unit incident wave 
amplitude. By multiplying 2nd power of the RAO in wave 
spectrum, the heave motion response spectrum is calculated.  
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Figure 1. A GVA4000 with two TDPs as schematic  

 

3. Verification of the Developed Solution 
To ensure developed analytical solution for the heave 

motion response of the platform under study, the GVA4000 
without TDPs was considered and compared with the 
experimental results of Clauss and Schmittner [6]. Except 
for the peak value, the developed method can predict the 
heave motion response with acceptable accuracy (Figure 2). 
 

 
Figure 2. Comparison between the analytical solution and 
experimental data 

4. The Results and Discussions 
To determine the heave motion response of the modified 

GVA4000, it is assumed that this platform has been located 
at North Sea, and a JONSWAP spectrum with a significant 
wave height of 11.92 m and zero-up crossing period of 10.8 
s is governed on it. The heave RAO and the response 
spectrum of modified GVA4000 with variable TDPs are 
illustrated in Figures 3 and 4, respectively. The values of 
frequency in RAO peaks, the heave motion response, and 
the percentage of improving the heave motion response 
rather than the original platform are presented in Table 1. 
The results illustrated that even using TDP with minimum 
width ratio of B/bp=1.1 reduces more than 20% the heave 
motion response, as well as the natural heave frequency of 
the modified GVA4000 is shifted away from the daily 
waves’ frequency. 

 

5. Conclusion 
In this study, two TDPs were added to the pontoons of a 

typical GVA4000, and its heave motion response was 
investigated by an analytical method. The results showed 
that to apply TDPs significantly decreased the heave motion 
response. Moreover, it can shift away natural frequency 
from the daily wave frequency, so, the risk of creating a 
resonate phenomenon will be almost eliminated. It is 
concluded that to attach TDPs to the pontoons of a semi-
submersible drilling platform can improve its performance, 
particularly in the heave motion. 

 

 
Figure 3. RAOs of modified GVA4000 with variable TDPs  

 
Figure 4. Heave response spectrum of modified GVA4000 

 
Table 1. percentage decrease of heave motion response 

TSDs with 
various sizes  

Frequency 
in RAOs 

peak (rad/s) 

Heave 
response 

(m) 

Percentage 
decrease of heave 
motion response TDPs B/dp 

TDP 1 1.1 0.25 2.3764 21.04 
TDP 2 1.2 0.23 2.3138 30.08 
TDP 3 1.4 0.2 1.9786 52.25 
TDP 4 1.6 0.17 1.6816 78.8 

Original  0.28 3.01 - 
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1. Introduction 

There is a possibility of encountering loose granular or 
soft fine-grained soil layers in many parts of the Iran 
southern coastline. These types of soils may be susceptible 
to liquefaction and settlement, therefore construction of 
marine structures such as breakwaters and wharfs on these 
types of soil is challenging and ground improvement is 
inevitable in such projects. 

On the other hand, the majority of ground improvement 
methods that are used in nearshore areas cannot be 
implemented on the seabed due to reasons such as lack of 
specialized machinery, complexity of operations at sea, 
environmental problems, etc. In this paper, a practical 

method for the ground improvement of the seabed in a 
liquefiable area is introduced. The proposed method can be 
implemented using the equipment of marine contractors in 
Iran. The ground improvement method has been used 
under the caisson type wharfs of the newly constructed 
Tombak port (Figure 1) and the quality control tests 
performed on it indicated the acceptable quality of the 
implemented method. 

 

 
Figure 1. Tombak port located in Pars Special Economic 
Zone 

2. Ground Improvement Method of Replacing 
Self-Compacted Materials and Driving 
Vibration Piles 

2.1. Construction Stages 
Ground improvement methods should be selected 

according to technical, financial and time schedule 
conditions of the projects. In Tombak port project a 9 
meters thick loose to medium dense sandy layer was 
encountered in the upper part of the seabed which was 
susceptible to liquefaction. Thus, ground improvement was 
necessary in order to mitigate liquefaction phenomena 

under caisson type wharfs. The ground improvement 
method included the following steps: 
▪ Dredging to the final depth of loose and liquefiable soil 
▪ Replacing selected granular materials  
▪ Compacting the replaced material by driving vibration 

piles 
Dredging and material replacement section is shown in 
Figure 2. Driving vibration piles into the replaced material 
and the plan of piles are presented in Figure 3 Figure 4. 
 

 
Figure 2. Dredging and replacing material section 

 
Figure 3. Driving vibration piles for the compaction of 
replaced material  

 
Figure 4.  Vibration piles plan  
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2.2. The Use of Self-Compacted Materials 
The materials used in the replacement method were 

designed to be self-compacted. Technical specifications of 
these materials are presented in Table 1. However, real 
field data and inspections revealed that due to material 
limitations, there is a low chance of gathering completely 
self-compacted materials. Hence compaction of the 
replaced material seems necessary. [1] 

 
Table 1. Technical features of self-compacted materials 

Specification Range 

Weight 10 ~ 40 kg 

Aggregates passed through sieve No.4 <10 % 

Aggregates L/D  <1.5 

 
2.3. Vibration Piles 

Although self-compacted granular materials were used 
to replace seabed soil but it needs some compaction 
because self-compacted material is an ideal theoretical 
material. In practice the prepared materials have some 
deviation to real self-compacted materials and therefore 
some compaction is necessary to compensate any deviation 
from theoretical self-compacted materials. 

In order to compact the replaced materials, 56 inches’ 
steel piles were driven into the bottom of the replaced layer 
using vibrator hammers. Figure 5 shows the operation of 
compacting materials using vibrator hammers placed on a 
barge [2, 3]. 

 

 
Figure 5. Replaced material compaction using driving 
steel piles into the bottom of the layer 

3. Quality Control  
In Tombak project, various methods of inspection were 

used to control the quality of the implemented ground 
improvement method which are described below. 

 
3.1. Control of Settlement Occurred in Replaced 

Materials after Initial Driving of Vibration Piles 
The settlement occurred during pile driving was 

measured by various methods. First, a diver was sent 
underwater to provide images of the subsided materials. 
Second, an index was placed from the water surface on the 
materials before and after pile driving and the amount of 

subsidence was measured. Third, the amount of settlement 
was measured by hydrographical survey. Results revealed 
a settlement equal to 5% of the replaced material height 
during pile driving operation. Comparison of settlement 
amounts with the theoretical calculations of fill material 
densification, revealed that the replaced materials were 
well compacted. [4] 

 
3.2. Control of Vibration Time of the Piles 

The time of vibration until the pile reaches the final 
depth of the replaced layer was considered as an indicator 
to measure the compaction of the replaced material. 
Therefore, vibration time was measured by performing 
secondary pile driving in the replaced materials after initial 
compaction. According to Figure 6, comparison of the 
measured values showed that the duration of the secondary 
vibration has increased compared to the initial vibration, 
which indicates desirable densification of materials during 
initial compaction. 

 

 
Figure 6. Comparison of vibration time of initial and 
secondary vibration  

4. Conclusion  
A new underwater ground improvement technique has 

been presented. It is based on (i) dredging of problematic 
seabed, (ii) replacement of self-compacted granular 
material and (iii) densification of granular material by 
vibration piles.  

According to quality control data, the method has been 
successfully used in Tombak port for two caisson type 
wharfs. Useful data are presented in the paper as lesson 
learned. The presented method is applicable in similar 
marine projects. 
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1. Introduction 

The toe structure of a breakwater has different 
functions such as support for the main armor layer, 
preventing damage caused by scouring, shortening the 
downward extent of the armor layer and preventing the 
washout of the bed material under armor layer. This paper 
presents the case study concerning toe stability of Pasrsian 
port breakwater by experimental tests on physical model.  

In Parsian breakwater, concrete units were selected as 
the main armor layer due to the fact that the yield of near 
quarries couldn’t supply armor rocks with the required 
size. In concrete armored breakwaters, heterogeneous 
packing could increase the porosity in top rows and 
eventually result in instability. Therefore, the number of 
rows in which the concrete units can be placed would be 
limited. According to the SUGRA guidance for Accropode 
units, this the maximum number of rows shall be 20, which 
leads designers to consider toe berm for breakwaters in 
deep water. 

Because of uncertainties in hydrodynamic processes 
and loads in the wave breaking zone and the limited valid 
studies for toe stability of breakwaters [1], a comprehensive 
experimental study was carried out in order to ensure the 
stability of toe layer of Parsian port breakwater. 

2. Physical Model and Experiment 
The experimental investigations were carried out on 

physical model in the wave flume of the Hydraulic 
Laboratory of Tarbiat Modares University. A schematic 
representation of the employed physical model is 
illustrated in Figure 1. The wave flume has 16 meters 
length and one meter width and depth. Four water level 
gauges were employed to record the fluctuation of water 
level. One sensor was placed in front of the wave paddle 
and three near the model. In order to separate incident and 
reflected wave, three gauges were placed at the distance of 
one wave length to the structure following Mansard 
method. To ensure the correctness of different aspects of 
breakwater design, armor tonnage, crest level and toe layer 
tonnage, in operational and design levels, three return 
periods were defined for the waves as shown in Table 1, 
where Hs is the significant wave height obtained from 
time-domain analysis and Tp is the peak wave period. 

 

Table 1. Tests specifications 

Return Period Hs (cm) Tp (s) 
1 7.5 1.1 

100 10.4 1.3 
1.2 Hs100 12.2 1.4 

 

 
Figure 1. Physical model of Parsian breakwater 

3. Discussion 
During the experimental study on the toe stability of the 

Parsian breakwater, different cube units and placing 
patterns were tested to achieve a minimum level of 
damage. Different level of damage was set for the concrete 
and rock part of the toe which is shown in Table 2. Nod as a 
damage level was introduced by Van der Meer and is 
defined as the number of stones removed from the toe 
structure in a strip with a width of 1 Dn50 [2]. In order to 
meet the stability criteria, the idea of using rock layer in 
front of the concrete units as the primary part of the toe 
was followed. The sacrificial rock layer was allowed to 
experience a higher level of damage. This placed in the 
way that to reduce both up and downward forces on 
concrete units. 

 
Table 2. Considered acceptable damage level 

 Nod(Hs) Nod(1.2Hs) 
Concrete units 0 0 
Sacrificial rock 0.5 2 

3.1. Accropode units with or without sacrificial 
rock layer  

In the first prototype design, 10-14 ton rocks or 
Accropode units were used for toe layer which in the 
largest dimension would be as heavy as the main armor 
Accropode units. With respect to this design criteria, the 
physical model was scaled by the factor of 50.36 and was 
built in the wave flume. By implementing the test 
replicating a 100-year return period wave, Nod equal to 
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0.25 was recorded while the test of 1.2 times of design 
wave resulted in the complete collapse of the toe layer. 
Therefore, the idea of using sacrificial rock layer in front 
of concrete units was tested. By placing the rock in front, 
Nod in concrete units was reduced to 0 and 0.18 in different 
levels of return period respectively. Although the use of a 
sacrificial toe showed a considerable positive effect on toe 
stability, but the defined criteria weren’t still met.   

 

 
Figure 2. Toe layer consisting of three rows of Accropode 
units- after implementing the test of 1.2 times Hs 

3.2. Concrete cubes with or without rock layer in 
front  

In order to get the acceptable result, different 
placement patterns, a variety of cube units in tonnage 
(cube1 and cube2), and the presence of the rock layer in 
front of cube units were tested. Figure 3 shows the damage 
in the toe layer during the test with wave height 
corresponding to a return period of 100-year. 
Approximately 20 percent of cube1 units moved more than 
1 Dn from their initial position (Nod=0.6). Hence, the toe 
layer consisting of cube1 units and the sacrificial rock 
layer were tested (Figure 4). Although the toe layer 
remained stable after running the test of design level, by 
performing the test of 1.2 times of design level about 10 
percent of cube1 units dislodged. The result of these tests 
reveals that using cube1 units with or without sacrificial 
toe couldn’t meet the stability criteria. So it was decided to 
use cube units with three times greater tonnage (cube2). 

 

 
Figure 3. Toe layer consisting of three rows of cube1- 
after implementing the test of Hs 

 
Figure 4. Toe layer consisting of three rows of cube2 with 
sacrificial rock- after the test of 1.2 times Hs 

It was supposed that by increasing the tonnage of cube 
units by three times, toe layer would remain stable even 
without the rock layer in front. Different patterns of 
placing cube2 units, Parallel and perpendicular to the 
section, were tested. Both patterns experienced an 
unacceptable level of damage by conducting the test of Hs 
equal to 12.2 cm, as seen in Figure 5 and 6. It seems that 

due to the higher-pressure difference between the front and 
the rear side of units, the cubes in perpendicular to the 
section were demolished. Figure 7 shows that the toe layer 
enhances the stability of the structure by adding a rock 
layer in front of the cube units. It can be seen that only the 
rocking and moving of stones was observed. 

 

 
Figure 5. Toe layer consisting of cube2 (perpendicular) - 
after implementing the test of 1.2 times Hs 

 
Figure 6. Toe layer consisting of cube2 (parallel) - after 
implementing the test of 1.2 times Hs 

 
Figure 7. Toe layer consisting of cube2 and sacrificial 
rock - after implementing the test of 1.2 times Hs 

4. Conclusion 
This study investigates the stability of the toe layer on 

physical model of the Parsian breakwater. In this regard, 
different concrete units with different patterns of 
placement and influence of the rock layer in front of the 
structure were studied. The experimental results show that 
using sacrificial in front of concrete units reduces the 
moving of units significantly (Figure 8). In fact, sacrificial 
rock layer decreases destabilizing pressure while passing 
both the crest and trough of waves. 

 

 
Figure 8. Damage result in different toe units  
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1. Introduction 

Breakwaters are one of the most important coastal 
structures that are used to provide a calm area to enable the 
construction of other coastal structures and the berthing of 
vessels. A caisson breakwater is a type of breakwater 
which is used in ports. In these breakwaters, the 
intersection of caissons and the selection of the appropriate 
structure for that area are challenging[1][2][3]. Figure 1 
shows some examples of a caisson breakwater’s 
intersection. 

 

   
Mortil Harbour Naha Harbour Napels Harbour 

Figure 1. Examples of caisson breakwater intersection[4] 

Figure 2 shows examples of the demolition of the 
intersection of the caissons caused by incorrect design. 

 

   
Extreme Wave 
Overtopping 

Erosion Of Materials 
between Caissons Extreme Wave Run-down 

Figure 2. Examples of the demolition of the intersection 
of the caissons 

Tombak service -export port is located near Tombak 
village on the northwest coast of the Persian Gulf, at the 
coordinates of E 52.203 and N 27.702. The port consists of 
two breakwater arms. The eastern arm is a rubble mound 
breakwater, and the western arm has rubble mound and 
caisson sections. The caissons used in the western 
breakwater are two types with a width of 21 and 14 meters. 
In this study, the interaction of waves and the intersection 
of two types of caissons are simulated. Also, the 
parameters affecting the performance of caissons at the 
intersection are investigated.  

2. Model Setup 
A numerical simulation of the intersection of caissons 

has been performed using FLOW 3D software. Figure 3 
shows the geometry of the model that is scaled from 1:40 
to the prototype. 

 

 
Figure 3. Geometry of model and other characteristics 

One of the most important parameters of simulation is 
the dimension of the calculation mesh. In order to well 
simulate a caisson intersection, the dimension of the model 
is 19*1*1.3 and the number of mesh is 800,000. Also, the 
boundary condition is wave propagation at the first and the 
wall at the bottom and sides. The initial condition is water 
depth and the turbulence type is RNG[5]. The 
characteristics of the model and wave are presented in 
Table 1 and Table 2 [6]. 

 
Table 1. Structure information 

Site Condition Prototype

Caisson Width (m) 21-14 0.523-0.35

Caisson Height (m) 17 0.425

Substructure Height (m) 21.3 0.533

Water Depth (m) 37 0.92

Structure Information

 

Table 2. Wave information. 

Site Condition Prototype

Wave Height (m) 4.64 0.116

Wave period (s) 9.25 1.58

Wave Information
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3. Results 
One of the effective results at the caisson intersection is 

overtopping. The maximum and accumulative volume of 
overtopping are shown in Figure 4. The average of 
overtopping is 5.2 lit/s/m which is less than the allowable 
volume.Other parameter which evaluate is scouring 
between two caissons. Figure 5 shows current velocity 
components. 

 

 
Time step of maximum overtopping 

 
Accumulative overtopping in simulation 

Figure 4. The maximum and accumulative volume of 
overtopping 

 
According to simulation results and the scale of the 

model, the maximum current speed at the caissons is 2.8 
m/s. due to using the scouring block and checking the 
results using the Pilarczyk formula, the scouring is not 
accrued at the caisson intersection. 

 

 

   
  

Figure 5. Current velocity components at the caisson 
intersection 

 
The pressure on the caissons is the last parameter is 

evaluated. Figure 6 shows the pressure distribution on 
different parts of the caisson body. 

 

 
Figure 6. Pressure distribution on the caisson (red line: 
Goda formula, black point: present study) 

 
Based on the results, the maximum pressure that occurs 

at the water surface is about 1.6 kPa. It means the pressure 
on the real structure is about 66 kPa. However, the 
calculated pressure using the Goda formula is about 55 
kPa. So the error of the model is about 30%, which is 
acceptable.  
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1. Introduction 

Kangan Polymer Development Company is going to 
construct the PDH / PP project in the southeast side of 
phases 22-24 of South Pars region. The lands intended for 
the construction of the project has been mainly reclaimed 
from the sea by using fine fill material containing marl. 
The location of the project in the aerial photo is shown in 
Figure 1. In the present paper, special ground improvement 
aspects of the mentioned case study are presented which 
may be useful for similar near shore reclaimed areas. 
 

 
Figure 1. Location of PDH/PP project 

2. Selection of Ground Improvement Method 
In Kangan PDH/PP Project, 9 boreholes and 5 

inspection wells were drilled during geotechnical study. 
Investigations revealed that most of the soil consists of 
clay (CL) and marl. Thickness of the clay layer ranges 
between 10 to 16 meters. Geological studies show that 
most of the surrounding mountains in the area contain clay 
and marl material, which reveals the nature of the fine soil 
of the reclaimed area. 

Several ground improvement methods where 
investigated in the design process of the project. Some 
ground improvement methods such as jet grouting, deep 
mixing, rigid inclusion, micro pile, reinforced concrete and 
steel piles, etc. are based on creating a resistant column in 
the soil. These improvement methods are very expensive 
and are not feasible due to the large area of the project land 
(about 40 hectares). Some other ground improvement 
methods such as lime and cement-based stabilization 
methods or replacement of the soil with selected material, 
were also not selected in this project because performing 
these methods required deep underwater excavation of the 
existing fine material which was not applicable according 
to budget and project time limitations. Dynamic 
compaction was another method for ground improvement. 

However due to the high clay content of the soil and high 
water level, dynamic compaction was not a reliable 
method. Another ground improvement technique which 
could be performed for fine soils is preloading. The 
preloading method was not selected for Kangan PDH/PP 
project, because it required a huge amount of fill material 
as the surcharge load and also the method takes time to get 
effective in the deep clay layers. 

Dynamic replacement is an improvement method 
which is applicable in lands containing high fine content. 
The method was designed for the reclaimed area of 
Kangan PDH/PP project. However, in some parts in the 
southern area of the project in which the thickness of the 
reclaimed soil increased, there was a concern that the 
dynamic replacement method may not be effective for 
deep layers. Therefore, the combination of stone columns 
and dynamic replacement was used for the mentioned area. 

 
3. Combination of Stone Columns and 

Dynamic Replacement Method 
In the first step of the combined method, stone columns 

are constructed in a certain pattern to the required depth of 
improvement. The columns shall consist of selected stone 
materials with low water absorption and high strength to 
ensure durability. In the next step, dynamic replacement is 
performed in the area between the columns. In this method 
the excess pore water pressure due to the tamper impacts is 
dissipated in a shorter time because of the presence of the 
stone columns which makes the dynamic replacement 
method more effective especially in deeper soil layers. 
Figure 2 shows a schematic pattern of the combined 
ground improvement method.  
 

 
Figure 2. Schematic pattern of the combination of stone 
columns and dynamic replacement 
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Figure 3 shows the implementation of dynamic 
replacement and stone columns at the project site. 

 

  
Figure 3. Implementation of dynamic replacement and 
stone column at the project site 

The design of the combined ground improvement 
method was performed using Plaxis-V8.6 software. Stone 
columns are modelled as clusters with higher strength and 
permeability. 

 
4. Lessons Learned from Trial Ground 

Improvement Patterns 
After completing the preliminary design, a number of 

trial patterns with different distances between the stone 
columns and different dynamic replacement patterns were 
designed, executed and tested. In fact, different 
combination of stone columns spacing, dynamic 
replacement spacing, tamper weight and height of tamper 
drops were assigned as trial patterns. Also, different ratios 
of height to diameter of tampers were selected. The 
following results were obtained by testing the trial 
patterns: 
▪ The presence of stone columns increases the 

effectiveness of the dynamic replacement method. As 
an example, NSPT values after dynamic replacement are 
compared in the presence and absence of stone columns 
in Figure 4. 

▪ A denser stone column pattern makes the dynamic 
replacement method more effective. Finally, stone 
columns where performed in a 7*7 grid in the project. 

▪ The first design of heavy phases of the dynamic 
replacement method was equal to 800 ton-meter per 
impact. However, trial patterns revealed that the design 
could be optimized to 600 ton-meter per impact due to 
the presence of the stone columns. In fact, using stone 
columns results financial optimization in the project. 

▪ The use of a higher height to diameter ratio for tampers 
resulted greater depth of stone penetration during 
dynamic replacement. Figure 5 shows the special 
tampers used in the project. By using the special 
tampers materials where replaced 1 meters deeper than 
using ordinary tampers during dynamic replacement. 
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Figure 4. An example of a dynamic replacement pattern 
with a main phase distance of 5 m and a sub phase of 2.5 

 
Figure 5. Special tampers used in project 

5. Conclusion  
Kangan PDH/PP plant is going to be constructed on 

reclaimed land. Most of the reclaimed area consists of fine 
clayey and marl materials. A novel combination of stone 
columns and dynamic replacement was selected as ground 
improvement method. The following conclusions may be 
presented: 
▪ The novel proposed soil improvement method was 

proven to be applicable and feasible in reclaimed areas. 
▪ According to quality control tests performed, the 

presence of the stone columns increased the 
effectiveness of the dynamic replacement method. 

▪ Using tampers with higher height to depth ratio results 
an increase in stone penetration depth in dynamic 
replacement method. 
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1. Materials and Methods  
The equations governing a Cartesian coordinate system 

are discretized using the finite volume approach in this 
model. In modeling the fluid interfaces and free-surfaces 
problems the Volume of Fluid (VOF) approach was used 
[1]. The unknown Reynolds stresses were modeled using 
the eddy viscosity concept and k-ε (RNG) turbulence 
model [2]. In order to understand the behavior of the 
irregular waves that mainly cover the ocean surface, a 
wave spectrum model (Jonswap spectrum) may be 
applied. The incident and reflected coefficient were 
separated using Zelt et al (1993) method [3]. 

 
2.  Mesh Independent Study 

To validate the numerical results, seven different 
numbers of meshing were applied in the computational 
domain in conditions of significant wave height H (1/3) 
=10 cm, corresponding wave period Tm =0.63 s, and 
SWL1 =60 cm. The coefficients of transmission (Ct), 
reflection (Cr), and energy dissipation (Cd) were correctly 
established in a post-analysis process using the relevant 
hydraulic data. Figure 1 shows the validation of mesh 
independent investigation. Overall, as the total cells 
increased, the numerical results of the coefficients 
converged to a specific value (at about 800,000 cells). So 
the total cells of 830592 were used for the further 
simulation processes.  

Table 1 summarizes the breakwater draft, width and 
length, mooring line characteristics, and other parameters 
for test conditions. Figure 2 shows a sketch of the wave 
flume including the dimensions and location of the F.B. 
breakwater. It is approximately 18 m long, 0.81 m deep, 
and 0.9 m wide. In experimental conditions, the surface 
elevation was measured using five-wave gauges (WGs). 

 
3. Parametric Study 

The floating breakwaters’ performances are somewhat 
different from conventional breakwaters, in which their 
attenuating mechanisms can reflect, dissipate, or transmit 
the waves to the lee side of the structure or a combination 
of these.  Zelt et al. (1993) established a method for 
obtaining three parameters of separating reflected waves 

 
1 Still Water level 

(Hr), incident waves (Hi), and as well as transmitted waves 
(Ht), for further hydraulic data analysis. Transmission (Ct), 
reflection (Cr), and energy dissipation (Cd) coefficients 
can be computed using dimensionless parameters: 

 
Ct=Ht⁄Hi     (1) 
Cr=Hr⁄Hi       (2) 
Cd=Hd⁄Hi       (3) 
Ct2 +Cr2+Cd2 =1     (4) 

 
4. Validation 

The defined F.B. models were based on experiments 
conducted by Forouzandeh et al. [4], in which the range of 
wave heights (2 ~ 12 cm), and waves mean periods (0.63 ~ 
1.26 sec) were selected according to the experimental test. 
Also, the JONSWAP wave spectrum was used to generate 
the irregular waves as the incidental waves [5], and the 
water depth was set to 0.6 m. The numerical simulation 
results for the transmission coefficients of the floating 
breakwater are shown in Figure 3. The transmission 
coefficients are then plotted against dimensionless 
parameters kh (wave number multiplied by water depth) 
that were used. 

 
5. Models 

In Figure 4, the geometrical characteristics of models 
(all models with the same weight equal to 34.53 kg) were 
depicted. A number of triangular cogs were made at the 
bottom of the pontoon-type model so that the models have 
tentatively the same weight. Then, the numerical results of 
the transmission coefficients were compared with the 
rectangular base model.  

 
Table 1. Characteristics of the floating breakwater. 
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weight 16.32 kg length 1.88 m 

length 0.85 m diameter 0.0015 m 

height 0.16 m Young's 
modulus 70 GPa 

width 0.24 m 
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Figure 1.  Predicted magnitudes of Ct and Cr for mesh 
independent study. 

 

 
Figure 2. A sketch of the numerical setup 

 

 
Figure 3. The transmission coefficients for the 
experimental and numerical study. 

 

 
Figure 4. Geometries of the models with the same weight. 

 
6. Results and Discussion 
Figure 5 shows the graphical numerical results of the 
models. It is observed that the cogged F.B. models mainly 
enhance the performance of F.B., by decreasing the 
transmission coefficients. It is clear that, by increasing the 
wave periods (or reducing kh), the performance of F.B. 
models decreases. 

 

 
Figure 5. Impact of cogged floors on transmission 

coefficient 
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1. Introduction 

Gravity quay walls, which provide their stability 
through their weight, are among the most widely used 
options for the construction of port structures, especially in 
dense and high-quality seabed soil condition. Accordingly, 
caisson-type quay walls are one of the most suitable 
gravity systems used for the construction of wharf 
retaining structures due to their many advantages such as 
high durability, easy construction and the possibility of 
using in larger water depth. One of the most widely used 
methods to improve the seismic performance of gravity 
quay walls rested on a dense foundation soil layer is the 
replacement of backfill soil with proper granular materials. 
There are different patterns for replacing the backfill soil, 
each of which has advantages and disadvantages in terms 
of their performance and functionality. In the present 
study, a number of improvement patterns of the backfill 
soil are explored and their impacts on the seismic response 
of the caisson-type quay wall are compared by numerical 
simulation. 
 
2. Numerical Simulation 

According to Figure (1), the model analyzed in this 
work has a length of 110 m and includes a caisson wall 
with a height of 12 m which is rested on a rubble mound 
layer with a thickness of 1 m over dense sandy seabed with 
4 m thick.  
 

 
Figure 1.  Geometry of the studied numerical model. 

 
A two-dimensional (2D) finite-difference plane strain 

model has been developed to predict the seismic response 
of the caisson wall [1]. The Mohr–Coulomb and elastic 
constitutive models are employed to describe the 
mechanical behavior of the dense seabed sand materials 
with a relative density of 90% and the concrete wall, 
respectively. The UBCSAND model is used to describe the 

behavior of liquefiable sandy backfill with a relative 
density of 30%. Contact conditions between wall and 
adjacent soil are modeled via special interface elements 
allowing for slipping and gapping through the Coulomb 
frictional law. Element size is selected small enough to 
allow the seismic wave propagation throughout the 
numerical model. The sea water is simulated through the 
hydrostatic pressures applied to the front side of the wall. 
Correspondingly, the hydrodynamic effects are exerted by 
the Westergaard’s added masses on the seaward face of the 
wall. In dynamic analyses, the free-field condition is 
applied to the lateral boundaries eliminating the wave 
reflection into the model [2]. To avoid spurious oscillations 
at very small deformations and high frequency components 
of motions, 5% of Rayleigh damping, centered at a 
frequency of around 2 Hz (close to the fundamental 
frequency of the system), is considered in the dynamic 
analyses. The values of constitutive constants for different 
parts of the studied numerical model are presented in Table 
(1). 
 

Table 1. Constitutive constants. 
Parameter Seabed Foundation Improved 

Zone 
Backfill 

Constitutive 
model 

Mohr Mohr Mohr UBC 

Dr (%) 90 - - 30 
γsat (kg/m3) 1964 2000 2000 1850 
ϕ (Degree) 34 35 40 - 
K (MPa) 158.3 166.7 150 - 
G (MPa) 73 76.9 69.2 - 
C (kPa) 0 0 0 - 
ψ (Degree) 1.0 1.2 5 - 
k (cm/s) 0.0125 50 50 0.0125 
(N1)60 - - - 5 
ϕcv (Degree) - - - 28 

 
The input motion used in the dynamic analysis is a 

horizontal acceleration time history with a peak 
acceleration of 0.3g and a frequency of 5 Hz. Figure (2) 
shows the comparison between the horizontal acceleration, 
horizontal displacement, and pore water pressure time 
histories obtained from both the present numerical study 
and 1g shaking table tests [2]. Concerning Figures (2) 
overall agreements are observed between the numerical 
results and the experimental observations. 
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(a) 

 
(b) 

 
(c) 

Figure 2.  Comparison between the current numerical 
results and the corresponding experimental observations: 
(a) horizontal acceleration, (b) horizontal displacement, 
and (c) excess pore water pressure time histories. 
 

 
Figure 3.  Studied backfill replacement patterns. 

3. Effect of Backfill Replacement  
In the present study, six improvement patterns of 

backfill soils are explored, as demonstrated in Figure (3). 
Horizontal displacement and rotation angle of caisson quay 
wall with different replacement patterns are shown in 
Figure (4). It is apparent that the backfill soil treatment 
behind the caisson-type quay wall has improved the 
seismic performance of the wall and reduces the horizontal 
displacement and rotation angle of caisson quay wall to 
less than half. Among the studied backfill replacement 
patterns, Reverse Trapezoid pattern has the most effect on 
improving the seismic performance of caisson quay wall. 

 

 
(a) 

 
(b) 

Figure 4.  Deformations of the caisson-type quay walls 
with improved and unimproved backfills: (a) residual 
horizontal displacement at the top of the wall, and (b) 
residual rotation angle of the wall. 

 
4. References 
[1] Itasca Consulting Group, Inc. (2019). FLAC version 8.0: Fast 
Lagrangian Analysis of Continua. User’s Guide. Minneapolis: 
Itasca Consulting Group. 
[2] Ghalandarzadeh, A., Rahimi, S., & Kavand, A. (2020). 
Dynamic pore water pressure of submerged backfill on caisson 
quay walls: 1 g shake table tests. Soil Dynamics and Earthquake 
Engineering, 132, 106091. 
 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

169
 

THE DAMAGE OF CASPIAN PORT RUBBLE MOUND BREAKWATER 
 
 

Yasaman Ghafourian1, Mohsen Soltanpour2 and Babak Banijamali3

 
1) Formerly, Civil Engineering Dept., K. N. Toosi University of Technology, Tehran, Iran, 

yasamangh@email.kntu.ac.ir 
2) Civil Engineering Dept., K. N. Toosi University of Technology, Tehran, Iran, soltanpour@kntu.ac.ir  

3) Darya-Bandar Consulting Engineers, Tehran, Iran, babak.banijamali@daryabandar.com 
 

1. Introduction 
Based on the hydrodynamic and geotechnical 

conditions, different types of breakwaters are constructed 
to protect the harbors from the wave attacks and to provide 
a calm area for ships berthing. Two main categories of 
breakwaters are rubble mound, which are made out of 
large heaps of loose elements, and monolithic, which have 
a cross section acting as one block, e.g., caissons. Rubble-
mound breakwaters are subjected to various damages such 
as overtopping, Armour units sliding, foundation 
subsidence, etc. Considering the importance and high cost 
of the breakwaters, their proper design and construction are 
essential to ensure the appropriate performance  of the 
ports. Reviewing the details of the design and construction 
of the Caspian Port, the damage to the western breakwater 
of Caspian port is studied in this paper.  

 
2. Study Area  

Caspian Port is located in the south coast of the 
Caspian Sea, about 16 kilometers east of Anzali in Gilan 
Province of Iran (Figure 1). The lengths of the east and 
west arms of rubble mound breakwaters are about 2250 m 
and 2357 m, respectively. Also, 22 dock posts have been 
designed in the 200 ha harbor.  

 

 
Figure 1.  Caspian  Sea and the under-construction 
Caspian port (2019). 

On 17th January 2019, when the breakwater where still 
under the construction, a severe storm resulted to a 
considerable damage to the western breakwater and sliding 
of armour units down the breakwater slope (Figure 2).  

 
Figure 2.  Sliding of antifer armour units (photo: 
January 2021, 21st( . 

A site visit was conducted on 21st of January 2021 in 
order to examine the extent of damages and the details of 
the failures of breakwater.  The damaged parts of the 
breakwater and the selected pattern of the Antifer units 
were visually investigated and interviews with local people 
and authorities were conducted during the visit to find the 
clues/evidences regarding the condition of the breakwater 
at the time of the storm. The existing evidences confirmed 
the absence of secondary armour layer in January 2019, 
which has been resulted in considerably reduced protection 
against the storm waves. Figure 2 shows the overtopping 
and scouring of the crest materials, as well as sliding of 
Antifer units of the crest.  
 
3. Review of Design and Construction 
3.1. Design Parameters 

Table 1 presents the summary of the selected 
parameters for the design of Caspian Port breakwater by 
consultant. The significant wave height of 5.08 m is less 
than the 100-years wave height of 5.68 meters, calculated 
by Golshani and Rezaei (2020) [4], based on the 30-years 
hindcast data of “Monitoring and Modeling studies of the 
southern Caspian Sea”. 

 
3.2. Design Wave 

41 years wave rose of ERA5 satellite (1979-2020) 
shows that the waves are mostly coming from the northeast 
direction. 11-years hindcast data (1992-2003) of “Iranian 
Seas Wave Modeling (ISWM)” and time series of 30-years 
hindcast wave data of “Monitoring and Modeling studies 
of the southern Caspian Sea” both reveal that the wave 
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height of the storm on 17th January 2019 has not been 
unprecedented. The latter estimates revealed that the wave 
height of the storm is Hs=3.6 m, which is much lower than 
the design wave height of the breakwater, i.e., 5.08 m. 
 
Table 1. Design parameters of Caspian port breakwater. 

Design parameter values 

1025 
Density of water 

(kg/m3) 5.08 Significant wave 
height (HS) (m) 

10 Peak period  
(s) 2300 

Density of concrete 
units (kg/m3) 

1.5 Breakwater slope 2400 
Density of rock 

(kg/m3) 

7.5 Stability factor 
(trunk) 0.4 Permeability 

coefficient 

5 Stability factor 
(head) 2 Damage level 

 
3.3. Design of Rubble-Mound Breakwater  

14-ton double-layer Antifer armour units have been 
used in this rubble mound breakwater [1]. By using 100-
years design wave height of 5.68 m, and the KD 
coefficients of 7.5 and 5 for trunk and head, respectively, 
the minimum tonnage of Antifer armour units in trunk and 
head will be 16 t and 24 t, respectively, following Hudson 
formula. This indicates the instability of used armour units 
in head and trunk against the 100-years design wave. 
Moreover, similar cross sections is not acceptable by the 
regulations of the design codes, considering the severe 
collision of waves and 3D diffraction at the head. The life 
performance of core structure is important to ensure the 
stability of the rubble-mound breakwater. Considering the 
required width for the passage of vehicles, Rock Manual 
suggests minimum top core widths of 7 m (two trucks) and 
9 m (a truck and a crane) [1]. As built drawings show 
10.50 m width of core at level +2 and 7.50 m at level +3, 
which is in the range of the minimum values of the Rock 
Manual. The weight of core materials is also within the 
recommended range of shore protection manual, i.e., 
W/200-W/4000, assuming 16 t Antifer blocks (W) [3]. 
Assuming KD=7.5 for Antifer blocks, the weight of filter 
materials do not agree with the regulations of CEM [2], 
SPM [3] and OCDI [5], i.e. W/10. The thickness filter 
layer in trunk and head is also less than the recommended 
values. The design and construction of toe is also of great 
importance. The tonnage of 3-5  t agrees with W/10, i.e. the 
regulation of SPM manual for the weight of toe materials 
[3]. However, the height and width of the toe do not meet 
the CEM regulation, i.e. 3 times of the nominal diameter of 
armour units (Dn50) [2].  

 
3.4. Placement Method of Antifer Armour Units   

Concrete armour units can generally be placed in both 
random and regular way [1]. Figure 3 shows the placement 
method of Antifer blocks in breakwater, which can not be 
found in the design codes. Unfortunately, no laboratory 
studies were done to confirm the proper performance of 

this method against the wave action. Moreover, the 
combination of stone and concrete blocks makes it almost 
impossible to estimate the porosity of the armour layer. 
Besides the absence of the second armour layer in January 
2019, the placement method of armour units can also be 
blamed for the failure of the breakwater under the high 
waves of the storm.  

 

 
Figure 3.  Placement method of antifer armour units 
(photo: January 2021, 21st). 

4. Summary and Conclusion  
The rubble mound breakwater of the Caspian Port 

suffered multiple failures under the wave attacks of the 
storm on 17th January 2019. The study revealed that the 
attacking storm waves were less than the design wave 
height of the port. The significant damage to the 
breakwater could have been prevented if the armour layer 
was placed according to a credible design code of practice 
before the storm. Although the failure of breakwater can be 
mainly related to the incompletion of the second armour 
layer at the time of the storm, the improper placement 
pattern of the Antifer blocks, insufficiency of the used 
stones in armour layer, and the absence of proper materials 
in filter layer have also contributed to the instability of the 
armour units. Since the design wave height of the port is 
less than the 100-years extreme waves, future damages to 
the trunk and head of the port breakwater under the 
extreme storm waves are probable. As the breakwaters are 
likely to damage in the event of larger storms with 
different directions, further studies are necessary to ensure 
the life service of the port.  
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1. Introduction 
Berm breakwaters have been introduced in the early 

1980s as mass armoured reshaping structures, where the 
wave action causes that the structure reshapes into a more 
favorable S-shape. Later, the multilayered less reshaping 
structures known as the Icelandic type have become 
popular for locations with severe wave loading where large 
stones are available. Berm breakwaters are divided into 
different categories depending on the reshaping and on the 
construction method. Van der Meer and Sigurdarson [1] 
proposed a classification of berm breakwaters partly based 
on their structural behavior, such as hardly reshaping, 
partly reshaping, and fully reshaping (Table 1). 

 
Table 1. Classification of berm breakwaters, given for the 
100-years condition. 

Breakwater type Abbrevation HsD/ΔDn50 Sd 
Rec/
Dn50 

Hardly reshaping berm 
breakwater (Icelandic-

type) 
HR-IC 1.7-2.0 2-8 0.5-2 

Partly reshaping 
Icelandic-type berm 

breakwater 
PR-IC 2.0-2.5 10-20 1-5 

Partly reshaping mass-
armoured berm 

breakwater 
PR- MA 2.0-2.5 10-20 1-5 

Fully reshaping mass-
armoured berm 

breakwater 
FR-MA 2.5-3.0 -- 3-10 

 
In this study, the stability of icelandic type berm 

breakwater with accropode armour units has been 
investigated and compared with the case where stone is 
used as armour. 

  
2. Experimental Setup and Procedures 

Experimental research was carried out in the wave 
flume of the Coastal and Hydraulic Engineering laboratory 
of the Tarbiat Modares University. The flume has a length 
of 16 m, a width of 1 m and a height of 1 m. The cross-
section is given in Figure 1. The nominal diameter of the 
accropode and armourstone at the lower slope and at the 
berm was 33 mm. the nominal diameter of the rocks in the 

Classes II and III were 26 and 19 mm respectively. The 
core consisted of stones with a nominal diameter of 10 
mm. The width and position of the berm with respect to the 
water level were varied. The berm widths were 6Dn, and 
8Dn. Two different water depths (d) of 0.40, and 0.45 m 
were studied to investigate the effect of the position of the 
berm with respect to the still water level. In other words, 
the still water levels (SWL) were at, and 0.05 m above the 
berm (db/d = 0 and 0.125 where db is vertical distance 
between berm and SWL; db/Dn = 0 and 1.51). 

Per test, the incoming significant wave height in front 
of the toe was gradually increased to define the wave 
height leading to failure. The damage was repaired after 
each series of test runs, but not after each individual test 
run, similar to Van Gent [2]. Each test run was carried out 
with about 1000 waves. The recorded damage was 
cumulative for each test series.  

 

 
Figure 1. Cross-section of the model 

3. Determine the Damage  
In this study damage is defined in the following way: 

No damage: No units are displaced. 
Initial damage: A few units are displaced. 
Failure: The underlayer is exposed to direct wave attack.  
1- Damage level (only for Class I armourstone): 

                                                        (1) 
2- Relative damage number: (for concrete Armour layer) 
Damage to concrete units can be described by the relative 
damage number Nod which is defined by the number of 
displaced units related to a width (along the longitudinal 
axis of the breakwater). The definition of Nod is 
comparable with the definition of S. Although S includes 
displacement and settlement, it does not take into account 
the porosity of the armour layer. In this study, the damage 
number was found by counting the displaced units out of 
the armour layer in the reference area from the camera 
records. 
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where L is the width of the model structure excluded 

one nominal diameter from each side wall and Dn is the 
nominal diameter of the Accropode. 

 
Table 2. Range of the parameters for the experimental 
data set. 

Parameter Symbol Value 
Upper and lower slope 

angle cot α 1.5 

Relative density for 
accropode and rocks Δ 1.4 

Rock size Class І (m) Dn50 0.033 
Accropode size Class І 

(m) Dn50 0.033 

Berm width (m) B 0.2 and 0.25 
Wave steepness (sp = 
2πHs/gT2p ,Hs=Hm0) Sp 0.019-0.041 

Wave height(m) Hs 0.079-0.135 

Stability number Ns = Hs/ 
ΔDn 

1.6-3 

 
4.  Results and Discussion 

Different stability coefficients are defined for different 
placements. The Hudson stability coefficient (KDH) is 
based on the significant wave height were the first 
displacements appear within a damage ratio of 0–5%. If 
this first damage exceeds the damage ratio of 5%, the 
significant wave height from the preceding wave series is 
applied to calculate the KDH value. 

For Accropode armour, a different damage level is 
required because it results in a chain reaction. The 
significant wave height before the wave series at which the 
first displacement appears is applied for the calculation of 
the stability parameter, KD0, for Accropode. Therefore, a 
damage ratio of 0% is required before the first 
displacement. 

The stability coefficient KD can be calculated as a 
function of Ns and the lower slope angle cot α as shown 
below. 

                                                                 (2) 
  
5. Conclusions 

 This result shows that the icelandic type berm 
breakwater with accropode armour in class I is more stable 
than the armourstone. These stability coefficients increase 
with increasing berm width similar to the armourstone. 

 
 
 
 
 
 

Table 3. The stability coefficients on the lower layer for 
armourstone. 

Berm Levels  B=6Dn B=8Dn 

Emerged 
berm 

Ns 1.84 2.04 
KD0 4.01 5.62 
Ns 2.04 2.25 

KDH 5.62 7.39 

Berm at 
SWL 

Ns 1.71 1.84 
KD0 3.21 3.21 
Ns 1.84 2.04 

KDH 4.01 5.62 

 
Table 4. The stability coefficients on the lower layer for 
accropode unit armour. 

Berm Levels  B=6Dn B=8Dn 

Emerged 
berm 

Ns 2.47 2.77 
KD0 10.02 14.18 
Ns 2.66 2.94 

KDH 12.58 17.01 

Berm at 
SWL 

Ns 2.21 2.47 
KD0 7.17 10.02 
Ns 2.47 2.66 

KDH 10.02 12.58 
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1. Introduction 
Berm Breakwaters are rubble mound structures 

constructed with a large porous berm at or above still water 
level ate the seaward side. During wave attack, the seaward 
slope profile of berm breakwater is reshaped into the S-
shaped profile, which is more stable than the initial profile. 
A typical Cross-section of a berm breakwater with initial 
and reshaped profiles is indicated in Figure1. Rescission 
(Rec) and Width (B) of the berm layer are the most critical 
parameters for stability control of berm breakwaters. 
Complete failure occurs typically when  Rec > B [1]. 

Berm recession is the most critical parameter to 
evaluate the stability of berm breakwaters. Based this 
parameter, berm breakwaters are categorized on their 
stability condition into three types, hardly reshaping, partly 
reshaping, and fully reshaping berm breakwaters [2]. Since 
the recession of berm breakwater against waves is a 
complicated phenomenon, many experimental studies have 
proposed practical formulas for evaluating the expected 
berm recession. However, understanding this phenomenon 
needs an in-depth knowledge of Fluid-Structured 
Interaction (FSI). Numerical techniques, which can 
calculate the wave loads on the armour units and analyze 
the interaction, can investigate the armor units' stability 
during the wave attacks. 

Wave and rubble mound structure interaction problems 
can be investigated by SPH-DEM techniques, for example 
simulating displacement of 2D cross-shaped block under 
wave action on an impermeable breakwater sloped at 
1:1.75 [3], analyzing the armour units stability in high-
crested breakwater [4], simulation of failure of a caisson 
type composite breakwater during a tsunami [5]. 

 

 
Figure 1. Definition of cross-sectional and deformation 
parameters of a berm breakwater[6] 

 
This paper aims to numerically investigate the stability 

of spherical armour units placed on the top of the berm 

layer of berm breakwater under the wave design 
characteristic. In this regard, SPH is utilized to solve the 
fluid properties due to wave propagation and calculate the 
wave force applied to each armour unit. In addition, the 
DEM method is employed to investigate the stability of the 
armour units by considering the interaction forces between 
armour units and wave forces and moments. 

 

 
Figure 2. 3D Modeling of Core and Berm layers of  berm 
breakwater 
 
2. Governing Equations 

In SPH method, the fluid domain is represented by a set 
of nodal points where physical quantities such as position, 
velocity, density and pressure are approximated. Therefore, 
each fluid particle having physical quantities such as mass, 
velocity, density, pressure and position. Each particle 
interacts with others according to some equations that have 
been derived from Navier-Stokes equations. In the solid 
phase, following the original idea of Koshizuka et al [7] a 
rigid body is represented by a set of particles whose 
relative position remain unchanged. In addition, for contact 
detection and shape representation of bodies Distributed 
Discrete Element Method (DCDEM) is utilized. The SPH-
DCDEM in the DualSphysics is based on the multi-sphere 
approach with nonlinear viscoelastic contact for 
computation [8].  

In this study, the open-source code DualSphysics [9] is 
utilized for the SPH-DCDEM simulation and more details 
are available in Violeau and Rogers [10]. 
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3. Numerical Model  

In this study, in order to the simulation of the reshaping 
berm breakwater, a 3D SPH-DEM model was utilized. The 
rubble mound breakwater is separated into two different 
layers (Core and Berm) layers (Figure 2). The core layer is 
simulated as a rigid boundary, and armour block units of 
the berm layer are simulated with the DEM bodies with 
0.017 (m) diameter.  
The specific weight of each armour unit is 2.65 (kg/m3).In 
addition, the water depth is equal to 0.24 (m), and the 
regular wave with 0.124 (m) height and 1.1 (s) period was 
simulated. 
 
4. Result and Discussion  

The displacement of armour units of the berm layer, and 
fluid particles velocity at t=7.5 (s), 7.75 (s) and t=8 (s) are 
represented in Figure 3. 

As the wave runs down on the berm layer at the time 
t=7.5 (s), the velocity vectors of the fluid particles reach a 
speed of 1.5 (m/s), and the wave forces reduce the 
interlocking of units between the armour. Due to regular 
wave attacks, displacement of armour units will be 
removed and limited to sliding mode and low displacement 
in the following time steps.  

 

 

 

 

 
Figure 3. Reshaping the armour units of berm 

breakwater due to wave-structure interaction. 
 

5. Conclusion 
In this study, the armour stability of armour units of 

berm breakwater using SPH-DCDEM method was 
investigated. The SPH method was used to simulate fluid 
domain, and DEM method was used to investigate 
interlock phenomenon between armour units. By numerical 
scheme the interaction of wave and armour units was 
simulated. Furthermore, the displacement of hardly 
reshaping berm breakwater successfully simulated. 
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1. Introduction 

Nowadays, the tendency to use energy renewable 
sources is increased due to the development of industry 
and the problems in the use of fossil fuels such as its 
instability in the future and environmental issues. Wind 
turbines are one of the most important and sustainable 
tools for renewable energy production.  

The main purpose of the foundation in this 
infrastructure  is to transfer structural and environmental 
loads to the ground.  In general, 25% of the total cost of an 
offshore wind turbine project is spent on the design and 
implementation of the foundation [1]. Because of the 
development of wind farms in seismic areas,  including 
East Asia, southern Europe, and the United States, as well 
as the importance of the foundation of the wind turbine in 
the design and implementation, it is necessary to study the 
seismic behavior of wind turbine foundations. 

In this study, a parametric study on the seismic 
behavior of monopile foundation of offshore wind turbines 
(OWT) employing numerical modeling is performed. 
 
2. Verification 

In this study, to verify the numerical model, its results 
are compared with the results of dynamic centrifuge 
modeling reported by Wilson et al [2]. Wilson et al. 
conducted a series of centrifuge model tests on individual 
and group piles located in Nevada sand under a series of 
specific earthquakes. 

The finite element method is employed using OpenSees 
for numerical modeling of monopile for OWTs. 
SANISAND constitutive model with calibrated parameters 
for Nevada sand proposed by Taiebat et al. [3] is used. In 
this study, the 1995 Kobe earthquake with PGA=0.22g is 
considered a reference earthquake record in all analyzes. 
The earthquake time history applied to the models is 
shown in Figure 1. Also, the verification results of the 
numerical model including the excess pore water pressure 
ratio (ru), displacements, and accelerations are shown in 
Figure 2. 

 
3. Model Descriptions and Methodology 

The NREL offshore wind turbine with a capacity of 5 
MW and a hub height of 90 m is considered in this study. 

This wind turbine is modeled by a hollow cylindrical 
section with an Elastic Beam-Column element. Also, the 
load of Rotor and Nacelle is modeled with a lumped mass 
at the top of the tower. The superstructure is supported by 
a monopile foundation and the dimensions of the model 
ground are 100×70 m² with a height of 35 m. The soil is 
modeled with 2784 to 4524 Brick UP 3D elements and the 
monopile is modeled with Elastic Beam-Column element. 
The soil-structure interaction is provided by linear elastic 
elements in OpenSees software and the earthquake time-
history is applied in the longer direction of the model. 

 

 
Figure 1.  Record of earthquake applied to the models 

 

 
Figure 2.  Comparison of the results of numerical and 
centrifuge modeling. 
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4. Cases of Parametric Study 

In this study, the effects of various parameters such as 
dimensions of monopile (diameter and length), soil relative 
density, and the existence of wind load (cyclic and static) 
are evaluated. The considered cases are presented in Table 
1. 

 
Table 1. Cases of parametric study 

h Model No. D L Dr (%) Wind load 
Monopile 
diameter 

effect 

Model 1 4 
25 70 - Model 2 6 

Model 3 8 
Monopile 

length 
effect 

Model 4 
6 

20 
70 - Model 5 25 

Model 6 30 
Sand 

relative 
density 
effect 

Model 7 

6 25 

30 

- 
Model 8 50 
Model 9 70 
Model 10 90 

Wind load 
effect 

Model 11 
6 25 70 

Cyclic 
Model 12 Static 

 
5. Results 

The displacement of the tower head and foundation 
settlement for different cases are shown in Figure 3. Also, 
the rotation of monopile is presented in Table 2. As the 
diameter and length of monopile and sand relative density 
increase, the tower head displacement and monopile’s 
settlement and rotation are decreased. The static wind load 
causes more displacement and rotation in comparison to 
the cyclic wind load which indicates a more critical case. 
Because the maximum allowable rotation after an 
earthquake is about 0.5 degrees [4], models 7, 11, and 12 
are not acceptable. 
 

 
Figure 3.  Residual displacement of tower head and 
settlement of monopile for each model. 

 
Table 2. Residual rotation of monopile for each model. 

6 5 4 3 2 1 Model No. 
0.11 0.13 0.16 0.1 0.13 0.18 Rotation (⁰)  
12 11 10 9 8 7 Model No. 

1.18 0.91 0.09 0.13 0.33 0.55 Rotation (⁰)  
 

The profiles of excess pore water pressure ratio at a 1 
m distance from the monopile are shown in Figure 4. As 
the figure indicates, in most of the cases, especially in the 
shallower parts, the ground is almost liquefied which 
would enhance the settlement and rotation of the 
foundation and displacement of the tower. 

 

 
Figure 4.  Profiles of excess pore water pressure ratio (ru) 
at a different time for each case. 

 

6. Conclusion 
In this study, a parametric study on the seismic 

behavior of the monopile foundation of OWT is presented. 
The results indicate that increase in monopile length and 
diameter is reduced the monopile settlement and rotation 
and displacement of the tower. Because in this study, just 
an individual earthquake time history is applied to the 
model, the performance of the foundation in case of 
occurrence of other types of earthquake time histories 
should be investigated. Also, the improvement of monopile 
seismic performance by enhancing the sand density is 
verified. Finally, it is shown that the existence of wind load 
especially static wind load creates a worse performance.   
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1. Introduction 
In costly projects, it is essential to achieve a high 

degree of confidence in the technical and economic 
performance of the design and the application of physical 
models are the best choice in this course. Due to the 
complexities of coastal structures on one hand and the 
simplified assumptions used in their design, it either is 
quite possible for the design to be over or under estimated. 
Physical (scale) models are carried out to optimize the 
geometry of the proposed design and improve its 
performance [1]. In this paper, a description of the physical 
modeling process of Kangan Port static berm breakwater is 
presented. According to the contract between the Ports and 
Maritime Organization and the Vice Chancellor for 
Research of the University of Tehran, the experiments on 
the two-dimensional physical modeling of the Kangan’s 
breakwater development were assigned to the Water 
Institute of the University of Tehran and were carried out 
at the Hydraulic Laboratory at the School of Civil 
Engineering. 
 
2. Description and Design of Experiments 

These experiments were carried out to ensure the armor 
layer and lee side stability of the berm breakwater and 
control the overtopping volume. 

The layout of the Kangan Breakwater is shown in 
Figure 1. According to the wave climate and the numerical 
modeling results presented by the Consultant, the E5 
section is exposed to the highest waves and at the greatest 
depth. Therefore, section E5 was suggested for modeling.  

The Hudson Equation is used to select the scale of the 
physical model, taking into account laboratory equipment, 
breakwater characteristics, and wave generator 
characteristics. On this basis, the relationship used for 
scaling of armor and filter layer calculations is given as 
follows [2]: 
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Figure 1. Location plan of Kangan port breakwater arms 

 

 
Figure 2. E5 section of the eastern breakwater with 
armor 2.5 to 4 tons 
 

In the above relation, Wm is the weight of the model 
materials and Wp is the weight of the prototype materials. λ 
is the scale of the model, ρsm is the density of model 
materials, ρsp is the density of prototype materials, ρwp is 
the density of seawater and ρwm is the density of laboratory 
water. Details of scaling calculations and assumptions are 
provided in Table 1. It should be noted that the scales 
obtained in this table have been determined based on the 
densities of 2.3 t/m3 for prototype and 2.5 t/m3 for model, 
respectively. The density of seawater is assumed to be 
1.03. Given the above values and considering the  
dimensions of the breakwater, the largest possible scale of 
25 was applied. In Table 1, P is equivalent to Prototype, S 
is equivalent to Scale, and M is equivalent to Model. 
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Table 1. Determining the scale of the laboratory model 

   Leaside 
Armour-Filter Seaside Armour 

Unit 
P Wp 200 kg 500 kg 2.5 ton 4 ton 
S λ 25 25 25 25 - 

M 

Vm 0.0032 0.0079 0.0397 0.0635 lit 
Wm 8 20 99 159 gr 
ρsm 2.5 2.5 2.5 2.5 t/m3 
ρwm 1 1 1 1 t/m3 
∆m 1.5 1.5 1.5 1.5 - 

 
3. Wave Generation Equipment 

The wave flume at the Hydraulic Laboratory of the 
School of Civil Engineering has a length of 25.2 meters, a 
width of 1 meter, and a useful height of 1.2 meters. It is 
constructed on a concrete foundation with a thickness of 
0.5 meters as shown in Figure 3. 

 

 
Figure 3. Wave flume University of Tehran 

 
The wave generator of this flume is of piston type that 

can generate regular and irregular waves. The range of 
motion of the wave generator paddle (stroke) is in the 
range of -12 to +12 cm. The period of regular waves that 
can be generated by the paddle is between 0.5 to 6 seconds. 
Figure 4 shows a schematic view of the dimensions of 
experiments in the wave flume. The distance of the sensors 
from the structure was determined according to Mansard 
method [3]. 

 
Figure 4. Implementation of model cross-section in flume 
(sizes are in centimeters) 

4. Results 
Table 2 shows the characteristics of the target waves 

and the features of the resulting waves. Also, as an 
example, the wave spectrum obtained from test 2 is shown 
in Figure 5. 

 
 

Table 2. Comparison of target wave specifications with 
final test results 

Test. No d (cm) Target Results  
Tp (s) Hs (cm) Tp (s) Hs  cm) 

1 30.1 1.56 9.8 1.48 10.1 
2 30.1 1.56 12.3 1.55 12 
3 30.1 1.56 14.7 - - 
4 36.4 1.56 9.8 - - 
5 36.4 1.56 12.3 1.62 12.9 
6 36.4 1.56 14.7 1.56 15 
7 35.5 1.56 12.3 1.56 12.8 

 

 
Figure 5. Incident and reflection spectrum of test 2 

 
The experiments were designed to control the stability 

of armor layer and the volume of overtopping. 
Overtopping was only observed in experiments 5 and 7, 

as shown in Table 3.  Berm destruction was minimal and 
negligible in tests 1, 2, and 4, which are the design 
conditions for static berm breakwaters. As the test has been 
planned for residual stability, no repair has been done 
between the tests. In tests 5 and 6, despite the lack of repair 
between experiments, the damage was limited to the 
displacement of 10 pieces of armor. 

 
Table 3. Overtopping tests results  
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Model overtopping  
(L) 

Prototype overtopping 
results (L/m.s) 

5 68.74 4.77 
7 28.37 1.99 
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1. Introduction 

Breakwaters are one of the main and most expensive 
components in the construction of ports. In our country, 
like many countries in the world, rock-fill materials are 
used to build most of the breakwaters. In some coastal 
areas of our country, the material of the seabed is such that 
during the construction of the breakwater, the settlement of 
the layers of the seabed or the subsidence of the materials 
in the lower layers may occur. This causes the construction 
costs to increase significantly. Therefore, it is appropriate 
to provide a realistic estimate of the amount of subsidence 
by knowing the condition of the seabed before constructing 
the breakwater. One of the easiest ways to know the seabed 
is to check the grading and morphological condition of the 
seabed. In this article, an attempt is made to investigate the 
impact of seabed grading on the settlement of the 
breakwater by providing seabed grading information from 
the construction area of two breakwaters where subsidence 
occurred. 

 
2. Study Area and Breakwaters Settlement 

In this study, the seabed condition and the breakwater 
settlement in the two projects of Nakhl Nakhda and Bandar 
Deylam are investigated. Nakhl Nakhda project is located 
on the eastern coast of Bandar Abbas city, about 8 
kilometers east of Haqqani port. The current status of this 
project is shown in Figure 1. This breakwater was 
completed in 2015. By a distance from the coast, some 
settlements have been observed during the construction of 
the breakwater. For the settlement of the breakwater in this 
project, the maximum value of 5 meters has also been 
reported, which has been reduced to about 2 meters after 
adopting a series of special construction operations [1]. 

 Deylam Port is also located on the northern coast of 
Bushehr province and in Deylam Bay (Handijan Bay). The 
current harbor includes two jetties (Figure 1) that were 
completed in 2002. During the construction of these jetties, 
a significant subsidence of the materials in the seabed has 
been observed. For the amount of subsidence in Deylam 
Port project, significant values even up to more than 15 
meters have been reported. Based on this, the amount of 
subsidence increases with the distance from the coast, so 
that the highest amount of subsidence and settlement has 
been observed at the end of the constructed jetties. 

 

 

 
Figure 1. Layouts of the Nakhl Nakhoda (up) and 
Deylam Project (down) 
 
3. Seabed Sediment Data 

In order to evaluate the type of sea bed material and its 
relationship with the amount of breakwater settlement, a 
series of sea bed sampling has been defined from both 
projects. In the Nakhl Nakhda project, seabed sampling 
was conducted at about 20 points around the breakwater, 
and Laser Scattering Particle Size Distribution tests were 
performed on the samples. Figure 2 shows the location of 
the samples and the average diameter of the sediment 
particles in micrometers. 

As seen, the sea bed sediments in the initial sections of 
the breakwater are sandy and have an average particle size 
of about 100 micrometers. In the areas where the 
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settlement of the breakwater begins, the average diameter 
of the particles decreases and turns from sand to silt and 
clay, so that the average diameter of the particles reaches 
about 50 micrometers or less. Considering that by 
continuing to deeper waters, the diameter of the particles 
also decreases and reaches the range of 20 microns, it is 
expected that the amount of settlement and subsidence of 
the breakwater will increase in these areas. 

 

 
Figure 2. The location and average diameter (in 
micrometer) of the seabed samples in Nakhl Nakhoda 

 
For Deylam port, sea bed materials have been sampled 

and Laser grading tests have been carried out at around 40 
points around the constructed jetties. Figure 3 shows the 
sampling location and the average diameter of the 
sediment particles in micrometers in the Deylam project. 
As seen, near the shoreline, the sediments of the seabed are 
of sand type with a maximum average size of about 150 
microns, while their diameter decreases by moving away 
from the coast and they become silt and clay. At the water 
depths below about -2 (CD), the sea bed sediments are 
very fine with the diameter of less than 10 microns (Figure 
4). A sample of a laser grading test for a point with -4 m 
depth is shown in Figure 5. A point that should be considered 
in this regard is the possible impact of the construction of 
the jetties on the characteristics of the seabed sediments 
and the change in the type of sediments due to the 
sedimentation caused by the construction of the jetties. 

 

 
Figure 3. The location and average diameter (in 
micrometer) of the seabed samples in Deylam 

 
Figure 4. The average diameter (D50) of sea bed samples 
versus water depth in Deylam 

 

 
Figure 5. A sample of laser grading test for a point with -
4 m depth in Deylam 

 
4. Conclusion 

In this research, the characteristics of the seabed 
sediments in two breakwater sites that faced subsidence 
and settlement during construction were investigated. In 
order to analyze the characteristics of sea bed sediments, 
several sediment samples were taken from each site and 
subjected to Laser Scattering Particle Size Distribution 
test. The obtained results indicate that in both situations, 
the type of sea bed sediment in the coastal area is sand and 
it turns into silt and clay by moving towards the sea. Also, 
in both locations, during the initial sections of the 
construction of breakwaters, significant subsidence and 
settlement are not observed, and the amount of subsidence 
and settlement increases with the movement towards 
greater depths and fine-grained sediments. 
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1. Introduction 

Low-crested/submerged breakwaters are rubble-mound 
structures that have become increasingly important in 
coastal protection projects in recent years. These structures 
are more environmentally-friendly comparing to high-
crested breakwaters because they do not hinder the sea 
view from the shore, do not affect the water quality, 
require less geomaterials for construction while protecting 
the beach against erosion. Using single-layer concrete 
armour blocks for reinforcing the outer layer of low-
crested/submerged breakwaters is an innovative idea that 
requires analytical and experimental investigations. In this 
study a large number of model tests have been carried out 
in a hydraulic flume to study the performance and stability 
of two types of concrete blocks for this purpose. 

A number of researchers have studied the applicability 
of single-layer concrete armour units for protecting the 
“high-crested” breakwaters. Accropode, Xbloc and Core-
loc have been the most used concrete blocks for single-
layer armour so far.  Few studies have been done on the 
stability and performance of single-layer concrete armour 
units for low-crested/submerged breakwaters. [1], [2], [3] 
describe the results of the investigations on the 
performance of single-layer armour units. 

 
2. Test Plan and Procedures  

The physical model tests were carried out in the 
hydraulic flume of the department of civil engineering of 
the University of Tehran. The flume has 25.2 m length, 1.0 
m width, and 1.3 m depth. The wavemaker of this flume is 
capable of producing both regular and random waves. The 
maximum wave height that can be produced by wave 
maker is 250 mm. The wave height fluctuations at the 
breakwater toe are measured using voltage resistance wave 
sensors with the accuracy of 0.1 mm. These gauges 
recorded the wave height with the frequency of 50 times 
per second. The scale of the tests was 1:30. Froude 
similarity law was used for similitude purpose. 

The tests were carried out for 3 different conditions: 1) 
the crest of the breakwater was considered slightly above 
the Mean Sea Level (MSL) i.e., positive freeboard, 2) 
equal to MSL i.e., zero freeboard, and 3) slightly below the 
MSL i.e., negative free board. In this study, the height of 
the breakwater was 370 mm. Negative freeboard 
(submerged breakwater) was tested with 410 mm water 

depth at the breakwater toe and positive freeboard was 
tested using 330 mm water depth. The crest width was 5D 
(five times the armour diameter) and the breakwater slope 
was 1V:1.5H in all the tests. Waves generated in the flume 
were both regular and random with three periods of 1.643 
sec., 2.008 sec. and 2.373 sec (corresponding to 9, 11 and 
13 seconds in reality). The wave periods were selected 
corresponding to the wave periods at the Persian Gulf and 
Oman Sea regions. 

Two types of concrete armour blocks were used in this 
investigation: Xbloc and modified Xbloc (Dezhpod). A 
typical placement of the armour units on the breakwater in 
the flume is illustrated in Figure 1. 

 

 
Figure 1. Placement of modified Xbloc  

Since the aim of this study was evaluating the stability 
of single-layer armours under the impact of waves, 
accurate identification of the failure is of utmost 
importance. Among the existing criteria for distinguishing 
the instability or damage to the armour layer due to wave 
impact, Initiation of Damage [ID] was used in this study. 
Initiation of Damage, by definition, starts when at least one 
armour unit is moved from its initial position to an amount 
equal to armour diameter. The tests were carried out by 
gradual increasing the wave height until Initiation of 
Damage of the armour layer was observed. The range of 
the wave heights generated in the flume was between 120 - 
200 mm which is correspondent to wave heights between 
3.6 m to 6.0 m in reality. 

 

3. Results and Discussion 
18 set of tests were carried out in the laboratory to 

investigate the performance and stability of single-layer 
Xbloc armours placed on low-crested/submerged 
breakwater subjected to wave action at various conditions.  
The results are summarized in Table 1. 
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Table 1. Results of Experiments using Single-layer Xbloc 
at Different Conditions of Breakwater Freeboard and 
Wave (Xh: harmonic wave tests, Xr: random wave test) 

Test 
No. 

Wave 
Period 

(s) 

Water 
Depth 
(mm) 

Wave 
Height 

(m) 

Test 
No. 

Wave 
Period 

(s) 

Water 
Depth 
(mm) 

Wave 
Height 
(mm) 

Xh1 1.643 330 170.9 Xr1 1.643 330 168.9 
Xh2 2.008 330 156.8 Xr2 2.008 330 154.3 
Xh3 2.373 330 152.1 Xr3 2.373 330 150.4 
Xh4 1.643 370 173.5 Xr4 1.643 370 168.5 
Xh5 2.008 370 164.2 Xr5 2.008 370 160.3 
Xh6 2.373 370 155.3 Xr6 2.373 370 151.4 
Xh7 1.643 410 191.6 Xr7 1.643 410 183.7 
Xh8 2.008 410 180.8 Xr8 2.008 410 172.4 
Xh9 2.373 410 174.5 Xr9 2.373 410 164.9 

For better interpretation of the results and also for 
design purposes, non-dimensional parameters of NS and RC 
are used as shown in Figure 2. RC and NS as defined as 
follows: 

RC=L-h NS=H/(∆Dn50) 
In these relations L is the total height of the breakwater 

(370 mm), h is the water depth at the breakwater toe, H is 
the wave height corresponding to Initiation of Damage, D 
is the average armour unit diameter, and ∆ is the ratio 
between concrete density and water density. 
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Figure 2. Experiments results performed on Xbloc units 
(R.W.: Regular wave, Ir.W.: Irregular wave) 

Figure 2 reveals that the non-dimensional stability 
number (NS) for irregular waves are less than that for the 
regular waves for all cases of wave periods, indicating that 
the irregular waves in reality create more critical 
conditions for the armour layers. Values of NS generally 
show a decreasing trend with RC. This decreasing trend 
means that submergence can provide more stability for the 
armours used as single-layer.  Another interesting point is 
decreasing NS with increasing the wave period which 
indicates longer wave periods can impose more damage to 
the armour layer. 

One of the disadvantages of Xbloc units is its 
vulnerability to damage during transportation and 
placement. This is mainly because of its special geometric 
configuration and outward projections. In this study an 
improved version of Xbloc units called Dezhpod has also 

been examined. Dezhpod is similar to Xbloc, however, 
some changes are applied to its shape in order to enhance 
its structural integrity. The same tests were carried out on 
Dezhpod to compare its performance with Xbloc. The 
results of the tests on the newly developed blocks are 
shown in Table 2. 

 
Table 2. Results of Experiments using Single-layer 
Dezhpod at Different Conditions of Breakwater 
Freeboard and Wave (Dh: harmonic wave tests, Dr: 
random wave test) 

Test 
No. 

Wave 
Period 

(s) 

Water 
Depth 
(mm) 

Wave 
Height 
(mm) 

Test 
No. 

Wave 
Period 

(s) 

Water 
Depth 
(mm) 

Wave 
Height 
(mm) 

Dh1 1.643 330 171.4 Dr1 1.643 330 169.4 
Dh2 2.008 330 157.6 Dr2 2.008 330 154.9 
Dh3 2.373 330 153.1 Dr3 2.373 330 151.6 
Dh4 1.643 370 172.4 Dr4 1.643 370 169.7 
Dh5 2.008 370 165.3 Dr5 2.008 370 162.1 
Dh6 2.373 370 154.9 Dr6 2.373 370 152.6 
Dh7 1.643 410 190.9 Dr7 1.643 410 183.9 
Dh8 2.008 410 182.4 Dr8 2.008 410 172.6 
Dh9 2.373 410 173.8 Dr9 2.373 410 163.8 

 

Comparison between the values of Table 1 and 2 
demonstrate the fact that behavior of Dezhpod is very 
similar to Xbloc. Careful review of the values shows that 
the performance of Dezhpod is slightly better because it 
has higher stability numbers. 

 

4. Conclusions 
Using single-layer armours for protecting the low-

crested/submerged breakwater in a new idea that has not 
been studied in-detail before. In this study two types of 
concrete armour blocks were used to protect low-crested 
and submerged breakwaters. Based on the obtained results 
the following conclusions can be drawn: 
▪ Employing single-layer armour blocks is safe and 

economical. 
▪ Submergence of the crest increases the stability of the 

blocks used as single-layer armour. 
▪ The performance of the Xbloc units can be improved if 

some changes are applied to its shape. 
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1. Introduction 

Evaluation of the hydrodynamic forces on the solid 
structures is one of the most interesting aspects in modeling 
with the lattice Boltzmann method (LBM). In the present 
paper, the momentum exchange method (MEM) was used 
to calculate hydrodynamic forces, which was firstly 
proposed by Ladd and Anthony [1,2]. In this approach, 
hydrodynamic forces are obtained by distribution function 
differences in all directions of all lattice cells. Whereas the 
MEM is considered an explicit approach for updating the 
dynamics of the particles, Aidun et al. [3] proposed a 
relatively more accurate approach based on the MEM which 
involves the hydrodynamic analysis of particles suspended 
in fluid. This work aims to develop a numerical model based 
on the LBM and MEM to evaluate wave-structure 
interaction. 

 
2. Lattice Boltzmann Method 

The lattice Boltzmann method (LBM) was initially 
proposed to solve the problems in the mesoscopic scale. 
However, the particle distribution function parameter (𝑓𝑓) 
describes particle behaviors on the microscopic scale. In this 
article, the D2Q9 scheme is applied, and macroscopic 
parameters such as density (𝜌𝜌) and velocities (𝑽𝑽) are 
obtained directly from the distribution function, which are 
presently as follows:  
𝜌𝜌 = ∑ 𝑓𝑓𝑖𝑖𝑛𝑛

𝑖𝑖=0       𝜌𝜌𝑽𝑽 = ∑ 𝑓𝑓𝑖𝑖𝑛𝑛
𝑖𝑖=0        (1) 

The equilibrium distribution function (𝑓𝑓𝑖𝑖
𝑒𝑒𝑒𝑒) represents 

the movement of particles toward an equilibrium state. The 
following equation gives the equilibrium distribution 
function: 
𝑓𝑓𝑖𝑖
𝑒𝑒𝑒𝑒 = 𝜌𝜌𝑤𝑤𝑖𝑖(1 + 3(𝒄𝒄𝑖𝑖. 𝑽𝑽) − 1.5(𝑽𝑽. 𝑽𝑽) + 4.5(𝒄𝒄𝑖𝑖. 𝑽𝑽)2)      (2) 

where 𝑤𝑤 and 𝑐𝑐 represent weighting factors and discretized 
velocities, respectively. Collision and streaming are two 
primary operators to model the fluid dynamics. The 
collision operator simulates the interaction between 
particles with the relaxation time (τ) and the equilibrium 
distribution functions, and streaming describes the 
movement of particles within the domain. In each timestep, 

a particle moves from its cell to its neighbor cell according 
to its direction. 

𝑓𝑓𝑖𝑖(𝒙𝒙, 𝑡𝑡 + ∆𝑡𝑡) = 𝑓𝑓𝑖𝑖(𝑥𝑥, 𝑡𝑡) +
∆𝑡𝑡
𝜏𝜏 (𝑓𝑓𝑖𝑖(𝑥𝑥, 𝑡𝑡) − 𝑓𝑓𝑖𝑖

𝑒𝑒𝑒𝑒(𝑥𝑥, 𝑡𝑡)) 

𝑓𝑓𝑖𝑖(𝒙𝒙 + ∆𝑥𝑥, 𝑡𝑡 + ∆𝑡𝑡) = 𝑓𝑓𝑖𝑖(𝒙𝒙, 𝑡𝑡 + ∆𝑡𝑡).                          (3) 
 
3. Free Surface Modeling 

In this paper, the free surface evolution was modeled 
based on the volume of fluid (VOF-like) method. In this 
approach, the physical domain is discretized into fluid, air 
and interface areas. The fluid domain is surrounded by 
interface cells, and the mass transfer between cells is 
calculated directly by using the flux of the distribution 
functions during the streaming step. The volume fraction (ε) 
parameter for each cell is the fraction of the mass (m) of the 
cell to its volume (v). The free surface is captured by the 
mass of each cell in each and every time step. The free 
surface is shaped by mass fluxes between cells. 
𝑚𝑚𝑡𝑡+1 = 𝑚𝑚𝑡𝑡 − ∑ 𝜙𝜙𝑖𝑖𝑖𝑖 ⋅ 𝛥𝛥𝑡𝑡         𝜙𝜙𝑖𝑖 = [𝑓𝑓𝑖𝑖−𝑓𝑓𝑖𝑖̅𝑛𝑛]𝐴𝐴𝑖𝑖     (4) 
In the above equation 𝐴𝐴𝑖𝑖 defines as a wet area between two 
adjacent cells. 
 
4. Momentum Exchange Method 

Simplicity and computational efficiency are the MEM 
marked features. Hydrodynamic forces are obtained by 
calculating momentum exchange at each boundary cell in 
every lattice direction. Differences between outgoing and 
incoming momentums of distribution functions result in 
momentum exchange on the corresponding link𝑖𝑖. 
𝛿𝛿𝐹𝐹𝑖𝑖(𝑥𝑥, 𝑡𝑡) = 𝑓𝑓𝑖𝑖(𝑥𝑥, 𝑡𝑡)𝑒𝑒𝑖𝑖 − 𝑓𝑓�̃�𝑖(𝑥𝑥𝑓𝑓,𝑡𝑡)𝑒𝑒�̃�𝑖                     (5) 

In each time step of the computations, the total force 
exerted from fluid to the obstacle is calculated from the 
summation of all momentum fluxes in each boundary link: 
𝐹𝐹 = ∑ 𝛿𝛿𝐹𝐹𝑖𝑖(𝑥𝑥𝑤𝑤, 𝑒𝑒𝑖𝑖)8

𝑖𝑖=0         (6) 
 
5. Wave-Structure Interaction 

In order to evaluate the ability of the model to simulate 
wave forces, experimental modeling of wave forces acting 
on a vertical wall by Didier results [4] was utilized, which 
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was basically conducted for the validation of numerical 
simulations 

 
5.1. Free Surface Measurement  

A wave gauge is located at 1.703 m apart from the right-
hand side of the domain. The LBM simulation results and 
the experimental measurements show a good agreement 
(Figure 1). The test is performed in a tank of 0.3 m depth of 
water with a wave period of 1.3 s, a wavelength of 1.965 m, 
and a wave height of 0.1 m. 

 

 
Figure 1. Comparison between the LBM simulated results 
and experimental measurements for the free surface 
 
5.2. Wave Force 

The LBM simulated results for wave forces on the 
vertical wall is shown in Figure 2, and are compared with 
the extracted measured values from pressure sensor B (PS-
B), which is set 0.11 m above the berm. The same 
comparison is demonstrated in  

Figure 3 for pressure sensor A (PS-A), which is set 0.055 
m above the berm. 

The results in both cases have the same trend as the 
experimental values of the Didier work. The initial 
validation for wave forces shows compliance with the 
reference data and implies the stability of the simulator.  

The MEM is useful for general trend of the 
hydrodynamic forces, and is not capable of simulating shock 
waves which are formed in the third and fourth incident 
waves. 

 

 
Figure 2. Comparison between the LBM simulated results 
and experimental measurements for wave forces in PS-B 

 

 
Figure 3. The simulated results of the LBM and 
experimental measurements for wave forces in PS-A 
 
6. Conclusion  

In this work, the application of the LBM for modeling 
wave-structure interaction was presented. The MEM was 
utilized for its relatively fewer computations and 
consequently less processing time. Despite the simplicity in 
implementation, the MEM may be used for wave-structure 
interaction problems leading to decent results. The 
simulation results for free surface capturing and wave forces 
show a favorable agreement and the same trend between the 
LBM framework and the experimental data, which 
demonstrate the ability of the present model to simulate the 
complicated wave-structure interaction. However, the 
performance comparison for modeling shock waves shows 
the shortcoming of the MEM in this particular aspect.  
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1. Introduction 
Providing new sources of water is critical in face of 

decreased precipitation. Desalinated seawater is one of the 
most important new sources. A commonly used method of 
seawater intake is by using the systems that comprise 
pipelines and pump basins. In such a system, dimensions 
of the required basin and its components are determined 
based on hydraulic formulas first. These dimensions are 
then analyzed via numerical simulation. The prior 
researches are discussed in this study, and then the CFD 
modeling of the Lian desalination plant basin is presented. 

The possibility of creating a vortex in the basin should 
be taken into account when designing the basin. Vortices 
may be formed due to three main categories: a) Eccentric 
orientation; b) Viscosity induced velocity gradients; c) 
Eddies formed by obstruction [1]. The required minimum 
submergence of pumps is another factor that should be to 
considered in basin design to avoid the formation of a 
vortex. 

The situation of flow at the entrance of the suction bell 
depends on many components. Designing of the pump bay 
is in a way that the flow is uniform and the air cannot 
ingest into the pump [2].   

 To overcome the challenges produced by the decrease 
of water flow and the basin's minimum water level, Sami 
Abdel-Fattah and Abdel-Ghani El-Shaikh used ANSYS 
software to simulate the El-SHABAB basin and modify its 
design [2]. 

Zhaol et al have studied the mechanism of vortex 
formation. The flow parameters in the pumping bay, as 
well as the examination of pump performance in the 
presence of mixed flows, were investigated in this study. 
The effectiveness of anti-vortex structures, as well as their 
impact on current uniformity, has been demonstrated. The 
probability of cavitation in sharp areas, as well as the 
possibility of its expansion, was also looked into [3]. 

 
2. Model Setup 

This project is planned to produce 50,000 m3/day fresh 
water. There are eight pumps in the pump basin, each with 
a capacity of 0.292 m3/s (six operational pumps and two 
spare pumps). The basin's geometry is depicted in Figure 1. 
The FLOW-3D software was used to simulate the Lian 
desalination basin. This software, which is compatible with 

complex flow conditions in two-dimensional and three-
dimensional modeling, is one of the most powerful and 
user-friendly among the computational fluid dynamics 
tools. 

There are several physical parameters for modeling 
different phenomena in FLOW-3D software. Gravity, 
viscosity-turbulence, and spring-well are three physical 
factors that were employed in this simulation. Results of 
studies have already showed that the best model of 
turbulence in this type of simulation is spinning. 

Determining the computing grid and boundary 
conditions is one of the most critical aspects of numerical 
modeling. The nested mesh capability is used in this 
simulation and a smaller mesh is used as a patch in place 
of the pumps (Figure 1 and Figure 2). Symmetry is 
employed as a boundary requirement on all sides of the 
computing grid. Also, pumps are simulated as a sink that 
sucked the water with a rate -0.3 m3/s.  

 

 
 

Figure 1. Geometry of Basin, left AutoCAD, and right 
FLOW-3D 

 

 

 
Figure 2. Number of computational gird 

Number of computational 
grid along the basin = 500000 

Number of 
Nested 

grid= 20000 

Boundary Condition at Pumps 
Q= -0.3 m3/s 
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3. Results 
A simulation of the basin with a comparable condition 

was undertaken to compare the RNG and LES turbulence 
models (Figure 3). According to the findings, the RNG 
model produces superior flow generation than the other. As 
a result, the RNG model is applied to simulate different 
scenarios. 

 

  
LES RNG 

Figure 3. Flow speed in the basin in RNG and LES 
models 

 
Because of the basin's geometry, two situations were 

chosen as critical scenarios, and the results were monitored 
in accordance with ANSI guidelines (Figure 4 and Figure 
5). The flow speed at the position of the screens (band 
screen and bar screen) should be between 0.3 and 0.9 m/s, 
and at the location of the pumps should be less than 0.5 
m/s, according to ANSI requirements. These criteria are 
met in the basin, according to the results of both scenarios. 
The flow speed in each part of basin is presented in Table 
1.  

 
Table 1. Comparison of flow speed between ANSI and 
scenarios 

 
Flow speed (m/s) 

bar screen band screen pump 
ANSI 0.3 ~ 0.9 0.3 ~ 0.9 0.5 

Scenario 1 0.35 0.4 0.35 
Scenario 2 0.45 0.6 0.45 
 
 

 
Figure 4. Flow speed in the basin in scenario 1 

 
 
 

 
 

 
Figure 5. Flow speed in the basin in scenario 2 
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1. Introduction 
Low-crested breakwaters have various applications 

such as beach protection from erosion, creating a beach 
suitable for tourism, and reducing the design wave for the 
main breakwaters.  A low-crested breakwater can be used 
if significant overtopping is acceptable. Due to changes in 
water level caused by the tide, the breakwater crest can be 
either submerged or visible. 

. The armour layer, which protects the breakwater 
against the waves attack, can be made of stone or concrete 
blocks. The stability of the armour layer is due to the 
weight and interlocking between the blocks.  Concrete 
blocks are usually used when it is hard or uneconomical to 
provide suitable stone for the armour layer. One of the 
advantages of concrete blocks over natural stone is the 
possibility of making it in various forms, which creates 
more interlocking between the armours.  Concrete blocks 
can also be produced with any weight. In the present paper, 
the performance of two concrete blocks:  Cube and Xbloc 
is investigated and compared. Cube and Xbloc are both 
bulky type armour. The stability of Cube blocks in the 
armour layer is mainly due to their weight, however, the 
stability of Xbloc in the armour layer is more due to 
interlocking between the blocks. Figure 1 shows two- and 
three-dimensional images of Cube and Xbloc armours.  

Figure 2 shows examples of using Xbloc and Cube 
armours in real projects. 

 

 

 
Figure 1. 2-D and 3-D image of Cube and Xbloc armors 
used in experiments 

 

 
Figure 2.  Xbloc and Cube armours in breakwater 

2. Methodology and Laboratory Experiments 
The aim of this experimental study is investigating the 

performance of two types of artificial concrete armour 
units for protecting low-crested / submerged breakwaters. 
Currently there is no formulae for designing armour layers 
for low-crested/submerged breakwaters [1,2,3].  The study 
was conducted in a large hydraulic flume at the civil 
engineering department of Tehran University.  The flume 
is 25.2 meters long, 1-meter-wide and 1.3 meters high. 
This flume can produce waves with periods between 0.5 to 
6 seconds and a maximum wave height of 25 cm. Three 
sensors of the resistance wave gauge type were installed 
just before the breakwater toe to measure the wave height. 
These sensors record the amount of water level by 
measuring changes in voltage. The measurement error of 
the mentioned sensors is 0.1 mm. These sensors record 50 
data per second. Figure 3 shows the actual image of the 
flume, and Figure 4 shows the sensors used. 

The method of implementing the Xbloc armour layer in 
the laboratory is shown in Figure 5. Since the performance 
of Xbloc armour is mainly due to interlocking, if the Xbloc 
units are assembled by hand in the laboratory, it may 
influence the interlocking between the units, so a thread is 
used to carefully place the blocks in the armour layer.  

Cube armour units 

Xbloc armour units 

Used Xbloc armour 
units for the coastal 
road Reunion Island in 
France 

Used Cube armour 
units on Sal Rei 
Harbor breakwater, 
eastern Cape Verde 
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Figure 3. Hydraulic flume of the Faculty of Engineering, 
University of Tehran 

 
Figure 4. Resistance wave gauge sensors used in the 
laboratory to measure the wave height 

 
Figure 5. Proper placement of the armor layer in the 
laboratory 

3. Conclusion  
In all experiments on single-layer Xbloc and Cube 

armours, with increasing the water depth at the breakwater 
toe, the wave height required for the armour layer failure 
increased and consequently, the stability number NS also 
increased. This means that increasing the depth of water at 
the breakwater toe for low-crested/submerged breakwater 
increases the armour layer stability. 

In all experiments performed on Xbloc and Cube 
armours, with increasing the wave period, the wave height 
required for the armour layer failure decreased (lower Ns 
values obtained). In other words, increasing the wave 
period reduces the stability of the armour layer. This 
happens for two reasons. The first reason is that the force 
applied by the waves affects the armour layer over a longer 
time period and the second reason is that in the case of 
higher wave periods, the longer time interval between the 
waves causes the downward force of the previous wave 
(rundown) to be more effective to displace the armour 
units. 

A comparison between Xbloc and Cube armours 
subjected to same geometric and hydraulic conditions 
showed that the performance of single-layer Xbloc armour 
was better than that of single-layer Cube armour with 
“irregular placement”, however, the performance of a 
single-layer Cube armour with “regular placement” is 
better than the performance of a single layer Xbloc armour. 
This is because for “regular placement”, Cube armours due 
to their flat surfaces, lean over each other on the 
breakwater slope, resulting in improving the stability of the 
armour layer. However, for Xbloc armour, firstly, due to 
their special geometric shape, the armour blocks engage 
with the filter layer more than that for the Cube armour, 
and therefore the weight of Xbloc armours is not fully 
applied to the lower row of the armours. As a result, one of 
the main factors in the stability of the armour layer 
becomes less effective when using Xbloc. Therefore, the 
performance of the single-layer Xbloc armour is not as 
well as that of the single-layer Cube armour with regular 
placement.  For the case of “irregular placement” of Cube 
armours, the above advantages are lost because the armour 
layer stability decreases due to reducing the weight of the 
cubes of the upper layer on the lower layer and lack of 
suitable support for placing the armour on top of each other. 

Structural examination of Xbloc and Cube armour 
while working in the laboratory showed that Xbloc armour 
has structural weaknesses in the corners that cause it to fail 
during transportation and placement on the breakwater. In 
contrast, for Cube armours due to their bulky and simple 
geometry, the possibility of breaking armour parts is very 
low. From this point of view, Cube armours are superior to 
Xbloc armours.  In the prototype scale, using Xbloc 
armours requires obtaining the necessary permissions from 
the inventor. As a result, using Xbloc armour can be 
costlier than Cube armour. 

Due to the simple geometric shape of the Cube 
armours, the required effort for form-working, 
construction, transportation, and placement of the cubes on 
the breakwater are less. On the other hand, Cube armours 
need more concrete volume comparing to Xbloc; in this 
regard, the cost of concrete required to produce Cube 
armours is higher than that for Xbloc. But overall, because 
of the lower cost of molding, warehousing, lower 
probability of breakage, and higher production speed, Cube 
armour units are more cost-effective comparing to Xbloc. 

 

4. References 
[1] Hudson, R.Y., 1959. Laboratory investigation of 
rubble-mound breakwaters. Reprint of the original paper as 
published in the Journal of the Waterways and Harbors 
Division of ASCE, proceedings paper 2171. 
[2] Muttray, M., ten Oever, E. and Reedijk, B., 2012. 
Stability of low crested and submerged breakwaters with 
single layer armouring. Journal of Shipping and Ocean 
Engineering, 2(3). 
[3] Vieira, Filipe, Francisco Taveira-Pinto, and Paulo 
Rosa-Santos. "Single-layer cube armoured breakwaters: 
Critical review and technical challenges." Ocean 
Engineering 216 (2020): 108042. 



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

189
 

UNCERTAINTY ANALYSIS OF SOIL LIQUEFACTION POTENTIAL PREDICTION  
 
 

Maedeh Mehrvarzan1, Ali Derakhshani2

 
1) Department of Civil Engineering, Faculty of Engineering, Shahed University, Tehran, Iran, 

m.mehrvarzan9131@gmail.com 
2) Department of Civil Engineering, Faculty of Engineering, Shahed University, Tehran, Iran, adera@shahed.ac.ir 

 
1. Introduction 

Various models for predicting soil liquefaction potential 
are available in the technical literature. The proposed 
models for predicting liquefaction potential do not take 
into account input uncertainties that affect the results. 

In general, input uncertainties affect the reliability of 
system responses. To improve the reliability of designs, 
input uncertainties must be considered collectively. For 
this purpose, various approaches have been used to analyze 
engineering systems, from engineering judgments to 
complex statistical and intelligent methods. Fuzzy set 
theory can be considered as the most general method used 
to analyze uncertainty in engineering [1, 5]. 

 
2. Methodology 

Uncertainties in inputs can affect the estimated 
liquefaction potential. For a reliable design, analysis of 
possible uncertainties is essential. In this paper, the 
uncertainty analysis of soil liquefaction resistance based on 
a fuzzy set theory using fuzzy numbers is performed. 
In this paper, considering the uncertainty in the input 
parameters, the sensitivity of the model to predict the 
liquefaction potential against uncertainty is investigated by 
the fuzzy method. [5]  

The input parameter uncertainties are introduced by 
triangular fuzzy numbers with at most ± 5% uncertainty 
i.e. ΔX = 0.05Xc. Following the analysis procedures, first, 
the input fuzzy numbers are discretized by several α-cuts 
to make the appropriate intervals. Then, the fuzzy capacity 
energy intervals are found by solving optimization 
problems with many objectives using a Genetic Algorithm 
(GA). 

 
3. Data 

The input fuzzy parameters are configured with six α-
cuts where α equals 0, 0.2, 0.4, 0.6, 0.8, and 1. It is worth 
noting that α = 0 and 1 correspond to the support and crisp 
values of the fuzzy number (Figure (1)). 

This method is applied to the Prediction model of 
Baziar et al. (2007). and all relevant fuzzy values are 
calculated. The database used in this study includes the 
experimental test results reported by, Baziar et al. (2007, 
2011). 

This database has been employed in the assessment of 
liquefaction triggering using the strain energy concept and 
ANN model. [1, 4] 

 

 
Figure 1. Triangular membership function [1]. 

 
4. Results and Discussion 

Considering the results, the smaller the base of the 
triangles, the lower the sensitivity of the model to 
uncertainty. "Cut and paste it at the end of the sentence.", 
the effect of the greatest uncertainty on the results of the 
models is considered. To provide an overview of the 
impact of uncertainty on the predictive model, the 
membership functions of several statistical criteria are 
plotted in Figure (2).  

The computed statistical indices are correlation 
coefficient (CC), root mean squared error (RMSE), and 
mean absolute error (MAE). Their formulas are as follows: 
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Where, 
( ): measured energy values, 
( ): average measured energy values, 
( ): predicted energy values,  
( ): average predicted energy values and 
(M): the total number of data. 
 

Based on the presented results, it is observed that the 
fuzzy numbers calculated using this model have a short 
support length and are therefore less affected by 
uncertainty. 
 

 

 
Figure 2. Membership functions of MLR models; CC 
(top), RMSE and MAE (bottom) 

 
5. Conclusions 

Among the various models available to predict soil 
liquefaction resistance (capacity energy), the model 
developed by Baziar et al. (2007) (using multiple linear 
regression) was investigated under the effects of input 
uncertainties. 

 
 

 The reliability of the predictions made by this method 
was evaluated and compared using fuzzy statistical 
indicators including correlation coefficient (CC), mean 
absolute error (MAE) and root mean squared error 
(RMSE). According to the output diagrams given in Figure 
(2), it is inferred that this model is accurate and has little 
vulnerability to prediction uncertainties. 
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1. Introduction   

Undoubtedly, Applying On-shore power supply 
(OPS) is certainly one of the most secure and practical 
methods to build green ports to comply with 
international conventions. A case study was carried out 
in Amirabad port to examine the feasibility of the 
vessel’s electrical supply and afterwards a confirmation 
letter was received from Iran’s Ports and Maritime 
Organization to implement the plan in eight other ports 
in Iran. The study was aimed at turning the ports into a 
power hub in an attempt to reduce carbon footprint and 
increase the use of renewable energies and to remove the 
pollutants. 

The generators in ships were shut down while 
mooring on the berth and instead, the ships were 
connected to the port’s power grid supplied by 
renewable energy. Zones schematic and connecting 
cables of ships’ power supply in Amirabad port berths 
were submitted and a general cost for the project was 
also estimated. The system is expected to operate on the 
basis of micro-grid and smart energy grids [1]. 
 
2. On-shore Power Supply in Amirabad Port 

 Regarding the types of ships commuting to the 
Amirabad port - general cargos - and the required power 
supply, there are 13 berths in three operational zones 
(Figure 1) to maximally use the existing infrastructure 
which is fed by four to-be-built substations, 1000 and 
1250 transformers and fifteen 400amp power plugs. 

 

 
Figure 1. Zones and cable connection related to On-
shore power supply in Amirabad port 

 
Amount of average consumption current is: 

 F=0.8, P. m, 490 Lmax= Kw, P=200 Hz, =50f v, 400V=
A I≈360 Therefore: 

 
3. Estimating the Implementation Cost of 
On-Shore Power Supply System in 
Amirabad Port 

According to the feasibility studies, Return of Capital 
certainly takes place in the second year [1]. Table 1 
presents a summary of cost estimation based on price 
lists from the Iranian Planning and Budget Organization 
on the fields of construction, electricity and mechanics 
issued in 2020 [2,3]. 
 
Table 1. Summary of cost estimation for On-shore 
power supply implementation in Amirabad port 

No. Subjects 
Total 

cost ($) 
Percentage 

(%) 

1 Construction 274,150 19.92 

2 Electrical 
Installations 35,340 2.57 

3 
Mechanical 
Installations 

42,398 3.08 

4 Road 27,973 2.03 

5 Electrical 
distribution 996,654 72.40 

6 Total 1,376,514 100 

 
4. Smart Energy Micro-Grids   

Smart energy micro-grid is an integrated, automated 
network between the producer and the consumer and 
bilaterally provides the network manager with the 
required data. Such a technology will economize power 
consumption, reduce the costs and enhance reliability 
and power quality. To implement a smart energy grid, a 
smart energy micro-grid employs advanced digital 
technology and normal standards for transferring the 
know-how [4,5]. 
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5. On-shore power supply system using 
renewable energies in an infrastructure of 
Smart energy micro-grid 

The system provides electrical power with renewable 
and green energies such as solar and wind energy and 
stores the power in rechargeable batteries as a practical 
method. Rechargeable batteries perform a dual function 
as a source of storing power; first, they store the power 
when there are no ships in the berths and are used as the 
main source of supply when the required power exceeds 
the capacity of solar and farm resources. Second, they 
provide power for direct current (DC) loads. Studies 
indicate that the area is prone to wind and solar power 
generation. Required technology and the cost totally 
depend on the distance between the generating system 
and the port along with the climate situation of the area. 

Thanks to advanced digital technology and power 
grid connection, smart micro-grid technology is 
practically applicable to provide power for ships and 
renewable resources, as presented in Figure 2 and  
Figure 3 [6,7]. 

 

 
Figure 2. On-shore power supply system single-line  

 

 
Figure 2. On-shore power supply system based on 
smart power micro-grid 
 

6. Conclusion  
 Turning ports into energy and power hubs using a 
combination of on-shore power supply system and smart 
power micro grids, along with storing batteries and 
renewable energies are the best technical, economic and 
ecological strategy to exploit the potentials in ports and 
Amirabad port to present it in power market.  
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1. Introduction 

Import/export of granular materials have a noticeable 
share of world trades in ports. Loading and unloading of 
cereals (wheat, barley, corn …), petrochemical materials, 
cement and other granular/bulk materials are usually daily 
duty in seaports. In-situ weighing of these loads would be 
advantages in the concept of ‘smart ports’. Mass flow 
measurement systems would be essential parts in solid flow 
systems. Some common weighing technologies were based 
on; centripetal force, impact force, coriolis, microwave, 
force flow and capacity [1]. Considering some comparison 
parameters such as; simplicity, accuracy, flow capacity, 
maintenance, versatility, non-invasive, non-intrusive, cost 
and vibration-tight the capacitance based measurement 
(tomography) would be one of the considerable candidates. 
Hunt (2014) introduced a weighing system using electrical 
capacitance tomography (ECT) to mass flow rate 
measurements in a 12 cm pipe [2]. The ECT mainly is based 
on medical CT technology and develops together with 
computer and sensor technology. The idea of process 
tomography was evolved in mid-1980’s [3].  

This research focuses on development and application of 
in-situ 2D ECT for solid mass flow rate measurement in 
loading/unloading of ships in the terminal of ports and trucks 
loading. Comparison five well-known image reconstruction 
algorithms in order to apply for solid mass flow 
measurement are main scopes of this research. 

 
2. Materials and Methods 

In-situ weighing of trucks in terminals would enhance 
the accuracy, improve loading/unloading capacity and time, 
and would match to smart port concepts in the seaports. The 
ECT system designed in this research was combination of 
concepts introduced by Hab (2010) [4] and [5] and Styra et 
al., (2010) [4] with some modifications (Figure 1). 

ECT problems usually solved based on Finite Element 
Method (FEM). The FE analysis of any problem involves 
basically four steps: (A) discretizing the solution region into 
a finite number of sub regions or elements ,(B) deriving 

governing equations for a typical element ,(C) assembling 
all the elements in the solution region, and (D) solving the 
system of equations obtained to calculate potential in any 
point inside the medium. 

Once the nodal potential calculated, potential in any 
point of the medium would be interpolated and the 
sensitivity is derivable before imaging. Any ECT algorithm 
is mainly consist of two phases; forward problem and 
inverse problem. The solution to the forward problem in 
two-dimensions can be expressed as Equation 1: 

 

𝐶𝐶𝑖𝑖𝑖𝑖 = 𝐹𝐹(𝜖𝜖(𝑥𝑥, 𝑦𝑦))     {𝑖𝑖 = 1, … 𝑁𝑁 − 1
𝑗𝑗 = 𝑖𝑖 + 1, … 𝑁𝑁 }                                    (1)  

 
where F is a nonlinear forward mapping from the 
permittivity space into the measurements space [6].  

 

 
Figure 1. ECT system designed for solid mass flow 
measurement in ports. 
 
2.1. Inverse Algorithms 

The inverse problem, estimating the permittivity 
distribution from the measured capacitance as Equation 2 
[6]. 

 

𝜖𝜖(𝑥𝑥, 𝑦𝑦) = 𝐹𝐹−1(𝐶𝐶𝑖𝑖𝑖𝑖)     {𝑖𝑖 = 1, … 𝑁𝑁 − 1
𝑗𝑗 = 𝑖𝑖 + 1, … 𝑁𝑁 }                                (2) 
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where F-1 is the inverse nonlinear mapping from the 
measurements space to the permittivity space. Five well-
known and fast algorithms that gives an acceptable results 
and are suitable for in-situ operations as well includes; LBP, 
Tikhonov, SVD, ART and SIRT algorithms [7, 8]. Each 
algorithm has its own pros and cons. The five given 
algorithms are compared by some assessment parameters. 

 
2.2. Evaluated Parameters 

Two common quantitative evaluation parameter that 
used to compare five given algorithms were MAPE and 
RMSE as Eq. (3-4). 

 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =  |𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓− 𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡|

𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓
                                          (3) 

𝑅𝑅𝑀𝑀𝑅𝑅𝑀𝑀 =  √(𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝑑𝑑𝑑𝑑𝑑𝑑𝑓𝑓
𝐴𝐴 − 𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓−𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐴𝐴 )2                                 (4) 

 
where Afill_desi and Afill_tomo illustrates the desired area filled 
and the estimated area filled by high permittivity material. 
All process in this project are performed by a specially 
developed program based on C# programming software. 

 
3. Results and Discussions 

To evaluate the developed system performance with 
different algorithms, number of 146 set of data is read for 
each algorithm. Typical data measurement and reconstructed 
images are shown in the Figure 2. Objects with different 
shapes and sizes are located inside medium and number of 
desired filled element are counted. After five reconstruction 
algorithms are performed, number of estimated filled 
elements counted once again. It is assumed that all elements 
area are equal for all 2048 elements inside the phantom. 

 

 
Figure 2. Typical reconstructed images by; a) LBP, b) 
Tikhonov, c) SVD, d) ART and e) SIRT algorithm for the 
object illustrated in the left corner of top row. 

 
The RMSE and MAPE of data calculated based on Eq. 

(3-4) to obtain the most optimum reconstruction method. 
According to the Figure 3, the Tikhonov obtained least error 
in both RMSE and MAPE parameters. While the LBP has 
maximum error. The last three methods lies between these 
two bounds.  

 
Figure 3. Evaluation parameters MAPE and RMSE 

 
4. Conclusion 

Five image reconstruction methods evaluated for an in-
situ ECT system for solid mass flow rate measurement. This 
system would be installed on a hopper discharge funnel in 
terminal ports for loading/unloading of ships. According to 
evaluated results between five evaluated algorithms the 
Tikhonov algorithm was the best suited one to this 
measurement system. Finally it is concluded that ECT based 
measurement system by Tikhonov reconstruction algorithm 
would be capable for suitable weighing in online and in-situ 
manner.   
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1. Introduction 
One of the most important issues for civil engineers is 

the durability of marine concrete structures [1]. The use of 
fibers in Reinforced Concrete (RC) members is a useful 
method to reduce the crack width and increase the durability 
of marine reinforced concrete structures subjected to 
corrosion [2]. Steel fiber is one of the most widely used 
fibers in the manufacture of fiber reinforced concrete. A 
considerable disadvantage of using steel fibers in marine 
environments is the corrosion of fibers buried in concrete 
matrix and the fibers located on both side of the crack face 
during the bridging action. Another important challenge of 
using steel fibers is the severe local corrosion at their contact 
with rebars in concrete. Basalt fibers have been recently 
used in marine structures as a green and high resistant to 
acidic environments. Compared to other fibers, basalt fibers 
have excellent environmental coordination, suitable 
physical and mechanical properties and stable chemical 
properties [3]. 

 

 
Figure 1. Corrosion problems in marine structure such 
as bridges and pontoon. 

 
In this study, a finite element model for a single twisted 

fiber pull-out is presented. Then, the mechanical properties 
and several durability parameters such as electrical 
resistivity, depth of penetration of water under pressure and 
water absorption for Normal Concrete (NC) and Basalt 
Fiber Reinforced Concrete (BFRC) are investigated. 

 

2. Finite Element Modeling 
The single fiber pull-out test was modeled and verified 

using ABAQUS 6.11. In this model, three parts including: 
twisted fiber, Interfacial Transition Zone (ITZ) and concrete 
matrix were simulated (see Figure 2). 

In order to validate the FE model, the force-slip diagram 
was compared with the test results [4]. The compressive 
strength of the matrix was 44 MPa and the twisted fiber had 
a triangular cross-section with 1mm side and 38.1 mm pitch 
length. Figure 3 compares the test results with the model 
results obtained from ABAQUS. It can be seen that there is 
a good agreement between the test and model results. The 

maximum pull-out force in the laboratory sample and the 
model were 91.8 and 89 N, respectively. 

 

 
Figure 2. Finite element mesh of a) twisted steel fiber b) 
ITZ c) concrete mix. 
 

 
Figure 3. Comparison of the test and model results in pull-
out of a single twisted fiber. 

 

3. Experimental Program 
For standard specimens, a conventional concrete and 

BFRC with 𝑤𝑤 𝑏𝑏 = 0.45⁄  were used (see Table 1). The basalt 
fiber had a length of 43 mm and diameter of 0.65 mm and a 
density of 2100 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  (see Figure 4). The modulus of 
elasticity and the tensile strength of the fibers were 44 GPa 
and 1000 MPa, respectively. For each case, three specimens 
were cast and tested. The presented values are the average 
of the measured parameters. 

 

Table 1. Concrete mix design. 
Mix Proportions NC BFRC (1%) BFRC (1.8%) 
Cement (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 424 424 424 
Water (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 208 208 208 
Sand (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 1066 1066 1066 

Gravel (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 458 458 458 
S2001 (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 130 130 130 
S4002 (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 43.5 43.5 43.5 

Microsilica (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) 43 43 43 
SMF3 8.7 10.55 13 
SNF4 - 2.4 4.3 

Fiber (𝑘𝑘𝑘𝑘 𝑚𝑚3⁄ ) - 21 38 
1. Fine quartz sand 
2. Quartz powder 
3. Sulfonate Melamine Formaldehyde superplasticizer 
4. Sulfonate Naphthalene Formaldehyde superplasticizer 
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Figure 4. Twisted basalt fiber. 

 

4. Mechanical Properties 
Compressive strength test was performed on 150 mm 

cubic specimens according to BS 1881-116:1983. The 
results are shown in Figure 5. The indirect tensile strength 
of the cylindrical samples was measured according to 
ASTM C 496/C 496M-04 and the results are given in Figure 
6. 

 
Figure 5. Compressive strength of NC and BFRC. 

 

 
Figure 6. Splitting tensile strength of NC and BFRC. 

 

5. Durability Testing 
The results of water penetration test for NC and BFRC 

are shown in Figure 7. The penetration depth of all prisms 
was measured at the age of 28 by using the standard BS EN 
12390-8:2009. 

 
Figure 7. Depth of water penetration for NC and BFRC. 

 
Figure 8 shows the results of the electrical resistivity of 

BFRC and NC  at the age of 28 days. This non-destructive 
test was performed according to AASHTO T 358-19. 

 

 
Figure 8. Electrical resistivity of NC and BFRC. 

 

The results of the water absorption test are presented in 
Figure 9. The recorded results were performed according to 
BS 1881-122:2011. 

 

 
Figure 9. Water absorption of NC and BFRC. 

6. Conclusion  
The present study shows the effect of basalt fiber on the 

mechanical and durability properties of concrete mixes. 
According to the test results: 
▪ Basalt fiber addition had no significant effect on the 

compressive strength of the composite. By adding 1 and 
1.8% of twisted basalt to NC, the compressive strength 
was only increased by 2 and 6%, respectively. 

▪ By addition of 1 and 1.8% basalt fibers to NC, the splitting 
tensile strength was improved by 36 and 46%, 
respectively. Moreover, the brittle fracture of NC was 
changed to a ductile.  

▪ The depth of water penetration in the mixes was reduced 
with increase in the volume fraction of fibers. In fact, the 
well distributed basalt fibers improve the integrity of the 
composite. 

▪ The electrical resistivity of BFRC-1 and BFRC-1.8 was 
improved by 9 and 17% compared with NC, respectively. 
The increase in electrical resistance of concrete is caused 
by the reduction of porosity and also the reduction of 
micro cracks and good adhesion between basalt fibers and 
cement matrix. 

▪ The addition of basalt fiber to NC contributes to the 
reduction of the void content, so water absorption in 
BFRC-1 and BFRC-1.8 was decreased by 27 and 44%, 
respectively, in comparison with NC. 
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1. Introduction 

Measuring and controlling the flow rate of high 
throughput bulk solids is a requirement frequently 
encountered in many different industries such as chemical, 
power, food, animal feed, grain, cement, coal, glass, 
aluminum, and polyolefin production operations. In this 
regard, one of the main problems when loading bulk 
materials in ports is the time-consuming process of loading 
and re-weighing (Figure 1). Therefore, real-time 
measurement of bulk solids during loading can be very 
efficient. Usually, high-capacity metering equipment is 
physically large, complex, expensive, and cumbersome, and 
delivers only marginally accurate performance with 
questionable long-term stability.  

 

 
Figure 1. Loading bulk truck materials in ports 

 
Variables, such as the volumetric flow rate, volumetric 

concentration, solids’ velocity and the mass flow rate of the 
solids, are important characteristics that are often required 
to be measured (and controlled) to achieve efficient 
utilization of energy and raw materials [1, 2, 3, 4]. The 
methodologies of metering mass flow rate of solids in a 
pipeline can be divided into indirect (inferential) 
measurements and direct measurements [1]. 

As explained by Yan [1], both the instantaneous 
volumetric concentration of solids and the instantaneous 
velocity of solids over the pipe cross section need to be 
measured to infer the mass flow rate of solids in an indirect 
(inferential) measurement mass flow meter.  

The direct approach of solids’ mass flow measurement 
is a more straightforward way compared with indirect 
(inferential) measurement [5]. In the case of solid flow 
normally mass flow is measured, as volume flow cannot be 

considered accurate enough. On account of variations in 
bulk density, entrapped gas/air mass flow are normally 
measured for measurements of solid flow.  

All weighing systems where the material being weighed 
is, or may be, in net motion relative to the weighing 
machine can be referred to as dynamic weighing systems. 
Therefore, dynamic weighing systems also include direct 
weighing methods like Coriolis, impact, and/or centripetal 
type measurements [6]. 

According to the above, measuring the mass flow rate 
of bulk materials is one of the basic needs of many 
industries, including loading and unloading of bulk 
materials in ports, and various researches have been done in 
this regard. Therefore, the main purpose of this research is 
to provide a method that can measure the rate of bulk 
materials on a large scale at the lowest cost and without the 
need for continuous maintenance or calibration. In this 
regard, and according to the request of the Ports and 
Maritime Organization of Amirabad Port Special Economic 
Zone, the purpose of the current research is  to design, 
construct and evaluate an online mass flow meter for 
granular materials based on centripetal force during loading 
and unloading at the port. 

 
2. Material and Method 
2.1. Theory of Operation  

In the designed meter, material is guided through a 
curved sensing plate [6]. When an object moves in a 
circular path, there will be acceleration towards the center 
of the circle along a radius. This radial acceleration, called 
centripetal acceleration, and is given by mv2/R, where v 
represents linear or tangential velocity in a circular path of 
radius (R). So, for mass m, according to Newton’s second 
law, there will be force mv2/R. This force is referred to as 
outward centrifugal force. According to Newton’s third law 
there will be an inward centripetal force as a reaction force. 

 
2.2. Design and Construction of the Flow Meter  

Based on the theory mentioned in the previous section, 
the modeling of the mass flow rate measuring device of 
bulk materials based on centrifugal force was performed 
according to Figure  2 in SolidWorks-2018 software. The 
device consists of two parts, electronic and mechanical. The 
mechanical part of the device includes: 1- main chassis, 2-
intake flange, 3- tangential plate, 4- diverter plate, 5-
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measurement pan, 6- pan arm, 7- rotating shaft, and 8- 
pillow block bearings. The electronic part includes: 1- S-
shaped load cell, and 2- Arduino UNO-R3 and AD620 
instrument amplifier. In addition, a slide gate valve was 
used to open and close the intake flange, which was 
controlled by a DC motor with a power screw mechanism. 
After designing, a prototype is constructed and installed 
under a funnel for assessment. 

 

 
Figure 2. Real and 3D view of solid-particle mass flow 
meter based on centrifugal force in SolidWorks. 
 
2.3. Tests and Evaluation 
2.3.1. EDEM Testing.  

In order to detect the pattern of material passing and 
also to investigate the velocity of grain material (Wheat) on 
the measuring pan in the occurrence of various passing rate, 
EDEM analysis was performed. 

 
2.3.2. Load Cell Calibration.  

Initially, for stationary calibration of load cell using 
standard weights from 100 to 1800 N with steps of 100 N 
and for validation from 0.5 to 50 N with steps of 0.5 N. The 
measurements were performed in 3 replications. 

 
2.3.3. Actual Evaluation of the Flow Meter. 

In order to evaluate the device, certain quantities of 
wheat were flowed in seven different amounts from 5 to 35 
kg in steps of 5 kg with a random passage rate through the 
flow meter.  Three records were used for calibration and 
three more records were used for device validation. 

 
3. Results and Discussion 
3.1. EDEM Analysis Results 

The results of EDEM analysis, in addition to observing 
the material passage and use for redesign of the device, 
were used to determine the material flow rate in different 
positions of the slide gate valve, which for three states of 
10, 15 and 30 cm are 15.62, 32.90 and 66.75 kg/s was 
obtained. Also, the velocity of the material on the 
measuring pan was obtained for three different rates of 
2.55±0.18 m/s. Due to the fact that the velocity of the 
material on the measuring pan is equal at different rates, it 
shows that the error resulting from changing the velocity of 
the material will not occur in the measurement of the 
device. 

 

3.2. Load Cell Calibration  
The results showed that there was a strong correlation 

between the signals of the load cell and corresponding 
values standard weights. A linear model expressed the 
calibration identity for load cell. The load cell was able to 
accurately measure the force within their defined ranges 
with a prediction accuracy of more than 99% with RMSE= 
3.88 N. 

 
3.3. Flow Meter Evaluation Results 

The results showed that there was a strong correlation 
(more than 0.99) between the data obtained from the area 
under the force-time diagram and the direct measurement of 
wheat weight. The best model found between the 
cumulative data and the corresponding values measured by 
the scales was the linear regression equation. The 
centripetal mass flow meter was able to accurately measure 
the weight within their defined ranges with a prediction 
accuracy of more than 99% with RMSE= 0.065 kg. The 
average standard deviation of the data was 0.145 kg, 
indicating the fact that different (random) rates have no 
effect on the measurement accuracy of the device. 

 
4. Conclusions 

In this paper, a flow meter based on measuring the 
centripetal force of the petal was designed, constructed and 
evaluated in order to measure the bulk solids rate. The 
results of EDEM simulation were used to analyze the 
pattern of material shedding when passing through the 
device. The results of the actual evaluation of the device 
showed the reliability of this method for real-time 
measurement of bulk material passing rate. 
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1. Introduction 

Due to the finiteness of the natural resources on earth, in 
a sustainable and circular system, the byproducts of one 
industry are sources for others. Hence, according to SDGs, 
nations should seek integrated methods to control climate 
change, minimise natural resources’ usage, neutralise CO2 
emissions and GHE, etc. Thus, construction materials as 
primary sources of emissions and natural resource depletion 
in the building industry need crucial considerations. On the 
other hand, the exploitation rate of natural mines has risen 
tremendously, and the freshwater (FW) shortage crisis is a 
serious matter of human life. Therefore, using abundant 
marine resources such as seawater (SW) and dredged 
marine sand (DMS), primarily due to limitations on mineral 
aggregates and FW in islands and marine constructions, is 
an environmental and economical solution. Structures 
subjected to climate variables, such as marine environments, 
even though they require scaled maintenance plans set for 
different periods, must have a determined technical service 
life and estimated durability to meet the economic and 
environmental needs of the project [1]. 

 Concrete is the most widely used construction material 
globally, and its production requires almost 2 billion tons of 
FW annually, nearly 9% of the annual FW consumption 
worldwide [1, 2]. The main difference between SW and FW 
relates to the ratio of salt and ions contained in them. SW 
comprises a salinity of 3.5% (Persian Gulf), and its main 
components are K, Ca, S, Mg, Na, and Cl [1-3]. These 
values may vary depending on the climate and 
environmental conditions of the sea. Previous research 
showed that using SW and/or DMS in the concrete mixture 
changes hydration product formation, and porosity 
decreases the slump and workability while increasing 
brittleness [3-5]. The effects of SW usage in concrete 
depend on several factors: the ratio of minerals in SW, the 
water-to-cement rate (w/c), and the types and properties of 
the cement and pozzolans in the mix. 

On the other hand, the density, strength, and shape of the 
coarse aggregate particles of the DMS are similar to the 
natural gravels. DMS usage reduces the costs of mine 
exploitation and adapts to the demand for the sustainable 
development of marine organisms [1, 4]. Other examples 

used pozzolans on Sea-Water Sea-Sand Concrete (SWSSC) 
are similar to [6, 7]. 
 

28 days 180 days 
Figure 1. Placing the samples in tidal conditions to 
investigate SF’s effectiveness on the characteristics of 
SWSSC after curing 

2. Experimental Program 
The experimental procedure of this study is categorised 

into three main sets. First is the mix of design and 
programming, in addition to the required tests on the raw 
materials. The second category provides the specimens 
(mixing, casting, curing etc.). The final is the mechanical 
and permeability tests on the specimens. The samples were 
prepared with two w/c ratios: 0.35 and 0.4, using a certain 
percentage of supplementary cementitious materials 
(SCMs) replacing the cement (400 kg/m3) and DMS 
replacing the fine quarry aggregates. The samples were 
cured for 7 and 28 days in laboratory conditions, then 
transferred to the tidal beach of the Persian Gulf for 180 
days and afterwards subjected to several destructive and 
non-destructive tests concerning durability and mechanical 
properties. 

 
3. Outcomes of the Laboratory Tests 

Using SW as mixing water of SWSSC concrete 
increased its compressive strength and electrical resistivity 
at early ages (i.e., 7 days) compared to reference concrete, 
as stated in previous research [1-3]. However, FW concrete 
was more resistant to carbonation than SWSSC after 6 
months, subjected to tidal conditions. On the other hand, the 
porosity and durability of concrete made of DMS in the 
optimal percentage also improved. Notwithstanding, the 
long-term performance and durability parameters of 
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reference concrete and SWSSC were still impaired by harsh 
tidal conditions but positively developed when using SCMs 
such as Silica fume (SF). Owing to its high source of SiO2, 
SF in the concrete formed dense C-S-H, filled the capillary 
cavities existing in the SWSSC cementitious composite, and 
considerably stopped the carbonation processes. 

 

Figure 4. Comparing SW and FW on the carbonation 
depth and investigating the effectiveness of adding SF on 
accelerated carbonation depth of SWSSC results. The 
Left: reference concrete, Middle: SWSSC, Right: modified 
SWSSC with SF. 

SF’s properties led to a faster reaction between the 
crystallised Ca(OH)₂ and SW. The reduced w/c ratio of SW-
mix and the addition of the SF caused significant 
improvement in the durability tests of SWSSC in 180 days. 
In particular, the sustainability of SWSSC is highly 
improved by using 10% SF. 

 

 
Figure 2. Effect of SW, FW and DMS combined with SF 
on concrete’s compressive strength in two W/C ratios (i.e., 
0.35 and 0.4) after 7, 28, and 180 days (i.e., 180 days old 
samples are being kept in the tidal condition). 

4. Discussion and Conclusion 
Using SW rather than FW and 25% DMS replacing fine 

mineral aggregates improves strength parameters in the 
short term. However, long-term mechanical properties and 
durability parameters of SWSSC, such as permeability, 
carbonation depth, CS and ER, dramatically deteriorated; 
but all significantly improved by adding a 10% SF. 

Carbonation depth in SWSSC was more progressive 
than that in ordinary concrete, which can be attributed to the 
presence of SW as it was used in the cement paste from the 
beginning. As one of the essential outcomes, adding a 10% 
SF has significantly reduced the depth of carbonation after 
a period of 6 months in the tidal zones of the coast. 

In this study, the SF has improved the sustainability 
parameters of SWSSC, such as strength, porosity, and 

permeability to carbonation, in one of the most challenging 
environments. So it is noteworthy that using SF, even in 
reinforced SWSSC according to ACI 222, reduces the 
reinforcing elements’ corrosion risk. Due to the results, this 
research is convenient for eco-friendly breakwaters 
construction. 

 

Figure 3. Effects of Sw, Fw, and DMS combined with SF 
on concrete’s special electrical resistance in two W/C 
ratios (i.e., 0.35 and 0.4) after 7, 28, and 180 days (i.e., 180 
days old samples have been kept in the tidal condition). 
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1. Introduction 
Ports always need maintenance for the safety of 

navigation, berthing, loading and unloading of goods and 
Dredging is one the most important operation. Dredgers 
can deepen port and channels for port traffic improve. 
Dredgers excavate from the seabed to the design depth. 
Dredging is a costly process, and Dredging more or less 
than the design depth is not economical. 

Therefore, accurate dredging of the seabed will be very 
important in cost and time. So, many dredgers use a 
“Dredging control system”. 

 

 
Figure 1: cutter suction Dredger 

 
2. Control of Dredging 

There is some type of “Dredging control system” 
(D.C.S) in the world. These systems are equipped with 
several sensors like inclinometer and GPS. They are 
mounted on the arm  (Ladder) and vessel’s cabin (Bridge). 

Usually all of the D.C.S s are general and they have 
many modules that are not used. Also they work under 
Windows operating system. So they need to personal 
computer (PC), monitor, UPS and 220v power.  In addition 
to a lot of space, they also need an expert man. 

 
3. Software for Control of Dredging 

The “Hypack” Software is one of most famous 
Hydrographic and Dredging software in the word. It is 
widely used in Iran because it is cheaper than other 

software and also it is userfriendly. But I think it must be 
complete for better operation. 

Hypack has “Dredging Pack” module that almost is 
used in all dredger in IRAN. We have been able to equip 
four dredgers with “Hypack Dredging Pack” in our 
country. Using these experiences, we have written an 
Android program for Dredging control system. This 
program is simple and user friendly. 

 

 
Figure 2: Hypack Dredging Monitoring 

 
4. Mah Dredger Software 

We in “MAHKASHAND” company have decided to 
have better software for Hydrography and Dredging 
control system. So we have provided a dredging control 
system software under “Android”. Our article is about new 
dredging control system which named “Mah Dredger”. 
This software will be an effective program for dredging, 
which will soon be installed on a suction cutter dredger in 
Anzali port and a floating excavator in Turkmen port. 

Because the program is activated under Android, so this 
program can be used on a tablet or phone, and it occupies 
little space and does not need electricity. 
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“Mah Dredger” software has several advantage over 
“Hypack”. For example, Operation, drawing and volume 
calculation is simpler than “Hypack” and doesn’t need to 
special expertise. Actually it was designed for dredger’s 
operator and they can use from “Mah-Dredger easily like 
an android app. They can be dredging Line, calculate 
volume and even choose them Dredger’s shape. Also 
“Mah-Dredger” uses of tide algorithm which also has 
provided in our company. The dredger’s captain can see 
vessel position, dredged volume, tide height, and even 
amount of over-dredging online. 
 

 
Figure 3: Mah Dredger Software 

 
5. Advantage of Mah Dredger  
- Available on Tablets. 
- Fast and practical 
- User friendly and easy to learn 
- Remove inefficient menus 
- Native and upgradeable by us 
- No need for electricity 
“Mah Dredger” has been developed using over than 15 
years of experience in this field and experiences of 
dredger’s operation.  
 

 
Figure 4: Volume Calculation 
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1. Introduction 

Wave energy devices are normally tuned to work at 
resonance in highly energetic locations where a 
considerable wave power could be extracted. These two 
conditions necessitate using nonlinear CFD models such as 
the SPH to evaluate the response of wave power devices [1-
2]. In this research, the SPH-based SPHysics model [3] was 
used to simulate the regular wave interaction with a heaving 
point absorber. This device has a small size relative to wave 
length [4].  The model was first verified using an analytical 
solution of the equation of motion where a good 
correspondence was found between the two sets of data. 
Then, as a case study, the device's performance under the 
wave condition of Faroor Island in the Persian Gulf was 
investigated. 

 
2. Study Area 

Faroor (54.30 E and 26.17 N) is a small island in the 
Persian Gulf. The weather in this region is hot. To study the 
climate of the region, the data recorded by the Faroor wave 
buoy were used. The water depth at the location of the buoy 
was 26.25 m. Based on the wind rose of the area that is 
shown in Figure 1, the majority of winds originate from east 
to northeast directions. As shown in Figure 2, the dominant 
wave direction is also east to northeast. 

 

 
Figure 1. Annual wind rose of Faroor. 

 

 
Figure 2. Annual wave rose of Faroor.  

3. The Equation of Motion in SPH Model 

The motion of the device is evaluated by summing the 
contributions exerted on the boundary particles for entire 
device. The force on each boundary particle is computed by 
summing up the contribution from all the surrounding water 
particles within the surrounding kernel. The boundary 
particle k experiences the following force per unit mass: 

k ka
a WPs

f f


=                                                                       (1) 

where WPs denotes the water particles and kaf the force per 
unit mass exerted by water particle a on boundary particle 
k. The equations of basic rigid body dynamics are used for 
the motion of the considered point absorber which in 
translational degrees of freedom is given as: 

pz k k
k BPs

dVM b V m f
dt 

− =                                                    (2) 

where M is the device mass, V is device velocity, bpz is the 
PTO coefficient and BPs denotes the boundary particles. 
This equation is integrated in time to predict the values of V 
for the beginning of the next time-step.  

The PTO force and the pneumatic power across the 
damper are given by the following equation 

pto pzF b V=                                                                         (3) 

.pto pzP b V V=                                                                      (4) 
 

4. Validation 
In this section for a simple model of heaving wave 

absorber, the SPH model results of the displacement and 
velocity were compared with the analytical data from the 
solution of Eq. 1. The length, width and draft of the floating 
body were 0.3 m, 0.3 m and 0.15 m, respectively. The wave 
height, period and water depth were set to 0.15 m, 1.5 s and 
1.5 m, respectively. A PTO coefficient of 100 Nm/s was 
applied to the cylinder. The analytical model and numerical 
setup are shown in Figure 3. A comparison between the 
numerical and analytical data on the heaving displacement 
and velocity of the device are shown in Figures 4 and 5 
where good correspondence is evident.  
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(a) (b) 

Figure 3. Simulation of the floating body a) Analytical 
model b) SPH model. 
 

 
Figure 4. Validation of the device heaving displacement. 

   

 
Figure 5. Validation of the device heaving velocity. 

5. Case Study 
In this section, the performance of a point absorber was 

evaluated on Faroor Island in the Persian Gulf. Previous 
investigations showed that the point absorber is a candidate 
for wave power absorption in this area [5]. Analysing the 
buoy data of the Faroor island indicated that the wave height 
and period are H=1.153 m and T=5.92 s, respectively. Using 
Froude similitude, these values for numerical modeling 
were downscaled to a water depth of 1.5m, resulting in 
T=1.41 s and H=0.066m. The device under consideration is 
the one that was numerically modelled by Agamloh et al [6] 
with a height, radius and draft of 1 m, 0.3 m and 0.5 m, 
respectively. The PTO coefficient was set to 300. The 
heaving displacement, velocity and absorbed power are 
shown in Figures 6-8, respectively. These are the results of 
the simulation in a wave tank of 1.5m depth. For predicting 
the performance of the device in real sea conditions, a 
reverse similarity operation should be performed.  

 

6. Conclusion 
In this research, an SPH simulation was performed to 

investigate the wave-point absorber interaction considering 
the wave data of Faroor Island in the model scale. The 
validation section demonstrated that the SPH model could 
predict the motion response of the device with acceptable 
accuracy. Using wave data of Faroor Island and the 
similarity laws, the device performance in the modeled 

wave condition of the area was predicted using the SPH 
method. This procedure showed how an SPH model could 
be used for the prediction of the device performance in real 
sea conditions. 

 

 
Figure 6. Heaving displacement of the device. 

 
Figure 7. Heaving velocity of the device. 

 
Figure 8. Absorbed power by the device. 
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1. Introduction 
Excessive use of fossil fuels has aggravated the energy 

crisis and the problem of environmental pollution. This 
trend of using one side and the pollution caused by the use 
of these fuels has faced humanity with problems in the 
meantime. Therefore, it is very necessary to find a clean and 
renewable energy source to replace fossil energy. As one of 
the most promising and non-polluting sources of renewable 
energy, wind energy has a high replacement capability and 
has attracted the attention of the world. Meanwhile, 
installation of wind turbines in offshore wind farms can 
cause less visual pollution and noise compared to turbines 
located on or near the coast. Also, as water depth increases 
rapidly with distance from shore, the cost base of 
downstream wind turbines increases. Therefore, floating 
offshore wind turbines (FOWT) are a more economical 
option for offshore wind farms with a water depth of more 
than 50 meters. The types of floating turbines include semi-
submerged, spar, and tension leg models, as shown in Figure 
1.  

 

 
Figure 1. Types of floating wind turbines 

In this paper, the coupled dynamic analysis of a semi-
submersible offshore wind turbine in waves, wind and 
current will be performed considering the mutual effects 
between the wind turbine, the restraint system and the 
platform. The main purpose of this study is to investigate the 
hull form effect of sub-structure on the wind turbine 
responses. 

 
2. Governing Equations 

In this research, a powerful numerical analyze was used 
for aero-servo-hydro-elastic coupling simulation of a 

floating wind turbine. The goal is to identify a suitable 
configuration for the platform that is able to perform more 
effectively in the face of forces and influencing factors. We 
kept the dimensions of the platform as small as possible. The 
amplitude of the peaks of the response amplitude operator 
(RAO) and the integral area of the RAOs in a wide range of 
frequencies for certain degrees of freedom and are chosen as 
the objectives of this research, which should be minimized. 
Through an efficient frequency domain simulation 
approach, we show that the upscaling techniques proposed 
in this research lead to the design of platforms with better 
performance, and platforms with smaller dimensions can 
perform better. In this research, the design is done in a non-
linear way. 

 
2.1. Wind Force 

The potential power in the wind is calculated by the time 
derivative of the kinetic energy equation. 
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 =

1
2 ⋅ 𝑚𝑚 ⋅ 𝑣𝑣0 2                                            (1) 

Wind profile power law 
In order to estimate the vertical changes of wind speed 

u(z), we use the following equation to calculate it: 
𝑢𝑢(𝑧𝑧) = 𝑢𝑢𝑟𝑟 ⋅ (

𝑧𝑧
𝑧𝑧𝑟𝑟
)
𝛼𝛼

                                                             (2) 
 
2.2. Aerodynamic Model 

The aerodynamic loads on the elements of the sections 
(such as the tower, monopile and floating platform) are 
calculated by considering the drag with the Morrison 
equation (Morrison et al. (1950)). The loads on the blades 
are calculated using the BEM algorithm. Hansen (2008c). 
𝐹𝐹aero =

1
2 𝜌𝜌𝑉𝑉𝑃𝑃

2𝐶𝐶𝐷𝐷𝐴𝐴                                                                (3) 

𝐹𝐹𝐿𝐿 = 𝐶𝐶𝐿𝐿
1
2 𝜌𝜌|𝑊𝑊|2𝐶𝐶 ⋅ 𝐿𝐿

𝐹𝐹𝐷𝐷 = 𝐶𝐶𝐷𝐷
1
2 𝜌𝜌|𝑊𝑊|2𝐶𝐶 ⋅ 𝐿𝐿

                                                       (4) 

 
2.3. Hydrodynamic Model 

Hydrodynamic loads are calculated using the classic 
Morrison equation. The Morrison equation for calculating 
hydrodynamic loads on wind turbine support structures does 
not take into account the fact that the platform structure 
deflects incoming waves. Therefore, when the wavelength λ 
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is less than five times the diameter. According to IEC-
61400-3-1 (2019), in these cases the coefficient of the 
MacCamy-Fuchs equation is added to the Morrison 
equation. 
𝐹𝐹hydro (𝑧𝑧) = 𝜌𝜌𝐶𝐶𝐷𝐷𝑅𝑅|𝑢𝑢 − �̇�𝑥|(𝑢𝑢 − �̇�𝑥) + 𝜋𝜋𝜌𝜌𝑅𝑅2𝑎𝑎 + (𝐶𝐶𝑀𝑀 −
1) 𝜋𝜋𝜌𝜌𝑅𝑅2(𝑎𝑎 − �̈�𝑥)                                                                   (5) 
𝐶𝐶𝑀𝑀 = 4

𝜋𝜋(𝑘𝑘𝑘𝑘)2√𝐴𝐴1(𝑘𝑘𝑘𝑘)
𝐴𝐴1(𝑘𝑘𝑘𝑘) = 𝐽𝐽1

′2(𝑘𝑘𝑎𝑎) + 𝑌𝑌1
′2

                                                      (6) 

𝐶𝐶𝑀𝑀 = 0.581(𝑘𝑘𝑘𝑘2)+0.718𝑘𝑘𝑘𝑘+0.780
(𝑘𝑘𝑘𝑘)3−0.256(𝑘𝑘𝑘𝑘)2+0.381𝑘𝑘𝑘𝑘+0.389                                   (7) 

 
2.4. Time Domain Simulation 

A simulation is performed in the time domain by solving 
the dynamic equation of motion for each step. In time step 
n, the equation of motion is defined as follows: 
𝑀𝑀�̈�𝑑𝑛𝑛 + 𝐶𝐶𝑑𝑑𝑛𝑛 + 𝑓𝑓𝑛𝑛

𝑖𝑖𝑛𝑛𝑖𝑖 − 𝑓𝑓𝑛𝑛
𝑒𝑒𝑒𝑒𝑖𝑖 = 0                                          (8) 

𝑀𝑀Δ�̈�𝑑𝑛𝑛 + 𝐶𝐶Δ�̇�𝑑𝑛𝑛 + Δ𝑓𝑓𝑛𝑛
𝑖𝑖𝑛𝑛𝑖𝑖 − Δ𝑓𝑓𝑛𝑛

𝑒𝑒𝑒𝑒𝑖𝑖 = 0                                (9) 
Δ𝑓𝑓𝑛𝑛

𝑖𝑖𝑛𝑛𝑖𝑖 = ∂𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖

∂𝑑𝑑 Δ𝑑𝑑𝑛𝑛 = 𝐾𝐾𝑛𝑛
𝑖𝑖𝑛𝑛𝑖𝑖Δ𝑑𝑑𝑛𝑛 and 

Δ𝑓𝑓𝑛𝑛
𝑒𝑒𝑒𝑒𝑖𝑖 = ∂𝑓𝑓𝑒𝑒𝑒𝑒𝑖𝑖

∂𝑑𝑑 Δ𝑑𝑑𝑛𝑛 = 𝐾𝐾𝑛𝑛
𝑒𝑒𝑒𝑒𝑖𝑖Δ𝑑𝑑𝑛𝑛

                                 (10) 

 
2.5. Damping 

During the time simulation, high-frequency responses 
may occur that have no physical meaning but are mostly 
artifacts of the numerical algorithm. We removed these by 
applying numerical damping to the equations. Here, we have 
implemented the Hilbert-Hughes-Taylor (HHT) method, 
which is a modified form of the Newmark-beta method. 

 
2.6. Mooring Lines System 

The semi-submersible platform of 10 MW turbine is 
selected in this research. Anchor points are placed in the 
same position as in NREL's 5 MW semi-submersible 
platform. Components such as cables, wires, and anchor 
lines suspended under their own weight assume the shape of 
a catenary. Calculate the shape assuming a linear length of 
l, height (between endpoints) h and vertical distance d, we 
can solve for the sags parameter by numerically solving Eq. 

k = 𝜇𝜇 [−2 (1 + 2HF
𝜇𝜇ZF

)
−1

2 + cosh−1 (1 + 𝜇𝜇ZF
HF

)]
−1

|
XF,EQ

K11 = ∑  n
i=1 kicos2 (𝜙𝜙i),

   (11) 

 
2
𝑒𝑒 sinh (𝑠𝑠𝑑𝑑

2 ) − √𝐿𝐿2 − ℎ2 = 0

𝑥𝑥left = 1
2 (ln𝑙𝑙+𝑑𝑑

𝑙𝑙−𝑑𝑑
𝑠𝑠 − 𝑑𝑑)

                                                     (12) 

3. Simulation of 10 MW FOWT Model 
NREL's 5 MW semi-submersible platform has been 

upgraded to support 10 MW DTU wind turbine. 

sf = √10MW
5MW = √2                                                            (13) 

The main geometric dimensions of the new platform 
obtained by increasing the scale of each length by sf are 
reported in the table below. 
 

Table 1. 10MW oc4 platform 

10MW DTU Upscaled Platform 
Depth of platform base below SWL 

 
28.30 m 

Elevation of main column above SWL 
 

14.14 m 
Elevation of o_set columns above SWL 

 
16.97 m 

Length of upper columns 
 

36.77 m 
Length of heave plates 

 
8.48 m 

Depth to top base columns below SWL 
 

19.80 m 
Diameter of main columns 

 
8.30 m 

Diameter of o_set columns 
 

16.97 m 
Diameter of heave plates 

 
33.94 m 

Diameter of pontoon and cross-braces 
 

1.6 m 
Platform CM location below SWL 

 
21.27 m 

Water depth 200 m 

  
 

10 MW model and several optimal models of this type 
were modeled. A 10 MW turbine was designed based on 
NREL's initial settings, and finally, some optimal semi-
submersible platforms were made considering three key 
geometric variables, the diameter of the outer cylinders, their 
radial distance from the center of the platform, and the height 
of these cylinders. The results of these simulations based on 
3 motion responses in roll, pitch, and yaw are given in Figure 
2. 
 

 
Figure 2. Data comparison 

4. Results 
In the present study, a research based on the frequency 

domain was conducted with the aim of finding the optimal 
configuration. Several 10 MW semi-submersible platforms 
have been simulated. An initial model is simulated by 
comparing with the benchmark results in other articles. 
Then, several frequency domain models for the upgraded 
platform designed to support 10 MW DTU. The results 
show that an optimal configuration for the semi-submerged 
platform is d = 17 meters, platform radius r = 35 meters, 
base height h = 15 meters. 
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1. Introduction 

Passenger transferring in offshore fields is an extensive 
challenge. At South Pars Oil Layout (SPOL), we have found 
a solution for transferring passengers between SPOL-A2 
Well Head Platform (WHP) and Floating Production 
Storage and Offloading (FPSO) Cyrus is to use a tele cabin 
[1]. This tele cabin had two bases, one on the SPOL-A2 
wellhead platform and the other on FPSO Cyrus that the 
point is this base movable. This paper presents a multi-
dynamics analysis of the cable system of FPSO Cyrus tele 
cabin. This analysis was evaluated to demonstrate the design 
load tension on the main cable of the FPSO Cyrus tele cabin 
system. 

 
2. Method and Application 

This analysis was simulated by MSC Adams software. 
The Adams Machinery Cable module provides for the 
modeling of cable systems within the Adams View 
environment [2, 3]. 

The cable's mass and inertia are neglected. Dummy parts 
with pure kinematic constraints are used to track the tangent 
lines between pulleys. Angles between dummy parts of the 
same pulley determine the cable length that's around each 
pulley. Differential equations are used to track cable span 
physical length by integrating the pulleys' angular 
velocities. Cable span tension forces are computed from the 
difference between the cable span's pure geometry and 
physical length. Appropriate action-only forces are applied 
on the pulleys to replicate the effect of cable contact with 
friction. 

The simplified cable provides a very fast solution that 
generates accurate loads on the pulleys as long as cable mass 
and inertia effects are negligible for the transmission effect. 
Winching effects are accounted for in terms of the addition 
and removal of cable length from the system. Pulleys can be 
offset from a base plane and rotated in and out of the plane 
during design time and disengage from the cable during a 
simulation. 

 
3. Simulation Setup 
3.1. Input Parameters 

Input parameters are shown in Figure 1 and Table 1: 

 
 

Figure 1.  Example figure. 

Table 1. Input parameters 

 Parameter Value Dimension 

Cable 
Parameters 

Density 7850 Kg/m3 
Young’s 

Modulus, E 
2.1*10 

10 Kg/m2 

Damping Ratio 0.01 - 
Diameter 16 mm 

Pulley_1 
Dimension 

Width 0.0762 m 
Depth 0.025 m 
Radius 0.02 m 
Angle 20 deg 

Diameter 0.2032 m 

Pulley_2 
Dimension 

Width 0.046725 m 
Depth 0.01585 m 
Radius 0.02 m 
Angle 10 deg 

Diameter 0.127 m 

cabin 
dimension 

Length 1.5 m 
Width 0.75 m 
Height 1.4 m 

FPSO 
general 

particulars 

LOA 245.5 m 
LBP 234 m 

Depth 21.5 m 
Maximum draft 15.291 m 
Minimum draft 9.5 m 

Distance between FPSO and 
WHP 100 m 

3.2. Modeling 
Three cable systems are considered as follows: 

i) Main Cable 
Main Cable includes six spans. The Begin Anchor was 

Pneumatic Winch and wrapping order from respectively, 
STBD main structure pulley (Type of Pulley_1), next to Aft 
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cabin pulley (Type of Pulley_2), next to Fore cabin pulley 
(Type of Pulley_2), next to WHP pulley (Type of Pulley_1), 
next to Weight pulley (Type of Pulley_1), and the End 
Anchor was connected to a wight load by 2000 Kg. 
ii) Aft-Drive Cable 

Aft-Drive Cable includes two spans. The Begin Anchor 
was Port-Roller of FPSO FWD Winch and wrapping order 
from respectively, Port main structure pulley (Type of 
Pulley_1) and the End Anchor was connected to the aft of 
the cabin. 
iii) Fore-Drive Cable 

Fore-Drive Cable includes two spans. The Begin Anchor 
was STBD-Roller of FPSO FWD Winch and wrapping 
order from respectively, WHP-Drive pulley (Type of 
Pulley_1) and End Anchor was connected to Fore of the 
cabin. 

 

 

 
Figure 2.  Modeling of cable system 

3.3. Scenario 
The scenario is transferring 300 kg load by cabin and 

began from FPSO to WHP, paused for a few seconds, and 
finally return to FPSO. 

This action repeats in min, mid and max drafts and record 
live tension on the main wire rope. 

 

4. Results  
4.1. Load Case 1 

In this case FPSO in the maximum draft: 15.291 m and 
cabin weight: 300 Kg. 

 

 
Figure 3.  Main Cable Tension for Load Case 1. 

4.2. Load Case 2 
In this case, FPSO in the minimum draft is 9.5 m, and 

cabin weight is 300 Kg. 
 

 
 Figure 4.  Main Cable Tension for Load Case 2. 

4.3. Load Case 3 
In this case, FPSO is about mid-draft: 13.5 m and cabin 

weight: 300 Kg. 
 

 
Figure 5.  Main Cable Tension for Load Case 3. 

5. Conclusion 
As can be seen in Figures 2, 3, and 4, results for different 

load cases in different FPSO drafts, demonstrated that 
maximum tension on the main cable will be not more than 
1550 Kg-Force. 

The difference tension between maximum and minimum 
draft conditions is about 50 Kg-Force. 
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1. Introduction 
A semi-submersible platform is one of the most common 

types of mobile offshore-drilling units, which can be used 
under intermediate to ultra-deep-water conditions. It has 
different applications that its most distinguishing one is oil 
and gas production. The large heave motion of a semi-
submersible platform, due to the different environmental 
conditions, can create the limiting problems such as 
restrictions on the operability of drilling and damage to the 
risers or mooring systems. Controlling this motion, to 
address this shortcoming, is challenging [1]. So, the 
researchers have suggested different concepts for reducing 
the heave motion of semi-submersible such as altering its 
geometry form, installing heave plates or additional material 
[2]. In this study, double thin damping plates were attached 
to a conventional semi-submersible platform to reduce the 
heave motion of the response amplitude operator (RAO).  
First, a typical GVA4000 semi-submersible drilling 
platform was considered and its heave RAO under a 
monochromatic linear wave train in deep water was derived 
by semi-analytical solution based on the Eigenfunction 
Matching Method (EMM). The results were compared by 
available experimental data with a good agreement. Second, 
double thin damping plates were attached at the top and 
bottom of the pontoons. Added mass, damping, and wave 
force were extracted from semi-analytical solution. Finally, 
the one degree of freedom equation of heave motion was 
solved, and heave RAO was achieved.   The results showed 
that the heave RAO of the proposed semi-submersible is 
decreased significantly compared to its original case. In the 
next sections, the steps of problem solving are explained. 

 
2. Mathematical Model 

A typical GVA4000 semi-submersible was considered in 
a constant water depth of h1. Double thin damping plates 
were installed at the top and bottom of the pontoons. The 
Cartesian system was considered on the free surface water 
(z axis vertically upward and x axis horizontally along the 
pontoons). It was assumed that the fluid is incompressible, 
inviscid and the flow is irrotational. Because of considering 
a monochromatic small amplitude wave train propagating in 
the x direction, the problem can be simplified as 3-D to 2-D 
[2]. So, the velocity potential is written as the following:  
φ (x, z, t) = Re { (x, z)} e-it                                 (1) 

Where ‘R’ is the real part of complex expression,  is the 
spatial part. For a wave train approaching a floating 

structure, the wave-structure interaction can be divided into 
two parts: one as the diffraction of the incident wave train 
due to the fixed body which produces a scattered wave field, 
and the other as the radiation of the body forced to oscillate 
in the still water, so, the velocity potential can be expressed 
as [3]: 
φ = φI + φD +4

L=2 φR
L                                                       (2) 

where, φI is incident potential, φD is diffraction potential, 
and φR is radiation potential that L =2, 3, and 4 are related 
modes of sway, heave, and roll oscillations, respectively. in 
addition, the special part of two-dimensional velocity 
potential is satisfied by Laplace equation as following: 

00 2

2

2

2
2 =




+



=
zx

                                                 (3) 

According to Laplace equation and boundary conditions, 
incident wave potential is calculated as equation 4. 
𝜙𝜙𝐼𝐼 = −𝑖𝑖 𝐴𝐴𝐴𝐴𝜔𝜔

𝑐𝑐𝑐𝑐𝑐𝑐ℎ(𝑘𝑘(𝑧𝑧+ℎ1)
𝑐𝑐𝑐𝑐𝑐𝑐ℎ(𝑘𝑘ℎ1)

𝑒𝑒𝑒𝑒𝑒𝑒(𝑖𝑖𝑖𝑖𝑒𝑒)                                      (4) 
The radiation potential is calculated by assuming the 

oscillation of the structure in the absence of waves. For 
harmonic small amplitude waves, the radiation potential can 
be written up as: 
φR

(3) = Re {-i  AR
(3)  R

(3) (x,y) }                                     (5)                                          
Where, AR

(3)  is the heave oscillation displacement. To 
calculate the radiation potential, a typical GVA4000 semi-
sub attached by double thin damping plates is considered 
(Figure 1). The fluid domain is divided into 12 different 
regions. The governing Laplace equation and the related 
horizontal and vertical boundary conditions for each region 
were considered. The radiation potential in each region is 
obtained using the method of separation of variables. The 
unknown coefficients appearing in each equation are 
estimated using the EMM.  Then, the added mass and 
damping are extracted form real and imagine parts of the 
radiation potential. Moreover, the exciting force is 
calculated using Haskind’s method. By calculating those 
parameters, the equation of one degree of freedom of heave 
motion is easily written and RAO is obtained. 
 
3. Verification of the Developed Solution 

To verify the validity of the developed semi analytical 
solution, the heave RAO of a GVA4000 semi-sub was 
examined. Its heave RAO was extracted by EMM and 
verified by available experimental data. The results showed 
that the developed method can predict the heave RAO with 
acceptable accuracy (Figure 2). 
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Figure 1. A semi-submersible with two TSDs as schematic  
 

 
Figure 2. A comparison between semi-analytical solution 
and experimental data 
 

4. The Results and Discussions 
To determine the effect of attaching double thin damping 

plates on the semi-submersible, 4 double damping with 
different widths (DDP1 to DDP4) were considered. The 
B/bp for DDP1 to DDP4 was 1.1, 1.2, 1.4, and 1.6, 
respectively. The variation of the added mass, damping 
coefficient, exciting force, and heave RAOs with respect to 
the angular wave frequency were calculated using semi-
analytical method. The results showed that the added mass 
becomes larger with increasing the plate’s width due to the 
increased trapped water especially for the angular frequency 
more than about 0.18–0.24 rad/s (Figure 3). The damping 
coefficient becomes larger by increasing the plate width for 
frequencies more than about 0.3 rad/s and it is zero for any 
width at frequencies larger than 0.46 rad/s (Figure 4). The 
exciting force is larger by increasing the plate width for 
frequencies greater than about 0.2–0.3 rad/s, and there is a 
sudden rise for all widths at frequencies of about 0.46 rad/s 
(Figure 5). The RAO curve revealed that the peak value of 
RAO decreased with an increase in the width plates and the 
resonance frequency is also decreased related to the original 
GVA4000 (Figure 6).  The percentage of RAO reduction 
relative to the original platform for double thin damping 
plates 1 to 4 was 20.8, 26.20, 33.31, and 44.89%, respectively. 

  
5. Conclusion 
In this study, to improve heave RAO of a semi-submersible, 
double thin damping plates were installed on the pontoons 
of a typical GVA4000. The heave RAO was solved semi-
analytically. The results revealed that using the plate 
reduces the peak value of the heave RAO and the resonant 
frequency is displaced to a lower frequency compared to its 
original one. Therefore, this method can be significant for 

improving the heave motion of the semi-submersible 
platform. 

 
Figure 3. Added mass of Modified GVA4000 using DDPs 
 

 
Figure 4. Damping Coefficient of Modified GVA4000  

 

 
Figure 5. Exciting coefficient of Modified GVA4000  

 

 
Figure 6. Heave RAO of Modified GVA4000 
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1. Introduction 

Point absorber is a wave energy device with small sizes 
relative to wave length [1]. To maximize the absorber 
power, the point absorber is typically designed to behave 
as a resonant device. Conventional CFD methods might 
have some difficulties to predict the response of the device. 
However, SPH numerical method is a useful tool for this 
problem modeling and can provide more accurate results 
[2,3]. In this research, the SPHysics model [4] was used to 
study the effect of the geometrical properties of a heaving 
point absorber on its motion response and absorbed power. 
To validate the numerical data, an analytical model was 
used. The slight difference between the two data revealed 
the adequate accuracy of the model. Using three different 
radii, the effect of the device dimensions on its response 
was then evaluated.  
 
2. Device equation of motion 

One of the most important parts of a point absorber is 
its Power Take Off (PTO) mechanism by which the 
absorbed energy from waves is transformed into 
electricity. Since the considered buoy has a cylindrical 
shape, it is possible to obtain its motion responses by 
analytical models. The equation of motion for a heaving 
floating body is given as follows [5]: 

2

2

0

( ) ( )

cos( )

n

wz rz vz

pz wp z z

d z dz dz dzm a b b
dt dt dt dt

dzb gA z F t
dt

  

+ + +

+ + = +

                                  (1) 

where m, awz, brz, bvz, bpz, Awp, Fz0, αz and ω are the 
physical mass, the added mass, the radiation damping 
coefficient, the viscous damping coefficient, the PTO 
coefficient, the water plane area, the wave force amplitude, 
the phase angle between the wave and wave-induced 
heaving force, the angular frequency and the wave period, 
respectively. n is a number equal to 0 for laminar and 1 for 
turbulent flow. The natural frequency and the added mass 
are mathematically represented by the following equation 

wp
n

wz
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m a


 =
+

                                                                    (2) 

3 ln( )
8( ) 2 2wz

a a kaa a
h d h

 
  = − +  −   

                   (3) 

where a, h, d, k and  are the device radius, the water 
depth, the device draft, the wave number and the Euler’s 
constant, respectively. The PTO force and the pneumatic 
power across the damper are given by the following 

equations where 
.

U is the device heaving velocity 
.

pto pzF b U=                                                                          (4) 
. .

pto pzP b U U=                                                                      (5) 
 
3. The SPH method 

The motion of the device is obtained by summing the 
contributions applied to the boundary particles for entire 
body. The force on each boundary particle is computed by 
summing up the contribution from all the neighboring 
water particles. The boundary particle k experiences the 
following force per unit mass: 

k ka
a WPs

f f


=                                                                      (6) 

where WPs denotes water particles and kaf the force 
per unit mass exerted by water particle a on boundary 
particle k. The equations of basic rigid body dynamics are 
used for the motion of the device: 

pz k k
k BPs

dVM b V m f
dt 

− =                                         (7) 

where M is the device mass, V is the device velocity, 
bpz is the PTO coefficient and BPs denotes the boundary 
particles. This equation is integrated in time to predict the 
values of V for the beginning of the next time-step.  

 
4. Validation 

In this section for a simple model of heaving wave 
absorber, the SPH model results for displacement and 
velocity were compared with the analytical data from the 
solution of Eq. 1. The length, width and draft of the 
floating body are 0.3 m, 0.3 m and 0.15 m, respectively. 
The wave height, period and water depth were set to 0.15 
m, 1.5 s and 1.5 m, respectively. A PTO coefficient of 100 
Nm/s was applied to the cylinder. The analytical model 
and numerical setup are shown in Fig. 1. Comparison 
between the numerical and analytical data demonstrates 
good correspondence as shown in Figs 2-3.   
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(a) (b) 

Figure 1. Simulation of the floating body a) Analytical 
model b) SPH model 
 

 
Figure 2. Heaving displacement of the device. 

 

 
Figure 3. Heaving velocity of the device. 

 
5. Case Study 

In this section, considering the numerical results of 
tested point absorber by Agamloh et al. (2008) [6], the 
effect of the cylinder radius on its response was evaluated 
using three different radii of 0.3, 0.6 and 1.2 m that 
correspond to natural frequencies of 4.33, 4.14 and 3.71 
rad/sec, respectively. In all simulations, water depth, wave 
height and wave period were 1.5 m, 0.15 m and 1.5 sec, 
respectively which results in a wave frequency of 4.19 
rad/sec. As Figs 4-6 show, the cylinder with a natural 
frequency close to the wave frequency has the maximum 
motion response and power absorption. This is in fact a 
resonant floating body in this situation. This shows that the 
dimension of the heaving point absorber should be chosen 
so that its natural frequency placed close to the peak 
frequency of the spectrum of irregular real sea waves. 

  
6. Conclusion 

In this research, an SPH simulation was performed to 
investigate the effect of the device radius on its motion 
response as well as its power absorption capability. The 
model was first verified by comparing the analytical and 
numerical results of the motion response of a heaving 
floating body. Then a parametric study was performed to 
evaluate the effect of the device radius. The results showed 
that resonance phenomenon maximizes the device motions. 
So, the wave absorber should be designed to behave as a 
resonant device.  

 
Figure 4. Radius effect on the device's heaving motion.  

 
Figure 5. Radius effect on the device heaving velocity. 

 
Figure 6. Absorbed power by the device. 
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Abstract 
This study presents a novel methodology to estimate 

the failure fragility curves for corroded offshore pipelines 
employing finite element simulation. In this algorithm, the 
random variables are selected by an efficient sensitivity 
analysis named Tornado Diagram Analysis. Thereafter, a 
combination of Latin Hypercube Sampling (LHS) method 
along with Simulated Annealing (SA) technique is used to 
generate the random simulations which represent the 
existent epistemic uncertainties. Each realization of this 
simulation matrix is keyed into the numerical model as the 
essential inputs to evaluate the probabilistic responses of 
the corroded pipeline from linear behavior to failure limit 
state as well as its failure fragility curves.   
 
1. Introduction 

In today’s world, pipelines are one of the safest and the 
most economic utilities for transporting oil and gas 
materials from production sites to their markets and end 
users. Nevertheless, structural failure or degradation of 
such infrastructures can lead to irrecoverable 
environmental, financial and human losses. Thus, all the 
predominant threats to these structures from the 
commissioning to de-commissioning dates, such as 
corrosion should be comprehensively considered in the 
design state. In this regard, Cronin [1] studied the effects 
of corrosion defects on pipelines utilizing both 
experimental burst tests and numerical finite element 
analysis of the corroded pipelines. Huang et al. [2] 
presented a model to calculate the pressure of thick-walled 
vessels using finite element simulation verified by 
experimental tests. Al-Owaisi et al. [3] comprehensively 
investigated the effects of defect shape and location on 
closely spaced defects by conducting finite element 
analysis. They evaluated the results of their numerical 
models which were formed based on quadratic tetrahedron 
and quadratic hexahedron elements. Moreover, Abyani and 
Bahaari [4] developed a new finite element-based approach 
for reliability assessment of offshore pipelines subjected to 
internal corrosion.  

From another perspective, Caleyo et al. [5] worked on 
the reliability evaluation of corroded pipelines to calculate 
their remaining life employing First Order Second Moment 
(FOSM) iterative method, Monte Carlo Simulation (MCS) 
technique and the first order Taylor series expansion of the 

limit state function. Leira et al. [6] inspected the system 
reliability of pipelines subjected to internal corrosion using 
enhanced MCS method to notably reduce the 
computational burden of such extensive assessments. 
Similarly, Abyani and Bahaari [7] compared the system 
reliability of corroded pipelines computed by MCS and 
LHS methods. The results of this work revealed that LHS 
method is capable of providing reliable results with 
considerably less time and computational costs. 

 

 
Figure 1.  Presentation of the mesh network for the 
sample offshore pipeline 

 
2. Finite element modeling 

The 3D finite element model of a sample offshore 
pipeline subjected to internal corrosion defect is created in 
ABAQUS, using solid elements. Additionally, API 5L X65 
material which is typically applied in most of the offshore 
pipeline projects, is considered in this investigation, as 
well. Also, eight node linear hexahedral reduced 
integration elements are utilized to construct the mesh 
network as they can lead to more accurate results in 
comparison with tetrahedral elements (see Figure 1) [3]. It 
is noted that all the numerical analyses are supposed to be 
performed by ABAQUS Python Scripting interface. 

 
3. Methodology 

A new probabilistic algorithm named Incremental 
Pressure Analysis (IPA) [7] is presented in Figure 2 which 
makes it possible to derive the failure fragility curves for 
corroded offshore pipelines. Its sequential steps are briefly 
described as follows: 
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Figure 2.  Presentation Flowchart of the IPA method 

 
1) In the first step of this algorithm, a sensitivity 

analysis is conducted to select the random variables which 
are more important. 

2) Thereafter, the random realizations are generated 
utilizing a combination of LHS and SA methods [4]. 

3) In the third step, the following loops are 
implemented to estimate the Maximum Von-Mises Stress 
(MVMS) of the pipeline at all the considered Internal 
Pressure (IP) levels: 

    for i=1:1:number of realizations 
      for j=1:1: failure IP 
           MVMS(i,j)= MVMS 
      end  
end 

In fact, MVMS of each step is determined through the 
finite element analysis which has been wisely programmed 
in ABAQUS Python Scripting interface. 

4) Afterwards, the IPA curves can be achieved. In these 
curves, MVMS and IP (the horizontal and vertical axes) 
represent the structural response and the loading imposed 
on the pipeline, respectively. More specifically, these 
curves are computed for all the realizations which have 
been randomly generated in the second step of this 
flowchart.  

5) After the calculation of the IPA curves, it is possible 
to find the appropriate analytical Probability Density 
Function (PDF) and Cumulative Distribution Function 
(CDF) of the MVMS at different IP levels, using reliable 
statistical measures (e.g. Kernel density function or strong 
goodness of fit tests). Additionally, the same process can 
be performed for another underlying random variable 
which is the failure IP (the IP level where the pipeline 
reaches its failure limit state). Thus, the failure fragility 
curve of the pipeline can be drawn using such statistical 
data. Finally, the failure probability of the pipeline at 
different IP levels is estimated by the mentioned fragility 
curve. 
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1. Introduction 

Today the air pollution which is caused by consuming 
fossil fuels makes us replace other clean sources of energy. 
One of the best choices is renewable energy. In this regard, 
seas and oceans have a large capacity of energy such as 
wind, wave and tidal energy. We can use them to provide a 
big amount of energy. Offshore wind turbines are one of the 
ways we can use to extract wind energy from oceans. The 
wealthy point about wind in oceans is that it is steadier than 
wind in onshore areas. Also, the wind in oceans blows faster 
than it does in onshore areas. However, using offshore wind 
turbines has some challenges. One of them which is so 
important is the vibration of offshore wind turbines. There 
are some solutions for controlling these vibrations. One of 
them is using a Tuned Mass Damper (TMD). In this 
research, we try to find out the effect of using TMD in a TLP 
offshore wind turbine numerically in surge motion. 

 
2. Study 
2.1. The Model 

In this research, NREL 5MW MIT TLP is chosen 
because of its reputation in academic environment and also 
many researches that be done on this model. This model 
consists of a TLP platform and a 5MW turbine on this 
platform. [1] [2] 
In this research, the mass ratio of the TMD is about 5% and 
the frequency ratio is considered about 1. 
 
2.2. Wave Load 

In this research, due to the platform’s size and waves 
height, the Morison method is the best way to calculate the 
wave load. In this method, the wave load on each element 
consists of two parts, the drag part and the inertia part. [3] 
𝑓𝑓 = 𝑓𝑓𝐷𝐷 + 𝑓𝑓𝐼𝐼                                                                       (1) 

After adding these two parts together, by integrating 
over the entire structure we can reach the wave load. 
𝐹𝐹 = ∫ 𝑓𝑓. 𝑑𝑑𝑑𝑑                                                                          (2) 

For calculating each part of the wave load we can use 
equations (3) and (4). 
𝑓𝑓𝐷𝐷 = 1

2 𝜌𝜌𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷|𝐷𝐷|                                                                  (3) 

𝑓𝑓𝐼𝐼 = 𝜌𝜌𝐶𝐶𝐼𝐼
𝜋𝜋𝐷𝐷2

4 𝑎𝑎                                                                       (4) 
 

2.3. Wind Load 
There are several theories for calculating wind load. In 

this research, however, the wave load is dominant. 
Therefore, we consider a simple theory for calculating wind 
load, and the wind load is considered constant. For reaching 
out the wind load on each part of the structure we have to 
use equation (11). [1] 
𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =  1

2 𝜌𝜌𝐶𝐶𝜌𝜌𝐷𝐷2𝑐𝑐𝑐𝑐𝑐𝑐(𝛼𝛼)                                                            (5) 
 
2.4. The Governing Equations of the System 
without TMD 

The TLP has movements in 6 degrees of freedom, 
however, in this research we focus on the surge behavior. 
For surge direction, we can write: [1] 
(𝑀𝑀 + 𝑀𝑀𝑎𝑎)�̈�𝑥 + 𝐶𝐶�̇�𝑥 + 𝐾𝐾𝑥𝑥 = 𝐹𝐹𝑥𝑥 sin(𝜔𝜔𝜔𝜔) + 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤                 (6) 

The surge stiffness of the mooring system would be [3]: 
𝐾𝐾 =  𝑤𝑤𝑇𝑇0

𝑙𝑙 + 𝑤𝑤𝑛𝑛𝑛𝑛
2𝑙𝑙3 𝑥𝑥2                                                               (7) 

If we name the first part of K, k and the second part k ,́ 
finally, the driven equation of the system could be written 
as follow: 
(𝑀𝑀 + 𝑀𝑀𝑎𝑎)�̈�𝑥 + 𝐶𝐶�̇�𝑥 + 𝑘𝑘𝑥𝑥 + 𝑘𝑘   ́ 𝑥𝑥3  = 𝐹𝐹𝑥𝑥 sin(𝜔𝜔𝜔𝜔) + 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  (8) 

This kind of non-linear differential equation is called 
Duffing equation. 
 
2.5. The Governing Equations of the System with 
TMD 

Since in this case and this situation, the system has two 
degrees of freedom, we have two dynamic equations. 

First, for the main system we have: [4] 
(𝑀𝑀 + 𝑀𝑀𝑎𝑎 + 𝑀𝑀𝑤𝑤)�̈�𝑥 + 𝐶𝐶�̇�𝑥 + 𝐾𝐾𝑥𝑥 = 𝐹𝐹𝑥𝑥𝑐𝑐𝑠𝑠𝑠𝑠(𝜔𝜔𝜔𝜔) + 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 
+𝐶𝐶𝑤𝑤�̇�𝑥𝑤𝑤 + 𝐾𝐾𝑤𝑤𝑥𝑥𝑤𝑤                                                                          (9) 

Also, for TMD we can write: 
𝑀𝑀𝑤𝑤�̈�𝑥𝑤𝑤 + 𝐶𝐶𝑤𝑤�̇�𝑥𝑤𝑤 + 𝐾𝐾𝑤𝑤𝑥𝑥 = −𝑀𝑀𝑤𝑤�̈�𝑥                                            (10) 

It should be noted that in these equations 𝑥𝑥 and 𝑥𝑥𝑤𝑤 
illustrate the displacement of the TLP and TMD from the 
reference point, respectively. 

 
2.6. Load Cases 

In this research, one wind load case and three wave load 
cases are considered and the response of the system against 
these load cases is studied to find out the efficiency of using 
TMD on offshore wind turbines in waves with different 
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heights and periods. Also, it should be noted that all waves 
are considered regular waves. 

 
Table 1 - Wind case load 

Case load Speed (m/s) Type 
1 23 constant 

 
Table 2 - Wave load cases 

Case load Wave height (m) Wave period (s) 
1 3.3 6 
2 6.6 9.5 
3 10 10 

 
2.7. Numerical Study 

For modelling this case in MATLAB, the Euler method 
is used. In this method by using the derivation concept, we 
attempt to reach the results of the differential equations. 

𝑓𝑓(𝑡𝑡0 + ℎ) =  ∑ 𝑓𝑓(𝑖𝑖)ℎ𝑖𝑖

𝑖𝑖!

∞

𝑖𝑖=0
 

 = 𝑓𝑓(𝑡𝑡0) + 𝑓𝑓    ́ (𝑡𝑡0)ℎ + 𝑓𝑓     ́́ (𝑡𝑡0)ℎ2

2! + ⋯ 

  ≅ 𝑓𝑓(𝑡𝑡) + 𝑓𝑓    ́ (𝑡𝑡0)ℎ                                                         (11) 
 
3. Results 

After solving governing equations numerically by 
MATLAB, in load case 1, we found out that using TMD in 
a TLP offshore wind turbine can reduce the displacement 
amplitude in surge motion by about 3.18%. Also, this 
reduction in velocity and acceleration was about 7.84% and 
9.09%, respectively. 

In load case 2, the efficiency of using TMD in surge 
displacement increased in comparison with load case 1 and 
it was about 3.62%. However, the efficiency of using TMD 
in surge velocity and acceleration decreased to 2.7% and 
3.03%. 

In load case 3, using TMD can reduce the amplitude of 
surge displacement by about 5.78% which was more than in 
other load cases. Also, the mitigation in the amplitude of 
velocity and acceleration in this load case was about 6.22% 
and 3.51%.   

 

 
Figure 1- Displacement of TLP offshore wind turbine in 
load case 3 with and without TMD 
 

4. Conclusion  
In this research, we try to find out the efficiency of 

using TMD in a TLP offshore wind turbine in order to 
mitigate the amplitude of the vibrations.  

Due to the obtained results, we figure out that by 
increasing the wave height and wave period the efficiency 
of using TMD in mitigation of the amplitude of surge 
displacement increased. In the other word, using TMD in 
severe waves is more effective than using it in waves with 
lower height and period. However, there is not any pattern 
or relation between wave height and wave period and 
efficiency of using TMD in velocity and acceleration of the 
surge motion. 

Since the load cases in this research were limited, we 
suggest in future researches more load cases will be 
considered to obtain more accurate results. Also, 
investigating the efficiency of using TMD in other motions 
is another offer for future researches. 
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1. Introduction 
Sheet pile wall is a type of retaining wall that is built to 

retain earth or water. The sheet pile wall is widely used due 
to its fast and quite simple construction. There are two main 
types of sheet pile walls; Anchored sheet pile walls and 
Cantilever sheet pile walls. When the height of backfill 
material behind a sheet pile wall is more than about 6 m, the 
anchored sheet pile wall becomes more economical [1]. 

 Uncertainties in geotechnical engineering affect the 
reliability of the design, so it is necessary to consider these 
uncertainties in the analysis and design of geotechnical 
structures. The traditional way of dealing with uncertainties 
is to use conservative values for the design variables and 
(or) safety factors [2]. 

In this research, we investigated the reliability of 
anchored sheet pile wall penetrating into sandy soil by 
layering the soil and applying the uncertainty to each layer 
of soil using fuzzy the logic concept. Figure 1 shows the 
properties of soil layers and sheet pile. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1. Properties of soil layers and anchored sheet 
pile. 

 
2. Uncertainty Analysis 

Fuzzy logic is used to apply the uncertainty to the soil 
and structure input parameters. A fuzzy number of an input 
parameter, for example, X, has a crisp value of Xc and the 
uncertainty of at most ±ΔX. The upper bound is Xc + ΔX 
and the lower bound is Xc – ΔX [3]. 

Some of the input parameters and their crisp and 
uncertainty values are presented in table 1. 

 
Table 1. Input parameters and their uncertainties. 

Parameter Uncertainty Lower 
bound 

Crisp 
value 

Upper 
bound 

Friction angle of 
soil layers (φi) 

5% 26.1 29° 31.9 

Unit weight of soil 
(γ) 7% 13.76 16 

KN/m3 18.24 

Submerged unit 
weight of soil (γ′) 7% 7.9034 9.19 

KN/m3 10.4766 

Depth of dredge 
line (H) 0.5% 8.91 9 m 9.09 

Height of soil 
layers (hi) 

0.5% 2.97 3 m 3.03 

Penetration depth 
of sheet pile (D) 0.5% 2.97 3 m 3.03 

Depth of anchor 
rod (lt) 

0.5% 1.287 1.3 m 1.313 

Anchor pull (F) 5% 108 120 
KN/m 132 

Section modulus  
of sheet pile (S) 5% 0.0011 0.0012 

m3/m 0.0013 

 
3. Failure Probability 

Failure modes of the sheet pile wall system are 
overturning, sliding, and flexural modes [2]. 

To evaluate the failure probability (FP) of the sheet pile 
wall system the fuzzy safety factor and normal cumulative 
distribution function were used [4]. 

𝐹𝐹𝐹𝐹 = Φ[1 − 𝐸𝐸(𝑆𝑆𝐹𝐹)
𝜎𝜎(𝑆𝑆𝐹𝐹) ] (1) 

Where SF is the safety factor, E(SF) is the mean of SF, 
σ(SF) is the standard deviation of SF and Φ is the normal 
cumulative distribution function. 
 
4. Results 

Membership functions of overturning, sliding, and 
flexural safety factors considering layered soil with 
uncertain characteristics are shown in Figure 2. 
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Figure 2. Membership functions of safety factors. 

 
The failure probabilities of overturning, sliding, and 

flexural modes are displayed in Figure 3. 
 

 
Figure 3. Failure probability. 

 
Safety factors for the case where the uncertainty was not 

taken into account, were also calculated and presented in 
Table 2. 

 
Table 2. Safety factors without consideration of 

uncertainty. 

Overturning Sliding Flexural 

1.1240 1.2069 1.0185 
 
5. Conclusions 

Sheet pile walls are one of the important waterfront 
geotechnical structures and it is necessary to maintain their 
stability. The penetrating sheet pile wall in the soil is 
subject to various uncertainties, including uncertainties in 
soil and structure properties. To design safely, it is essential 
to consider the uncertainties in the sheet pile wall analysis. 

In this study, by layering the soil, the behavior of the 
sheet pile wall under uncertainty in the input parameters of 
each soil layer and also structure was investigated. 

The uncertainties were applied based on fuzzy logic by 
fuzzification using triangular membership functions. 

Fuzzy triangles of safety factors against overturning, 
sliding, and flexural were obtained; and accordingly, the 
failure probability was calculated for all three failure 
modes. 

The results achieved by accounting for uncertainties in 
the input parameters were compared with those of the 
condition without uncertain parameters. It is observed that 
the sheet pile wall is safe and stable with crisp values of 
input parameters, while by considering the uncertainties, it 
may fail. Therefore, it is necessary to consider the 
uncertainties in the analysis and design of the sheet pile 
walls. 
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1. Introduction 
One of the sources of clean and renewable energy is 

offshore wind, which has generated a lot of interest. It offers 
new ways to address the ongoing energy and environmental 
crises. A part of this renewable energy is produced by 
offshore wind turbines (OWTs). They are reaching new 
heights and larger capacities, while wind farms are moving 
deeper into the sea and ocean to harness the increased 
energy potential. Early in 2021, OWTs have produced 35 
GW of electricity, a 14-fold increase from 10 years before. 
As a result, the foundation design and implementation of 
OWTs have become significant areas of research. The OWT 
foundation is a considerable portion of the overall cost of 
the OWT. Several studies have focused on the design of 
OWT’s foundation. Both monopile and gravity-based 
foundations have been used for OWTs [1]. The suction 
caisson or skirted foundation is another name for the bucket 
foundation, which is a new and revolutionary kind of 
foundation already employed for OWTs, Figure 1. Bucket 
foundations are less expensive than deep foundations. In 
addition, no massive equipment is required for the 
installation of bucket foundations. In this work, the vertical 
(V), horizontal (H), moment (M), and tension (T) bearing 
capacities of a bucket foundation in loose sandy soil are 
analyzed numerically. The effects of geometrical 
parameters including bucket embedding depth (L), the 
bucket diameter (D), and the embedment ratio (L/D) have 
been studied through a series of 3D implicit finite element 
(FE) simulations.  
 

 
Figure 1: Schematic view of a bucket foundation and 
conventions of load and displacement directions. 

2. Loading Approach 
The bucket foundations supporting OWTs are 

vulnerable to self-weight, wind, wave, current, and other 
external forces that cause vertical and horizontal loads, 
overturning and tension moments. As a result, the vertical, 
horizontal, moment, and tension-bearing capacities must be 
investigated. These capacities can be calculated using the 
straightforward tangential intersection method, as shown in 
Figure 2, where two tangential lines along the initial and 
later portions of the load-displacement curve are plotted, 
and the bearing capacity is the point at which these two lines 
coincide. 
 

 
Figure 2: Tangential intersection method for determining 
bearing capacity. 
 
3. Numerical Simulation 

A three-dimensional model of the soil and bucket is 
developed to compute the bearing capacities. In this regard, 
a semicylindrical model is created considering the 
symmetry of the problem. It is worth noting that a non-
associated flow rule and the ideal elastic perfectly plastic 
Mohr-Coulomb (M-C) constitutive model are utilized to 
describe the non-linear behavior of soil. The FE mesh is 
seen in Figure 3, which consists of about 11500 linear eight-
node brick with reduced integration elements (C3D8R). The 
bucket has an outside diameter and length of 5 m, and a skirt 
thickness of 0.125 m. A sensitivity analysis is carried out to 
obtain the optimum finite element mesh size. In this regard, 
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a mesh size of less than 0.01D is employed to have an 
accurate distribution of local stresses and strains in the soil 
beside the caisson foundation and beneath its foot. 
However, larger meshes are applied in other areas of the 
numerical model to save the computation time and to 
properly capture the loads and the failure mechanism. To 
obtain the uniaxial bearing capacities for various 
embedment depth ratios, the model is subjected to 
incremental one-directional displacement using the 
displacement probe test approach. 
 

 
Figure 3: A typical FE mesh and bucket foundation 

shape. 
 
4. Numerical Results of Uniaxial Bearing 
Capacity  

The load-displacement curve is followed using the 
tangential intersection method until it achieves an 
approximately flat surface. The uniaxial capacities of a 
caisson foundation with D = 5 m and L/D = 0.5 are chosen 
as a typical result and shown in Figure 4. The ultimate 
bearing capacity of V is calculated to be between (5–8%)D. 
It is demonstrated in Figure 4 that the tensile load capacity 
grows noticeably in smaller strains compared to other load 
capacities owing to the more rapid soil densification. The 
moment bearing capacity significantly increases with 
increasing the embedment ratio (L/D). 

 
5. Conclusions 

In this research, the bearing capacities of a bucket 
foundations for offshore wind turbine has been examined by 
the FE method. The bucket foundation has been located in a 
saturated sand. The FE model takes into account the non-
linearities of the soil material as well as the geometry. This 
research shows that the tensile load bearing capacity has 
significant amount compared to the horizontal load and 
moment bearing capacities. Thus, it should be taken into 
account in future works to have more optimum design of 
bucket foundations. 

 
 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4. Uniaxial (a) vertical, (b) horizontal, (c) moment, 
and (d) torsional capacities. 
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1. Introduction 
The easy and quick installation of the sheet pile wall are 

among the features that make it one of the most frequently 
used retaining structures in marine environments. In 
common design methods based on deterministic approach, 
the wall penetration depth is determined in such a way that 
safety is evaluated by calculating the safety factors of the 
structure. However, in the presence of uncertainties during 
the laboratory and in-situ tests and also during the 
construction process, the accuracy of the obtained safety 
factors is not perfectly certain. This study investigates the 
effects of uncertainties on the stability of a cantilever sheet 
pile wall penetrated into the clay using the fuzzy set theory. 

 
2. Deterministic Approach 

Figure 1 indicates a cantilever sheet pile wall penetrated 
into the clay. The geotechnical and geometric properties as 
well as the earth lateral pressure diagram are also displayed 
in Figure 1. The wall with a depth of D is penetrated into the 
clay. The depth of dredged line is showed with H in front of 
the wall. The water level in front of the wall is up to the 
depth of h from the ground level. The soil at the back of the 
wall consists of two layers above and under the dredge line. 
The top layer is the sand with a unit weight of  and a 
saturated unit weight of sat and the bottom layer of the soil 
is the clay with a cohesion of c. 

In order to obtain the pressure distribution diagram 
shown in the Figure 1, it is necessary to calculate the values 
of p1 to p4 as follows [1]: 

𝑃𝑃1 = 𝛾𝛾ℎ𝑘𝑘𝑎𝑎                                                       (1) 
𝑃𝑃2 = (𝛾𝛾ℎ + 𝛾𝛾′𝐻𝐻)𝑘𝑘𝑎𝑎                                          (2) 
𝑃𝑃3 = 4𝑐𝑐 − [𝛾𝛾ℎ + 𝛾𝛾′(𝐻𝐻 − ℎ)]                             (3) 
𝑃𝑃4 = 4𝑐𝑐 + [𝛾𝛾ℎ + 𝛾𝛾′(𝐻𝐻 − ℎ)]                             (4) 

Where ’ is the submerged unit weight of the soil and ka 
represents coulomb active pressure coefficient. By taking 
the moment about the point B, the value of d2 can be 
obtained by solving the following equation. 

𝑑𝑑2
2 (𝑝𝑝3+𝑝𝑝4

6 ) − 𝑝𝑝3𝐷𝐷2

2 + 𝑃𝑃(𝐷𝐷 + 𝑧𝑧) = 0                          (5) 
Where P is the area of the pressure diagram ACDE and 

z is the distance of the center of this area from the dredge 
line. Overturning safety factor (FSo) is obtained by dividing 

the resisting moment by the overturning moment about the 
foot of the wall [2]: 

𝐹𝐹𝑆𝑆𝑜𝑜  = 𝑀𝑀𝑟𝑟
𝑀𝑀𝑜𝑜

                                                      (6) 

 
Figure 1.  Sheet pile geometric and geotechnical 
parameters 

Flexural stability (FSf) is measured by dividing the 
section modulus of sheet pile profile S by the minimum 
required section modulus (Smin).  
𝐹𝐹𝑆𝑆𝑓𝑓 = 𝑆𝑆

𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚
                                                      (7) 

𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚
𝜎𝜎𝑚𝑚𝑎𝑎𝑎𝑎

                                                      (8) 

Note that the maximum moment per length of the wall, 
Mmax, occurs at the point of zero shear. Also, allowable 
flexural stress of the sheet pile is denoted by all. 

 
3. Uncertainty Analysis  

In fuzzy set theory [3], the membership of a in the set A 
is shown as (a, µ(a)), in which µ is the membership function 
that assigns a real number in the interval [0,1] to a. The 
value of µ(a) is called the membership degree of a in A. 
Figure 2 displays a fuzzy triangular membership function 
which applies the uncertainty of x to the input parameter x. 
When µ(x)=1, the parameter x equals the crisp value of xc. 
The value of x may be any value in the interval [xa, xb] when 
µ(x)= . The most possible uncertainty is believed to occur 
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at µ(x)= 0, in which the lowest and the highest conceivable 
values for the parameter are xc- and xc+x, respectively. In 
order to find the safety factors fuzzy membership functions, 
for each -cut, a nonlinear function is formed which should 
be once maximized and once minimized. This study 
employed the Genetic Algorithm (GA) to solve this 
optimization problem. 

 

 
Figure 2.  Fuzzy triangular membership function. 
 
Table 1 presents the design variables and their 

uncertainty values. The upper bound and lower bound for 
each variable is considered to be equal to the crisp value plus 
and minus twice its standard deviation, respectively. 

  
Table 1. Design variables and their crisp and uncertainty 
values. 

Variable 
COV 
(%) 

Lower 
bound 

Crisp 
value 

Upper 
bound 

  (kN/m3) 7 13.76 16 18.24 
sat (kN/m3) 7 15.91 18.5 21.09 
 (degree) 5 27 30 33 

H (m) 0.5 4.9 5 5.05 
h (m) 0.5 0.99 1 1.01 
D (m) 0.5 3.46 3.5 3.53 

S (m3/m) 5 0.0005 0.0006 0.0007 
 

4. Results 
Figure 3 shows the membership functions for 

overturning and flexural safety factors. As the crisp values 
imply, while the design parameters are assumed accurate, 
the wall is considered safe since the safety factors are greater 
than 1. Under this assumption, overturning and flexural 
safety factors equal 1.6 and 1.2, respectively. Increasing the 
possible uncertainty, i.e., reaching to =0, rises the 
uncertainty in the safety factors. The minimum possible 
value for overturning safety factor under the defined 
uncertainty values is 0.09. This means that in the highest 
possible uncertainty, the structure is in critical situation 
regarding this failure mode. However, the FSo may peak at 
4.3, which defines the overdesigned structure. At the same 
time, FSf with a reduction of 37% reaches to 0.75 and peaks 
at 2 that is a 66% escalation. 

 
Figure 3.  Fuzzy triangular membership function of the 
safety factors. 

 
5. Conclusion 

The presence of uncertainty in the design and 
construction process of sheet pile walls causes uncertainty 
in the safety factors of this widely used retaining structure. 
Therefore, it is necessary to investigate the effects of 
uncertainty on the stability of the structure. This study, using 
the fuzzy set theory, investigates the effects of uncertainty 
on the overturning and flexural safety factors of the sheet 
pile wall penetrated into the clay. Results indicate that a 
small variability in the input parameters causes large 
uncertainty in the safety factors. It can be concluded that 
ignoring uncertainty may result in an unsafe situation or 
overdesigned structure.   
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1. Introduction 
An average of 10 percent of the total metal output in the 

world is estimated to be lost in corrosion. This issue affects 
the economy of a nation and its assets; In this 
regard, corrosion is considered one of the most repetitive 
causes of failure in offshore pipelines. 

It is more than clear that failure caused by the impact of 
multiple defects is more probable to occur than a single 
defect. In this regard, some interaction rules have been 
developed for multiple defects, although the interaction of 
even two or more defects is still not well understood. 

This paper aims to investigate the effect of interaction 
between corrosion defects using numerical modeling. Finite 
element models of corroded pipelines are defined and 
validated against existing results, considering different 
shapes of defects and spacing between them. ABAQUS 
software has been used to perform numerical models of 
corroded pipelines and to determine the impact of the 
interaction between defects aligned in the longitudinal 
directions. 

 
1. Numerical Modeling 

Finite element analysis will investigate the assessment 
of corroded pipeline failure pressure and the interaction 
effect amongst corrosion defects. The finite element model 
is performed by ABAQUS software. 

 
1.1. Failure Criterion 

There are various types of failure criteria presented in the 
literature. However, in the present study, the failure criterion 
has been chosen in a stress-based manner where the 
maximum von-mises stress generated in the whole elements 
of a ligament in pipeline thickness exceeds the material 
ultimate tensile strength (718.2 Mpa)[1]. 

 
1.2. Parameters and Characteristics 

A parametric study was performed to study the 
parameters affecting the pipeline strength. The survey 
investigated the failure pressure of pipelines for different 
defects geometry and distances. All pipeline models were 
created in API 5l X80 steel with an inner radius of 386.4 
mm and a 20 mm thickness. The most influential parameters 
were defined to study the effect of interaction between 

defects aligned longitudinally on pipeline burst pressure, as 
shown in Table 1. 

 
Table 1. analyzed parameters 

Defect Length 
𝑑𝑑
𝑡𝑡  0.2, 0.4, 0.5, 0.6, 0.8 

Defect Width 
𝑤𝑤
𝑡𝑡  1, 1.5, 2 

Defect Depth 
𝑙𝑙
𝑡𝑡 2, 6, 10, 14, 18 

Longitudinal Spacing 
𝑆𝑆𝑙𝑙
√𝐷𝐷𝑡𝑡

 0, 0.5, 1, 2, 3, 3.5, 4 

 
1.3. Model Characteristics 

The finite element model has been created in ABAQUS 
version 2019. A 3d model was performed to estimate the 
failure pressure of a pipe damaged by two longitudinally 
aligned corrosion defects. The characteristics of the model 
are as below. 

 
1.3.1. Defect Model Geometry 

As shown in 
Figure 1, Defects have been modeled in a rectangular 

shape. However, the corners of the considered rectangular 
shape are rounded to avoid stress concentration. 

 

 
Figure 1.  Defect shape 

 
1.3.2. Material Properties 

The material used in FEM models is API 5L X80 which 
has been used in previous studies [2,3]. The material 
properties are illustrated in  

 
 
Table 2. The 𝜎𝜎𝑦𝑦 and 𝜎𝜎𝑢𝑢 refer to yield and true ultimate 

stress. 
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Table 2.material properties 

Material E(GPa) ν 𝜎𝜎𝑦𝑦(MPa) 𝜎𝜎𝑢𝑢(MPa) 
API 5L X80 200 0.3 534.1 718.2 

 

1.3.3. Boundary Conditions and Loads 
The model represents a quarter model of a pipeline with 

a half circle section on X-Y surface which has been extruded 
in the Z direction and is damaged by two longitudinally 
aligned defects. The edges in length are considered to be 
avoided to move in the X direction, and the freedom of the 
faces in pipe start and end point are only available on X-Y 
surface. The farthest point from the defects has been 
considered rigid. 

  

 
Figure 2.  Boundary conditions 

 

The pipeline tolerates internal pressure loads. The 
internal load starts at 0 MPa and increases until the failure 
criterion is reached, and the failure pressure will be found 
there. 

 

1.3.4. Mesh Element 
Models are meshed by C3D8R elements in ABAQUS 

software. A mesh sensitivity analysis has been performed to 
find the best element size and dimension ratio range. The 
defect and non-defect zone have been meshed by structure 
technic, and the transient zone is meshed by sweep technic, 
which has been illustrated in Figure 3 by the yellow color 

 
Figure 3. Mesh system 

 
1.4. Verification 

to verify the validity of the models, the results have been 
compared with an experimental test. A burst pressure 
experimental test for a corroded pipeline with two 
longitudinal defects has been performed by Benjamin et al. 
[4], and the present finite element model result has been 
compared. As illustrated in Table 3, the FEM results satisfy 

conformity with the experimental test results, and a 4% error 
is negligible. 

Table 3-Results verification 

𝑃𝑃𝑓𝑓based on an 
experimental test [4] 

𝑃𝑃𝑓𝑓based on the 
current FEM model 

Error 

20.3 MPa 19.6 MPa 4% 
 

2. FEM model results 
According to Table 1, 91 FEM models were performed 

to study the effect of corrosion defects interaction on the 
burst pressure in various defects geometries. The results are 
illustrated in Figure 4.  

 

 
Figure 4. Effect of longitudinal distance on failure pressure 

 

Obviously, the distance between the defects can 
significantly affect pipeline strength and decrease the burst 
pressure by up to 30%. Significantly in distances lower than 
√𝐷𝐷𝐷𝐷 and it can be concluded from the results that in distances 
more than3√𝐷𝐷𝐷𝐷, the interaction of defects can be neglected. 

 

3. Conclusion 
In this research, a finite element analysis was performed 

to study the effect of interaction between corrosion defects 
that are longitudinally aligned on the pipeline's overall 
strength against bursting. Therefore, 91 FEM models with 
various defects geometries were analyzed to find the burst 
pressure by increasing the internal pressure until the failure. 
The results illustrate that interaction between defects can 
decrease the strength of the pipeline up to 30% in the 
longitudinal distances lower than√𝐷𝐷𝐷𝐷. 

 

4. Reference 
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10.1016/j.advengsoft.2017.05.006. 
[4] A. C. Benjamin, J. L. F. Freire, R. D. Vieira, J. L. C. Diniz, and 
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1. Introduction 

From offshore to onshore, the pipeline is always the 
principal method to transport oil, gas, or even freshwater. 
Secondary pipelines are sometimes located near another one 
for economic or technical reasons. Two pipelines are either 
next to each other or stacked one on top of the other in a 
piggyback arrangement. By situating another body by a 
cylinder (in this case, a pipeline), the flow around it becomes 
more complicated than the single cylinder. Vortex-Induced 
Vibrations (VIVs) might be suppressed when distinctive 
configurations of the pipelines are arranged in piggyback. 
VIVs are the motions induced on bodies due to their 
interaction with external fluid flow leading to the generation 
of vortices which vibrates the pipeline with the frequency of 
the vortex shedding and causes fatigue and subsequently 
damage through the pipeline. There are many studies that 
have been conducted on a single-cylinder, but there are only 
a few that investigate the behavior of piggyback pipelines 
[1-3] or even the vibration in both In-Line (IL) and Cross-
Flow (CF) directions [4] due to current. 
 
2. Dimensional Analysis and Experimental 

Setup 
2.1. Dimensional Analysis 

There are three types of dimensionless parameters that 
can be applied in this study; 1) Flow parameters as Reynolds 
Number (Re=UD/ν), 2) structural parameters as the mass 
ratio (𝑚𝑚∗), which reads as:  
𝑚𝑚∗ = 4𝑚𝑚

𝜋𝜋𝜋𝜋𝑙𝑙(𝐷𝐷2+𝑑𝑑2)                                                                (1) 
damping ratio (𝜉𝜉), which is obtained from the free vibration 
tests on the cylinders, and the mass-damping ratio (𝛼𝛼) as 
follows: 
α = (m* + 1)ξ                                                              (2) 
and 3) the fluid-structure interaction parameter as Reduced 
Velocity (𝑉𝑉𝑟𝑟), which is defined as follows:  
𝑉𝑉𝑟𝑟 = 𝑈𝑈

𝐷𝐷𝑓𝑓𝑛𝑛
                                                                              (3) 

where 𝑈𝑈 is the flow velocity, 𝑓𝑓𝑛𝑛 is the natural frequency of 
the cylinder, m is the mass of the cylinder, 𝜌𝜌 and ν are the 
density, and kinetic viscosity of water, and 𝑙𝑙 is the effective 
length of the cylinder with diameters of D and d. 
 
 
 

2.2.  Experimental Setup 
In this research, in order to arrange the VIV setup and to 

study its response to a pair of cylinders in piggyback 
formation, the water flume at the Hydraulic Laboratory of 
the Sahand University of Technology is used. It is 10-meter 
long, 30 centimeters wide, and 50 centimeters in depth 
which can generate waves and currents up to 0.4 m/s with a 
maximum water depth of 30 centimeters without any 
turbulence.  The supporting frame and cylinders are made 
of Plexiglas, which is highly suitable for such 
investigations. Figure 1 shows the experimental setup 
arranged for this research inside the flume, which includes 
the springs that provide 2-DoF for the cylinders. The 
diameters of the piggyback cylinders (d) are 10, 20 and 30 
millimeters respectively, and the diameter of the main 
cylinder (D) is 30 millimeters. 
 

 
Figure 1. Details of the experimental setup for VIV 
 
The experiments are performed for 6 different reduced 

velocities in Weak Torsion Regime (WTR). The spacing 
parameter for the two cylinders is defined as G/D = 0.5, the 
gap ratio e/D = 0.5 (i.e. the gap between the bottom of the 
flume and the main cylinder) and also the diameter ratio    
d/D = 1/3, 2/3 and 1 and the values of the mass-damping 
ratio is defined in Table 1 in both directions.  
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Table 1. The values of the Mass-Damping ratio 

Mass-
Damping 

parameter 

Piggyback pipeline system 
(the main pipe with D = 0.03 m and 

the piggyback pipe) 

Single-
Pipe 

System 
d1 = 0.01 m d2 = 0.02 m d3 = 0.03 m D = 0.03m 

αx 0.188 0.181 0.172 0.183 
αy 0.21 0.20 0.192 0.205 
 

3. Results  
Several experiments were performed in the flume in 

order to evaluate the effect of different parameters on the 
behavior of the piggyback pipeline system. Figure 2 
illustrates the relative IL and CF amplitude of vibration of 
the main cylinder for different reduced velocities and mass-
damping ratios. It seems that as the diameter of the 
piggyback cylinder reduces, the relative amplitude of IL 
vibration decreases compared to the single cylinder. This is 
not the same for CF direction due to the interaction of two 
cylinders, particularly for the studied amount of gap and 
spacing ratios. When the 𝐴𝐴/𝐷𝐷 (dimensionless amplitude of 
vibration) reaches 0.15, it is denoted as the onset of the 
reduced velocity, which means it defines a point where vital 
vibrations of the pipes start here and can cause damage to 
the pipelines.  

 

 
Figure 2. The relative vibration amplitudes for the main 
pipe in (a) IL direction, (b) CF direction 

 

Figure 3 shows the relative CF vibration frequency of the 
main cylinder for different relative velocities and mass-
damping ratios. The value of IL and CF frequencies of 
vibration is the same.  
 

 
Figure 3. The relative vibration frequency for the main 
pipe in the CF direction 
 

It is observed that the synchronization or lock-in 
phenomenon has been influenced by the presence of a 
piggyback cylinder, especially as its diameter increases to 
the diameter of the main cylinder. This can also be due to 
the interaction of two cylinders, particularly for the studied 
amount of gap and spacing ratios. For higher reduced 
velocities, the cylinder tends to vibrate in a more regular 
manner close to the line of Strouhal (i.e. f/fn=0.19Vr). Both 
Figure 2 and 3 indicates that as the value of reduced velocity 
increases up to the initial stage of excitation, the amplitudes 
and the frequencies of the main pipe increase. The 
amplitude of vibration in the CF direction is dominant, as it 
is evident from Figure 2. 

 
4. Conclusions 

In this paper, the VIV behavior of two cylinders in a 
piggyback arrangement is studied, and it is shown that for 
low mass-damping ratios in the initial excitation regime, the 
suppression effect of the piggyback cylinder increases as the 
relative diameter decreases, particularly for IL relative 
amplitude of vibration comparative to the single cylinder. 
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1. Introduction 
In the offshore industry, metal pipelines are one of the 

initial systems for transportation and natural gas and oil 
production because of naivety, cost-effectiveness, and 
facility of installation that is used widely. Due to various 
functional and environmental dynamic loads, offshore 
metal pipelines tend to have fatigue problems [1]. 
Therefore, cracks happen in these systems due to the loads. 
Generally, in most cases, surface cracks are semi-elliptical 
shapes [2, 3]. Also, they may begin from corrosion holes or 
surface faults at weld toes or, based on material [4], 
become visible on either the interior or the exterior surface. 
So, surface crack is a vast hazard and a menace to the 
structural totality of metal pipes. This paper overviewed 
the numerical, experimental, and analytical viewpoints due 
to the surface crack. 

 
2. Review of the Investigation on the Surface 
Crack Increase in Metal Pipes  

In this part, the investigation advance of these scenarios 
is reviewed from a numerical, analytical, and experimental 
landscape. Figure 1 shows surface crack growth in various 
structures. 

 
Figure 1. Surface crack growth in various structures: (a) 
Cross-Section, (b) peripheral external surface cracks, (c) 
peripheral internal surface cracks, (d) longitudinal 
external surface cracks, (e) inclined surface cracks, and 
(f) longitudinal internal surface cracks. 

2.1. Experimental Investigation  
A dependable and significant method for understanding 

calibrating, mechanisms, and verifying related analytical 
and numerical techniques, is experimental research. In 
Table 1, some experimental research on surface cracked 
metal pipes under cyclic loads is listed. 

 
2.2. Estimating Surface Crack Growth in Metal 
Pipes by Analytical Techniques 

Although numerical analysis is a cost-effective 
assessment and precise technique, its usage has been 
limited. The analytical technique is an effective option. 
Table 2 lists some analytical methods for surface cracked 
pipes. 

 
Table 1. The accessible experimental research on a 
surface crack in metal pipes. 

(I=Beach Mark, II=Alternating Current Potential Difference) 
 

2.3. Estimating surface Crack development in 
Metal Pipes by numerical Simulation methods 

Because of the significant cost of the experimental 
research, numerical methods have been extensively  used to 
measure the fracture mechanics parameters of surface 
cracks. Table 3 shows some numerical studies on surface 
cracked metal pipes under cyclic loads. 

 
Table 2. Analytical techniques to appraise the Stress 
Intensity Factor of surface cracks in metal pipes. 

Method  Authors Standard 

Numerical 
analysis 
method 

Newman and Raju [8] BS 7910,  
DNVGL-RP-F108 

Mechab et al. [9] --- 

Weight 
function 
method 

Anderson [10] API 579-1/ASME 
FFS-1 

Fardaghaie et al. [11] --- 

Authors Scenarios  Detection 
Method Material 

Zhu et 
al. [5] 

Longitudinal internal 
and external surface 

cracks 
I AISI4340H II 

steel 

Yoo and 
Ando [6] 

Peripheral internal 
surface crack I STS370 carbon 

steel 
Singh et 

al. [7] 
Peripheral external 

surface crack II SA333 
seamless steel 
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3. Conclusion 
In this paper, the research on surface crack growth was 

reviewed from the numerical simulations, experimental 
research, and analytical assessment viewpoints. It is 
noticed that some extant challenges could be brief as:  
1- Investigation of crack growth near girth welds in metal 
pipes is a certain subject. 
2- Investigation of the effective parameters like the 
temperature, hydrogen enrichment, and their coupling on 
the surface crack increase in offshore metal pipes. 
3- Research and studied about blended-mode surface crack 
development in metal pipes from the analytical and 
experimental points of perspective. 
 
Table 3. The numerical simulations on surface crack 
growth in metal pipes. 

Scenarios Authors Simulation 
Method 

Longitudinal internal 
surface crack Sharma et al. [12] XFEM 

peripheral external 
surface crack Hwang et al. [13] FEM 

peripheral internal 
surface crack Sonkar et al. [14] XFEM 
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1. Introduction 
Marine pipelines have become a critical means for 
transporting oil and gas, and their usage has increased over 
the years due to the growth of offshore industries and 
operational depths. However, high temperature and pressure 
levels can lead to buckling in these pipelines. This study 
addresses the problem of upheaval buckling of marine 
pipelines by considering the interaction between the pipeline 
and the soil. An analytical solution for the differential 
equation of the equilibrium is obtained, and the buckling 
load of the pipeline is calculated by minimizing the potential 
energy of the model. The analysis takes into account various 
factors such as corrosion, temperature gradients along the 
pipeline, and the separation of the pipe from the soil. The 
study investigates the effects of seabed softness on upheaval 
buckling by utilizing different soil properties in the 
analytical models. Overall, the results provide insight into 
the behavior of marine pipelines under different conditions 
and can assist in the design and operation of these critical 
structures. 

2. Upheaval buckling analysis of pipeline 
using analytical method 

In previous studies, the pipeline model on a rigid bed has 
been widely used as the simplest model for analyzing the 
upheaval buckling of pipelines. However, the seabed is not 
rigid and can deform under the weight of the pipeline, leading 
to a more complex problem. To accurately model the seabed 
flexibility, the deformed configuration and vertical forces 
acting on the pipeline are shown in Figure 1. 

To simplify the problem, the symmetry of the solution is 
exploited, and only half of the model is considered for 
analytical solution. The deformed part of the pipeline is 
divided into two parts, with one part raised from the seabed 
and the other part sunk into the seabed. The equilibrium 
equation for each part is then written separately, taking into 
account the compatibility of deformations of the two parts. 
This approach allows for a more accurate analysis of the 
upheaval buckling problem and takes into account the 
interaction between the pipeline and the seabed. 

 
Figure 1.  Upheaval buckling of pipeline on soft seabed. [2] 

The differential equilibrium equations for parts 1 and 2 of 
the model are based on as follws: 

        1l x0 
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To analyze the deformation and buckling of the marine 
pipeline, the differential equilibrium equations for parts 1 
and 2 of the model were derived. These equations were 
based on the principle of virtual work and the assumption of 
small deformations. The equations take into account the 
bending, tension, and compression of the pipeline, as well as 
the resistance from the seabed soil. 
The resulting equations are complex and involve multiple 
variables, including the axial force, bending moment, shear 
force, and deflection of the pipeline. However, they are 
necessary for accurately describing the behavior of the 
pipeline under different loading and soil conditions. Through 
careful analysis and numerical methods, the equations can be 
solved to obtain a closed-form solution for the buckling load 
and deformation of the pipeline. 
Overall, the derivation of the differential equilibrium 
equations is a crucial step in accurately modeling and 
analyzing the behavior of marine pipelines. 
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The matrix coefficients are extracted by using MATLAB 
program as follows: 
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3. Total potential energy  
To determine the buckling load of the system, it is assumed 
that the displacement shape obtained in the previous 
section is equivalent to the buckling shape of the subsea 
pipeline on the seabed [2]. This assumption allows us to 
use the displacement shape of the pipeline instead of the 
buckling shape. The potential energy equation of the beam 
is used to determine the buckling load. The total potential 
energy is given by: 
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4. verification 
The validity of the analytical solution presented in this 

study has been verified through a comparison with 
previously published works [2]. The proposed model has 
been evaluated using various parameters, including the 
flexibility parameter (k) of the seabed soil, geometrical 
initial imperfection, a hypothetical force exerted on a 

section of the pipeline, and the thickness of the coating 
concrete. Figures 2 and 3 show selected examples of the 

results obtained from the verification process. The 
comparison demonstrates that the proposed analytical 

model provides reliable and accurate predictions for the 
buckling behavior of the subsea pipeline under a range of 
conditions. The verification of the model underscores its 
suitability for use in practical engineering applications.

 

 
Figure 2.  Temperature (T) –Axial Load (P)- Buckle 
amplitude (ymax )  for different soil flexibility 

 
Figure 3.  Temperature (T) –Axial Load (P) – Buckling 
length ( ) for different soil flexibility 
 
5. Conclusions 

This study focuses on the analytical solution of 
upheaval buckling of marine pipelines on different seabed 
flexibilities, and the establishment of relationships between 
buckling force, buckling length, and temperature. The 
behavior of several different pipe samples with varying 
specifications was analyzed using MATLAB, and graphs 
of deformation-temperature, deformation-buckle force, 
deformation-maximum bending moment, deformation-
compressive stress, and deformation-total potential energy 
were generated. 

The analytical equations governing the behavior of the 
pipelines were extracted for different scenarios, including 
the effect of imperfect geometry, from which the 
relationship between temperature, buckling force, and 
buckling length were determined. The analysis was 
conducted for both rigid and soft seabeds. It was found that 
the concrete coating was an effective factor in preventing 
upheaval buckling of the pipeline, and that it increased the 
pipeline's resistance to buckling under high initial 
imperfection values. 

The results showed that as the imperfection value 
increases, the temperature rise and buckling force 
significantly decrease, while the maximum bending 
moment increases. It was also noted that the deviation of 
the analytical solution depended on the imperfection value 
for the given soil conditions. 
Overall, the study presents a comprehensive analysis of 
upheaval buckling of marine pipelines, considering various 
factors that affect the behavior of the pipeline. The results 
provide valuable insights for the design and operation of 
subsea pipelines, particularly in deep-water environments 
where the effects of high temperature and pressure can be 
significant. 
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1. Introduction 
Standards for the design and evaluation of offshore 

structures consider the ultimate capacity of platforms as a 
design criterion. This method cannot meet all the needs of 
designers and operators of offshore platforms. For 
example, a quarter of the platforms in the path of 
Hurricane Ivan were severely damaged [1].  Designers of 
building structures introduced the design method based on 
performance in order to increase the reliability of the 
structure and control the amount of building damage due to 
earthquakes. This method allows designers to change the 
performance levels defined for the structure according to 
the type, conditions and degree of risk based on the uses of 
the building and consider the nonlinear behavior of the 
structure elements. In this research, using the performance-
based design method introduced in building structures, this 
method has been introduced in offshore structures and how 
to determine their performance point under the influence of 
waves . 
 
2. Identification Method 

There are three common ways to calculate a 
performance point: 
▪ Experimental coefficients: This method has been 

introduced in FEMA356 which predefines coefficients 
used, the values of which are presented based on 
experience for different conditions [2].  

▪ Capacity Spectrum: in the displacement spectrum-
acceleration spectrum coordinates, the spectral 
displacement of the performance point of the structure 
is determined by the ATC40 code [3]. 

▪ Method N2: It was proposed in 1980. The initial idea of 
this method is based on the Q model developed by 
Saeedi and Sezan [4]. In 1999, this method was 
formulated based on the acceleration-displacement 
format by Fajfar this Method [5]. This method is very 
similar to the capacity spectrum method however; it has 
higher accuracy. The main difference between these 
methods is that, in the ATC40 method, the linear 
demand spectrum is used, but in the N2 method, the 
nonlinear spectrum. In addition to the nonlinear 
analysis data of Structural elements is required for 
nonlinear force-displacement curves.  
 

3. Case Study 
Figure 1 shows the SPD19A jacket structure in Phase 

19 of South Pars has been studied as a case study because 
the concepts used are from the studies conducted in normal 
buildings, where the connection of the structural members 
is considered rigid and the foundation is placed on a rigid 
foundation. 

 

 
Figure 1. Pushover curve in the southeast direction 

The wave height of the project is based on 100-year 
storm limit conditions. Information about the wave height 
and its periodicity is provided for the directions studied in 
Table 1. 
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Table 1. Wave Height and Period 

Direction Wave height (meters) Wave period (seconds) 
South 11.6 10.8 

Southeast 10.8 10.4 
Southwest 8.8 9.5 

 
The spectrum used in this study is a JANSWAP 

spectrum by the wave height and period of the return 
period of 100 years. The spectrum is divided into 1/8 and 
used the obtained spectrum; the irregular wave is 
determined by the indefinite spectral amplitude method. 
An irregularly generated wave is a combination of 1,200 
regular waves. 

 
4. Result 

The lateral load pattern is intended for static 
incremental load analysis depending on the displacement 
pattern [6]. To convert elastic demand curves to inelastic 
curves, relations (1) and (2) are used. 
Sa= Sae

Rμ
     (1) 

Sd= μ
Rμ

Sa=
μ

Rμ

T2

4*π2 Sae=μ T2

4*π2 Sa  (2) 
 

The two parameters used in this formula are the 
reduction coefficient due to ductility Rµ and the ductility 
coefficient μ, Sae is the spectral elastic acceleration, Sd is 
the displacement of the target of one degree of freedom 
structure. 

 

 
Figure 2.  Pushover curve in the south direction. 

 
The capacity curves in the elastic part had the same 

slope and all three curves yielded at the same displacement 
limit, while figure 2 shows the base shear at the yield point 
was slightly different for each wave height. At this point, 
the structure's capacity curve has changed its slope and the 
load capacity decreases, but it still has the load capacity. 
The capacity curves have fluctuations in the plastic region, 
which can be due to member yielding or hardening due to 
the redistribution of the input force between the elements 
due to the formation of plastic joints in the elements. The 
results showed that the first point of yielding occurred in 

the vertical braces that were under the effect of 
compressive force. The reason for the difference in the 
curves was due to the difference in the loading pattern 
applied to the structure. 

 

 
Figure 3.  Demand spectrum and capacity spectrum in 
the south direction 

 

5. Conclusion 
The results show that with increasing wave height, the 

performance points of the structure increase, the 
intersection of the demand spectrums and the capacity 
spectrums in figure 3. The value of the demand spectrum 
for more critical conditions has a higher value, which 
increases the value of the operating point in the structure. 
The difference in the values obtained was due to changes 
in the amount of demand spectrum, and the value of the 
capacity spectrum for waves with different heights had the 
same patterns and a relatively equal value.  
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1. Introduction 
A ship can face many dangers during navigation in 

restricted waters e.g., approach channels. These dangers 
increase as the ship approaches the open sea to the port. 
While ravaging in limited waters, increasing traffic 
density, narrowing of the maneuver area, and existing 
shallow water as the ship approaches the port, are the most 
important factors in increasing the risk. These factors cause 
restrictions on ship maneuvers [1]. The fact that ships 
usually navigate in the port areas causes them to face these 
dangers frequently. If necessary, precautions are not taken, 
and marine accidents such as collision, contact, and 
grounding may occur. These accidents lead to human 
injuries and loss of life, economic losses, and 
environmental damages. The difficulties faced by a ship 
navigating in the port area vary depending on the ship's 
characteristics, the port's structure, environmental 
conditions, and the human factor [PIANC]1. The study, it 
was aimed to assess the waterway risks using the "William 
Fine” technique and the "SHEL" model to analyze 
navigational risks encountered by ships while navigating in 
the "Shahid Rajaee” (SR) Port Approach Channel. 

 
2. Research Model 

The analysis concerns maritime traffic in the S.R 
Approach channel and will be used following the formula 
which is the "William Fine" technique.  

   (1)                                                            
Where: R: is Risk Score, P, is Probability of Occurrence 
(Ranges; 1-10), E, is the extent of exposure (Ranges: 1-7), 
C, is Intensity of Consequence (Ranges; 1-10) [2].   In 
addition, the “SHEL” model will be used to identify 
waterway risks which consist of 4 components namely; 
Software, Hardware, Environment, and Liveware. These 
components are identified and listed in Table 1 for SR 
Approach Channel [3]. 
 
3.  Determining Hazards by Experts Review 

The designated experts must have maritime experience 
in terms of maritime safety and the application of risk 
analysis. Experts that continue their careers in different 
fields in the maritime industry contribute to making the 
correct evaluations. Six people possessing the license have 

 
1 . Permanent International Association of Navigation Congress (2014)., 

joined the studies. These experts have previously worked 
as oceangoing masters on different types of ships. Two of 
the experts that took part in the scenarios are pilots in the 
area, two of them are academicians at the maritime faculty, 
one of them is a simulator center coordinator at the 
maritime faculty and one of them is a training coordinator 
at a maritime firm. 
  
4. The Nature of Risks in Maritime Area 

The IMO2 defines the word risk as “the combination of 
the frequency and the severity of the consequence.” The 
ISO3, on the other hand, defines risk as the “combination 
of the probability of occurrence of harm and the severity of 
that harm”. When we look at the definitions of risk, it is 
understood that risk has two components. These 
components are stated as the "probability of occurrence of 
harm" and the "severity of harm". The word "harm" 
mentioned in the definitions is used to mean human injury, 
harm to health, or damage to the environment (ISO, 2018) 
[4]. 
 
5. Identifying SR Approach Channel Risks 

To identify the risks in the SR Approach channel 
literature study as well as experts’ reviews carried out. 
Following risks identified according to the "SHEL Model" 
mainly Software, Hardware, Environment, and Liveware, 
Risks are categorized in Table 1. 

 
6. Discussions 

Tables 2-1 and 2-2 show the expert reviews in four 
distinguished aspects according to the "SHEL" model             
(Actually Table 1 is divided into two Tables to ease the 
calculations). The Software and Hardware components are 
included in the Table 2-1, representing S1 to S8 for the 
Software component and H1 to H8 for the Hardware 
component. (see Table 2-1) 

 
 
 
 
 
 

 
2. International Maritime Organization -2013 
3 . International Organization for Standardization -2018 
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Table 1. Classified Risks in SR - “SHEL” model theory 
No Software 

(S) 
Hardware 

(H) 
Environment 

(E) 
Liveware 

(L) 
1 Port State 

Control (S1) 
Ship Conditions 

(H1) 
Navigational 

Condition (E1) 
Seafarer 

Training (L1) 
2 Flag State 

Control (S2) 
Ship Quality 

(H2) 
Visibility (E2) Seafarer Skill 

(L2) 
3 Pilotage 

(S3) 
Traffic 

Condition (H3) 
Wind and 
Wave (E3) 

Fatigue 
(L3) 

4 Management 
(S3) 

Ships draft (H4) Pollution (E4) Rest Hours 
(L4) 

5 Safety Policy 
(S5) 

Configuration 
(H5) 

Obstructions 
(E5) 

Psychology 
(L5) 

6 Effective 
Information 

(S6) 

Topography 
(H6) 

Dust and Fog 
(E6) 

Physical 
Fitness (L6) 

7 Hydrography 
(S7) 

Cargo (H7) Shallow Water 
(E7) 

Ergonomy 
(L7) 

8 Marine Charts 
(S8) 

Machinery (H8) Tide and 
Current (E8) 

Competency 
(L8) 

 

Table 2-1.  Applying the "William Fine" Technique and 
“SHEL” Model 

S P E C R ALL H P E C R ALL 
S1 7 2 7 98  A H1 9 2 8 144   A 
S2 7 3 6 126 A H2 8 2 8 128 A 
S3 9 5 8 360 H H3 7 1 7 49 N 
S4 9 2 9 162 A H4 8 1 7 56 N 
S5 8 3 8 192 A H5 7 2 4 56 N 
S6 9 2 8 216 H H6 6 1 7 42 N 
S7 8 1 8 64 N H7 6 2 5 60 N 
S8 7 1 9 63 N H8 9 1 7 63 N 

 
The Environment and liveware components are 

included in the Table 2-2, representing E1 to E8 for the 
Environment component and L1 to L8 for the Liveware 
component (see Table 2-2). 

 
Table 2-2.  Applying the "William Fine" Technique and 
“SHEL” Model 

E P E C R ALL L P E C R ALL 
E1 8 2 7 112 A L1 10 3 9 270 H 
E2 6 2 5 60 N L2 9 3 9 243 H 
E3 8 2 7 112 A L3 8 2 6 96 A 
E4 6 1 6 36 N L4 8 2 7 112 A 
E5 8 2 5 80 N L5 7 4 7 196 A 
E6 7 2 6 84 N L6 8 3 6 144 A 
E7 8 3 6 144 A L7 7 1 6 42 N 
E8 7 1 7 49 N L8 9 1 8 72 N 

 
In Tables 2-1 and 2-2, P= Probability, E= Extent of 

explore, C= Intensity of Consequences, R= Risk Score and 
RL= Risk Level. The acceptable range of risk levels 
according to the "William Fine" technique is shown in 
Table 3. 
 

Table 3. “William Fine” estimated risk score 

Rank Measures Risk 
Level 

200> Urgent reform is needed to control risk and it 
needs to stop the under-consideration activity High 

90-199 Emergency conditions or necessary measures 
must be undertaken as soon as possible Abnormal 

89< The potential risk factor is under control and 
consideration Normal 

7. Classified Risks 
We identified 32 hazards (in 4 groups) associated with 

Software (n= 8), Hardware (n= 8), Environment (n= 8) and 
Liveware (n= 8). The highest rate of risks identified in 
Software and Liveware components (S3=360 and S6=216)  
To score each item equation (1) is used.  
 
8. Conclusions  

According to the results (see Tables 2-1 and 2-2), the 
most and greatest important risks are existing in the 
Software component of the "SHEL" model in the SR 
approach channel. The major risk of the channel is related 
to pilotage (S3). Consequently, corrective actions 
according to Table 3 are required to mitigate the high risks, 
[5]. 

 
9. Result 

Risk score for sub-components e.g., S3 (Pilotage) is 
360, S6 (Provision of Effective Information) is 216, L1 
(Seafarer Training) is 270, and L2 (Seafarer Skill) is 243 
(see Table 3). However, Urgent reform is needed to control 
risks. Effective and continuous pilot training as well as 
seafarer training should be maintained by marine 
administrators and port authorities.  
Sub-components e.g., S1, S2, S4 (Software), H1, H2 
(Hardware), E1, E3, E7 (Environment’s) L3, L4, L5, and L6 
(Liveware) are considered abnormal risks. Hence 
necessary measures must be undertaken as soon as possible 
to mitigate the risks (see Table 3). 
Sub-components e.g., S7, S8 (Software’s), H3, H4, H5, H6, 
H7, H8 (Hardware’s), E2, E4, E5, E6, E8 (Environment’s) L7 
and L8 (Liveware’s) are considered normal. Accordingly, 
Potential risk factor is under control and consideration (see 
Table 3). 
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1. Introduction 

Computer science innovations play an important role in 
everyday life because they change and enrich human 
interactions, communication, and social transactions. From 
the perspective of end users, three main waves of 
technological innovation have been recorded around the 
introduction of personal computers, the Internet, and 
mobile devices, respectively. Currently, the fourth wave of 
computational innovation is expanding around spatial and 
immersive technologies such as virtual reality (VR) and 
augmented reality (AR) [1]. This wave is expected to form 
the next pervasive computing paradigm that has the 
potential to transform (online) education, business, remote 
work, and entertainment. This is the new paradigm of the 
metaverse. In other words, the metaverse is a post-reality 
world, a permanent and stable multi-user environment that 
merges physical reality with digital virtuality. Regarding 
online distance education, Metaverse has the potential to 
overcome the basic limitations of two-dimensional 
webbased e-learning tools [2]. Metaverse, as a new media, 
can enable the presence of people in the 3D virtual world 
through interface tools. Because this technology will 
provide unique communication possibilities that were not 
possible for humans before, it can be imagined that the 
emergence of this media will create tremendous changes in 
all human relations in societies [3]. Regular breakdown of 
structure and machinery in ship operations may cause 
dangerous accidents. These losses can endanger the crew, 
and passengers inside the ship, pose a threat to the 
environment and damage the ship itself or the property of a 
third party. Any of these events may cause business 
performance instability, reputation, and loss of revenue. In 
addition, with the introduction and construction of a large 
number of new ships, it has become more difficult to 
monitor and inspect them by regulatory bodies and 
classification institutions to achieve optimal inspection 
results and eliminate risks due to high risk and 
classification. Metaverse is looking to rebuild the world, so 
the shipping industry is also affected by this rebuilding. 
The maritime transport industry is one of the most 
important fields of society's economy. Therefore, it 
requires strict technical and safety control and inspection; 
Also, due to the vast scope of Metaverse, we lack a clear 
understanding of how they work, why they are needed, the 
possibility of implementation in a specic organization, and 

their capabilities due to their new component. To deal 
deeply with these problems, we are looking to evaluate and 
rank the factors affecting the implementation of Metaverse 
in the port state control department of Hormozgan 
province. 

 
2. Method 

The current research is applied in terms of its purpose 
and is classified as descriptive-survey research that is 
based on determining the relationship between variables. 
Since the present research seeks to evaluate and rank the 
factors affecting the success of Metaverse implementation, 
it is descriptive. In this research, a survey method was used 
to collect data, and because the results of the research can 
be a guide for the successful implementation of Metaverse 
in the control department of the port state, especially in 
Hormozgan province, therefore, based on the purpose, it is 
classified as applied research. The statistical population of 
this research is all employees of the technical control and 
inspection department of ships in Hormozgan province. 
Using the stratified random sampling method, 30 people 
were selected as the available sample for the research. 
After collecting the questionnaires, the data were coded 
and then entered into Spss25 software. Descriptive and 
inferential statistics were used to analyze the data. 

 
3. Findings 

Figures 1, 2, 3 present the demographic characteristics 
of the sample. According to the results, 63.3% of people 
are over 40 years old and 83.3% of people have a master's 
degree, also 66.7% of them have more than 10 years of 
service experience. 

 

 
Figure 1. Demographic characteristics based on age 
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EVALUATION AND RANKING OF FACTORS AFFECTING THE IMPLEMENTATION OF METAVERSE 
IN THE PORT STATE CONTROL DEPARTMENT OF HORMOZGAN PROVINCE
Vahid Shah Moradi



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

240
 

Table 1. The minimum, maximum, average and standard 
deviation values of factors affecting the implementation 
of Metaverse in the port state control department of 
Hormozgan province. 

Minimum Maximum Average standard 
deviation 

Statistics Variable 

1 5 3.1 1.24 Feasibility of 
implementation 

2 5 3.3 0.83 Social influence 
1 5 2.63 1.18 Participation and 

profit 
1 5 3.13 1.19 Maintain security 
1 5 3.16 1.36 Impact on the 

performance of 
inspectors 

1 5 3.3 1.31 Remote vision 
1 5 3.23 1.43 Activity at any 

time and place 
1 5 3.36 1.32 Hardware and 

software 
limitations 

1 5 3.46 1.25 feelings 
1 5 2.9 1.21 Various 

unexpected 
situations 

 
As in the table above, it can be seen that the average 

factors affecting the implementation of Metaverse in the 
port state control department of Hormozgan province are 
emotions 3.46, hardware and software limitations 3.36, 
social influence, and remote viewing 3.30. have been. In 
addition, the impact on inspectors' performance is 3.16, 
maintaining security is 3.13, and the feasibility of 
implementation is 3.10. It should be kept in mind that the 
most important factor from the point of view of the 
inspectors is the factor of emotions. They stated that 
emotions can be seen as a factor in the metaverse's entry 
into the inspection of ships.  

As seen in table (4-6), the value of KMO is 0.88, which 
is above 0.7, and the value of Chi-square (X2) is 222.519. 
Considering that the significance level of Bartlett's test is 
less than 0.05 (P ≤ 0.05), it can be said that the sample size 
of the present study is sufficient. 

Table (3) is related to the ranking of factors affecting 
the implementation of Metaverse in the port state control 
department of Hormozgan province based on Friedman's 
test. Considering that the chi-square value (27.640) with 
the degree of freedom (9) is significant at the 0.05 level, it 
can be said that there is a significant difference between 
the factors affecting the implementation of Metaverse in 
the port state control department in terms of ranking. 
Based on the results obtained, according to the inspectors, 
among the effective factors are hardware and software 
limitations, feelings, activity at any time and place, remote 
viewing, social in+uence, impact on inspectors' 
performance, implementation feasibility, maintaining 
security, various unexpected situations, and participation 
and profit have the greatest impact on the success of 
Metaverse implementation. 

 

4. Discussion and conclusion 
The purpose of the current research was to evaluate and 

rank the factors affecting the implementation of Metaverse 
in the port state control department of Hormozgan 
province. The results indicated that there is a significant 
difference in the ranking of factors affecting the 
implementation of Metavari in the control and inspection 
department of ships in Hormozgan province. According to 
the inspectors, the biggest impact was related to software 
and hardware limitations. Because so far no research has 
investigated the factors affecting the implementation of 
Metaverse in the port state control department, therefore 
the current research has no background and is presented as 
new research. Ship safety inspection has many challenges, 
among them, fatigue and lack of energy, lack of skilled 
manpower, and waste of time and money can be 
mentioned. However, the arrival of the Metaverse can 
diminish these challenges to some extent. However, the 
entry of Metaverse in the inspection of ships has hardware 
and software limitations and its entry can only be 
considered as an emotional factor by the inspectors. Also, 
Metaverse creates activity at any time and place and 
remote safety review, but despite the existence of effects 
on the performance of inspectors, it can be pointed out that 
there is a lack of work. Of course, Metaverse causes errors 
in the inspection. It is possible to implement Metaverse in 
the ship inspection department, however, it requires 
maintaining safety and software and hardware 
infrastructure. According to the inspectors, the 
performance of Metaverse in unexpected situations is 
weak, and in this way, it is not possible to guarantee the 
security of the technical inspection and safety. The entry of 
Metaverse will lead to the creation of participation and 
profitability in the inspection department. According to 
what was said, the inspection and safety department of 
ships must upgrade its technical and technological 
infrastructure before the arrival of Metaverse. He has also 
trained special forces to work in Metaverse. They should 
take necessary measures to maintain security in Metaverse. 
They should keep in mind that the sudden entry of 
Metaverse in this sector has challenges that need attention. 
Among the main limitations of the current research was the 
lack of sufficient information regarding Metaverse in the 
shipping industry and other organizations. 
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1. Introduction 
Examine a plan to prevent collision between the ships 

and reduce sea pollution and cost. According to the 
research conducted and statistics, most collision the ships 
occurs by fatigue, lacking of knowledge, or the use of the 
psychotropic substance by the officer of the watch (OOW). 

By checking the information 22.1% of maritime 
accidents are collisions and 6% of its related to tanker 
ships, 65% of these collisions occur by fatigue 20% lack of 
knowledge, and 15% by use of psychotropic substances 
[1]. On January 6, 2018, SANCHI oil tanker accident to a 
vessel, that ship carried 135,000 tons of oil, about 1 
million barrels. This accident caused 20 kilometers from 
the sea to be sullied. 

In 2021 Xinxiang gan researched the development and 
integration of key technologies of ship radar [2]. This 
research only uses 2 aspects of the ship's hull, and by 
connecting the Automatic identification system (AIS) and 
Electronic chart display and information systems (ECDIS) 
it brought a two-dimensional view, which is not enough to 
prevent the collision and inform the OOW. In this system 
by connecting the Global positioning system (GPS) and 
RADAR also ECDIS and AIS and one screen take a three-
dimensional view. This system can work as an OOW and 
make Automatic watchkeeping. By use of 4 cameras, this 
system gives us a 360° view and the AIS information of 
other ship take and show the accurate position of another 
vessel. 

This system helps the OOW when watchkeeping at 
night or in foggy weather and reduces collision caused by 
fatigue or lack of knowledge, preserve the health of the 
seas, and doesn't let shipping companies have to pay 
financial damages. 

 
2. Study Area 

The Strait of Hormuz is one of the busiest shipping 
routes, which in recent decades, with the development of 
ports in neighboring countries, especially oil-rich 
countries, has caused heavy traffic of ships and oil and gas 
vessels. The sea of the Persian Gulf is full of various 
species of fish that provide food for the people of this 
region and is 93 meters deep. 

 
3. Method  

This method is done for the first time. As Shown in 
Figure 1, 4 watchkeepers who have enough skills are 

placed in 4 parts of the command bridge of the ship, and 
the OOW is located in the command bridge with a Walkie-
talkie. The watchkeeper informs the officer of the position 
of the ships in the vicinity by using binoculars, and at night 
they inform the officer of their position by seeing the 
navigation lights of other ships. Now the officer knows 
about all the ships in the vicinity. Then, instead of the 
watchkeeper, 4 cameras that are able to see at night are 
also installed, which are connected to the device through 
the software.  AIS all information that   includes position, 
course and the speed of the ship sent through the antenna is 
installed on two ships that have the ability to send and 
receive signals, an antenna is connected to the AIS system 
The electronic signals are sent from and returned from the 
other ship, and the signal information that includes the 
ship's position is combined with GPS information, through 
the software that is similar to head-up in aircraft. As shown 
in Figure 2, The ship's close point to approach is checked 
by RADAR, and then if the ship is safe, a green box is 
placed next to it, and if it is unsafe, the box turns red, and 
the officer can take the necessary measures to prevent 
collisions and all maritime regulations will be updated 
soon and This system is located as a guide to help the 
officer. 
 

 
                               Figure 1. Ship bridge 
 

 
Figure 2. Use of the augmented reality 
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This device consists of a radio transmitter and receiver 
system that sends analog information over radio waves and 
a receiver that receives analog data and displays it 
digitally. Which sends the waves through the air, however, 
the information sent is noisy, which may result in loss of 
information. The system generally says that the network 
also uses a signal amplifier to keep the signal at distant 
distances and to send a channel. To send the signal they 
have been modulated or so-called on the waves of the 
carrier, respectively, by the sender of this device A 
flattener is used to separate the frequency, which is made 
up of two filters that separate the sending and receiving 
frequencies, or it can be made with a Transmitter The 
witch combines the communication between the sending 
and receiving frequencies. The area is then used after a 
filter remover. Image filtering can be used without direct 
image correction. The next step is to have an envious 
amplifier send the signal. The amplifier pushed the 
waveform to a lower frequency. After filtering out, it was 
an I / O amplifier and an emulator that gave me a signal 
that I received signal that I wanted to receive. On the 
opposite side of my signal, I entered the modulator, which 
then is a filter and an induction machine emulator and a 
mixer, and then a filter because a series of frequencies that 
have been erroneously erased are deleted. Next, the driver 
boosters the and the other. The other capacitors are used to 
set the frequency. The transistor that is used to amplify the 
signal is the resistance of 100 Kilograms and a mega. The 
next is a diod circuit that transforms the signal we make to 
digital zero and one and is transmitted by our sender, and 
on the other, there is the same transmitter and receiver 
system. The receiver receives the signal and breaks the 
code and identifies the zero-wake code, which contains all 
the information about the ship, and the scale It shows us on 
the monitor screen what side of the code it was sent to us. 
In fact, this code, like a session, indicates that it has a 
precise position signal due to its fast download speed. In 
the vicinity of the ship, the camera. These cameras display 
the space around the ship and when it receives a one-way 
signal from the float to the right of the ship, our camera is 
connected to the transmitter and displays on the monitor 
three-dimensionally accurate floating point. Through the 
program Digitally coded computer that separates the signal 
from the signal code to the code, for example, every code 
received if the space was close to the floating red, and if it 
was far away, it would be green if the angle was safe for 
us, with green and if not red. 

 
4. Result  

The conclusions show that during the research, by 
using this system, we can reduce about 70% to 80% of the 
collisions between ships that are caused by fatigue or drugs 
and lack of knowledge in the field of navigation. The 
research showed that if this system is used on ships, the 
watch officer has a lot of information about the ships 
around him, and the AIS system has worked better because 
it gives the watch officer a 360-degree view, and as a 
result, he can act quickly to prevent collisions. Research 

can also reduce collisions by developing this system on gas 
and oil ships, which greatly reduces pollution in or by this 
type of ship. At the time the guard was on the bridge of the 
ship, the ship was in one position. We collided with 
another ship that was far away and caused the warning 
system to operate on time with all the maritime laws that 
were given to it in the form of software and to notify the 
officer. By testing this method in stormy and foggy 
weather that he saw. There is a shortage of watchkeeper 
officers. This system worked well and determined the 
position of the vessels. By installing this system, the work 
efficiency of the watchkeeper officer increased and the 
result showed that pollution of the seas shown in Figure [3] 
can be prevented to a great extent The AR system helps the 
watch officer to see all the information needed to steer the 
ship at once, so there is no need to check multiple devices 
at the same time. For example, if a ship is going down at 
an angle of 180 degrees. And if we are moving upwards 
with a 360 angle and are in the position of collision from 
the front, the guard officer is informed by the augmented 
reality program and prevents the collision. so we wish can 
reduce   pollution. 

 

 
Figure 3. Ship pollution 
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1. Background 

Despite the development and advancement of a variety 
of technology to facilitate spatial awareness and decision-
making in the marine sector, maritime accidents continue 
to happen [1]. There is an inherent complexity associated 
with advancement and new technologies, exacerbating a 
new and unjustified burden on navigators. This burden is 
one of the factors contributing to increased navigational 
risk. Furthermore, there is a widespread consensus in the 
shipping industry that close to 80% of accidents are caused 
by human error [2]. Due to navigational errors caused by 
human error, it is likely that the overarching system that 
ships and land users acquire to navigate and control 
themselves could fail. 

A compelling need has been expressed by the 
International Maritime Organization in 2006 at the 81st 
session of the Maritime Safety Committee, as a response to 
these concerns. Providing modern, proven tools that are 
optimized for good decision making for shipboard users 
and those ashore responsible for shipping safety is a key 
component of maritime navigation and communication. As 
a result, the overall goal is to improve navigation safety 
and reduce errors [3]. The future development of marine 
navigation systems may be hindered if current 
technological advancements are not coordinated properly, 
leading to incompatibility between vessels, lack of 
standardization on board and ashore, as well as an 
excessive level of complexity on board and ashore [3]. 

IMO's Secretary General advised that the mariner's role 
should not be reduced to that of a mere "monitor" and 
encouraged the Committee to incorporate the Human 
Element and all its shortcomings into the development of 
e-navigation [4]. Consequently, e-navigation is designed as 
a user-driven concept rather than a technology-based 
solution to ensure safe navigation. 

 
2. E-Navigation Concept 

Above-mentioned activities resulted in the development 
of the e-navigation concept by IMO, which is currently the 
controller, owner, and governor of the concept. Even so, 
this organization encouraged all interested parties to 
participate in the development process of e-navigation 
taking into account all international stakeholders. 

2.1. Definition 
E-navigation is defined as follows to meet the needs of 
present and future users [3]. The definition is clearly stated 
in [1]. 

"E-navigation is the harmonized collection, integration, 
exchange, presentation and analysis of marine information 
on board and ashore by electronic means to enhance berth 
to berth navigation and related services for safety and 
security at sea and protection of the marine environment."  

 

 The harmonized collection, integration, 
exchange, presentation and analysis of 
marine information on board and ashore     

 The harmonized collection, integration, 
exchange, presentation and analysis of 
marine information on board and ashore     

 The harmonized collection, integration, 
exchange, presentation and analysis of marine 
information on board and ashore     

 The harmonized 
collection, integration, 
exchange, presentation and 
analysis of marine 
information on board and 
ashore     Different Stakeholders

 
Figure 1.  Important Elements in E-navigation 

 
As shown in Figure 1, the definition of e-navigation 

specifies that it consists of three important elements. The 
first is the ship system and users, second is shore-based 
users and systems, and third is a link to facilitate the 
transfer of data and information between all users. 

 
2.2. Implementation Plan 

Implementation of e-navigation requires several 
important steps. First, the maritime sector's users must be 
identified. Their needs must be addressed. Secondly, the 
existing situation must be analyzed to ensure that rapid and 
realistic implementation occurs. Following the design of 
the system architecture, a gap analysis is conducted in 
order to determine which action is required at the moment 
in order to minimize costs and maximize efficiency. The 
implementation process follows. In order to summarize 
each round of implementation circle, the lessons learned 
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must be studied to make plans for the next round and to 
ensure maximum productivity. As technology and user 
needs evolve, e-navigation will evolve as well. As a result, 
the implementation process is a series of repeated 
operations, rather than a single-time deployment. 
Additionally, the issue of expandability must be considered 
when designing systems and related services. 

 
3. Implementation Impact of E-Navigation 

As it is clear from the definition, e-navigation is 
determined to bring integration and standardization to the 
navigation in the sea at each level of navigating. This 
includes the collection, exchange, presentation and 
analysis of marine information.  

To achieve its core objectives, e-navigation utilizes a 
variety of services. A variety of data sources are utilized to 
collect data, including AIS, LRIT, weather forecasts, and 
others. Exchange of data falls under the scope of data 
transfer services. It is the goal of data transfer services to 
make sure that communication is seamless with the 
existing infrastructure as well as to suggest a new one 
based on emerging technology and user specific needs [5]. 
The presentation of information falls under the 
responsibility of gateway services that regulate users' 
access to information. The analysis of marine information 
falls under the responsibility of services referred to as 
added value services. A number of programming and data 
science capabilities are utilized in order to provide users 
with insight derived from the application of complex 
mathematical techniques. All services in e-navigation 
concept should be harmonized and coordinated in order to 
enhance navigation from birth to birth, which will 
ultimately result in an increase in safety and security as 
well as a better preservation of the marine environment as 
a whole. 

 
4. Architecture 

In order to achieve its promised goal, any technical 
system must have an explicit or implicit architecture [6]. 
To the maximum extent possible, the architecture should 
include all the core elements of marine navigation as well 
as services designed to facilitate their interaction. The 
overarching architecture of the e-navigation concept is 
shown in Figure 2. There is no doubt that communication 
between the ship and shore navigation teams is at the heart 
of e-navigation, that a wide range of inputs can be applied 
to such a system, but that there are two very clear results; 
safer navigation and improved operational efficiency [7].  

As a result of the IMO's encouragement that 
coordinating bodies build on the aforementioned 
architecture, IALA developed a shore-based architecture in 
order to demonstrate the ideal structure of shore-side 
systems. In [6] all the core elements and set of services 
previously discussed in chapter 3 are carefully addressed in 
this detailed architecture, thereby enabling system 
engineers to develop the architecture locally to address the 
needs of their users. The presence of e-navigation services 
at the shore, as indicated in the red portion of Figure 2, 

makes maintenance and development considerably cheaper 
and simpler.  

 
5. Conclusion and Future Trends 

E-navigation refers to a broad concept that seeks to 
improve navigation safety, security, and environmental 
protection through the harmonized collection, integration, 
exchange, presentation, and analysis of maritime 
information onboard and ashore. 

 

Figure 2. E-navigation overarching architecture [6] 
 
In order to support this objective, it is anticipated that e-

navigation will evolve and adapt over a long period of time 
as information, technologies, political and commercial 
objectives, and tasks change. In spite of these changes, the 
need for safe and efficient seaborne transport continues to 
increase as the maritime industry develops. E-navigation 
will thus be able to attract even more attention in the 
coming years. 
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1. Introduction 

One of the aims of the MARPOL Convention is 
preventing marine pollution caused by treated or 
untreated sewage of the ships. To attaining this aim, IMO 
set several standards in relation to annex IV of MARPOL 
convention [1] to control and monitor the quality of 
effluent that are discharging from the ships sewage 
treatment plants. Indeed, these standards determine some 
allowance limitations for harmful substances factors of 
effluents which must be controlled by the ships flag 
states. In this paper we examined the effluent of 50 
different ships in BIK port and compliance of them by 
convention standard requirements. 
  
2. Standards for Effluent of Ships Sewage 

Treatment Plant 
 The MARPOL Annex IV which aims to control 

pollution caused by discharge of sewage and effluent into 
the sea from ships, has set standards through the Marine 
Environment Protection Committee (MEPC) of the 
International Maritime Organization to standardize the 
effluent of the sewage treatment plant and has also 
improved these standards by changing the allowance 
limitation of these pollution factors, which are mentioned 
in the table below. 

 
Table 1. Effluent contaminants standards 

 Coliform TSS BOD COD 

MEPC.2(VI) [2] 200 100 50 - 

MEPC.159 (55)[3] 100 35 25 125 

MEPC.227 (64) 100 35 
Qi/Qe 

25 
Qi/Qe 

125 
Qi/Qe 

 
3. Effluent Analysis  
   This experimental study was conducted to explore 
effectiveness of the sewage treatment plants installed on 
board ships by sampling from effluent of the sewage 
treatment plant of fifty different ships and sending the 
samples to the laboratory for evaluating the harmful 
factors. In the following paragraphs, laboratory results 
and related diagrams are mentioned separately, also, 
compared to the standards of relative MEPC. 

  
4. Total Coliforms 

According to resolution MEPC.2 (VI) the acceptable 
quantity of thermotolerant coliforms is 250 mpn/100 ml, 
and this factor was decreased to 100 mpn/100 ml in 
resolution MEPC.159 (55). By measuring the quantity of 
thermotolerant coliforms in 50 samples, it was realized 
that 14 samples were out of allowance range in 
comparison to MEPC.2 (VI). 

 

 
Figure 1. Samples coliform rate 

 
5. Total Suspended Solids 

The second crucial factor of effluents that was 
evaluated by the laboratory was TSS. According to 
MEPC.2 (VI) the acceptable quantity of this factor is 100 
but, as per laboratory results which is shown in figure 2 
only 4 samples complied with standard requirement. 

 

 
Figure 2. Samples TSS rate 

 

6. Biochemical Oxygen Demand (BOD)  
 The third important examined factor was BOD that 

as shown in figure 3. Only 2 of the 50 samples complied 
with allowance limitation that is 25 and other 48 samples 
were out of the standard range, which points 
ineffectiveness of sewage treatment plants for reducing 
the BOD of effluents. 
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Figure 3. Samples BOD rates 

 
7. Chemical Oxygen Demand (COD)  
    And finally the last important measured factor was 
COD that as per MEPC.159 (55) must be less than 125 
but as shown in figure 4 by measuring the quantity of 
COD of all samples, it was determined that only three 
samples complied with resolution requirements, and 
others were far out of range. 
 

 
Figure 4. Samples COD rates 

 
8. Results and suggestions  

Based on this investigation on the performance of 
sewage treatment plants, the following items were 
identified as major causes of system malfunctioning: 
1. Insufficient performance of periodical maintenance of 
system by the crew, because it is an unpleasant job; 
2. Lack of familiarity of crew with the system; 
3. Ineffectiveness of approval procedure requirements in 
the long run, because classification societies are merely 
required to test the system before its installation on board 
ships; 
4. Absence of measuring equipment on effluent 
discharging pipe. 

In order to address above elaborated issues, the following 
solutions can be taken into consideration:  
.1 Since classification societies, renew the certificate 
every 5 years without testing the effluent, it is 
recommended that analysis of the effluent sample 
becomes compulsory on every annual survey. 
.2 because of vitality of aeration system of the sewage 
treatment plant, it is recommended to set visual and 
audible alarms for malfunctioning of the aeration system 
to instigate awareness of engine crew.  
.3 Whereas turbidity of effluent is an important factor for 
discovering system malfunction, it is recommended that a 
transparent tube be provided at the discharging pipe of 
the system, enabling the crew to monitor the performance 
of the treatment plant. 
4 since disinfection materials, such as tablets and 
solutions, are used in sewage treatment plants for 
disinfecting the effluent, it is recommended to provide 
visual and audible alarms for these materials containers 
when they are empty and need to be recharged for 
awareness of the crew.  
.5 It is further recommended to provide a sewage 
treatment logbook for the engine crew to fill out the 
routine maintenances, charging of disinfection materials, 
and their observation about turbidity of effluent, 
discharging quantity and position and other important 
issues.   
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1. Introduction 
In arid area, due to the scarcity of fresh water 

resources, human beings have turned to use other available 
water sources, including desalination of seawater [1]. Iran 
with long coastline in the north and south has a great 
capacity for the construction of desalination plants to 
produce fresh water for industrial, agricultural and 
drinking purposes. The sewage of desalination process is 
toxic brine and/or high temperature effluents which can 
destroy coastal and marine ecosystems. Therefore, it is 
important to understand and monitor the impact of the 
rapidly growing number of desalination plants on the 
environment. The study of effluent dispersion and accurate 
determination of salinity concentration in the ambient 
water is of particular importance [2].  

Chabahar Bay located at the North West of Gulf of 
Oman (Fig. 1) with high coastline population concentration 
has a strategic contribution in the regional economy 
development. Some desalination plants are operating now 
and construction of many are under study. Study on the 
self-purification capacity of Chabahar bay to eliminate 
desalination brine discharge effects on the marine 
environment is essential for site selection and capacity 
identification of new desalination plants. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Chabahar bay at Gulf of Oman 

 

In this study, by coupling CORMIX and MIKE3D 
software, the near and far fields dispersion of the brine 
plume in the marine environment of Chabahar bay is 
simulated in numerical manner. Near-field dilutions are 
simulated using a buoyant jet model incorporated in 
CORMIX, whereas far-field dilutions are estimated using a 
three-dimensional numerical model of MIKE3D. The 
models proved that realistically predict the distribution of 
the effluent plume in marine environment [3].  The outlet 
flow velocity which intensified by diffusers and tidal 
current are two agents for the saline plume diffusion and 
dispersion.  The outfall of Konarak desalination plant is 
firstly assessed from the perspective of compliance with 
the environmental regulations. The method of improving 
the existing conditions by transferring the discharge to 
deeper water far from the coast is introduced. Then, by 
increasing the effluent discharge in the deep parts of the 
bay and adding more outlets, the amount of self-
purification capacity of Chabahar bay in term of brine 
discharge of the desalination plants is investigated.  
 
2. Dispersion of Konarak Desalination Plant 

Outfall 
The numerical simulation of the current situation of 

Konarak desalination plant outfall discharge, which is 
directly released at the coastline, indicates that the 
environmental standards of Iran, in which the salinity at 
the radius of 200 meters from the source is limited to 
maximum 10% increase more than the ambient water, is 
not met. The plum is accumulated in the coast with the 
potential of serious damage to the coastal ecosystem. The 
results show that by draining the discharge by pipe 300 m 
far from the coastline at the depth of 1.3 meters  (according 
to MSL), the environmental standards are met.  

 
3. Self-purification Capacity of Chabahar Bay  

The Chabahar Gulf self-purification capacity under the 
effect of a point source has also been investigated to 
evaluate total possible saline effluent volume discharge in 
the bay. The simulation results in different conditions of 
outlet flow and discharge depth indicate that the maximum 
tolerable point source discharge in the bay is 3 cubic 
meters per second, which is environmentally safe at a 
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distance of 1300 meters from the coastline corresponding 
to 4.2 meters depth of water (Fig. 2). Increasing the flow or 
decreasing the depth will increase the salinity more than 
the standard criterion.  

 

Figure 2. The salinity (in psu) at 200m distance from the 
outfall point for a number of discharges (Q) and for 
different outlet distance from the coastline. The standard 
limit is shown in the figure (red dashed line) 

 
To determine the bay self-purification capacity, the 

number of outlets was increased so that the effects of the 
effluents on each other do not cause an unauthorized 
increase in salinity. The results show that 11 outlets with a 
distance of 800 meters along with an output discharge of 3 
cubic meters per second and a total of 33 cubic meters per 
second is the maximum capacity of Chabahar bay. The 
examples of the brine flume dispersion for 11 outfalls with 
3 cubic meters per second discharge is presented in Fig. 3, 
where the densities at two tidal times are compared. As 
evident in the figure, the plume distributes in the central 
bay area and does not touch the coastline which is 
acceptable.  

 
4. Conclusion 

Site selection for release of industrial effluents is of 
prime concern for maintaining the quality of the marine 
environment. In this study, the suitable location for brine 
discharge is suggested and the self-purification capacity of 
the Chabahar bay at Gulf of Oman subject to fast 
development of desalination plants is assessed. Near-field 
dilutions are simulated by CORMIX software, whereas far-
field dilutions are estimated using MIKE3D software. 

The simulation of the current situation of the Konark 
desalination plant saline water discharge indicates that the 
Iranian environmental criteria are not met. By moving the 
outfall 300 meters offshore at a depth of 1.3 meters, the 
criteria are met. 

By carrying out different scenarios, it is determined 
that the distance of 1300 meters at the depth of 4.2 meters 
is the most optimal place for discharging the maximum 
flow rate of 3 cubic meters per second. 

11 outlets with a discharge of 3 cubic meters per 
second with a total discharge of 33 cubic meters per 
second is feasible maximum capacity of Chabahar bay to 
ensure the quality of the marine environment. 

Figure 3. The saline plume distribution at two tidal times 
subject to 11 outfall discharges. 
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1. Introduction  

The entry of petroleum compounds into marine 
ecosystems in various ways has endangered these 
ecosystems. Polycyclic Aromatic Hydrocarbons (PAHs) 
are among the most toxic compounds in the oil, which 
are of considerable importance in terms of threat to 
human health and the environment due to their 
carcinogenic and mutagenic properties [1]. 
 
2. Result and Discution 

In this study, the concentration of PAHs in surface 
sediments of rivers and Anzali ports was measured in 24 
stations. The highest concentrations of total PAHs were 
obtained in the surface sediments of R24 with the amount 
of 22230.49  ± 7987.75 ng.g-1 and R23 with the amount 
of 21442.45  ±  6279.32 ng.g-1 and the lowest 
concentrations were obtained in the station R4 with 
5473.14  ± 1930.54 ng.g-1 and R3 with 7877.35 ± 3255.21 
ng.g-1. Due to the enclosure of the port by the breakwater 
and the approximate stillness of the water, which leads to 
severe deposition of contaminants in the bed sediments, 
and on the other hand, due to the entry of petroleum 
products through fuel and oil seepage of vessels and 
ships in the port area, higher concentrations of PAH 
compounds in these stations can be expected. Also, 
stations that receive high amounts of PAHs from central 
areas of the city that receive street dust and urban runoff, 
such as stations R11, R12, R15, R16, R17, R18, and R19 
showed higher concentrations of PAH compounds 
compared to the stations located in the suburbs city and 
far from the port such as stations R4, R3, and R2 (Figure 
1 & 2).  

The total concentration range of PAHs in the 
sediments of China's Thai-Majia River was reported 
311.69 to 3736.32 ng.g-1 by Liu et al. (2012) [2]. In the 
surface sediments of Zhoushan Archipelago and 
Xiangshan Port in the East China Sea, which is an 
important port in terms of trade, tourism, fishing and 
marine breeding the total concentration of 16 PAHs 
measured as 3.67 – 31.30 ng.g-1 with mean 15.01 ± 
ng.g-1 in Zhoushan surface sediments and 11.58 - 
481.441 ng.g-1 with mean 62.52 ± ng.g-1 in 

Xiangshan Port [3]. They reported the origin of PAH 
compounds in the port and common sources from vehicle 
emissions and petroleum resources. The total 
concentrations of PAH compounds in the sediments of 

the Brahmaputra River in Guwahati, India during the two 
separate pre-Manson and post-Manson seasons, reported 
between 609 - 8620 ng.g-1 and 338 – 23.100 ng.g-1, 
respectively [4]. The concentration range of polycyclic 
aromatic hydrocarbons in the surface sediments of the 
port of Olbia (northern Sardinia, Italy), was reported as 
160 – 770 ng.g-1 [5]. The range of total concentration of 
PAHs in the sediments of the main water bodies of 
Curitiba urban area of Brazil was 131 – 1713 ng.g-1 [6]. 
PAH concentration in the surface sediments of Brazil's 
São Sebastião Canal (SSC), Brazil's largest offshore oil 
terminal, was reported in the range below than detection 
limit of 370 ng.g-1 [7]. 

 

 
Figure1. Comparison of total concentrations of PAH 
compounds in surface sediments of Anzali rivers 

 

 
Figure2. Spatial distribution of the total concentration 
of PAH compounds in surface sediments (larger circles 
indicate higher concentrations of PAH compounds)

To
ta

l P
A

H
s (

ng
.g

-1
 d

.w
)

Station

POLYCYCLIC AROMATIC HYDROCARBONS POLLUTION AND SOURCE IDENTIFICATION IN 
SURFACE SEDIMENTS OF ANZALI PORT 
Ali Azimi, Alireza Riahi Bakhtiari, Roma Tauler



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

250

 

 

3. The pattern of PAH Compounds in 
Surface Sediments of Rivers and Anzali 
Port 

In all studied stations, PAH compounds with lower 
molecular weight were predominant. So that the 
compounds with 2 and 3 rings in the surface sediments 
of the studied stations accounted for 83% and heavier 
compounds were 15% of the total PAH compounds 
(Figure 3). Compounds with simple structure or low 
molecular weight, including Phe, Flu, Pyr, Nap, and 
some of their methyl derivatives, are the main 
constituents of municipal and industrial wastewater [6]. 
Therefore, the entry of various wastewater into Anzali 
rivers along their route is one of the reasons for the 
predominance of these compounds in the sediments of 
riverbeds. Fuel and oil leaks from vessels, including 
numerous ships and launches in the port of Anzali, as 
well as boats that sail in rivers, are another important 
source of petrogenic compounds in the sediments of this 
region. 4-ring compounds with 7% and also 5-ring and 
6-ring compounds with 8% had the lowest contribution 
of PAH compounds in the samples of river sediments 
(Figure 3). 

 

 
Figure3. Comparison of pattern of PAH compounds 
based on the number of aromatic rings in surface 
sediments of rivers and Anzali port 

 
In the study on PAH compounds in the surface 

sediments of the Haihe River in Tianjin, China was 
observed that PAH compounds were predominant in 2 
to 4 rings [8]. The contribution of 2-ring, 3-ring, 4-ring, 
5-ring, and 6-ring PAH compounds in the sediments of 
the Thai-Majia River bed of China was 30.19%, 
28.48%, 20.22%, 14.73%, and 6.38% of the total PAH 
compounds, respectively [9]. 
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1. Introduction 

Rivers create critical conditions on shores by enclosing 
all materials and pollutants and transporting them to the 
sea or ocean. For their fact, rivers rely on constant input as 
well as continuous output.  [1]  River-borne materials are 
carried by rivers plume from the land to the ocean. Its 
dispersal largely determines the fate of these materials and 
greatly influences. The coastal ecosystem and ocean 
circulation determine by scattering the fate of those 
elements and have great impacts. River discharge, waves, 
earth's rotation, winds, and including internal processes, 
are several factors that influence river plume dispersion, 
such as frontal dynamics, geostrophic conduct, and 
stratified-shear mixing.  [2] In the same context, the 
Cheshmeh Kileh River is composed of two main tributaries 
called Do-Hezar and Se-Hezar, which originate from the 
high heights of Takht-e-Soliman, Alamut, and Khoshchal. 
Se-Hezar river is one of the large rivers with water, which 
after crossing with the Do-Hezar and Velmroud rivers, 
creates the Cheshmeh Kileh river, after passing Tonekabon 
city, it enters the Caspian Sea. 

2. Material and Methods 
In this research, numerical modeling has been used to 

show the salinity dispersion distance in the river column. 
This research has been applied the MIKE 3 Flow Model 
FM. This model was produced by the Danish Hydraulic 
Institute [3] for water modeling at three-dimension. The 
Mike 3 Flow Model software is widely used by 
researchers, being generally and scientifically had been 
confirmed in the world [4]. 

 

 
Figure 1. Location of Cheshmeh-Kileh River, coordinates 
of 36.822N and longitude 50.885E 

 

 
Figure 2. The wind rose plot, drawn by Mike software 
according to the data received from the Ports and 
Maritime Organization in transverse coordinates of 
36.9N and longitude 50.9E (01/01/1983 to 01/10/2014) 

 
Figure 3. The total length of the KM Salinity expansion 
relative to the M / S flow velocity 

3. Model Calibration 
First, the data on water level, which was measured by 

the Ports and Maritime Organization, and compared with 
the results of modeling in the same period. 
 

 
Figure 4. Water level verification chart; green color: field 
measurement, blue color: modeling with Mike software  
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4. Simulations Setup 
In the early stages of mesh designing, depthometry data 

from the Iran National Cartographic Center in 2018, and 
the Global Site GEPCO with a precision of 30 seconds 
(GEPCO, 2018) were obtained. Then, the accuracy of the 
optimal mesh results was reviewed. The length of the sides 
of the mesh network on the coast of Tonekabon is 100 
meters. The modeling time was performed from 12:00 AM 
on 01/01/2019 at 21060-time steps of 60-second. The 
range of that was between 36 and 47.5 degrees’ north 
latitude and 46 to 55 degrees’ east longitude. 
 
5. Results 

The results are described in order to investigate the 
amount of distribution of the salinity changes were 
obtained from the results of the hydrodynamic model. The 
salinity of the Caspian Sea is 12.3 PSU and the salinity of 
the Cheshmeh Kileh's river Tonekabon is 0.1 PSU [5]. 
 The wind is one of the most important factors influencing 
marine currents, which is effective in the distribution of 
plumes. the results showed that the maximum salinity 
distribution length was 13.1 km, at a speed of 0.5 meters 
per second and at an angle of 45 degrees which has 
occurred in scenario number 1. 
 

Table 1. Salinity plume distribution (Scenario 1~4) 

Salinity plume distribution 
Coordinate range 

  0° to 90°   90° to 180° 

Scenario number 1 2 3 4 

Wind diagram orientation ° 45° 135° 

Wind speed M / S 
(Minimum & average 30years) 0.5 2.5 0.5 2.5 

Water flow average 50 years 
M³ / S 14 

Water flow rate M / S 0.024 0.032 0.088 0.12 

Total length of Salinity 
extension (Km) 13.10 11.50 6.10 4.35 

The total area of Salinity 
extension (Km²) 13.40 10.35 6.53 2.09 

 

 
Figure 5. Maximum salinity distribution of 13.1 km, 
according to Scenario 1, at 36.822 degrees north and 
50.885 east 

 

Table 2- Salinity plume distribution (Scenario 5~8) 

Salinity plume distribution 
Coordinate range 

  180° to 270°   270° to 360° 

Scenario number 5 6 7 8 

Wind diagram orientation ° 225° 315° 

Wind speed M / S 
(Minimum and average 

30years) 
0.5 2.5 0.5 2.5 

Water flow average 50 
years M³ / S 14 

Water flow rate M / S 0.072 0.088 0.066 0.07 

Total length of Salinity 
extension (Km) 5.90 5.77 7.70 9.20 

The total area of Salinity 
extension (Km²) 4.44 3.52 5.56 4.97 
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1. Introduction 
According to Objective 13 of sustainable 

development goals about climate change [1], addressing 
and identifying world climate change reduction actions 
are essential issues. One of the most important causes of 
this phenomenon is GHG emission; therefore, more than 
90% of GHG is carbon emission[2]. In this study, the 
carbon footprint in maritime ports, its effect, and ways 
of its estimation are to be reviewed. In other words, it’s 
an approach to evaluate some articles about carbon 
footprint in the literature review to give better ideas for 
more efficient further management and, therefore, to 
issue better policies to mitigate climate change. 

A recent health board study shows that emissions 
from seaports and ships lead to about 19,000 annual 
lung cancer cases, while approximately 60,000 die 
every year from conditions caused by pollutants[3]. 
Carbon emissions from ships have increased gradually 
over time. They are estimated at circa 2.7% of total CO2 
emissions globally, and marine activities in seaports 
account for circa 3% of total carbon emissions 
worldwide [4].  

Based on the United Nations annual review of 
maritime transport, the annual CO2 emissions from 
maritime transport are estimated to be about 1000 (961) 
million tonnes of CO2eq [4]. Then paying attention to 
the amount of seaports’ carbon footprint as critical 
maritime infrastructure is an essential issue because the 
intensive use of energy from primary sources has 
increased carbon emissions. Consequently, an all-out 
effort is needed to move towards clean, affordable, and 
resilient energy systems to help mitigate carbon 
emissions and limit global warming and climate change 
effects.

 
2. Methods 

This cross-sectional study reviewed articles about 
carbon footprint in maritime ports as an infrastructure in 
marine transport. The critical literature review was 
conducted in 5 main steps: (i) online database search 
based on keywords ( Scopus and Web of Science), (ii) 

first refinement based on selection criteria including 
title, abstract, and keywords of that paper, (iii) further 
refinement based on unique characteristics such as 
publishing year, language, type of document, type of 
access, region and country, etc.,  (iv) third refinement 
on abstract screening to consider focusing on the main 
topic and being related with the main subject, and (v) 
the last step is full-text review.  
 
3. Results 

Many types of industrial and un-industrial activities 
are done in seaports areas due to the role of ports as the 
intersection point of different transportation models; 
thus, for studying carbon footprint in seaports, the 
physical and environmental activities performed in ports 
are divided into some categories including direct and 
indirect activities, and then, some smaller sub-
categories for each of them, for more accurate, better 
managing and systematic calculation of carbon footprint 
evaluation process. for instance, Various studies show 
that indirect factors like port service vessels and port 
commuters like employees, agencies, etc. have a more 
significant impact on carbon emissions in ports that are 
neglected and cannot be estimated well due to lack of 
sufficient inventories. [5]. 

On the other hand, this study states that previous 
researches concerning estimating carbon footprint in 
ports mostly are not in the life cycle approach (LCA), 
and the only amount of C.F in a period of operations 
evaluated; thus, findings can deviate resultant from 
reality. [6]. 

In studying the carbon footprint evaluation methods 
of different ports, the port activities are divided into two 
general categories according to the location: onshore 
part and offshore part. [7], [8].  

As shown in Figure 1, land part activities (onshore 
activities) can classify into other various smaller 
subbranches like port heating systems, internal port 
transportation (including electric vehicles, combustion 
fuel vehicles, trains), cargo handlings equipment like 
shore cranes, and load/unload suction systems and waste 
management systems, etc. and maritime activities 
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(offshore activities)  can divide in ships arriving, ships 
departing, ships hoteling in ports, service vessels like 
tugboats and various types of boats, etc. 

 

Figure 1.  Carbon emission in a seaport 
 

4. Conclusion 
Three main factors contribute directly and indirectly 

to the carbon footprint in seaports: A) the consumption 
of fossil fuels, B) the high energy consumption of power 
systems, and C) the lack of professional management of 
resources. 

Port-related activities such as employee transport, 
commuters, clients, and service vessel operations like 
tugboats and service boats can play an essential role in 
CO2 emission that in the new methods of activities 
estimation must be addressed. 

Creating a suitable platform to minimize indirect 
factors such as transportation of personnel and people, 
building appropriate infrastructure for cheap electricity 
supply lanes for ships, as well as the use of renewable 
energy to generate electricity, heating, etc. can be an 
excellent way to reduce the emission of carbon in ports 
and, then mentioned activities and platforms can be 
operated efficiently just by intelligent management [8]. 
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1. Introduction 
Environmental pollution is one of the main causes of 

extinction and threat to the population of living organisms, 
which is especially important in the case of marine 
pollution due to its much easier spread. Pollution of marine 
resources not only destroys aquatic life but also endangers 
and threatens human life. 

A variety of microorganisms, opportunistic and 
pathogenic can enter directly from urban sewage, or 
indirectly from swimmers' bodies because of diseases or 
not regarding principles of health before swimming causes 
contamination of these natural resources and so skin, 
gastrointestinal and respiratory diseases in humans [1]. 
Therefore, despite the medical importance of swimming, in 
case of contamination of swimming pool water with 
pathogens, can cause the transmission of bacterial 
infections. The most common disease caused by 
swimming is diarrheal disease [1]. In addition, because 
swimming pools are used by a wide range of people with 
different medical conditions, it is common for swimmers 
to develop opportunistic infections caused by bacteria. A 
study on the assessment of public health hazards to 
swimming pools in Lake Michigan by detecting fecal 
index viruses and bacteria showed fecal contamination in 
more than 15% of water samples [2]. 

Among opportunistic pathogens, bacteria are one of the 
most important microbial contaminants. The most 
important bacteria in the water of swimming pools and 
seas can be found in total coliforms (Escherichia, 
Klebsiella, Citrobacter) and Enterobacteriaceae (fecal 
coliforms, Pseudomonas, Aerogenesis, Streptococcus, 
Ficorrhagia, Ficorrhagia) [1] 

According to the guidelines of the World Health 
Organization (WHO) and the European Economic 
Commission, the microbial quality of seawater for 
swimming is presented in the following table; 

 
 

 

 

 

 
Table 1- Water quality requirements for swimming pools 
(European Economic Association and World Health 
Organization [1] 

Microbiological agents Optimum 
level 

Threshold 
level 

Total coliform count per 
100 ml 500 10000 

Counting fecal coliforms 
in 100 ml 100 2000 

Fecal streptococci in 
100 ml 100 400 

 
Due to the dangers of microbial contamination of 

coastal waters for the health of tourists and environmental 
protection, in this study, microbial contamination on the 
southern shores of the Caspian Sea was investigated. 

  
2. Method 

A microbial sampling of seawater and measurements 
were performed throughout the coastal area of the South 
Caspian Sea during the summer of 2020 in the General 
Department of Environment of the studied provinces. 

 

 
Figure1: Location of the studied stations on the southern 
shores of the Caspian Sea 
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According to the standard method of sampling, 
seawater is harvested from a depth of 21 to 31 cm below 
the surface of the water and is collected in open-pit bottles 
at room temperature. Determining of mean bacteria of total 
coliform was performed in the General Department of 
Environment of the studied provinces.  

 
3. Results and Discussion 

Based on sampling in 75 swimming pools on the 
Caspian Sea coast in the three northern provinces of the 
country, it was determined that on the coasts of Guilan 
province, Swan Beach swimming pool with 1430 
MPN/100ml has the highest amount of coliform fecal 
microbes and Anbarsar swimming pool with 16 
MPN/100ml has the lowest amount of coliform feces. A 
comparison of the levels of these bacteria in swimming 
pools of Guilan province with WHO, EEC, and national 
standards of Iran showed that among of 23 stations 
studied, 15 stations are higher than the standard limit in 
terms of microbial characteristics.  

Surveys in Mazandaran province showed that among 
49 studied swimming pools, 6 stations are above the 
standard limits in terms of the mentioned microbial 
indicators. Based on these results, microbial contamination 
in Ramsar, Noor, Chalous, and Mahmoudabad swimming 
pools was higher than the standards. 

Based on the sampling and surveys of three swimming 
pools in Golestan province, all of the stations are higher 
than the standard limits in terms of coliform fecal index, 
and therefore due to the high load of microbial 
contamination, these areas need special management. 

 

 
Figure2: Pollution map of swimming areas in the 
southern Caspian Sea (based on coliform fecal 
concentration) 
 
4. Conclusion 
Based upon this research findings and comparing the 
values of fecal coliform with the international standards, it 
can be concluded that the water of the southern Caspian 
Sea in the northern provinces of Iran is almost above the 
allowable level in many stations, which can threaten the 
health of swimmers. According to studies and 
observations, the reason for this pollution can be the 
discharge of municipal and agricultural wastewater and the 

lack of health facilities. Also, evacuation of petroleum 
products and oil wastes, along with human waste, 
increases turbidity and prevents the penetration of sun rays 
in the water, because the sun's rays play an essential role in 
killing bacteria and pathogens and so can have a great 
effect on reducing pollution [3]. Also, complete equipping 
of sanitary facilities and equipment in coastal projects 
along with continuous sanitary inspections and water 
quality assessment in the study area is essential. 
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1. Introduction 
Sediments have a special importance in the term of 

bioavailability of heavy metals for benthic and other 
aquatic organisms. Several studies have been conducted 
regarding the concentration of heavy metals in the 
sediments of Persian Gulf and the Oman Sea, as important 
water and economic areas in the southern part of Iran. In 
this study, the concentration of lead (Pb) in the sediments 
of the Persian Gulf, the Strait of Hormuz and Oman Sea, 
based on the data of Heydari et al. (2017); Yousefi et al. 
(2019) (sediments of Chabahar and its surrounding areas) 
and Irandoust et al. (2021) (Bushehr and Strait of Hormuz) 
were compared and the ecological risk of this metal was 
calculated. The results of these studies showed that 
sediments of some stations had considerable lead 
concentration. 

 
2. Results 

Figures 1, 2 and 3 show the locations of the sampling 
sites and table 1 shows the geographic locations, depths, 
organic matters and concentrations of lead in the three 
study areas.  
Heydari et al. (2017) [1], Irandoust et al. (2021) [2] and 
Yousefi et al. (2019) [3] performed their sampling in 2015, 
216 and 2017, respectively. The concentrations of lead 
(average±SD) was 10.4 ±4.0; 29.5±16  and 22±7.6 mg. Kg-1 
dry weight for Yousefi et al. (2017); Heydari et al. (2017) 
and Irandoust et al. (2021), respectively. The results 
showed that maximum lead concentrations were belonged 
to the sediments of Emam Port (41 mg. Kg-1) and Sadaf at 
Bushehr, which were higher than threshold effect level 
(TEL: 30 mg. Kg-1). Concentrations of lead in the other 
stations were lower than TEL. 
Enrichment factor (EF) and Contamination Factors (CF) 
were used for determining sedimentary metal sources 
(Anthropogenic / natural) [4] and [5].  

 
EF= ((Cm/Cs)x) / ((Cm/Cs)c)        CF= Csample/Cbackground  

 
While (Cm/Cs)x and (Cm/Cs)c are the ratios of lead level 

on Fe concentrations in the sediments of study areas and in 
shale, respectively. Samples having enrichment factor >1.5 
was considered indicative of human influence. When 0.5≤ 
EF≤1.5, it suggests that the heavy metals may be entirely 
originate from crustal materials or natural weathering 
processes [6]. 

CF is calculated as the ratio between the average lead 
level in sediment and the relevant background value [7]. It 
was classified into four groups, when CF<1, there is low 
metal enrichment by natural or anthropogenic inputs; 
1≤CF<3, 3≤CF<6 and CF>6 shows that the sediment is 
moderately, considerably and heavily contaminated by an 
element, respectively (Table 2). 
Potential of ecological risk (Ei

j) was calculated based on 
concentration factor and toxicity index (Tij), which is 5 
for lead; Ei

j ≤40 indicates low ecological risk, 40< Ei
j ≤80 

indicates moderate ecological risk, 80<Ei
j≤160 indicates 

considerable ecological risk, 160<Ei
j≤320 indicates high 

ecological risk, Ei
j >320 indicates very high ecological 

risk [8]. 
 
Ei

r=Ti
r* CFi 

 
The results of enrichment factors showed that lead in the 
study area was originated from natural sources; however 
anthropogenic sources has relatively affected on its 
concentrations in Tiss and coastal parts of Ramin. The 
results of concentration factors demonstrated low 
accumulation level of lead in the sediment of the three 
sampling areas, except Emam port, Sadaf and Naftkesh in 
Bushehr with moderate concentrations level. However, the 
lead concentrations were more than threshold effect level 
(TEL: 30 mg. Kg-1), but its potential risk was in the low-
risk range (Eij  <30).  
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Table 1: The geographical locations, depths, lead 
concentrations, range and its average in the study areas. 
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Table 2: The enrichment and contamination factors and 
potential risk of the study areas. 

CF: Contamination Factor, EF: Enrichment Factor, * Turekian and 
wedepohl 1961. 
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Ref Stations Depth 
(m) 

Longitude / 
Latitude Pb 

Y
ou

se
fi 

et
 a

l. 
(2

01
9)

 

Posm 1 12.1 25o19’58’’ N   
60o15’44’’ E 12.7±0.7 

Posm 2 6 25o22’54’’ N   
60o15’21’’ E 7.1±0.6 

Konarak 1 5 25o19’58’’ N   
60o15’44’’ E 13.8±0.6 

Konarak 2 10.5 25o22’23’’ N   
60o28’30’’ E 9.8±0.8 

Desalination 
plant 5.8 25o26’03’’ N   

60o30’14’’ E 4.7±0.2 

Tiss 1 3.8 25o21’46’’ N 
60o35’40’’ E 9.8±0.3 

Tiss 2 9 25o22’50’’ N   
60o33’59’’ E 9.9±0.6 

Entrance of 
Gulf 13.6 25o17’44’’ N   

60o32’12’’ E 10.2±0.2 

Ramin 1 4.5 25o15’42’’ N   
60o46’18’’ E 20.0±0.6 

Ramin 2 13.2 25o15’33’’ N   
60o46’14’’ E 7.6±0.4 

Reference 22.2 25o27’05’’ N   
60o60’29’’ E 9.2±0.1 

H
ey

da
ri 

et
 a

l. 
(2

01
7)

 

Arvand 
Kenar 

Intertid
al 

zone 

28o21’29’’N   
48o31’03’’ E ND 

Bahregan 30o06’37’’N   
49o46’17’’ E ND 

Emam port 30o28’75’’N   
49o04’23’’ E 41±3 

Abadan port 30o19’34’’N   
48o17’09’’ E 18±1.6 

Ir
an

do
us

t e
t a

l. 
(2

02
1)

 
 

Sadaf - 
Bushehr 

Intertid
al 

zone 

28o57’52’’N   
50o48’54’’ E 32±3 

Parvaz- 
Bushehr 

28o57’11’’N   
50o48’42’’ E 16±1.5 

Naftkesh- 
Bushehr 

28o55’56’’N   
50o48’25’’ E 24±2 

Bandar 
Abbas 

27o10’09’’N   
67o18’82’’ E 16±2 

Ref: Reference; ND: under detection 
limit. ; ERM: Effects Range Medium 
(NOAA); PEL: probable effect level 
ERL: Effects Range Low (NOAA); 

TEL: Threshold Effect Level.  

TEL 30 

ERL 46.7 

PEL 112 

ERM 218 
Average of earth crust 20* 

Reference Stations EF CF Er 

Y
ou

se
fi 

et
 a

l. 
(2

01
9)

 

Posm 1 1.1 0.64 3.2 

Posm 2 0.7 0.36 1.8 

Konarak 1 1.5 0.69 3.5 

Konarak 2 0.7 0.49 2.5 

Desalination plant 0.6 0.24 1.2 

Tiss 1 2.5 0.49 2.5 

Tiss 2 2.8 0.50 2.5 

Entrance of Gulf 1.0 0.51 2.6 

Ramin 1 3.8 1.0 5.0 

Ramin 2 0.9 0.38 1.9 

Reference 1.5 0.46 2.3 
H

ey
da

ri 
et

 a
l. 

(2
01

7)
 

Arvand Kenar 0.0 0.0 0.0 

Bahregan 0.0 0.0 0.0 

Emam port 0.8 2.1 10.3 

Abadan port 0.35 0.9 4.5 

Ir
an

do
us

t e
t a

l. 
(2

02
1)

 
 

Sadaf - Bushehr 0.8 1.6 8 

Parvaz- Bushehr 0.6 0.8 4 
Naftkesh- 
Bushehr 0.7 1.2 6 

Bandar Abbas 0.7 0.8 4 
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1. Introduction 

Humans receive most of the information they need from 
ambient through the energy of electromagnetic waves. 
However, in the sea, the opposite is true and they used 
sound waves to detect objects on it [1]. The marine 
environment of the oceans, which make up about 65% of 
the planet's life, hosts a wide range of sound waves (caused 
by waves, winds, biological activity, etc.) that can interfere 
with communication and other performance of marine 
animals [2]. Also one-third of the world’s people rely on 
fish and other aquatic products for at least one-fifth of their 
annual protein intake [3]. Research has shown that 
compared to 50 years ago, the level of noise pollution in the 
seas has increased by at least 15 dB [4]. This is while in 
2004 an increase of 10 dB between 1950 and 1975 was 
predicted [2]. Increased use of the seas for commercial 
transportation, geophysical exploration, wars and 
overfishing activities over the past few decades has led to 
high levels of noise pollution in the seas [5]. Unlike 
electromagnetic waves, which are strongly attenuated in the 
aquatic environment, sound waves can travel thousands of 
kilometers in water [3, 5]. 
 
2. Sources of Noise Pollution in the Sea 

The most important sources of sound in the seas can be 
divided into the following two main categories: 
 
2.1. Natural and Environmental Sources 

Many sound sources in the seas come from natural 
origin. For example, wind, waves, sea state, thunder, 
lightning, seismic energy generated by earthquakes and 
swell patterns [2]. According to Knudsen et al. (1948), 
noise levels vary with sea state in the same way over the 
entire frequency band from 1 kHz to 100 kHz [6]. 
 
2.2. Anthropogenic Noise Sources 

These sources include are: 1- Ships because of the 
sound of their propellers and engines. 2- Submarine 
equipment such as depth sounders 3- exploration and 
exploitation for hydrocarbon and natural resources 4- 
Military activity such as military sonar 5- Offshore oil and 
gas production rigs 6- Seismic activities [7]. Most ships 
produce sounds in a frequency range between 80 Hz and 
300 Hz [3]. Frequency amplitudes lower than 300 Hz are 
important because the sound at low frequencies is not 
reduced in the water, and   also the communication 
frequencies of the whales are in this range, which interfere 
with communication of these organisms with each other. 
The most important factors of sound production in the ship 

can be mentioned as follows: 1- Machinery on the ship's 
board and engine room 2- Improper repair and maintenance 
of the ship hull 3- Ship propeller 4- Cavitation [8]. Most of 
the ship's sound is related to cavitation. The frequency band 
of ships may interfere with the sound frequencies of whales, 
seals, sea lions and fish, as shown in Figure 1 [4, 8]. 
 

 
 
Figure 1: Hearing frequency ranges of selected fish and 
mammal species and main energy frequencies reported 
for anthropogenic and ambient sources. 
 
3. The Effect of Noise Pollution on Marine 

Animals 
Sound plays an essential role in critical activities for marine 
species, like attract mates, foraging, maintaining social 
structure, and avoiding predators [4-6]. For instance, 
cetaceans (whales, dolphins and porpoises) send and 
receive complex sounds to communicate with each other, 
navigate the water, find food, and obtain environmental 
information such as water depth [9]. The potential impact 
of noise pollution on marine life has shown in figure 2. [5]. 
Assessing the noise effects in the marine environment is 
difficult and expensive [5]. First, very little academic 
research has been done on how marine mammals response 
physically and behaviorally to intense sounds and to long- 
term increases in ambient noise levels. Second, interfering 
frequency may not only affect the auditory systems of these 
organisms, but may also have acute and chronic effects on 
other organs of aquatic biota (cumulative impacts) and 
have cause systemic disorders that eventually cause his 
death [10]. Summarily, the harmful effects of noise 
pollution on marine mammals can be described as follows: 
[6-9] 
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▪ Interfere with attract mates and social interaction and 
unable to communication 
▪ Changes in hormone levels (Chornic and acute effects) 
▪ Interfere with navigation and historical migration 
routes 
▪ Interfere with feeding, identify the location of prey and 
Stay away from predators 
▪ Interfere with feeding, identify the location of prey and 
Stay away from predators 
▪ Interfere with find suitable habitat, announce location 
and territory and identify high risk areas. 
▪ Permanent or temporary loss of hearing 
▪ Psychological and physical injuries, such as internal 
bleeding and so on. 
▪ Increasing in abundance and distribution 

 

 

Figure 2. The potential impact of noise pollution on 
marine life 
 
4. Recommendations 
1. Adopting appropriate technologies to reduce noise and 

maintaining the noise level within conservative noise 
standards as set by regulatory bodies. 

2. Replacing new navigation technologies with sonar 
techniques and minimizing the use of sound energy to 
identify and estimate the position, speed and nature of 
objects in the water. Preparing an EIA (Environmental 
Impact Assessment) to develop appropriate strategies and 
initiatives in each applicable sector. 

3. Complete and accurate assessment of utilized equipment 
by all maritime organizations, including actual impacts 
and appropriate preventive efforts. 

4. Determining the new transit shipping routes, especially in 
sensitive and protected sea areas. 

5. Designing transmission and exhaust systems to reduce 
noise and vibration. 

6. Modifying the construction of propellers to reduce 
cavitation and using flexible mounts to isolate the 
vibrating machinery from the hull and surrounding the 
noise-producing machinery in a tight, insulated enclosure. 

7. Establishing rules and regulations for aquatic habitats and 
ensuring that they receive the least impact. 

8. Strengthening and financially supporting supervisory 
authority for accurate and comprehensive monitoring. 

9. Conducting studies to determine the sound threshold of 
marine life, especially animals that are endangered and 
are sensitive to noise pollution. 

10. Promoting the culture and environmental knowledge of 
individuals. 

11. This article has been done with the scientific and 
material support of PMO. 
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1. Introduction 

Today pollution of aquatic ecosystems is one of the main 
problems of human life. Metals from anthropogenic 
pollution sources are continually released into aquatic 
ecosystems. Heavy metals are a serious threat due to their 
toxicity, long persistence, bio-accumulation, and bio-
magnification in the food chain [1]. This study aimed to 
determine the concentration of the metals (Ni, Cd, Pb, Cu, 
and Co) in the sediments of Mahshahr Creeks. Since in this 
area fish is an important component of the human diet so the 
result of this study is important for indicating diet health. 

The results obtained from this study would provide 
information on background levels of metals in the sediment 
of the Mahshahr Creeks, contributing to the effective 
monitoring of both environmental quality and the health of 
the organisms inhabiting this ecosystem. 
   
2. Material and Methods 

Sediment was sampled at selected sites (Ghanam, 
Ahmadi, and Jafari) from Mahshahr Creeks (Figure 1) in the 
winter (January 2011). 
 

 
Figure 1. Map of the study area showing locations of 
sampling stations on the Mahshahr Creeks (Ghanam, 
Ahmadi, and Jafari). 
 

Sediment samples were collected using a Van Veen grab 
to a depth of 5 cm. Metals concentrations were measured 
using an ICP-AES (Inductivity Coupled Plasma Atomic 
Emission Spectrometer). 

 
 
 

3. Results 
Metals concentrations in the sediment of three studied 

sites (Ghanam, Ahmadi, and Jafari) have shown in (Table 
1). Among all metals, Nickel (Ni) has the highest 
concentration in sediment samples of sites and the lowest 
concentration belong to Cadmium (Cd). Based on the results 
of statistical analysis, only concentration of Co showed 
significant differences (p<0.05) in sediment samples. For 
Ni, Significant differences only have been seen between 
sediment of (Ghanam & Ahmadi), Cd (Ahmadi & Jafari), 
Pb (Ghanam & Jafari), Cu (Ghanam & Ahmadi, and also 
Ahmadi & Jafari).  
 
Table 1. Recovery values of metals in the sediment-
certified reference materials (IAEA-407 Estuarine 
sediment-Australia). 

 
 

Table 2. Heavy metal concentration (μg.gDW-1) in 
sediment taken from sampling sites of Mahshahr Creeks 
and compared to guidelines. 
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4. Discussion 
In this study concentration of metals in sediment from 

three sites of Mahshahr Creeks northwest of the Persian 
Gulf was determined. The result of this study supplied 
important information on heavy metals contamination in 
sediments of Mahshahr Creeks, Northwest of the Persian 
Gulf. As shown in (Table 2), the highest concentration of 
metals between studied sites was found in Jafari and the 
lowest in Ghanam. Jafari originates from Mahshahr Creeks 
and is stretched along PETZONE (Petrochemical Special 
Economic Zone) up to Mashahr and Sarbandar cities. This 
Creek is used as a municipal waste receptor [2]. Moreover, 
it receives a copious amount of petrochemical wastewater 
along its courses. Thus, the higher level of accumulated 
metals in sediments from Jafari could be related to 
anthropogenic activities and effluent discharges into the 
mentioned site. One of the other sites in this region is 
Ghazale, not investigated in this study. The proximity of 
Ghazale to the oil terminal turns this area into a waterway 
for oil tankers. Therefore, the enrichment of metals in this 
creek might reflect oil pollution in the area. Ahmadi is 
located between Jafari and Ghazale and consequently, a 
great amount of metal may displace in this Creek by 
movements produced by waves and tidal currents [3, 4]. 
Ghanam is located near the estuary of Mahshahr Creeks and 
therefore highly affected by currents coming from the 
Persian Gulf. Strong tidal currents cause the highest 
movement of water and sediment at this site. Among the 
investigated metals, Ni has the highest level in the sediment 
of all sites. Naturally, nickel has a high concentration in 
marine sediment and also, oil pollution. Ni is one of the 
main metals in oil components [5]. The lowest 
concentration among metals belongs to Cd. 
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1. Introduction 

Coral reef ecosystems are declining worldwide. 
Chemical contaminants reach the marine environment 
from both land-based and water-based anthropogenic 
sources. These chemicals, created by various human 
activities, are one of the leading causes of coastal 
ecosystem degradation. The Persian Gulf, the world's 
warmest sea, is seeing an increase in the frequency and 
intensity of mass bleaching events.  

Previous research in the Persian Gulf has found that 
bleaching episodes reduce species richness and variety of 
reef fish, with mean coral cover reducing by 85 percent 
after the 2007 bleaching event and 95 percent after the 
2017 bleaching event. Building artificial reefs in marine 
protected areas may be one answer since they will give 
extra habitat for biodiversity and so may offer an 
innovative management solution for managing coral reef 
recovery and resilience [1]. Some studies comparing the 
potential of artificial reefs to natural reefs have been 
undertaken and demonstrate the feasibility of the process. 
These studies compared the biological communities of 
different types of reefs and assessed the conservation of 
natural reefs using artificial reefs [2, 3, 4]. 

The present study investigates the suitability of the 
Northern Persian Gulf coastal areas for establishing 
artificial reefs using three highly effective Hydrodynamic 
factors, Current magnitude, Distance from Pollutant 
Sources and pollution residence time. These factors are the 
outcomes of a reef-scale hydrodynamic model used to 
make policy decisions in various sections of the Persian 
Gulf (The Kish island in the Northern area) [5]. As the 
Gulf is the warmest sea supporting extensive corals, there 
may be resistant species that could be preserved and used 
in reef reclamation projects elsewhere. In addition, our 
model can also be used to identify areas where a natural 
larval settlement could be enhanced. 

 
2. Hydrodynamic Modelling 

Understanding surface and near-surface currents pave 
the way to various applications, such as pollution transport 
or biological and chemical investigations focusing on the 
movement and dispersion of floating material, regardless 
of their origin or nature. Moreover, Patterns in pollution 

transport along and across the shore have important 
implications for the conservation of coastal ecosystems, 
especially in the vicinity of strengthening currents entering 
a semi-closed domain (e.g. estuaries and bays) with 
complex topography [6]. 

In order to understand the hydrodynamics of pollutants 
and their plausible threats to coral reefs in the Northern 
parts of the Persian Gulf, due to their accumulation and 
phototoxic effects in the euphotic zone, the particle-
tracking model was used to study the transport and 
flushing processes of potential pollutants. This may allow 
us to identify spots that would not be suitable for artificial 
reef deployment. At the same time, natural coral damages 
are highly likely. The current speed is also essential as the 
artificial corals should tolerate and adapt to the local 
condition. 

There are many different pollutant behaviours; each 
pollutant must have its specific algorithm (calculation 
procedure) to represent its simulated behaviour. Each 
pollutant variable's algorithm must be derived from a 
thorough understanding of how that pollutant interacts in 
coastal waters. This might be in the form of a particle-
tracking program or a time-stepping concentration 
equation. The concentration equations are adequate for 
widely dispersed chemicals; however, the numerical 
advection scheme must be used cautiously. The parameters 
that characterize how the contaminant behaves differently 
from a passive tracer are added to the advection-diffusion 
equation. These must be reflected in a particle-tracking 
model, maybe through a change in each particle's 
properties. The finite element method allows the 
discretization mesh of the domain investigated to be 
refined in the coastline where we have release points of the 
pollutants. We used a method that allows the user to 
specify the resolution along the coastline, permitting 
meshes of various resolutions to include the exact 
boundary curve specification. 

 
3. Residence Time Estimation  

We assume the constituent used to trace the water 
parcel behaves dynamically and passively. That is, both the 
water parcel and the constituent follow the same pathways. 
The residence time can then be determined experimentally. 
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We may consider an instantaneous release of the 
Oxybenzone into the water body at position x0 and time t0. 
The resulting total mass of tracer within the domain at time 
t is: 

 
                                                 (1) 

 
Where cx0(x, t) is the mass distribution of pollution in 

the volume V(t) of the water body. 
Next consider the function Mx0(t) as the amount of 

chemical pollutant per unit time that leaves the system: 
 

                                                 (2) 
 
Each particle leaving the system can be characterized 

by the time τ that has elapsed since its release time. Once 
these elements are arranged cumulatively, Mx0(τ) 
represents a probability distribution function of the water 
parcel containing the chemical component, leaving the 
domain which has spent less than or equal to τ in the 
domain or a specific point. Mx0(τ) may be called the 
residence time function. The probability density function 
ϕx0 (τ) for the residence time is equal to:      

                                                 (3) 

 
Where M0 is the total mass of chemical pollutant in the 

selected area. 
The average residence time <τx0> would be equation 

                                                (4) 
 

The average residence time, as it is stated in the 
equation (4), represents the expected lifetime for newly 
incorporated water parcels in the domain at position x0. 

Residence time calculations will be especially valuable 
in the case of identifying areas selected for enhanced larval 
survival. 
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1. Introduction 
It was thought that the vast expanse of the sea and ocean 

would accept any kind of pollutant and there was no need to 
worry about the pollution. However, with the increase of 
industries and population growth, as well as knowledge 
advances in the seas and oceans investigations, the 
consequences of the entry of pollutants were gradually 
observed, and concerns about the extinction of marine 
animal species and changes in physical and chemical 
processes in the sea increased. The potential dangers to 
species of animals and humans, and the impact of 
atmospheric processes from the sea, have led many 
countries to periodically monitor their coastal areas for the 
entry of pollutants [3]. 

 
2. Study Area, Model Parameters and 

Measurements 
A numerical three-dimensional hydrodynamic model 

capable of predicting the diffusion of chemical pollutants 
dissolved in seawater was designed to study the diffusion of 
environmental pollutants including urban and treatment 
plant wastewater from Bandar Abbas due to the Gorsozan 
estuary into the coastal water of Bandar Abbas located in 
the northeast of Persian Gulf.  

Governing equations of this model including momentum 
equations, continuity, temperature, salinity, bottom pressure 
tendency, representative of the vertical velocity, state 
equation for seawater, and an advection-diffusion equation 
for simulation of the diffusion of chemical pollutants 
dissolved in seawater were rewritten in the earth spherical 
coordinate system with the Sigma as normalized vertical 
array based on pressure[1], and solved using finite 
difference method on the structured modified Arakawa C 
grid. The two-step Lax-Wendroff scheme was used for the 
advection terms and the Dufort-Frankel scheme was used 
for the discretization of diffusion terms and second order 
derivatives.   

The model calculates the rate of water level change at 
each time step during execution and considers two separate 
cases according to this rate. If this rate is positive, it is called 
wetting and otherwise it is called drying. Now, by 
determining the minimum depth for the two modes, the 
network expands the computational nodes to reach the 
desired depth and does not enter depths less than that in the 
calculations [4]. Applying this strategy will be helpful, 
except in cases where there are many changes, and ups and 

downs in the region [6]. Also, for the minimum depth of the 
model, after running the program with several different 
depths and comparing it with reality, the depths of one meter 
were determined for the regional model and 20 cm for the 
local model. The algorithm used to compute and dry 
computational cells is derived from Dietrich research [5]. 

 

 
Figure 1. Study area (A), area of local model (small), and 
(B), regional model (medium), Gorsozan estuary, 
Location of measuring and sampling stations 
 

In this model, the input parameters included bathymetry 
data, wind, temperature, and salinity data, and 
measurements related to the concentrations of nitrate and 
nitrite. The nitrate and nitrite concentrations were measured 
by spectrophotometry method at six stations of Bandar 
Abbas coastlines every season for the duration of one year 

. 
3. Results 

To calibrate the model, several implementations were 
performed by changing the experimental parameters. 
Sometimes the discrepancy between the model results and 
the field data is due to the assumptions and methods used in 
modeling [9], which were also identified and eliminated as 
much as possible. To apply floor friction, Nihoul (1977) 
considers bed stress as a function of horizontal mean flow 
by introducing experimental drag coefficients and defines a 
linear relationship for stress in the bed boundary layer [10]. 
In this study, Nihoul method was used and the model was 
calibrated with its drag coefficients. 
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Figure 2. Nitrate measurement results from autumn 2019 
to autumn 2020, with a maximum of 24.8 (mg /lit) is 
standardized . 
 
 

 
Figure 3. The results of nitrate measurements from 
autumn 2019 to autumn 2020, with a maximum of (6.4 
mg/lit) is standardized . 

 
The simulations showed that these pollutants were more 

distributed around Shilat Pier and in areas between Haghani 
and Sayadi Piers. The concentrations of nitrate and nitrite 
were determined more than 60% from the crossing point of 
Gorsozan estuary to the Persian Gulf until 6 km in the east 
and 5 km in the west.  

These results were approved by measuring these two 
pollutants in the mentioned locations. The average 
concentration of nitrate in four seasons was measured 18.9 
mg/L in Gorsozan estuary, 14.95 Mg/L in Shilat pier, and 
9.32 mg/L in Haghani pier. Furthermore, the average annual 
concentration of nitrite was measured 4.7 mg/L in Gorsozan 
estuary, 4.45 Mg/L in Shilat pier, and 1.87 mg/L in Haghani 
pier (Figure 2, 3).  
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1. Introduction 

Covering an area of about 400 square kilometers, the 
Gulf of Gorgan also known as Gorgan Bay is the largest 
gulf in the southeast of the Caspian Sea. It is separated 
from the main water body by the Miankaleh peninsula 
extending to the Ashuradeh peninsula. The bay is currently 
connected to the sea through two narrow channels called 
Chapaghli and Ashuradeh (Figure 1). It is extended about 
60 km along the bay axis with the maximum width and 
depth of approximately 12 km and 4 m and -26.5 m, 
respectively (when the Caspian Sea Level (CSL) is -26.5). 
The geometric characteristics of the Gorgan Bay are 
strongly dependent on/affected by the CSL, insomuch as 
the length, width and depth of the Gorgan Bay are 
decreased as a result of the CSL reduction within the last 
decade. As a result of decreasing the water level of the 
Caspian Sea, Khozeini channel has been closed. Moreover, 
the closure of the Ashuradeh and Chepgholi channels is 
anticipated in case the CSL reaches -27.6 and -27.9 m, 
respectively. 

 

 
Figure 1.  Gorgan Bay 

The bay receives freshwater inflow from 10 small 
rivers and total discharge of all rivers into the bay is about 
1.3 m3 /s (about 12 cm/year). Based on the available data 
the annual precipitation is around 50 cm/year for the bay 
region.  More importantly, the rate of evaporation is 
around 120 cm per annum [1,2] resulting in an annual 
unbalance of -60 cm for Gorgan Bay. 

 It is a fact that by further decrement of the CSL, the 
Chapaghli and Ashuradeh channels are expected to be 
blocked while the unbalance in the water budget causes the 
Gorgan Bay to be dried up.  To avoid the dryness, it is a 
must to keep the natural channels open and maintain the 

water exchange between the Caspian Sea and Gorgan Bay. 
On this basis, PTP Consultants proposed that dredging of 
the channels is a vital solution to prevent drying up of the 
Gorgan Bay. According to the conducted technical and 
economic evaluations, the dredging of Ashuradeh channel 
is more economically viable and with lower risk in terms 
of environmental impacts, compared to the Chapaghli 
channel. Accordingly, the dredging of Ashuradeh channel 
is recommended in order to establish water exchange 
between the sea and Gorgan Bay.  
The bathymetry of the Ashuradeh channel and how it 
connects to the sea is presented in Figure 2. As it is 
expected, as the water depth increases, the distance 
between Ashuradeh channel and the sea increases. For 
example, the distance between the mouth of Ashuradeh 
channel and the depth of -29 meters (relative to open seas 
water level) from the sea is approximately 2700 meters. 

 
Figure 2.  Bathymetry around the channels 

Study on various water depths leads to -29.0 as the 
target water depth for the proposed artificial channel.  
Therefore, the distance between the seaward mouth of 
Ashuradeh channel and the target contour at the sea is 
about 2700 meters. The shape and layout of the proposed 
artificial channel is determined by comparison among the 
maximum influx of the seawater to the bay during different 
storms. During a storm, the wind-induced storm surge 
results in a difference in water levels between the sea and 
the bay, causing pump of the seawater into the bay. Under 
non-stormy conditions, only the connection between the 
sea and the bay remains with no water exchange 
(negligible density current is present) from the neither 
sides. Therefore, with adequate channel, it is expected that 
the greatest exchange of water between the sea and the bay 
will occur during and immediately after storms.  
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The shape of the artificial channel can be a rectangle 
with a fixed width of 150 m, length of 2700 m and 1.6m, 
corresponding depth to the contour of -29 meters, as 
presented in Figure 3 (alternative A). Also, the channel 
shape can be in the form of a trapezoid, with a variable 
width of 150 m to 450 m and a length of 2700 m with the 
depth down to the -29 meter (alternative B). To investigate 
the maximum exchange, alternative A with dredging down 
to -30 m is also examined (alternative C). 

 

 
Figure 3: Rectangular channel with constant width of 
150 m and length of 2700 m and depth, down to -29 m 
(alternative A) 

 
Figure 4: Trapezoidal channel with a variable width of 
150 m to 450, length of 2700 m and depth, down to -29 m 
(alternative B) 

2. Numerical Simulations  
This study investigates the effects of the shape and 

depth of the proposed various channels i.e., the extensions 
of Ashuradeh channel to the sea and to the bay, on the 
water exchange between the Caspian Sea and the Gorgan 
Bay. In order to do this, the SW and HD modules of the 
Mike 21 model were simultaneously employed for 
simulation of the current induced by waves and wind. The 
incorporated computational domain of interest, together 
with the considered triangular grid are shown in Figure 5. 
This area consists of two open boundaries, the boundary 
condition information of which is provided by the large-
scale current and wave model (well calibrated and verified 
during the Monitoring and Simulation of the Caspian Sea). 

The calibrated and verified also show very good 
agreement with the water level measurements at three 
locations of the study area (Figure 1). As an example, the 

time series of the measured water level variations are 
compared with the results of the numerical model in Figure 
6. Aslo agreement between the numerical results and 
limited flow data within Ashuradeh channel support the 
validity of the model for examining the various alternatives 
under different natural conditions. 

 
Figure 5: The area and the computational domain 

 

 
Figure 6: Comparison between observed and numerically 
simulated water elevation at the sea station. 
 
3. Results  

Important results corresponding to each of the proposed 
channel alternatives are investigated using various one-
year numerical simulations: the amount of water exchange 
between the sea and the bay under different stormy 
conditions, flow velocity within Ashuradeh extended 
channel, and the distribution form of the seawater intrusion 
to the Gorgan Bay. The obtained numerical results 
revealed that the amount of water exchange between the 
sea and the bay in the trapezoidal channel (dredged to -29 
meters) is about 20% more than the rectangular channel 
with the same depth.  Moreover, the amount of water 
exchange between the sea and the bay in the rectangular 
channel (dredged to -30 meters) is just 7% more than the 
rectangular channel (dredged to -29 meters). From the 
considerable number of the numerical simulation, it can be 
clearly concluded that the channel in a trapezoidal form, 
not only keeps the connection between the sea and the bay 
open (against sedimentation, not mentioned in this 
manuscript) till the Caspian Sea level drops to -28.5, but 
also guarantees a great amount of water exchanged 
between the sea and the bay under stormy conditions. 
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1. Introduction 

Climate change and sea-level rise threaten coastal 
systems such as wetlands and barrier islands around the 
world. Coastal wetlands are valuable ecological systems 
that provide habitats for many species, protect shorelines 
by dissipating waves, and purify coastal water [1, 2]. 
Scientific coastal wetlands assessment tools could help 
stakeholders and coastal managers to make informed 
decisions and guide their activities. Integrated wetland 
models that include hydrodynamic complexities and 
biological feedback processes can accurately assess 
wetland responses to different changes. Hydro-MEM is a 
coupled two-dimensional model that interconnects 
biological and hydrodynamic models and projects marsh 
response in the form of productivity, vegetation change, 
and migration to higher lands [3, 4]. This model has been 
applied to several marsh systems across the Gulf of 
Mexico and U.S. East coasts. Hydro-MEM projections 
were published by the United States National Oceanic and 
Atmospheric Association (NOAA) and the United States 
Northeast Conservation Planning Atlas [4-6]. This extended 
abstract aims to show the major findings of this model 
around different estuaries and demonstrate how different 
characteristics of estuaries including tide range, 
topography, geometry, and sediment availability can affect 
marsh system response to different sea-level rise (SLR) 
scenarios.   

 
2. Methodology 

Hydro-MEM was developed to include feedback 
between hydrodynamic and biology in the marsh system 
by coupling a hydrodynamic model (e.g., Advanced 
Circulation model [7]) and Marsh Equilibrium Model 
(MEM) [8] using time-step framework [3].  The main 
inputs of the hydrodynamic model include topography [9] 
and bathymetry, river inflow, tidal forcings, and geometry. 
At each time-step, the MEM part of the model generates 
marsh productivity and accretion (elevation change at 
marsh surface due to its response to SLR) using tidal 
datums (mean high water, mean low water, and mean sea 
level) from the hydrodynamic.  Hydro-MEM uses the 
MEM outputs to update the hydrodynamic model inputs, 

namely surface roughness, topography, and SLR for the 
next time-step. This process will continue until the model 
reaches its targeted time. The model was validated and 
explained in detail in the previous Hydro-MEM 
publications [3-6] 

 
3. Results and Discussion  

In this presentation, the outputs from previous Hydro-
MEM publications are compared to assess effective factors 
on marsh response to SLR. Figure. 1a and b show the 
regions where Hydro-MEM model were incorporated to 
investigate the response of the marsh systems to SLR. Two 
of those systems, the Apalachicola microtidal system in the 
northern Gulf of Mexico and Plum Island Estuary (PIE) in 
a mesotidal system in the northeast of the U.S., were 
selected by red circles to demonstrate the changes. 
Apalachicola microtidal estuary in Panhandle Florida 
(Figure. 1a) is a fluvial estuarine system, which receives 
fresh water and sediment from the largest river in 
discharge in the state of Florida. PIE with a higher tide 
range (2.9 m) receives a small amount of discharge and the 
tidal flow is the dominant flow in the creeks and rivers in 
the marsh system.  

Hydro-MEM outputs were validated in both systems [5, 
6], and marsh productivity results categorized in low, 
medium, and high productivity, drowned forest, and 
mudflat shows healthy marsh in the year 2020. The 
projections in Figure 1 are based on the intermediate 
NOAA SLR scenario (1 meter by the year 2100) [10].  

Hydro-MEM projects inundation of marsh system in 
the microtidal estuary with the creation of some mudflat 
islands in addition to marsh migration to higher lands 
Figure 1c and e). However, the mesotidal system under the 
same SLR scenario is less vulnerable and most of the 
marsh system in the northern part of the estuary is shown 
to be more productive than the current condition with the 
creation of some mudflat islands in the center of the 
estuary (Figure 1 d and f). Further assessments show that 
the vegetation change in this mesotidal estuary from high 
marsh (Spartina patens) to low marsh (Spartina 
alterniflora) is the major effect of SLR. This is because of 
the water depth increase and time of inundation in the 
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ASSESSMENT TOOLBOX FOR SCIENTISTS AND STAKEHOLDERS
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marsh system characterized as hydroperiod, which is more 
favorable to low marsh than high marsh. Also, marsh 
migration is limited due to sharp elevation profile. 

The most important effective parameters in 
vulnerability of a marsh system to SLR are topography, 
tide range, sediment transport, and consequently estuarine 
type. The difference in responses of these two estuaries to 
SLR indicates the vulnerability of microtidal marsh 
systems around the world and the need for scientific tools 
such as Hydro-MEM to plan accordingly.       

 

 
Figure 1.  Hydro-MEM application in different estuaries 
around the United States coasts (a and b) with marsh 
productivity results for the year 2020 in Apalachicola, FL 
(c) and Plum Island Estuary, MA (d) and their 
projections for the year 2100 (e, f) categorized in water 
(blue), mudflat (gray), drowned forest (purple), and low 
(red), medium (medium), and high (green) productivity. 
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1. Introduction 
In this study, the challenges arising due to the retreat of 

the Caspian Sea in the defined zones and boundaries are 
presented and the shoreline changes due to changes in 
water level that lead to the retreat and advance of the 
shoreline are investigated. 
 
2. Coastline Changes 

One of the most important coastal phenomena, 
especially on the coast of the Caspian Sea, is the retreat 
and advance of the seawater, which will have many 
positive and negative effects on the coast. Fluctuations in 
the water level of the Caspian Sea are the most important 
and main factor in the progress and regression of the sea. 
Sea retreat increases the level of coastal land in proportion 
to the amount of slope in different parts of the coast [1]. 

In this study, coastline line changes in the northern 
provinces of the country have been studied. The basis for 
comparing shoreline changes is the compliance of the 
approved shoreline in the ICZM National Plan maps in 
2006 and the shoreline drawn by the consultant based on 
the last water level line in 1398. 
 
3. Sea Water Retreat 

A comparison of the coastline of the National ICZM 
project and the current situation in 2019 shows that during 
this period due to changes in the water level line or 
sedimentation of river mouths or the direction of marine 
sediments to the coast by sea currents or some human 
activities such as construction wharves or water diversion 
facilities, etc., about 316,888 hectares have been added to 
the coastal area from the sea. However, this rate is not the 
same in all parts of the coast, and with the increase or 
decrease of the slope or in the mouths of rivers or in areas 
where human activities have taken place, the extent and 
length of sea retreat vary [2]. 

The amount of land added to the coast due to seawater 
retreat in the time interval between the preparation of the 

ICZM National Plan and the last water level line in 2019 in 
the three northern provinces of the country is presented in 
Table 1. Also, in Table 2, these statistics are presented 
separately for the cities of Iranian northern provinces. As 
can be seen from the tables, Golestan province and 
Gomishan city in the Miankaleh region had the highest rate 
of seawater decline. This is due to the drying of parts of 
the Miankaleh and Gomishan wetlands. Since these 
wetlands are coastal and supply most of their water from 
the sea, seawater fluctuations in recent years have hurt 
these wetlands and the decrease in water resources in 
recent years has increased the level of land in the 
proportionality plan. It is according to the previous plan 
(National ICZM) [3]. 

Examination of the coastline retreat values on the 
coasts of the northern provinces shows that the retreat rates 
in the cities of Talesh, Sangachin, Noor, and Gomish 
Tappeh are about 127 meters, 107 meters, 170 meters, and 
from 5.3 to 6 kilometers. Since there are no marine 
structures such as breakwaters along these shores, it seems 
that the shoreline changes are mostly due to changes in 
water level and the impact of coastal sediment transfer in 
these changes is very small. Using the slope data of the 
coasts extracted from the surveys of the Caspian Sea 
monitoring and simulation project, the average slope of the 
Sangachin region is equal to 1.3%. Assuming a difference 
in water level of about 1.18 meters between 1387 (-26.15 
meters) and 1398 (-27.33 meters), the amount of horizontal 
change of the shoreline is equal to 90 meters. Comparing 
this number with 107 meters, it is concluded that the 
assumption of the shoreline slope due to the low water 
level is reasonable. For other images, the values calculated 
in the range of values are the difference between the two 
coastlines in Google Earth. Therefore, the low water level 
of the Caspian Sea plays an important role in shoreline 
changes. 

 
 

 

THE CHALLENGES OF CASPIAN SEA WATER LEVEL CHANGE IN TERMS OF ZONING
Ali Azimi, Reza Ahmadian, Ehsan Rastgoftar, Mohamad Reza Allahyar, Hamid Khalili and Rasoul 
Ghanbari Maman



International Conference on Coasts, Ports and Marine Structures
9 & 10 May 2023 , Tehran-IRAN

272

Table 1. The amount of land added to the coast due to 
seawater retreat in the time interval between the 
preparation of the ICZM National Plan and the last 
water level line in 2019 

State Ratio of total area 
(Percentage) 

Area 
(Hectares) 

Golestan 63/7 20191/6 

Mazandaran 29/5 9347/7 

Guilan 6/8 2149/3 

Sum of the total backward 
area of the northern provinces 100 31688/6 

 
 
Table 2. The amount of land added to the coast due to 
seawater retreat in the time interval between the 
preparation of the national ICZM plan and the last water 
level line in 2019 by province and city 

Province City Area 
(Hectares) 

Proportion of total 
area (Percentage) 

 
Golestan 

Gomishan 17712/6 55/9 
Torkaman 1959/1 6/2 
Gaz port 519/6 1/6 
KordKuy 0/3 0/0 

The total of Golestan 
province 20191/6 63/7 

 
 
 
 
 
 
 
 

Mazandaran 

Behshahr 5380/8 17 
Galougah 2442/4 7/7 
Nowshahr 190 0/6 

Noor 160/6 0/5 
Babolsar 159/7 0/5 
Mahmoud 

Abad 143/8 0/5 

Jouybar 133/4 0/4 
Abas Abad 107/3 0/3 
Fereisoun 

Kenar 102/3 0/3 

Ramsar 98/8 0/3 
Miandoroud 98/4 0/3 

Neka 94/3 0/3 
Sari 90/5 0/3 

Tonekabon 89/7 0/3 
Chalous 5/55 0/2 

The total of Mazandaran 
province 9347/7 29/5 

 
 
 
 

Guilan 

Anzali Port 456/8 1/4 
Astaneh 

Ashrafieh 390/8 1/2 

Roudsar 356 1/1 
Talesh 252/9 0/8 

Langeroud 230/5 0/7 
Rasht 200/4 0/6 
Astara 124/1 0/4 

Rezvanshar 104/1 0/3 
Lahijan 33/6 0/1 

The total of Guilan province 2149/3 6/8 
 

 

4. Conclusion 
 Low water levels affect commercial transportation, 

recreational boating, hydroelectric power plants, and 
drinking water treatment plants. A low water level means 
that less than one cargo ship is loaded to prevent the ship 
from sinking, which can lead to an increase in the cost of 
goods. Yacht propellers break at the bottom of shallow 
lakes and may not be able to enter anchorages which can 
affect marine revenue. Water facilities depend on rainfall 
and level changes. Therefore, the low water level is an 
important issue in shoreline management and should be 
considered in hazard zoning. 
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