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Abstract:- This project work involves setting up a
mathematical model using MIKE 21 BW software.
MIKE 21 BW is based on the numerical solution of time
domain formulations of Boussinesq type equations. For
the simulation, a two-Dimensional Boussinesq wave
module has been used. Mathematical model studies were
carried out for assessment of wave tranquility inside the
port basin at Kamarajar port, Tamil Nadu. The Port has
developed terminals through private sector participation
to handle liquids, coal and iron ore. To meet the growing
demand in the hinterland and trade, Kamarajar Port
has plan for expansion of port facilities. The model
simulation is carried out to ascertain the wave
disturbance and surface elevation inside the harbour
basin for a predominant wave direction. The model set
up is successful in obtaining the model results pertaining
to wave tranquility. Wave heights at all the berthing
locations are within the permissible tranquility limit for
the incident wave direction.

Keywords:-  Wave Transformation, Wave Tranquility,
Permissible Tranquility Limit

I INTRODUCTION

Kamarajar Port, located on the East coast of India,
about 24 km North of Chennai Port. It is located on the east
coast at Latitude 13° 15° 30” N and Longitude 80° 21° 00”
E. It is one of the major Ports of India and first corporate
port in the country with autonomous management.
Kamarajar Port was commissioned by the then Prime
Minister of India on 1st February 2001. This port has
adequate road and rail links. Kamarajar Port was originally
conceived as a satellite port to the Chennai Port, primarily to
handle thermal coal to meet the requirement of Tamil Nadu
Electricity Board (TNEB), to decongest the busy Chennai
Port, Kamarajar Port is evolving itself into a full-fledged
port with the capacity to handle a wide range of products
and it handled 30.45 MMT cargo in 2017-18. Terminal
facilities at the port comprises of Two coal wharves
(16MTPA), Common marine liquid terminal (3MTPA),
Common user coal terminal (10MTPA), Automobile export
terminal (3MTPA) as working & container terminal and
multi cargo terminal is under development. KPL has
proposed to invest towards capacity enhancement projects,
Capital dredging, Road connectivity, Rail connectivity,
Contribution to SPV projects, ECPP liabilities in the coming
years. After completion of master plan the harbor basin
would be able to handle about 158.6 MTPA cargo of
different commaodities by 2035.
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Problem solving process in Coastal Engineering :
Identify Problem
Identify Problem Solving Technique
Select Appropriate Tool
Apply Problem Solving Tools & Collect Results
Interprete Results
Solution

Physical Models involve the reproduction of real life
processes at a reduced scale. The model is designed so that
the dominant forces affecting the system are reproduced in
correct proportion, by
satisfying one of several scaling criteria. Unlike numerical
models which are required to be calibrated prior to being
used as an accurate prediction tool, if a physical model is
scaled appropriately, the results are expected to be
representative. However, model- prototype conformity
based on the available data helps improving the efficacy of
model results.

Numerical modeling is a process of creating
mathematical models and using computational algorithms to
simulate and analyze complex systems or phenomena. It
involves representing real-world systems or processes using
mathematical equations and then solving those equations
using computers.

Here are some key steps involved in the numerical modeling

process:

e Problem Formulation: Clearly defining the system or
phenomenon to be modeled and identifying the relevant
variables, parameters, and governing equations.

e Discretization: Breaking down the continuous system or
phenomenon into discrete elements or grid points.

e Mathematical Representation: Expressing the governing
equations as a set of discrete algebraic equations or
differential equations, depending on the nature of the
problem.

e Numerical Solution: Employing numerical algorithms
and methods to solve the discrete equations iteratively.
These methods may include finite difference, finite
element, finite volume, or other numerical techniques.

e Validation and Verification: Comparing the numerical
results with experimental data or analytical solutions, if
available, to ensure the accuracy and reliability of the
model. This step helps validate the model's predictive
capabilities.

e Sensitivity Analysis: Investigating the influence of
different input parameters and boundary conditions on
the model output. Sensitivity analysis helps identify key
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factors and understand the system's response to
variations in these factors.

» Aim

Aim of the project is to set up a Mathematical Model
for a typical port project on east coast of India viz.
Kamarajar Port by acquiring sufficient knowledge of MIKE
software and coastal engineering aspects.

» Objective

e Setting up of mathematical models using MIKE 21
Boussinesq wave (BW) Module software to ascertain
wave hydrodynamic conditions using a mathematical
model for a Kamarajar Port.

e To impose suitable boundary conditions to represent site-
specific, critical and vulnerable wave flux.

o Useful to optimize the development scheme to achieve
desirable tranquility inside the harbour basin.

e Simulation of wave propagation in the Kamarajar Port,
to compute wave heights in the Port area for the
proposed port layout using mathematical model
MIKE21-BW.

1. METHODOLOGY

This chapter describes the basic methodology adopted
for the study. The mathematical model was setup using
MIKE 21 Boussinesq Wave (BW) Module. MIKE Software
was used to digitize the study area. The wave pattern has
been studied in a modeled area. The basic input data needed
for model includes Bathymetry, wave data to impose
Boundary condition, layout and structural details of berthing
structures. Wave and other input data files are prepared
using MIKE 21 tool box. The model runs include a Baseline
model to model the present site conditions and the model
was evaluated, and then followed by harbour basin area. The
model simulations were successfully completed, and the
results were analyzed. The detailed model setup is discussed
in the following sections.

1. SITE CONDITIONS

» Wave Data In Deep Sea

The offshore wave data of 33 years of Kamarajar port,
reported by India Meteorological Department as observed
from ships plying in deep waters were analyzed. The
frequency distribution of wave heights from different
directions during south-west monsoon (June-September),
north-east monsoon (October-January), non-monsoon period
(February-May) and entire year for the above offshore wave
data is given in Tables.
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Table 1A: Percentage Occurrence of Wave Height &
Direction off Kamarajar Port South-West Monsoon Period
(June-September)

: T
WAVE“T(‘“); p of |<15| <2 |<25|<3 <35 <4 <45  TOTAL

DIRECTION('N) CALMY% 1.19

25 1 007 |009] 0 |005/ 0 |0 005! 026
45 | 015 [003] 0 1002|001 [0.01 001| 023

o0 o

67.5 032 10.21,0.05/0.05!043|0.22 0 1.27

1285 | 020 |025/007] 0 |012]0.04/012 002] 091

0
0
0
80 \022 027 0 | 0 0191029 0 | 0 004 1
0
04

135 1078 | 06 [004]008(001/0.01002] 0 0 1.58

9678 | 072 |1.76]1.09] 07 [0.14(013[0.47] 0 | 0 | 471
180 ;151 42 | 247254099 |0.66[0.15] 0.19 |0.12| 1283
2025 | 18 [407[375|357 283 [147/048| 020 [029| 19.45
225 | 098 |4.46|4.76|557|366(23|1.03] 028 | 03 | 2334

218|097 [491] 39 [439]339]21]067] 049 [063] 2145
210 | 05 |2.26]244]15311.06(046[0.17] 0.1 |003] 854

2025 | 033 |044/054) 0 (0241012 0 | © 0 167

M5 | 0110230330111 0 (001 0 | 0.06 |001] 085

ns ;0.1 003/019] 0 [0020.02] 0 | 0 005 042
360 |01 008]004] 0 [004/004] 0 | 0 | 0 | 031
TOTAL | 8.95 |24.79119.67(18.6113.13]7.88/281| 145 155 100

Table 1B: Percentage Occurrence of Wave Height &
Direction off Kamarajar Port North -East Monsoon Period
(October-January)

WAVEHTIM) | o5 | <1 |<15| <2 |<25|<3|<35| <« |<as| TOTAL

DIRECTION('N) ‘ CALMY% 2.47
225 08 | 363|286 218|078 1.07027| 037 |009] 12.06
45 251 | 442 4.19] 3.56 | 1.55 0.99 0.21| 027 |0.02] 17.72
67.5 1.75 [352[4.13] 3 [265/1.2/027] 0.12 [006] 167
90 | 166 [174] 24 |169]0650560.14| 027 [0.17] 928 _
1125 08 [097/086]012] 0.1 0.13007] 0 |004] 309
135 0.54 |0.41]0.3810.4310.03008002] 0 1001| 192
575 | 025 [09410341038] 01 0.12 011 0 | 0 | 223
180 124 1238]098/051/02300.18 0 | 0 | 0 | 552
2025 | 026 [084]0.71/067]04602]0.17 0.1 |004] 346
228 0.54 126|097 0.84 | 0.28 0.04 0.06| 0.09 |0.08| 4.16
2475 06 |167]122]1.19]06310.090.17] 0.16 | 0.1 | 583

210 039 |0.73|0.78|0.62 0421042 0 | 0.06 |0.15| 3.5
2925 | 062 |0.58|0.48 0,07 |0.16 0.06,0.15] 0.13 |002| 227
315 0.6 1058]04110.11]0.24] 0 |0.04] 008 | 0 | 206
3376 | 0.33 1051060027007 0.08016] 0 | 0 | 2.1
360 091 [133]119] 1.1 | 04 (03]031] 023 |0.11| 588
TOTAL | 138 [2551(22.50/16.74| 8.75 55| 2.14| 1.88 |0.89] 100

Table 1C: Percentage Occurrence of Wave Height &
Direction off Kamarajar Port Non Monsoon Period
(February-May)

WAVEHTIM) | cos | <1 |<15| <2 |<28|<3|<as| < [<as| TOTAL
DIRECTION(*N) | CALMY% 3.15
225 084 115205 /035/028{01 0O 0 0 349
45 180 11.7611.93/0.71[062011] 0 | 009 | 0 71
67.5 267|304 206/124] 03[0 [008] 016 | 0 9.54
90 351 |374(227/109[017004 0 | 005 | 0 10.87

1125 187 1211127044 /0.15/0.1/0.15]| 003 | 0 613 |
135 | 125 |2.15]1.07|0.55|0.06 0.050.03| 002 | 0 | 518
1575 258 |3.96]1.89| 0.880.17 0.27,0.07| 015 | 0 9.98
180 293 v483 273/181/065 024004 0 0 13.24
2025 202 [267201[168[133051/04 | 0 0.1 ] 1072
225 088 | 15 1183[1.18|086069019| 01 | 0 | 723
2475 109 | 15 [1.31/092 /053027007 023 | 0 5.91
270 0.38 10431025]/0.11]0.24 0.06 0.08 0 0 1.55
2925 041 10741006009 0 [0 /006 © 0 1.36
315 | 037 [063]028[001[ 0 [0f001] o0 | 0 | 129
3375 037 1011]035| 0 | 0 |0 0 | 003 | 0 0.86
360 087 1043/068/017| 0 0.11/008| 006 | 0 239
TOTAL 23.93 131.12]20.46[11.23[ 536 245 1.26 | 092 | 0.1 100
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Table 1D: Percentage Occurrence of Wave Height &
Direction off Kamarajar Port Entire year (January-

December)
WAVEHTIM) | o5 | <1 |<1.5| <2 [<25|<3|<as| <4 |<as TOTAL
DIRECTION('N) ; CALM% 4.63
225 057 |1.77 11181087 |0.34 037 0.09! 0.13 (005 537
45 155 [2.18] 22 | 155|078 0.39,0.08 ] 0.14 [001] 888
675 1.54 12262041144 115047 0.13] 009 [0.02] 9.5
90 184 |188)156/091|0.34 i0.3"0405 0.11 | 007 7.06
1125 097 |1090.74|0.17 0.11i0.1 10.11] 001 |002| 332
135 0.79 11081054 0.37 0,03 0.05 0.02| 0.02 [001] 290
1575 | 1.06 |223]1.06]0.66]0120.16 0.12] 004 | 0 | 546
180 162 [32712021163]/06210.38 0.06| 006 |0.04 9.70
202.5 129 127912251201 /153 :0]6 028! 01 |0.15 11.16
226 072 | 215 245|233 145096 0391 0.15 [0.13] 1073
2475 | 0.76 123112121202 1.36 086 0.28] 027 |0.27] 10.26
270 042 |102:1.08/0.71,048 IO.32‘L0.08 006 |0.05 424
2925 | 043 | 0540321005 0.11 007 0.06| 0.05 |0.01] 163
315 0.35 [0.5110.3410.08 009 001 0021 005 | 0 | 144
3975 03 |023]04110.11]0030030.06] 0.01 0011 117
360 062 |063/064/044/0150.150.12! 01 |003 2.90
TOTAL 14.81 |25.94/20.94 15.38| 8.69 5.39 194 1.38 | 0.88 100

> Tide Levels
Tidal levels at Chennai were considered for the model
studies and are given in table

Table 2 : Tide Levels

Tidal Levels

Mean High Water Spring (MHWS) +1.1m

Mean High Water Neap {MHWMN) +0.8 m

Mean Sea Level (MSL) +0.65 m
Mean Low Water Neap (MLWH) +0.4 m

Mean Low Water Spring (MLWS) +0.1m

V. WAVE TRANSFORMATION STUDIES

» Wave Transformation For Assessment Of Near-Shore
Wave Climate

The wave climate near Kamarajar Port was obtained by
transforming the ship observed deepwater wave data, using
MIKE 21 SW model. Bathymetry in the model region of
about 34 km X 78 km and extending up to 150 m depth
contour was schematized with an unstructured triangular
mesh. The model was run to obtain near-shore wave climate
at the inshore point in 20 m depth contour. The wave
direction and the transfer function (ratio of wave heights)
at the inshore Point for waves with 12 sec wave period
with different directions of wave incidence at the offshore
boundary are given in the following Table.

Table 3 : Transformation From Deep To Shallow Coastal

Waters
sr Offshore Iinshore Tran=sfor
NI;. Driracticin Direction Fiunction
(Daog. M) (Dog. M) {Hi /Ho)
1 22.5 (NNE) 56,64 0,562
=2 45.0 (NE) 63,44 0.777
3 G7.5 (ENE) T 90 .853
<4 80.0 (E) 20.65 0. 849
5 112.5 (ESE) 107 .66 0.824
[ 135.0 (SE) 123.80 0.783
7 167.5 (B5E) 137.08 0,714
n 180.0 {(5) 143.76 0.BEE8
9 202.0 (SSW) 145,00 0,301
10 225.0 (SW) 143.19 0,088
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Hi = Wave height at the inshore Point
Ho = Offshore wave height

Above transformation was applied to the deep water
wave data [Tables 1A to 1D] to obtain the frequency
distribution of waves at the Inshore Point in 20 m depth for
SW monsoon, NE monsoon, non-monsoon and entire year
[Tables 4A to 4D]. The corresponding wave rose diagrams
are shown in fig 7 below.

Table 4A: Percentage Occurrence of Wave Height &
Direction Near Kamarajar Port in 20 m Depth during South-
West Monsoon (June- September)

Wavehtim) | 05 | 1 (15[ 2 | 253 35[ 4 [TOTAL
Direction Cam | 135
ﬁ?.ﬁ[EHEI 083 | 078 | 055 [041] 041 | 016|004 | 002 | 32
S0°N(East) | 078 | 06 | 004 [008] 001 [003(004] 0 | 158
12.5°NESE) | 072 [ 176 [ 1.09 [ 07 [ 027 [047] 0 | 0 [ 47
135'N(SE) | 14.07 | 28.27 | 2081 [969 | 319 | 044|048 | 0.2 | 77
Total 164 | 141 | 2240 11086 388 | 08 056 044 | 100

Table 4B: Percentage Occurrence of Wave Height &
Direction Near Kamarajar Port in 20 m Depth during North -
East Monsoon (October-January)

WaveHm) [ 05 ] 1 (15 2 [25[ 3 [35] 4 [TOTAL

Direction Calm | 4781
6?.5°H|EHE] 421 [10.36) 891|393 | 078 | 04 |044| 004 | 291
90'N(East) | 054 | 041038043003 ) 01 | 0 | 00 19

12.5NESE) | 025 (004 (03 038|022 04 |0 | 0 | 233
136°N(SE) 553736391 [ 13 [or2] 04 [osd] 0 19
Total 1053]1907 /1354 604 [ 175 ] 07 [048] 005 | 100

Table 4C: Percentage Occurrence of Wave Height &
Direction Near Kamarajar Port in 20 m Depth during Non
Monsoon (February-May)

WaveHtm) | 05 [ 1 (15[ 2 [25[ 3 |35 TOTA
Direction Calm | 21.22
675'NENE) | 805 | 1095 508 | 178 | 035 | 025 | 008 | 2654
S'NEast) | 125 [ 215 | 107 [ 055 | 006 | 008 [ 002 | 518
H25NESE) | 258 | 396 | 180 | 088 | 044 | 007 [ 045 8w
135MSE) | 973 [1255) B76 | 467 [ 125 | 004 | 04 | 304
Total 260 | 261 168 ] 788 [ 21 | 044 [ 035 ] 100

Table 4D: Percentage Occurrence of Wave Height &
Direction Near Kamarajar Port in 20 m Depth during Entire
Year (January-December)

WaveHtim) | 05 | 1 [ 15| 2 [ 25| 3 |35| 4 |[TOTAL
Direction Cam | 30.28
G7.5NENE) | 435 | 727 (489202 | 05 | 026 |019] 002 | 1952
SU'N(East) | 0.79 | 1.08 | 054 [ 0.37 [ 0,03 0.07 [0.02] 001 [ 281
M25N(ESE) | 106 [ 223 | 106 066028 ] 012 [004) 0 | 545
135'MSE) | 8.82 | 148 [1088] 513 [ 1.7 | 016 [021] 004 | 4184

Total 15.02 12548 | 17.37] 898 | 251 | 063 |046) 007 | 00

It is seen from these studies that the predominant
directions at 20 m depth are ENE, East, ESE and SE. The
95%occurenece values of wave heights from Table 4(D)
from different directions were considered for assessment of
wave tranquility in Kamarajar port basin and are as given
below.
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Table 5: Input Wave Conditions for MIKE-21 BW Model

WAVE WAVE PERIOD | WAVE HEIGHT
DIRECTION (Sec) (m)
(Degree N)
East 11 25
V. SETTING UP THE MODEL

“Setting up the model” is actually another way of
saying transforming real world events and data into a format
which can be understood by the numerical model MIKE 21
BW. Thus generally speaking, all the data collected have to
be resolved on the spatial grid selected.

» Bathymetry

Bathymetric data provides information about the shape,
relief, and features of the underwater terrain, including the
location of underwater mountains, valleys, canyons, and
other geological formations. You have to specify the
bathymetry as a type 2 or type 1 data file containing the
water depth covering the model area.

Bathymetry

Fig 1:Bathymetry created for tranquility study of Kamarajar
Port (.dfs2 file)

» Sponge Layer

In mathematical modeling, a "sponge layer" refers to a
technique used to absorb or dampen waves near the
boundaries of a computational domain. This technique is
commonly used in numerical simulations that involve
solving partial differential equations (PDEs) in unbounded
domains or domains with open boundaries.

In practical for all MIKE 21 BW applications one has
to prepare maps (2DH, dfs2- file) or profile series (1DH,
dfs1-file) for efficient absorption of short and long period
waves and to avoid unrealistic reflections.
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Fig 2: Sponge Layer provided at model Boundaries of
Kamarajar Port Model(.dfs2 file)

> Porosity Layer

In mathematical modeling, a porosity layer is a concept
used to represent a region with varying levels of
permeability or porosity within a mathematical model. It is
commonly used in the field of fluid dynamics, particularly in
the study of flow through porous media.

I Porosity

[Grid spacing 5 migter)
g

0 100 200 300 400 500 800
(Gnd spacing 5 rmeter) -1
01-01-2000 00:00-00, Time step: 0, Layer: 0

Fig 3; Porosity Layer

Modeling of partial reflection/transmission requires
preparation of maps (2DH) or files (LDH). This can be done
by preparing porosity layers for inclusion in the
specification file of the model.

> Boundary Data

In most cases you will force the model by waves
generated inside the model domain. The internal wave
generation of waves allows you to absorb all waves leaving
the model domain (radiation type boundaries). This input
file has to be prepared based on the site-specific conditions
using Mike-21 tool box
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. Tiree Step: 20-03-2023 12:00:00
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Fig 4: Wave Setup created for the internal wave generation
during Simulation of Model (.dfs1 file)

» Calibrating And Verifying The Model

The purpose of the calibration is to tune the model in
order to reproduce known/measured wave conditions. The
calibrated/tuned model is then verified by running one or
more simulations for which measurements are available
without changing any tuning parameters. Once the model
results are validated, the prepared model can be utilised for
various simulations / conditions by suitably changing the
boundary conditions or geometry. Model simulations for
different scenario help evolving the optimum layout and the
best possible development strategy.

VI. RESULTS AND DISCUSSIONS

» Surface Elevation

The surface elevation is a basic model parameter and
should always be included in your model specifications. It is
calculated on basis of computed water depth and
bathymetry.
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Table 6 : Values of Surface Elevation at various location
inside port simulation of Model

Location Surface Elevation
Min Max Mean
Point A (300,500) -0.043 0.041 0.005
Point B(228,266) -0.059 0.052 -0.0008
Point C(357,638) -0.050 0.040 0.0005
Coal Berth No. 4 -0.076 0.048 -0.003
Coal Berth No. 3 -0.069 0.071 -0.004

Proposed Dock Basin Il | -0.075 0.046 -0.004
ProposedMulti cargo -0.071 0.054 -0.004

Terminal

Proposed LNG Berth -0.061 0.052 -0.002
MLT- | -0.040 0.037 -0.001
MLT -II -0.046 0.044 0.0008

H Surface elevation

600 1

500

meter

@0

{Gnd spaceg &

00

0 W00 200 00 &0 00 800 o
(Gnd spacng 5 meter) I
05-2023 122300 Tert step 23 Layer 0

Fig 5: Generated 2D output file of Surface Elevation after
complete
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Visualisation using MIKE Zero Plot Composer (Time
Series Plot). Time series of surface elevation at three
different locations is given in fig.

v G P Werhawes (74 Nl (s s e e ba

Fig 6: Time Series plot of Surface Elevation at various
Locations inside Harbour Basin

> Wave Disturbance Coefficient

Wave disturbance coefficients are typically derived
from experimental or numerical studies and are specific to
different types of structures. They are used in the calculation
of wave forces and moments acting on the structure, which
are essential for structural design and analysis.

By incorporating wave disturbance coefficients into
design calculations, engineers can assess the structural
integrity, stability, and overall safety of coastal structures
under wave loading conditions. These coefficients play a
crucial role in ensuring that structures are appropriately
designed to withstand the forces exerted by waves and
provide effective protection in coastal environments.
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no

600

500

(Gnd spacing & meter)
-

0 A{.ﬁ.—“;:--'_-.—-:.—.-_'z..:.u;_ — "_'i
0 100 20 300 400 500 800 700
(G spaceg 5 mter) H

28-00-2023 12 33 10, Tane step 97 Layer O

Fig 7: Statistical Results- 2D visualization using MIKE zero

Plot Composer Grid Plot. Wave disturbance coefficient at
Kamarajar Port.

Table 7 : Values of Wave Disturbance Coefficient at various
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» Significant Wave Height

Significant wave height is a parameter commonly used
in oceanography, coastal engineering, and marine
forecasting to describe the average height of the highest one-
third of waves in a given wave dataset. It provides a measure
of the overall wave energy and is a key parameter for
understanding and predicting wave conditions.

rl HmO

0 100 a0 0 400 00 o oo
{God spacing 5 meter) I
2003202312 33 10, Teme step 97, Layer O

Fig 9: Map of Wave Height simulated by MIKE 21 BW

Table 8 : Values of Significant Wave Height at different

Location.
Sr Location Wave
.No disturbance
coefficient

1. Point A(300,500) 0.0404

2. Point B(357,638) 0.0355

3. Point C(228,266) 0.0495

4, Coal Berth No. 4 0.0462

5. Coal Berth No. 3 0.0453

6. Proposed Dock Basin 11 0.0651

7. | Proposed Multi cargo Terminal 0.0504

8. Proposed LNG Berth 0.0438

9. MLT- | 0.0270

10. MLT -1l 0.0393
oo I 1

=¥ 1
0000 I
a~- l
0050 E !
eum = o - ~ ;
Jo vt # E
e | 7 - i
0s . _,f ~ £ }
a'w«l i. /’:’ i
otm J ;

location

Sr Location Wave Height
.No (m)
1. Point A(300,500) 0.091
2. Point B(357,638) 0.080
3. Point C(228,266) 0.106
4. Coal Berth No. 4 0.106
5. Coal Berth No. 3 0.099
6. Proposed Dock Basin 1l 0.145
7. Proposed Multi cargo Terminal 0.113
8. Proposed LNG Berth 0.096
9. MLT- | 0.060
10. MLT -II 0.086

Fig 8: Time Series of Wave Disturbance Coefficient at
Various Locations
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Fig 10: Time Series of Significant Wave Height is plotted at
Different Locations
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VII. CONCLUSION

Mathematical model studies carried out for simulation
of wave tranquility at Kamarajar port indicated that:

¢ In the near-shore of Kamarajar port, in 20 m depth, the
predominant wave directions are from ENE, East, ESE
and SE.

e Wave heights at all the proposed berths were seen to be
within the permissible tranquility limit for all the
incident waves from East direction i.e. (90°)

e Providing a gentle slope at the container terminals
reduces the wave heights in the port basin and the wave
height at all the berths are seen to be within the
permissible tranquility limit for all the incident waves
from East direction.

o Average wave height near the proposed MLT —II and
MLT —I11 berth for both alternative layouts is found to be
generally within the permissible wave height of 1.0m for
2,00,000 DWT ships. Therefore the proposal of MLT
berths along North Breakwater is feasible from
considerations of wave tranquillity at the berth

o Wave height in front of North breakwater shows results
on higher side due to reflection effect of North
breakwater. However wave height at approach channel
shows lower wave height due to the dredged depth of
approach channel.

e It was noticed that under normal wave climate, the
existing breakwaters would provide adequate tranquility
at the entrance where a wave disturbance of 0.90m only
would prevail due to diffraction effects from the outer
i.e. northern breakwater. From the visual observations
and record of wave disturbance, it was noticed that there
was considerable wave attenuation as the wave flux pass
through outer basin due to diffraction effect due to tip of
inner i.e. southern breakwater.

e By creating mathematical model, we can simulate
different scenarios and predict the behavior of the port
under different conditions, enabling us to make informed
decisions about the design and management of the port.
These model can also aid in identifying potential safety
hazards, improving the efficiency of the port operations,
and optimizing the wuse of resources. Overall,
mathematical modelling of a port is an essential tool for
engineers and managers to ensure the safety,
sustainability, and profitability of the port.
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