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The waves produced by the wind are the most noticeable and frequently the most 

significant waves in the range of waves at sea. Given the limited amount of knowledge 

on the mathematical modelling of the wind induced wave in lake or shallow water depth, 

considered to this point. In this paper, a briefly look at how these waves are formed by 

the wind in the Bahar Al-Najaf depression, as well as some of the essential properties 

that arise. A numerical model based on unstructured mesh is proposed to predicate and 

visualize wave conditions. MIKE21 spectral model base on mass balance equation was 

used as a numerical tool to find the optimal location of mitigation structures to 

dissipation the wave energy near the neighbor structures. The amount of variation 

between the simulated wave heights and those calculated using an empirical equation 

is less than 9%. Three schemes for breakwater has been tested to find the optimal 

location and orientation of breakwater. The results showed that the three schemes used 

for the breakwater gave varying results, both depending on its location and 

characteristics. The first scheme gave a covering area approaching 1.19 km2, and the 

second scheme gave approximately 0.889 km, and third scheme gave a covering area 

1.11 km2. This study showed that the wave heights at the upstream and downstream 

were measured after the breakwater had been constructed, and they were found to be 

between 0.35 and 0.7 m. This implies a decrease of around 40% to 60% in comparison 

to the original heights of 1.25 to 0.9 m. All of these schemes are good to a certain extent 

in dispersing the energy by breaking the single pattern of the wave at rates that may 

reach 50% of the height of the arriving wave, the first scenario was the best and most 

efficient in terms of energy dispersion. 
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1. INTRODUCTION

A body of water that is exposed to the atmosphere is almost 

never seen without waves on its surface. These waves are a 

result of forces operating on the fluid that try to distort it in 

opposition to the forces of gravity and surface tension, which 

work together to keep the fluid's surface level. Thus, it is 

impossible to overstate the significance of waves. Wave 

motion may affect everything that is near or in a body of water. 

At the seashore, this may cause sand to migrate down the 

coastline, resulting in erosion or storm-related damage to 

buildings [1]. 

The major approaches for studying wave propagation 

include field observation, physical model testing, and 

numerical simulation. The numerical simulation approach has 

quickly grown in comparison to physical model testing and 

field observations because of its benefits including cheap cost, 

flexible application, quick turnaround, independence from 

scale effect, and availability in a testing setting [2]. 

For decades, researchers have been working on numerical 

wave water modelling. The earliest numerical models for wave 

water modelling were established in the 1960s and 1970s, 

although their computing capacity was restricted at the time. 

Throughout the 1980s and 1990s, as computers got more 

powerful, numerical models for wave water modelling became 

increasingly advanced. One of the earliest numerical models 

for wave water modeling was the Mild Slope Equation (MSE) 

model, which was developed in the 1960s. The MSE model is 

a linear model that is used to simulate waves in shallow water, 

such as nearshore areas. The model presents that water depth 

is much smaller than the wavelength of the waves. 

In the 1970s, researchers began to develop more 

sophisticated numerical models for wave water modeling. The 

Boussinesq Equation (BE) model was one of the most 

significant of these models. This model is a nonlinear model 

that is used to simulate waves in both shallow and deep water. 

The model considers the effects of wave breaking and wave 

dispersion in its calculations. 

In the 1980s and 1990s, numerical models for wave water 

modeling continued to evolve. Researchers began to develop 

models that could simulate the interaction between waves and 

currents, as well as the effects of sediment transport. One of 

the most important of these models was the SWAN 

(Simulating Waves Nearshore) model, which was developed 
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in the Netherlands in the 1990s. The SWAN model is a 

sophisticated numerical model that can simulate wave 

propagation, wave breaking, and sediment transport in coastal 

areas [3]. 

One example of a modern numerical model for wave water 

modeling is MIKE21SW, developed by DHI in Denmark. 

MIKE21SW is a three-dimensional model that can simulate 

wave propagation, wave breaking, and wave runup in coastal 

areas. The model considers how tides, currents, wind, and 

bathymetry affect wave behavior [4]. Many studies anterior 

possible to remember that used modern numerical model: 

WAVEWATCH III was used by Li et al. [5] in order to 

provide wave prediction for the Bohai Sea of China. Bi et al. 

[6] used WAVEWATCH III to carry out a simulated 

examination of the waves that are found in the Pacific Ocean. 

Yang and Zhang [7] used SWAN to simulate wind wave 

activity in Bohai Bay from 1989 to 2008 and analyze wave 

probability. Ayat [8] used the MIKE21 SW model to simulate 

waves in the East Mediterranean and Aegean waters and 

analyze wave energy in the relevant waters. To comprehend 

the effects of man-made structures like mudflats and 

breakwater on shoreline changes, Noujas et al. [9] used the 

MIKE21 SW model to study the Indian southwest coastal 

waves. 

This paper will demonstrate the application of numerical 

simulation of MIKE21-SW for calculation of the wave 

distribution and transmission parameters to find the optimum 

location of proposed breakwater (3 scheme) in the depression 

of Najaf Sea in Iraq region. The possibility of application 

would be presented through find the largest protected area 

covered by scheme proposed with largest efficient breakwater. 

 

 

2. DESCRIPTION OF THE STUDY AREA 

 

One of Iraq's historic low water bodies is the Bahr Al-Najaf 

depression. It was regarded as a natural lake and was situated 

in the southwest of the Al-Najaf city Centre. The region has a 

total surface area of 251 km2, and its position may be 

determined by the coordinates 44o 11' 34" to 44' 22' 37", and 

31o 47' 11" to 32' 04' 08," respectively. It has a lake within that 

is about 90 km2 size. Due to influx, precipitation, and seasonal 

weather changes, that area fluctuated between increases and 

decreases. The area is classified as a desert where water levels 

rise throughout the winter owing to increasing rainfall [10]. 

The research area's slope progressively steepens as it moves 

from the west and south-west to the north and northeast. Three 

major valleys, Kharr, Shoaib Al-Rahimawi, and Maleh, have 

a wide area and provide water to the Bahr Al-Najaf Lake. 

These valleys also help to replenish the groundwater in the 

area [11]. 

 

 

3. RESEARCH PROBLEM 

 

According to the target area, from time to time this area is 

subjected to flooding as a result of the rainfall-runoff releasing 

into the lake from the neighboring areas (due to the low-land 

of the area) Figure 2. As well as the result of waves caused by 

high winds in this region. the strategic line transformer, and 

the Al-Noor village is one of the most important areas that are 

exposed to the risk of inundation as a result of the waves 

generated in the lake in addition to the high wind speed in the 

region. Therefore, this study is prepared to employ energy 

dispersal facilities and breakwater characteristics to protect the 

road linking the Al-Maamal area and the city of Al-Najaf, 

given that this road is adjacent to the Bahr Al-Najaf region, 

and it is exposed to the dangers of flooding and inundation 

from time to time. Figure 1 shows the Digital Elevation Model 

for the study area. Figure 2 showing the damage caused by the 

high-water level as a result of the generation of waves and 

floods in the study area in the winter of 2013. 

This study was aim to a proposal for a breakwater capable 

of mitigating the impact of wind waves in an area that is at risk 

of flooding in certain seasons as a result of wave height. 

 

 
Source (https://apps.sentinel-hub.com/eo-browser) 

 

Figure 1. Satellite visuals of the study area shows DEM and 

lake border 

 

 
 

Figure 2. Some pictures showing the damage caused by the 

high-water level as a result of the generation of waves and 

floods in the study area in the winter of 2013 

 

 

4. SOURCE OF THE DATA FOR MODELING (WIND 

FIELD DATA) 

 

Accurate wind field data collected by meteorological 

models and analysis are required for excellent wave 

hindcasting and forecasting. Because the wind field is the 

primary driving factor in spectral wave models [12]. 

In the present work, the wind field data from (1994 - 2021) 

are taken from Shbicha recorded station. It’s automatic 

weather stations belonging to the Iraqi Ministry of Agriculture 

that have been installed and operated near the southern Bahar 

AL-Najaf (Lat 31.68: log 44.3). The weather statistics show 

that, In the studied area, a north- northwest (NNW) wind 

direction predominates with a frequency of 20 %. The windiest 

direction over a longer period is NNW, with a Multi-year 

average annual maximum speed 15 (m/s). With winds gusting 

to 12 m/s, the N and W directions have the second-strongest 

winds. as seen in Figure 3. For the simulation experiments, the 
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least safe wind speed and direction combinations are chosen. 

Table 1 lists the worst-case scenario for the study area. 

 

Table 1. Wind parameters in the study area for a period 

(1994-2021) 

 

Location 

according to the 

Study Area 

Wind Direction 

(Measured from 

True North) 

(Degree) 

Multi-Year 

Average Annual 

Maximum Speed 

(m/s) 

North 360 6 

North – 

northwest 

(NNW) 

315 15 

Northwest (NW) 270 12 

North(N) 0 11 

Southeast(S) 135 5 

 

 
 

Figure 3. Rose chart and frequency of wind speed and 

direction in the project region of study area 

 

4.1 Wind speed and probability of occurrence 

 

P refers to the likelihood that an occurrence involving a 

random variable (such as wind speed) with magnitude equal to 

or higher than a specified magnitude X will occur. The 

recurrence interval, commonly referred to as the return time, 

is defined as: 

 

𝑇 =
1

𝑃
  (1) 

 

This is the typical interval between wind events with 

magnitudes equal to or higher than X. The correct formula 

offers the probability P that an event will occur with a value 

of equal to or higher than. 

 

𝑃 =
𝑚+0.41

𝑁+0.53
  (2) 

 

After calculating P for each event in the series, the variation 

of the velocity wind magnitude is shown on a semi-log graph 

against the matching P. The velocity wind magnitude of 

specified height for any P may be determined using proper 

extrapolation of this figure within applicable constraints. 

 

𝐾 = −0.7797 ∗ [0.5772 + ln(𝑙𝑛
𝑇

𝑇−1
)]  (3) 

 

According to the previous study, the general equation of 

hydrologic frequency analysis may be used to describe the 

bulk of frequency distribution functions relevant to hydrologic 

investigations. XT=u+K*s; where u is the mean, s is the 

standard deviation, and K is the frequency factor that depends 

on the return period, T, and the assumed frequency distribution, 

and XT is the value of the variate X in a random hydrologic 

series with a return time T. 

 

𝑆𝑇 = 2√[{1 + 1.1396𝐾 + 1.1𝐾2} ∗
𝑠2

𝑁
]  (4) 

 

Figure 4 and Table 2 displays the wind speeds for various 

return durations that were translated to 10 meters above sea 

level [13]. 

 

 
 

Figure 4. Represent maximum wind speed for different 

probability of exceedance 

 

Table 2. Wind speeds at the Shbicha station for different 

return periods (unit: m/s) for maximum monthly for a period 

(1994-2021) 

 
T (once in) K Wind Speed (m/s) 

25 year 2.043 21.17 

50 year 2.592 22.80 

75 year 2.911 23.74 

100 year 3.136 24.41 

Mean speed=15.12 (m/s), Standard deviation=2.96, Coefficient of 

variation=0.195, Coefficient of skewness=0.3082, Alfa parameter= 

2.3086, Beta parameter=16.4575, Kurtosis coefficient=3.0462 

 

 

5. SPECTRAL WAVE MODELING (MIKE 21) DHI 

 

Wave climates at offshore and coastal places may be 

estimated with the help of DHI Water and Environment's 

MIKE 21 SW spectral wind-wave model. It promotes the 

development, degradation, and modification of wind-

generated waves and swells in offshore and coastal regions. 

Because exact wave load estimates are critical for both safety 

and economic reasons, it is extensively used in the 

construction of offshore, coastal, and portal buildings. 

The three primary computational procedures for computing 

wave fields are the energy balance equation, the mild slope 

equation, and the Boussinesq equation. Because of the 

physical assumptions made, each approach has a limited 

applicability range. An effective mathematical model for 

describing the motion and distortion of coastal waves is the 

Mild slope equation. Nevertheless, it is not appropriate for 

complicated settings with quick topographical changes 

because of its challenging analytical solution, demanding 

processing needs, and absence of white wave loss and wind 

energy input. 

The Boussinesq equation include that in calculation: 

refractions, shallow water deformations, diffractions, and 

reflections of waves; nevertheless, it is restricted by the depth 

of the water and requires a lot of labor to compute, which is 
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why it is only helpful for calculating wave behavior over very 

small regions. 

The wave spectrum model MIKE21 SW, which is based on 

a mass conservation of wave action, can handle a variety of 

situations, including wind waves, nonlinear waves interactions, 

whitecaps loss, friction loss cause by bottom, wave breaking, 

and reflections and diffractions, shallow water deformations 

[4]. 

The MIKE21 SW model uses central differentiation in 

constrained volumes for discretization. Depending on the 

technical and geographic conditions, both unstructured and 

structured grids may be used concurrently. The model may 

automatically adapt its time step based on the stability 

situation. Several sequence explicit methods and a stepwise 

integral in time are used in this model to calculate wave 

transport. The migration equation for wave density is solved 

to describe the dynamic mechanics of gravity waves. Since the 

wave density spectrum varies with time (t) and space (x, y), it 

is a function of two-phase parameters. The two-phase 

parameters in this model are the relative wave frequency s and 

the wave direction (in degrees). The basic equation is as follow: 

 
𝜕𝑁

𝜕𝑡
+∇. (ᵛ𝑁) =

𝑆

𝜎
 (5) 

 

where, S is the source term (J), t is time (s), v is the wave 

group's propagation velocity in the four-dimensional phase, 

and N is the energy wave (J). 

 

5.1 Wave energy transient condition 

 

When considering the link between the wave energy 

spectral density E(,) and the wave action density N(,)e, ∂N⁄δt 

reflects the change of wave energy with regard to time. 

 

𝑁(𝜎, 𝜃) =
𝐸(𝜎, 𝜃)

𝜎
 (6) 

 

The relationship between the absolute and relative wave 

frequencies is seen in the graph. In the discretized linear 

equation, their connection may be represented as follows: 

 

𝜎 = √𝑔𝑘 tanh(𝑘𝑑) = 𝜔 − 𝑘. 𝑈 (7) 

 

where, L is the wavelength, k is the wave vector, k=2/L, U is 

the flow velocity vector, and g is the acceleration of gravity. 

 

5.2 Frequency and direction-domain variations in wave 

energy 

 

With regard to the geo-domain, frequency domain, and 

direction domain, wave energy changes are represented by the 

∇. (vN). The major causes of changes in the frequency domain 

are variations in the water depth and flow rate. The fractions 

caused by the water depth and flow speed are represented as 

changes in the direction domain: 

 

𝑣 = (𝑐𝑥 ⋅ 𝑐𝑦 ⋅ 𝑐𝜎 ⋅ 𝑐𝜃) (8) 

 

where, c_ is the variation in the frequency caused by changes 

in the level of water and flow speed (Hz/s); c_ is the fraction 

caused by the changes in level of water and flow; and cx and cy 

are changes in the wave propagation in the x and y directions, 

respectively (measured in m/s). 

𝑐𝑥 =
ⅆ𝑥

ⅆ𝑡
=

1

2
[1 +

2𝑘 ⅆ

sinℎ(2𝑘ⅆ)
] ⋅

𝜎𝑘𝑥

𝑘2
+ 𝑈𝑥  (9) 

 

𝑐𝑦 =
ⅆ𝑦

ⅆ𝑡
=

1

2
[1 +

2𝑘 ⅆ

sin ℎ(2𝑘ⅆ)
] ⋅

𝜎𝑘𝑦

𝑘2
+ 𝑈𝑦  (10) 

 

𝑐𝜎 =
ⅆ𝜎

ⅆ𝑡
=

𝜕𝜎

𝜕ⅆ
(
𝜕ⅆ

𝜕𝑡
+ 𝑈. ∇𝑑) − 𝑐𝑔𝑘.

𝜕𝑈

𝜕𝑆
  (11) 

 

𝑐𝜃 =
ⅆ𝜃

ⅆ𝑡
= −

1

𝐾
(
𝜕𝜎

𝜕𝑡

𝜕ⅆ

𝜕𝑚
+ 𝑘.

𝜕𝑈

𝜕𝑚
)  (12) 

 

where, s=direction coordinate, m=perpendicular coordinate to 

s, Ux and Uy are the components of U, kx and ky are the 

components of k, cg is the magnitude of the group velocity, and 

so on. 

 

5.3 Source function 

 

The energy conservation equation, which is shown as a 

spectral density, uses S as the source function. According to 

Water and Environment DHI (2016), it is the superposed form 

of the source functions of a range of physical phenomena. 

 

𝑠 = 𝑠𝑖𝑛 + 𝑠𝑛𝑙 + 𝑠ⅆ𝑠⋅ + 𝑠𝑏𝑂𝑇 + 𝑠𝑠𝑢𝑟𝑓   (13) 

 

where, Sin is the energy supplied by the wind (J), Snl is the 

energy lost as a result of nonlinear wave interactions (J), Sds is 

the energy lost as a result of whitecaps (J), SbOT is the energy 

lost as a result of bottom frictions (J), and S surf is the energy 

lost as a result of wave breaking as a result of changes in water 

depth (J). 

 

 

6. MATHEMATICAL MODEL BUILD-UP (MIKE21SW) 

 

The following six stages (Figure 5) will commonly make up 

the Model Checklist when using the newest generation 

spectral wind-wave models in MIKE21 SW to forecast the 

onset, decline, and transformation of wind-generated waves 

and swell in offshore and coastal environments: 

 

 
 

Figure 5. Steps of build-up MIKE21 SW model 

 

The first step in preparing the model is to selected the study 

area by making a shape file by uploading a high-resolution 

aerial image and bounded the outer boundaries of the area, 

then a geo-referencing of the map is made using the GIS 

program or any geographic information program. 

The next step. Make a abstract of the downloaded 

bathymetry data according to the boundaries of the region in 

the previous step. And then we have a map that has the three 

coordinates XY and Z.  

The next step is very important, making meshing of the area, 

and remark the most important zone (breakwater location) in 

the study by determining it with a polygon for the purpose of 

increasing the density of division in this zone in order to obtain 
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results with high accuracy. It must be ensured that the solution 

is no longer dependent on the values of the meshing size (mesh 

independent solution. 

After that, the steps depend on the values of the boundary 

condition by determining the direction and speed of the wind 

and the equations that describe the spectral of the projected 

wind and the type of model used. 

 

 

7. COMPUTATIONAL DOMAIN AND 

BATHYMETRIC DATA 
 

The General bathymetric Chart of the Oceans and wet land 

(GEBCO) consists of an international group of experts in 

ocean mapping. This organization it is provide the most 

authoritative publicly available bathymetry of the world's 

oceans. Bathymetric data at each site, where available, was 

provided in the form of hydrographic charts (Iraq, Najaf) or in 

digital X, Y, Z format and additional gridded data from 

GEBCO. Using MIKE 21 go-referencing, the hydrographic 

charts were digitalized, and the digital data entered was 

transformed to MIKE21 forms. The computational grids for 

target area were then made utilizing these data sets and the 

Mesh editor in MIKE21-mesh generation (Figure 6). 

The main purpose of preparing this study is how to employ 

energy dispersal facilities and breakwater orientations to 

protect the zone selected in the road of Maamal (Figure 7). 

Three distinct layouts with varied breakwater lengths and 

azimuths were considered (Figure 8 and Figure 9). The impact 

of the breakwater on the wave field under various 

circumstances was then studied in order to give the 

construction unit with accurate simulation results (Table 3). 

Figure 10 depicts the breakwater's design with various 

azimuths and lengths. 
 

Table 3. Details of three schemes breakwater layout and results of MIKE21 SW model and points features 
 

Breakwater 

Scheme 

Point 

Monitor 

x-coordinates 

m 

y-coordinates 

m 

Sign Wave 

High (m) 

Covering Area with Wave 

Sign Height Less Than 0.7 m 

(km2) 

Length of Shoreline 

Protect (Km) 

Scheme 1 

P1 432431.798 3538289.742 0.77 

1.19 km2 1.89 km 

P2 432449.762 3538501.743 0.76 

P3 432658.172 3538778.423 1.22 

P4 432884.546 3539051.509 1.23 

P5 432913.292 3539026.356 0.72 

P6 432557.345 3538778.423 0.12 

P7 432482.103 3538494.557 0.09 

P8 432482.103 3538296.929 0.54 

Scheme 2 

P1 432844.678 3538361.876 0.79 

0.889 km2 1.65 km 

P2 432822.900 3538522.123 0.77 

P3 433034.678 3538811.900 1.21 

P4 433257.123 3539062.122 1.15 

P5 433279.124 3539044.234 0.65 

P6 433077.236 3538800.129 0.11 

P7 433850.234 3538525.789 0.08 

P8 432869.654 3538361.876 0.50 

Scheme 3 

P1 432444.157 3538478.203 0.833 

1.11 km2 1.77 km 

P2 432617.372 3538705.032 1.22 

P3 432800.898 3538940.110 1.23 

P4 432969.989 3539164.8.77 0.78 

P5 433000.009 3539137.213 0.253 

P6 432851.053 3538934.092 0.148 

P7 432661.473 3538685.832 0.168 

P8 432489.949 3538464.655 0.54 

 

 
 

Figure 6. Bathymetry map (x, y, and z) 

 

 
 

Figure 7. Image in survey region (Proposed Breakwater) 
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Figure 8. Water depth according to bathymetry data 

 

 
 

Figure 9. Mesh discretization for domain 

 

 
 

Figure 10. Layout of proposed breakwater and virtual points 

to monitor wave high inside and lee side breakwater 

8. MATHEMATICAL MODEL ESTABLISHMENT 

AND VALIDATION 

 

In clearly, the validation of a mathematical model 

(MIKE21SW) involves comparing its predictions with actual 

observations, measurements to ensure its accuracy and 

reliability for real-world applications. 

Three of the most often utilized empirical equations in the 

field of wave high and period measurements are the Guanting 

formula, the Hedi formula, and the Putian formula. In 

accordance with studies by Li et al. [14] and Zheng et al. [15], 

the Putian formula may be used to determine the average 

height and period of water waves. the Putian formula was 

proposed by Duan et al. [16] to calculate wave run-up height 

according to six years of observation at the seawall of Putian, 

China. In 2002, and gave good results as mentiond in many 

studies as mention above. 
 

𝑔ℎ𝑚
𝑤2

= 0.13 𝑡𝑎𝑛ℎ [0.7(
𝑔𝐻𝑚

𝑊2
)0.7] 𝑡𝑎𝑛ℎ{

0.0018 (
𝑔𝐷

𝑊2⁄ )
0.45

0.13 tanh [0.7 (
𝑔𝐻𝑚

𝑊2⁄ )
0.7

]

} (14) 

 

where, D is the length of the wind zone or fetch (m), Hm is the 

average sea depth (m), hm is the average wave height (m), tm is 

the average wave period (s), and w is the computed wind speed 

(m/s). 

To confirm the reliability of the MIKE21 SW model, the 

wave heights are calculated for the case study under natural 

conditions using the model and the empirical formula. The 

empirical formula results compared to the SW model are 

shown in Table 4 and Figure 11. 

 

 
 

Figure 11. Compression between empirical and numerical 

results 
 

Table 4. Result of average wave height for empirical formula and numerical model 
 

Calculation 

Position 

Water Depth Hm 

(m) 

Wind 

Direction 

Wind Speed W 

(m/s) 

Fetch Length 

(m) 

hm 

Empirical 

hm 

Numerical 

hm Empirical-hm 

Numerical 

O1 5.10 NNW (360o) 9 11345 0.89 1.01 0.12 

O2 5.60 NW (315o) 15 12678 1.25 1.31 0.06 

O3 4.75 NNW (290o ) 12 11690 1.21 1.29 0.08 

O4 4.11 NNW (270o) 7 7689 0.76 0.73 0.03 

O5 4.67 NNW (260o) 5 6567 0.52 0.5 0.02 
 

 

9. LAYOUT OF BREAKWATER SPECIFICATION 

 

Table 5 below described the three-scheme layout for 

breakwater specification in the different orientation and 

direction. Figure 12 shows the Significant wave height 

distribution in the direction NNW (315°) for three different 

Scheme, it is clear from these figures that the scheme 1 

scenario of the breaker layout gives the highest efficiency to 

reduce the wave level in the concerned area and covers the 

highest area on the coast and the adjacent area of wave activity. 

Table 5, Figure 12 demonstrates the change in wave height 

and the direction of the waves both before and after the 

construction of the breakwater. The wave heights at the 

upstream and downstream were measured after the breakwater 

had been constructed, and they were found to be between 0.35 

and 0.7 m (Figure 13). This implies a decrease of around 40% 

to 60% in comparison to the original heights of 1.25 to 0.9 m. 

Figure 6 shows the Significant wave height distribution for 

many wind directions expected, it is clear that from these 

figures the position of maximum wave high is variation 

according to the wind direction [17, 18]. 
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Table 5. Layout of breakwater 

 
Scheme Proposed  Details of Mitigations Structure  

Scheme 1 
The breakwater is 800 meters long in total; the broken line sections on the south and east sides are each 170 meters 

long. Crest level = mean sea level MSL 

Scheme 2 
The breakwater is 862 meters long overall; the sections with broken lines on the west and east sides are each 177 

meters long. Crest level = mean sea level MSL 

Scheme 3  
The breakwater is 879 metres long and is oriented in a straight line at a 36-degree angle from the azimuth. Crest level 

= mean sea level MSL 

 

  
(a) Scheme 1                                                       (b) Scheme 2 

 
(c) Scheme 3                                              (d) Before -use of breakwater 

 

Figure 12. The Significant wave height distribution in the direction NNW (315°) for three different Scheme 

 

 
 

Figure 13. The significant wave height distribution for many wind directions expected (a) NNW 330°, (b) NNW 315°, (c) NWW 

290 and (d) WW 270° 

 

 

10. DISCUSSION AND CONCLUSIONS 

 

Given the limited amount of knowledge on numerical 

modelling of the wave field in lake or shallow reservoirs, the 

current study was conducted on plain sallow water depression 

of Najaf sea using the MIKE21 SW model. 

The amount of variation between the simulated wave 

heights and those calculated using an empirical equation is less 

than 9%. As a result, the MIKE21 SW model can simulate 

wind-generated waves in simple sallow water lakes. 

In the simulation, a number of breakwaters with a variety of 

settings for their orientation and placement were used. The 

results showed that the three schemes used for the breakwater 

gave varying results, both depending on its location and 

characteristics. The first scheme gave a covering area 

approaching 1.19 km2, and the second scheme gave 

approximately 0.889 km, and third scheme gave a covering 

area 1.11 km2.The results of scheme 1 Figure 11 indicated that 

it was the most successful at reducing the wave height and 

covered the most area (1.19 km2) along the coast line of the 

target region. The findings make it abundantly evident that 

waves breaking close to shore are greatly influenced by 

bathymetric data. This highlights how important it is to have 

good bathymetric measurements of the waters near the beach. 

In summary, As can be seen from the wave field distribution 

and the variation of wave parameters at the feature points, if 
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the proposed project is implemented, wave height behind the 

breakwater would be significantly lower than it was before the 

project, and Scheme 1 would have a better improvement effect 

on wave conditions.  
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