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1. Introduction

The shorelines of Kuwait extend over a distance of about 500 km. Marinas, harbours, ports,
power plants, and other projects are being constructed or planned in the near shore area. Such
projects require data on the extreme wave conditions for the design of the coastal structures.
Yearly average wave conditions are also important for the prediction of the wave induced
currents. These currents are important for the prediction of the sediment transport rates in the
surf zone. The calculation of the littoral drift is essential for the prediction of the shoreline
changes due to any proposed structure in the near shore area. This data will be very important for
the design of the future extensions of the water front along the shorelines of Kuwait. The tidal
currents are also essential in predicting the fate of any oil spill in the marine environment or in
predicting the water quality.

Such projects require data on the water levels, the currents, and the extreme wave conditions
for the design of the coastal structures. The risk associated with different extreme wave
conditions is also essential for the proper design of coastal structures. Thus, it is essential to
know the risk of failure for any coastal structures.

No long term wave or current measurements exist for the Kuwaiti territorial waters. The long
term wave data available along the shorelines of Kuwait are based on simplistic empirical wave
hindcast formulas (KWave model by Al-Salem 2005). These formulas assume a stationary and
homogeneous wind speed over the Gulf. Such formulas provide realistic data as will be
discussed later.

Finally, all the coastal model were stored in a (Hydraulics and coastal application system HCA
by Al-Salem K.) developed in a different of programing codes as:

e Visual Fortran FO0

e Visual Basic 6.0

e Script coding For Surfer Utility

e Active server page (ASP) web coding

e Objective C++ for Mobile coding
These models provide for a user friendly tool for solving coastal engineering application.

2. Hvdraulics and Costal Hydrodynamic s application
2.1. 1D/2D hydrodynamic model; KGulf model
[Khaled Al-Salem 2009] (Pc Version)

Hydrodynamic models (HD) represent the core of any simulation for flow field, water quality,
erosion and siltation, and morphological studies. HD models vary from fully three dimensional
(3D) to simpler one dimensional (1D) models. For such models they may differ in the choice of
the numerical grid, the discritization method, the time difference scheme, the solution technique,
and the treatment of boundary conditions. Finite difference models using Cartesian grids require
the application of several nested models in order to model a certain area with a fine grid. Finite
element models have the advantage that an unstructured grid can be used thus providing fine grid
resolution in the areas of interest only. But the disadvantage with this method is that the
computation takes much time for simulation. A new Tidal Current prediction technique is
developed for hind-cast, now-cast and forecasting of Tidal current conditions over the Kuwaiti
territorial water and the Arabian Gulf. It is an interactive online model. The computer simulation
time required for this model technique for Tidal Current history prediction in very little. The
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present technique is validated with RMA 10 model and with measured field data. The model is
named as KGulf model developed by [Al-Salem 2009]

Model Description

In this study, the KGulf model was developed and set up for the Arabian Gulf and Kuwait
territorial waters. The KGulf model is a two dimensional (2D) and is based on the calculated grid
constituents values, which is stored and linked as database to the model. The model is capable of
simulating 2D tidal current and water level at any selected grid inside the Arabian Gulf waters
starting from the year 1970 to 2035 with hourly output results.

Model Setup

Grid was generated covering the Arabian Gulf from the Hormoz inlet till the upper part of the
Gulf (Fig. 1). The grid spacing is about 5-8 km in the Arabian Gulf as show in Fig. 1 with a total
of 3692 wet grid inside the Gulf. For some local areas in Kuwait the refined grid spacing reached
less than 50 m (Fig.1) with total wet refined grid of about 9696 and 7346 grids. For more refine
grid inside Kuwaiti territorial water and Arabian Gulf one can refer to Figs. A1, A2 and A2 list at
the [Appendix Section 2.1].
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Model simulation options
KGulf model was developed and set up for the Arabian Gulf and Kuwait territorial waters with
multi grid system for solving hydraulic engineering application as the following:

e 1D/2D tidal current speed and direction hourly perdition

e 1D/2D tide Level hourly prediction and Water level analysis

e Trajectory Oil spill prediction [see section 3 P50]

e Back Track Oil Spill [see section 3 P59] o
To start simulate the KGulf model user must select [ € ] to stat the model Fig 2 will display the
following input Option for user to state as follows:
For 1D tidal Current and water level Prediction

I.  Domain Grid Selection; to grid size resolution and Area.
II.  Domain Limit, shows the selected area coordinates in degrees.
III.  For 1D option user must select longitude/Latitude location if two method
1- Display map option from [MAP] the click on the map to get Location.
2-Manuly input the Longitude/Latitude then select [_C ]
IV.  User Must Select [ Prediction Type]. A two option will display as following
1- 24 hours prediction as shown in Fig 3
2- Time Serious prediction as shown in Fig 3

B KGulf Model.... 2D Tidal Current and Water Level Prediction
e P

Map Prediction Type Oil Spill End Ver.
|V Map Cont [V Limits Domain [ Grid Nod [V Coordinate | 2D Prediction | Save CoastLine

 Save as |~ KGulf Out' Tidal-Current blr

Copyrizht © 2009 Khaled Al-Salem. KGulf Modal All rights raservad

Figure 2
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From Fig 3 user must select [ 24 Hours Prediction] based on Calculated datum.

Start predict 1D hourly tidal Current and Direction and Water Level for the Current day as
display in Figure 4 If user want to change the Date for prediction must Check the [ DATE ] from
Fig 4. A new Frame of Date Select will display to enter data .As Shown in Fig 4.

User can covert Water level Prediction To MEAN SEA LEVEL by check on CheckBox

(=]

[ WL].

[~ 2D Prediction [~ Save CoastLine

Kuwait

Saudi Arabia

Latitude (deg) 30.58765
Longitude [dea] 48.50414

Copyright © 2008 Khaled Al-Salem. KGulf Modal All rights reserved

Mew| Show | Geale| Save

~ Coordinat

[(sa3zsme_ C|
29198350

o
5ave as | GH#Out Tidal Current ble

Figure 4
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Exit Edit OutPot
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For 1D tidal Current and water level Prediction [Time Serous prediction]
Domain Grid Selection; to grid size resolution and Area.
Domain Limit, shows the selected area coordinates in degrees.
For 1D option user must select longitude/Latitude location if two method
1- Display map option from [MAP] the click on the map to get Location.
2-Manuly input the Longitude/Latitude then select [_C ]
User Must Select [ Prediction Type] Time Serious prediction as shown in Fig 5 To user to enter

the require input as
1- Start Date

2- End Date
3- Water Level base on calculated datum Check box [ WL ] is OFF.

Water Level based MEAN SEA Level Reference [ WL ] is ON
Then user selct [ Predict ]. A three graphs will display as shown in Fig 5 as follows:
1- Tidal Current VS Time
2- Tidal Direction VS Time
3- Tide Level VS Time

r —
[ Time Series For Tidal Current And Tide Level oS e
Tide Statistics  Station Daturmn  Show Current Rose  Edit OutPut  Exit
I¥ Date [ PlotSacle [ FoseClass Range | Wolcity Unit misec ) . -
Time Serious Info.
') !
£ e StartDate |1 fyu |05 |
LTS
5 E
2w naDate 5 <l <] ]
O 45
2 o Output File| CAKGUROUT Curkln - |
wae [ Il
Finshed..
Diate Calendar
Sst Date Unload
[July | |2019 ~|
o
5 sat [ Sun [ Mon| Tue | Wed[ Thu [ Fri
a P PR N P
a 1] T 8 9 10 11 12
[ 13 14 15 16 17 18 19
g Ui=. z z .=. z =.. ¥ : : = —: EU 20 21 22 23 24 25 25
NI NAE Rt RESSESERERERER 80
Time (hr}
YT Fé
L — F— &
e W_ i ' -
g1 L ] 1
= . i ¥ o hn. 2 | ] T
B | R e e e L e e e e e R R A S L0
L o I N I o e - LY B e Ry o= T Y L e o= T o I o - S L= I v e e v A N
RRFRSUIEO FRRLEEREDERREEEREESER
Time (hr)
L =
.
Figure 5
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From Fig 5 a two Analysis option as follows:
1- [ Station Datum analysis . Figure 6 display the station datum analysis

7

o LI JE———— o 50

Print Close

Units: Meters  Datum location: Longitude(deg)=48.323876 Latitude(deg)=29.194464 WAter Depth(m)= 19
002.670 |Highest Predicted WL (HAT) Elevation On Station Datum

MHHW: 002.423

; |
7 . DHQ: 00.228
l JMHW: 002,195 |

= - i

[3 Navigating the Datums Page = |

Datum Graf Print  Close
location: Longi de; 23876 Lati deg)=29.194464 WAter m)=19
Unit: Meter Starting Date: 1\Jul\ 2005
Ending Date: 31\Jul\ 2005
Datum Value Description
MHW 002.195 Mean High Water
MHHW 002.423 Mean High High Water
DTL 001.381 Mean Diurnal Tide Water (MHHW+MLLW)/2
MSL 001.504 Mean Sea Level
— — — MLLW 000.339 Mean Low Low Water
MLW 000.848 Mean Low Water H
MTW 001.522 Mean Tide Level (MHW-+MLW)/2 |
STIND 00.00 Station Datum I
GT 002.084 Great Diurnal Range (MHHW-MLLW)
|
. MN 001.346 Mean Range Of Tide "
Figure 6
DHQ 000228  Mean Dirunal High Water Inquality(MHHW-MHW)
DLQ 000.510  Mean Dirunal Low Water Inquality(MLW MLLW)
Maximum 002.670 Highest Predicted Water Level
Max. Date 2001\ 2005 Date Highest Predicted Water Level
Time : 11:00 Hr
| K. Al Salem (2004)
I S ———

2- [ Show Current Rose |. Will Display the Tidal Current analysis as follows
- Frequency Of Statistical Current Seep and Direction Tabel as shown in Fig 7
- Tidal Current Rose Plot as shown in Fig 8
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r B
By K-Rose Statistical Table o | B |
Graph  Exit
Frequency of Statistical Current Speed and Direction
DATA SHOWN IN PERCENT OF OCCURRENCES
CURRENT SPEED CLASSES fem/s)
|\ 05 5-10 10-15  15-20 2035 25-30  30-35 3540 40-45  45-50 >33 1
Direction

E 000 o4 00188 00081 00013 OO0 OOO00  OOO00 00000 00000 00000 00000 3.76
NE 00108 00000 Q00000 Q0000 00000 00000 00000 00000 00000 00000 00000 1.08 i

N 00081 00173 00143 00040 QOO0 00000 Q0000  OODO0 00000 00000 00000 4.44

NW 00067 00323 00430 00645 OQ0833 00645 Q04T 00376 002535 00121 00081 4247

W 00lel 00121 Q0000 Q0000 00000 00000 00000 00000 00000 00000 00000 2.82

SW 001.34 00013 Q0000 00000 QOO0 00000 Q0000  OODO0 00000 00000 00000 148
s 001.88 00108  OOO00  OOOO0 QOO0 OOO00  OOO00 00000 00000  O00.00 00000 296 N
4 SE 00054 00350 00618 00484 00430 00484 00363 00338 00242 00269 00188 4059 i

Towal (%)= 100.000
Figure 7 KGulfMODEL 2000 K. AL-SALEM
[ Curent Rose "o - =)
2D Tidal Current and Water Level Prediction
KGulf Model
TIDAL CURRENT (Cm/s)
H o5 5-10 B 10- 15 B 15- 20 O 20- 25 O 25- 30
3 30- 35 O 35 40 O 40- 45 @ 45- 50 B > 55 Cmis
Figure 8

(EGuif Mods! 2009 E AL-SALEM)
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For 2 D tidal Current and water level Prediction

I.  Domain Grid Selection; to grid size resolution and Area.

II.  Domain Limit, shows the selected area coordinates in degrees.
III.  For 2D option user must check on [ 2D Prediction ] in Fig 9. A new Frame Box

will display to input the require information as follows

1- Enter the date for prediction
2-Enetr the Hour in the Selected Date
Then user must select [ 2D Predict ] Button. Figs 10, 11 and 12 will display for user for the
following as :
Figure 10 for Tidal current at select Date and Hour
Figure 11 For Tide level at Select Date and hour
Figure 12 for Superimpose tidal current and water level at select date and hour.

F

Saudi Arabia

Latitude [deg) 2706852
Longitude [deg) 56.47134

Copyright © 2009 Ehal=d Al-Salem. KGulf Modal All rishts reserved

By KGulf Model... 2D Tidal Current and Water Level Prediction =Rel X
Map Prediction Type Oil Spill End  Ver.
[¥ Map Cont [ Limits Domain [ Grid Node [v Coordinate [ 2D Prediction [ Save CoastLine Node Dot rﬁ:
56.5 30.6
Mew | Show | Scale Save]
— Coordinates 1
L 3 18323876 C|
29.194464
19
e L

Save as |c: K Gulf\Out' Tidal-Corrent blr

2D Tidal Current Pradiction |

TR

At Time 1:00 -

Date |9

3
=)

Save As | C:KGulf OUT 2DCurdat v |

2D Prediction

Sat [Sun[Mon| Tue [Wed Thul Fri

6 |7 |5 [SEI10 (11 {17
13 114 (15 116 (17 |18 |18
0 71 o 35 e |35 |0

27 |28 (28 130 3]

Figure 9
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Maps Exit Unload/Stop On/Off Savelmage

R — lm
I3 2D Tidal Current Plottin B ' >

¥ Limits Domain [ Plot Sacle

—KCulf-

Kgulf Model
2D Tidal Current (cm/sec)

Date: §-Tul-2003
Time: 11:00

~DOMAIN LIMITS
Bottom Laft Location.

475 I 235
Top Rigth Location.
56.5 I 3086 R
Mew| show | _Gul | Sl

~Plot Paramter
Arrow Head Length 1.0255
Arrow Head Angle | 10

Arrow Magnification

=
i
wlS
b
]

Arrow Frequency

File | CKGulfiOUT 2DCur.dat

Post Tidal Current 1”2
Post Tide Laval [m}
Post Superimpose (]

By 2D Tidal Current Pl Y
Maps Exit Unload/Stop On/Off Savelmage

¥ Limits Domsin  [# Plot Sacle

Tide Level [m]

~ KGulf:

2D Tidal Current (cm/sec)
Date: §-Jul-2003
Time: 11:00

Kgulf Model

- DOMAIN LIMITS

Bottom Laft Location.
473 233
Tep Risth Location.
563 306 T
Mew]| show | _Guif] Sioale

r Plot Paramter

Arrow Head Angle 10

Arrow Magnification 0.1715:

Arrow Frequency 5
File |C/KGWFOUT2DCurdat ~

Post Tidal Current |}
Post Tide Lavel I
Post Superimposs O

Paint Thick B

-

Arrow Head Length 1.0255.

T fam

Figure 11
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¥ Limits Domain [ Plot Sacle

T Kgulf Model
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Date: §-Tul-2005
Time: 11:00

~ DOMAIN LIMITS

Bottom Left Locaticn
475 233
Top Rigth Location.

56.3 306 —

N'Ewl Show | _Gulf Scale

. .
File |C/KGufOUT2DCurdat v
Post Tidal Current ~
Post Tide Level r |

Post Superimpose (m|

S sep ™

T [

Figure 12

For 2 D tidal Current and water level Prediction [Time Serious prediction option]
V.  Domain Grid Selection; to grid size resolution and Area.
VI.  Domain Limit, shows the selected area coordinates in degrees.
VII.  For 2D prediction option user check on [[ 2D Prediction | in Fig 9
VIII.  For 2D time serious option user must check on [ Time Serious 2D Prediction ] in Fig 9.
IX.  Figure 13 will display to input the require information as follows

fi a R
3. Time Series For 2D Prediction oo [

1- Enter the start and end date for prediction
2-Enetr output file name

Then user must Select [ START |

.C.A. 2004]

— Time Series Info.

Oil Spill Simulation Hydre. Exit File Directory

StartDate [I <[l ~[[2005 |

EndDate [31  llu  ~[2008 |

Output File|C:\kGuOUTHTS2D Cur. dat

—Date Calendar

July ~||2019 ~|

Unload

Sat | Sun |Mon| Tue |Wed| Thu

Fri

28 |30 2 3 4

5

6 T: i 9 10 |11

12

13 (14 |15 [16 [17 [18

19

20 (21 [22 |23 |24 |35

26

27 |28 an 31

]

Figure 13
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For output analysis; At Figure 13 user has to 2 options to select as follows:

1- Hydrodynamic output display [ HYDRO |

2- Oil Spill Simulation [ Oil Spill Simulation | SEE Description in SECTION 3.0 Page 42
If user select Hydrodynamic output display [ HYDRO ].
Figure 14 will display for user to start display 2D animation option for the results for:

1- Tidal current Animation

2- Water level Animation

2D Tidal Current Plattin | o e ]
— - -

Maps 2D Animatien Exit  Unload/Stop On/Off Savelmage
IV Limits Dom: Plot Sacle KGulf
siaDemen V) Bt Sae KGulf Model

2D Tidal Current (cm/sec)
Starting Drate: 1'Jul' 2005
Ending Dat=: 31'Jul\ 2005
Totzl Time: 743 hr
Time At: 71 hr

DOMATN LIMITS
Bo £ Locat

&5 [ 35
\»\\ 56.5 30.6 Cave
. \\ MNew | Show Gulf Scale
=
‘{ :-\‘:H ;;‘\ Plot Paramter
g \‘i — ..,_‘:t Arrow Head Length [o0s

e . e e, Pos: Tidal Currant W
SaSSSSE s mul L
. ‘::_"'3-_-&“‘;:/ Post Superimpose
\5\\ {\\ 5\ {\\%g\g;\-_‘;& =
o AR s sop -
AL I N RN
VB BRI NN
b
LA
] o
— — — —

Figure 14
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2.2 1D/2D hydrodynamic program (ver. 1) KCurrnt model
[Khaled Al-Salem 2005] (First Version of 2D tidal current program)
Introduction.

A new Tidal Current prediction technique is developed for hind-cast, now-cast and
forecasting of Tidal current conditions over the Kuwaiti territorial water and the Arabian gulf. It
is an interactive, online model. The computer simulation time required for this new modeling
technique for Tidal Current history prediction in very little. The present technique is validated
and named as KCurrent model. The results of this technique are compared with RMA model
results and are found to be good.

The following files contain exetuable and linked data files for the KCurrent model:
Kcurrent.exe -- VisualeBase source code Interface for tidal Current prediction.
Cur-ADMequil. — Fixed input data describing the Kuwait stations.
Cur-gulf-ADMequil. — Fixed input data describing the Arabian Gulf stations.

Procedure for Stand-Alone Usage of “KCurrent model”

Kuwait Tidal Current model is an efficient and interactive model and easy to use for any
user with a little experience in a computer usage. Although more advanced features are
anticipated to evolve in the future, this version is sufficiently user-friendly and can provide the
base information for water circulation for Kuwait Waters. The information provided by this
model can be further used to calculate sediment/pollutant transport for Kuwait waters. In this
section of the report, step-by-step instructions are given for use of KCurrent model. The
procedure outlined here to run the model, click on (KCurrent Tide ) icon. Fig.15 will display for
user three option to select as:

Option 1.Kuwait water
Option 2.Arabian Gulf
Option 3.Time Series

Option 4 2D Prediction

If user select option 1 (Kuwait Waters) as shown in fig 15 before select Kuwait waters user
must select the Location from the map shown in fig. 15 by using the mouse. Click on the interest
location, fig.16 will display to check the selected location. [ et T curen: pesicion voselrinocsst rfosecasn (=1 & s

KGulf Kuwait Waters Arabian Gulf Time Series 2D Prediction Exit About

LONGITUDE LATITUDE LOW WATER DEPTH (m) Index
- W AL

Figure 15
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z ; R )= 3%

Cancel

Then user should select Kuwait Waters to run the tidal current prediction model to forecast the
24 hours for the current date then displayed the 24 hours forecasting table as shown in fig.17.
Then if user wants to display the 24 hours tidal current forecasting information as in graphically
form user should select Show Graphic form fig. 18 will display the tidal current plot.

= Kuwait Tidal Current Prediction Model(HINDCAST / FORECAST) (= |[B][X]
AUERUEIEEY Arabian Gulf - Time Series  Exit

LATITUDE |[293 LOWWATERDEPTH (m) (g Index |41

" & Online Tidal Current Prediction Table

o Predicted Current BElplalRes gl i Back Page

Tidal Current Table for long. 48.3 /at. 28.3 Deg.

Time in hour - Tidal Current in meterdsec
Wednesday Sep T 2005

Q04 01:08M 02088 0Z04M 04048 008 06:0AM 0704

A1 1423 a818 A022 B37E 5441 A413 228
0204 0308 10:02M 17:04M 12:0PM 01:0PM 020PM 03:0PM
0834 397 57ES BE45 4043 JE1 J18 3E7S

04:0P  O%OPM O0E:OPM OF:0PM OZ:0PM 09:0PM 10:0PM 171:0PM
522 A2E 2218 0752 .3982 E126 B39

Figure 171
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. Online Tidal Current Prediction Plot

back Page
Tidal Current T able for long. 48,3 lat. 29.3 Deq.
Wednesday Sep ¥ 2005

Tidal Current [mi'z)

LR R A A A e
052
04
029

IR E

B 7 8 53 1011213141516 17 1819 20 21 22 23 24

LOF g1 7 5 1§
Time [hours]

Figure 18

If user want to HindCast , Nowcast , Forecast or change location should select Predicted
Current as shown in fig. 17. Then fig.19 will display two sub-option as:
1-Select Date
2-Select Station (long/lat)
User should select first Sub-option 1 Select Date to setup the prediction Date from (1 Jan
1970) until (31 Dec 2037) as shown in fig 20.
Then user should select Sub-option 2 Select
Station to change a different location for tidal

prediction (based on Longitude and Latitude in -
. . = Online Tidal Current Prediction Table
Degrees) as Shown m flg 20' ZELCEREEG M Show Grphic Form  Back Page

Then fig. 21 will display the tidal current predicted Soec e
. . Select Station (LonalLat) ket Table for long. 48.3 lat. 29.3 Deg.
information.

Time in hour Tidal Current in meter/sec
Wednesday Sep 7 2005

0:0aM  01:08M  0208M 03:08M 04:08M 05:08M  06:0aM  07:04M
A1 1423 1518 4022 5376 5441 4413 .228

08:06M  09:08M  10:08M  11:08M  120PM  01:.0PM  020PM  03:0PM
.0834 .397 5768 5645 .4043 611 18 .3679

04:0PM  05:0PM  06:0PM  07.0PM  08:0PM  03:.0PM  10:0PM  11:0PM
5118 522 4216 2216 0752 .3982 6126 .6319

Figure 19
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Predicted Curren

£

Show Grphic Form  Back Page

L
040PM  0f
5118
Figure 20

Hydraulic And Coastal Application [H.C.A. 2004]

. Online Tidal Current Prediction Table

Predicted Current
Station [Long---Lat)
436 294

.
457 294 W
480 794
489 294 -
497 293
48 3
484 293 02:06k
405 293 +| 1518
0804 0304M  10:04M
0834 an7 E7E
04:0PM  OFOPM  DEOPM
5118 522 4216

B

Show Grphic Form  Back Page

Current Table for long. 48.3 lat. 29.3 Deg.

Tire in hour - Tidal Current in meterd/zec
Wednesday Sep T 2005

0208k 04:04M  05:08M  OE:O4M
4022 5376 5441 4413
1108 120PM 01:0PM 0Z0FPM
9645 4043 J611 18
07:0PM 08:0PM  09:0PM 10:0PM
2216 0752 3352 B126

070k
.228

03:0PM
3673

11:0P
E313

. Online Tidal Current Prediction Table

Predicked Current

Shiowe Grphic Form  Back Page

Tidal Current Table fo

Timne in hour - Tidal Curre

[AL-Salem 2004]

10111995
(: Qo b 0108k 02048k 03:04M ]
53 103 468 E42E
0308k 050480 10:04M  171:08M
J477 .f0ES 5434 3085
04:0PM  D5:0PM  OB:OFPM OF0PM 0
3295 A5 J215 3891
Figure 21

wi| Online Tidal Current Prediction Plot

back Page

BX]

Tidal Current Table for stationd.3 29.3 Deg.

Time [hours]

17



A8

Hydraulic And Coastal Application [H.C.A. 2004]

If user selects option 2 (Arabian Gulf) as shown in fig 15. Figure 22 will display the
Arabian Gulf Map for user to select the interest Location from the map shown in fig.22 by using
the mouse. Click on the interest location, fig.23 will display to check the selected location.

=, Arabian Gulf Map

The Gulf  Back Page
LONGITUDE I LATITUDE LOW WATER DEPTH (m) Index

=

Fig. 22

Then user should select The Gulf to run the
tidal current prediction model to forecast the 24 TR
hours for the current date then displayed the 24 e

hours forecasting table as shown in fig.24. ; R
Then if user wants to display the 24 hours T
tidal current forecasting information as in el O ) r o K )

graphically form user should select Show
Graphic form as shown in fig. 24. Fig 25 will
display the tidal current plot.

Figure 23

[AL-Salem 2004] 18
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= Arabian Gulf Map
A EEEN S Back Page
LONGITUDE [43,  LATITUDE [355 LOWWATERDEPTH (m) [33 Index

i

ui| Online Tidal Current Prediction Table

Predicted Current B efial Il ali M Eack Page

Tidal Current Table for long. 49. lat. 28.9 Deg.

Time it hour - Tidal Current in meter/sec
Wednesday Sep T 2005

O:0ak  07:04M  0208M 0308k 0408 05:04M  OE0SM  O07:04M
15 .11 1733 2871 A58 2738 AE25 0024

OE:0sM  0%04M  10:0aM 17:08M T20PM S 01:0PM 020PM 0Z0PM
1645 L2756 .2953 .2388 132 0033 15932 271

04:0PM  05:0PM  OEB:OPM OF:0PM 0S:0PM 03:0PM T0:0PM 11:0PM
.2585 1472 0131 a3 3518 .2969

Figure 24
&, Online Tidal Current Prediction Plot
back Page
Tidal Current Table for long. 49, 1at. 28.9 Deq.
“Wednesday Sep 7 2005
Tidal Current [mJ's)
0.2
021 i
014
n.ov
L 01 2 345 6 7 8 93 7011213147576 17 18719 20 21 22 23 24
Time [hourz)
Figure 25

If user want to HindCast , Nowcast , Forecast or change location should select Predicted
Current as shown in fig.26. Then fig.27 will display two sub-option as:
1-Select Date
2-Select Station (long/lat)

[AL-Salem 2004] 19
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User should select first Sub-option 1 Select Date to setup the prediction Date from (1 Jan 1970)
until (31 Dec 2037) as shown in fig 27.

Then user should select Sub-option 2 Select Station to change a different location for tidal
prediction (based on Longitude and Latitude in Degrees) as shown in fig 27.
Then fig. 27 will display the tidal current predicted information.

CBEX

. Online Tidal Current Prediction Table

Predicted Current

Show Grphic Form  Back Page

Tidal Current Table for long. 48. lat 28.9 Deg.

Time in howr Tidal Current in meter/sec
Wednesday Sep T 2005

Oe0akd  07:04M 0208M  O204M O04:0aM  0%0&M 06:0aM  O7:04M
15 01 733 2871 3198 2738 J1E25 0024
O2:04k  09:086  10:08M  17:08M  120PM 01:0PW 0Z0PM 03:0PM
1645 L2756 2958 2388 32 .00a39 552 271
04:0PM  05:0PM  OR:OPM O70PM  O20PM 0%0PM 10:0PM 17:0PM
305 2585 1472 0131 ae 3165 3818 .29E89

Figure 26

m. Online Tidal Current Prediction Table

o=E

Predicted Current  Show Grphic Form Back Page
-
Jan - Tidal Current Table for long. 48. /lat. 28.9 Deg.
1955~ i, Online Tidal Current Prediction Table |'._||'E|r5__<|
Predicted Current  Show Grphic Form  Back Page
nosM 00y 15 R —
.15 .DH u] .I|_|r|| ang---Lat
500 294 r
omoem  on0d | Fos a4 “I Current Table for long. 48. lat. 28.9 Deg.
1E45 275 [ 485 284 — | Timeinhour Tidal Current in meterdzec
49.0 28.9
04:0PM  05:OF 269 Wednesday Sep T 2005
305 255 | 5oo 289
B05 209 0Z0ak  03:0aM 04080 05088 OEO&M  O7:048M
51.0 28.9 b 733 2811 3198 2738 JE25 0024
0308k 03:0aM 008N 11088 120PM O1:0PM 0Z0PM O3:0PM
1645 2756 .2958 2388 a3z 0023 1652 21
04:0PM 05:0PM OEOPM OF0PM OS:0PM 03:0PM T00PM S 17:0PM
305 2585 472 Nig kel 188 31E5 3518 2369
Figure 27

[AL-Salem 2004]
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If user select Option 3.Time Series as shown in fig 28. Fig 29 will display for user to enter the

request input data

as:
1. User must select (the area for prediction ether Kuwait waters or

Arabian Gulf)

Enter the location in (longitude/latitude) in degree.

Input Staring Date for prediction as ( Day/Month/Year )

Input End Date for prediction as (Day/Month/year)

Output File Name must be entered.

AW

Fig . 29 display the input information for prediction; Then User must select Run as shown in fig.
29 to start tidal current prediction for the Selected time period.

Figure 28

= Kuwait Tidal Current Prediction Model(HINDCAST 7 FORECAST) (= |[B](X]
Kuwait Waters  Arabian Gulf BEINEEEREEN Exit
LONGITUDE |43  LATITUDE |[293 LOWWATERDEPTH (m) Is Index |41

. Time Series For Tidal Current |z E'E'
Run  Plak Tidal Current

Back Page

Kinwait Tidal Current Prediction

HKuwait Waters [
Arabion Gulf Waters [

Stert Date |Day w|[Month = |vear |

End Date |Day w|[Month = |vear |

=

Then if user wants to display the tidal current information as in graphically form user should
select Plot Tidal Current as shown in fig. 29. Fig 30 will display the tidal current plot.

[AL-Salem 2004]
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. Time Series For Tidal Current |._ E'E'
SN Plok Tidal Current Back Page

Kipvait Tidal Current Prediction

Kuwait Watars |v
Arabian Gulf Waters |

B

. Time Series For Tidal Current |:

=AW Flot Tidal Current J=Eg=Elr

Kipvait Tidal Current Prediction

Kuwait Watars |v
Arabian Gulf Waters |

[
Start Date |1 w|llan  + 2005 |
EndDate |31 w|llan  +|2005 ~|
Chetpui Fﬂﬂ|current-ianﬂﬁ. bin j
Finshed

Figure 29

=, Tidal Current Time Series Plot

Back Page

Tide Prediction for 48.3 23.3
Tddsez[meter]
0E1 ‘ L e e St R EETL e l - -- | |
041 | '_ __ - _
0z ]; \| I-u l _: .| |

o 0 24 48 72 95 120 144 168 192 216 240 264 268 312 2ab 360 304 408 432 456 450 504 628 662 676 GO0 B2d B48 572 696 720

Time [hours]

Figure 30
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If user select Option 4.
[ 2D prediction ] as shown in fig 15. Fig 31 will display for user to enter the require input as
follows:

1- Enter The date

2- Enter The hour in the selected date

3-Enter Output file name
To display the 2D tidal current by select [ Plot 2D Tidal current into SUFER ] as shown in
Fig 32.

ﬁj. 2D Tidal Current Predicti :
Run Plot 2D Tidal Current into Surfer  Back Page

Kuwait Tidal Current Prediction

Kuwait Waters [

Arabian Gulff Waterslv

StartDate |30 w|llan  »|2005 «|

At Time [l

Output File ic:hkcurrentKEDEur.dat _'_1

Figure 31 ;

g Finshed..!

W Surfer - [Plotl] fas

M File Edit View Draw Amange Grid Map Window Help _ &=
Cl=Es) FEE b TienEsoolmelR] FEER: (2]
_|‘\\\'3\\\‘ll\'zlw\l‘l\\'wl\l\‘lllu\|\||\\1‘\|\H\\lz‘\\\||\|3‘\|\|\\la‘l\\|\|\5‘|\||\\\E‘l\\‘\|\7‘\\||\|\E|||| \l\al\‘I‘I“\ml\ll‘\‘wl\‘\‘I‘
E 31.004

8=

= Arabian Gulf

= 30.004 TIDAL CURRENT (cm/s)

K Date 30-Jan-20

= Time 5:00:00

3 29.004

[ 28.00

E 27004 Wy, L. L L L. m

5=

E 26004 VA .

- N L YN V AN PSP

3 25004 N Lo o e v e e oo

3= 24.00-

E 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00

27

= Longitude (deg) Il
ar [l r
iy Mathing Selected 1.54 i, 7.56 in

Figure 32
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2.3 Water level prediction for Arabian Gulf ,KTide model
[Khaled Al-Salem 2005] (Pc Version)
Model Description
The Tidecalc software, which is a version of the tidal prediction program

developed by United Kingdom's Hydrographic Office for publication in the Admiralty
Tide Tables, is used at the Coastal and Air pollution Department (CAD) of KISR to
predict the water level variations at different locations in Kuwaiti territorial waters. The
data set generated using the Tidecalc software covers only a maximum of 3 days. For
driving the Tidal Current model, it is essential to have a tool capable of generating
tides for longer periods and in a suitable format that can be used directly into other
models. For this purpose the KTIDE model was developed by (Al-Salem K., 2004) for
Kuwaiti territorial waters and the Arabian Gulf. The KTIDE model predicts the tides
from the following equation,

H@®=H,+Y f,H,coslat+V, +u), —x,] (5)
where
H(t) = Water level at time t (t is measured from start of the year)
H, = Mean water level above some defined datum
H, = Mean amplitude of tidal constituent n
fi = Factor for adjusting mean amplitude (for each year)
an = speed of constituent n ( 2n / T where T is the tidal period )
(Votu), = Equilibrium argument (for each year)
Kn = Phase shift of tidal constituent n

The KTIDE model includes the values of f, and (V,+u), for the years from
1970 all 2037. A total of 22 constituents were included in the KTIDE model a sample
were listed in Table 1.

Procedure for Stand-Alone Usage of Kuwait Tide model [KTide]

Kuwait Tide model is an efficient and easy-to-use tide model. Although more advanced
features are anticipated to evolve in the future, this version is sufficiently user-friendly and can
provide the base information for water elevation for Kuwait Waters. The information provided
by this model can be further used to calculate sediment/pollutant transport and to predict the tidal
circulation for Kuwait waters. In this section of the report, step-by-step instructions are given for
use of Kuwait Tide model. The procedure outlined here to run the model, click on (Kuwait
Tide ) icon. Figure 33 display a number of option as follows:

e Tide Station

e Arabian Gulf

e Time Serious

e Data Export

[AL-Salem 2004] 24
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Table 1. A Sample of Constituents used in KTIDE model for Station in Kuwait Waters.

Constituent Tidal Period (hr) Speed (deg/hr)

M, 12.421 28.984

S, 12.000 30.000

K, 23.935 15.041
O, 25.819 13.943
Sa 8780.488 0.041
Ssa 4390.244 0.082
Mm 661.765 0.544
Msf 354.680 1.015
Mf 327.869 1.098

Si 24.000 15.000

Q 26.870 13.398

P, 24.067 14.958
N, 12.659 28.439

vy (NUy) 12.626 28.512
K, 11.967 30.082

L, 12.192 29.528
(2N), 12.906 27.895
w(MU,) 12.872 27.968
T, 12.017 29.958
My 6.2103 57.968
(MS)4 6.103 58.984
(2MS)s 4.092 87.968

Option 1, if user chooses [Tide Predict].

This option allows the user to select the station name for tide prediction as shown in fig.33 in
two ways for Kuwait waters as follows:

-From Dropdown List as shown in Fig 34

-By Click on Station Name on Screen as shown in Fig 34
If user select any of the station name of the fig.34 list fig.35 will display showing the 24 hours
tide for the current day.
To select different date or Station Name for tide prediction as shown Fig 36 by select [ Tide
Predict]
To Plot the water level user select [Show Graphic Form] as shown in Fig 37.

[AL-Salem 2004] 25
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-
5 Kuwait Tide Perdiction Model

| B [

Figure 33

Tide Station

Ras AL Barshah

Arabian Gulf Map Time Series Data Export  Exit

Shatt Al-Arab

"y

.E%a

Jazirsh Avhah

Jazireh Kubbar

Mina Al-Ahmadi

Jazirsh Quarsh

Figure 34

Tide Station | Arabian Gulf Map Time Series Data Export  Exit

Al-Ahmadi Station (Kuw)
Al-Zour Station (Kuw)
Al-Shwaukh Station (Kuw)
Ras Al-Barshah Station (Kuw)
Warba Spit Station (Kuw)
Shatt Al-Arab-Bar (Iraq)
Jazireh Auhah (Kuw)
Jazireh Kubbar (Kuw)
Jazireh Quaruh (Kuw)
Khasab (Hormoz)

Fujayrah (U.AE)

Dubia (U.A.E)

Bushehr (Iran)

Jazireh Ye Lavan

Bandar Abbas (Iran)
Khowr-E Musa (Iran)
Jazireh -ye Khark (Iran)
Bandar-e Lengeh (Iran)
Jazireh Ye Hengam (Iran)
Ras's Al Mish ab (S. Arabia)
Ju ‘aymah boat pier (S Arabia)
Mina Salman (Bahrain)
Musay 'id (Qatar)

Umm Al-Hatab (U.A.E)

Jazireh Das (U.A.E)
Mina Zayed (U.A.E)
Ras Al-Khaymah (U.A.E)

Shatt Al-Arab

Jazireh Avhzh

Jazirsh Kubbar
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Figure 35

Figure 36

BT Tebic

Tide Perdict

(0 Qs b4
1.05

B Db
279

Od: 0Pk
252

Hydraulic And Coastal Application [H.C.A. 2004]

Show Graphic Form  Back Page
Tide Table for Mina Al-Shuwaikh Station

070k
1.65

050k
233

O5:0Pk
256

Time in howr  Tide in meter
Tuesday Jul 9 2019

020k
294

17108k
1.77

O7:0Pk
297

OOk
236

12:0Pk
1.52

OB 0Pk
245

050k
2.54

071:0Pk
232

05: 0Pk
1.86

02 0dsbA
233

1008k
1.93

OE: 0Pk
236

Date To Select
|| Station To Select

Tide Perdict | Show Graphic Form Back Page
X ,

OB DidskA
246

02 0Pk
28

10:0Pk
1.32

Mina Al-Ahmadi

L Mina Al-Zour

0:04M
1.05

08:0aM
2.79

04:0PM
3.52
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Hydraulic And Coastal Application [H.C.A. 2004]

54 Tide Graph

Savelmage Back Page

Edgs[meter]
28p--4--4-- 4

228--4--4

Tide Table for Mina Al-Shuwaikh Station
Tuezday Jul 92019

Y5 5 T 5§ 7 8§ 9 0T 1213 141516 17 18 19 20 21 22 23 24

Time [hours]

Option 2, if user chooses [Arabian Gulf]

This option allows the user to select Arabian Gulf Station name for tide prediction as shown in
fig.38 in two ways for Kuwait waters as follows:

-From Dropdown List as shown in Fig 34

-By Click on Station Name on Screen as shown in Fig 38
If user select any station name from Fig.34 or Fig 38. Fig.35 will display showing the 24 hours
tide for the current day.

To select different date or Station Name for tide prediction as shown Fig 36 by select [ Tide

Predict]

To Plot the water level user select [Show Graphic Form] as shown in Fig 37.

Figure 38

& E=
&3 Arabian Gulf Map__

WA R v T gl SRS E‘

Back Page
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Option 3, if user chooses [Time Serious]

This option allows the user to select Kuwait Waters or Arabian Gulf Station name for tide
prediction as shown in Fig.33 for Time serious. Figure 39 will display for user to input requires
infromation as follow:
- Input station Name
- Input Stat and End Date
- Input Output file name
To start Simulation user must select [ RUN ].
In Figure 39 shows a number of output analysis as follows:
- [Plot Tide Predicted | . Plot line for Data predicted as (WL Vs T) as shown in Fig 40
- [Interpolation]. To Interpolate the predicted data
- [ Datum’s ] . To Display Tide Level Datum’s as shown in Fig 42
Water Level Prediction By Default the datum based on Admiralty Chart datum.
If water level based on MEAN SEA WATER LEVEL [MSL] user must Check [ W-FLC |

. E:j, Time Seties

Run Plot Tide Predicted Interpolate  Datums  MPW
TGR Back Page

Kuwait Tide Perdiction
[Mina A1Shuwaikh |

A e

StartDate [1  ~|[Feb w2005 | tw

Output File 1Tatic‘.a.b1.ﬂ

Finshed

Figure 39

,

SaveImage Back Page
Tide Prediction for Mina &1-5huwaikh
Tide [meter)
354 ;
298

1497

0396

Figure 40 005 577 44 56 B8 110132 154 176 199 220 292 264 266 308 330 352 374 395 410 440 452 454 506 528 550 572 594 B16 £33 ER0

Time [hours]
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To Interpolate the predicted data user select [Interpolation] Fig 41 will display for user to enter
a require information as follows:

- Enter [ Time Increment (SEC)

- Enter output file name to store the interpolated data

Select [ Start ] To start the interpolation process.

Select plot the interpolated data by [ PLOT | as shown in 41

v I |

Start Plot Scale Set Edit OutFile Back Page

Time Increments (Sec) J1 i) '1

Output File Name |:\Kunsit Tide'Ftide. bin | Done.t

Plot Scale

' X dvis Seale ¥ Axis Seale
Division/Lahel {hr} [34 = ¥ Minimum (m)m
DivisionTick {&r} [24  + YMaximum (m)[g o]
Major Diﬁsimﬁ—L]
Minor ]}irisinF;—L]

-
-

9 [

P
!
—
=
|
|
==
Rl
_---I-.
|
|
I
[
T
2

¥ LRIH ¥ L
HIE
1 L 4
| | ||
— 5

0 . | : 0

o] T @ E (1w ] [y =t =] b ] w2 Lo ] =t = o (4= = =t oa d fiv] = - ol ™~ pivg L] =t a

[a¥ ] T m | =t =] ja.s} F] =t L4 = Rt oy o o — o W) o = o 4] r- =} [nJ] =

L \ o = L] (3] ] o [ap] [aml 7 o -+ = =t t uw L L ['=g o [+=] fi=]

A

Figure 41
Option 4, if user chooses [Data Export]

This option allows the user to setup an export formatted output file by select [ Data Export | in
Fig 33. Figure 43 will display for user to input requires information as follow:

- Input station Name

- Input Stat and End Date

- Input Output file name
To start Simulation user must select [ Export ] as shown in Fig 43.
To Display the export file by select [ Edit File ] as shown in Fig 43.
Note: by default water level based on admiralty Chart datum

For water level based on MEAN SEA LEVEL {MSL} by click on [ W-FLC']
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5 L e .__n = 5 o ta b .

ux

Print Close
Units: Meters Datums For Station: Mina Al-Shuwaikh
003.995 [Highest Predicted WL (HAT) Elevation On Station Datum
3. Navigating the Dalu_
. Datum Graf Print  Close
MHHW: 003.581 - |

= B Datums For Station: Mina Al Shuwaikh

1 8 DHQ: 000.269 Unit: Meter Feb 1, 2005
Msl— Feb 2?8, 2005

| Datum Value Description
T MHW 003.311 Mean High Water
MHHW 003.581 Mean High High Water
DIL 002143 Mean Diurnal Tide Water (MHHW+MLLW)/2

002279 Mean Sea Level
000.705 Mean Low Low Water
001235 Mean Low Water
002273 Mean Tide Level (MHW-+MLW)/2
00.00 Station Datum
002.875  Great Diurnal Range (MHHW-MLLW)
002.076 Mean Range Of Tide
000.269  Mean Dirunal High Water Inquality(MHHW MHW)
000.530  Mean Dirunal Low Water Inquality(MLW-MLLW)
003.995 Highest Predicted Water Level
Max. Date 100142005 Date Highest Predicted Water Level
Time : 2:00Hr
E. Al-Salem (2004}
—— =
Export  Edit File Ext
Kuwait Tide Perdiction
IMlna AlLaur - Kuwait -
B Tide-data.dat - Notepad “— - [E=REE
Fie Edt Format View Help — l
¥ A
Tide Level Information Generated by (Ktide.model)
Date |1 ~|Feb w|2005 «| & |
'L' Station Name: Mina Al-Zour - Kuwait
Location at :Longitutde = 48 deg 24 min E
| . :Latitg(;e = 28 deg 44 min N
station Datum: 1. m
“F|| starting Time:Tuesday Feb 1 2005
nd Date |25 - ||Fn9|:I - ||2E"3|5 *| £ gtarcing Tine:tuesday Feb 1 2005
£
'L' Date Time Total Time Tide Level High Tide Low Tide
F. o1 3005 OlghE% (I{r‘) 1(;1%4 5am to 7pm 5am to 7pm
1 F 100 .. X
it l[ﬂ c:\Tide-data.dat Feb I 2005  01.00 AW 2 1.3747
Feb 1 2005 02:00 AM 3 1.5156
Feb 1 2005 03:00 AM 4 1.5901
Feb 1 2005 04:00 AM 5 1.5695
: i pRA Lie
F 100 AM .
ﬁﬂsﬁﬂd Feb 1 2005 07:00 AM 8 1.0348
Feb 1 2005 08:00 AM 9 838
Feb 1 2005 09:00 AM 10 7182
Feb 1 2005 10:00 AM 11 7094 L. W
Feb 1 2005 11:00 Am 12 8199
Feb 1 2005 12:00 Pm 13 1.0297
Feb 1 2005 01:00 pM 14 1.2949
Feb 1 2005 02:00 PM 15 1.5583
Feb 1 2005 03:00 pPM 16 1.7634
Feb 1 2005 04:00 pM 17 1.8672 H. W,
Ln1, Col1 |

Figure 43
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2.4 2D water level prediction for Arabian Gulf and Gulf of Oman [KTide-
Tunami-N2KISR, [Khaled Al-Salem 2016]

2D Tidal level prediction was developed and coupled inside the tsunami model [ TUNAMI-
N2KISR model interface] for Tsunami wave Prediction with the effect of water level. The model
has been tested with the newly available DEM successfully for tsunami wave prediction with and
without the effect tidal level.
Coupled 2D Water Level Prediction model with TUnami-N2KISR model

2D tidal model can predict tide level at any time covering the whole Arabian Gulf and Gulf of
Oman region based on KTide model [AL-Salem 2005]. The tide water level distribution at an
hour interval is shown in Fig 47. These results suggested that there are several rapid changes of
the water level at different locations (especially at the head of the Arabian Gulf) which should
have some significant effect to tsunami wave propagation.

Model Concept description
KTide-Tunami-N2KISR model version was developed based on Multi grid system.
The model mean domain was list as follow
1. Arabian Gulf and Gulf Of Oman for grid Size 1215m
1. Arabian Gulf grid size 405m
iii. Sub area of Arabian Gulf for Grid size 135m
iv. Sub area of Kuwait water grid size 45
v. Sub area of Kuwait for grid size 15m
vi. Sub area of Kuwait for grid size Sm
Then user must create System Connection From TUnami- rom—r )
N2KISR Model. A Sample of system Connection will —

File Directory Close

display at Fig 44. ; .

System Connection for TUnami-N2KISR
Then to start the model user must create system connect _
by System ICase 61

1- Tunami-N2KISR model Target [Ras alArd I
2- From Figure 46 user can Switch On/OFF The Require

Connected system file Regondetie  [1][2] [31] [45] [51] [61]

R-Connection

2- Manually setup the connection system file as Fig 47 Lower-Left Upper Right
Figure 45 will display when model start. Regon1To2 [ 51 [261 | 981 | 961
User must select [ START ] on Figure 46. To start Region2To3 | 1 [1451 [ 321 [2101
simulate and predict 2D water level based on mean sea Region3Tod4 [ 6 [o61 [636 [1361
water level (MSL). Regon4To5 [361 [191 [1161 [ 621
) ) . Region5To 6 | 1101 | 801 1801 | 1201

Fig 48 shown 2D water levels predicted over Arabian Gulf | | | |
water for different hour by GMT plot Code. Hoen Comoery Brnou 6

Filza Name Closs

[CTUNAMI-N2KISR 'out'Conc61 txt e

Figure 44
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Figure 45
- Water Level Time Lin :
Start Check StandOlne Back Exit
2D Tidal Level Predictions
Set Water Level Date
Day| 1 Month| 2 Year | 2015  Total Hours I vl
Select Regions and Sub-Region
Region 11 | Region 12 ¥ Region 13 Region 14 I I
Region 23 Region 24 [~ |
Region 33 Region 34 ¥ |
Region 43 Region44 I | ]
Region 53 -
Region 63 [ ]
Region 73 [ ]
r
Figure 46 O
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System Connection System File Format

System Connection No. System Connection index each Region [lower/left] and [Upper/right]

Proj. No Proj. Name Jl

Casebl, Rasal Ard, 1,2,3.1,43,5.16.1, 51,261,1,1451,6,961,361,191,1101,801,981,961,321,2101,656,1361,1161,621,1801,1201
&

Total Active Region

Figure 47

Figure 48. Results of new developed tide model showing distribution of water
level in the Arabian Gulf from tide at hourly interval
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2.5. Global Water Level Prediction. MTide model
[Khaled Al-Salem 2016] (Pc Version)

Global Tide model was developed by (Al-Salem K., 2006) for Global Water Level Prediction as
shown in Fig 49; This version is sufficiently user-friendly and can provide the base information
for water tide elevation for Global Regions (Asia, Africa, Europe, North America and South
America) based on Station Longitude/Latitude with water level reference MEAN SEA LEVEL

(MSL). The information provided by this model can be further used to calculate
sediment/pollutant transport and used as input for tidal circulation models.

Figure 49

[ Global Tide Prediction Model
———

NAOTIDE
Global Tide Prediction

Set mode, location, epoch, data interval

Mode selection : Set IMODE

1 Calculate Geocentric Tide with respect to ocean floor Li l 1
:5et LPMODE
1 Use Long-Period Ocean Tide map Of Takanezawa _'j l 1
Set Station Location: Longitude W Latitude ]T
Starting Date and Time Ending Date and Time
Tear | 1997

EEEEE

Model simulation Description

User must select [ MTIDE ] to start the model as shown in Fig 49.
User must select the reqire input as

Set [ IMODE ]
Set [ LPMODE ]

Set Station Location [Longitude and Latitude ] in Degrees
Set Start Date and End date
Then user must select [ FILE ].
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A New Window will display for user to inform data saved and new Button Will Appear for user

to select to start simulation [ START ] as shown in Fig 50.
Figure 51 will display for user show the simulation Process.

From Fig 50 can select [ Edit Output ] to display the output file as shown in Fig 52.

Figure 53 display water level plot line compared to KTIDE model.

- -
. Global Tide Prediction Model -

Lo | B o |

File Start Edit Output Exit

T A MAAYIT'TT ™
W

Set mgde: lg,c?h'nﬂ ernrh  Aate mntersral

MTide [
Calculate G _ _ |
Input Saved: Select Start Simulation

]

Mode zelectd

Use Long-F|

Set Station L tude
Starting Date and Time Ending Date and Time
Year | 2005

Month IT

Day lf

Hour IT
mifute o

EEEEE

Glalal Tide Pradhictsi ilﬁ
lf
lf

i

2035

Figure 50

B 7 MTide

[ =& i

File Edit View State Window Help

7 Graphicl

Program Terminated with exit code 0
Exit Window?

Figul’e 51 ‘Hunning

[AL-Salem 2004]

36




A8

Hydraulic And Coastal Application [H.C.A. 2004]

'3 NAOTIDEOUT - Notepad J J— — - M [E=EE)
File Edit Format View Help
Geocentric tidal height
Elapsed day Tide(cm) Short-p Long-p M D Yr H M MID Longitude Latitude
0.000000 -117.953 -118.081 0.128 6/ 1 2005 0: 0 53522.000000 47.9160 29
0.041667 -66.443 -66.583 0.140 6/ 1 2005 1: 0 53522.041667 47.9160 29.3500
0.083333 -2.947 -3.099 0.152 6/ 1 2005 2: 0 53522.083333 47.9160 29.3500
0.125000 58.524 58.360 0.164 6/ 1 2005 3: 0 53522.125000 47.9160 29.3500
0.166667  104.647  104.472 0.175 6/ 1 2005 4: 0 53522.166667 47.9160 29.3500
0.208333  126.049 125.863 0.186 6/ 1 2005 5: 0 53522.208333 47.9160 29.3500
0.250000 119.529 119.331 0.198 6/ 1 2005 6: 0 53522.250000 47.9160 29.3500
0.291667 88.698 88.490 0.209 6/ 1 2005 7: 0 53522.291667 47.9160 29.3500
0.333333 42.891 42.672 0.219 6/ 1 2005 8: 0 53522.333333 47.9160 29.3500
0.375000 -5.353 -5.583 0.230 6/ 1 2005 9: 0 53522.375000 47.9160 29.3500
0.416667  -43.578 -43.818 0.240 6/ 1 2005 10: 0 53522.416667 47.9160 29.3500
0.458333  -62.597 -62.848 0.250 6/ 1 2005 11: 0 53522.458333 47.9160 29.3500
0.500000 -58.774 -59.034 0.260 6/ 1 2005 12: 0 53522.500000 47.9160 29.3500
0.541667 -34.810 -35.080 0.270 6/ 1 2005 13: 0 53522.541667 47.9160 29.3500
0.583333 1.137 0.858 0.279 6/ 1 2005 14: 0 53522.583333 47.9160 29.3500
0.625000 37.747 37.458 0.289 6/ 1 2005 15: 0 53522.625000 47.9160 29.3500
0.666667 63.634 63.336 0.298 6/ 1 2005 16: 0 53522.666667 47.9160 29.3500
0.708333 70.420 70.113 0.307 6/ 1 2005 17: 0 53522.708333 47.9160 29.3500
0.750000 54.984 54.669 0.315 6/ 1 2005 18: 0 53522.750000 47.9160 29.3500
0.791667 20.311 19.988 0.323 6/ 1 2005 19: 0 53522.791667 47.9160 29.3500
0.833333 -25.274 -25.606 0.331 6/ 1 2005 20: 0 53522.833333 47.9160 29.3500
0.875000 -70.269 -70.608 0.339 6/ 1 2005 21: 0 53522.875000 47.9160 29.3500
0.916667 -102.978 -103.324 0.347 6/ 1 2005 22: 0 53522.916667 47.9160 29.3500
0.958333 -114.540 -114.894 0.354 6/ 1 2005 23: 0 53522.958333 47.9160 29.3500
‘ I
Ln1, Coll |
Figure 52
2.0
— MTIDE K TIDE
1.5
_—
= MmN /A AT
=~ o5 | /AL A
2 LAY LAY WAV
S o A\ Y AA\VEA\VRR| a1/
=~ o5 50 100 150 200
5 .00 Y [ Wy [ W\
@ -1.0 W
5 v o\
a -1.5
-2.0
25
Time (hr) for Jul 1 to 10, 2005
Figure 53
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2.6. Virtual Real-Time Hydrodynamic monitoring Khydro
[Khaled Al-Salem 2011] (PC Version 2.0)
Kuwait Real-time Hydrodynamic Virtual Monitoring System (Khydro System as shown in Fig
54). Khydro system was developed by (Al-Salem K., 2005 as ver. 1.0) for hydrodynamics
virtual monitoring in real-time for Kuwaiti territorial waters, it is an efficient and easy-to-use
system. Although more advanced features are anticipated to evolve in the future, this version is
sufficiently user-friendly and can provide and displays highly detailed output of hydrodynamics
virtual monitoring information in real-time for Kuwait Water’s.
Model simulation Description
Kydro program are based on
-Tidal prediction [ KTIDE mode] see in section 2 p24
-Tidal Current Prediction [ KGULF model | see section 2 p3
-Significant wave height, direction and period prediction [ KWAVE model ] see section 4 p88
-Wind Data used for prediction Wave height will updated every 6 days. And operator will
download wind data online from Website address
[http://www.hceatkuwait.net/web_pas/main.aspx]

To start KHydro program user must select [ n ] . Figure 54 will display doe user.
User must select [ START ] for run the hydrodynamic monitoring system program as shown in
Fig. 54. Figure 55 will display automatic startup of monitoring for Current Date/Time.

‘[ KHydro Interface. —5

Start  Activate End

@ K.ISR.

Kuwait Istitute For Scientific Research

Realtime Virtual Monitoring For Kuwait Water's Hydrodynamic's
KHydro Program

Copyright @ 2011. Khaled Al-Salem. KHydro . All
rights reseved

Email: ksalem@kisr.edutow

Figure 54
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Realtime Virtual Monitoring For Kuwait Water's Hydrodynamic's

Date: Saturdav 20/07/2019 01:00:07

KHydro System
29.90
Arabian Gulf
2965 ‘Wind Direction O
5 2940 =
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To Change the monitoring Location In Kuwait water user must Uncheck on Checkbox Located
on the top-Left Figure 55. Then Figure 56 will display to change object location.

By Default water level reference is Admirality Chart Daum to Get to MEAN SEA LEVEL
(MSL) datum user must check [ MEAN SEA LEVEL] checkbox as shown Fig 56.

To Update Wind Data user must download wind data then Click [ Update ].
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2.7. Kuwait Hydrodynamic monitoring Baywatch
[Al-Salem 2005] (PC Version 1.0)

Kuwait Hydrodynamic Monitoring System (BayWatch System as shown in Fig 57). BayWatch
system was developed by (Al-Salem K., 2005 as ver. 1.0) for hydrodynamics monitoring in real-
time for Kuwaiti territorial waters, it is an efficient and easy-to-use system. Although more
advanced features are anticipated to evolve in the future, this version is sufficiently user-friendly
and can provide and displays highly detailed output of hydrodynamics monitoring information in
for Kuwait Water’s.
Model simulation Description
To start the program user must select [ BayWach |
Figure 57 will display for user to start by Enter system Password [bay1]. Then Fig 57 will also
display a number of option:

o [Time Interval Forecast Table Update]

To display the hydrodynamic monitoring as shown in Fig 58

o [Film] To display HCE groups capabilities movie as shown in Fig 58
In Figure 59 display for user two table for 24hr of water level of Tidal Current shown hourly for
selected a station from Dropdown List.
To Show the HCE groups capabilities movie in Full Screen mode just double click on Movie

screen
5. BayWatch Online.....User Permission [El = ﬂ
Start Exit Info
A3t Hydrodynamics Forecasiing Moael
10:33:05 7
KUwWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
TP BayWatch Online......User Permission = | (=] |&]
Tirne Interval forecast table Update  Film  Exit  Info
Kuwailt Hydrodynamics Forecasting Model
1057037
EUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Enter Uzer Password Permizzion
Figure 57
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3. Hvdraulics Costal Oil Spill application

3.1. Oil Spill trajectory for Arabian Gulf [KOil model]
[Al-Salem 2009] (Pc Version)

Models to predict the behavior of the oil spill include the calculation of the spreading, the
displacement and the mass/volume balance over the different compartments (air, water surface,
water column and bottom) of a released substance. The phenomenon of spreading results from a
dynamic equilibrium between the forces of gravity, inertia, friction, viscosity, and surface
tension. The variables that mainly influence the dispersion and evaporation are the wind speed,
marine currents, time, density of the oil and the amount of the oil released. Many oil spill
models are commercially available and can be setup for the Arabian Gulf and the Kuwaiti
territorial waters. Such models however, require accurate data on the marine currents which are
usually provided from a separate hydrodynamic model HD ( Lo and Al-Salem. 1999) and (K. Al-
Salem ,2008) that it takes very long computer time for simulation of the marine current
condition.

Methodology

The model currently uses data from the KGulf 2D hydrodynamic HD model for the Arabian
Gulf (K. Al-Salem; web address:
[http://www.hceatkuwait.net/web_pas/web-KGulf/KGulfmain.aspx].
KGulf is 2D hydrodynamics Prediction model set up for the Arabian Gulf and Kuwait waters (K.
Al-Salem ,2008). The model is capable of simulating 2D tidal current and water level at any
selected grid inside Arabian Gulf waters with hourly output results. Also a refine grid was
generated for Kuwaiti territorial water. A grid was generated covering the Arabian Gulf from the
Hormoz inlet till the upper part of Arabian Gulf . The grid spacing is about 5-8 km in the
Arabian Gulf with a total of 3692 grid inside the Gulf. For some local areas in Kuwait waters the
refined grid spacing reached about less than 50 m Figs. 1. KGulf model was validated using a
tide prediction TIDCALC model (UK's Hydrographic Office), RMA-10 HD model (King, I.P.
1988) and using some field measurements. Result showed that the model is capable of predicting
the 2D tidal currents and water level variations well with very short simulation time. Four finer
grids have recently been setup for the Kuwaiti territorial waters and include all the power plants
in Kuwait. These grids provide detailed tidal currents near the sensitive locations in Kuwait as
shown in Figs 1 and Fig A1-A3. Fig 1 shows samples of grid system in Kuwait waters. The Oil
transport model is coupled with 2D hydrodynamic model for Kuwait Waters (KGulf model). The
velocity distribution is calculated at each time step and is taken as an input for the oil transport
simulation model (KOil model) (K. AlSalem ,1993).

Lagrangian description of turbulent diffusion

A Lagrangian discrete-parcel algorithm is used. In this algorithm, the oil slick is viewed as a
large ensemble of small parcels. It looks at the subsequent coordinates (trajectories) of a number
of individual fluid or fluid property particles that are advected (transported) by currents. When
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the current field is known then we may add turbulent diffusion as random walks that have in
general Gaussian distribution with dispersion that corresponds to turbulent activity.

For a particle numbered I we get

dx, = u(xl., Vi zl.,t)dt + Rnd (i)
dy, :v(xi’yi’zi’t)dt+Rndy(i)
dz, = w(xi,yi,zi,t)dt—kRndZ(i)

Model Simulation Description

KGulf model was developed and set up for the Arabian Gulf and Kuwait territorial waters with
multi grid system for solving hydraulic engineering application. To start simulate the KGulf
model user must select [y ] to start the model Fig 60 will display the following input Option for
user to state as follows:

. 1D/2D tidal current speed and direction hourly perdition

. 1D/2D tide Level hourly prediction and Water level analysis
. Trajectory Oil spill prediction [KOil 2009]

. Oil Spill

KOil model 2012  [See Section 3 p50]
Back Track Oil Spill [see section 3 p59]

To Simulation Oil Spill Project KGulf model have two Models for user to select from Fig 60 as
follow:

1- [KOil model 2009] User must Check [ 2D Prediction ]. A new frame will display at Fig 60.

User must select again [ Time Serious 2D Prediction ].
2- [KOil model 2012 ] User must select [ Oil Spill ] from Fig 60. These model will describe on
next Section

For Simulation [KOil model 2009]
User after selected [ Time Serious 2D Prediction ] in Fig 60.
Figure 61 will display for user to generate 2D hydrodynamic Data.
User must enter the following information as:

- Start Date and End Date

- Output hydrodynamic data file name.
Then user must select [ Qil Spill Simulation | as shown in fig 61.
Fig 62 will display for user to setup simulation input:
-Load Select domain map [ MAP ] -Select [UV Interpolate]
-Setup Wind speed [Constant wind or variable wind speed data file]. Then select [ Wind

Interpolation].

-Setup Oil Spell Source [Check on Source Info ]. Input Longitude/Latitude Location
Then To Start oil spill simulation by Select [Start] from Fig 62.
User can load Satellite image as background by select [Image Selection] as in Fig 63
To display 2D tidal current at simulation process Check [Plot Parameter] then [Plot Tidal
Current] as shown in Fig 64. Display Evaporation table analysis[ Edit Output] as shown Fig 65
Display Animation Result [Result Animation] as shown in Fig 66.
Display Oil Spill Result On Google as shown in Fig 67. Fig 68 shows oil spill on Google Map.
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Fig 68 shown The Part of Html file created to display oil spill location Data on Google Map.
pill Option from Fig 61

Fig 69 shown result for Continuous Oil S
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3.2 Oil Spill trajectory for Arabian Gulf [KOil model]
[Al-Salem 2012] (Pc Version)

Models to predict the behavior of the oil spill include the calculation of the spreading, the
displacement and the mass/volume balance over the different compartments (air, water surface,
water column and bottom) of a released substance. The phenomenon of spreading results from a
dynamic equilibrium between the forces of gravity, inertia, friction, viscosity, and surface
tension. The variables that mainly influence the dispersion and evaporation are the wind speed,
marine currents, time, density of the oil and the amount of the oil released. Many oil spill
models are commercially available and can be setup for the Arabian Gulf and the Kuwaiti
territorial waters. Such models however, require accurate data on the marine currents which are
usually provided from a separate hydrodynamic model HD ( Lo and Al-Salem. 1999) and (K. Al-
Salem ,2008) that it takes very long computer time for simulation of the marine current
condition.

Methodology

The model currently uses data from the KGulf 2D hydrodynamic HD model for the Arabian
Gulf (K. Al-Salem; web address:
[http://www.hceatkuwait.net/web_pas/web-KGulf/KGulfmain.aspx].
KGulf is 2D hydrodynamics Prediction model set up for the Arabian Gulf and Kuwait waters (K.
Al-Salem ,2008). The model is capable of simulating 2D tidal current and water level at any
selected grid inside Arabian Gulf waters with hourly output results. Also a refine grid was
generated for Kuwaiti territorial water. A grid was generated covering the Arabian Gulf from the
Hormoz inlet till the upper part of Arabian Gulf . The grid spacing is about 5-8 km in the
Arabian Gulf with a total of 3692 grid inside the Gulf. For some local areas in Kuwait waters the
refined grid spacing reached about less than 50 m Figs. 1. KGulf model was validated using a
tide prediction TIDCALC model (UK's Hydrographic Office), RMA-10 HD model (King, I.P.
1988) and using some field measurements. Result showed that the model is capable of predicting
the 2D tidal currents and water level variations well with very short simulation time. Four finer
grids have recently been setup for the Kuwaiti territorial waters and include all the power plants
in Kuwait. These grids provide detailed tidal currents near the sensitive locations in Kuwait as
shown in Figs 1 and Fig A1-A3. Fig 1 shows samples of grid system in Kuwait waters. The Oil
transport model is coupled with 2D hydrodynamic model for Kuwait Waters (KGulf model). The
velocity distribution is calculated at each time step and is taken as an input for the oil transport
simulation model (KQOil model) (K. AlSalem ,1993).
Lagrangian description of turbulent diffusion
A Lagrangian discrete-parcel algorithm is used. In this algorithm, the oil slick is viewed as a
large ensemble of small parcels. It looks at the subsequent coordinates (trajectories) of a number
of individual fluid or fluid property particles that are advected (transported) by currents. When
the current field is known then we may add turbulent diffusion as random walks that have in
general Gaussian distribution with dispersion that corresponds to turbulent activity.

For a particle numbered [ we get

dx, = u(x,, y,,z,,t)dt + Rnd (i)
dy, =v(x,,y,,2,,t)dt + Rndy(i)
dz, =wlx,,y,,z,.t)dt + Rna’z(i)
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Model Simulation Description

KGulf model was developed and set up for the Arabian Gulf and Kuwait territorial waters with
multi grid system for solving hydraulic engineering application. To start simulate the KGulf
model user must select [ £ ] to start the model Fig 60 will display the following input Option for
user to state as follows:

. 1D/2D tidal current speed and direction hourly perdition

. 1D/2D tide Level hourly prediction and Water level analysis
. Trajectory Oil spill prediction [KOil 2009]

. Oil Spill

KOil model 2012  [See Section 3 p50]
Back Track Oil Spill [see section 3 p59]
To Simulation Oil Spill Project KGulf model have two Models for user to select from Fig 60 as
follow:
1- [KOil model 2009] User must Check [ 2D Prediction ]. A new frame will display at Fig 60.
User must select again [ Time Serious 2D Prediction ].
2- [KOil model 2012 ] User must select [ Oil Spill | from Fig 60. These model will describe on
next Section

For Simulation [KOil model 2012]

User after selected [ OIL SPILL ] in Fig 60.
Figure 70 will display for user two models as:
o Oil Spill Trajectory
o Back Track Oil Spill.
User must select [Qil Spill Trajectory | Fig 71 will display to select the following
= Grid Domain
=  Domain map
User must Check [2D hydrodynamics’ Setup] Fig 72 will display for user to input the hydrodynamic
require information as:
= Start Date
= End Date
User must check [ Wind Data Setup) Fig 73 will display for user to input Type of wind data entry as
follows:
e Constant Wind Speed data [Constant Wind speed].
e Variable wind Speed Data [Load Wind Speed]. From Data file [Wind speed, Direction]
User must Check [ Start Simulation] Fig 74 will display to enter the following
e Time of oil spill in hour of first day.
e Oil Spill Location(Longitude/Latitude) in Degree
e Oil spill Volume
User must press on [Save spill Location].
To check location press [Show ]. Spill location Will display on Map as DOT.
To start oil spill simulation in Fig 74 two option display as follows:
e Point Source Simulation
User can setup Number of Particle as represent the oil spill volume
Then must select [RUN]
A Snapshot of oil spill simulation shown in Fig 75
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e Continuous Spill Simulation
User can set [Spill Time in Hour] as follows
- [ 0] : mean the oil spill continuous spill until the end on simulation
- [ A number on Hour] : Mean; that the total of oil spill hours. Then after that oil
spill will stop until end of simulation.
User can setup Number of Particle as represent the oil spill volume
Then must select [RUN]
A Snapshot of Continuous oil spill simulation option shown in Fig 76
User can run the oil spill result Animation by check [ Simulation Output] from Fig 76.
Figure 77 will display snapshot of the result animation of oil spill particle for every time step

Display Oil Spill Result On Google user must check [ Google map On/Off] as shown in Fig 78.
A new frame will display information for selecting the Google map option as in Fig 78

Then user must select [Google Map Show] in fig 78

Fig 79 shows oil spill on Google Map.

Fig 79 shown The Part of Html file created to display oil spill location Data on Google Map.

‘ OllSpllITar)ctory Oil Spill Backtrack  Exit

Copyrizht © 2012 Khalsd Al-Saleam. KOil Modal All rights reserved

Figure 70

[AL-Salem 2004] 52



A8

Hydraulic And Coastal Application [H.C.A. 2004]

&5 KGil Model... Gil

Home @I

Stop Siudstion [

Surface (il Spill

~SetUp Input

Grid Domain

2D Hydrodynamic's Setlp
Wind Data SetUp

Start Simulation
Simulation OutPut

i i o i .4

= r Grid Domain

[Refin Asabian Guif

Led

Map Limits
Longitude (deg)

1763 1013 02
Latitude (deg)

< 2848 3013 02
New Limts

Select Map
[Kuwait Water's

E

=2

B Grid (on/off)

48.83603 1\ 2048178

Copyright € 2012 Khaled Al-Salem. KOil Model All rights reserved

—

Figure 71

HGulf Model
Suface (il Spill

e @ |

Stap Stmlstion [~

~SetUp Input

Grid Domain
2D Hydrodynamic's Setlp
Wind Data SetlUp

Start Simulation
Simulation OutPut

- - Hydrodynamic's Time Limt——————————————
% Start Date
E% e [T = femz

End Date
four ~|emz

SeilUp Hydrodynamic's Time

i o R |

[0

"*.
&
4912102 1% 29.08722

—

Figure 72

£ -Date Calend

Unload

[July -] [2ma ~

Sat | Sun [ Mon | Tue [ Wed | Thu | Fri |

B 2 [ [n z |z J& s

I 2 R I TR £
13 14 15 16 hid 18 18
. 20 21 22 23 24 25 26
R Frai PR P E I T 2

Copyright € 2012 Khaled Al-Salem KOil Model All ights reserved

[AL-Salem 2004]

53




A8

Hydraulic And Coastal Application [H.C.A. 2004]

[ KOil Model... Ol Sp

49.10755 . 200411

Copyright € 2012 Khaled Al-Salem. KOil Model All ights reserved

—_—

Figure 73

& KOl Modl... 01l 5p

—_—

Stap Standation [~

~ SetUp Input

Grid Domain
2D Hydrodynamic's Setlp
Wind Data SetUp

Start Simulation
Simulation OutPut

gomaan

r Wind Data Input —

Constant Wind Speed

Wind Speed 18 |ﬂn .:‘ -

Wind Direction =
Load Wind Speed (U.Dirc) r
Directory File
Wind Sp Dirc
file Name mdSpDic (RO |
Wind Direction From North Clockwise w

Wind Speed SetUp File

ijf/Kvx O%

5
49.10006 1\ 28.83633

Copyright € 2012 Khaled Al-Salem. KOil Model All ights reserved

N

Figure 74

Suface (il Spill

Home @l

Stop Sindstion [

- BetUp Input

Grid Domain
2D Hydrodynamic's Setlip
Wind Data SetUp

Start Simulation
Simulation OutPut

Oomoon

Spill Location

Spill Date 1/7/2012
Spill Time 2 =
Longitude 4822731 Deg
Latitude 2027838 Deg

‘Water Depth: 8.193m

Point Source Spill Simulation

Spill Volume 0000 [ =
Lrror
~Bun Option
Particls Numbers

Conti Spill Si
Spill Time In Howrs [ e
Particls Numbers | 1w

[AL-Salem 2004]

54



A8

Hydraulic And Coastal Application [H.C.A. 2004]

Date: 6\ 7. 2012 At Time: 19 hr
Home

Stop Siandstion [

- SetUp Input

Grid Domain
2D Hydrodynamic's Setlip
Wind Data SetUp

Start Simulation
Simulation OutPut

Oomoon

Spill Date 1/7/2012
Spill Time 2 =

Spill Location

Longitude 4822731 Deg
Latitude 2027838 Deg

‘Water Depth: 8.193m

Spill Volume [ Comete] =
RC 5

Save Spill Location Show  Error
~Bun Option

Particls Numbers 50

Point Source Spill Simulation

Conti Spill Si;
Spill Time In Hours [ o
Particls Numbers [ 2
o
HBIDRN 20163 Copyright © 2012 Khaled Al-Selem. KOl Model All rights reserved [ ®mm |

N

Figure 75

Date: 3\ 712012 At Time: 24 hr
i 4 Home

Stap Standation [~

~ SetUp Input

Grid Domain
2D Hydrodynamic's Setlp
Wind Data SetUp

Start Simulation
Simulation OutPut

omonon

Spill Date 772012
Spill Time 2 5

Spill Loeation

Longitude 4822731 Deg
Latitude l—zgg"ggg Deg

‘Water Depth: 8.198m
Spill Volume P Cumcter] =
RL
[ savespiilocation | Show  Error
~Run Option

Particls Numbers ,T
R |

Point Source Spill Simulation

Conti Spill S
Spill Time In Hours [ o
Particls Numbers |2
ARERIEN 22610 Copyright & 2012 Khaled Al Salem. KOil Model All ights reserved

—_—

Figure 76

[AL-Salem 2004] 55



A8

Hydraulic And Coastal Application [H.C.A. 2004]

& KOl Modl.

Home

Stop Sindstion [

- BetUp Input

Grid Domain
2D Hydrodynamic's Setlip
Wind Data SetUp

Start Simulation
imulation Outbut

gEooon

r Qutput

Time Delay 0 Sec] =

Map image on/off (]

9

Satilite lmage on/off

Google Mape on/off o

IC\KGuIV\kGquata\\mage\msherﬂl ipg

Directory File

Puint Source Spill Simulation Show
Continuous Spill Simulation Show
AN 20048 Copyright € 2012 Khaled Al Salem. KOil Model All ights reserved HOHETe 2

—

Figure 77

—_—

Stap Standation [~

~ SetUp Input

Grid Domain
2D Hydrodynamic's Setlp
Wind Data SetUp

Start Simulation
Simulation OutPut

aoonon

 Output Si

Time Delay =z

Map image on/off

|

Satilite Image on/off

<

{Google Mape an/off

~ Google Map
Total Simulation: 238 Hr

Select Hour 258

- Google Map Zoom l—m

Contour Map Iz
ContourDotMap [~

Goozle Map Show

4911653\ 28.99498

Copyright € 2012 Khaled Al-Salem. KOil Model All ights reserved

—_—

Figure 78

[AL-Salem 2004] 56



A8

Hydraulic And Coastal Application [H.C.A. 2004]

Map  Satellite %

& , ’

Date: 9\ 7\ 2012 Time: 9Hr

Intensity !

o ; Ay
=L £, _\.'&‘I
L]

'Google 3
: A PR

H @ Copyright @ K. Al Salem - O Spill Location on Google Map (KOil 2012)

<IDOCTYPE html>

<html=
<head:=
<meta http-equiv='"content-type' content="text/html;charset=u
<meta http-equiv="X-UA-Compatible' content='IE=edge'>

<title=k0i1 Model (2012) </ titlex
<stylex

#map {
height: 100%;

htm1, body {
height: 100%;
margin: o;
padding: 0;

#floating-pane {
position: absolute;
top: 10pX;

Teft: 25%;

Z-index: &;

background-color: #FTT;

padding: 5px;

border: 1px solid #999;

text-align: center;

font-family: 'Roboto’,'sans-serif';
Tine-height: 30px;

padding-left: 10px;

¥

#Floating-panel {
background-color: #FFFT;
border: 1px solid #999;
Jeft: 1%;
padding: 5px;
position: absolute;
top: 100pX;
z-index: 5;

1

#floating-panez {
background-color: #f1T;
border: 1px solid #999;
Jefr: 1%;
padding: 5px;
position: absolute;
top: 80px;
z-index: 5;

1
</stylex
</head=>
<body=
<div id='floating-panel >
<button onclick="'changedpacity() '>Intensity</button=
</dive
<div id='floating-panez'>
<textbox id="tv4' =Date: 7% 2% 2005 02:00 7</textbox>
. </dive
Flglll'e 79 =<div id="map'=</div>
<sCript=
wvar map, heatmap;

[AL-Salem 2004] 57




@§
Hydraulic And Coastal Application [H.C.A. 2004]

3.3 Back Track Oil Spill for Arabian Gulf [ BOil model]
[Al-Salem 2012] (PC Version)

Methodology

Prior to modeling the transport and dispersion of a typical oil spill processes in estuarine and
coastal waters, the hydrodynamic characteristics of the flow fields, such as water elevations and
velocity components must be predicted. In the current study, this was predicted by the
hydrodynamic model named KGulf, which is used to solve the governing hydrodynamic
equations, further details is included in [Al-Salem, 2012]. Previously, KGulf model has been
successfully validated and widely used for studying the Gulf dynamics as in Alosairi et al.,
[2011]. In this study, a coarse numerical grid was used, while relatively finer grid was used for
Kuwait territorial waters. At each grid points the model provides tidal elevations and most
importantly it provides the tidal and wind induced currents that act as the driver for the BOil
model.

A Lagrrangian discrete-parcel algorithm is used, in which the oil slick is viewed as a large
ensemble of small parcels, see Figure 80. The movement of each parcel is followed and recorded
as functions of time relative to a reference grid system fixed in space [Reddy, 1997, Shen and
Yapa, 1988, Shen et al., 1987, Yapa and Chowdhary, 1989, and Yapa,1994]. In the Lagrangian
discrete-parcel algorithm, the oil slick is divided into a large number of equal masses. These
parcels are introduced into the system in case of instantaneous spill at the spill site (x,y) and time
(t). Each parcel is then allowed to move with the drift velocity. The water speed s, and wind
speed w, can be calculated from Equations 1 and 2 respectively.

5, =4/U;+UZ and (1)
w, = JWZ + W )

Where U, and U, is the velocity components in the x and y directions, respectively. Similarly for
the wind, where W, and W, are the wind components in the x and y directions. The drift velocity,
uf and ¥}, of oil spill takes into account the effects of both, water currents and wind, where it
can be calculated by Equations 3 and 4 for the x and y directions, respectively.

ut = U, + We (3)

vl =U, + W, 4)

Where W is the drifting speed due to wind that typically varies from 2 to 4% of the wind speed
(w,) [Schwartzberg, 1971], for the current study 3% has been used. The component of the
velocity due to diffusion of oil slick is calculated by random walk analysis as shown Equations 5
and 6. The computation for oil parcels calculated numerically by integrating the drift velocity at
each time interval. For numerical accuracy, sub-time intervals are used for the advection of oil
parcels. When the current field is known then turbulent diffusion can possibly be added as
random walks Rnd( ) that have, in general, a Gaussian distribution with dispersion that
corresponds to turbulent activity. Therefore, for a particle numbered i we get:

dx; = u(x;,y;t)dt + Rnd, (i) (5)

dy; = v(x;, v, t)dt + Rnd, (1) (6)
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It is worth mentioning that Schwartzberg’s experiments indicate that the drift has the same
direction as the wind but theoretical studies for wind-induced surface current, conducted by
Ekman, [1905], suggests that the direction of the drift velocity has small deflection to the right or
to the left of the wind direction. To overcome the random walk in backtrack simulation of
Lagrrangian discrete-parcel algorithm, Monte Carlo Statistical Technique can be applied, as
explained in Binder and Heermann [2010]. Using Lagrrangian discrete-parcel algorithm analogy
in backward time series approach, the path of the center of oil particles were simulated from a
given sited location to track were the spill has probably started for » number of tests. Then all
tests are grouped in defined limits of D, and D, with respect the total test completed to generate
the probabilities of the final location as shown in Equation 7 and illustrated in Figure 2.
%((abs (X, 1 +X)=Dy) and (abs(¥;,1-Y;)=D,,) |

Py = . @)

Where P; is the probability of particles location, N is total number of simulated tests, i is the
location x and y at i test number of total tests N, D, and D, is the limit value setup between X and
Y location for all simulated tests. The algorithm in Equation 7 is coupled with KGulf to give the
source of the oil spill, i.e. B-Oil. The mechanism of the B-Oil model predictions is illustrated in
Figure 2. The user of the model would need to set the total number of tests that the model needs
to undertake and the diameter of the area where the probabilities may occur (in meters) 1.e. D,
and D,. Based on Equations 7, the probability of test distribution for position of the oil path is
estimated by fraction of central practical reaching various locations within selected time intervals
based on the number of tests as shown in Figure 80. To elucidate, if the probability indicates
50% at a particular location for 20 tests then this means that half of the tests results (10) occurred
in this location. The remaining test would be designated to search for other locations. If
probabilities elapsed at a particular location, as shown in Figure 80, then the probability would
be accounted for the first probability and not the second one. This modeling technique will be
tested and verified in the following section.

First Probability . " e .

B-Oil Source
Predictions

Second Probabilty

Central Particle

Figure 80

Typical Oil Spil (Sited)
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Model simulation Description

User after selected [ OIL SPILL ] in Fig 60.
Figure 81 will display for user two models as:
o Oil Spill Trajectory
o Back Track Oil Spill.
User must select [Back Track Oil Spill ] Fig 82 will display to select the following
= Check [ Limits Domain] to enter the following
- Grid Domain [As shown in Fig 83]
-Domain Map
Then select [UPDATE]
= Enter [ Wind Effect] as following:
-Constant Wind Speed
-Variable wind Speed (Read from wind speed file WS, Wdirc]
= User must check [Source Info] to Enter oil spill SEEN Location as
-Click On Map
- Manual Enter Longitude and Latitude then select [CHK]
= Select Hydrodynamic information at [Start Info] as follows:
-Select Oil Spill Seen Date and Time
-Select Date for Backtrack To.
= Select information for Lagrrangian discrete-parcel algorithm as
=Enter [number Of Test] for back track simulation test
=Enter [Delta] the probability radius for prediction location

User must select [Simulate] in Fig 82 then Fig 84 will display the simulation Results

To display [Location Of Probabilities Table] user must select from Fig 84 [POST OUTPUT).

Figure 85 will display A summary of Back track oil spill Probably of Source Location from all Select
Test.

Figure 86 Display A sample Output file select.at [Store Qutput File] as shown in Fig 84

Figure 87 display the back Track Oil Spill with back Ground map of Satellite Image.
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3.4 Under Water Oil Seepage [KSPoil model]
[ Dr Yaba 1997 ]
[Model updated and Interface Developed by Khaled Al-Salem 2010]

Methodology
Governing Equations for Simulating the Plume Dynamics (Phase-1)

Many oil spill models were developed to predict the trajectory and fate of surface or near
surface oil spills (see ASCE, 1996). The KISR oil spill model represents one of such models (Al-
Salem and Lo, 1993). Such models are based on the advection/diffusion equation and are thus
valid for simulating oil spills on the water surface. For submerged oil spills or underwater natural
seepage, the oil behaves as a submerged buoyant jet requiring other model formulations.

The model described in Yapa and Zheng (1997) provides a model capable of simulating
underwater oil spills and is the base for the model developed in this study. The model is a
modification of the Lagrangian concept proposed by Lee and Cheung (1990). The model
assumes the following:

e The cross section of the oil jet is round and perpendicular to the trajectory (Fig. 88).
e The effect of oil viscosity is neglected.
e The variables used represent average values for the cross section.
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e Forced entrainment of ambient fluid occurs from the frontal side of the jet.
e Quasi steady conditions are considered.
A Lagrangian element is defined as a control volume moving along the centerline of the
buoyant jet with its local centerline velocity V. The element thickness h and mass m can be
calculated from,

=“7‘At (1)
m= prb’h (2)

where p is the local density of the buoyant jet, b is the jet radius (Fig. 88), and At is the time step.

Conservation of Mass
The conservation of mass for an oil jet can be written as,

dm, dm
——PaQ Z ‘ (3)

Where p, is the density of the ambient ﬂuid, Q. is the volume flux entrained, the second term on
the right-hand side represents the dissolution of oil into water, and the last term on the right-hand
side represents the mass loss due to turbulent diffusion.

Entrainment

The volume flux entrained Q. is separated into the shear-induced entrainment and forced
entrainment (Frick, 1984 & 1994 and Lee and Cheung, 1990). The shear-induced entrainment Q
is calculated from,

0. = 2abhal V|-V, (4)

Where V', is the projection of V, in the direction of V, and the entrainment coefficient a is
calculated from (Lee and Cheung, 1990),

0.057 + 70'554?“ 4
a =2 o (5)
1+5 o
V-v-

Where ¢ is the angles between the jet trajectory and the horizontal plane and F is calculated
from,

fl-v.
F=E———
A
gL
Pa
Where the proportionality constant E is taken to be 2 as recommended by Yapa and Zheng
(1997).

(6)

[AL-Salem 2004] 65



@g
Hydraulic And Coastal Application [H.C.A. 2004]

Wi

¥
Figure 88. Schematic of the buoyant jet.

The forced entrainment components Qry, Qgy, and Qy, in the X, y, and z directions are calculated
from (Yapa and Zheng, 1997),

Qfx =

ua

2
At |:7ZbAb|COS @cosd|+ 2bAs\[1-cos’ Ocos® ¢ + %|A(cos @cos 6’)} (7)

2
Q,, =|v.|At {ﬂbAbkosqosin 0+ 2bAs\[1—sin> Ocos® ¢ + %|A(cos @sin Gﬂ (8)

2
Q, = |w,|Ar {zszb|sin |+ 2bAs|cos ¢| + %|A(sin (D]} (9)

where 0 is the angle between the x-axis and projection of the jet trajectory on the horizontal
plane, and u,, v,, and w, are the velocity components of the ambient current V, in the X, y, and z
directions respectively..

Finally, the value of Q. is calculated as the maximum of Q; or Q.

Dissolution
The dissolution term is calculated from the following equation (Yapa, and Zheng, 1997),
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am g o ax,s, (10)
dt
Where,
my is the mass of the oil component i (i=1,2,...,n)
K, is the mass transfer coefficient of dissolution (m/s)
o is an empirical constant = 0.7 (Rye, 1994)
A is the area of exposed jet A = 2nbh
X; is the molar fraction of the component i
Si is the solubility of the component i (kg/m”)

This term was neglected in this study (K,=0.0).

Turbulent Diffusion
The turbulent diffusion term is calculated as,
dm, oC
=p K A— 11
dt Pate or ()
Where,
my is the mass loss due to turbulent diffusion
K. is the oil diffusivity
C is the average (over cross section) oil concentration in the jet
Conservation of Momentum
The conservation of momentum can be written as,
dmv) —a Ap ~ - %
lm—)zva—m+m—pgk—2pthDq‘/‘—V'a v (12)
dt dt P ‘V‘

Where Cp 1s a drag coefficient (taken to be zero thus neglecting the drag force), k is a unit vector
in the z direction, and Ap = p,-p (Where p is the average density of the jet).

Conservation of Heat, Salinity, and Oil Concentration
The conservation of the scalar parameters of the buoyant jet, namely the heat, salinity,
and the i)il conc)entration can be written in th(e fror)n,
dimC,T dm oC,T
v (c,1) 2P, K,
Where C, is the specific heat (assumed constant), T is the average temperature of the jet, and K
is the heat diffusivity.

(13)

d(msS) dm as
—— =S8, —-2p mhK, — 14
a ar Py, ()
Where S is the average salinity of the jet, and Kg is the salinity diffusivity.
" dm.
dmC) _odm ok, OC 3 dm (15)
dt dt or ‘I dt
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State Equation
Finally, the density of the buoyant jet is calculated from the state equation describing the

variation of the density with temperature, salinity, and concentration of the fluid in the jet.
Discretization of Equations

The above equations were discretized using the finite difference technique as provided in
this section.
The mass equation can be discretized as,

m,,, =m, +paQ€At—ZAmi—Amd (16)
i=1
Where the subscript k denotes the time step and the last two terms are calculated from,
Am, = K,a,27nbhX S, At (17)
c-C
Am, = p, K 27nbhAt . (18)
=P b2

The salinity, concentration and temperature can be calculated as follows,
_m.S, +Am,S, —4zp, K h AL(S, - S,)

Sia = (19)
m
m,C, +Am,C, —4np, K hA(C, —C, )+ Am,
C.., = = (20)
m; .,
m, T, +Am, T, —4rp K . h AT, =T
T,, =k Kla Py (k a) (21)
My
The jet velocities are calculated from the momentum equation,
mu, +Am,u
M;M — kTk k™ a (22)
My
mv, +Am,v
Vk+1 — k" k k" a (23)
My
A -
Wk+1=mka+ mkwa +pa pk gAl_ (24)
My Pk
The location of the jet is calculated from,
Xy =X, +u,, At (25)
Vi = Vi TV A (26)
Tpt = L F Wi A (27)

The density of the jet can be calculated from the state equation and the thickness and radius of
the jet are calculated from,

§k+l
h, =-=h, (28)
k
m
b, = — kel (29)
l Py,
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It is important to note that for the first time step, the value of h is taken to be the same as As. The
orientation of the jet is calculated from,

v
sin @, =k 30
“U Hyel (30)
u
cos@,  , = 31
“1 Hyel (31
) w,,
sin @, ,, =+ (32)
Vk+l
H
cosQ,,, = _)vel (33)
Vk+l
Where,

Hvel = \Ju; , +Vv.,, (34)

Finally, the displacement As is calculated from,
As,., =VinAt (35)

Governing Equations for Simulating Advection Dispersion (Phase-2)

After the dynamic phase (Phase 1), the oil is considered to have reached passive phase
(Phase 2). The oil transport in this phase can be simulated by using advection-diffusion equation.
The concentration distribution in the water column can be described by

oC, N ouC,) N o(vC,) N owC,)

ot ox Oy 0z (36)
_20p. achQ(Dv oC,,, 0 p 9., AV,C)
ox ox 0oy ~ Oy 0z =~ 0z 0z

where C, = volumetric concentration of oil in the suspended layer; u, v, w = ambient velocity in
x, y, z direction; V, = the buoyant velocity of oil droplets; and D,, D,, D, = diffusion coefficient
in x, y, z direction.

For surface oil in a three dimensional (3-D) system, an equation similar to that of two
dimensional (2-D) system can be used. The thickness of the surface layer is assumed to be
negligible in comparison to the water depth. The equation can be written as

oC, N ou,C,) N ow,C,)

ot Ox oy
0 oC 0 oC oC (37)
= Z(D, =) +—(D, =)+ (V,C, —wC, + D, —*)
ox ox 0Oy Oy 0z |,

where C; = local oil concentration in the surface layer per unit area; u,, vy = the components of
surface drift velocity in x and y direction; C,|,= = local volumetric concentration of oil per unit
volume of water in the water layer immediately below the surface oil.

In this model, Lagrangian discrete parcel method is used to simulate the processes
described by Eqs. 36 and 37. The Lagrangian discrete-parcel algorithm, oil is represented as an
ensemble of a large number of small parcels. Each parcel has a mass and a set of time dependent
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spatial coordinates associated with it. During each time step, all of the oil parcels are displaced
according to the drift velocity and a fluctuation component at their respective locations. The
fluctuation component represents the turbulent diffusion. Complete details can also be found in
Yapa (1994). The corresponding advective velocity is now given by

V.=V +V' (38)
where VT =total velocity vector; Vm =mean advective velocity, which is equal to ambient
velocity Va . V' = fluctuating component representing the turbulent diffusion. The components

of V'are given by

/2D
uran = - RI‘UC
At

2D,
vran = At Rny ( 39 )
2D
Wran = : RHZ
At '

where U,an, Vian, Wran = random walk velocities in X, y, and z directions, respectively; R, R,, and
R,; = normally distributed random numbers; A¢ = time step.

Model simulation Description

User after selected [ OIL SPILL ] in Fig 60.
Figure 81 will display for user two models as:
o Oil Spill Trajectory
o Back Track Oil Spill.
o Under water Oil Seepage
User must select [under water oil seepage] Fig 89 will display for user to start [Start]
Fig 90 will display to select model input information that described in fig 90 as follows:

Fig 90 require a number of parameters to input which are describe in the page
Two important input as [Time step] and [Increment for output of time steps|
Input parameters At depth intergrade values option as in:
-drop box [For U from file (3)] read velocity along Z direction
-Drop box [Temperature Type] Read Temperature value along Z
-Drop Box [Salinity Type] Read water Salinity value along z
New Kuwait water map also displayed for user to select the oil seepage location by:
-Click On the map to select location
-[Select Location] then enter longitude and Latitude location manual.
User must select [Initial Parameter] then Fig 91 for the following input as
e A number parameter that describes the Oil JET under water
e The selected Oil seepage location display for user to convert the location as shown Fig 92:
Degree --> UTM [UTM Location] then click on LIST
Or UTM --> Degree [Geographical Location] then click on LIST
User must select [Model Parameter] then Fig 93 for the following input as
e Total Grid in X
e Total Gridin Y
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e Total gridin Z

User must Select [File Option] on number of option will display as follows:

e Load Input Files
-Setup files to load per save input data [data input file, initial condition file and parameter file]
-Load setup files Load pervious saved input data

e Save Input Files
User must save the input then can start simulate model.

e Model Simulation [Run]
User select to start simulate the model as shown in Fig 94

e Shows Results
User must select [Result Shows] to display model results as shown in Fig 95. Which display
options for user to select as shown in Figs 96, 97 and 98.
To adjust the select plot selects [Adjust Scale]
To Save Plot As image [Save Image]

& Prediction Model for Oil Seepa

Prediction of Undey Water O Secpage Madel

HS Pail Interface

Model Interface Developed at Hydraulic and Coastal Engineering At K.L.LS.R.
By: Khaled Al-Salem (2005)
Email: Ksalem@kisr.edu.low

Website: Heceatkuwait.net

Figure 89
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4. Hydraulics Costal Application

power plants, and other projects are being constructed or planned in the near shore area.
Such The shorelines of Kuwait extend over a distance of about 500 km. Marinas, harbours, ports,
projects require data on the extreme wave conditions for the design of the coastal structures.
Yearly average wave conditions are also important for the prediction of the wave induced
currents. These currents are important for the prediction of the sediment transport rates in the
surf zone. The calculation of the littoral drift is essential for the prediction of the shoreline
changes due to any proposed structure in the near shore area. This data will be very important for
the design of the future extensions of the water front along the shorelines of Kuwait. The tidal
currents are also essential in predicting the fate of any oil spill in the marine environment or in
predicting the water quality.
Numerical analysis, area of mathematics and computer science that creates, analyzes, and
implements algorithms for obtaining numerical solutions to problems involving continuous
variables. Such problems arise throughout the natural sciences, Coastal sciences. To combines
numerical analysis, symbolic mathematical computations, computer graphics, and other areas of
computer science to make it easier to set up, solve, and interpret complicated mathematical
models of the real world.

4.1 Wind/ Wave Perdition For Arabian Gulf [WAM4 Model ]
[Hasselmann 1987 , Wamdi group 1988]
[Model Updated and interface Developed by: Khaled AL-Salem 2005]

For most locations, it is difficult to find long-term wave data, essential for the design of any
coastal project. Hindcasted wave data are usually used for such purposes. Different wave
hindcasting methods are available, ranging from simplistic empirical formulas to complex two-
dimensional wave models. Many organizations around the world sell hindcasted data obtained
from advanced offshore wave models, e.g., British Met Office (BTO). Many other centers
provide wave forecasts based on advanced offshore wave models (e.g.,
https://www.fnmoc.navy.mil). These forecasts range from global forecasts to local forecasts. The
Naval Oceanographic Office in the USA uses the WAM model for forecasting waves in the
Arabian Gulf (Johnson et al. 1995).

The Arabian Gulf is almost 900 km long and has a maximum width of about 360 km. The
width of the Strait of Hormoz is about 100 km. The Arabian Gulf is predominantly shallow with
the bottom sloping gently from the Arabian peninsula into an elongated basin attaining
maximum depths of 80 to 100 m close to the more linear and mountainous Iranian coast on the
east. Due to the shape of the Gulf as shown in Fig.1, it is sufficient to model the wind waves in
the Gulf only with part of the Gulf of Oman.

[Al-Salem. 2005] used a third-generation wind-driven wave model WAM (WAMDI
Group, 1988) to model the wind waves in the Arabian Gulf with emphasis on Kuwait’s territorial
waters. The WAM model is a third-generation ocean wind-wave model. The model is based on
the discrete spectral action balance equation that is a generalization of the energy balance
equation in the presence of currents. In the model, this balance is formulated for propagation
over a sphere using longitude A and latitude ¢ coordinates.
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"zfthcoim";(q; Ncos 0) + ai(z N)+ ;k(ze N)+ a@g (o )=§ [1]

with short hand notation N for N(k,6), which is the wave number action density spectrum of the
waves, defined as the energy density divided by the relative frequency o; S is the source term,
and 0 is the wave direction.

The left hand side represents the advection term. The first term on the left hand side of the
balance equation represents the local rate of change of wave action density. The second and the
third terms represent propagation along great circles in geographic space. The fourth term
represents shifting of wave number due to time variations in depth and currents. The fifth term
represents refraction. The right hand side of the above balance represents the overall effects of
the physical processes that add or take energy to or from a given spectral component. The
physical processes included in the model are wind-wave interaction (generation), wave-wave
interaction (quadruplet), dissipation (white capping), and shallow water bottom dissipation (bottom
friction). For the calculation of waves in the surf zone and in shallow water a nearshore wave model
with a fine grid should be used to transform the offshore wave roses generated by this study. More
details on the model can be found in [Sulisz and Al-Salem (2000), WAMDI Group (1988), and Al-
Salem et al. (2005)

[Sulisz and Al-Salem 2000] showed that the use of simple empirical techniques assuming
stationary and homogeneous wind fields over the Gulf often results in poor wave predictions. They
also verified the ability of the WAM model to predict the wave conditions at three different
locations in Kuwait. Their study indicated that the wind data obtained by the ECMWF
underestimated the wind speed for some of the storms. This was shown by comparing measured
winds at the buoy location with the ECMWEF data for these storms. The comparison showed that for
the storms with an underestimation in the wave heights, the winds used were lower than the values
measured at the buoy as shown by Al-Salem et al. (2005).

The model covers the entire Gulf from the 47.4° until the 56.8° Longitude and 23.8° until
30.5° Latitude with a grid spacing of 0.1°. Fig 2 provides the grid used for the WAM model over
the entire Gulf; Fig. 3 provides a closer view for the Kuwait’s territorial waters. The bathymetry
digitized from the admiralty charts used in Sulisz and Al-Salem 2000] was used. Twenty-five
logarithmically distributed frequencies (f,; = 1.1f;) with an initial frequency of f; = 0.0505 Hz were
used to represent the wave spectrum. The directional spectrum has a resolution of 15° with 24
directions, which will provide data that can be used for sediment transport calculations. A time step
of 5 min was used in the model (Table 1). A new interface was developed for Wind/Wave model
By [Al-Salem 2005] named [WAM4 model]. The model description will discuss in next section.
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Figure 99. Grid used forthetA¥abian Gulf WAM model.

Table 1. WAM Model Setup Parameters

Parameter Value / Range
Spatial grid resolution 0.1°
. 25 frequencies (starting from 0.0505
Frequency resolution Hz)
Directional resolution 15° (24 directions)
Propagation time step 300 s
Source time step 150 s
Output time step lh
Time step for wind data 3 h for ECMWF and 6 h for NCEP
Shallow water terms On
Depth refraction On
Current refraction Off
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Model simulation Description

Wam4 model interface was rewritten in Visual FORTRAN Coding.

Model Structure

Model path was setup as [ C:\Wam4\]

Model divide into 4Section as follows:

WAMI1
WAM?2
WAM3
WAMA4

Parameter Setup Data file

Current .Par
Paramet.Par
Wind. Par

Model Input/Output Data file Path [ C\Wam4\01-stac]\]

Input domain data file:

Depth10.dat [ Bathometry data for Arabian Gulf Waters Grid 01.x0.1 deg]
NWI16.dat [2D wind speed Data created in C.L.S Interface ]

Input Setup model simulation files

PREPROC.in [Relate WAMI1.exe]

Preset.in [Relate WAM2.exe]
Chief.in [Relate WAM3.exe]
Pgrid.in [Relate WAM4.exe]

Simulation Output Path location [C:\WAM4\01-stacj\coarse\]

[coarse] it a folder inside [01-stacj folder]
[coarse] Folder should empty at every new simulation [important]
[coarse] Folder where simulation output file will store in.

Create a folder at path location [C:\WAM4\01-stacj\Fine\]
Output files

Prepoc2.out [Relate WAMI1.exe]
Preset.out [Relate WAM2.exe]
Chief.out [Relate WAM3.exe]
Pgrid.out [Relate WAM4 .exe]

To start new project user must follows as:

Prepare [NW16.DAT] file.
I.  Itis 2D wind speed data over Arabian Gulf Waters. Created from Coastal
Information System Interface as shown in Fig 100
II.  Setup Form Page for NW16.dat file an Fig 101
III. A Sample of 2D wind speed data file from NW16.Dat as shown in Fig. 102.
Prepare input Setup Simulation files as:
[PREPROC.in ] this input file is related to [WAM1.exe] it already setup for Arabian Gulf sample
of part of the file shown in Fig 103.
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[PRESET.in ] this input file is related to [WAM2.exe]. it already setup for Arabian Gulf sample
of part of the file shown in Fig 104.But user should input the following data as:
I.  start date of run (yymmddhhmm)
II.  timestep on input wind file (seconds)
III.  time unit s seconds or h hours
[CHIEF..in] this input file is related to [WAM3.exe]. it already setup for Arabian Gulf
sample of part of the file shown in Fig 105.But user should input the
following data as:
Input Date and Time
I. start date of run (yymmddhhmm)
II. end date of run (yymmddhhmm)
input selection of output data ****
I. p character*1 printer output.. y data are printed, otherwise
no output
II. f character*1 file output.. y data are written to file,
otherwise no output
[PGRID.in] this input file is related to [WAM4.exe]. it already setup for Arabian Gulf
sample of part of the file shown in Fig 106.But user should input the
following data as:
Enter output time in fixed intervals
I. start date of output (yymmddhhmm)
II. end date of output  (yymmddhhmm)
III. data output time step (second)
IV. u = time unit: h = hours, s = seconds
Enter information for file requests
I. date of first file name (yymmddhhmm)
II. file time step (seconds)
Il u = time unit: h = hours, s = seconds
IV. 3 character user id [BEP]
Enter Information for fields to be printed
At the end of 50 character print header
p =t (true) if print is requested else f (false)
e Simulated data will be display at file name [PGRID.OUT]. A part of sample of Output
File shown in Fig 107.
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USEE INFUT OF FRESET. CEEATED 1942005

USEE INFOEMATION IS BEING EEAD WITH THE PRESUMPTIONS THAT:
1. EVERY LINE STARTING WITH 'C' IS A& COMMENT LINE
2. WALUES ARE PUT IN BELOW POSITIONS INDICATED WITH ‘-
(RIGHT-JUSTIFIED, EUT CHARACTER LEFT-JUSTIFIED;

xxxx HEADER OF MODEL RUH XXX
HEADER CHARACTER=7?0 TEXT TO BE PRINTED
HEADER

Arabian Gulf Stationary wind run

PEESET VERSICH 4.0
sxxx COPTION FOR TWITIAL SPECTRA HEXE

IOPTI 0 WIND INDEFPENDENT INITIAL WALUES.

1 WIND DEPEMDENT INITIAL WALUES AND
ENERGY EQUAT ZERC IF WINDSPEED IS ZERO

2 WIND DEPENDENT INITIAL VALUES AND
ENERGY COMPUTED FROM GIVEN FPARAMETERS IF
WINDSFEED IS ZERO.

= 0 HO TEST OUTPUT

» 0 FOR SUBROUTINE LEVEL

» 0 FOR BLOCK LEVEL TEST OUTEUT

ITEST
ITESTE
TOFTI ITEST ITESTE

2 1 4
xxxx DARMMETER OF INITIAL SEECTEUH e

ATFPHA = PHILLIPS' PARAMETERE (NOT USED IF IOPTI = 1)
FH = PEAK FEEQUENCY (HZ) AWND-OR MAXIMUM FEEQUEHCY
GAMMA = OYVERSHOOT FACTOR

SIGMAL = 1LEFT PEAE WIDTH

SIGHMAR = RIGHT PEAK WILDTH

THETAQ = WAVE DIRECTION (DEG) (HOT USED IF IOFTI = 1)
FETCH = FETCH IN METEES (IF ZERD THEN 0.5 OF THE

TATTTIINE THTREWRENT TS TTISRTT &
Figure 104
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1. EVERY LINE STARTING WITH 'C' IS A COMMENT LINE
2. VALUES ARE PUT IN EBELOW POSITIONS INDICATED WITH ‘-
(RIGHT-JUSTIFIED. BUT CHARACTER LEFT-JUSTIFIED)

xxxx HEADER OF MODEL RUH HHHH
HEADER CHARACTER=7?0 TEXT TO BE PRINTED
HEADER

Arabian Gulf grid-01 H10 MODEL VERSION 4.0
xxxx PERIOD OF MODEL RUH HHHH

IDATEA INTERGER=110 START DATE OF RUH i YYMMDDHHMM )
IDATEE INTERGER=110 END DATE OF RUN i FYMMDDHHMM )

IDATEA IDATEE

1412300000 1412312100
wxxx MODEL TIME STEPS %#xx

IDELFRO IHTERGEE=*7 PROPAGATION TIMESTEF

IDELT IHNTERGER#=Y SOURCE TIME STEF

IDELWO INTERGER=Y OUTEUT WIWND TIMESTEF

IDELWI INTERGER=Y TIMESTEEF ON INFUT WINRD FILE

4] CHARACTER=#1 TIME UNIT S SECONDS OR H HOURS

DEMAND ALL RATIC'S ARE H OR 1-N AND N IS AN IHTEGEER

IDELFRO T IDELT T IDELWO U IDELWI U

a0o s 150 = 3 H 3 H

Figure 105
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4.2 Prediction of significant wave height using an empirical relation for

Kuwaiti territorial waters [KWave Model]
[K. Al-Salem 2005] [Pc version]

Model Methodology

It is well known that wind speed and fetch (depends on wind direction) dominate the
generation of water waves in the sea. Apart from this, the water depth, the bathymetry and the
location of the point of interest are all important. The wind speed at 10 meter above the sea
level, wind direction, and water depth are considered as primary forcing parameters for the
present technique.

All wind wave models such as the WAM model also require the wind speeds and the
bathymetry. These types of models however, require spatial and temporal wind data over the
water body. The WAM model needs to be applied to the full Arabian Gulf and thus takes
considerable computer time. An empirical model [KWave model by Al-Salem 2005] is
developed for the Kuwaiti territorial waters to provide an efficient and prediction of wave
parameters. This technique can be useful in providing wave conditions from wind data at a single
point 1D and 2D. It is expected that the technique can provide good predictions for storm
conditions. For swell conditions, it will not provide good results. Due to the relatively small
water body of the Arabian Gulf in most cases the wind will not vary considerably over the full
Arabian Gulf. For more accurate wave forecasting it is recommended to have a local wind model
for the Arabian Gulf to provide data to an operational KWAM model.

To demonstrate the method developed the results for one location is provided. This
location is offshore Al-Fintas at longitude E 48.2° and latitude N 29.1° in Kuwait’s territorial
waters as shown in Fig. 108. A wave Buoy was placed at this location for about three years and
the data from this buoy were used in the WAM model validation (Al-Salem et al.., 2005). The
water depth was 14 m. Equation 1 was used to determine the significant wave height (H,) for a
certain wind speed ‘v’ class and direction ‘o’ class.

kY C.H, 0
H (v,a)= B S
m
where the weighting factor Cy is calculated according to,
C, =10 if{vm<v<vm .
o, <a<a,,.

C, =00 otherwise

where ‘n’ is the total number of data values available and ‘m’ is the number of data
values with Cyg=1.0. The minimum and maximum values for ‘v’ and ‘o’ are the limits
for each class. K is the constant of 1.2. The wind classes were taken every 1.0 m/s till
20.0 m/s (3.6 km/h to 72 km/h). For the directions a class of 45 degree was used as
shown in Table 1. Hourly data for two full years (1993-1994) were used to determine
the value of H; for each ‘v’ and ‘o’ class. Table 1 provides the values of H; for the
Fintas location under consideration.
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A similar relation was used for the mean wave period (Ty,),

k» C.T
iz__ll T mi (3)
T,v,a)=—"—""—
m

where the weighting factor Cr is calculated according to,

Viin <V <V 0

C, =1.0 zf{ i @

Cpin <A< Ay

min

C, =00 otherwise

477 30" 48° 00" 48° 30" 49° 00"
30° 00* M7 30" 00'
L]
Kuwait
29° 30" 29° 30'
ATZ
AT
29° 00" 29" 00'
A
28° 30" 28" 30'

47° 30 48° 00’ 48" 30 49° 00’

Figure 108. Map of Kuwait showing the locations where measured data was available.

Table 2 provides the values of T, for the different ‘v’ and ‘o’ classes at the Fintas
location. Finally, a similar relation for the wave direction was used to provide a table
similar to Tables 1 and 2 for the direction of waves.
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Table 1. Coefficients for Hy(m) at Al-Fintas.

. Wind Speed Class (m/s)
pir- 0-1 1-2 2-3 34 4-5 5-6 6-7 7-8 89 | 9-10 | 10-11 | 11-20
E |0.107 | 0.113 | 0.144 | 0.193 | 0.327 | 0.444 | 0.559 | 0.68 | 0.7 | 0.967 0 0
NE | 0.104 | 0.133 | 0.111 | 0.169 | 0.311 | 0.325 | 0.533 | 0.667 | 0.7 0 0 0
N | 0.067 | 0.091 | 0.158 | 0.194 | 0.289 | 0.442 | 0.67 | 0.925 | 1.067 0 0 0
NW | 0.154 | 0.133 | 0.147 | 0.217 | 0.332 | 0.48 | 0.683 | 0.911 | 1.146 | 1.08 0 0
W | 0.146 | 0.115 | 0.123 | 0.212 | 0.33 | 0.387 | 0.6 0.9 0.9 0 0 0
SW | 0.147 | 0.112 | 0.152 | 0.223 | 0.386 | 0.48 0 0.933 0 0 0 0
S 0.145 | 0.104 | 0.108 | 0.176 | 0.345 | 0.426 | 0.561 | 0.833 | 0.85 0 0 0
SE | 0.085 | 0.105 | 0.128 | 0.192 | 0.314 | 0.421 | 0.535 | 0.691 | 0.825 | 0.99 | 1.111 0
Table 2. Coefficients for T,,(s) at Al-Fintas.
. Wind Speed Class (m/s)
pir- 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-20
E | 2732|2822 (2787 | 277 | 3.009 | 3.237 | 3.236 | 3.38 | 3.322 | 3.867 0 0
NE | 2.733 | 2.817 | 2.714 | 2.955 | 3.172 | 2.85 | 3.2 3.4 3.3 0 0 0
N | 275 | 2.641 | 2.938 | 2.884 | 2.875 | 3.106 | 3.833 | 4.425 | 4.5 0 0 0
NW | 2958 | 2.894 | 2.754 | 2.851 | 2.886 | 3.184 | 3.691 | 4.152 | 4.671 | 4.187 0 0
W | 3.228 | 2.894 | 2.804 | 2.884 | 2.892 | 2.94 | 3.392 | 3.933 | 3.933 0 0 0
SW | 2.793 | 2.842 | 3.005 | 3.231 | 3.233 | 3.18 0 4.9 0 0 0 0
S 29 | 277 | 27705 | 2.823 | 3.124 | 3.052 | 3.369 | 3.833 | 3.883 0 0 0
SE | 2.526 | 2.604 | 2.693 | 2.728 | 2.838 | 3.01 | 3.165 | 3.417 | 3.644 | 3.926 | 4.089 0

Model simulation Description

KWAVE model was rewritten in Visual FORTRAN and Visual Basic Coding.
Fig 109 shows the main page of the model when it start [KWAVE.EXE]
The model has to option for Wave prediction as:

i. Kuwait water

ii. Arabian Gulf Water

For Simulation Option 1 [Kuwait Water]
User must select start from fig 109 . Then select [Kuwait water]. Then two sub-option will
display shown 110 as follows:
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I. [Interactive Mode]. For interactive run as single run
I. [Time Serious Mode]. For variable wind speed data run for sub-option shown 110 as

o Random Data file
Read from wind Data file [Wind direction and Wind speed]
Wind speed in meter and Direction in Degree
Wind Direction Read From X-Axis counter clock Wise

o Hindcast Wind Data (1979-2018)
Wind Data will extract from Coastal Information System [C.L.S.]

If user select [Interactive Mode]. Figure 111 will display to enter the following information as
e Location [Lomgitude/Latitude] by two way
o Click on the map
o Select from dropdown list of locations
e Enter Wind Speed (m)
e Select wind direction from Dropdown list of wind directions
Then user must select [Run] to start prediction as shown in Fig 111.
To Display the result user select [SHOW] as shown in Fig 111.

If user select [Time Serious Mode] and select option [Random File] Figure 112 will display for
user to input information for prediction as follows:
e Location [Longitude/Latitude] by two way
o Click on the map
o Select from dropdown list of locations
e Enter Wind Speed file [formatted as (wind direction and wind speed)]
Then user must select [Run] to start prediction as shown in Fig 112.
A new dropdown list will display [Type of Plot] as shown in Fig 12. To display the simulation
result by Graph as shown in Fig 113 as time serious predicted Parameter plot. And Fig 114
displays the wave height Rose and Frequency of Occurrence table.

If user select [Time Serious Mode] and select option [Hindcast Wind Data (1979-2018)]
Figure 115 will display for user to input information for prediction as follows:
e Select Wind Data file from [CIS Database]
e Select output file name
e Location [Longitude/Latitude] by two way
o Click on the map to get location
o Select from dropdown list of locations
e Enter Year/Month/Day
e Enter start hour
e Enter number of Days
Then user must select [Extract Wind Data] to start prediction as shown in Fig 115.
The extracting process shown at Fig 116.
Then user must select [Wave Height Prediction] from Fig 115 to start prediction.
A new dropdown list will display [Type of Plot] as shown in Fig 117. To display the simulation
result by Graph as shown in Fig 113 as time serious predicted Parameter plot. And Fig 114
displays the wave height Rose and Frequency of Occurrence table.
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For Simulation Option 1 [Arabian Gulf Water]

User must select [Start] from Fig 109. Then select [Arabian Gulf water] Figure 118 will display
the Arabian Gulf Map.

The Procedure for Wave Height Prediction will be the same as for [Kuwait Waters|

START  Exit

e

Figure 109
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Kwave Model

kUWAIT WATERS Interactive Mode
ARABIAN GULF Time Series Mode Randum Wind Data
Hindcast Wind Data (1979-2018)

Figure 110
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.
B9 Interactive Model Input/Output DEI...EM

RUM | SHOW | BACK PAGE

Kwave Model (interactive & g [long=50.2 lat=26.8 Bt

- A"

N SR, Location in Latitude [deg] W
T Lawa ' ater Depth [m] I-_E_f‘_“
wind Speed [m/s] j-_fi_“
Wind Direction [deq] 1_3“{'5“
Signf. Wave Height (ml [ 25632
WWave direction [deqg] j-_ﬁﬁ_“
Wave Period [zec) j'_5“§g‘§‘“

Figure 118

[AL-Salem 2004] 100



@g
Hydraulic And Coastal Application [H.C.A. 2004]

4.3 Design Statistical Threshold Value for Significant Wave Height

[DWave Model ]
[K. Al-Salem, M Al-Khaldi 2017] (Pc version)

Model description

Model Wave Database from Jan 1, 1979 To Dec 31, 2015 [Total records: 324336]
Cover All Arabian Gulf Water

T
To Start the model ] Fig 119 display main page.
Then user select [Start] Fig 120 will display to user for input Require as follows:

User have two way to select Location [Select input File] as :
o From Dropdown list
o Select [Map] Arabian Gulf Map will display as Fig 121. Click on map to Select.
User must select [Physical TH] to display the threshold Value as in Fig 120
User select [Filter]. To filter data base on select Threshold vale as shown in Fig 120
User select Plot button to display Wave height time series plot as shown in Fig 122
User can display wave statistical distribution as:
o Gumbel Distribution
o Weibull Distribution
To Display Gumbel Distribution Base On Physical Threshold Plot analysis:
o [BEST FIT] Plot shown in Fig 123
o [Logarithmic] plot shown in Fig 123. To show Logarithmic System Formulation
user must Select [EQU] from figure 123. Figure 124 will display to the system
Formulation.
From Fig 125 user can select [ Statistical Threshold] by select [RUN] after uset select
Max of Threshold Range value.
To display [Plot Statistical US] user must select [Show] to display the analysis plot as
shown Fig 126. To display Part of sample analysis output data as shown in Fig 127.

£ Thrshhold Value Design [
Start  Exit

Design Statistical Threshold Value
for Significant Wave Height

o=
'7‘ M. AlKhaldi

2017)

Figure 119
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If user select [Physical TH] to display the threshold Value as in Fig 120 a new dropdown list
will appear [SELECT] showing two options as:

@)
(©)
@)

[Hs] Fig 128 will display Time series for Wave Height for Selected Location.
[Tp] Fig 129 will display time series for Wave Periods for Selected Location.
From Fig 129 user can select [Spectra Analysis] Option. Frame will display on Fig 129

To select Plot Button to display [Wave Height Spectra Distribution] Analysis plot as

shown Fig 130.

From Fig 130 user can display the Spectrum Distribution Formulation Option by Select

[EQU] as shown in Figs 131, 132 and 133.

F Ei - T———— ! E !_‘
Map Close
Statistical Threshold Design
| Mean _vj
Select Input File |1 5 v] Physical TH | | Select vi
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Filter Data based onThr. I 1620
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Total Filtered Data
Statistical Threshold Run
Plot Statistical Us Show Edit

Figure 120
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Figure 124

Figure 125
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0.9 -4.58851125846265227 2885658243 2.3330862946823088823781838239 28863 423 2737 2.3390862946823088823781838239
1 -4.588511258462652272885658243 2.3390862946823088823781838239 28869 423 2737 2.3390862946823088823781838239
1.1 -4.8637557770423228700076235391 2.3218085022780745504715313777 28736 299 2229 2.3218085022780745504715313777
1.2 -4.8637557770423228700076235391 2.3218085022780745504715313777 98736 299 2229 2.3218085022780745504715313777
1.3 -4.8637557770423228700076235391 2.3218085022780745504715313777 98736 299 2229 2.3218085022780745504715313777
1.3 -5.0880799245154504991143676763 2.2766993656232923444925431674 98433 211 1793 2.2766393656232923444925431674
1.5 -5.5525529644112776333518856896 2.3458840878537262506054572193 97799 144 1434 2.3458840875537262506054572193
1.6 -5. 630607546035 8975604230730001 2.271095966307754332161156402 97264 103 1131 2.271095966307754332161156402
1.7 -€.1702054559926697344626164246 2.3059205665216156459398194741 95843 68 883 2.3059205665216156459398194741
1.8 -6.1702054559926697344626164246 2.3059205665216156459398194741 . 95843 68 883 2,3059205665216156459398194741
1.9 -5.8753722089221556163149186349 2.1422561450784220106392493506 293762 51 642 2.,1422561450784220106392493506
2 -€.4957273975386143084710256135 2.206178337772931178169188366 .92485 31 493 2,206178337772931178169188366
. I C
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M ™y
[ JONSWAP Spcutra Distrbution E‘m

fetch-limited seas. This spectrum is based on an extensive wave measurement
program (Joint North Sea Wave Project) carried out in 1968 and 1969 in the North
Sea. The JONSWAP (1973) spectrum. received almost instant recognition and

became very well-known in intemational literature. The resulting spectral model is
taken as the following form (Hasselmann et al ,1973):

i __ag? 5\ (W,\2 <. &
s*w) = 5 Exp((—3) (32) oy
Where frequency at peak values of wave period

Where y = 3.3 Peak enhancement parameter that describes the degree of
peakedness ofthe spectrum.

S*(w) JONSWAP spectral density in (,—::: 2,
s
B = [1— 0.287Ln(y)]

w
(_
Vp

g

k = Exp(—0.5
Where:

w  Angular frequency (rad/s)

T Wave Period (s)

H. Significant wave height (m)
| =007 W=<Wp o =009 W > Wp
Figure 131
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7

B3 Pierson-Moskowitz Spectra E@Iﬂ

Pierson-Moskowitz Spectrum Distribution.

The Pierson-Moskowitz spectrum (Pierson and Moskowitz. 1964) is often used
as a model spectrum for a fully developed sea, an idealized equilibrium state
reached when duration and fetch are unlimited. The mathematical forms of S*(w)
are in terms of the significant wave height. H1/3. (H1/3={ m), w Frequency,

g=9.82 % . Fetch limitations are displayed in the formulation as follows:

+ow) = 8197
§*t(w) = 100 wS ©
Where:
g
K= —O'OBZ(W)Z
¢ Significant wave height (Hs/3) in meter

S*(w) Spectral Density (:n_G_Z)

w Angular frequencys(srcad"sec)

Figure

132

r ——— e E————— — :
B9 Bertschnider Spectra A E‘M

Bretschneider Spectrum Distribution.

The ISSC spectrum (also known as Bretschneider or modified Pierson-
Moskowitz) is defined as:

sy =220 20
Where: y
a= —1.25(7’")4
{ Significant wave height (m) (H2) = 4,/M,
w,, Peak frequency: ZT—"
T, Peak period of the ;pectmm (sec)

The peak period of the spectrum T,, comresponds to the frequency at the mode of
the spectral density, the peak frequencyw,,:

Figure

133
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4.4 Extreme marine water levels in the Arabian Gulf [ KSurge Model]
[Khaled Al-Salem 2011] (Pc version)

The extreme water level at any location is important for the proper design of any coastal
structure. For the present project, this is needed for selecting the top level of the breakwater and
the level of the land fill. KSurge model provides an estimate for the extreme water level at the
selected location in Arabian Gulf. According to Kamphuis (2000), there are several types of
water level fluctuations and they can be classified according to their return period as:
Short Term:

I Astronomic Tides

IT Storm Surge

III Wave setup

Long Term:
I. Eustatic (Sea) Level Rise
II. Isostatic (Land) Emergence and Subsidence
III. Climate Change
This study focus on the short term water level fluctuations.

Astronomic Tides

Astronomic tides are observed as the periodic falling and rising of the water surface for
major water bodies on the earth. Astronomic tides are the result of a combination of forces acting
on individual water particles.

Water level and its change with respect to time have to be measured relative to some
specified elevation or datum in order to have a physical significance. In the fields of coastal
engineering and oceanography this datum represents a critical design parameter because reported
water levels provide an indication of minimum navigational depths or maximum surface
elevations at which protective levees or berms are overtopped. It is therefore necessary that
coastal datums represent some reference point which is universally understood and meaningful,
both onshore and offshore. The following are some of the commonly used datums with respect to
tides,

HAT Highest Astronomical Tide
MHWS Mean High Water Springs
MHWN Mean High Water Neaps
MSL Mean Sea Level

MLWN Mean Low Water Neaps
MLWS Mean Low Water Springs
LAT Lowest Astronomical Tide

Storm Surge

Storms are atmospheric disturbances characterized by low pressures and high winds. A
storm surge represents the water surface response to wind-induced surface shear stress and
pressure fields. Storm-induced surges can produce short-term increases in water level that rise to
an elevation considerably above mean water levels. The water level fluctuation due to storm
surge is an increase in water level resulting from shear stress by onshore wind over the water
surface . This temporary water level increase occurs at the same time as major wave action and it

[AL-Salem 2004] 110



@§
Hydraulic And Coastal Application [H.C.A. 2004]

is the cause of most of the world's disastrous flooding and coastal damage. During storm surge
the water level at a downwind shore will be raised until the slope of the water surface counteracts
the shear stress from the wind. Computations of storm surge are carried out using the same
depth-averaged two dimensional equations of motion and continuity that are used for tidal
computations. In this case wind-generated shear stress is the main driving force. For simple
problems, the equations can be reduced to a one-dimensional computation (Kamphuis, 2000).
Wave Setup

Wave setup is the rise in water level at the shoreline induced by the breaking of waves. The
wave setup will occur only in the surf zone and is maximum at the shoreline. According to Dean
and Dalrymple (1984), the wave setup is about 15% to 19% of the breaking wave height.

Model description

To Start the model [ﬂ' ] Fig 134 display main page.
Then user select [Start] Fig 135 will display to user for input Require as follows:

e User must select grid size from Dorpdown list [Select Grid size] as :

e User must select [SHOW] to display select domain as shown in Fig 136

e To Display Selected Domain by [ G.D. ] as shown in Fig 136

Then user must Check on [Select Location] to activate the map for Click Selection for:

e User must select Shallow and deep Location for two way as follows

o Click on map the two locations
o Manual Enter the two locations

e User must convert the selected location to Degree by [ CONYV ]

e Then user must select [Wind Path on Google map]. To Calculate the distance of Wind
Path Selected and Display Google Map Icon. And Wind Path will display on Map as
shown in Fig 137.

e User can display the Selected wind Path on Google Map by [Google map Icon] from Fig
137. Then Fig 138 will display Google map with showing selected wind path [model
need internet Access]

e A Part of Sample HTML file was created by the KSURGE model for Google map
displaying Wind Path as shown Fig 139.

Then user must start to setup the wind speed path data by select [ SET] from figure 137.

To show the wind path profile by select [ LA ]. Then Fig 140 will display for user the wind
Profile map.

To Start simulate the extreme water level prediction From Fig 141 user enter the following
[Wind Speed and Units|

Then select [ ] to start prediction for extreme water level [based on Mean Sea Level MSL)
as shown in Fig 141.
To display a sample on Output file from storm Surge calculation as shown Fig 142.

By select [ ..g.é. ]
To display a sample Final full report of Extreme water level prediction as shown Fig 143

by[]
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Start End

@ KISR.

Kuwait Istitute For Scientific Research

Extreme Water Level Prediction For Arabian Gulf
KSurge Model

. Copyright @ 2011. Khaled Al-Salem. KSurge Model
Figure 134 . Al rights reseved

Email: ksalem@kisr.edukow

Extreme Water 4=
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[V Selected Grid SizeDomain ma L_Q.)J
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> 169535 W Genesis bath
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L

Copyright @ 2011. K AlSalem. ‘vmdPath Profile on Google Map WQ Go,j)gle .uuf)
-

Eile Edit Format View Help

| <!DOCTYPE htmlx
<htmi=>
<head:
<meta http-equiv="content-type" content="text/html;charset=utf-8" /=
<meta http-equiv="X-UA-Compatible" content="IE=edge">

<titleswindrPath Profile[KsSurge Model]</titlex
<styles
#map { height: 100%;

html, body {
height: 100%;
margin: 0;
padding: 0;

</styles
</head=
<sCript>
function initmap() {
var map = new google.maps.Mmap(document. getElaementById{"map”), {
zoom:12,
center: {lat: 29.3464,1ng: 48.10397},
mapTypeId: "satellite”
12
var flightPlanCoordinates = [
new google.maps.LatLng(29.3464,48.10397),
new google.maps.Latlng(29.25353,48,.33135)

H
var flightPath = new google.maps.Polyline({
path: flightPlanCoordinates,
geodesic: true,
strokeColor: "#FFOO0Q0",
strokedpacity: 1.0,
strokeweight: 2

1
‘F]"ightPath. setMap(mag) ;

</scripta<script src="http://maps.googleapis. com/maps,/ api/js7key=ATIzasyBt
< /script>
<body onload="initMap{)" =
<div id="map" =</div=
<br clear="all"/>
<br /=

</body=
</html>

al
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-
W STable.out - Notepad NE— - - =T
File Edit Format View Help
| Table for Storm Surge wind Bath Data -
KSurge Model (C.I.S 2011) -
Dean and Dalrymple (1984
wind Speed at (10m) = 108 Km/H
Constant taus = .002419%56
constant k = .00000265584
Constant n = 1.27 A
Max. Storm Surge = 29 (cm)
NO Longitude Latitude Delta X water Depth
{m uTM) {m UTM] (m UTM) m3
1 230913. 000 3245786 1269%59. 000 -&. 2000 Deep wWater Lof
128 218810, 000 3249635. 000 - 000 -15. 5000 Shallow water |
Delta-X Interpolation is = 100 m
NO Delta- x water Depth (z) D Z z
(m) (m) (m) (m)
1 12699, 000 -&. 2000 - 0000000000 - 0000000000
2 12600. 000 -&. 3000 . 0049616518 0049616518
3 1245959, 000 -&. 3000 0050217135 0099833654
4 12400, 000 -&. 4000 . 0048835156 . 0148668810
L 122599, 000 -&. 6000 . 0048671993 01597340802
& 12200. 000 -G6. 4000 0047708191 02450483933
7 12099, 000 -&. 6000 0048671993 0293720986
=} 12000, 000 -&. 8000 . 0046284066 0340005052
9 11899, 000 —-&. BOOO 0046524699 . 0386529750
10 131800, 000 —-&. 7000 0045941221 0432470971
11 116959, 000 =7 . 0000 0046185103 0478656074
12 131600, 000 =7 . 2000 . 0043676513 0522332586
13 11499, 000 -7.2000 0043939993 0566272580
14 11399, 000 =7 .5000 . 0042617088 . 0608889665
it 131300, 000 -7 .6000 0041073277 . 0649962945
i6 1115959, 000 -7 . 6000 0041627362 . 0691530307
ir7 113100. 000 -7 . 8000 0040273148 0731863455
18 10999, 000 -58.1000 . 0039794711 0771658166
i9 10900, 000 -58. 2000 0038049477 . 0B09707 643
20 107599, 000 -58. 2000 . 0038581458 . 0848289101
21 10700. 000 -8.5000 0037138113 .0BB5 427213
22 10599, 000 -5. 8000 . 0036574330 0922001543
23 10500, 000 -58. 8000 . 0035233005 0957240548
24 103959, 000 -58.3000 0035747791 . 0992388339
25 10300. 000 -9. 2000 . 0034265551 . 1027253830
26 101599, 000 -9, 2000 . 00324387821 1061641711 e
4 1 [ 3
Lnl, Coll
S— 1
Figure 142
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W Foutdat - Notepad EM

File Edit Format View Help
I -
Extreme water Level Prediction Tor Arabian Gulf water's -

KSurge Model (C.I.5 2011)
By: khaled Al-5alem
website address: www.hceatkuwait.net A
Email address : ksalemakisr.edu.kw ‘=

INTRODUCTION

The extreme water level at any location is important for the proper design of any Co:
This APPs provides an estimate Tor the extreme water lTevel at the Selected Location in
According to [Kamphuis (2000)], there are several types of water lewvel Tluctuations anc
classified according to their return period as:

Short Term:
I Astronomic Tides
II Storm Surge
III wave setup
IV Seiche

Long Term:
I Eustatic (5ea) Level Rise
II Isostatic (Land) Emergence and Subsidence
III Climate Change

This study will focus on the short term water Tevel Tluctuations.

Astronomic Tides

Astronomic tides are observed as the periodic falling and rising of the water surface
Astronomic tides are the result of a combination of Torces acting on individual water [
water level and its change with respect to time have to be measured relative to some ¢
have a physical significance. In the Tields of coastal engineering and oceanography thi
parameter because reported water l1evels provide an indication of minimum navigational ¢
which protective levees or berms are overtopped. It is therefore necessary that coastal
which is universally understood and meaningful, both onshore and offshore. The Tollowir
with respect to tides as:

HAT Highest Astronomical Tide
MHWS Mean High water Springs
MHWN Mean High water Neaps

MSL Mean Sea Level

MLWN Mean Low water Neaps

MLWS Mean Low water Springs
LAT Lowest Astronomical Tide

5torm surge

Storms are atmospheric disturbances characterized by low pressures and high winds. A
to wind-induced surface shear stress and pressure Tields. Storm-induced surges can proc s

<] 1 | r

Lnl, Coll

Figure 143

[AL-Salem 2004] 117



@§
Hydraulic And Coastal Application [H.C.A. 2004]

4.5 Wave Agitation inside Harbor [ KHarbor model]
[Al-Salem 1999] (Pc Version)

Model Methodology

Numerical Method Approach Based on Boundary Element Method for a Harbor of Non-
dissipative Boundaries. A brief review of the basic theory, overview of how this theory is
implemented is discussed here. The numerical modeling of the problem of wave agitation inside
a harbor has gained a lot of attention as numerical modeling can substantially reduce the cost
required for conducting feasibility and design studies. All of the basic numerical methods,
including the boundary element method and finite element method, finite difference method have
been applied to solve the problem. These methods have been applied to solve the governing
equation for the problem, which is usually a second-order partial differential equation, namely,
the mild-slope equation or the Helmholtz equation with appropriate boundary conditions. The
boundary element method has been shown to be an efficient numerical method for the problem
of wave agitation and resonance in a harbor, and seems to be an appropriate method to solve the
problem numerically. The boundary element method is especially recommended when the water
depth is relatively constant or a harbor consists of a basin of constant water depth. Moreover, the
application of the boundary element method seems to be indispensable in analyzing the problem
of harbor resonance. Finally, the approach based on the boundary element method seems to be
irreplaceable when a problem to be solved is urgent and requires a prompt reply.

Water wave agitation in a harbor can be satisfactorily described under the assumption
that the fluid is ideal, and the velocity vector possesses a velocity potential function (Hwang and
Tuck, 1970). The velocity potential ®(x,y, z,7) is assumed in the following form

) coshk(z+h) -iw
O(x, y,2,1) = Re| & £y, y) LKLL)) (1)
w cosh kh
where X, y and z are the Cartesian coordinates, t is the time, Re denotes the real part, i = |— 1,gis

the gravitational constant, @is the wave angular frequency, &(x,y) is the complex-value free-

surface elevation, h is water depth, and k is the wave number.
Since the velocity potential satisfies the Laplace equation, the free-surface elevation has
to satisfy equation as follows:

Viérk's+f=0 )
Where Vis the gradient operator, and the function f, is associated with varying water depth. For
a constant water depth, Eq. 3 can be reduced to the classical Helmholtz equation:

Viérk s=0 3)

It is known that numerical integration is usually more stable than numerical
differentiation, and often it is convenient to seek the solution of a differential equation in the
form of an integral equation (Sulisz, 1987). In particular, it is convenient to seek the solution of
Eq. 3 in the form of the integral equation as follows:

1
| {éw—%mﬁ(kﬂ ds =0 (4)
on on

A
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Where S is the boundary of a domain, n is the normal to the boundary, H (') is the

Hankel Function of the first kind and order 0, andr is the distance between the point on the
boundary and a field point. Eq. 4 is solved numerically by discretizing the boundary of a domain
(harbor) into N segments.

> | {eam_g—;m‘)(kr) dS; =3 Uy + 1) =0, =12,.... 5)

on n

Where [, andll,; denote the first and the second integral, respectively, and

implementing boundary condition by imposing at the boundary of a harbor.
% o ®)
on

Moreover, at the harbor entrance, matching conditions are imposed which require the
continuity of a normal component of velocity and continuity of free-surface elevation along the
entrance. The procedure leads to a set of simultaneous equation, the solution of which provides
the free-surface elevation at any point in the harbor. Since only the boundary of the harbor
requires discretization, the procedure is very efficient and can be applied to even a large harbor.

Boundary Condition for Practical Applications. The crucial point in the numerical
modeling of wave agitation in a real harbor is the modeling of the wave-absorbing boundary
condition. These condition should describe the wave damping associated with wave interaction
and reflection at harbor structures and are essential for the proper modeling of wave agitation
and resonance in a harbor, as wave field in a harbor is a result of multiple wave reflection from
harbor structures (Behrendt, 1985; Dalrymple and Martin, 1996; Melo and Gobbi 1998).

Difficulties in imposing these conditions are due to a lack of details available wave-
damping properties for harbor structures and some problems with implementing partially
absorbing boundary conditions in a numerical model. The problem with boundary conditions for
practical applications can be illustrated by the analysis of partial reflection of oblique incident
waves. An elliptic model requires a proper ¢ or its normal derivative, or a relation between
¢ and its normal derivative at the boundary. Since in general, ¢ and its normal derivative are not

known at the boundary of a harbor, it is convenient to impose the boundary condition in the form
of a relation between ¢ and its normal derivative. A relation between ¢ and its normal
derivatives for the partial reflection of oblique incident plain wave on a straight boundary is
expressed as:

% 1R 0,¢, (7)

on 1+R

Where @, the angle of incidence and R is the complex-value reflection coefficient. The
main problem with the application of Eq. 7 to a harbor agitation problem is related to a lack of
information regarding the angle of incidenced,, which is known only for the incident wave
outside a harbor, and a lack of details regarding R for most harbor structures. Moreover, there is
also a problem arising from the application of a formula derived for plain waves to a three-
dimensional case, which requires justification.

In addition to the problem with boundary condition inside a harbor, there is also the
problem with implementing partially absorbing boundary condition in the exterior domain. A
proper solution in the exterior domain is essential to the final solution because the final solution
is the result of matching a solution in a harbor and a solution in the exterior domain. The solution
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associated with the scattered wave field in the exterior semi-infinite domain bound by collinear
coastline may be written in a polar coordinate (r, 8 ) as follows:

¢, = H,(kr)(A, cosqf+ B, sin q6) (8)
Where H ; is the Hankel function of the first kind and order ¢, A, and B, are constant.

For a fully reflective coastline, Eq. 8 can be applied to represent scattered wave field in the
exterior domain. However, for a partially reflecting boundary, application of Eq. 8 fails (Xu et
al., 1994). This can be illustrated by substituting Eq. 8 into Eq. 7, which results in the relation as
follows:

q
B, + 64, =00=0 ©)

Where 8 is a constant; Since A, and B, are constants and cannot depend on (r), Eq. 9
can be satisfied only if A =0and B, =0. This implies that the classical approach to the exterior

domain cannot be applied for a partially reflecting coastline. In practical applications, the angle
of incidence, 6, is often neglected in the modeling of wave field in a harbor. There are also
some attempts to minimize the effect of the lack of information regarding, the angle of incidence
by estimating 6, at the boundaries, applying iterative approaches.

Assessment of Wave Reflection Properties for Harbor Structures. There are basically
two methods which can be used to predict reflection properties for harbor structures with
relatively small error. The first method is based on the physical modeling of the process of wave
interaction with a structure conducted at small, moderate and large scale. The results obtained at
different scales can be used to assess scale effects and to predict the reflection properties of
harbor structures with a relatively small error. This method requires an access to large wave
flume facilities and is both time consuming and expensive. Alternatively, reflection properties
for most harbor structures may be assessed using a second method.

This method assesses the reflection properties of harbor structures on the basis of the
hydraulic properties of the material used to build a harbor structure and a numerical model for
wave interaction with the structure (Sulisz, 1985). Although this method still requires laboratory
experiments to assess the hydraulic properties of the material used to build the structure, the
experiments are simple, and require only an access to a large perimeter and are conducted only
once for each new type of material regardless of structure type or shape. The second method is
inexpensive and provides prompt results.

In reality, some feasibility studies for harbor agitation problems are often conducted
based on the reflection properties of harbor structure assessed in a very rough manner; namely,
on the basis of our individual experience and the material available in the literature. However,
this approach possesses a variety of shortcomings due to the lack of reliable information
available in literature. For example, the reflection coefficient for normally incident waves and a
typical rubble mound breakwater varies from about 0.1 (0.2) for waves of intermediate length to
about 0.6 (0.7) for long waves (CERC 1984; Sulisz, 1985). The reflection coefficient is reported
to depend on a wide variety of factors including wave length, wave steepness, breakwater width,
slope angles, thickness of layers permeability, material used to build the layers, etc. Moreover,
the reflection coefficient within and outside the harbor depends also on the angle of incidence
(Isaacson et al., 1996, Losada et., al. 1993). The range of the reflection coefficient for a vertical
and horizontal composite breakwater is even wider than for a rubble mound breakwater. The
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reflection coefficient for normally incident waves varies from about 0.2 to not more than 1
(CERC 1984; Sulisz and NcDougal 1988).

Prediction Of Resonance Effect. An important part of the prediction of wave field in
any harbor is the analysis of harbor resonance, which is related to the size and shape of the
harbor and the range of incoming wave frequencies (Mei, 1983). The analysis should provide
information regarding resonance frequencies as well as the effect of resonance on the wave field
inside the harbor. In general, the analysis of harbor resonance requires enormous numbers of
calculations and related analysis. The situation is especially complicated for tidal seas, where
often an infinite number of resonance frequencies is dealt with some simplification which are
possible only for harbors of simple shapes like a rectangular harbor, a circular harbor, etc., where
information regarding natural models for circular basin following eigen value solutions may be
useful.

{=A, cos%cosﬂ,m,anl,.... (10a)
c

Provided that

k=k = K@j + [MJZT (10b)
b c

Where the natural periods

2
T, = (10¢)

Are related to k,, via the dispersion relation
Circular Basin:

n=A4A,,J,k,,r)cosmod (11a)

Provided thatk, satisfies

J, (k,a)=0m=0,1l,...n=12,... (11b)

Where the natural periods

T, & = 27 (11c)
@

mn

are related tok,, via the dispersion relation.

TECHNICAL USER GUIDE

Procedure for Usage of KHarbor Model (Wave Agitation Model inside a Harbor)

Wave Agitation Model (KHarbor) is an efficient and easy-to-use wave model. This version is
sufficiently user-friendly and can provide the base information for water wave inside harbors.
The information provided by this model can be further used to calculate wave forces on
structures, stability of breakwaters, sediment/pollutant transport and can be used to assist harbor
and coastal protection structure design. In this section of the report, step-by-step instructions are
given for use of Wave Agitation Model (Kharbor). The procedure outlined here consists of
number of steps which are:

[AL-Salem 2004] 121



A8
Hydraulic And Coastal Application [H.C.A. 2004]
The model can run by select from Figure 144 Start option and then select (Wave Agitation) then
Figure 145 will display for user to start.

Start Help Exit

KUWAITINS TITUTE FOR SCIENIR/C RESEARCH

¥

3. Agitation Design ingide Harbor Mog
ANasDeveloped AtHPEKISR By Khalsd
TRAl-Salem'and SISUNEZ;19997

Figure 144

CEX

. Model Of Wave Agitation inside Harbor.

File Results Generate Response Curve  Kpic  Exit  Main Page

Data Input For Harbor )

w. Model Of Wave Agitation inside Harbor EJ

File Results Generate Response Curve Kpic Exit Main Page

Data Input For Harbor
Wave Period [sec) [3_
Wave Ditection (deg) [ap
Wave amplitude (m] |1_
Harbor W. Depth (m) |2—
Number of point on Im

wave lenght

Harbor Geometery
Sgements ( max 56)

Number Xn-Cor  Yn-cor TSn RCRn RCln

0 | 8772 a|| 5EBBEA 1Al A0nA
1 = 9.045¢=| 8065(=|1=|1 =| 0=
2 9.045¢ [ 82246 |1 1 0
3 8960: [83311 |1 1 0
4 ™| 8482¢%|| 86331 1¥[1 ¥|0ow

Reflection Coefficient Adjusting

Plot Harbor Save DHKIS1 [ i 4

Output Selected Location Inside Harbor
Number  Xn-Cor Yn-Cor

0 ~ [Ba48tA [GO055A

1 = |79200= |5863—

2 7085 | 5597

3 G556 | 5.384¢

4 8448t | BA414:

5 & |7852:¥ | g37acy

Plot Locations ~ Save DHKIS3 ﬂ

Model Status

[ DHKIS3 loaded Clear Plot
X-wis 984 Y-Axis 5.95

Figure 145
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Figure 145 contain some option for user as:

I- Opti

2- Opti

3- Opti

4- Opti

on One : File
Load Previous Project Input Data
Load Existing Project (Pre-save Input Data)
New Project (To start new input Project and Initialize plot Screen)
Run (Start simulate for Wave Height prediction inside a Harbor only design wave)
Run Time serious (start simulate for Wave Height prediction for variable incidents
wave height and direction”
on Two: Results
Output List (Show Wave Predicted at select output location)
2D Wave Height Contours Plot (start Kharbnor Graphic Program for 2D Contour
presentation)
Edit Output (Open output file in text format)
Harbor Geometry input 1 and 2 save as (Store input files name)
harbor location output 1 and 2 save as (Store output file name)
on three: Generate Response Curve:
Select Harbor Data (Input Harbor data and Simulation time)
Run (Start simulate for Wave resonance prediction inside a Harbor)
Plot Response Curve(start Kharbnor Graphic Program presentation)
Edit Output(Open output file in text format)
Save Response OutPut
on Four: KPIC
For Digitize Plot Image for Validation the
KHarbor Model Output Prediction.

Procedure for Option Usage as follows:
Option one

Inpui Harbor Geometery Data

User has two option to start Kharbor model as
Load Previous Run input data or user can load Pre-store 'g; f
input data as show in Figure 30. User can Input File e ——
name for Harbor Geometry and Output Location File. 3 Conu x
Then User from Figure 145 selects Load files. Figure 146 will cis mp bme :
Display. et
From Fig 145 user must Initialized the Screen plot scale as BHkias
. . dhkiz3-a
shown in Figure 147. Egegfﬁ -
hepor (80
harporl.brp
harporl _frm
harpor . fre
harporl . «bp
harporl.wbw
harporz_ frm
Figure 146. Load Input previous harpora fim
harpor3.frz g

stored data

Press on File
Harbor Geometery File

Selected OutPut Location File
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= Happor Input Scale Data g@@

(8].4

Input Data for New Project

Fuaint <0 1 Faoint 0 |4
Paint 110 Part¥l [0

s j IE j

|E:'\KH arborsimagehharpor?. brp

Fig. 147. Initialized load or new project for plot screen

Figure 147 shows for user to input Screen Scale and Load background Harbor Image for
digitized the geometry for input and Shown Grid on screen on/off.
Figure 145 shows for user a different project input as :
- Data Input Harbor
Incident wave period (sec)
Incident Wave Direction (deg)
Incident Wave Height/2 (or Wave Amplitude) (m)
Harbor Water Depth (m)
- Harbor Geometry Segments (max 56 point)
Number
X location/y Location
TSn: Type of harbor segment (1 for nonentrace 0 entrance)
RcRn: Real part on harbor reflection coefficient properties
Structure (.1 to 1)
RcIn: Imaginary part on harbor reflection coefficient properties
Structure (0)
User can change RcRn by select Reflection adjusting.
User can plot harbor
User can edit input data file (DHKIS1) as text file
User must save input file (Save DHKIST)
- Output Location Inside Harbor
User enter selected output location.
User can plot output location
User can edit DHKIS3 location file as text file
User must save DHKIS3 location file
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=, Wave Height at Selected Location Q@@

Figure 145 user can start simulation for wave height design in

Print  Back Page

harbor aSI Ho. X-Location  Y-Location Wave Height (m}
- i L i TEa

Select Run i 75 84 i

- Figure 148 shows the output prediction wave height. : i e P

4 paan Bald 551

5 7o 5379 B

B 7153 5254 B

7 B523 5953 ki

B 5007 5515 078

3 5244 54 10

10 B354 717 i

1 773 il 14

12 Xy 555 5

13 B 045 Ra3 o

14 533 5053 06

15 4753 5 704 o

16 3838 542 108

17 821 738 27

18 7358 7515 15

13 B.284 728 12

a0 5483 B 876 43

2 i 551 16

z 3532 B112 3

7 3% 5317 13

24 2588 5431 15

% 7.5 3431 24

% 7324 8314 22

7 5608 3012 18

; ; 2 5 3 ke

Figure 148. Wave height z pal [ 5l

3 2472 BBE i

OUtPUt Screen 2 3131 5521 13

7 20 544 186

e 3t 2418

* B.045 3509 18

® 4583 8085 £
7 4058 7407 Wy

Figure 145 user can start time serious simulation for wave height design in
harbor as:
- Select Run Time serious
Figure 149 will display for user to input incident wave time serious input file
name and the output file name.
- User must select Run to start simulation.

Time Series Input

[rput Time Series Wave Height File [in meter)
Wanve Ht Direc Period

C:AEHarbarsOuthiw avedata. bt

Output Time Senes File Mame

C:AEHarbory ave TS, aut

Mean Wawe Inpuat Type OniOff [w

Figure 149. Time Serious Wave height Input Screen

Figure 145. User can Select Result for Present the output as in table as shown in Figure 148.
Or user can start Kharbor 2D Graphics from Figure 145. Figure 150 will display for user to
select what plot type to select.
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Next section user will find full procedure description for KHarbor 2D graphic.

Kharbor Graphics

“w R

Wave Agitation Prediction Model
Kharbor 2D Confour

[] Time Series Animation on/off [[] Wave Predicted on/off
[] Validation Check

Model 1992 K AL-SALEI)

o T T T DDA DIYLT
¥ FORSCIENTIFIC RESEARCH

Fig. 150. Kharbor Graphic Screen

Procedure for Studying the Wave Resonance Inside a Harbor

After user setup the harbor geometry and initial wave input then user must select one output
inside the harbor to predict the wave resonance data as show in Figure145.

Then user must select only one location inside the harbor to predict the wave resonance data.
Then user select from Figure 145 (Generate Response Curve - Select Data file)

Figure 151 will display for user to enter Harbor Length ,total Simulation Time And time Step.

Then user must select from Figure 145 (Generate Response Curve — Run — Run Time Serious) to
start simulation for wave resonance prediction.
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Procedure for Kharbor 2D Grsphic Program

From Figure 145 user can present the as the following
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- User can start Kharbor 2D Graphics from Figure 145. Figure 151 will display for
user to select what plot type to select. Next section user will find full procedure

description for KHarbor 2D graphic.
- Edit Output File ( results in text format )

Harbar Lenght [m)

Input Data For Besponse Wave

Total Time Simulation [zec) |E

Incrment of Tatal Tirme |-||

Figure 151. Harbor Data file for Resonance curve prediction screen

Kharbor 2D Graph as shown in Figure 152 is design to present the output from KHarbor Model

for:

-Wave Agiation 2D Contours

-Wave Agiation Animation 2D Contours
-Wave Contour in 3D

-Resonance Curve Line

-User Selected Output Location Line for Wave Height
-Superimposed Wave Resonance Line for Validation

-Wave Refraction/Diffraction Contours

-Plot wave height prediction from KRD model for

Selected location.

-Plot time serious Animation contour result from

KRD model

Figure 152. Kharbor Graphic Screen.

w &

Wave Agitation Prediction Model

Kharbor 2D Conftour

[T] Time Series Animation on/off [] Wave Predicted on/off
[[] Validation Check
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Figure 152 shows main screen of Kharbor 2D Graphic Program which have different options
as follows:

AP
Map Section MA\

The Map section has two option as

Option 1. Design Wave Height 2D Contour Plot from Wave Agitation model

User must Deselect (time serious animation off or uncheck) Figure 153 will display for
the user with several plot option as follows:

Wave Heigth Contour Polt E]@
ﬂ- Wave Agitation Prediction Model (KHarbor)
id EKUWAIT INSTITUTE FOR. SCIENTIFIC RESEARCH
‘Tnuvuy
Select Contowr Map 22000
Post Map Tnfo. 13.5000 0.1867
[0 Output INodes Location 13.0000 z‘:;::
c T ' X
[ Contowr Line on/off o —_— B
Grid Line on/off E_ o1
- 12.0000 z
[0 ¥ Scale F— 04200
o 11.5000 2 1067
Scale Lunits £ poom
£ T 11.0000 =
Minwwun | 1 > s 0.0800
Maximum | 5 10.5000 E — 0.0867
— T 0.0533
Infvel 2015353 £ 1ooom vomn
A 9.5000 0.0267
M SR

9.0000
Iinage g 8.5000
' 8.0000

7.5000

1.0000

6.5000
13.5000 14.0000 14.5000 15.0000 15.5000 16.0000 16.5000 17.0000 17.5000 18.0000

Direction X

(KHarbor Model 1939 K. AL-SALEM)

Figure 153. Wave Height Contour Plot Page.

Select Contour Map Option:
1. Post Map information has different check box for:
To Post Selected Output location on map
To Show Contour Line on map
To Show Grid x,y Line on map
2. Scale Legend On/Off or select size.
3. Scale Contour Map as (maximum ,minimum, Interval)

4. To save Image on disk @
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Option 2. Time serious Animation for Design Wave Height 2D Contour Plot from Wave
Agitation model.
User must select (time serious animation On or check) and must enter file name for
simulation output as shown in Figure 154.
User must select Map Figure 155 will display for user with several plot option as follows:
1- Plot line for wave height prediction for any selected output location as shown in Figure
156.
2- Plot Animation for 2D wave height contour line for selected output location as shown in
Figure 157
3- Plot animation for 3D wave height contour line for selected output location as shown in
Figure 158

odel Of Wave Agitation inside Harbor

Results  Generate Response Curve  Epic  Exit  Main Page
Time Series Input-

Kharbor Graphics . vl (e =

Input Time Series Wave Height File [in meter]
‘wave HE Direc Period

C:ARHarbor\Outi avedata. bt

Output Time Series File Mame

2D Map Files

F-a- Wave Hejoht i
- _E_ i ( ciikHarborwavets,out] |
i —————

Harbor Geometery File Name
| c:\kHarborwh.bin |

C:ARHarborw ave TS out

Mean Wave Input Type OniOff I

Mumber  ¥n-Cor h-cor TSn RCRn RCln

i 3 0 & 04761 A | 1 S0
i Wave resonance Ouiput File name 1 =|6 E 17142 E 1 E 95 ; 0 E
2 .E. i ! ciikHarboriresonance.bin | % g ig??f] 1 gg g

4 M6 MBIV 1] 95| 0w

Reflection Coefficient Adjustin

Plot Harbor Save DHEIS1 Q|
Output Selected Location Inside Harbor
Mumber  ¥n-Cor hCor

MA{ N

Time Series Animation on'off [] Wave Predicied onfoff | ] =i

] 0 3 175

[ Validation Check 1 3 E4

o 2 3 553
= 3 3 887

e 1 3 935
N Plot Locations  Save DHKIS3 u
1 (K Harbor Model 1999 K, AL-SALEM)
] EUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH et i
1 DHKIS3 loaded Clear Plot
TR s e e T e e e e e e e T M 0.99 “-dis 15,72

Figure 154. Kharbor Graphic Page.
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Wave Height Animation

Wave Agitation Prediction Model (EHarbor)
- KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Select Contomr Map
Grid Line onfoff
F Stop Animation onfoff
Main Wave Line On/Off

300 | Seale
== &5
Output Location Selzct No.

Steps Increments (]
Scale Limits

i Max InterVl
[ 004t | [omes | [ooevz |

3D Setup 2D Animation  Line

@ 4 @

(EHarbor Model 1999 K. AL-SALEM)

Figure 155 Time serious Animation for Design Wave Height 2D Contour Page.

ts Wawve Height Animation EHE'E'

Wave Agitation Prediction Model (EHarbor)
EIWAIT INSTITUTE FOR SCTENTIFIC RESEARCH

v.su

Select Contowr Map !
Crid Line onoff Location (m) X= .3 ¥Y=4.25

o Average Wave Height= .057 m

018
F Stop Animation on‘off

047
[] Main Wave Line On/Off
. 0.16
a0 | Scale
= . 0.15
Ourpui Location Select No. o
— 013
Steps Increments |;| il
Scale Limits EM
Min Max  ImierVl £ om
[ |[oe]lom]  Zom
£ 009
~
= 0.08
0.07
0.06

3D Setup 2D Auimation ~ Line e

W

0.03
0.02
0.01

0.00
0.00 3.50 T.00 10.50 14.00 17.50 21.00 24.50 28.00 .50 35.0
Time Step Incrments

(KHarbor Model 18928 K. AL-SALEM)

Figure 156. Time serious for Design Wave Height prediction for Location
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Har @

Select Contomr Map
Grid Line on/off
[] Stop Animation onfoff
[[] Main Wave Line On/Off

300 L| Scale
Oniput Location Select Na.

1 ot s
Steps Tncremenis |L|
Scale Lunits
Min Max InterV1
[ o | [ous | [oooreeg
Incident Wave Height: .15m
Wave Direction: 90 deg

Wave Period: 35sec

Lina

3D Sefup 2D Anfmation

@2 » @

Direction Y

Wave Agitation Prediction Model (KHarbor)
KITWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
‘10.uvvy
0.11800
17.0000 . 041013
16.0000 = 0.10227
15.0000 g 030
— 0.08653
14.0000
— 007867
13.0000 S — 0.07080
12.0000 £ po6293
a—— — 0.05507
0.04720
10.0000
0.03933
2.0000 0.03147
8.0000 0.02360
7.0000 0.01573
0.00787
£.0000
0.00000
5.0000
2.0000
3.0000
2.0000
1.0000
0.0000 - =
0.0000 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000
Direction X
(K Harbor Model 1999 K. AL-SALEM)

Figure 157. Time serious for Design Wave Height 2D contour prediction .

Wave Height Animation

Har @

Select Contowr Map
Grid Line on/off
[] Stop Animation on/off
[] Main Wave Line On/Off

[300 v/ Scale

Output Location Select No.
T ors
Steps Increments ER
Scale Lumits

Min_ | Max  InterVl
[ o |[ous | [ooo7ses

Incident Wave Height: .15 m
‘Wave Direction: 90 deg
Wave Period: 35sec

Line

3D Setup 2D Animation

e # i

3D Presentation
Total Increments 35
Image Incements No. ‘ 35 J
Rotation Angles Elevation

E [+=]
"

3D Animation

Close

EBX

Wave Agitation Prediction Model (KHarbor)
KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

—~ gy 020
E
°
o ®os
i
5
fd 010
o
b=
o) g 005
©
L
o g 0.00
>
©
= -0.05

(KHarbor Model 1999 K. AL-SALER/?

Figure 158. Time serious for Design Wave Height 3D contour prediction.
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Wave Resonance prediction Section L
To present the wave resonance predicted from b= or model by select the above
Image from Figure 152. Figure 159 will display.
For plot wave Amplification user must deselect (Wave prediction and Validation Check)

For plot wave height predicted user must select (Wave prediction) and deselect (Validation
Check)

Wave Heigth Contour Polt

m i Wave Agitation Prediction Model (EHarbor)
KITWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Select Contour 1\-1}]]) R R = Amplification Factor = Numerical Wave H/ 2(Initail Wave H)
Past Map Info. 11.00
[0 Output Nodes Location
O Contowr Line on/off A0

Gnid Line on/off —

&.00

Scale Limits 'g
Minwnum [0.756340] £ 100

A =

Maxin 1020643 ]
r :I & 6.00

Intrvel [1.850015] =
g s

Map m =4

4 =

4.00

Ilnﬂ ge @ 0

2.00

1.00

0.00
0.00 0.53 1.05 1.58 21 2.63 316 3.69 a1 474 527 579 6.32 6.35 137 19

KL {(where L is Harbor Length)

(EHarbor Model 1999 . AL-SALEL)

Figure 159. Wave Height Resonance prediction for Selected Location.

Wave Resonance Validation check (KPIC program)
To create data form literature plot for checking the model predicted resonance
curve line Userhave two option as:
1- Manual Create data
2- Run KPIC program
Option 1. User can create data manual in text format and save it as
Ndat,1 (Total number data,1)
X1,Y1 (Location X1, Location Y1)
X2,Y2

2

Xndat,Yndat
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Option 2: Run KPIC program
User can run KPIC program [Fig 160] for Digitizing pre-Saved Plot image as shown in Figure
161. User to start create data from digitalized image must follows the next steps as :

1- Must Setup the plot limits for X-axis and Y-axis

2- Enter Data file name to be save in

3- To collect Each data point for x,y user must click on the image

4- When finished user must check the line

5- At the end user must save the data

=, Image Digitizing
Check Line Validation Back Page MewData Unload Page

— a| Inage File Name Data Save In
Digitized data u C:\KHarbor\Out\test-pic.bmp @ |E:\KHarbor\Dut\tesHine.bIn
X C'ounter
¥ | 20 : : : :
rlmage Limnit

Bottom Left Location. A |
15F F E
1 i) H — Lee (theary)
— Gorman (theory)
Top Rigth Location. ey - Lee (expc.j)o
3 Ippen & Goda (exp.}
10 1 R0l 37, @ BEiEM
ﬁan- ]
- Line Di‘g"i.hon.-"off or Press
ESC
Dot Thicknes 3 P : = 3 % =
ki
X ¥

Location 9719481 4.032258]

K. 4lSalem (1555
———————

Figure 160. KPIC Program for Digitation Plot line from stored image

For Wave Resonance Validation check:

User must deselect (Wave prediction) and select Kharbor Graphics FEX
(Validation Check) from Figure 161. H i
User must enter the file name for pre-save digitized data. o
4 . . . . . Clo
User must select [ to superimpose plot the two data file Yadidation Files =
for validation As shown in Figure 162. Meodel W-H Responce File Name
| c:\kHarboriresonance. bin |
For Saving the Image: Digitized File Name
E t F'l N | CiikHarboriOutirecimage. bin |
nter File Name
Select Save Button
VAP 4
N\ -
[] Time Series Animation on/off [] Wave Predicted onfoff
E Validation Checlc
4 4 3 4 (EHarbor Model 1999 K. AL SALEM)
Figure 161. Validation Files. KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
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® Validation Responce Output

Ex

Post Map Tnfo.
Grid Line on/off

Scale Lunts

Minwmnun 0
—
Maxitmum | °
|
Intrvel Ll_‘EU_?.Elg_Z]

Map m

Tmage (a0

8.02

1.02

& o =
£ 5 £
S g 2

R-(Amplifaction Factor)

e
=
=

2m

1.00

KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Hydraulic And Coastal Application [H.C.A. 2004]

Wave Agitation Prediction Model (KHarbor)

R = Amplification Factor = Numerical Wave H / 2(Initail Wave H)

Model Predicted

0.00 0.33 0.65

098 131 163 196 229 261 2.94 327
KL (where L is Harbor Length)

(FHarbor Model 1999 F. AL-SALEIS)

Figure 162. Superimpose plot for Wave Resonance Curves
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4.6 Wave Refractions / Diffraction Model [ KRDF model]
[J. Kirby, R. Dalrymple 1989]
[Updated and interface developed by: Khaled Al-Salem 1999] (Pc Version)

Procedure for Usage of KHarbor Model (Wave Refracion\Diffraction Model KRD)

KHarbor Model is an efficient and easy-to-use wave model. This version is sufficiently user-
friendly and can provide the base information for water wave inside harbors or around
breakwater (K. Al-Salem, 1999). The information provided by this model can be further used to
calculate wave forces on structures, stability of breakwaters, sediment/pollutant transport and can
be used to assist harbor/coastal protection structure design. In this section of the report, step-by-
step instructions are given for use of wave refraction\diffraction Model (Kharbor).
The procedure outlined here consists of number of steps which are:
The model can run by select from Figure 144 [ Start] option and then select (Wave
refraction\diffraction KRD model) then Figure 163 will display for user to start.
Figure 163 contain some option for user to start:
Option One : File

- New Project
Harbor Geometry
Update Data
Location Output
Add slop Bathymetry to Harbor Geometry
Run Wave Design

& Harbor Refraction & Diffraction
File Results Back Exit

= Harbor Refraction & Diffraction
File Results Back Exit

A .

—

-, e o) e
S T S

e ——

Input Data for New Project
Lower Left Corer
Point X0 0 Point Y0 0

upper right Corner

Paint X1 1 Paint Y1 1
| Total Grid Along DX/DY &

Grid Color [2 =
|Yes L] ILoad Grid Line ﬂ
Se v
4 KHarbor A [Anais da Academia Bra: A
S 0ut — |case99-1.dat —
+ || casedd-2.dat
e — | Depth-case39.dat b
Image Name
I
_lead | Gl

Kewis 0.98 Y-Awis 0.7
KHarbor Model 1999

Figure 163. Main Screen for Refraction\Diffraction model (KRD)
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New Project:
User can start new Project or setup screen scale for screen plotting and to load pre-saved harbor
image for screen digitizing as shown in Figure 164.

Mew Project
Input Data for New Project

Lower Left Corner

Faint =0 0 Faint 0 0
upper right Corner

Pairt =1 100 Pairt 1 100
Total Grid Along De2AD 100

Grid Color |2 =

Load B azelmage ﬂ |L|:|a|:| Gnd Line ﬂ

Load | Close

Figure 164. New project screen

Harbor Geometry:

User can load pre-save harbor Geometry or to start digitizing the harbor geometry as shown in
Figure 165 as follows:

User can Enter Water depth of the selected domain

User must enter file name where Harbor Data will save in.

User must enter file name where domain water depth will be stored in

User can Plot the Harbor Geometry in screen by select (plot Harbor Ploy)

Then user must setup domain water depth by select (Depth in)
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Figure 165. Harbor Geometry Setup Screen

Add Slop Geo Depth:
To add New Breakwater, user must select
ADD Slop Figure 166 will display for user
to direct him how to enter the data as follows:
User has two options in Figure 166
o User can add new bathymetry data
To the system Domain.
o User can Add New breakwater as new
Depth data to the system domain.
User Can Reload re-save data.
To add data use mouse click on the loaded
Image. When finish user must save data.
And User must select New Depth Save to
enter the selected depth data to the
System domain.
A sample of harbor with new breakwater
Add to the system shown in Figure 167.

Figure 166 BreakWater depth & slop

Hydraulic And Coastal Application [H.C.A. 2004]

Hew Cloze Clear Pause

Wiater Depth 3
Crid Dot Bize 2

Harhor Geometery Sqements

Total Points hl

Mumber Fn-Cor Yr-Cor

0 »a |0 A 330 s

1 3k M2

2 i 300

3 102 288

4 132 282

5 | 186 W28z b’
Hathor/Breakarater Geometery File  Edit
|E:HKH arborsRefc \HarborGeo. dat
Water Depth File
|E:MKH arbor\RefchD epth. dat

Load | Plot Hatbor Ploy. Depth In |

44dd Slop Geo. Depth |

Slop GEO, Bathemetery
Cloze

Mew Wlater Depth

T

Total Humber Of Selected Pt 0

alop Geo File
|E: W HarborRefc\Geoslop.dat

load | Plot Initail Depth | Save Slop File

MHew Depth saved

0

Mew

aet Polynomail
|E: 4 Harbor R efcyMewploy. dat

load | Plot Polpnormail Save Poly File

MHew Depth saved

##% For Dy Land Water Depth is -2
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» Harbor Refraction & Diffraction FEx

File Resuks Back Exit

Total Humber Of Selected P

Slop Geo File

‘E AKHarbor\RefchGeoSlop.dat

load | Plotlnitall Depth | Save Slop File
Mew Depth saved

Set Polynomail T 22

C:*KHarbor\Refcploy. dat
Pioi Foljromai }|  Save Poly File

Mew Depth saved
Figure 167. Sample harbor % For Doy Luni W Do 2

With add Break Water H-wis 657 35 ‘r-wis 38 95

£ Harbor Model 1909

Update Data:
In this section user should setup (KRD.IN) main input file

: ) Model Input
for parameter data as shown in Figure 168 as follows: Todais Tofiseis
Total grids domain dimensions along x and y Reference Grnid Dimensions
User can select grid spacing at X and Y : L
Gnd Spacing Dirensions 10 10
User should Enter: peie
Wave Period in sec. Water Depth (o)
Wave Amplitude (m) (wave height/2) L
. ; Humber Of F Period in 5
Wave Direction (deg) " _ rerquency (Feriod n Sec) 10
User can select type of domain boundary as : Wave Arplitude (ro) 1
Open Boundary Case Warve Direction (-90 to 90 deg) 0
Close Boundary Case B j.fT}pr Selection ’W
User can Select time serious case on/off Time Serious Simulation Input (On/OF) r
If select (Off) only for design wave height 20 Tidal Cunent Input (On/0f) |—
prediction at selected location.
If select (On) for time serious wave height
prediction where user must enter Input
file name for time serious incident wave
height in m
User can enter the effect of tidal current on wave e ROk
height prediction by select (2D tidal current HhRERARREIEARAL.n
Check On). Then user must enter 2d tidal current Edit UpDiate Close
files that cover the selected domain grids as in
Ux then Vy data in (m/sec). . .
} o . Figure 168. Updata File Screen
User Can Edit (KRD.In) file in text file by select g P
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[Edit] To save the input user must select (Update Button).

Location Output:

User can select output location by three methods as shown in Figure 169 as follows:
Select location by digitize from screen.
User Can enter Location In X and Y by edit from the selected file name.
User can load data from pre-save location data

CatPut Location

New Cloze

Loaction Points Total Points 8
MHurnber whn-Cor 'n-Cor

0 34 Y 34 Y

1 40 L

2 48 35

3 h4 35

4 E1 36

h & K| b K| b
Gelected Cutput Location File Edit
C:AkHarborR efc\Harborloc. dat

Post Capuat Loe. | Save |

Figure 169. Output Locations Screen.

Add Slop Bathymetry to Harbor Geometry:
In this section user can enter new depth in the select domain as shown in Figure 170 in two
methods as:

- User enters the depth by digitized on the screen.

- User can Load pre-save data
Then user must save the new depth by select (Save File)
Run Wave Design:

User can start model simulation

Option Two : Results
- Edit Output
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- 2D output Plot
- Check Water Depth

Edit Output:

User can display the output result for wave height design as in text file

Slop GED. Bathemetery
Hew Cloze

Hew Water Depth 10

T otal Humber OF Selected Pt 0

elop Geo File
|E:'\KHarI:u:ur'\Hefu:'\l3 enSlop.dat

Joad | Flot Initail Depth | Save Slop File

*# For Diy Land Water Depthis -2

Figure 170. Adding Bathometry Data To Domain Screen.

2D Output Plot:

From Figure 163 User can Select Result for Present the output as to start Kharbor 2D
Graphics from Figure 163. Figure 171 will display for user to select what plot type to select.
Next section user will find full procedure description for KHarbor 2D graphic.

Procedure for Kharbor 2D Grsphic Program

Kharbor 2D Graph as shown in Figure 171 is design to present the output from KHarbor Model
for:

-Wave Agiation 2D Contours

-Wave Agiation Animation 2D Contours

-Wave Contour in 3D

-Resonance Curve Line
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-User Selected Output Location Line for Wave Height
-Superimposed Wave Resonance Line for Validation

-Wave Refraction/Diffraction Contours

-Plot wave height prediction from KRD model for Selected location.
-Plot time serious Animation contour result from KRD model

Kharbor Graphics
Wave Agitation Prediction Model
Kharbor 2D Conftour

[[] Time Series Animation on/off [[] Wave Predicted on/off
[] Validation Check

Figure 171. Kharbor Graphic Screen.

Figure 171 shows main screen of Kharbor 2D Graphic Program which have different options
as follows:

AP

Map Section NA\

The Map section has two option as

Option 1.

Design Wave Height 2D Contour Plot from Wave Agitation model

User must Deselect (time serious animation off or uncheck) Figure 172 will display for the user
with several plot option as follows:

Select Contour Map Option:

5. Post Map information has different check box for:
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To Post Selected Output location on map

To Show Contour Line on map
To Show Grid x,y Line on map
Scale Legend On/Off or select size.
Scale Contour Map as (maximum ,minimum, Interval)

8. To save Image on disk @

Wave Heigth Contour Polt

.

Wave Agitation Prediction Model (KHarbor)
d EUTWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Select Contour Map 0.2000
Past Map info. 13.5000 0.1867
[ Output Nodes Location 12.0000 04733

, K ’ — p.1600
[ Contour Line on/off

i : 12.5000
Grid Line on/off

£ o333
- 12.0000 =
[0 %] Scale $— vz
o 11.5000 £ 01067
Scale Limits E |-
Minumnnm | o | - 110000 Ef—‘ 0.0800
E—— K]
DMaxivum (2199999 £ 10.5000 3 [ 00667
— B 0.0533
Tntrvel — |0:013333] g 10.0088 i
Map ’«% 9.5000 0.0267

9.0000
TImage @ 8.5000
B.0000
7.5000

7.0000

5000
13.5000 14.0000 14.5000 15.0000 15.5000 16.0000 16.5000 17.0000 17.5000 18.0000
Direction X

(KHarbor Model 1999 K. AL-SALEM)

Figure 172. Wave Height Contour Plot Page.

Option 2.
Time serious Animation for Design Wave Height 2D Contour Plot from Wave Agitation model.

User must select (time serious animation On or check) and must enter file name for simulation
output as shown in Figure 173.

User must select Map Figure 174 will display for user with several plot option as follows:

e Plot line for wave height prediction for any selected output location as shown in Figure 175.
e Plot Animation 2D wave height contour line for selected output location shown in Figure 176
e Plot animation 3D wave height contour line for selected output location shown in Figure 177
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nside Harbor

File Results Generate Response Curve Kpic  Exit  Main Page

- Time Series Input-

Input Time Series 'Wave Height File [in meter)
“wfave Ht Direc. Period
C:WEHarborOutv avedata. txt

Close

Output Time Series File Name

28 Mup Files

Wave HejghtEi
( c:\KHarbor|wavets, out] |

Harbor Geometery File INamne
| c:\KHarbariwh.bln |

C:hKHarbor aveT 5.out

Mean Wave Input Type OnfOff ||

Murnber  xn-Cor he-cor T5n RCRn RCln

3 i} B 04761 1 95 o
Wave resenance Ouipui File name 1 3 E 2 171 422 1 g 95 % 1] 3
‘
| c:\kHatbor|resonance. bin | g g 33;;1 1 gg g
4 ™| 6 || 6390 ] 1 | 95| 0™

Reflection Coefficient Adjustin:

Plot Harbor Save DHKIS1 ﬂ

Output Selected Location Inside Harbor
Mumber  xn-Car Yr-Cor

w

Time Series Animation on/off ] Wave Predicted on/off

0 3 5
: [] Validation Check 1 3 6.4

2 3 o053

: 3 3 057

- 4 3 935

=3 (EHarbor Modal 1999 K AL SALEL)
1 KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Plot Locations ~ Save DHKIS3 Q

Model Status
| DHKIS2 loaded Clear Plot

Fetuis 0,99 hwis 15.72

Figure 173. Kharbor Graphic Page.

Wave Height Animation

Wave Agtation Prediction Model (KHarbor)
KITWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Select Contow NMap
Grid Line on/off
[ Stop Animation onoff
Main Wave Line On/Off

a0 | Scale

Ouipui Location Seleci No.

1 Of &
Steps fncrements ‘;l
Seale Linuts

Min  Max IVl
[oo4 | [ 0o | [nner |

3D Setup 2D Animation  Line

M

(K Harbor Mode] 1923 K. AL-SALEM)

Figure 174. Time serious Animation for Design Wave Height 2D Contour Page.
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Wave Height Animation E||E|E|

ﬂ. Wave Agitation Prediction Model (EHarbor)
home KITWATT INSTITUTE FOR SCIENTIFIC RESEARCH

vy
Select Contowr Map Average Wave Height= .057 m
i 019 | | gcation (m) X=.3 Y=4.25
0.18
[] Stop Animation onfeff
017
[[] Main Wave Line On/Off
300 v! Scale :'::
Cutput Location Selact No. “.14
[ lors '
— 013
Steps Incremenis [+] e
Scale Lonts % i
Min Max  DnierVl £ o
[0 ][ 0= || ool | Zow
2 0.09
E 0.08
0.07
. 0.06
3D Setup 2D Animation  Line i
m HM’“ . 0.04
0.03
0.02
0.01
0.00
0.00 3.50 7.00 10.50 14.00 17.50 21.00 24.50 28.00 31.50 350

Time Step Incrments

(KHarbor Model 1998 K AL SALEM)

Figure 175. Time serious for Design Wave Height prediction for Location 1.

Wave Height Animation

ﬂ Wave Agitation Prediction MModel (EKHarbor)
home KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Select Contour Map 0-11800
17.0000
Grid Line on/off 0.11013
[ Step Animation onoff 16.0000 = 0.10227
[ Main Wave Line On/Off 15.0000 — 0.09440
R 9| Scale i — 0.08653
Scale n
| £ — 0.07867
Cutpui Lacatian Select Ne. 13.0000 5 — 007080
[ Jors 12.0000 £ __ 0.06203
] @
1 =
Steps Incremenis |_| 11.0000 E— 0.05507
Scale Lunits S i ;T 004720
Min Max  InterVl s E 0.03933
[ o |[oua | |o.0o7sss| § 9.0000 0.03147
Incident Wave Height: 15 m S s.0000 0.02360
Wave Direction: 90 deg 7.0000 0.01573
P 0.00787
Wave Period: 3 Ssec 6.0000
0.00000
3D Seiup 2D Animation  Line 5.0000
k% Iﬂ, 40000
2 : 3.0000
2.0000
1.0000
0.0000 - = -
0.0000 0.1000 0.2000 0.3000 0.5000 0.6000

Direction X

(KHarbor Model 1999 . AL-SALEM)

Figure 176. Time serious for Design Wave Height 2D contour prediction
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Wave Height Animation

ﬂ Wave Agitation Prediction Model (KHarbor)
Home KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Select Contour Map 2 7

020
Grid Line on/off ’€
=
[] Stop Animation on/off g =
[] Main Wave Line On/Off '§ ‘ o
[ ©
0 v Scale L — o010
. 2
Output Location Select No. -
1 |ofs Sy 005
)
Steps Increments Ll T
Scale Limits [ 0.00
Min 71\7"72}(7ﬁ InterV1 s
[7 0 || o.18 | |o.007866| -0.05

Incident Wave Height: .15 m
‘Wave Direction: 90 deg
Wave Period: 35sec

3D Setup 2D Animation ~ Line

@ * &

3D Presentation
Total Increments 35
Image Incements No. | 35 |
Rotation Angles Elevation
[ | 45 |

|

3D Animation

Close (Krarbor Model 1999 K. AL-SALEM)

Figure 177. Time serious for Design Wave Height 3D contour prediction.

Wave Resonance prediction Section L

To present the wave resonance predicted from Kharbor model by select the above
Image from Figure 171. Figure 178 will display.

For plot wave Amplification user must deselect (Wave prediction and Validation Check)

For plot wave height predicted user must select (Wave prediction) and deselect (Validation
Check)

Wave Heigth Contour Polt

Wave Agtation Prediction Model (EHarbor)
KEUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH
Select Contour Nap e R = Amplification Factor = Numerical Wave H / 2(Initail Wave H)

Post Map Info. 11.00
[ Output Nodes Location
[0 Contour Line onoff 0.4
Grid Line on/off e
0 v Scale

8.00

Scale Limits
Minumur |0.756340|

Maximum [10-20643]
00019
Intrvel {RERBEY

Map m
-

R-(Amplification Factor)

0.00 053 105 158 241 263 346 369 42 474 52T 579 632 685 73T 1.8
KL {where L is Harbor Length)

(KHarbor Model 1998 K. AL-SALEM)

Figure 178. Wave Height Resonance prediction for Selected Location.
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Wave Resonance Validation check (KPIC program)
To create data form literature plot for checking the model predicted resonance
curve line User have two option as:
3- Manual Create data
4- Run [KMap program | See Section 5 Page 197
Option 1. User can create data manual in text format and save it as

Ndat,1 (Total number data,1)

X1,Y1 (Location X1, Location Y1)

X2,Y2

b

Xndat, Yndat
Option 2: Run KPIC program
User can run KPIC program from Figure 1 or 2 for Digitizing pre-Saved Plot image as shown
in Figure 179. User to start create data from digitalized image must follows the next steps as :

6- Must Setup the plot limits for X-axis and Y-axis

7- Enter Data file name to be save in

8- To collect Each data point for x,y user must click on the image
9- When finished user must check the line

10- At the end user must save the data

= Image Digitizing

CheckLine Validation Back Page MewData Unload Page

: a| Image File Name Data Save In
Digitized data U C:AKHarbortOut\test-pic. brp @ |E:\KHarb0r\Dut\testllne.bln
X Comnter
g | 20 T T T T
rlmage Lirnit

Eottom Left Lacation. A
15 ; -
3 il b — Lee (theory)
— Gorman (theory)
Top Figth Location. o . Lee {expgo
x Ippen & Goda (exp.)
10 1 R ol R o BEEM
; - R

r Line Digitize ondaoff ar Press
ESC

Dot Thickes 3 0 :

X ¥

Location 2719481 4.032258]

E. Alfalem (1559
E—

Figure 179. KPIC Program for Digitation Plot line from stored image

For Wave Resonance Validation check:

User must deselect (Wave prediction) and select (Validation Check) from Figure 180.
User must enter the file name for pre-save digitized data.
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User must select L« as in Fig 180

To superimpose plot the two data file for validation

As shown in Figure 181.

For Saving the Image:
Enter File Name
Select Save Button

Figure 180 Validation Files.

Validation Responce Output

A

Past Mag Fnfo.
Grid Line on/off

Seale Limits

M o 1

Maximmn 9

Intrvel

Map m
e @D

8.02

T.02

6.02

501

4n

R-{Amplifaction Factor)

3.01

20

1.00

0.00 0.33 0.65 0.98 131 1.63 1.96 2.29 2.61 29 327

Hydraulic And Coastal Application [H.C.A. 2004]

Kharbor Graphics

w A

Validation Files

Model W.H Responce File Name

Close

| c:ikHarboriresonance.bin |

Digitized File Name

| C:\KHarborlOutirecimage . bin |

-
=

[] Time Series Animation on/off

(KHarbor Model 1999 K. AL-SALELM)
KUWALIT INSTITUTE FOR SCIENTIFIC RESEARCH

'7
[] Wave Predicted on/off
Validation Check

Wave Agitation Prediction Iodel (KHarbor)

=1

KITWAIT INSTITUTE FOR. SCIENTIFIC RESEARCH

R = Amplification Factor = Numerical Wave H / 2{Initail Wave H)
Model Predicted ——-

KL (where L is Harbor Length)

3.59 3.92 4.25 457

(K Harbor Model 1999 F2_AL-SALEM)

4.9

Figure 181. Superimpose plot for Wave Resonance Curves
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Refraction/Diffraction E

To present the output generated by the Kharbor Model for (refraction/diffraction simulation) is
by press on above image to start as shown in Figure 182

Wave Height Refraction/Difraction El@gl

ﬁ Wave Refraction/Difreaction Prediction Model(EHarbor)
W KIUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH

Select Contomr Map

51692
95.00
Past Map Infa. I Hen
: 90.00 4.4500
[ Output Nodes Location
G - e 85.00 — 21383
Contour Line on/of 3000 -
71 Crid Ti J
G?'ul Line on/off e F— 3
[ Wave Direction Vector S @ — 31015
Normalized Wave Height . B 27569
< (1/3) : T — 23
LI Hs (113) : 60.00 & i
Scale Limits [300 ] ~ 5500 Hil
Min. Max.  Imbrvel  Freq. S H
e = X E 50,00 1 PR
a |5.1691581 | |0.344612] 2 @

i — = 45.00 | -5 1.033%
Incedents Wave Heighi(m): 1.0 40.00 0.6892
Wave direction(ged): 45 35,00 0.3446
‘Wave Period (sec): 62 30.00 0.0000
----- 25.00

n 20.00

15.00

Show 10.00
5.00

00

0.
0.00 10.00 20.00 30.00 40.00 50.00 60.00 T0.00 80.00 90.00 100.00
Direction X

(K Harbor Model 1993 E. AL-SALEM)

Figure 182. Wave Height refraction/diffraction main page

From Figure 182 user have several option for Present the image output as follows:

2D Contour Map as shown in figure 182

Select Output Wave Height Predicted as Line Plot as shown Figure 183
2D Contour Map Animation as shown in Figure 184

User Save any select Image as (Contour or Line plot)
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HL S

Select Contowr Map

Past Mep Infa.

[0 Output Nodes Location
[0 Contowr Line on/off

Grid Line on/off

[J] Wave Direction Vector
[ Noimalized Wave Height

[ Hs (1/3)

Seale Limits 300 v

Min. Max. Intrvel  Freq.
T sl [

Incedenis Wave Height(m): 1.0
Wave direction(ged): 45
Wave Period (sec): 6.2

Total Quiput Selecmd:

=

Select Image show
Total Time Siepis : 1
Enter Step Number 1

"m e

Of: 1

Wave Height (m)
&

Wave RefractionThfreaction Prediction Model(EKHarbor)
KIIWAITT INSTITUTE FOR SCIENTIFIC RESEARCH

0.45

0.40

0.35

o
L
=3

Location 2

Location 6

Location 7

Location 4

0.20

il
015

Location 8

010 Location 1
0.05 Location 5
0.00

0.00 0.53 1.07 1.60 213 2.67 3.20 373 427 4.80 5.33 5.87 6.40 6.93 7471 8.0

Selected Location Po to Pn

(K Harbar Model 1999 E AL-SALEM)

Figure 183. Select Output Wave Height Predicted as Line Plot.

Wave Height RefractionfDifraction

LG

Select Contomr Map
Past Map Info.
[0 Output Nodes Location
[J Contowr Line on/off
Grid Line on/off
[J] Wave Direction Vector
] Normalized Wave Height

Incedents Wave Height(m): 4
Wave direction(ged): 154
Wave Period (sec): 3

Total Output Selected: &

Select hmage show
Total Time Stepis: 27 Of 27

Enter Step Number |
" e

[ Hs (L3)

Seale Limits 300 v

Min. Max. Intrvel  Freq,
[0 | [reotzes| [nazenes| [z |

w (e

Direction Y

(LR
95.00
90.00
85.00
80.00
75.00
70.00
65.00
60.00
55.00
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00

)

Wave Refraction/Difreaction Prediction Model(EHarbor)
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4.7 Awareness System for Tsunami Wave Height in Arabian Gulf , Gulf of
Oman and the Arabian Sea Through Smart Mobil Technology and

Internet Website by [KUnami Interface model]
[ComCot model developed at Cornell University and Imamura 1996 |
[Update and interface developed By: Khaled Al-Salem 2016]

Published at: 3rd International Conference on Environmental Sustainability, Technology and Development (3rd
ICESTD),Nov 2016 Kuwait

KUnami Interface developed For Tsunami Wave Height Prediction Based on Comcot Model
(Cornell multi-grid coupled tsunami) For Arabian Gulf, Gulf of Oman and Arabian Sea

KUnami interface adopts the setup and organized the input data for simulation Comcot model for
tsunami wave prediction that covered the Arabian Gulf, Gulf of Oman and Arabian Sea. Let’s
user to generate and presents the simulation output in 1D, 2D and 3D graphics; Also to generate
2D and 3D results animation by using the Surfer Software Utilities. . KUnami interface also
linked to the internet system for public awareness through webs ide address
(http://www.hceatkuwait.net/KUnami/kunami.aspx) and through smart mobile technology.
Model were developed in (visual basic 6) were linked to Comcot model in (visual Fortran 90)
and Surfer plotting Software using (GS Scripter program).And for internet webside coding were
used (Active sever page) and for smart mobile technology coding were used Object-C++.

Comcot adopts finite difference schemes to solve Shallow Water Equations. A nested grid
system, dynamically coupled up to four regions (which will be referred to as layers) with
different grid resolution, is adopted in the model to fulfill the need for tsunami simulations in
different scales. Nested grid system means in a region of one grid size, there is one or more
regions with smaller grid sizes situated in, which eventually, forms a hierarchy of grids, or grid
levels. The region with largest grid size is called 1stlevel grid and all the grid regions directly
nested in the 1stlevel grid, are called 2nd level grids, so on and so forth. In one grid region, up to 4
sub-level grid regions can be defined. It should be noted that in one grid region, a uniform grid
size is adopted in Comcot.

Surfer Software uses GS Scripter program is a basic-like interpreter that loads and executes
scripts (also called macros). GS Scripter is automatically installed when you run the Golden
Software Setup program. GS Scripter consists of two windows. The GS Scripter Edit window is
a standard Windows ASCII text editor that allows you to open, create, edit and save ASCII text
files. Scripts are executed from the GS Scripter Edit window. Scripts are text files created
within GS Scripter, an Editor window, Windows Notepad, or any ASCII editor of your choice.
When a script file is displayed in the GS Scripter Edit window, you can run the script. The
operations specified in the script will be carried out. Scripts executed from the GS Scripter Edit
window can contain commands necessary to automatically run the Surfer plotting program. .
Files required in KUnami Interface
KUnami main Interface files are included in this package which is:

1. KUnami
KUnami is program developed using Visual basic 6.0 for main control of the interface to
allow user to navigate between the model program options.

2. Kudata
Kudata is program developed using Visual Fortran 90 for organizing the main data entry
for the Comcot model.

[AL-Salem 2004] 150


http://www.hceatkuwait.net/KUnami/kunami.aspx

@§
Hydraulic And Coastal Application [H.C.A. 2004]

3. DepX
DepX program developed using Visual Basic 6.0 to generate 2D bathymetry interpolation
for the sub grids system in Comcot model input data requirement (refined 2D grid
system)
4. FDep
5. FDep is program developed using Visual Fortran 90 for organizing the
bathymetry files such as (Layer21-4, Layer31-4 and Layer41-4) in Comcot model main
input.
6. GEBCO
Software Interface allows the user to view and access data from GEBCQO’s gridded data
sets of the digital bathymetry Atlas used in forming the sub grid systems.
7. Sim
Sim program is developed using Visual Fortran 90 to run Comcot program from KUnami
main interface.
8. Comcot
9. Comcot is developed using Visual Fortran 90 for tsunami wave simulations and
perdiction model.
10. GSMAC32
GS Scripter program complier for Surfer Plotting software Ultilities.
11. KUnami2D
KUnami2D is developed using GS Scripter programing for generate a different type of
plots and create images for animation. Plot can be 1D, 2D and 3D using Surfer software
utilities routine.
Input Files required in KUnami Interface
1. Comcot.CLT
Main Input data for Comcot model
2. layerO1.DEP
Main bathymetry data file for main grid system in Comcot model
3.layer01_x.DAT, layerOl_y.DAT
Location of main grid system in Longitude and Latitude Direction (degree)
If Sub grid system was activated in Comcot.clt data input, the following has to be included for
the activated one
Layer21.DEP, Layer22.DEP, Layer23.DEP, Layer24. DEP
A bathymetry data file for Sub grid Level 2 from grid system in Comcot model
Layer31.DEP, Layer32.DEP, Layer33.DEP, Layer34.DEP
A bathymetry data file for Sub grid Level 3 from sub grid level 2 system in Comcot model.
Layer41.DEP, Layer42.DEP, Layer43.DEP, Layer44. DEP
A bathymetry data file for Sub grid Level 4 from sub grid level 3 system in Comcot model
Input File used in GS Scripter programing for Graphic development for Surfer software files: a
1. AGcoast.BLN: Input file for Coastal line of the main grid system
2. AGBLANK.BLN: Input file for Blanking data uses in Surfer software
3. Gulf2d.DAT: A Control input file for GS Scripter programing to generate Surfer plot
[Sample of Data format shown in Appendix Section 4.7]
4. PLVO.LVL: A File for control the contour level in 2D Surfer plot
5. col3d.CLR: A File for control the contour level in 3D Surfer plot
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Flow Chart Display for KUnami Interface
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The interface as Tsunami Warning System

As known, the prediction of an earthquake is still not satisfactory with today’s technologies, and
in fact, for most earthquakes, is unsuccessful. Detection and prediction of tsunamis is only half
the work of the system. Of equal importance is the ability to warn the populations of the areas
that will be affected. The KUnami warning systems feature lines of communications (such as
internet website and smart mobile technology). The awareness system capable of issuing
warnings to the general public in less than 15 minutes for known location and initial data input of
epicenter and moment magnitude of an underwater quake and the probable tsunami arrival times
can be quickly calculated and posted for any selected location from the main domain area in
KUnami interface. The internet website address was display the tsunami hazard at website
address :(http://www.hceatkuwait.net/KUnami/kunami.aspx) [Al-Salem 2008]. Also it will
display on smart mobile system and it will be posted at Apple Store in future.
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Procedures for using of (The KUnami Interface)

KUnami interface is an efficient and easy-to-use data entry and model simulation. This
version is sufficiently user-friendly and can provide the basic information of simulation for
tsunami wave prediction. In this section of the report, step-by-step instructions are given for
using the model interface.

The procedures outlined here consist of number of steps which can be summarized as:

The model can be run by select the icon ( !) .Figure 185, will display for the user.
User can select the option, which shows a number of selections as follows:

1- To start the new project by setup the input data for Comcot simulation model.
2-Start generate from selected output time step to form Surfer plot in 1D or line plot.
3- Start generate from selected output time step to form Surfer plot in 2D or 3D plot

4. Start generate from selected output time step to form a set on images for Surfer plot in 2D or 3D
Animation

New| [Show | Scale|

| [~ Project Input

EarthQuak Location [~ of
Longitude (deg) 63 _]
Latitude (deg) %35

Load Project Input Pages
Project General Parameters
Project for 2nd-level grid
Project for 3rd-level grid

ooon

Project for 4th-level grid

Project Input Name

| C:KUnamiRun01'run01 txt

File Dirsctory

" * ® Longhude (deg) 6365682

s Lalitude (deg) 3047552

Copyright © 2015 Khaled Al-Salem. KUnami InterFace...All ights

Figure 185. KUnami Interface model main page

New project option

If user select to start new project a number of procedure should follows as:
From figure 1 the project input check box should checked then the group option will display for
user to start as:
1- The location of the earthquake in longitude and latitude textbox. To select the location user
checkbox the ON/OFF as shown in Figure 158 should be activate. Then move the mouse

over the Satellite map then click at select location or by enter the location manual then click
on the button.
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2- Load input Pages as shown in Figure 185.
A- To load the General input parameter is by check on the check box then Figure 186 will
display for user to show the type of input data parameter.

r R
E}‘ Project Input Paimeters ) — &J
| SetUp INI Surface Deform File  Exit
SetUp Control File for KUnami Model based on COMCOT Program
General Parameters for Simulation 1/16 Pomscrastn Ways My
Total run time (seconds) [T Wave type ( 1:Solit, 2:given, 3focusing ) [f
Time interval for output file ( unit: sec ) [20 Incident direction( 1:op.2:bt. 3% 4xt,5:0b ) [+
Specify ini surface (0FLT,1File, 2WM.3.LS) [0 Wave height (meter) [ s
Start Type (0-Cold start: 1-Hot start) [0 Water depth (meter) EC
Starting step # (If hot start) [0 Parameters for Submarine Land Slide 3/16
Parameters for Fault Model 216 X stat [ a Xed [ &
Focal Depth(from see floor to epicenter)(meter) | 23000 Y start | 11 Y end [T
Length of source area (meter) [W Parameters for 1st-level grid -- layer 01
Width of source area (meter) [W Coordinate (O:spherical, 1:cartesian) [f
Dislocation of fault plate (meter) Ii—1 Governing Eqn. (Odinear, 1lmonlnear) W
Strike direction (theta) (degree) [T Grid length(dx, sphminute, cartmeter) [ﬂ—\
Dip angle (delta) (degree) [% Latitude of south boundary ( degree ) [W
Slip angle (lamda) (degree) [2—1 Time step ( second ) [f
Origin of computation (Latitude, degree) [W Use Bottom friction 7{only cartnonlin Oy, 1) [f
Origin of computation (Longitude, degree) W Manning's relative roughness coef (bottom fric) [T
I Location of epicenter (Latitude. degree) 243 Output Volhime Fhix 7 ( 0-Yes, 1-No ) If
Location of epicenter  (Longitude, degree) | 63 X | 3036 IY [T

Figure 186. Project General Input Parameter

Figure 186 will show for user all earthquake data parameter and simulation time and time step.
Also show the total grid dimension for the main system assign. Which cover all Arabian Gulf,
Gulf Of Oman and Arabian Sea with grid spacing 30 sec in DX/DY.
Then if user wants to simulate the Comcot model for Wave tsunami prediction for only the
system main grid. User can select from Figure 185 model Simulate to start the model.

If user want to assign new refined grid inside main grid system user must follow these option

as follows:

For level 2nd refined grid user have 4 section to assign as new bathymetry Layer (21, 22, 23 24)
So user must select option checkbox (Project for 2" level grid). Then Figure 3 will display for

user.

- In Figure 187 there are 4 sub grid can be used. To Activate the the 2" Jevel layer is to
check the corresponding checkbox.
- If Layer21 activated then go to Figure 185 and select two points on the map to form the
refined grid domain. Then the same for the other layer 22,23,24.
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- Then from Figure 187 user must select Sub Grid Dimension to generate the location
index of the sub grid level 2 inside the main grid system and form the total sub grid with
the assign ratio also to calculate the dx/dy for the sub grid as shown in Figure 187.

[ B3 Parameters for 2nd-level grid —— — L =HAC ﬁj
Sub Grid Pit SubIErid Dimension  Sub Grid Depth Map Scale  Exit " — — '
|
|
Configurations for all grids
Parameters for 2nd-level grid Layer21 7 Layer22 [T Layer23 [ Layer24 [
Run Laver 21 7 (0¥ es, 1:No 3 ‘ 1} ‘ 1 ] 1 ] 1
Coordinate (O:spherical, 1:cartesian) ] 1] ] 1 J 1 J 1
Governing Eqn. (Odinear, 1monlnear ] 0 ] 0 J 0 J 0
Use Bottom friction ?(only cart.nonlin O+, 11n) ‘ 1 ‘ 1 J 1 J 1
Manning's relative roughness coef (bottom fric) ‘ 0.013 ‘ 0.013 J 0.013 J 0.013
I Output Volume Fhx 7 ( 0-Yes, 1-No ) ] 1 ] 1 J 1 J 1
| Grid Size Ratio of Laver01 to Layer21-4 ] 3 ] 3 J 3 J 3
X start | 1693 | 11 | 1 | 61
X end | 1825 | 30 | 30 | 80
Y start | 689 | 11 | il [ 61
Y end ] 818 ] 30 | 30 | 80
Grid Identification Number (DONNOT CHANGE!!!) | 2 ] 2 | 23 | 24
Parent Grid's ID Number ‘ 1 ‘ 1 J 1 J 1
T N[ w [ e [ e [ e
Ny | 390 | 60 | 60 [ 60
—MJ [0 M . dx | 002736 [ 002638 | 002638 | 002638
[Feadbio | [ CummeiOutBatidide: TS | [ 00275 [ 002638 [ o233 [ o038
I ) B1.B101912384717  47.7950514492754  47.79508514452754  48.2124489459816
£2.910008623776 47.9541584980237  47.9541584900237  48.3707559947259
24.7395697101449  19.0916331884058  19.0916331884058  19.5081476811594
tl 25.8141771014433 19.2493086956522  19.2493086956522  19.6664231334053

= — = —— i

Figure 187. Project for 2" Level Grid

- User must select Sub Grid Depth Map scale to store information for the 2D Bathymetry
interpolate program for later based on the new sub domain of new (NX/NY) as shown in
Figure 187.
- To show the new sub grid border line on the map in Figure 1 by selecting Sub Grid PIt.
- By default the border color of sub grid 2™ level is RED
- There are two important number must user check which are
. Grid indication number must not change
. Parent Grid ID number if user in 2" level, then the ID must be 1
For level 3rd refined grid user have 4 section to assign as new bathymetry Layer (31, 32, 33 34)
So user must select option checkbox (Project for 3rd level grid). Then Figure 188 will display
for user.
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In Figure 188 there are 4 sub grid can be used. To activate the 3 Jevel layer is to check
the corresponding checkbox.
If Layer31 activated then go to Figure 185 and select two points on the map to form the
refined grid domain. But make sure that user select the point inside the 2™ grid level as
shown in Figure 190.
When grid was selected the program generate the location index of the sub grid level 3
inside the 2™ level grid system and form the total sub grid with assign ratio also
calculate the dx/dy for the sub grid as shown in Figure 188.
To show the new sub grid border line on the map in Figure 1 by selecting Sub Grid PIt.
By default the border color of sub grid 3" level is Green
There are two important number must user check which are

. Grid indication number must no change

. Parent Grid ID number if user in 3™ level, then the ID must be 2#
In this section user can store the input for this grid level information by selecting from
Figure 188 Load/Save Info . Input/output file information will display in Figure 188 to
let user to store or load the grid information.
Then user must select Sub grid Depth Map Scale to calculate sub grid information and
store in inf3.dat for 2D bathymetry interpolation program, Will discuss later.

For level 4th refined grid user have 4 section to assign as new bathymetry Layer (41, 42, 43 44)
So user must select option checkbox (Project for 4th level grid). Then Figure 189 will display
for user.

In Figure 189 there are 4 sub grid can be used. To Activate the 4™ level layer is to check
the corresponding checkbox.
If Layer41 activated then go to Figure 185 and select two points on the map to form the
refined grid domain. But make sure that user select the point inside the 3 grid level as
shown in Figure 190.
When grid was selected the program generate the location index of the sub grid level 4
inside the 3™ level grid system and form the total sub grid with assign ratio also to
calculate the dx/dy for the sub grid as shown in Figure 189.
Show the new sub grid border line on the map in Figure 185 by selecting Sub Grid PIt.
By default the border color of sub grid 3" Jevel is Blue
There are two important number must user check which are

. Grid indication number must no change

. Parent Grid ID number if user in 4™ level, then the ID must be 3#
In this section user can store the input for this grid level information by selecting from
Figure 189 Load/Save Info . Input/output file information will display in Figure 189 to
let user to store or load the grid information.
Then user must select Sub grid Depth Map Scale to calculate sub grid information and
store in inf4.dat for 2D bathymetry interpolation program, Will discuss later.
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[ Parameters for 3rd-tevel grid MR A e -]
Load/Save Info.  Sub Grid PLT  Sub Grid Depth Map Scale  Exit
2
Configurations for all grids i
Parameters for 3rd-level grid Layer31 W  Layer32 [ Layer33 [ Layer34 I
Run Layer 21 7 (0:-Yes, 1:No 3 | 0 | 1 | 1 | 1
Coordinate (0:spherical. 1:cartesian) I 0 | 1 I 1 I 1 i
Governing Eqn.  (Ofinear, 1monlinear | 0 [ 1 | 1 | 0
Use Bottom friction 7(only cartnonlin 0, 1m) | 1 | 1 | 1 | 1
Manning's relative i coef (bottom fric) | 0.013 [ 0.013 | 0.013 | 0.013
Output Vohmme Fhux 7 ( 0-Yes, 1-No ) | 1 [ 1 | 1 | 1
Gnid Size Ratio of Layer01 to Layer21 | 3 | 3 | 3 | 3
X start | 40 [ 140 | 274 | 41
X end | 255 [ 233 | 329 | 60
Y start | 21 [ 143 | 143 | 41
|| Y ead | 151 [ 310 | 233 | 60
Grid Identification Number DONNOT CHANGE!) [ 3t r = [ = [ =
Parent Grid's ID Number | 21 [ ) | 23 | 24
Sub Grid Water Depth Na | o [0 [ o [ o
Constant | 10 M Ny I = I ’ I 0 I 0
: __ - dx  [012874211562405 | 0 | [ | ]
Figure 188. | Bedie | [ CODnamiOurDatad dat | Dic| dy [00321350280435E | 0 [ 0 [ 0
. £21366753543342 i i 0
PI'OJeCt fOl‘ 21'd Sub Grid F_ﬂe Iﬂfo_ ) £2.7284188424267 a i i
L 1 Grid C-KUnami Run01'Sub3lnfo.dat e | 24.9551853792271 i 0 0
eve r _ Savefile |  Close TR RIS 25 3101482656293 0 0 0
[
—— —
[5 Parameters for 4t—|'l-|EVE| grid . ' h - - E‘Elg
Load/SaveInfo  Sub Grid PLT  Sub Grid Depth Map Scale  Exit
2
Configurations for all grids
Parameters for 4th-level grid i ¥  Layer42 T Layer43 [ Layer4d I
RunLaver 217  (0:Yes. INo ) | 0 | 1 | 1 | 1
Coordinate (O:spherical, 1:cartesian) | 0 | 1 | 1 | 1
Governing Eqn.  (Olinear. 1mnonlinear | 1 | 1 | 1 | 0
Use Bottom friction ?(only cart.nonlin O-v, 1) | 1 | 1 | 1 | 1
Manning's relative i coef (bottom fric) | 0.013 | 0.013 | 0.013 | 0.013
Output Vohime Fhux 7 { 0-Yes. 1-No ) | 1 | 1 | 1 | 1
Grid Size Ratio of Laver01 to Laver21 | 3 | 3 | 3 | 3
X start | 79 | 858 | 2154 | 41
X end | 338 | 968 | 2258 | 60
Y start | 109 | 246 | 671 | 41
Y end | 266 | 388 | 825 | 60
Grid Identification Number (DONNOT CHANGE!!) [ 41 [ = [ = [ =
Parent Grid's ID Number | 31 | 32 | 33 | 34
Sub Grid Water Depth Ne | om0 | 0 ¢ D
Ny | 474 | ] | 0 | 0 |
—Constert_| [T ™ . dx [3.03121052300899 | 0 | 0 | 0
_Aeadfie [ CKUnami Out Datad1 dat Dirc | dy [199163653852002 | ) [ ) [ 0
— £2.20899341 60476 0 0 0
Sub Grid File Info ) £2 4454278368423 0 0 0
I C-KUnami Run(1'Subdlnfo dat Die 25, 0536356510328 0 0 0
SaveFie |  Close Load File_| 25, 1954401709731 i 0 ]

Figure 189. Project for 4th Level Grid
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Figure 190. Project Sub Grid Level (21,31 and 41)
If user want to include the refined sub grid level inside the system main grid user must select
SetUp Sub Grid Depth shown in Figure 190 to activate DEPX program for interpolation the
2D bathymetry layer file as shown in Figure 191. There is some step to generate the file as

follows:

- User must select the Sub Grid File Info. These default file stored in OUT directory as (for
Level 2™ file name inf2.dat and for level 3" file name inf3.dat and for level 4™ file name
inf4.dat). Then select Button Load File as shown in Figure 191.

- Figure 191 display for user information for the sub grid data dimension and what be the
dimension of the bathymetry file collected from Digital atlas bathymetry software as

shown in following step.

- User must run GEBCO program to generate the bathymetry file by using the map scale
shows in Figure 191 ( X1,X2 Y1,Y2) as shown in Figure 192. Then the new row/col

must match the rows/col in Figure 191.

- Then user must select the file name in GEBCO
Digital Atlas Bathymetry textbox which just
created from GEBCO program.

- Then assign the file layer level name in Setup
Bathymetry for sub grid 2,3 and 4 and
corrected path. Then select Start to generate the
2D bathymetry interpolation.

Figure 191. 2D Bathymetry Interpolation Page

(5 2D Bathmetery Interplotion | =NASN X

Start Edit File Exit

SetUp Bathmetery for Sub Grid 2.3 and 4 level

X2 | 62.910008629776
Y1 |24.8978452173013
Y2 [25.3893323188406

File Name for Sub Grid Level Dirc |
[ C:KUnami DEFX Layer21 DEP

CE. GEBCO Digital Atlas Bathmetery Dic |
[ € KUnami DEPX path21 ASC _ LoadFik |

Sub Grid File Info Dire |
| C-KUnami\Out Inf2 dat CLEEAEIED

I GEBCQ Dimension

Nx ]T Roxx’[—T_
Ny 180 Col [ 59
& [ oo
& [ oomm
X1 |62.0268219367589

Max. NX allowed 5000
Max. NY allowed 5000

Khaled Al-Zalem (2015)
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| (E GEBCO Digital Atlas

File Select Display Map Info Window Help

GEBCO Digital Atlas : Chart Definition Dialog [

Data Source  Area ]F‘alette} I:l:unt-:uursi Chart "-.r"iew] Supplementary Data] Eraticu|31 SCaR Il:e1

Chart Hame ] _:] PfDiECtiDﬂ
£ Eguidiztant Cylindrical
[ Select from the Map — 3 ™ Mercator
7 Uze Chart Qutlines £ Palar Central Meridian |1 ¥
 Lambert Cylindrical Equal-trea
| | % lze Zoom Select Area r Miler
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Clear Dizplay Format ; Decimal Degrees

¢ Ok X Cancel

Figure 192. The GEBCO Digital Atlas Bathymetry Program
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Then in Figure 193 user must select from File & Save Project Input
Figure 193 also shows the grid system and the sub grid levels (2, 3 and4).

r — o
KUnanmi InterFace.. For Tsunami Wave Prediction Based CamCot Mod el
& KUnami Interface. For Tsunami Wave Prediction Based ComCot Mode! Ay B

File SetUpSub Grid Depth Model Simulate Output Analysis Edt NEWS Ver

[ DomainScale [ Projectinput [~ Project ID OutPut [~ Project 2D/3D QufPut [~ 2D/3D QutPut Animation PICs

S Cnarricticdet)

~DOMATN LIMITS.

5 30\47953

Mew | Show | Scale
Pm-]e:[ ]"npu[

EarthQuak Location [~ o

Longitude (de) [ &

Latitude (deg) 43

Load Project Input Pages
Project General Parameters
Project for 2nd-level grid

Project for 3rd-level zrid

oooo

Broject for dth level grid

Project Input Name

C:\KUnami' Run01'nun01 txt

File Dirsctory

® Longituds (deg) 50.0819
I U Latiude [deg) 3003031

Copyright © 2015 Khaled Al-Salem KUnami InterFace Al rights

Figure 193. Main Grid System and sub Level grids of (2,3 and 4)

Comcot Model simulation

To start simulate Comcot model for tsunami wave prediction. User must select from

Figure 193 Model simulation. Then the Sim program will activate to run Comcot model as
shown in Figure 194.

i

Start Model Simulation [

i
KUnami Model Simulation \
Figure 194. The Sim Program Page.
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KUnami Interface Main Grid system Results Personation

Project 1D Output Presentation
From Figurer 195 user should select the checkbox of Project 1D output, then Figure 196 will
display with a number of inputs for user to select from time serious file to plot and also a drop
down list of the grid type now user must select grid 01. Which is the main grid system as follows

1- User can select Dire button to see the output file stored.

2- User should select Start Time and End time and time step for the output files.

3- User must Input the Directory Path for the Input files

4- User must select the output directory location for the converted files.

5- Then user must select Start button prepare the output files

6- Then User select the location of plot output file with extension *.bln
Now user ready to select the set of point locations from the map for plotting as

7-User must enter the Number of Location then activate the checkbox of On/OFF.

8- Move the mouse over the Map then click on the desire location for all location selected, then

When all location is selected the checkbox will turn OFF.

9-User must select End and Save button to store the data in the file.
10-To see the location selected (Edit Location) button.

Now user ready to extract the data from the input file selected as
11-User Select Extract Data.
12-To See the final plot User must select as

A- Create Line Plot from KUnami interface System as shown in Figure 195.
B- Create Line Plot from Surfer Plotting Software.

e
) KUnami InterFace., For Tsus

File SetUp Sub Grid Depth Model Simulate  Output Analysis  NEWS Ver Exit
[¢ Domain Scale [~ ProjectInput [# Project 1D OutPut [~ Project 2D/3D OutPut [~ 2D/3D OutPut Animation PICs [ManGaaLayer 01 ]

DO\LAI\ LIMITS

New Scale
Project 1D Output
Directory Output Files Dire

Time Start [ o End 60 | Step | 20
lnput Directory Path [ C:KUnam Runiso0, <]
Out Directory Path € KUnami Out =

SetUp File for Surfer Start

Map Title ‘

Location Fite | €2 KUnami out locs.bla =
Number of Location 1 [0/ 'On/OFR

End And Save
Generat 1D Images
N Extract Data I
w e
* Longiude [deg] 58.20337 Creat Line Plot
5 Latituds (deq) 29.54288

Copyright © 2015 Khaled Al-Salem. KUnami InterFace...All sights

Figure 195. Project 1D output Option
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Analysis  Scale  Print  Exit

— H 1{m) — H2{m) ~— H 3{m)

400 1

800

1200 4

T

(=] o =] o o =]

(=] Q =) [=] =) o

[1+] (=] == [+=] (&) [Te)

— ~ ™ o™ m m
Time (sec)

Figure 196. Time serious 1D line for a number of Selected Location for Wave Height.

Data Analysis option for 1D

From Figure 197 user has as option called Analysis for calculation the time of maximum wave
height occur for each selected location. There a number of input require from user as follow:
1- From Figure 197 user must select Analysis button then Select Date/Time, then Figure 197
will display for user to enter Earth Quake Occur Date and Time.
2- From Figure 197 user must select Analysis button then Select Time of W.H. Max, then
Figure 198 will display for user the Selected location Longitude/Latitude and Date/Time of
the maximum wave height occur and the value of the wave height (m)

Funar crors S

Analysis  Scale

Date of Occur

Print Bt

I — EarthGuake DateTime

Day Month Year

[10 |10 2015

Time of Occur

Hour Minut Sec

[0 1w |30 |aM
Close

_ ___

Eile Edit Format View Help

KuUnami Interface

The Date and Time for the Maximume wave Height Occur For Slected Location

Earth Quake Location, Date and Time
Longitide(deg: 63.0000
Latitude(deg): 24.500
Date : Saturday, Ooct 10 2015
Time : 10:10:30

Maximum Wave Height Occur for the Selected Locations:
No Longitude Latitude Date Time Maximum W.H.

eg eg B i
1 058.7440337 023.5649988 saturday, oct 10 2015 10:21:30 12.527
2 060.6520502 025.2477174 saturday, oct 10 2015 10:32:50 11.306 '
3 063.5848966 025.1644145 saturday, Ooct 10 2015 10:49:50 12.953

Lni, Coll

= = =

Figure 198. Text File for a list of Selected Location
Output.

Figure 197. Earth Quake Date/Time

[AL-Salem 2004]

163



Hydraulic And Coastal Application [H.C.A. 2004]

Project 2D/3D Qutput Presentation
In this section user can display an image from selected time step file in two types as:

1- 2D Image with coast line background or with satellite map background.

2- 3D Image.
From Figurer 195 user should select the checkbox of Project 2D/3D Output, then Figure 199
will display with a number of inputs for user to select but user must select the type of grid
domain as shown in the dropbox list as show in Figure 199 and then user must follow the input
requirement as follows:

1- User can select Dire button to see the output model file locations.

2- User should enter location of the Input file name

3- User must select Directory Path for the output file

4- Then user must select Start button prepare the output files

5- Then User selects the contour level file for Surfer software.

6-User can add text title to Image at MAP plot.

Now user ready to select Plot type as displayed in Figure 200. For user to Plot 2D image user
have two options as

1-User must select Create Surfer Plot (coast line background) as shown in Figure 201

2- User must select Create Surfer Plot with Sat. Image (map background) as shown in

Figure 202

Or user to select 3D image

1-User must enter the 3D Color Level file (Default file is col3d.CLR).

2-User must select Create Surfer 3D Image button as shown in Figure 203.

Project Output Project Output

i Dirz Directory Output Files Dirc
Directory Output Files J
File Name | File Name |c:-Ktnanﬁ-z_m_ununun_dat
Out Directory Path | K Unami Ot j Out Directory Path |C: EUnami\Out' j

| Mviain Grid Layer 01 j | Main Grid Layer 01 j

SetUp File for Surfer Start SetUp File for Surfer Done
Contour Level File [C:KUnami Data PLVO2 1Vl | ContourLevel File | C:KUnami Data PLVO2H  ~|

Map Title | Map Title |

Plot Type

Creat Surfer Plot |

Creat Surfer Plot with Sat. Image |

iDLlevelFile |C:KUnamiData\col3dd CLR |
Creat Surfer 3D Image |

Figure 199. Project Output for 2D/3D Option
Figure 200. Image Type Selection Option
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Figure 201. 2D Wave height Contour Plot with Coast line background from Surfer
Software

Figure 202. 2D Wave height Contour Plot with Satellite Map background from Surfer
Software
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Location: MAKRAN SUBDUC. ZONE
Time : 60{ {8ec)

A)

Location: MAKRAN SUBDUC. ZONE
Time : 1200 (Sec)

(B)

Figure 203. 3D Wave height Contour Plot Created by Surfer Software for A at 600 sec and
B for 1200 sec.
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Project 2D/3D Output Animation Pics

In this section user can create a set of images from selected time step file. From this images user
can create a media file by using media program to generate video animation such as:

-Movie Maker program

-ImageToGif animation program

-Other program
The two type Animation are follows:

1- 2D Animation with coast line background or with satellite map background.

2- 3D Animation.
From Figurer 195 user should select the checkbox of Project 2D/3D Output Animation PICS,
then Figure 204 will display with a number of input of inputs for user to select but user must
select the type of grid domain as shown in the dropbox list as show in Figure 204 and then user
must follow the input requirement as follows:

1- User can select Dire button to see the output model file locations.

2- User should select start time, end time and time step

2- User must enter Directory Path input file

3- User must enter Directory Path output file

4- Then user must select Start button prepare the output files

5- Then User selects the contour level file for Surfer software.

6-User can Add text title to Image at MAP plot.

Now user ready to select Image type for animation as displayed in Figure 205. For user to create
2D images for Animation user have two options as

1-User must select Create Surfer Plot with coast line (background) images

2- User must select Create Surfer Plot with Sat. Image (background) images

Or user to select 3D images for Animation
1-User must enter the 3D Color Level file (Default file is col3d.CLR) .
2-User must select Create Surfer 3D Image for Animation.

If user used Movie Maker Program from Microsoft to generate Animation file from a set of
Images that create from the above option were shown in Figure 206. Which shows the main page
of the Movie Maker program with all selected images loaded and ready to compile or generate
the animation file.
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— Project Output Animation
Directory Output Files EI
Tim::eSqtart o End I &0  Step I 20
]npu_t E}irectn-ry Path IC:"-KUnanﬁ'-_ j
Out Directory Path | ¢:KUnami Out: -]
| Main Grid Layer 01 |
SetUp File for Surfer ~_ Start |

Contour Level File I CEUnami'Data' PLV02 1vl j

Map Title

Figure 204. Project Output for 2D/3D
Animation Option
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Figure 205. Create Surfer 3D Images for
Animation
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KUnami Interface Sub Grid system Results Personation

[AL-Salem 2004] 169



@§
Hydraulic And Coastal Application [H.C.A. 2004]

Presentation for results from simulation of ComCot model for Sub grid (refine grid) system
require some input from user as follows:

1- Sub Grid 1D Output Presentation for (Layer21 to 44)

From Figure 195 user must select and follow these steps as:

From the dropbox the Type of sub grid system

Then base on the sub grid select user must follow as:

If user select to present sub grid layer (21,22,23,24) user must activate the layer number
by select from Figure 207 the Sub Grid Dimension to show and calculate the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 207.

To Show or plot the sub grid user must check the checkbox at the top of layer selected
then click on Sub Grid PIt.

If user select to present sub grid layer (31,32,33,34) user must activate the layer number
by select from Figure 208 . Then user must select Load/Save Info to load the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 208

Same If user select to present sub grid layer (41,42,43,44)

User can select Dire button to see the output file stored.

User should select Start Time and End time and time step for the output files.

User must Input the Directory Path for the Input files

User must select the output directory location for the converted files.

Then user must select Start button prepare the output files

Then User select the location of plot output file with extension *.bln

Now user ready to select the set of point locations from the map for plotting as

User must enter the Number of Location then activate the checkbox of On/OFF.
Move the mouse over the Map then click on the desire location for all location selected,
then

When all location is selected the checkbox will turn OFF.

User must select End and Save button to store the data in the file.

To see the location selected (Edit Location) button.

Now user ready to extract the data from the input file selected as

User Select Extract Data.
To See the final plot User must select as

A- Create Line Plot from KUnami interface System.

B- Create Line Plot from Surfer Plotting Software.
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[ 5 Parameters for 2nd-level grid S —— - - el )
Sub Grid PIt  Sub Grid Dimension  5Sub Grid Depth Map Scale  Exit
Configurations for all grids
Parameters for 2nd-level grid Laver21 [T Layer22 [ Laver23 [ Laver24 [
RunLaver 21 7 (0 Yes. 1:No b | 1 | 1 | 1 | 1
Coordinate {O-spherical, 1-cartesian) | 1] | 1 | 1 | 1
Governing Eqn. (Odinear, 1monlinear | 1] | 1] | 1] | 1]
Use Bottom friction ?(only cart.nonlin 0+, 1xm) | 1 | 1 I 1 I 1
Manning's relative roughness coef.(bottom fric) [ 0w [ 0w | oo | oo
Output Volmme Fhux 7 ( 0-Yes, 1-No ) | 1 | 1 | 1 | 1
| Grid Size Ratio of Laver01 to Laver21-4 | 3 | 3 | 3 | 3
X start | 1719 | 11 | 1 | 61
X end | 1825 | 30 | 30 | 80
Y start | 708 | 1 | 11 | 61
Y end | 767 | 30 | 30 | 80
Grid Identification Number (DONNOT CHANGE!) [ 21 = [ = [ =
Parent Grid's ID Number | 1 | 1 | 1 | 1
Nx | 321 | 60 | 60 | 60
Ny | 180 | 60 | 60 | 60
d [ 002751 [ 002638 | 002638 | 002638
dy | omm:s [ 002638 | 002638 | 002638
1 B20268219367589  47.7956514432754  47.7950514492754  48.2124489459816
| 62910008629776  47.9541584380237  47.9541584380237  48.3707559347293
24.8978452173913  19.0916331884058  19.0916331884058  19.5081476811594

! 25,38933231584068  19.2493096956622  19.2493086956522  19.6664231834058 I

Figure 207: Activate Layer Sub Grid (21,22,23,24)
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Parameters for 3rd-| gl

Load/SaveInfo.  Sub Grid PLT  Sub Grid Depth Map Scale  Exit
Configurations for all grids
Parameters for 3rd-level grid Layer31 [ Layer32 [ Layer33 I Layer34 [
Run Laver 21 7 {0:-Yes, 1:No ) | 1 | 1 | 1 | 1
Coordinate {O-spherical, 1-cartesian) | 0 | 1 | 1 | 1
Governing Eqn. (Odinear, lmonlinear | 0 | 1 | 1 | 0
Use Bottom friction ?(only cart.nonln 0. 1m) | 1 | 1 | 1 I 1
Manning's relative roughness coef (bottom fric) | 0.013 | 0.013 [ 0.013 | 0.013
. Output Volume Fhix 7 ( 0-Yes, 1-No ) | 1 | 1 | 1 | 1
. Grid Size Ratio of Layer0O1 to Layer21 | 3 | 3 | 3 I 3
X start | 40 | 140 [ 274 | 41
X end | 253 | 233 | 329 | 0
Y start | 21 | 143 [ 143 | 41
Y end | 131 | 310 [ 233 | 60
Grid Identification Number (DONNOT CHANGE!!!) | 31 | ) | 33 | 34
Parent Grid's ID Number | 21 | 2 [ 23 | 24
Nx | 648 | 0 [ 0 | 0
Ny | 303 | 0 | 0 | 0
dx  [9.12874211562495 | 0 [ 0 | 0
dy [0.0321330280435E | 0 | 0 | 0
— B2 1366763533342 o i i I
Sub Grid File Info - ) 2 7284188424267 ] 0 0
| - KUnami Run01\Subjlnfo.dat Ex 24,9551853792271 0 0 0
i SaveFile |  Close TSR 26.3101482853233 a 0 0
L
Figure 208: Activate Layer Sub Grid (31,32,33,34)
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2- Sub Grid 2D/3D Output Presentation for (Layer2l1 to 44)

From Figure 199 user must select and follow these steps as:

From the dropbox the Type of sub grid system

Then base on the sub grid select user must follow as:

If user select to present sub grid layer (21,22,23,24) user must activate the layer number
by select from Figure 207 the Sub Grid Dimension to show and calculate the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 207.

To Show or plot the sub grid user must check the checkbox at the top of layer selected
then click on Sub Grid PIt.

If user select to present sub grid layer (31,32,33,34) user must activate the layer number
by select from Figure 208 . Then user must select Load/Save Info to load the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 208

Same If user select to present sub grid layer (41,42,43,44)

Then User must follow same step in [Project 2D/3D Output Presentation] for the rest of the
selection.

3- Setup Ini Surface Deformation File

Kunami Interface will Simulate the Comcot model by default in one Fault case as shown in
Figure 186 by using the parameters for Fault model entry data section. But user want to start the
simulation with an initial deformation surface user must follows as:

From Figure 2 user must select at section (General Parameters for Simulation) the
specify ini surface as 1. This to tell the model the ini-surface data read from file name
data.
From Figure 186 user must select SetUp INI_Surface Deform File option. To setup the
require input data for creating the ini-surface deform file. Figure 209 will display.
In Figure 209 shows a number of required data must enter as follows:
1-General fault parameter data for number of events and number of Fault segments
and (single as O or multi as 1 fault events). User allowed changing.
2-General Domain dimension for number of events and number of domain grid in x
and y and grid size in x and y. User not allowed to change.
3-Main Domain Axis its (X,y) data for lower left corner and Top right corner of the
main domain grid system for KUnami interface. User not allowed to change.
Now user ready to enter the fault data by click on General Input Fault Data button.
Then Figure 210 will display for user to enter the fault data. When finished entry user
must save the file as default name (Don’t change the file name or save as other name. it
must be save as default name).
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Figure 209: SetUp Ini Surface deformation Page
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Figure 210: Entry Page for Deformation Fault Data
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Volume Flux 1D Output Presentation

Volume Flux Presentation for results from simulation of ComCot model for main grid and Sub
grid (refine grid) system require some input from user as follows:

From Figure 185 user must select the check box for Volume Flux 1D Output then Figure 211
will display to user to follow these steps as:

e From the dropbox the Type of sub grid system

e Then base on the sub grid select user must follow as:

- If user select to present sub grid layer (21,22,23,24) user must activate the layer number
by select from Figure 207 the Sub Grid Dimension to show and calculate the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 207.

- To Show or plot the sub grid user must check the checkbox at the top of layer selected
then click on Sub Grid PIt.

- If user select to present sub grid layer (31,32,33,34) user must activate the layer number
by select from Figure 208 . Then user must select Load/Save Info to load the
(NX,NY,DX,DY and the Scale for the sub grid selected) as shown in Figure 208

- Same If user select to present sub grid layer (41,42,43,44)

User can select Dirc button to see the output file stored.

User should select Start Time and End time and time step for the output files.

User must Input the Directory Path for the Input files

User must select the output directory location for the converted files.

Then user must select Start button prepare the output files

Then defualt location of plot output file with extension locVF.bln as shown in

Figure 211.

Now user ready to select the set of point locations from the map for plotting as

e User must enter the Number of Location then activate the checkbox of On/OFF.

Move the mouse over the Map then click on the desire location for all location selected,

then

When all location is selected the checkbox will turn OFF.

User must select End and Save button to store the data in the file.

To see the location selected (Edit Location) button.

Now user ready to extract the data from the input file selected as

User Select Extract Data.

To See the final plot User must select as
A- Create Line Plot from KUnami interface System as shown in Figure 212.
B- Create Line Plot from Surfer Plotting Software.
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KUnami Qutput Presentation at A Remote Website
http://www.hceatkuwait.net/

http://www.hceatkuwait.net/, It’s a Remote website hold the KUnami Interface awareness
system for a selected location in Arabian Gulf, Gulf of Oman and Arabian Sea waters.

The system will hold the posted awareness data in the system is for 6 hours. The awareness data
for selected location will display for user the select as shown in Figure 213.

The system will start at the following website Address:
http://www.hceatkuwait.net/KUnami/KUnami.aspx

Figure 214 will display for user when there are no Tsunami Hazard data post and the system is in
standby mode and no posted Pins on the Google map.

Figure 215 will display for user when system received a Tsunami Hazard data at selected
location from the operator and the posted location will be on the Google map.

From Figure 215 user can select @to show the time serious data posted for each location as
shown in Figure 216 and 217.

m‘l@ http://www.hceatkuwait.net P - & || @ Kuwait Coastal Information...
File Edit View Favorites Tools Help
95 £ KUnami Interface Awaren... @ Sign in with your AppleID... & Kuwait Institute for Scienti... & Kuwait Coastal Informatio... G Google M} Personal NBK (National B... RS I - I LA e T > R
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— = — = =
Kuwait Coastal Information System
Hydraulics & Coastal Engineering (H.C.E.)
Hydraulics&Coastal - . - - .
e e Kuwait, being a maritime and mercantile country located at the northwestern \‘\\,\immun‘m, 8,
4 % = = 5
girsa part of the Arabian Gulf with more than 500 km of shoreline, depends to a great " il -
AUPINGOR o\ tent on its marine environment for its drinking water supplies, fishery " cy o
Kisrapp  Tesources, through desalination cooling water for power plants, oil transporting el ol
e through oil-loading terminals, and recreation. The harbors of the country are
isig USedfor transportation of commercial goods to and from Kuwait Hence, ™
L Kuwait’s territorial waters are Kuwait’s life line. Therefore, the protection of its ”
4 - coastal zone, as well as the marine environment, is of utmost importance to
e Kuwait. Coastal Information System (CIS) was established with this specific
factor in mind. CIS makes every effort to provide technical support to all of the o~ )
Hydrodynamic Kequest cisi kers i W i - Cuwait’ E «
Hydrodnamic Request .1 umers and decision makers involved in issues related to Kuwait’s coastal Hlpams Sulirfacs
areas...... !
Hydrodynamics Forecast T
HTrack Hpps
Kuwait Metero. Weather
Mobile Hydrodynamics
ot New Released of IPhone Hydrodynamic’s Apps In Apple Store for
=Bl e IPhone/IPod/IPad Devices
& k
®100% ~

Figure 213. Main Remote Website Page.
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Figure 215. KUnami Interface Remote website with awareness hazard data posted
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Figure 217. KUnami Interface Remote website with Time serious data Plot Posted

KUnami Output Presentation at A Smart Mobile techonolgy [KUnami Apps]
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[Khaled Al-Salem 2016]

KUnami Apps, It’s a mobile apps that hold the KUnami Interface awareness system for selected
location in Arabian Gulf, Gulf of Oman and Arabian Sea waters as shown in Figure 218. The
system will hold the posted awareness data in the system is for by default a 6 hours or more. The
awareness data for selected location will display for user as shown in Figure 220.
The system will start after user select Monitor button as show in Figure 219, Figure 219 will
stay and display for user when there are no Tsunami Hazard data post and the system is in
standby mode and no posted Pins on the Google map.
Figure 220 will display for user when system received a Tsunami Hazard data at selected
location from the operator and the posted location will be on the Google map.
From Figure 221 user can select LOC Bottun the earth quake information. If user want display
the time serious data posted location user must select the following:

1- Post location number.

2-Time interval for the plot as(1 for sec, 60 for mint and 3600 for hrs)

Then user must select e button to show the time serious data posted for each location as
shown in Figure 222.
User can send the Tsunami Hazard post data from selection Contact Button as shown
Figure 223. There are two option for communication which

1- user can send data by SMS system.

2-User can send data by Email system as shown in Figure 224

|
| Carrier =

Khaled Al-SAlem (2016) O

wwiw. hceatkuwait.net

t X A+ 2 7

Figure 218. KUnami Apps main Page.
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KUnami Interface Awarencess System
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Figure 220. Posted Locations
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Figure 222. Plot Time Serious Data for a location
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Figure 223. Communication Page
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Carrier = 2:19 PM = -
Cancel KUnami Interface Info...

EPiCenter Location

Longitude:63 dg

Latiutde:24.5 dg

EarthQuake Date:Sunday, Feb 14
2016

EarthQuake Time:10:10:30

Simulation Time: 1: 0: 0

Number Of Monitered Location: 6

EarthQuake Magnitude:

In The attachment full data records
for the selected monitored locations
were listed.

Thank You
KUnami Apps

webkunami

Figure 224. Email Page
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4.8 Gaussian Plume Dispersion [KBlum Model]
[Khaled Al-Salem 2009] [Pc version 1]

Methodology

The Gaussian Plume Model is the most common air pollutant model. It is based on a formula
that describes the three-dimensional concentration filed generated by point source under
stationary meteorological and emission condition [CE 524. 2011]. The Gaussian plume is
visualized in Figure 1. Also Gaussian plume model is the most frequently used atmospheric
dispersion model. It is well validated and easy to parameterize. It can be modified to account for
different atmospheric stability and surface properties. Gaussian plume dispersion model have a
number of fundamental rules has to be followed as:

» Stack gas transported downstream. Concentrations are symmetric about y-axis and z axis.

* Dispersion in vertical direction governed by atmospheric stability

* Dispersion in horizontal plane governed by molecular and eddy diffusion

* X, z, y-axis are oriented to wind direction, vertically upwards and transverse to the wind
By applying the new smart mobile technology to determine the pollutant concentrations beneath
an elevated plume involves two main steps; first, the height to which the plume rises at a given
downwind distance from the plume source is calculated. The calculated plume rise is added to
the height of the plume's source point to obtain the so-called "effective stack height" as shown in
Figure 1. The ground-level pollutant concentration beneath the plume at a given downwind
distance is predicted using the Gaussian dispersion equation. Second, is the general Gaussian
distribution with dispersion that corresponds to the turbulent activity by applying the Lagrangian
Plume movement Particles for 3D air concentration dispersion.

Gaussian Plume dispersion modeling

The Gaussian plume model is the most commonly used dispersion model to estimate the
concentration of a pollutant at a certain point because of its simplicity. The model describes the
transport and mixing of pollutants. Gaussian plume dispersion equation has been derived from
basic advective/diffusive equation describing the transfer and diffusion of pollutants from
instantaneous point [Khare , 2002 and CE 524. 2011]. The concentration of pollutants (C) at
location (X, y, z) from a continuous elevated point source with an effective height of H is given
in following equation [1]:

(y— y«)"*) y [ (2 — 2)° (2 4+ %)°,
2

—_t*x:(— , expl — |+ expl — :
Iroyo. i ! 202 ! ' ! 2o

.y, 2l =
VY 2) 2a

[1]

Where, Q is the source emission rate, given in mass per second, u is the mean wind velocity,
and y and z are the Gaussian plume standard deviations in the horizontal (crosswind) and vertical
directions. The coordinate y refers to the crosswind horizontal direction, and ¥, is the source
coordinate in that direction. The coordinate z refers to the vertical coordinate and z,, is the plume
height above ground. Where, o, o, are the y direction plume standard deviation and , z direction
plume standard deviation Concentration distributions from a continuous point source of effective
height H as explain in Gaussian Plume Equation [Seinfeld, 1975], Where

C: downwind concentration
Q: pollution source emission rate
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U: average wind speed

oy, 6z: y and z direction plume standard deviation
X: position in the x direction or downwind direction
y,Zz: position in the y and z direction

H: effective stack height

Plume contaminant concentration at ground level can be written as:
2

_»_H
20l g2
Cx,9,0)=—2 ¢ 3 2
iy ey P o,
Where the plume Effective stack height can calculate as follows:
The plume rise as referred as (AH) in equation [3].

[3]

QH:(I[ l+ﬂT
U )\ T

5

. 14 \
T
II] |

Where, d is inside stack diameter (m), V; is stack velocity and U is wind velocity in (m/sec ),
T, is temperature of the effluent (K) , AT = T, — T (ambient temperature in K) and hpcicar if
the stack height in meter. Where the effective stack height H can be calculated as:

H= hphysical + Ah

Lagrangian Plume Movement Particles

Lagrangian particles dispersion mathematically follows pollution plume particles as the
particles move in the atmosphere and also uses a moving frame of reference as the particles
moves from their initial location. The particles movement calculates the air pollution dispersion
by computing the trajectories of a large number of the pollution plume particles. The motion of
the particles is known as a random walk process [Druxler, 1998], [Sutton, 1932] and [Peter
1994]. It looks at the subsequent coordinates (trajectories) of a number of individual property
particles that are advected (transported) by wind. When the wind field is known then we may

add diffusion as random walks Rnd( ) that have in general Gaussian distribution with dispersion
that corresponds to turbulent activity as shown in Figure 2. The Lagrangian discrete parcel
algorithm shown in equation [4] will be used to predict the pollutant trajectory in air. For a

particle numbered U we get:-

dx, = u(xl., Vis zl.,t)dt + Rnd (@) [41
dy. = v(xl. Vs 2, ,t)dt + Rnd | (l)
dz, = w(xl., yi,zi,t)dt +Rndz(i)

Though the method contains a number of heuristic elements, it has all the advantages of a
Gaussian plume dispersion and Lagrangian formulation. It is shown that it is possible to
formulate and apply Gaussian plume dispersion and a Lagrangian moving partials which is able
to recover the classical formulations for plume rise in the environment and to accommodate more
recent Eulerian formulations in a turbulent environment. Moreover, the method offers excellent
possibilities to include the turbulent characteristics of the plume’s environment [Pasquale 2002].
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These facts make it attractive for various practical applications. Some examples and Apps results
validation will be given to illustrate.

Model Descriptions

Model was rewritten to calculate the air Pollution over UM-ALHaiman City from from Multi-
Source system location.

To start model user must select [ ] Fig 225 will display for user to inter a number of require
information as shown Fig 226 as follows:

User check box [Plot Parameter] to show wind on simulation map

User check box [Stability Info] to select the stability type

User check box [Source Info] to select source location and source parameters and activation
Then user must prepare Wind Data by select [Extract wind Data] Fig 227 will display for user to
inter the shown information to extract wind data from Costal information System Database[CIS].
Then user must interpolate wind data by [Wind file] to interpolate wind data. Data will store in a
default wind data name [Windhr.dat] used in simulation.

Then user select [Start] to start simulation.

To show any concentration over UM ALHaiman city while simulation in Running by

check [ Um Al-Haiman Conce] as shown in 228

Fig 229 display final analysis of concentration Over Um ALHaiman city.

-
B Umm Al-Haiman Pollutants Environments e g — =il E
Extract Wind Data  Start CLS ReAnimate P.E. Statistical File Directory Exit VER
[~ Limits Domain | PlotParamter | Stability C: i |~ SourceInfo. | Windfile [ Outputfile | UmmAlHaiman Conce
KBLUM Model
Pollution
Enwvironment

KBLUM MODEL
DEMONSTRATION VERSION

Developed by:
Khaled Al-Salem
May 2010
CAD. KISR

UMM AL-HAIMAN POLLUTANTS ENVIRONMENTS

PRESS TO START

Copyright © 2009 Khaled Al-Salem. KBLUM Modsl All rights

Figure 225
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Figure 226

Figure 227
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Copyright © 2009 Khaled Al-Salem. KBLUM Modal All rights
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Figure 228

Figure 229

Hydraulic And Coastal Application [H.C.A. 2004]

Extract Wind Data Start CLS ReAnimate P.E. Statistical File Directory Exit VER
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4.9 Gaussian Plume Dispersion [KPlume Model]
[Khaled Al-Salem 2013] [Pc version 2]

Model Descriptions

Model was rewritten to calculate the air Pollution over North of Arabian Gulf from Multi-Source
system location.

To start model user must select [ ] Fig 230 will display for user to inter a number of require
information same KBlum model Version 1.

Then Fig 231 will display The Plume trajectory analysis

3 KBLUM Mode! (2013] P NS TN T T - E - ==

Start Exit Ver
I” Limits Domain [V Stability Categories | SetAreaPolvData | Wind DataSetUp [V Sourcelnfo. | Ploygoun Concentration

North Arabilan
Gulf Pollution
Monoters

¥ Arabian/Gulf;

o o e o

Info. Source 3

Source location on/off
Source Continuous on/off

ic Stability Catege

f e}
Pasquill Stability B 2

Figure 230 Mype Location
e

Copy right @ Khlaed Al-Salem - 2013

13 KBLUM Model (20137 W0 TS TN T T E = =)

Start Exit Ver

™ Limits Domain [ Stabilitv Categories |v SetAreaPolvData | WindDataSetUp | Sourcelnfo. | Ploygoun Concentration

North Arabian
Gulf Pollution
Monoters

# Arabian Gulf;

Figure 231 e
RS e

Copy right @ Khised Al-Salem - 2013
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5. Hydraulics Costal Tools

Computational hydraulics is an applied science aiming at the simulation by computers of various
physical processes involved in sea. As the current state-of-the-art hydraulic marine models are
becoming increasingly complex numerical model. The following tools programs are to carry out
numerical experiments in designing and testing Nature-Based Solutions and presenting output
tools. Moreover, these tools will work on more applied and/or detailed modeling

5.1 1D/2D Output Presentation On Google Map [KGMap Model]
[Khaled Al-Salem 2018]

Google Maps has been around for a while, but too many people are unaware of the full extent of
the services that the service can afford.

[KGMap model] uses Google map utilities to presents a simulated 1D/2D output result from
different model in Costal Information System Interface on Satellite image.

[This model Need Internet Connection]

Model Discription
To demonstrate how to run the model is by select [KGMap ] Fig 232 [ 1D/2D output
presentation by Google Map] will display Main Page of KGMap.

r = )
5 KGMap Interface for Google map Pesentation . — &J
Start Activate End

I @ K.ISR.

Kuwait Istitute For Scientific Research

1D/2D Output Presenatation on Google Map

KGMap Program
A
< cis

Copyright @ 2011. Khaled Al-Salem. KGMap . All
rights reseved

Figlll‘e 232 L Email: ksalem@kisr.edukow
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From Fig 232 user must select [ Start |. Fig 233 will display a map of KISR on Google map with
a number of options user should select from dropdown list as follow:

1. 1D Map

2. 2D Map

3. My office

4. File Optimizing

B KGMap Interface forGooglen

% Google Map

& B o [ .
Map  Satellite 3 %/ 1
%
o

|Select Map Type LI

V.

SN

\\\\\\\
\

- o - o ) :
i el $) - -
s R g 2
= g1~ i =
@ ] - . ese” -7
m— La ‘4 ~ 4 3 B
» - U - 5

K Al-Salem (2018) Google
s

Figure 233

Sub_option 1
If user select [ID map] as shown in Fig 234 a number of information require to enter as follows:
User must select data format as:
X,Y data
X,Y,Z data
User must select [input file name]
User allow to set the Google map Zooming by select from dropdown list in [Map zoom Fator]
Then to show the data on Google map by Select [ Display Google Map ] Fig 235 will display
for user the data place on Google Map and Map Center Location [Longitude/Latitude in
Degrees].
To Export or print the image map user must select [SAVE ] a new Frame will appear as shown in
Fig 236 for user to Select the following:
e Print Image
o Save AS HTML file [To create HTML file for present Google map as standalone file]
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B KGMap Interface for G805
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Figure 235

K. Al-Salem (2018) ~20QHC

Imagery 82019 TerraMetrics | Terms of Use ™

Image Save
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Save As Image I Print |

Save ASHTML | PrintVeiw]|
K. Al-Salem (2018) SSSES

Figure 236
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Sub_option 2
If user select [2D map] as shown in Fig 233 a number of information require to enter as follows:
User must select data format as:
X.,Y data
X,Y,Z data
Input as 2D
User must select [input file name].
User allow to set the Google map Zooming by select from dropdown list in [Map zoom Fator]
User must select [ Minimum Data] as follow:
Manual Enter the minimum data values by CHECK ON
Model calculate the minimum value by CHECK OFF
To convert the input from UTM to Degree user Check On [in main data was in UTM] Fig 237
Then user must Select [ LOAD 1] to start setup the data for Google map presentation.
To show the data on Google map user have check on of the following:
e Contour Map as shown in Fig 238
e Contour Dot Map as shown in 239
To Export or print the image map user must select [SAVE ] a new Frame will appear as shown in
Fig 237 for user to Select the following:
e Print Image
o Save AS HTML file [To create HTML file for present Google map as standalone file]
Sample of HTML file AUTO-created from KGMap model list below.

[ KGMap Interface for Google ma

- Google Map Map = Satellite iy, 34 I
[0 Map | &/
T

Select Input File Format Type

I InputAs XY  (deg) 2

M InputAs X, YZ (deg)
I~ Input As 2D File (deg)

2
Select Input File Name
g FSRout.dat

Map Zoom Factor 14 =

NAN Data 0
Frequency Data n =

Minmum Data

Y.

Select Map Type

\
\)
I~ Contour Map
I Contour Dot Niap

3
\

v
-

WY

A

X Al-Salem (2018)

Figure 237
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[ KGMap Interface for Google map|
a2 Google Map Map | Satellj n
S

-2D
Select Input File Format Type
" InputAs XY  (deg) L,
W InputAsX,Y.Z (deg)
[~ Input As 2D File (deg) 2

Select Input File Name
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NAN Data 0
Frequency Data 1] -

Minmum Data r

Convert Long/Lat from UTM >DEG [

LOAD
v Contour Map
I~ Contour Dot \Iap-
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™ Location Info
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] L]

X Al-Salem (2018)

|« Imagery 2019 CNES / Airbus, DigitalGlobe | Terms of Use

Flgure 238

GMap Interface for Google map |
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Minmum Data
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Figure 239
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Sample of HTML file Created from KGMap model

<!DOCTYPE html>

<html>
<head>
<meta http-equiv=""content-type'' content='"text/html;charset=utf-8'"/>
<meta http-equiv=""X-UA-Compatible' content="TE=edge'' >

<title>C.L.S.</title>
<style>
#map { height: 100%;
}
html, body {
height: 100%;
margin: 0;
padding: 0;
}
</style>
</head>
<script>
function initMap() {
var map = new google.maps.Map(document.getElementById(''map'"), {
zoom:8,
center: {lat: 29.291,Ing: 48.821},
mapTypeld: "satellite"
Ds
var flightPlanCoordinates = [
new google.maps.LatL.ng(29.772,49.214),
new google.maps.LatL.ng(29.291,48.821),
new google.maps.LatLng(29.142,49.431),
new google.maps.LatL.ng(28.467,49.027)

9
var flightPath = new google.maps.Polyline({
path: flightPlanCoordinates,
geodesic: true,
strokeColor: "#FF0000",
strokeOpacity: 1.0,
strokeWeight: 2
Ds
flightPath.setMap(map);
}
</script><script src=""http://maps.googleapis.com/maps/api/js?key=AIzaSyBGSW9IUEomYpNK38QmpobKVRk6 YKZ4ICy0"
type=""text/javascript''>
<[script>
<body onload="initMap()"" >
<div id=""map" ></div>
<br clear="all"'/>
<br/>

</body>
</html>

Sub_ Option 4

File optimizing it is Toole to reduce the file data records since we are dealing with internet
option with Google maple it not except large number of data to plot on Google map.

If user select [File Optimized] as shown in Fig 240 a number of information require to enter as
follows:
User must select data format as:
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X,Y data
X.,Y,Z data
User must select [input file name]
User must select [Output file name]
User must select [First line Ndata On/OFF]
User must select the approximate minimum value [Select big —value if water example -100]
User allow to select [Frequency Data] that will user select how much the will reduce.

Hydraulic And Coastal Application [H.C.A. 2004]

Then user must select [ Update]. A number of information will appear in Fig 161 as follows:
e Updated Recodes
e Original Records
e Min- Zvalue
o Max Z Value

Then that new create output File should use in Sub-Option 1 or 2 Google map Presentation

(5 KGMap Interface fa e map n

[Fite Optimized -
~ Optimize File Length
Select Input File Format Type
[ InputAs XY  (deg)
vV InputAs X, Y.Z (deg)

Check Input/File

[~ Select Input file

v Select OutPut file

iﬁj FSR dat

FSRout.dat

First Line NData On/'OFF [~ 2

Minmum Z-Value Datam
Frequency Data 5 =

& '\ . : A\

Min. Z-Value 3 A » .é /
wow ] =l B A

— |
® =)

K ALSalem (2018) Google

Figure 240
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5.2 Create Map File for RMA10 /KHarbor [ KMap program]
[Khaled Al-Salem 2010]

Model Description

KMap program it is numerical tool for seting up an input data from the following model:
e RMAI10 model
e KHarbor model
e A bathymetry data for a request
e KSurge model
To Run the program user must select [KMap] a Fig 241 will display
Then user Select [File] a number of option will display for the following:
e Digitize MAP . Figs 242 and 243 will display for Coastline and Bathymetry Digitize
e RMA-R10. Fig 244 and 245 will display for user to create R10 file for RMA10 model

e EOMAP. Fig 246 will display for user to extract 2D bathymetry and topography data .

@

'3 Creat MAP File For RMA 10 Model

IR

:1;3 {;" “"—‘_‘\ s
T Khaled Al-Salem (2010)
Email: ksalem@.kisr.edu.kw

Figure 241
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FiSiE e ——— - - -~ E‘gl

Image Scale/Load Input Bathmetery Savelnput Edit Back Page

~Num. X-coordiant Y-coordiant —
4.87676 9911347
4.59507 8.971631
4700704 |8670213
4559859 18156023
4278169 |7.87234
3802817 |7.588653
7.198582

imma.m.\-—n
Wi
o
I
g

Input Coastal Boundary
£nd Sament

X- Coorediant Keis 311
Y- Coorediant Y-Ais 7.18

ROy

. ey Khaled Al Salem (2010)
Figure 242
S NetWork File (Map files) : ~ b = I B B° T Wy e e ===

Image Scale/Load Input Bathmetery Savelnput Edit Back Page

~X-coordiant  Y-coordiant  Depth —
1.338028 8.404255
1.109155 7.340425
0.8978873 6170213
0.6866197 5159575
0.3521127 3.705674
04043236 287234

S
g
&
Y
=
g
!
a
B LT LD

£.08156
2.042253 4.840425

s Doty Vil |!
- sign for water depth
+ sign for Land data

Input Bathmetery Data

. £nd Sament
: il
M N X- Coorediant s 22
. i
Flgul’e 243 ik Y- Coorediant  Y-Avis 4.32
e
it ) Khaled Al-Salem (2010)

Start RMA-10 Help Bt

RMA-R 10

Genration of Finite Element Networks and Input Control
Files for RMA-10

Figure 244 K Al Selem Q010)
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B Rma 10 Inpit Form Page 1D . ol B )
System Property Data  Boundary Data  SaveFile PageHelp Back Page
Input OQuiput Data File Name
OUTFIL  lrect3 OUT
INBNGEO  |rect3.GEO
OUTBNRST  |rect3.RST
OUTBNRMA  |rect3 RMA
[TideElevation Fle_~|[Tidedatanew.ter I
ENDFIL
Control Data Input Tifle Name
T ITI T
IOFTZD IDNOFT  Year JuhanDay Hoursti.  IEDSW TEFACT  Kinemtic eddy  IFROJ
@ o 2 2003 [ 7 0,04 B [
NDP Metiourit 1B IPASS1T  IPASS2  IPASS3 1ZERS
o : : Rma 10 Input F P 2
Lallude  LandHeight Mscale Yecale G tma 10 input form Dogc i
(=2 12 1 1 Boundary Data Page Help Back Page
CMIN R intial Vel DirVel 8
=2 ] i g System Property Data
Salrity  Temp. 5 Sedment U.Fiiction V] ForU  ForV ForDep, ForSal ForTemp. ForSed IDRET  DFACT
“ |:|”ﬂ S T | = (XTI (] Iu.unm |u.1 Iu o Iu Iu.um
awiter/stp strtime  no Aun stp
s o B [ [ | Sme)  Exx e or N Fric.
mll !DS !DS !DS !05 I 0.0z I I
W [zzg Inalial Tide Level ) T b Cor N Shors Dray Fric Cor N Suc
I ED2 E, Rma 10 Input Form Page 3 —
| T % Page Help Back Page
Boundary Data
i EDZ DT
none none none none none none none none none acas
MP o BC [in 10 10 |20 10 10 |20 110 20
|
ENDCEO i Continu. In  Layer  Elev. node Sallnflv  Temp.inflw Sedinflw
I BC [ T T Rs (fo [ T I_
ENDSTEP
I T G Hiaits  Homie |
DT I‘I l2003 I‘I |4S
none none none none none none none none none
. |1D |1D |1D |20 |1D |1D |20 |1D i}
Flgure 245 ENDSTEP
ENDDATA
[ Batnymetery DRegion . 4 . W B9 00ES 5 ¢ e e Al adie Sdiie [ESEEYS)

Extract Data Load Image Show Domain Back

I Image Name Select I~ Region 2D Bathmetery File EOMAP 2D Bathymetery Region

File Name [C:Bathymetery 45mMos7G45B21 5|
Grid Dx/Dy Size [ 45 Ferquency [1 =

No Colums Size [3105 No Rows Size [ 2582

Select Scale 0 v 2

Lower Left Corner Location
r X1[715982  Y1[3237109
Upper Right Corner Lcation
O X2 [292588.6 Y2 (3338199

Select File Name to Save Data

OutFile  [C:KMap'image'Bath.dat

X- Coorediant Rbis 302917.1
Y- Coorediant ‘-huis 3231527

Khaled Al-Salem (2016)

2 ‘5’ G

Figure 246
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5.3 Geographical Conversion Model [KUtm Program]
[Khaled Al-Salem 2009]

KUtm program it is conversion tools for the following:
I.  Map information
o Point on map conversion as shown in Fig 247
o Find map distance and conversion as shown in Fig 248
II.  Data Conversion as shown in Fig 249
o Geographical to UTM
o UTM To Geographical
o Geographical To KUDAMS/KTM

Hydraulic And Coastal Application [H.C.A. 2004]

- - > - :Eﬁ

Map Location Check Map Zone Data Conversion Aboutus  Exit

5. Geographical Conversion

[~ Selected Domain

[ g e e

[160000 |2600000

| 1030000 |3400000
Showdomain | Clear| [ Arrowscale

DATUM [NADB3AWGSBS  w| |North |

¥ Coversion Location
[ Find Distance

Coversion Location-

Clear |
[~ DDAMSS [T Utm Sele.
Longitvde UTM-x (m}
| 436 | Y| 2BEEEDS
292 | LatTongeesdip ' 32324343
Latituds UTM-y (m}
Zone/CM | 29 Get Zone
Longitude 408985, m UTM .

Khaled Al-Salem (2009)

Latitude 3306055, ma UTM

Figure 247
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B Geographical Conversion T - E@Iﬁ

Map Location Check Map Zone Data Conversion Aboutus  Exit

[~ Selected Domain

Bottom Laft
!160{!0’0
Top Risth Location

11030*}0’0 !340{!000
Showdomain | Clear| [ Arowscle
DATUM [MADE3AWESE  ~| [North |

[~ Coversion Location
|¥ Find Distance

 Find Distance

[T DMS Loc.1 Loc.2 [T DMS
ngimn‘al 48.1932 50.3584
Latitude | 290087 29.699

LatLon=>> UTM
- Clear
{ Lat/Lon<s=Map }
UTM-=x| 22g589. | 4379368
UTM-y| 3212110 | 3285505,

Zonedd [T Utm-1 ¥ Utm-2 34 Zone
Get Zonel Get Zonel

Total Distance = 223728(m)

Longitude 973544.1 m UTM
Latitude 3027156, m UTM Khaled Al-Salem (2008)
=

1 - B
Flgure 248 53 Data Coordiant Conversion E@g

Start EDIT  Exit

s il . ] "
C Geographic Coordinate Conversion
e

4

Conversion From Geographic Coordinate System to UTM: |

Conversion From UTM to Geographic Coordinate System [

Conversion From Geographic to EuDams ETM System [

Input File |Enter Input File SelectFile |
Output file l C:Kutm'out Data.dat :j

Data Input Format

Num . X.Y

%l

Num . X,Y,Z

X, Y

O o0dd

X.Y,E
Figure 249 K. &5 alem [2009)

— _—
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6. Hydraulics Costal Engineering application On Smart Devices
[Mobil application]

[Khaled Al-Salem 2007-2017]

Hydraulics Costal engineering application was developed on
Smart Devices for the following:

[KGulf Apps 2D, 2011] hydrodynamic prediction for
Arabian Gulf

Hydrodynamic's Prediction
For
ian Gulf Waters

[KTide Apps 2010] For Water level Prediction for Kuwait

and Arabian Gulf Water S """;”’ i
or

Arabian Gulf Waters

Auther

Kbelod AL Sulow

All Rigths Reserved (2010)
www. hceatkuwait.net

Hydraulic And Coastal Application [H.C.A. 2004]
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[OS8CIS Apps 2011] For Global Water level Prediction and
1D Hydrodynamic For Arabian Gulf waters

12:41 AM

Coastal Information System
1D Hydrdynamic's Prediction

CES
Des C sed Bu

Khaled Al-Salem (2011) C

www.hceatkuwait.net

[KBrod Apps 2012] For Online Broadcast for
hydrodynamic and Met Forecast for GCC and Kuwait
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[KForc Apps 2011] For Kuwait Waters Hydrodynamic Forecast

Carrier = 12:58 PM

i3 el . - . ‘... o
| )

. Khaled Al-Salem (2011)

’demIu'('ullmwail.m'l

[KSurge Apps 201 1] For Extreme water Level Prediction
for Arabian Gulf

Carrier &
[

it
)
Extreme Water Level Prediction
For Arabian Gulf

Khaled Al-Salem (2011) C

www.hceatkuwait.net
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[KOil Apps 2011] For Oil Spill Trajectory Prediction in
Arabian Gulf waters

Qil Spill Dispersion
For
Kuwait Waters & Arabian Gulf

)
¥ Kou

(Q'"“))-

"ﬁﬂl’

rved (2011)
www. hceatkuwait.net

[BOil Apps 2013] For Back Track Oil Spill In Arabian
Gulf

i, ﬂm
i BackTrack Oil spill Trajoctory

IN

G

= ndw

[AL-Salem 2004] 205



@5
Hydraulic And Coastal Application [H.C.A. 2004]

[KUnami Apps 2016] For Tsunami Warning
System

| carrier = 2:20 PM ~ -
— ’:, V . e
ame Alert Spslem

4 y "\

N
A Khaled Al-SAlem (2016) C

www.hceatkuwait.net
Web Info

10 ) 3? A L = 4

Home A

[KPlume Apps 2011] For Gaussian Plume Dispersion

application Carrier & 12:09 AM =1

Khaled Al-Salem (20 =
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[KTrack Apps 2013] for Record Geographical Location and online track location

12:44 AM

#t 71 ¢ @ &

Track BackTrack OnireMormx Contact
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7. Hydraulics Costal Engineering application on

[http://www.hceatkuwait.net/web_pas/main.aspx]
[Khaled Al-Salem 2006]

Hceatkuwait.net it is a remote website for Hydrodynamic Prediction and Forecast for Arabian
Gulf and Kuwait Waters numerical models

Ieuwait Institute for Scientific
Research

- - Kuwait Coastal Information System ~
| | Hydraulics & Coastal Engineering (H.C.E.) [ 1
HvdraicsECoastal Kuwait, being a maritime and mercantile country located at the northwestern i) Informstion g
.. part gf the Arabian Gulf with more than 500 km of shoreline, depends to a great C_Ic-"“ K J"be
S L extent on iy marine environment for its drinking water supplies, fishary YW y ;
i resources, through desalination cooling water for power plants, ol fransporting irlaludh by ol f"p

through oil-loading terminals, and recreation. The harbors of the country are

used for transportation of commercial goods te and from Kuwait Henee,

Kuwait’s tervitorial waters are Kuwart's life line. Therefore, the protection of its s:r"
g coastal zone, as well as the marine environment, is of utmost importance to

Hvdrodvnamics Farscast gy Coastal Information Systam (CIS) was established with this speeific

Hvdrodvramic Request

Jactor in mund CIS makes every gffort to provide technical support to all of the o i
S 7 planners and decision makers involved in issues related to Kuwait’s coastal X L—MM"”
| areas..... !
W
-
Free SMS and Onlins New Released of IPhone Hydrodvnamic's Apps In Apple Store for
Charting IPhoneTF od TPad Devices

Hydrodvnamic Data
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$ (I8 http://wwwheeatkuwaitnet/web_pas/mainaspc P v &

(18 Kuwait Coastal Information... %

. File Edit View Favorites Tools Help

oy @88%& Sites v (19 Kuwait Coastal Informatio... G Google @ Sign in with your AppleID... Y} Personal NBK (National B... & My Drive - Google Drive E Login ResearchGate @ Quick Reference for Cmp..

Digita Hyeodvmases Fosscactfor Kt Watar

3 Onling Arolsam Golf Forocast

(& Misa Sl Rt

§ Dav Forocastion

@ Ras Ao Kot

§ Day Forocastieg

Yad da s %

Hydrodynamic Predictions System for Kuwait Territorial Waters

‘The System will provide useful information to scieutists, enzineers and the general public on the hydrodynamsic conditions in the Kuwaiti territorial waters. Oue of the main purposes is to provide ouline daily hydrodyuaumic forecasting
of some of the important oceanographic parameters of Kuwaiti coastal waters aud the Arabian Gulf.

KuvaitRealTime HdrodruanicVirtual Monitring Sstem (Khsdro Ssten)

Khydro system was developed by (Al-Salem K. 2008) for bydrodvnamics virtus] movitoring in real-time for Kuwaititervitorial waters, it is an efficient and easy-to-use system. Although g
more sdvanced features are auticipated to evolve in the future, this version is sufficiently user-friendly and can provide and displays highly detailed output of bydrodynamics virtual
‘monitoring information iu real-time for Kuwait Water's.
Digital Hydrodynamics' Forecast for Kuwait Water's (DHE svstem) Mobile Hvdrodvnamic

DHF is an Operational forecast systems provide bourly nowasts and short-term (one day) forecasts that are updsted every 24 hours of water levels aud currents, wave height, wave period,
ﬁﬁ.ﬁ%ﬁgﬁguﬁﬁgﬁgﬁgas.,E&EEEEQEE&:EE?E&?EE&_«E%S

(lobal T Leve Pedicion Model (Glbal KTide Mode)

i M (lobal KTide model was developed by (ASalem K., 011 for Globl Water Leve Prediction; Thisversion i suficietly user-rendl and ca providethe basenformation for water ide
T elevation for Global Regions (Asia, Africa, Europe, North America and South America). The informsation provided by this model can be further used to calculate sediment pollutant transport
Salant el aad used as input for tide circalation models.
Digitl 41 Tid Tob
ores Kuwait Tide Level Prediction Model (Ktide Model)
@ Tidal Currewe Prodiction
Tide model Model was developed by (Al-Salem K., 2004) for Kuwaiti territorial waters aud the Arabian Gulf, itis an efficient and easy-to-use model. Although more sdvanced features are Mobile K Gulf
- anficipated to evolve n the future, this version is sufficiently user-friendly aud can provide the base informatiou for water tide elevation for Kuwait Waters and the Arabisn Gulf The D Hydrodynami's Prciction for
4 information provided by this model cau be further used to calculate sediment pollatant trausport aud to predict the tidal circulation for Kumait waters sud Arsbisn Gulf. Arzbizn Gulf Waters On Mobde
Callular Phone
. Arabisn Gulf 2D Tidsl Curreat sud Water Level Prediction Model (KCalf Mods]) DovwnLoad
New Version of Combiced 2D Tids Current and Tide Level Predicion fo Kuwit and Arabian Gulf Water, Named as KGulf Model (developed by AI-Salem K. 009)usng he il Sl
costituents for tidal current and water Levelin the x (east) and v (north) directions were calculated for total wet grids of 3692 nodes which covers all Arabian Gulf Waters. Kol Y
Kuait Tids Curreat Prdictn Model (Kcurreat Mode) s 7
H75% v
P~
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Technical Report
j KSED

ANNUAL LONGSHORE SEDIMENT
TRANSPORT

KSED Model
Copyright @ Khaled Al-Salem_ (KSED 2020)
All right reserved
Email: ksms001@gmail com
WWW _hceatkuwait net

Annual Long shore Sediments Transport
For
Kuwait and Arabian Gulf Waters

Khaled Al-Salem

Email: ksms001 @gmail.com
Website: WWW .hceatkuwait.net\Web_pas\KSED\Ksed.aspx
Tel: 965 9901 6700

Oct. 2020
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ABSTRACT

Annual longshore sediment transport rate and its cross-shore distribution in the surf zone are
essential to many coastal engineering and science studies. Practical engineering applications such
as beach response in the vicinity of coastal structures, beach-fill evolution and re-nourishment
requirements, and sedimentation rates in navigation channels all require accurate predictions of
longshore sediment transport rates. Formula proposed by Kamphuis (1991), which includes wave
period, a factor that influences breaking, gave good estimates. Examination of the cross-shore
distribution of longshore sediment transport indicates that there are three distinct zones of
transport: the incipient breaker zone, the inner surf zone, and the swash zone, with each zone
contributing a different fraction to the total transport rate. Transport in the incipient breaker zone
was influenced by breaker type, transport in the inner surf zone was controlled by depth, and
transport in the swash zone showed dependencies on wave height and, in particular, wave period.
Swash zone transport was found to have a significant contribution to the total transport rate.
Arguably the most widely used model for estimating total longshore sediment transport rate is
the “CERC” formula (Shore Protection Manual, 1984). The model was based on the assumption
that the total longshore sediment transport rate is proportional to longshore energy flux.

INTRODUCTION

The prediction of reliable estimates of longshore sediment transport is of considerable
practical importance in coastal engineering. An example is the evaluation of sediment budgets
for coastal areas with and without structures (breakwaters, groins). Another example is the long-
term stability of beach protections and beach nourishments. Most research on longshore transport
has concentrated on sand sized sediment, but research on longshore transport along
gravel/shingle beaches, which are quite common along mid- and high-latitude (formerly
glaciated) parts of the world, has been very limited.

The most widely used formula for longshore transport (LT) is the CERC equation (Shore
Protection Manual, US Army Corps of Engineers, 1984). This method is based on the principle
that the longshore transport rate (LT, incl. bed load and suspended load) is proportional to
longshore wave power P per unit length of beach; LT=K P, with K=calibration coefficient. The
CERC formula has been calibrated using field data from sand beaches. The CERC formula does
not account for particle size and beach slope. It is only valid for sandy conditions. Sediment
transport occurs in two ways:

1- Bed load transport, where particles roll or move in small jumps in a small layer close to

the bed.

2- Suspended load transport, where particles are suspended in the water without contact
with the bed. Bed load transport typically occurs for low bed shear stresses, obviously
still above the critical value, while suspended load occurs with higher bed shear stresses.

In coastal waters the sediment transport processes are strongly affected by the high-frequency
waves introducing oscillatory motions acting on the particles. The high-frequency (short) waves
generally act as sediment stirring agents; the sediments are then transported by the mean current.
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THEORETICAL ANALYSIS

In coastal waters the sediment transport processes are strongly affected by the high-frequency
waves introducing oscillatory motions acting on the particles. The high-frequency (short) waves
generally act as sediment stirring agents; the sediments are then transported by the mean current.
Field experience over a long period of time in the coastal zone has led to the notion that storm
waves cause sediments to move offshore while fair-weather waves and swell return the
sediments shorewards. During conditions with low non-breaking waves, onshore-directed
transport processes related to wave-asymmetry and wave-induced streaming are dominant,
usually resulting in accretion processes in the beach zone. During high-energy conditions with
breaking waves (storm cycles), the beach and dune zone of the coast are attacked severely by the
incoming waves, usually resulting in erosion processes. For practical reasons the suspended
transport in coastal waters will be subdivided into current-related and wave-related transport
components. The net annual longshore transport (in m3 per year) of sand, gravel or shingle at
the beach based on an annual offshore wave climate as input (total 365 days including days
without wind H=0). The angle of the wave propagation vector is defined with respect to the
north, see Figure 1, this direction differs 180 degrees from the direction from which the waves
are coming. Similarly, the angle of the shore normal is also defined with respect to the north.
Refraction theory is used to determine the nearshore wave climate. Three longshore transport
formulas as [ CERC, Kamphuis and van Rijn] will be used in KSED program for prediction of
Annual longshore sediments transport.

Positive
Longshore current (+)

/ &NORTH
wave angle 2

pos. angle (
o -

f
A
negative
Ne gative angle (<)% EAST
Longshore current

(-)

wave angle 1
(wave speed vector)

Figure 1 Definition of the angle of wave propagation with respect to the coast.
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The Kamphuis (1991) method is given by:

Qt—mﬂss = 2'331‘:"3.';[:1‘93 - J‘:":] [:T*p:]LE (taﬂﬁ] 075 (dEI}] hes (Hs,brjz [Sin(ngrj] o

Where:

@: _ma=-= longshore sediment (dry mass in kg/s)

H_,,.=significant wave height at breaker line (m);

8,,.=wave angle at breaker line (°)

d-;=median particle size in surf zone (m)

tanfS = beach slope

T, = peak wave period

p= porosity factor (0.4).

The modified Kamphuis (Mil-Homens et al., 2013) method is given by:

Qt—mﬂss = 1'51':"3;.(103 - JG:] (Tﬂjﬁlsgtta’nﬁjulsa [:dEEJ_DIGg (Hs,br':]zl?E [Sin{ngr]]DIE

In CERC formula (Shore Protection Manual, 1984) the model, based on the assumption that the
total longshore sediment transport rate is proportional to longshore energy flux, is given as:

5
Qt,mrzss = 0'023(1 - pjpsgl}lsl(rbr] [:Hs,br':]z [Sin(ngrj]

Using:

p = porosity = 0.4

ps = 2650 kg/m’

ybr = breaking coefficient = 0.8

5
Qr,mﬂss = 128[H3,br:]2 [Sin(ngr]]

with:

Qt.mass = longshore transport rate (dry mass, in kg/s),

H; = significant wave height at breaker line;

Oy = wave angle at breaker line (between wave crest line and coastline; or between wave
Propagation direction and shore normal direction).

The coefficient 128 has dimensions and Hgp, 1s in meters. The most important parameters are the

wave height and the wave angle. The second equation is a rather crude formula, not showing any

influence of the particle diameter and the beach/surf zone slope. Therefore, the CERC-formula is

only valid for a narrow range of conditions as represented by the calibration data. The formula is

most valid for sandy ocean coasts.

Formula of Van Rijn (2014) is given, which is a simple general expression for the
computation of longshore transport of sand, gravel, and shingle (0.1 to 100 mm). The effects of
additional currents due to tide and wind are included. The longshore sediment transport
according to Van Rijn (2014) is:
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Qt,mﬂss = 0.000 18Km‘a!! ps-gDIE (tﬂ,ﬂ,ﬁ:] o4 (dEI}j_DIE(Hs,brjall[Sin(EEbr:]]

With:

Kswen = Swell factor.

The above equation includes the effect of swell waves. Low-period swell waves in the range of 1
to 2 m produce significantly larger transport rates (factor 1.5) compared to wind waves of the
same height (Hyms = H). This effect can to some extent be taken into account by using a
correction factor to the longshore transport rate, if the percentage of swell waves (in terms of
wave height) of the total wave height record is known. Herein, it is proposed to use a swell
factor, as follows:

Kooy = 1.5 (228 4 1(1 220} = 0015 p,,,,, + (1—0.01 p,,,))

With:
Pswenl = percentage of low-period swell wave heights of the total wave height record (about 10%
to 20% for sea coasts and 20% to 30% for ocean coasts). Some values are: Kgyen =1.05 for pswen

=10%; Kswen =1.1 for pswen =20% and Kgwen =1.5 for pewen =100%. If swell is absent (or
unknown), then Kgyen= 1. The equation can also be expressed, as:

Qt,mﬂss = G'GGDEKN'EHPS (tﬂ’ﬂ’ﬁj ﬁl‘l(dEDj_DIE[:Hs,br:] e [Vu'ﬂva]

Where
0.5,
Vipavse = 0.3(gH,,,)  (sin26,,)

W
with:
Vwave = wave-induced longshore current velocity (m/s) averaged over the cross-section of the
surf zone based on the work of Bagnold (1963) and Komar (1979).
This equation is linear in velocity. Additional velocities in the surf zone due to tide and wind can

be simply taken into account by schematizing the tidal period in two blocks, as follows
Viotai= Vwave + 0.01p1V1 + 0.0lszz

Where

V= representative velocity in positive longshore direction due to wind and tide.

V,= representative tidal velocity in negative longshore direction due to wind and tide.
pi= percentage of time with positive flow (about 50%).

p2= percentage of time with negative flow (about 50%).

The peak longshore velocities in the surf zone due to wind and tide are approximately in the
range of 0.1 m/s for micro-tidal to 0.5 m/s for macro-tidal conditions. Generally, there is a slight
asymmetry in the wind-generated velocities in the main wave (wind) direction. Using this
approach, a slight asymmetry in the velocities due to wind and tide (V; larger than V, or
reversed) can be taken into account.

The effect is zero in fully symmetric tidal flow (p; = 50%, p> = 50%, V| =-V»).
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KSED Model Demonstration

Internet Version

Website: WWW.hceatkuwait.net\Web_pas\KSED\KSed.aspx

User must login to website address at: WW W .hceatkuwait.net\Web_pas\KSED\KSed.aspx
Then Figure 1 will display the main KSED website page on internet as follows:

LSRN & hip:/ localhost 1 233/KSED-PC/KSED.sspe
© KSED Model... Prediction F... %

Fle Edt View Favorites JTools Help x @
5 2)SimuLaspx-x=d&udabel=... [ Outlook (IS Kuwait Coastal Informatio.. G Google @ Sign in with your AppleID... ‘) Personal | NBK (National B... & My Drive - Google Drive [i§ Login ResearchGate &) Quick Reference forCmp...

@ N
Map Display Selection
L [ system Coordinate
KSED ] CoastLine Information
I Profile Data SetUp

[ Simulation OutPut
Select Grid Domain
Grid Use>> Refin Arabian Gulf

N Ry ) T
Select Map
R Y
Cl Grd Line omios
— v . ) Raload Map Limts

T [Cogme |

ANNUAL LONGSHORE SEDIMENT
TRANSPORT

KSED Model

WWW heeatianvait net

Figure 1. KSED model Website main Page.

MAP Display Selection
User should display the Arabian Gulf/Kuwait Coast map by select [Map Display Selection

Check box] from Figure 1 then a number of option will display as:
1. Selection of Different coast map of Arabian Gulf Water from [DropBox]

2. Check for Display X/Y axis grid line as check box[Check On/ Uncheck OFF]
3. If user want to reload the previous map select check on the Chekbox for [Reload Map]

Then from Figure 1 user must select { UPDATE }Button to Load and store data the selection
Then new button for Display the map will show as [ MAP SHOW ] as shown in Figure 2

System Coordinate Information
User from Figure 1 check on [System coordinate CheckBox] Figure 3 will display for user to

set The coastal line information as follows
1. Coastline Reference Coordinate

2. Origin Coordinate
3. Coastline System Orientation
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|_Gj—,‘ http://localhost:1283/KSED-PC/KSED.aspx
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File Edit View Favorites Tools Help x @

55 2] SimuL.aspx-x=48xlLabel=... [J4 Outlook (IS Kuwait Coastal Informatio... G Google @ Sign in with your Apple ID... “f} Personal NBK (National B... & My Drive - Google Drive [ Log in ResearchGate £ Quick Reference fo

]
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Figure 2. Map Display

In this setup user should select the coastline parameters data as follows
e The Upper/Lower corner data are the coastline reference map

e Origin coordinate is points close to coastline were to calculation the Azmith Angle as
shows in Figure 3.

e Enter the [Coastline Angle From North] is the angle axis of shoreline orientation from
TURE North as discussed and display in Figure 3.Figure 4 display how to calculate the
Azmith angle for north.

e Enter the [Axis-L:] is the axis shoreline length (just for display on map for user)

e Shoreline Data should be entered as formatted data(x,y) in meters. To display a sample

discussed data user select [ ﬂ] info button Figure 4 will display to data format.
e Coastline data can be upload as file to the system But for security this option can be done
only by Operator [ksms001@gmail.com]. Send data to upload for user work.

r

iz tlire

User can display the coastline and the orientation of the axis by select [~ ] as shown in

D,

Last option in this section is to assign the entered data to select profile location. A profile
location is a location at coastline where the beach profile will collect to find the BEACH SLOPE
angle. In KSED model can be assign up to 5 profiles location. From [Setup Profile ] a droplist of
5 profile to select as shown in Figure 3. But user can Manually enter profile data will be
discussed next sections.

Figure 5. Also user can update the coastline data select [
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Figure 3. System Coordinate Information for Selected Coastline

System Coastline Information
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512}
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North Axis

Coastline Orintation Angle from North
(Xo,Yo)

&

Lower Left Coordinate
(XLY1)
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X1.Y1.X2,Y2, Lower Left Comer and Upper Right Comer of CoastLine Area
Ndat ., Total coastine coordinates (X,Y) 1 Deg
X, Yi, Coastline Coordinates Deg

Xndat, Yndat,

Note: comma must add

Figure 4
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Figure 5. Coastline Axis Orientation Display

Coast Line Information

From Figure 3 user should check on [Coast Line Information] Check box to display the
selected coastal parameters for sediment and Longshore currents as shown in Figure 6 for the
following:

e Sediment Density.
e Bulk density of sand bed.
e Percentage of mud in bed (range of 0 to 20%).
e Percentage of offshore swell waves (H>1m, T>10s).
e Positive Tidal current vel. (50% of time).
e Negative Tidal current vel. (50% of time).
(Tidal velocities are only applied in method Van Rijn)

Then user must save the data. The system will load the file in simulation later.
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Figure 6

LONGSHORE SEDIMENT TRANSPORT

From Figure 6 user must check [LLongShore Sediment Transport] checkbox Figure 7 will
display for user to continue setup calculation sediment transport process.

In this section user must enter profile data and number of profiles to be simulated or can be
reload from previous run as follow:

e User should enter Number of Profile location to be simulated
e From Droplist user select a profile parameter to be open to update data as shown in
Figure 8
Data each profile selected as:
Profile 1
Slope surf zone (slope from waterline to depth)tanB
Shore Normal angle to North (deg)
Sediment Size (D50) (m
Offshore wave water Depth (Ho) (m
Profile Location
e Longitude
e Latitude:

el
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To find the profile slop angle for selected beach location slope of the surf zone is by select option

[i] . From Figure 9 user calculated the slope of the surf zone of selected beach profile by the
following:
1. User must enter data of the beach profile by:

e Enter number of Point as [NO , ]
e Enter X,Y point for beach profile as [ NOx , NOy , ] in meter
e Note: a comma must follows each number

2. Or user can copy and passed the data in the text area

3. User must select [Ei ] to calculate the Profile Slop in Degree and the best fit
line equation display at Figure 9.
4. User must get the slop angle to select Profile no.

Or user can Reload data from Previous Run by select [Reload previous profile data]

When all data profile are entered user must select [Load Wave Index Data l ' ]to load
Wave height, period and direction data recorded for each profile location from the database of
KSED model system and analysis the wave data for KSED model simulation.

~

To start simulation user must enter [ASSIGN PASSWORD] the select [‘. L
To display the result user must checkbox [ Simulation Output | From Figure 8. Figure 10 will
display for user a number of options to select as follows:

OutPut Simulation Display

0
1. Display Report File
To display simulation output file as shown in Figure 11

2. Download Report File H
To download simulation output file

Plot Simulation Display

e (Calculation Methods Motheds j

Select a simulation method to plot Annual GROSS sediment transport and Net
Annual sediments transport as Bar graph as shown in Figure 12

=

e Display==>>
To display a select Plot as shown in Figure xxx
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ABSTRACT

Search for and rescue of persons or floating Object in distress on the high seas requires the
capability to accurately predict the position of the survivors or to locate the object. The current
approach used to predict the drift is based on an empirical correlation between wind speed and
search object motion derived from available field data [like 2D tidal current and wave height].
Prior to this study, no drift data were available for persons or floating object in sea, which are
widely used in distress situations. In an effort to help mitigate these uncertainties, [Al-Salem
2019] developed a mathematical model to predict the drift of object, person in sea and life raft
for given environmental conditions. Subsequently, the model was simplified for operational use
in search and rescue mission planning for disabled boats and drifting life rafts.

INTRODUCTION

Many factors affect the drift of life rafts, disabled boats or a person at sea. Successful Search
and Rescue missions, therefore, depend on human intelligence, on intuition and insight gained
frommany years at sea, and on tools developed for the task. Since 1944, numerous efforts have
beenmade to investigate the effects of surface current (Tomczak, 1964; James, 1966; and Meyer
et al., 1967) and wind velocity (Pingree, 1944; Chapline, 1960; Hufford and Broida, 1974;
Morgan etal., 1977; Morgan 1978, Scobie and Thompson, 1979; Osmer, Edwards, and Breitler,
1982; andNash and Willcox, 1985) on drifting objects. Drift motion is defined as the movement
of the search object through water, caused by the action of the wind on the exposed surfaces of
the object (National Search and Rescue Manual, 1991). As a vector quantity referenced to the
local wind, tidal current, directions and wave height may be expressed in terms of drift speed and
angle also wave height will be considered. The rate of a drifting object refers to the ratio of the
drift speed of the object to the local surface wind speed, tidal current and wave height. The study
has provided a better understanding of the dynamical processes of drifting objects in the Sea. A
reliable drift prediction model has been developed to expected the result in improved efficiency
in search and rescue missions. This report covers the work carried out in the study.

THEORETICAL ANALYSIS

Drifting objects in Sea are very complex technical systems, controlled by general
mathematical models analysis of performances for floating objects requires detailed knowledge
of its dynamics. The basis of the general mathematical model is analysis of conditions and
energetic balances, prevailing during moving of object throughout the water. On the basis of
known relations of hydrodynamics and floating object in the ambient water, A general
mathematical model of dynamics of floating object is reached. By solving an obtained system of
complex equations within a time unit, actual condition of floating object in space has been
provided. The aim of the model is to predict the probable drifted area or path of an object or (drown
body) in sea after certain order of time. The drifting is due wave, current and wind action.

In This study a number technical of theoretical solution will be apply for develop a drift floating
object in Arabian Gulf waters as:
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Lagrangian Movements of Particles

A Lagrangian discrete-parcel algorithm is used. In this algorithm, the floating object is
viewed as a large ensemble of small parcels. It looks at the subsequent coordinates
(trajectories) of a number of individual fluid or fluid property particles that are adverted
(transported) by currents, Wind Speed and Wave height action. When the hydrodynamics

field is known then we may add turbulent diffusion as random walks Rnd ( ) that have in
general Gaussian distribution with dispersion that corresponds to turbulent activity. For a
particle numbered ! we get

dx, =u(x.,y,,z,,t)dt + Rnd (i)
dy, =v(x,,y,,z,,t)dt + Rndy(i)
dz; = w(x;,y,,7;,t)dt + Rnd _(i)

[1]

Where

(u,v) represent drift velocity related to wind speed, tidal current and wave height. To compute the
wave drift velocity we applied the surface Stokes drift formula using significant wave height Hs,
period Tp and g is gravity (9.8 m/s). Us is represent the Stokes Surface drift velocity as follows:

u, = g 'm*HIT;? 2]

LeeWay theory for Object Drift in Water
Forces exerted on a solid body when fluid flows around it or when it moves through a fluid are
termed the drag and the lift, depending on whether the force is parallel to the motion or at right
angles to it. The general expression of the drag force Fp is
1

F, =-CppV|V

p ~3%oP V] 3]
where Cpis the drag coefficient, g is the density of the fluid, A is the cross-sectional area of the
body perpendicular to the direction of the flow, and V, is the velocity of the fluid relative to that
of the drifting body. The primary forces acting on a drifting object are wind forcing and current
retardation. A steady drift velocity V is achieved when the forces balance, as expressed by

1
F, = S C ANV, —V|(V,—-V) Drift Force relate to wind speed [4]

F. = iC ANV =VI(V. =) Drift Force relate to tidal current (5]

Equations 4 and 5 combined as shown in Figure 1 will yield as

3 CaPaalVa =VIWL = V) + SCopAV, = VI, —V) =0 6]

Assuming both Reynolds numbers, Ra, and Rc , to be large, then C,, and C, are constant. The
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drift velocity V due to wind speed and tidal current action can be solved easily from equation 6
as:

vy 4+ Lty 7]
1+y 1+y

Where

']_r - ? at ‘]'{a, = Ca,pa,‘qa, and ‘]'!c = CCJQGAC

Pga Air density: 1.226 kg/m’ P. Water density: 1025.9 kg/m3
A, object area above sea level A, object area below sea level as shown in Fig 1

Floating Object

SEETAS

Water Level

Wind Drift Force

Tidal Current Drift Force

Figure 1

C, Drag Coefficient for Wind speed on Floating Object as shown in table 1.

Table 1. Drag coefficient for Wind speed C,

Reference Reynolds Drag coefficient
{ypeot body area S number Re Cp
— i S=D? Re > 10° 1.05
Cube D
- §=D* Re > 10 0.8
’ - 0.42
Solid hemisphere @ID S=nD"/4 Re > 10* L17
— 1
Hollow ) 4 —0.38
D -
hemisphere di S=nD?/4 Re> 10 in
Thin disk ~—[I2 S=aD/4 | Re>10’ L1
) 20.
Circular disk ot 0)12 S=nD/4 Rlze>il :)4 2 ‘:’Re
Re<1 24.0/Re
Sphere — @[> | s=xD%/4 | 1<Re<2x10° 0.45
Re > 2x10° 0.2
Streamlined body | = @D S=nD?/4 Re > 10° 0.04

Source: Elsayed S. Aziz 2008. Conference American Society for Engineering Education, 2008

Wave Effect

Hufford and Broida (1974) reported that drift object appears to increase up to about 15%

with increasing sea state. The relationship has not yet been quantitatively established, however.
This section contains a simple derivation to account for the wave effect on drift.

The wave drift force can be expressed by
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1 H
F, = > Cppw gL (E) 2 Drift Force relate to wave height [8]

where Cj, denotes the wave drift coefficient, g is the acceleration due to gravity (9.8 m/s> ), Lis a
Characteristic length of the drifting objects, and % is the wave amplitude which is equal to one

half the wave heights. The force acts in the direction of the wave propagation. The wave drift
coefficient in a regular wave pattern is a function of the frequency of the incoming waves and
may reach a value of order 1 in some cases. Including the wave drift force in the balance
equation 6, and assuming that the wind, current, and wave forces act in the same direction as
shown in Fig 2, we obtain the following:

1 1 1 H
ECapaAa U{z - ij + ECCPCAC (I'E: - ij + ECHPWQL(;)E =0 (9]
This quadratic equation can be solved to yield
_ . (v —v¢d (Vﬂ_vc)z & q1/2
V=V, - e+ ((EF) + 53 [10]
V, is the solution of equation 6 when H/2 = 0 and C}, is the Drag coefficient for wave height as
shown in table 2; thus, [11]
Y
V= —V,+——V,
¢ 1+y © 149V °
c 2
e RGLa
EGAG

For large a, the effect of wave drift is considerable as indicated in equation 6. With small
o, assuming << |V, - V| equation 6 can be reduced to yield

V=V, + S (oaos)

2 A+y)(Vp—Vg) [12]

Table 2. Drag coefficient for Wave Height C,

Beaufort Wave Period: T(s) [ Wave No: k Cps
classes
0 0 1 1
1 0.78 6.615 1
2 1.87 1.151 |
3 3.06 0.43 0.997
4 4.62 0.189 0.99
5 6.21 0.104 0.971
6 7.7 0.068 0.908
7 0.24 0.047 0.784
g 10.81 0.034 0.615
0 12.44 0.026 0.411
10 14.09 0.02 0.24
11 15.79 0.016 0.123

Source: Report No.18591 620/ TECH _DOC/2 [Marian]. hitps:/fwww iala-
aism.org/wiki/iwrap/images/6/65/Contact_drift pdf
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A theoretical analysis and laboratory experiments were investigate the drift and leeway
characteristics can be simplified to  leeway expression, developed from theoretical
considerations, indicated that the leeway velocity should be directly proportional to the
difference between the true wind velocity at the drift object and the true current at the object.
This relationship should hold over a wide range of wind speeds. The leeway velocity, V, was
estimated to by

V,=0.0323(V, — V,,) [13]

Where
V., is Wind speed Drift Velocity, V,,is Tidal Surface Current.

Wave

Floating Object

Sealevel

-
Wind Force

CurrentForce
’/

Wave
Underwater Floating Object

Sealevel

-
CurrentForce
’/

Figure 2. Drift Forces Acted on floating body on water

1D /2D Hydrodynamics prediction model [KGulf Model]

Hydrodynamic models (HD) represent the core of any simulation for flow field, water
quality, erosion and siltation, and morphological studies. HD models vary from fully three
dimensional (3D) to simpler one dimensional (1D) models. For such models they may differ
in the choice of the numerical grid, the discretization method, the time difference scheme,
the solution technique, and the treatment of boundary conditions. Finite difference models
using Cartesian grids require the application of several nested models in order to model a
certain area with a fine grid. Finite element models have the advantage that an
unstructured grid can be used thus providing fine grid resolution in the areas of interest
only. But the disadvantage with this method is that the computation takes much time for
simulation. Many researchers have modeled the Arabian Gulf (e.g., Blain, 2000; AlHajri et
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al,, 1997, Chu et al,, 1988, and Proctor et al. 1994). It is essential for Kuwait to have its own
HD model for the Arabian Gulf. Lo and Al-Salem (1999) attempted to develop such a model
for the Kuwait Institute for Scientific Research (KISR) by setting up two models. The two
models they used however were based on the finite difference technique and thus require
the use of nested models to provide a finer grid resolution in the Kuwaiti territorial waters.
A new Tidal Current prediction technique is developed for hind-cast, now-cast and
forecasting of Tidal current conditions over the Kuwaiti territorial water and the Arabian
gulf. It is an interactive online model (K. Al-Salem ,2012). The computer simulation time
required for this model technique for Tidal Current history prediction in very little. The
present technique is validated with RMA 10 model and with measured field data. The
model is named as KGulf model .In this study, the KGulf model is setup to predict the water
level variations and the currents induced by tides. The grid resolution is finer in the
Kuwaiti territorial waters in order to get accurate useful data for Kuwait. A snap shot of
grid system used in KGulf model as shown in Fig. 1. The KGulf model is a two dimensional
(2D) and is based on the calculated grid constituents values, which is stored and linked as
database to the model. The model is capable of simulating 2D tidal current and water level at any
selected grid inside the Arabian Gulf waters starting from the year 1970 to 2035 with hourly
output results (K. Al-Salem ,2012).

Figure 3. Sample of grids used for Kuwaiti territorial waters

Prediction of Significant Wave Height using an Empirical Relation for Kuwaiti
Territorial Waters [Al-Salem 2009]

It is well known that wind speed and fetch (depends on wind direction) dominate the generation
of water waves in the sea. Apart from this, the water depth, the bathymetry and the location of
the point of interest are all important. The wind speed at 10 meter above the sea level, wind
direction, and water depth are considered as primary forcing parameters for the present
technique. All wind wave models such as the WAM model also require the wind speeds and the
bathymetry. These types of models however, require spatial and temporal wind data over the
water body. The WAM model needs to be applied to the full Arabian Gulf and thus takes
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considerable computer time. In this study an empirical model is developed for the Kuwaiti
territorial waters to provide an efficient and prediction of wave parameters. This technique can
be useful in providing wave conditions from wind data at a single point 1D and 2D. It is
expected that the technique can provide good predictions for storm conditions. For swell
conditions, it will not provide good results. Due to the relatively small water body of the Arabian
Gulf in most cases the wind will not vary considerably over the full Arabian Gulf. For more
accurate wave forecasting it is recommended to have a local wind model for the Arabian Gulf to
provide data to an operational WAM model. To demonstrate the method developed the results
for one location is provided. This location is offshore Al-Fintas at longitude E 48.2° and latitude
N 29.1° in Kuwait’s territorial waters as shown in Fig. 4. A wave Buoy was placed at this
location for about three years and the data from this buoy were used in the WAM model
validation (Al-Salem et al.., 2005). The water depth was 14 m. Equation 9 was used to determine
the significant wave height (H;) for a certain wind speed ‘v’ class and direction ‘e’ class.

k C, H_
iZZI: H si (9)
H(va)=—"
m

where the weighting factor Cy is calculated according to,

c 10 if Vo, <V<V

=10 i
" o, <oa<a.. (10)
Cc, =00 otherwise
where ‘n’ is the total number of data values available and ‘m’ is the number of data values with
Cy=1.0. The minimum and maximum values for ‘v’ and ‘a’ are the limits for each class. K is the
constant of 1.2. The wind classes were taken every 1.0 m/s till 20.0 m/s (3.6 km/h to 72 km/h).
For the directions a class of 45 degree was used. Hourly data for two full years (1993-1994) were
used to determine the value of H; for each ‘v’ and ‘0’ class. A similar relation was used for the
mean wave period (Ty,),

T (v,a)= =
m

where the weighting factor Cr is calculated according to,

Viin <V <V«

C.=10 g
! f{a. <a<a,, (12)

mn

C, =00 otherwise

In this study a wave model [ KWave ]| was developed by [Al-Salem 2009] to predict the wave
conditions from local wind records will be used. The model was validated and calibrated using
data from a two dimensional WAM model for the Arabian Gulf and a measured data recodes
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from the Bouy deployed at al-Fintas coast in Arabian Gulf. The KWave model was shown to
provide good results for the wave height, period and direction.

47" 30 48" 00’ 48" 30 49" 00"
I_/ —
30008 - 30° 00"
I
L
Kuwait
29" 30° 29" 30"
29° 00" T, 29° 00’
\\\
.
5
\\
5
28" 30" 28° 30"

47" 30° 48° 00" 48" 30’ 49° 00!

GMT ERERARERCFLE:S

Figure 4. Map of Kuwait showing the locations where measured data was available.
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KDrift Model Demonstration
[ PC Version |

[Internet Version => http://www.hceatkuwait.net/web_pas/kdrift/kdrift.aspx]

Start Activate End

Pt TN

Prediction for Drifting Object in Sea
KDrift Model

Copyright @ 2019. Khaled Al-Salem. KDrift . All
rights reseved

Email: ksalem@ksms001@gmail.com

WWW hceatkuwait.net
Tel: 965 9901 6700

User should Press on Start Fig A1 will display as follows
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[ 2D Driting object Interface In Arab

-,.% KDt Model

~ Model Uptior

Domain Map
2D Hydrodynamic's SetUp
Wind Data SetUp

Source location SetUp
Start Simulation
Simulation OutPut

i B e B B 1

~ Domain M:

| SelectMap

Map Limits
Longitude (deg)
47652 4834 05
Latitude (deg)

20308 [ 2965 [05

NewLimts | Update;
Grid (on/off) 2 9

Satilite image (on/off) v

Copyright © 2019 K. Al-Salem. KDrift Model All rights reserved Longitude (deg) 48.20729 Latitude (deg) 29.44023

P

Figure A1
Figure A1 display a number of model Options for user to setup new project as follows:

1. Domain Map; Option for user to select the display main map by dropdown list of pre-

saved satellites image map of Kuwait water. User can select {Q } image to display the
selected map on Google map [Internet require] as shown In Fig A2
2. 2D hydrodynamic Setup; Option for user to setup Start and end Time for hydrodynamics
prediction [2D Tidal current and water level] .And user can select simulation time step in
(min) as shown in Fig A3.
3. Wind Data Setup. This option allow user to load wind data to the simulation as shown in
Fig A4 by following:
e Constant Wind Speed and wind Direction
e Variable Wind Speed and wind Direction in two ways

1- Load Wind data From Pre-saved File as { Wind speed/Direction }
2-Load online Wind Speed Data from Remote website address
[hceatkuwait.net]. Data stored for coming 6 days.
4. Source Location Setup; Option to enter the object Location and Type Of Object for

simulation As shown in Fig AS. Figure A6 shows the type on Object to be simulated.
5. Start Simulation; Option to start project simulation by three different theories as shown in
Fig A7 for follows:
e Lagrangian Moving Particles theory [Result show in Fig A8]
Figure A9 display result on Google Map
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e Leeway Drift Method [Result show in Fig A10]

Figure A11 display result on Google Map

Monte Carlo statistical methods [Result show in Fig A12]
Figure A13 display result on Google Map

6. Simulation Output; to display the result and reanimate the simulation for the following:
e Reanimate the Drift object simulation

Display The simulation output Files as shown in Fig A16 and A17

el - b>

BB KDl Model

Sooi Uit

Dewvain Mg

3D Hedrodymansic's Seilp
Wind Daea Seilp

Sonrce katien Seilp
Saat Samalatien
Samalatiss Outfet

@)
Qema bl
[ ] s

MuKernz Waeer2
Nooh Araits Gat-l

b o o B B <

Ko 1 Bay Gl
i Keraset Cones
AL Zaw Couw: G2

Setected My
NewLir|  Cplea]

Gri (revm w @
Saciline lmage (o) @

Capymzte € 2019 K. Al-Saden KDuft Madel All righes reserved Longiuds 3ag) 4302733 Lansde jiag) 2317328

Figure A2. Display Selected Image on Google Map

,2;% KDrift Model

ol Gt

Domain Map

2D Hydrodynamic's SetUp
Wind Data SetUp

Source location SetUp
Start Simulation
Simulation OutPut

aoaomxan

‘s Time Li

Start Date

<o ~

End Date

Copyright © 2019 K. Al-Salem. KDrift ModeL Allrights reserved Longtude (deg) 430373 Latiude (deg) 2916908 |

Figure A3. 2D hydrodynamic time setup
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Figur; A4. Wind Speed Data setup

5 2D Driting abject

Copyright © 2019 K. Al-Salem. KDrift Model All rights reserved

—_

Figure 5. Object Initial Location And Object Type

Longitude (deg) 4885707 Lattude (deg) 2916638

Hydraulic And Coastal Application [H.C.A. 2004]

KDrilt Model
~ Model Uptio
Domain Map 0o
2D Hydrodynamic's SetUp [~
Wind Data SetUp v
Source location SetUp r
Start Simulation r
Simulation OutPut )
- Wind Data Input
Constant Wind Speed O
Wind Speed O <o S
‘Wind Direction =
File Load Wind Speed (UDirc) v
Misec  ~
File Name Wind Sp.Dire

C: KDrift' out'wind txt @

‘Wind Direction From North Clockwise

Heeatkuwait.net <RLtime.txt >

Wind Speed SetUp File

r
r

KDrilt

Model

1 Op!
Domain Map

2D Hydrodynamic's SetUp
‘Wind Data SetUp

Source location SetUp
Start Simulation
Simulation OutPut

~Source Location-
Drift Start Date

Spill Location [~

a4 W

Option Of Drift Object

- Object

At Time in Day m El

Longitude IW j e
Latitude

2034985
ater Depth: 2.825m
-
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Diameter [D2-W]m
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Drift Drag Coefficients
- 55
Wind Drag Coefficient Crv 045 =

Current Drag Coefficient Ce | 2787

2

= 0 | 2
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Wave

Sealevel

T

D1
Floating Object
< ~
Note: D1 B

Z0 =0 the Floating Object Simulation
Z0 = 0 Submerge Object Simulation

Wave

Sealevel

20
0 v
Floating Object

w

Note:

Z0 =0 the Floating Object Simulation
Z0 = 0 Submerge Object Simulation]

Figure A6 Type of Drifted Object in the model
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Figure A7. Project simulation Window
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Figure 8. Drift Object Simulation by Lagrangian Moving Particles theory
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Hydraulic And Coastal Application [H.C.A. 2004]
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Figure 9. Drift Object Simulation by Lagrangian Moving Particles theory displayed on

Google Map
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Figure 10. Drift Object Simulation by Leeway Drift Method
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Figure 11. Drift Object Simulation by Leeway Drift Method displayed on Google Map
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Figure 12. Drift Object Simulation by Monte Carlo statistical methods
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To Create HTML file for the select Simulation as shown in Fig A14. Figure A15 displays a part
on the HTML file create by KDrift Model to Redisplay the Drift Result.

nloa
ecent Places Homegroup
L] System Folder

- | KHALED
O Libaries & System Folder
& Homegroup
B KHALED [’ | Computer
% Computer ¢ | System Folder
&L, 108607008 (C

s New Volume (T ~ ‘}, Network

File name: ~KDrift Model(2019).mht

Figure 14. To Save HTML file for the select Simulation from Google Map Option.

<head>
<meta http-equiv='content-type'
content="text/html;charset=utf-8'/>
<meta http-equiv="X-UA-Compatible' content="TE=edge"™
<title>KDrift Model(2019)</title>
<style>
#map {
height: 100%;
}
html, body {
height: 100%;
margin: 0;
padding: O;
}

#floating-pantit {
background-color: #fff;
border: 1px solid #999;
left: 1%;
padding: 5px;

nncitinn: ahanlnte:

Figure 15. A Snap of a part of HTML Created by KDrift model..
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Eile Edit Format Miew Help

Numerical model for Drift Floating Object
In Arabian Gulf waters
Korift Model
K. Al-3alem z019
version 1.0

| »

m

Drift Option: Circular Object
Object Parameter:
Di-H [m]: 0.5
Dz-W [m]: 1.0
Z0o [m]: 0 [ Z0 > 0 then submerge Object ]
prift Simulation Start: Mayls,2019
End: Mayz3,2019
Total simualtion Time (hrs):, 144
Simulation Time Step (min):, 20
Object Location:
Longitude {deg): 45.18204
Latitude {deg): 29.3551
water Depth: 9.551m

Simulation Typr used: Lagragian Moving Paticals

Date Time Object Location water Drift Tidal Current wind Speed wWave Height
Longitude Latitude Lewvel Speed cur Direc wn Direc H Period Direc
HR. Deg Deg m[MSL] m/s m/s deg m/s Deg m sec Deg
18/ 5/ 2019 12:00 AM, 048.18225 029,35421 000.7 000.09 00.13 350.7 001.20 257.04 00.05 02.3 067.7
18/ 5/ 2019 12:20 AM, 048.18249 029.35397 000.7 000.03 00.05 333.7 001.20 257.04 00.05 02.3 0O67.7
18/ 5/ 2013 12:40 AM, 048.18273 029%.35373 000.7 000.03 00.05 333.7 001.20 257.04 00.05 02.3 067.7
18/ 5/ 2013 01:00 AM, 045.18413 029.35045 000.4 000.33 00.43 336.3 000.50 324.84 00.05 02.5 037.2
18/ 5/ 201% 01:20 AM, 048.18519 029.34714 000.4 000.32 00.40 339.2 001.24 028.79 00.05 02.6 084.2
18/ 5/ 2019 01:40 AM, 048.18617 029.324373 000.4 000.33 00.40 339.2 002.30 040.01 00.09 02.5 073.6
18/ 5/ 2019 02:00 AM, 048.18777 029.33841 000.0 000.51 00.63 340.7 002.32 059.04 00.09 02.5 073.6
18/ 5/ 2019 ©02:20 AM, 048.18946 029,33331 000.0 000.50 0O0.80 339.2 002.57 076.01 00.15 02.9 109.7
18/ 5/ 2019 ©02:40 AM, 048.1%161 029,.32813 000.0 000.52 00.62 335.4 003.00 089.04 00.15 02.%9 109.7
18/ 5/ 201% 03:00 AM, 048.1%37% 029%.32267 -000.3 000.55 0O0.65 336.59 002.80 179.05 0O0.10 02.7 095.3
18/ 5/ 2013 03:20 AM, 048.1%:00 029%.3164% -000.3 000.61 0O0.73 335.5 002.60 176.74 0O0.10 02.7 095.3
18/ 5/ 2013 03:40 AM, 048.19760 029.31140 -000.4 000.4% O00.59 342.0 002.40 174.05 00.10 02.7 095.3
18/ 5/ 2019 04:00 AM, 048.19783 029.30754 -000.6 O000.36 O00.42 357.4 002.33 171.22 00.10 02.7 095.3
18/ 5/ 2019 04:20 AM, 048.19915 029.30363 -000.6 O000.38 O00.45 341.1 002.26 168.22 00.10 02.7 095.3
18/ 5/ 2019 04:40 AM, 048.20049 029.29974 -000.6 O000.38 O00.45 341.1 002.20 165.05 00.10 02.7 095.3
18/ 5/ 2019 05:00 &M, 048.20114 029.29816 -000.7 000.16 O00.16 335.5 002.43 167.83 00.10 02.7 095.3
18/ 5/ 201% 05:20 AM, 048.2017% 029%.29655 -000.7 0O00.16 O0.16 335.5 0O02.66 170.13 00.10 02.7 095.3
18/ 5/ 2013 05:40 AM, 045.20236 029%.29410 -000.6 0O00.23 00.25 346.2 002.90 172.05 0O0.10 02.7 095.3
18/ 5/ 2019 06:00 AM, 048.20174 029.29479 -000.5 000.09 O00.16 118.5 003.33 172.89 00.17 02.8 105.0
18/ 5/ 2019 06:20 AM, 048.20112 029.29542 -000.5 O000.08 O00.16 118.5 003.77 173.54 00.17 02.8 105.0
18/ 5/ 2019 06:40 AM, 048.20072 029.29591 -000.5 O000.06 O00.16 118.5 004.20 174.05 O00.34 02.7 106.8
18/ 5/ 2019 07:00 AM, 048.19909 029.299%77 -000.1 O000.39 O00.58 112.0 004.43 175.89 00.34 02.7 106.8
18/ 5/ 201% 07:20 AM, 048.1%755 02%.30395 -000.1 0O00.41 0O0.62 109.5 0O04.66 177.55 00.34 02.7 106.8
18/ 5/ 2013 07:40 AM, 048.1%588 02%.30775 -000.1 000.358 0O0.58 112.0 004.90 179.05 0O0.34 02.7 106.8
18/ 5/ 201% 08:00 AM, 048.19365 029,31355 000.3 000.58 00.82 110.3 004.30 179.77 00.34 02.7 106.8
18/ 5/ 2019 08:20 AM, 048.19200 029,31988 000.3 000.61 00.84 103.3 003.70 089.36 00.15 02.6 090.0
18/ 5/ 2019 08:40 AM, 048.18956 029,325%0 000.3 000.60 00.82 110.3 003.10 O088.04 00.15 02.6 090.0
18/ 5/ 2019 0%9:00 AM, 048.18725 029,33194 000.8 000.60 0O0.80 109.2 002.96 084.70 00.15 02.9 109.7
18/ 5/ 2019 ©09:20 AM, 048.18492 029.33800 000.8 000.60 00.B0 109.2 002.82 081.04 00.15 02.% 109.7
4| [} | »
Lnl, Coll

Figure 16. Display Drift Object Result file by Lagrangian Moving Particles theory or
Leeway Drift Method
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| Report2.txt - Note | =
/| Repo otepac po

File Edit Format Yiew Help

Numerical model Tor Drift Floating Object -
In Arabian Gulf waters
KDrift mModel
K. Al-Salem 2019
Version 1.0

pDrifTt Ooption: Circular Object
object Parameter:
D1-H [m]: 0.5
D2-W [m]: 1.0
Z0 [m]: ¢ [ 20 > O then submerge Object ]
Drift Simulation Start: Mayis,zol9
End: Mayz23,201%
Total simualtion Time Chrs):, 144
Simulation Time Step (min):, 20
object Location:
Longitude (deg): 48.18204
Latitude (deg): 29.3L551
water Depth: 9.551m

Simulation Typr used: Monte Carlo Statistical Method"

Total Simulation Test:, 20

Date Time Drifted object Location Probability
Longitude Latitude Oof Location
HFR. Deg Ceq %
11
23/ 5/ 201% 11: 40 PM, 48.24354 29,2412 25
232/ 57 2019 11:40 PM, 48.23957 29.25924 20
23/ 5/ 2019 11:40 PM, 48. 25289 29. 24891 1t
23/ 5/ 2019 1i:40 PM, 48.23939 29.18659 5
237 5/ 2019 11:40 PM, 458. 23585 29.21514 5
23/ 5/ 2019 11:40 PM, 48. 26319 29,2728 5
23/ 5F 2019 11:40 PM, 48.24342 29. 2688 5
23/ 57 2019 11:40 PM, 48.26129 29. 26357 5
23/ 5/ 201% 11: 40 PM, 48.22214 29.26336 5
232/ 57 2019 11:40 PM, 48. 26267 29.21083 5
23/ 5/ 2019 11:40 PM, 48.23198 29. 23736 5
4 F
Lnl, Coll I
— ¥

Figure 17. Display Prbability of Drift Object Result file by Monte Carlo statistical methods
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Introduction
Breakwaters are structures constructed on coasts as part of coastal management or to protect an
anchorage from the effects of both weather and longshore. Breakwater is the oldest coastal
structure used by human being. A thorough knowledge of the basics of the dynamics of waves,
currents, tides, cyclones, storm surges and its influence on the breakwater in terms of disturbing
actions, scours and response are essential for a successful deign of breakwater.
Breakwaters are basically classified as

o Rubble mound Breakwaters and Vertical breakwaters

o Composite Breakwaters (Horizontally composite and Vertically Composite)
o Floating breakwaters and Special type of breakwaters.

Rubble mound breakwaters are built using natural rubbles Figure I and they are good energy
dissipaters.
\ave screen

// Armour Layer
z
/c SW ﬂ

Harbourside

Bedding layer

Schematic section of a mound breakwater

Figure 1. Schematic section of a rubble mound breakwater.
Many different concrete shapes have been developed as armor units for rubble structures. The
major advantage of concrete armor units is that they usually have a higher stability coefficient
value and thus permit the use of steeper slopes or a lighter weight of armor unit. This advantage

has particular value when quarrystone of the required size is not available. Some of the
prominent concrete armor units are shown in Figure.2 including rubble in Fig. Sa.

II®
f) 9) h) i) )
Figure 2. Some artificial armor units (b. % @
Cube; c. Antifer; d. HaroR; e.Tetrapod; f.
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Accropode; g. Core-loc; h. XblocR; i. Dolos; and j. CubipodR.

The rubble structure is normally composed of a bedding layer and a core of quarry run stone
covered by one or more layers of large stones and an exterior layer or layers of quarrystone
(armor) or concrete armor units. Typical rubble mound cross sections are shown in Figure 3
(Source: Shore Protection Manual, 1984). This breakwater is exposed to wave actions on one
side (Seaside) and intended to allow minimal wave to the lee-side. Breakwaters of this type are
usually designed with crests elevated such that overtopping occurs only in very severe storms.

S Leeward
Crest Width
Breakwater Cresl\.\;
Max. Design SWL S w/10

SWL (Minimum ) = SWL_(Minimum)

-0.5H

3-m min A W/10 to

W/4000 to W/6000 w/1s
- W/30

e

e e S G
Seiididealized Multilayer Sectionie v

W/10 to W/15

Rock Size
Rock Size Layer _Gradation (%)
w Primary Cover Layer' 125 to 75 H = Wave Height
W/2 and W/15 Secondary Cover Layer? 125 to 75 W = Weight of Individual Armor Unit
W/10 and W/300  First Underlayer® 130 to 70 r = Average Layer Thickness
W/200 Second Underlayer 150 to 50
‘W/4000-W/6000 Core and Bedding Layer 170 to 30

For concrete armor: ' Sectinns II1, 7, g, (1), (2) and (6)
(V)

2 Section III, 7, g, (7)
:Cres' Width

3 Section IIL 7, g, (8)
Breokwater Crest
S~ SWL ( Minimum )

Mox. Design SWL = -—

T SWL (Mini

-1.5H >
-2.0H »
W/10 to W/15

W/200 to W/6000 ~=_

Recommended Three-layer Section

Figure 3.Rubble mound Section for save wave exposure with zero tp moderate overtopping
Conditions

Methodology of design breakwaters [groins] structure

The rubble structure is normally composed of a bedding layer and a core of quarry run stone
covered by one or more layers of large stones and an exterior layer or layers of quarrystone
(armor) or concrete armor units. This breakwater is exposed to wave actions on one side (
Seaside) and intended to allow minimal wave to the lee-side. Breakwaters of this type are
usually designed with crests elevated such that overtopping occurs only in very severe storms. If
it is exposed for substantial wave action from both sides (Example: outer portions of jetties). The
recommended cross section takes into account some of the practical problems involved in
constructing submerged features. According to this principle, the size of pore at any layer must
be smaller than the size of the inner material so that the inner material should not be finding its
way to escape out due to the dynamic activity of the waves.
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WEIGHT OF THE PRIMARY LAYER
The stable weight of the armor stone, W is estimated by using Hudson formula.

W =w, H/ (Kp (S—1)° cot ) (1)
Where

Wy : unit weight of armor unit (N/m’)

H : design wave height at the structure (m)

Kp : Stability Coefficient

(Varies with the shape of the armor units, roughness of the armor unit surface, sharpness of
edges, degree of interlocking obtained in placement) (Refer Table 1)

Sy : Specific gravity of the armor unit, relative to the water at

the structure (w,/ wy,)

W, : Unit weight of water ( N/m’)

0 : Angle of structure slope measured from horizontal in Degrees

Eqn.1. is intended for conditions when the crest of the structure is high enough to prevent major
overtopping. The slope of the cover layer can be partly determined on the basis of stone sizes
economically available. Cover layer slopes steeper than 1 V: 1.5 H is not recommended. Eqn.1
determines the weight of armor unit of nearly uniform size. For graded riprap armor stone, the
eqn. is modified as

Wso = w; H' / (Krr (Sr—1)* cot 0) 2)

Where W5y is the weight of the 50% size in the gradation. The maximum weight of graded rock
is 4.0 W5y and the minimum is 0.125 Wsy. Kgg is a stability coefficient for angular, graded
riprap and is shown in Table 1. These values allow for 5% damage as shown in Table 2. Use of
graded riprap cover layers is generally more applicable to revetments than to breakwaters or
jetties. A limitation for the use of graded riprap is that the design wave height should be less
than about 1.5 m. For waves higher than 1.5 m, it is usually more economical to use uniform-
size armor units as specified by eqn.1.

WEIGHT OF THE FIRST UNDERIAYER AND SECONDARY COVER LAYER

= W/10 to W/15

WEIGHT OF CORE AND BEDDING LAYER

= W/200 to W/6000

Gradation Layers Details Table shown in Table 3

CREST ELEVATION

Select the crest elevation such that overtopping of water is allowed only 2% of the time during a
storm.

Ru,q /Hy = 0.83 ép for ap <2
Consider Hy = Maximum wave height / (2% of 90%)

= 0.78 X Hs/(1.8)
& = Surf Similarity parameter

= tan 0 / (H /Lop)'"

As a first approximation, run-up height can be predicted using the above eqn.

Ruyg = 0.83 X &, X Hs

Which mean that crest elevation of the structure is at Ruyg, (m), then only 2% of the waves
during a storm will overtop the breakwater.

[AL-Salem 2004] 249



@g
Hydraulic And Coastal Application [H.C.A. 2004]

CREST WIDTH
The minimum crest width, B should be equal to the combined width of three armor units (n=3).
ie. B = nky (Wiw,) '?
Where

B = Crest width (m)
n = No. of stones (n=3 is recommended

minimum)
ka = layer coefficient (1.02 from Table 4)

Use crest width of B m in order to facilitate movements of machines and trucks during
construction recommend (B <= 4m)

ARMOUR LAYER THICKNESS, r

R = n ks (Wiwy) '
Where
n = No. of stones (n=2 is recommended)
ka = layer coefficient (1.02 from Table 4)
w = Weight of armor unit in primary cover
layer, Tons
W, = Unit weight of armor unit, Ton/m>

TOE BERM FOR COVER LAYER STABILITY

Weight of the stone = W/10
Width of the toe Berm = 3r,
Where : r = ka (W/w;) 173
Height of the Berm = 2r
UNDERLAYER THICKNESS
Thickness of the under layer = 2r,
Where: r = ka (W/w;) 173
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Table 1. Suggested Kp values for use in determining armor unit weight
(Shore Protection Manual)

No- Damage Criteria and Minor Overtopping

Armor Units Placement | Structure Trunk | Structure Head Slope
N Ko Ko
BW | NBW BW NBW | Cot6
QUARRYSTONE
Smooth rounded 2 Random 1.2 2.4 1.1 1.9 1.5-3
Smooth rounded | >3 Random 1.6 3.2 1.4 2.3 \"
Rough angular | 1 Rar}\c/lom v 2.9 v 23 v
Rough Angular 2 Random 2.0 4.0 1.9 3.2 1.5
1.6 2.8 2.0
1.3 2.3 3.0
Rough Angular >3 Random 2.2 4.5 2.1 4.2 \"
Rough Angular 2 Special V' | 5.8 7.0 53 6.4 \Y
Parallelepiped v 2 Special 1 70-1] 85- --—- -
20.0 24.0
TETRAPOD & 2 Random | 7.0 8.0 5.0 6.0 1.5
QUADRIPOD 4.5 5.5 2.0
3.5 4.0 3.0
TRIBAR 2 Random 9.0 10.0 8.3 9.0 1.5
7.8 8.5 2.0
6.0 6.5 3.0
DOLOS 2 Random 15.8 31.8 8.0 16.0 20%
Vi Vi 7.0 | 14.0 3.0
MODIFIED 2 Random 6.5 7.5 --- 5.0 \Y
CUBE
HEXAPOD 2 Random 8.0 9.5 5.0 7.0 \
TOSKANE 2 Random 11.0 22.0 --- -—- \Y
TRIBAR 1 Uniform 12.0 15.0 7.5 9.5 \
QUARRYSTONE --- Random 2.2 2.5 -—- ---
((Kgrr) Graded
Angular
BW : Breaking Wave

NBW : Non Breaking Wave
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Table 2. H/Hp. as a function of cover-layer damage and type of armor unit ".

Hydraulic And Coastal Application [H.C.A. 2004]

Damage (D) in Percent
Unit 0-5 | 5-10 | 10-15 | 15-20 | 20-30 | 30-40 | 40-50
Quarrystone H/Hp-g 1.00 1.08 1.14 1.20 1.29 1.41 1.54
(Smooth)
Quarrystone H/Hpy | 1.00 1.08 1.19 1.27 1.37 147 | 1.56"
(Rough)
Tetrapods & HMHpso | 1.00 | 1.09 | 1.177 | 1.24™ | 1.32™ | 1.41™ | 1.50™
Quadripods
Tribar H/Hp-o | 1.00 111 | 1.25™ | 1.36™ | 1.50™ | 1.59™ | 1.64™
Dolos H/Hp | 1.00 1.10 | 2.14™ | 71.77™ | 120" | 1.24™ | 7.27™

! Breakwater Trunk, n=2, random placed armor units, non breaking waves, and no overtopping conditions
"'Values in italics are interpolated or extrapolated.
Caution: Tests did not include possible effects of unit breakage.

i

Waves exceeding the design wave height
conditions by more than 10% may result in considerably more damage than the values tabulated.

Table.3. Rock-size gradation as a percent of the rock size

LAYER ROCK SIZE GRADATION (%)
Primary Cover Layer W 75 to 125
Secondary Cover Layer W/2 and W/15 75 to 125
First Under layer W/10 and W/300 70 to 130
Second Under layer W/200 50 to 150
Core and Bedding Layer W/4000 to W/6000 30to 170

Table 4.Layer Coefficient and Porosity for various armor units

Armor Unit n Placement Layer Porosity
Coefficient | (P) in %
ka
Quarrystone 2 Random 1.02 38
(Smooth)
Quarrystone 2 Random 1.15 37
(Rough)
Quarrystone >3 Random 1.10 40
(Rough)
Cube (modified) 2 Random 1.10 47
Tetrapod 2 Random 1.04 50
Quadripod 2 Random 0.95 49
Hexapod 2 Random 1.15 47
Tribar 2 Random 1.02 54
Dolos 2 Random 1.00 63
Tribar 1 Uniform 1.13 47
Quarrystone graded Random - 37
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KBwater Model Demonstration
Internet Version
Website: WWW.hceatkuwait.neAKBwater\kbw.aspx

User must login to website address at: WWW.hceatkuwait.ne\KBwater\kbw.aspx
Then Figure 4 will display the main KBwater website page on internet as follows:

Start Activate End

NBvaTaR -

CREST ELEMENT

et >
STILL WATER LEVEL

TOE a
BERM .'.'l"", /FILTER BLANKET

BT e T o T 2

| Des1gn Breakwater [Groins] Structure for Breaking and Non-Breakmg
Wave At Truck and HEAD Section

KBwater Program

Copyright @ 2021. Khaled Al-Salem. KBwater . All
rights reseved
Email: Ksms001@gmail.com

WWW hceatkuwait net
Tel: 965 9901 6700

Figure 4
User must select [ @
setup.

] to start the model for new project. Figure 5 will display for new project
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Figure 5 display for user to setup structural design for breakwater for the following Section
1- Design Breakwater section
o Trunk Section of Breakwater as shown in Figure 10 [On the Right Of Figure 5]
o Head Section of Breakwater as shown in Figure 10 [On Left of Figure 5]
2- Type of wave to design
o Breaking Wave
o Non-Breaking Wave
User must enter the following Parameter of the design as
1. Design Depth [m] D
2. Design Wave Height [m] [Extreme wave height] Hs
3. Design Corresponding wave periods [sec] Pr
The from these model will decided the design based on [Breaking and NON-breaking] as
followings:
Hs > 0.78D [Breaking wave design]
as shown in Figure 6 after user select [ Press-Check Case ].
4. Select Armor type [From Drop list]

5. Select Layer Coefficient [ Ka ] by two ways:
- From Armor type selection
- From select [Table Ka] manual enter value.
6. Armor units weight [KN/m3 Or Tons]
7. Select structure trunk[ Kd ] by select [Table Kd] manual enter value
8. Select Breakwater Slop as V-vertical direction and H Horizontal direction

HEAD SECTION SAME WAY OF DATA PARAMETER INPUTS

When all Data input for Trunk and Head section of breakwater are done user must enter
[An ACESS CODE .
User can get ACESS CODE from Developer at [Ksms001 @Gmail.com].

Figure 7 will display for user a complete structural design of the breakwater.
From Figure 7 user can display the Cross section of breakwater structural design detail in
graphically by select the [check box] next to each section the design?

/
2

Then select map icon [i.';:;'l_—‘j"r ] to display the cross section of the breakwater as shown in:
- Figure 8 TRUNK Cross section of breakwater

- Figure 9 HEAD Cross section of breakwater

sl
REPORT

A sample project Report display at the end for user by Selecting from Figure 7 Icon|[ ].
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[ Design Parameter fur_EreakWatir Structure - 'T B & . po— - o

CREST ELEMENT

Design BreakWater [Groins] Structure Parameter At TRUNK And HEAD Section

Overtopping of water allowed(%%) | > I

Design Stracture Type I Harbour v] Ww-Unit weight of water(kN/m3) m
Design Damage Criteria 0-5% |~ ] . Crest width[recommended 3 Armor]

Layer Thickn ded 2 As
Design Water Depth [m-MSL] E R - J— ayer Thieloiess frecdiingis rmor]
Press-Check case 222 Press-Check Case 2

Desizn Depth{m) I 3 I 4
Design Wave Height(m) I 2 Wave Period(sec) 41 I 2 Wave Period(sec) 41

| . Table K
Layer Coefficient (Ka) I Quarry Stone (Smooth) LI ! 102 Table Ka I YuamyiSions Gimosth) L" 182 SRS
Armor Unit Weight ( EN/m3) l—sg [2m: =] I 30
Structure Trunk (KD} 21 D I 19 fuble KD

Angle of structure slope

Design BreakWater[Groins] Structure for Breaking and Non-Breaking Wave At Truck Section

Copyright © 2021 Khaled Al-Salem KBwater Program All rights

Figure 5

[ Design Parameter for ?reakWat‘e‘r Structure - 'Y . — - . -

CREST ELEMENT

Design BreakWater [Groins] Structure Parameter At TRUNK And HEAD Section

‘Overtopping of water allowed(%0) I 2 'I

Design Stracture Type I Harbour .] Wor_Unit weight of water(kN/m3) n

Design Damage Criteria IU—5°/n 'I e ‘Crest width[recommended 3 Armor]
— Layer Thickn commended 2 A
Design Water Depth [m-MSLI | 0 | st | 5| atomcm e THrEss lbctom el 2 Armor]
Design TRUNK SEction for Non Beaking Wave 222 Deisig HEATVOn Noi - RESLEWivE, pp

Design Depth{m} a 4
Design Wave Height{m) 5 Wave Period(sec) 41 2 Wave Period(sec) 41

| = Table Ki
Layer Coefficient (Ka) | Quarry Stone (Smooth) ;l l 1.02 Table Ka | Quarry Stone (Smooth) _“ 102 2 L
Ammor Unit Weight (29m3) [ 30 Va3 =] 30
Structure Trunk (KD) 24 runED 19 Tuble KD

Angle of structure slope

Design BreakWater[Groins] Structure for Breaking and Non-Breaking Wave At Truck Section

Copyright © 2021 Khaled Al-Salem. KBwater Program All rizhts

Figure 6

[AL-Salem 2004]

255



A8

Hydraulic And Coastal Application [H.C.A. 2004]

SWER Ty weiSorg sy WES-Ty PR 1707 5 MEuddo))

gougl [l et o jowiEeg t ] maagg 0 apigg E ] wEie aumg

-0 = P 28 meg my = ey a3me( udsaq

6090 | (m)-1] ssoUaN ], 43 4ERp

AIITIAVIS YAAVT UTA0D M0 9T 0L
T UM MO 3 papusuImosey (i 4 |L SSAMI | J2.4] momry

SIUTIIRMW J0 SJUWA0M
AEIIIEY J0] (=U) pasn PUMMOIZY SHTUN NOULTY |~_ || pigy 35947)
I3JEAHE]
a1 donra40 Tt w10y & SuLmp saue 3ty Jo o7 ATuo |m_ |m-a] moneAs]T 1591)
IS dBmyypag
6£000° 91390 £100° oL ¥ > tafe]
0E 210
%0£ 0L LI 0009/ OL 00T/AL SEARE
RLe
TELLE 0T EEES OLY sapmn jsng ¢ sde
%0L oL 0fT ST/ OL 0T/M 19402 AIEpIOdAg
9 0] g de
%L OL &1 A 19107) Aremug
(%) NOILYav¥9 (suof-3) azig Yooy 1ie]

% §TIVII0 NOILYavaD

oy 6000] 00|
oy 5] 90

4

01235 (VIH 1Jeayedlg LIN1 YOIV 0 IHOAM -

UOYIAS YUNLL 10 amnd)S [sutoin] sapyyvaig 40,
102§, STIDJAQ UBISaq

£00] o009/ v 002/

0§ = B aBme( wy =i 2Eme udsaq
§T1 | (m)-1] ssamarg [, 4o4Epapu
gory|  Iml mieg e o Eng b [ maag 2] WPy g | (il wERAL Ui
ALITIAVIS YAAVT YIAOD YOI W¥Ad 0L
(=T U0 INOWLTY  papUAMITOITY (4 t SSAM{IY[ J24eT momry
SUTIIEW JO SJU 02400
BT} 0] (p=1) Pasn PUILIWOIZY TR INOMLTY b [m-g] ppiy s21)
R eI RN
1 dopraso rat mwaos & SULIM S24E4 31 J0 07 ATWD b |m-a] moyeAs]F 1531
DI YR -
£000° OIS0 100" °L £ - SiE]
e 310
%0£ 0L 0L 0009/A. °L 00T/ D
BAET
8y agL ¥ oLy J3pun Jsatf ¢ Jade
%0L 9L 0¢T ST OL 0T/ 19109 AIEpu0Iag
§t gL 9 RIFT
%SL OL &1 M 19107) Aremug
(%) NOLLY AV (smo-y[) 221§ 0] 1aie]
i
STIVLIA NOILYAVE) —

5akeT Sumppag pue 2107 JO JYER
A OO RAETRA0Y) ATEPU02RG DUE RAR RPN 1SAT A0 30 SR AL
(5w 1-Y) ySre sy Jowry uSisaq

100235 HIUNL, JLEMNBA 107 TINN JOWTY 10 LHOTAM
VELVAEN

WYY 30 LHOIM 10y 13245 Ubisa 4]

Figure 7

256

[AL-Salem 2004]



A8

Hydraulic And Coastal Application [H.C.A. 2004]
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[ Details Design Of Breakwater structure
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Breakwater Structure Design Details For Trunck Section

Recomaneded Crest Width to facilitate movements of machines at construction and maintenance <= 4m

Crest Width 2m

TBlevati
Concrete Layer 0.3m Crest

SEAWARD SIDE

Width of the toe Berm 2m

1 | Primary Cover Layer 6 Tons

2

LEEWARD SIDE

0.6 To .4 Tons
v
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|
|
|
|
|

Height of the Berm 1.256m U layer
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DETAILS DESIGN FOR BREAKWATERS STRUCTURE

KBWater Model
:Khaled Al-Salem (2021)
Email: Ksms001@Gmail.com
WWW.hceatkuwait.net
Phone:(965) 99016700

Basically the weight of the stable armor stone/artificial unit is first estimated in the design.
Then the weight of the stones in the inner layers and core needs to be estimated.
The weights and sizes of the inner layers and core need to be selected based on the inverse filter principle.
According to this principle, the size of pore at any layer must be smaller than the size of the inner material
so that the inner material should not be finding its way to escape out due to the dynamic activity of the
waves.

Details Design Breakwater Parameter

Breakwater Parameters Inputs

Breakwater Slow-Depth (m) :0
Breakwater Deeper-Depth (m) )
Overtopping of Water Allowed(%) 12

Unit Weight of Water(Kn/m3) 210

Crest width [Recommended use n Amours 3
Layer Thickness [Recommended used n Amours]: 2
Selected Damage Criteria(%) :0-5%

Parameter Selected For TRUNK SECTION As shown In Figure 10

Design TRUNK Section for Non Breaking Wave as shown in Figure 6

Selected Depth For Breakwater TRUNK Section(m) ;3
Selected Significant Wave Height [Used Extreme Wave H](m): 2
Selected Wave Period(sec) 2 4.1

Selected Layer Type : Quarry Stone (Smooth)
Layer coefficient (Ka) :1.02

Selected Armor Unit Weight [kN/m3] 230

Selected Structure TRUNK (KD) 124

Selected Angle Of Structure Slop: V :Imand H:2m

Details stone Layer and Breakwater information Design For Construction at TRUNK Section

Layer Design Selected For TRUNK SECTION As shown In Figure 7.

Armor Details
Design Armor Units weight [W](Tons) 27
Secondary cover Layer, First under Layer [W/10 => W/I5](T0n) 206 =>4

Weight of the First UnderLayer and Secondary Cover Layer[W/200 => W/6000](Ton): 0.03 => .001

Hydraulic And Coastal Application [H.C.A. 2004]
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Table For GRADATION DETAILS

Layer Rock Size(K-Ton) GRADATION(%)
Weight of Core and Bedding Layer w 75% to 125%
6 7.5t0 4.5
Secondary cover Layer, First under Layer W/10 => W/I5 70% to 130%
0.6=>.4 781to .28
Core and Bedding Layer W/200 => W/6000 30% to 170%
0.03 =>.001 .051 to .0003

BREAKWATER DETAILS

Crest Elevation[m] ;2 Note: only 2% of the waves during a storm will overtop the breakwater.

Crest Width{m] ;2 Note: Armor units Recommend used (n=3) for facilitate movements of machines

Amour Layer Thickness [m]: 1 ~ Note: r-( m) Recommended # Armor unit n=2

TOE BERM FOR COVER LAYER STABILITY

Stone Weight [Kn] ;0.6

Width Toe Berm [m] ;2

Height of the Berm [m] : 1.25590203030453

Underlayer Thickness [r-(m)]: 1.25590203030453
Wave Height Damaged Criteria

Design Damage Wave = 2m

Damage Criteria = 0-5%

Figure 8 display Cross Section of Breakwater Details Design for TRUNK Section

Parameter Selected For HEAD SECTION As shown In Figure 10

Design HEAD Of Non-Breaking Wave as shown in Figure 6

Selected Depth For Breakwater Head Section(m) o4

Selected Significant Wave Height[Used Extreme Wave H](m): 2
Selected Wave Period(sec) :4.1

Selected Layer Type > Quarry Stone (Smooth)
Layer coefficient (Ka) :1.02

Selected Armor Unit Weight [kN/m3] 230

Selected Structure TRUNK (KD) 2 1.9

Selected Angle Of Structure Slop: V :mand H:2m

Details stone Layer and Breakwater information Design For Construction at HEAD Section

Layer Design Selected For HEAD SECTION As shown In Figure 7.
Amour Details
Design Armor Units weight [W](Tons) 08
Secondary cover Layer , First under Layer [W/10 => W/15](Ton) :0.8 =>.5333
Weight of the First UnderLayer and Secondary Cover Layer[W/200 => W/6000](Ton): 0.04 => .0013

Table For GRADATION DETAILS
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Layer Rock Size(K-Ton) GRADATION(%)
Weight of Core and Bedding Layer w 75% to 125%
8 10to 6
Secondary cover Layer, First under Layer W/10 => W/15 70% to 130%
0.8=>.5333 1.04 t0o .37331
Core and Bedding Layer W/200 => W/6000 30% to 170%
0.04 =>.0013 .068 to .00039
BREAKWATER DETAILS
Crest Elevation[m] : 3 Note: only 2% of the waves during a storm will overtop the breakwater.
Crest Width{m] ;2 Note: Armor units Recommend used (n=3) for facilitate movements of machines

Amour Layer Thickness [m]: 1 ~ Note: r-( m) Recommended # Armor unit n=2

TOE BERM FOR COVER LAYER STABILITY

Stone Weight [Kn] 2 0.8

Width Toe Berm [m] v

Height of the Berm [m] :0.609471045531774

Underlayer Thickness [r-(m)]: 0.609471045531774
Wave Height Damaged Criteria

Design Damage Wave = 2m

Damage Criteria = 0-5%

Figure 9 display Cross Section of Breakwater Details Design For HEAD Section

Hydraulic And Coastal Application [H.C.A. 2004]
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PREDICTION OF LONGSHORE CURRENTS AND
SEDIMENT TRANSPORT

PREDICTION OF LONGSHORE CURRENTS AND SEDIMENT TRANSPORT

KILSC Program

Copyright @ 2021. Khaled Al-Salem [ All rights
reseved ]
Email: Ksms001@gmial com
WWW hceatkuwait net
Tel: 965 9901 6700

Costal Information System [C.L.S.]
Jan 2021

Introduction
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Hydraulic And Coastal Application [H.C.A. 2004]

Breaking waves approach a straight coastline at an oblique angle, they induce a longshore
current in the surf zone. The current acts somewhat analogous to beach line, transporting
sediment mobilized by the breaking waves, and confined to a zone with a width of two to three
times the width of the surf zone. The prediction of such longshore currents and the associated
sediment transport is of prime importance for coastal engineers. The purpose of this study is to
present a numerical model of longshore current in combination with some of the known formulae
for predicting sediment transport which can be used for engineering purposes. Breaker wave
Types as shown in Figure 1 shows the slope of the lower beach depends on the type of waves (in
beaches of uniform composition).

[J Spilling Breaker: Gentle beach slope, waves break far from shore and surf gently rolls
over the front of the wave.

[J Plunging Breaker: Moderately steep beach slope, less steep wave, slightly longer period,
wave curls over forming a tunnel until the wave breaks.

[J Surging Breaker: Steep beach slope, low wave of long period, doesn’t actually break,
wave rolls onto the beach.

y System Configration

wave crest

- X

\\a
Wave angle is the wave front makes
with the shoreline (degrees),

- - - - . ] - .- - . . = — -
—— - —— . - -] - - - - - - -
- - ] - —— - - - -

shore  still-water plunge breaker
line line line line

Figure 1. illustrative of Breaker wave Types.

Longshore Current:
Sand moves to or from the beach in an onshore-offshore direction, but it also moves along the
shoreline (“longshore”). This longshore sand transport is referred to as longshore drift as shown
in Figure 2. The longshore current moves the sand along the beach. At a particular time, the
longshore drift of the sand by the longshore current may be in either direction along the beach.
Over the course of a year and at most locations, the volume of sand moved in one direction will
exceed the amount moved in the opposite direction. The difference in the amounts of longshore
drift between the two directions over a period of one year is called the annual net longshore drift.
The longshore current, the movement of water along the shoreline, is caused by

[J Waves approaching at an angle to the shoreline.
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(1 Tidal currents.
(] Wind pushing water along the beach.

Surf zone Crests of
incoming

waves

movement

Figure 2. illustrative of longshore current.

Methodology

A numerical model for the steady-state profile of the longshore current induced by regular,
obliquely incident, breaking waves will be presented. The wave parameters must be given at an
arbitrary depth. A rapid convergent numerical algorithm is described for the solution of the
governing equation. This model is solved using a nonlinear bottom friction law in which the
friction coefficients are a function of the bottom roughness which is computed at each point
using an empirical formula. The predicted current profiles are combined with some of the known
formulae for sediment transport computations. According to the generally employed assumptions
in longshore current modeling as:

[J Longshore uniformity in waves and bottom topography.

[J Negligible bottom friction in the cross-shore direction.
(1 Applicability of linear-wave theory.

the vertically integrated, time-averaged momentum equations for nearshore water motion (Mei,
1983) become as follows:

J dn _ dS,,
ry dx dx
4[] T 185
dx dcl p pd,
Where
o the cross-shore X component and for the longshore Y component respectively as shown in
Figure 2.

o p is the water density,
o g the acceleration resulting from gravity.
o d=h+n the mean water depth.
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o h Still water depth,

n Elevation of the free surface above the still water level,
A, the eddy viscosity coefficient,

V' the longshore current velocity

Ty, Bottom frictional stress.

0O O O O O

5. and 5., Radiation stress components are given by the following:

S..=E[n(cos*a+ 1) — %]
_ sin(a)
=V c x
Where
C is the phase velocity of waves
n ==+ (kd/Sh2kd)

o is the that wave front with the shoreline

E= % pgH? is the energy density of the waves per unit area

H is the wave height in meter
k = 2m/L wave number

L wavelength
c=vVgd(1-3) as <036
L, L,
OR
=8 _ 3
C=-=G as - =036

T is the wave period (sec)
L,wavelength at deep water [o for deep water values]
The specific assumptions of this study as following:
o Constant beach slope.
o Proportionality between the wave height and the mean water depth in the surf zone H=\d.

o Negligible wave set-down offshore of the plunge line X,.

o Applicability of the shallow water approximation n=1, cos a =1 and € = ,/gd

The mean water surface displacement can be integrated to obtain
n=Ks(X,—X) Where K=(1 +3f—z -1

A breaker index
s beach slope.
For X=X, then X.= KX, where X, is the line of maximum wave set-up as shown in

Figure 3.
Where Plunge line X, = X, — 3H, [ H, breaking wave height)]

The breaker zone width X, = ? + X_ where dy depth at breaking [dy, = H},/y]. Figure 3

display the definition sketch for coordinate system and nearshore region parameters.
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AS

beach

xp

xb

Figure 3. Definition sketch for coordinate system and nearshore region

Under the combined action of waves and currents the time-averaged bottom friction in longshore
direction can be expressed as
T r 1 1 T < < < iy
2 = P FFJ [VZ + 2&u,,V sina coswt + (Eu,,)*cos*wt]™? = (V + &u,,sina coswt)dt

P 0
Where
W= % Angular frequency
U, maximum orbital velocity near the bottom

Ryq1/2 .. . . . o s . .

&= 2[?“] 172 where F,, Jonsson friction coefficient F Darcy-Weisbach friction coefficient
By solving the longshore current numerically the square wave approximation introduced by
Nishimura (1988) is used the time-averaged bottom friction in longshore direction becomes:

Tyy 1 zisin®a
—— =—FlE£+—— |V
o 8 Z
Where
1 - . 1 . - i
7= E[[Vs + z% 4+ 2zVsina)? + (Ve +z°— EzVsinrx:]l“

2
z= (S)eu,,
The friction coefficients F,,,

F, = exp[—5.977 + 5.213(—)%%* for — = 0.63
2h Zh

or
F. =03 for — = 0.63
o

W

12d
F = 8[2.5Ln—1] 2
T
Where
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a, = u,,/w is the horizontal water particle excursion at the bottom

r equivalent diameter of the roughness elements as r = 190&;’@ — 0.05) + S:—"

¥. ripple length
71, ripple height
D mean sediment grain diameter

8= %Fww so-called skin friction Shields parameter

F,. Jonsson friction coefficient r=2.5D

P = ui [(s—1)gD] is mobility parameter

s relative sediment density [s = p,/p  where p, sediment density]

To simulate the appropriate breaker index for random waves [Thornton, Wu, and Guza

(1984)] presented criteria for random breaking waves based on field and laboratory data for the
following:

¥, = 0.603 + 2.1475 (30.6855 — 5.192) [Ii;“] Based on significant wave height
‘D

Where the correlation coefficient is 0.99.
For a Rayleigh wave height probability distribution, the relationship between significant wave

height and root-mean square wave height is H, = M“FEH,,W ,
where H,.,,. is root — mean square wave height. Then ¥,,,. breaker index based on root-
mean square wave height as as follows:

=
V2
When the input conditions are those at the breaker line a simple predictive formula is used to
estimate the deep water wave height prior to determining the breaker index (Larson and Kraus,
1989).

H,.= 0.53H,, ["i_;':]‘“-f‘1

where,
H, . isthe significant breaking wave height at breaker line
Hy. isthe significant breaking wave height at deep water
A new numerically program was developed to solve the prediction of Longshore current and
sediments transport. The program will be called [K.L.S.C. model] using the above formulation
for longshore current prediction. The user will request to input the following parameters:

o The significant wave height (Hs in meters) or the root-mean square wave height (Ha .....

'F?" s

in meters).

o The angle of the wave front makes with the shoreline (degrees)

o The wave period (seconds) as shown Figure 1.

o The depth in which wave measurements were made (meters). If the wave conditions are
not at the breaker line.

o The beach slope.
The mean sediment diameter (D in millimeters).

o The particle diameter D90 if it available (10% by weight exceeded in size, millimeters)
which is not strictly necessary for the program to be run.

o The sediment density (kilogram per cubic meter).

With these parameters the program computes the following:
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o LongShore current [m/s]
o Sediment transport distributions rate in [m*/s and m*/day]
Discussion Result and Model validation process
Case 1: Computed longshore current distribution for Thornton and Guza (1986, 1989-4 Feb)
Data and compared with KLSC model result using the input wave parameters list in Table 1. In
[Model results] shows the simulation output for sediments transport rate and Figure 4 display
the computed longshore current distribution from Thornton and Guza (1986, 1989) and KLSC
model (AL-Salem K. 2021) shows satisfying agreements.

Table 1 Model input parameters

Root-mean square wave height 0.52 m
Significant wave height 0.735m
Wave period 14.2 sec

The wave front makes with the shoreline (o in degrees) | 7.8°
see Figure 1

Beach slope [1 : 26] 0.038

Mean sediment diameter Dcg 0.23 mm
Sediment density 2650 kg/ m’
if the wave conditions are not at the breaker At Breaker
[Depth in which wave measurements were made] D> no need

Thornton and Guza (1989) Field Measurements of 4 February (Slope from Profile 0.038)

Distance from Shoreline | Depth
(m) (m)
10.39 0.52
13.39 0.65
16.45 0.78
19.41 0.89
22.21 1.01
25.34 1.16
28.26 1.24
31.31 1.34
34.46 1.42
38.58 1.56
43.16 1.7
60.62 2.37
72.42 3.03
84.16 3.79

Data Source: https://erdc-library.erdc.dren.mil/jspui/bitstream/11681/4585/1/13150.pdf
“Dredging Research Program: NMLONG: Numerical Model for Simulating the
Longshore Current. Report 1. Model Development and Tests ™
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Model results:

Hydraulic And Coastal Application [H.C.A. 2004]

KLSC Program

Prediction Of Longshore Current and Sediment Transport

Developed By Khaled; Al-Salem(2021)
Email: Ksms001 @ gmail.com
www.hceatkuwait.net

Tel:964 9901 6700

Parameter Wave Input:

Input Wave Type =Root-Mean Square Wave Height
Wave Height(m) =0.76

Wave Angle(deg) =7.8

Wave Period(sec) =142

Beach Slope =0.038

Mean sediment Diameter(mm) = 0.23

Simulation Condition at The Beaker Line =YES

Is the sediment diameter D90 available =NO
D90[mm] =0
Sediment Density[ kg/cub.m | =2650

Parameter Simulated:

Root-mean square wave height at the breaker line= 0.76
Angle of incidence of wave at the breaker line= 7.8

Period of wave = 14.2

The Breaker zone width[m]

The distance from shoreline to plunge line[m]
The distance from shoreline to still-water[m]
The depth at breaking Wave[m]

Breaker index

Vo[m/s]

Mean longshore current velocity[m/s]

Sediment transport (m3/sec And m3/Day)

m3/sec
Adapted Engelund-Hansen formula = .00199
Watanabe formula = .01177
CERC formula = .02242

45.0422385050969
42.7622385050969
3.40529669304591
1.58220378885794
0.480342674788171
1.16510770909339

= 0.437607942872251

m3/Day
172
1017
1936
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ViVo

Figure 4. Computed longshore current distribution for Thornton and Guza (1986, 1989
data Feb.4) and KLSC model (AL-Salem K. 2021).

Case 2: Computed longshore current distribution for [Thornton and Guza (1986-89) -3 Feb)]
Data and compared with KLSC model result using the input wave parameters list in Table 2.
Figure 5 display the computed longshore current distribution from Thornton and Guza (1986-
Feb. 3 data) and KLSC model (AL-Salem K. 2021) shows satisfying agreements.

Table 2 Model input parameters [Thornton and Guza (1986) -3 Feb)]
Root-mean square wave height 0.55 m
Wave period 14.3 sec
The wave front makes with the shoreline (o in degrees) | 7.8°

see Figure 1

Beach slope [1 : 28] 0.035

Mean sediment diameter Dzg 0.23 mm
Sediment density 2650 kg/ m’
if the wave conditions are not at the breaker At Breaker
[Depth in which wave measurements were made] D> no need

Data Source: https://apps.dtic.mil/dtic/tr/fulltext/u2/a408263.pdf
“Dredging Research Program: NMLONG: Numerical Model for Simulating the
Longshore Current. Report 1. Model Development and Tests”
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Figure 5. Computed longshore current distribution for Thornton and Guza (1986, 1989
Data Feb.3) and KLSC model (AL-Salem K. 2021).

Case 3. Input Data used from Report of:

“A SIMPLE GENERAL EXPRESSION FOR LONGSHORE TRANSPORT OF SAND,
GRAVEL AND SHINGLE”. Leo C. van Rijn. [ https://www.leovanrijn-
sediment.com/papers/Longshoretransport2013.pdf].

Comparison of measured and predicted with computed longshore transport predicted from KLSC
model for coarse-grained beaches (0.68-1 mm) shows in Table 3 for coarse-grained beaches
more than 7-19mm predicted zero transport. All computed transport rates of the measured
values, predicted and KLSC model prediction as shown in Table 3. The new longshore transport
formula used in KLSC model yields rather good results compared to laboratory experiments and
predicted with small irregular waves and shingle type sediment under a very steep slope of 1 to
1.5.From table 2 KL.SC model show a good agrements with field sites measurements and
laboratory experiments data.

Conclusion

A numerical modeling system called KLSC was developed [Al-Salem 2021] that has the
capability to calculate the longshore current and sediments transport rate trough beach profile.
The calculated longshore current is time-averaged and depth-integrated. A major practical
restriction on the modeling system is the requirement of longshore uniformity, meaning that the
beach topography and wave conditions should be uniform alongshore.The three Cases
calculation components of the modeling system were verified separately. The longshore current
and sediments transport calculation was verified with data from small-scale laboratory
experiments involving regular wave’s incident at an angle to the beach. the longshore current
calculation was verified with laboratory measurements and two field data sets.
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Table 3. Longshore transport data of coarse-grained field sites, laboratory experiments
and Predicted from KLSC model [al-Salem 2021]

Input wave parameters 1 J——

Mea- | Pred- | KLSC

Field and laboratory data D50 | Tan(p) | Hs a Tp Sured | icted | model
mm m deg sec (kg/s) (kg/s) | (kg/s)

Onslow beach, NC,USA(Wang,1998) 2.25 |0.094 0.85 12 6 5.3 5.5 8.3
Canaveral beach, FL,USA(Wang,1998) | 0.9 0.115 0.65 9 3.5 2.4 34 3.7
Melbourne beach, FL,USA(Wang,1998) | 1.5 0.158 0.7 2.5 3.5 0.75 1.02 0.62
Lido Key beach, FL,USA(Wang,1998) | 0.68 | 0.105 0.53 14 3.7 4.9 3.2 4.02
Redington beach, FL,USA(Wang,1998) | 0.85 | 0.125 0.5 8.4 4.5 1.9 1.5 1.45
Redington beach, FL,USA(Wang,1998) | 0.9 0.026 0.45 19.2 4.5 1.05 1.21 2.5
Indian Rocks, FL,USA(Wang,1998) 1.38 |0.191 0.27 10 2.8 0.35 0.21 0.6
Indian Rocks, FL,USA(Wang,1998) 1.29 ]0.152 0.2 8.2 3.8 0.25 0.073 ] 0.12
Cape Thompson(Moore and Cole 1960) | 1 0.091 1.66 25 55 67 133 346
Lab. Exp. Ir. Waves G-H; Burcharth 1.8-
1988 19 0.2 0.13 15-30 | 2.5 0.005 0.01 0-0

D50 particle size; tanp beach/surf zone slope; Hs, significant wave height at breaker line;

a wave angle to shore normal at breaker line; Tp peak wave period,

[Q(m*/sec) => 739 Q (kg/sec)]

Q-predicted from KLSC model used based [Watanabe formula]

Data source:[ https://www.leovanrijn-sediment.com/papers/Longshoretransport2013.pdf].
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K.L.S.C. Model Demonstration
PREDICTION OF LONGSHORE CURRENTS AND
SEDIMENT TRANSPORT

[Al-Salem K 2021]
PC Version
Website version: WWW .hceatkuwait.net\KLSC\KLSC.aspx

User can run the KLSC model from CIS interface under [Hydrodynamics sub]. Then Figure A1l
will display the main KLSC main page as follows:

Start Activate End

PREDICTION OF LONGSHORE CURRENTS AND SEDIMENT TRANSPORT

KILSC Program
Copyright @ 2021. Khaled Al-Salem [ All rights

reseved ]
Email: Ksms001@gmial com

WWW hceatkuwait net
Tel: 965 9901 6700

Figure A1l

User must select Start to Run. Then Figure A2 will display for user to select a number of options:
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'&3. COMPUTATION OF LONGS ENTS AND SEDIMENT TRANSPORT - = M » T —— e ()

LONGSHORE CURRENTS AND SEDIMENT TRANSPORT

Interaction Wave height parameter

Start Home End

COMPUTATION OF LONGSHORE CURRENTS AND
SEDIMENT TRANSPORT

<l

Time Serious Wave height parameter r
Result Analysis Display r
Model Input Parameters Discribtion =
/_&J [ Wave height‘"“
Input Wave Type | Root-Mean Square Wave Height  + |
Longshore current ! -
Simulated Conditions at the breaker line ! YES v
|
Beach slope ] 0.038
Wave height (m) [076
‘Wave Angle Front makes with the shoreline(deg)] 78 n
KLSC model Wave period (sec) 142
Mean sediment diameter D30 (mm) 5_23
Sediment Diameter D90 Available No '+
Sediment Diameter D90 (mm) ]_6'1-
Sediment Density 2650
Depth of Wave measurements 91
Copyright © 2021 Khaled Al-Salem. KLSC Model All rights reserved

Figure A2

Figure A2 display a number of option for user to select as follows:
o Interactions Wave height parameter check box
If user check in this option shows in Figure A2.
Then a wave parameter Screen will display as in figure A2. Showing The Wave input parameter
need to Run as follows:
1. Type of wave height [meter] as
e Significant wave height [ H, ]

e Root mean Square Wave height [H,..; ].

2. Select the Condition for simulation at Breaker Line [Yes Or No].
3. Beach Slope
4. Wave Height [m]
5. Wave Angle Front makes with the shoreline [deg] as shown in Figure 1
6. Wave period [sec]
7. Mean sediment diameter D5y [mm]
8. Sediment Diameter Doy Available [Yes Or No]
9. If Yes then in Value of Dgy [mm]

. . kg
10. Sediment Density [—]

m

11. Depth of Wave measurements [m] [if Condition for simulation Not at Breaker
Line]
o Time Serious Wave height parameter check box
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Then a wave parameter Screen will display as in figure A2. Showing The Wave input parameter
need to Run as follows:
1. Type of wave height [meter] as
e Significant wave height [ H, ]
e Root mean Square Wave height [H,.,.. ].
2. Select the Condition for simulation at Breaker Line [ Yes Or No].
3. Input Wave Height and Period Data File
4. Beach Slope
5.Wave Angle Front makes with the shoreline [deg]
6. Mean sediment diameter D5y [mm)]
7. Sediment Diameter Dgy Available [Yes Or No]
8. If Yes then in Value of Dgy [mm)]

k
9. Sediment Density [—gz]
mn

10. Depth of Wave measurements [m] [if Condition for simulation Not at Breaker
Line]
o Result analysis display
To display the simulation graphically
o Model input Parameters Discretion

Is user select Option 1 for [ Interactions Wave height parameter checkbox]
After user entered wave data parameter then select [ Start . Two options will display for user.
Then user select [ Interaction Wave height parameter] start simulated the model as shown in
Figure A3.

£3 COMPUTATION OF LON
(Start | Home End

Interaction Wave height parameter

Time Serious Wave height parameter

LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
(C————

COMPUTATION OF LONGSHORE CURRENTS AND . - .
Interaction Wave height parameter

SEDIMENT TRANSPORT

<l

Time Serious Wave height parameter 0
Result Analysis Display (=
Model Input Parameters Discribtion { i

~ Wave height parameter

Input Wave Type | Root-Mean Square Wave Height v |

Simulated Conditions at the breaker line YES + l
Beach slope IW :
Beach Wave height (m) [076
Wave Angle Front makes with the shoreline(deg)| 7.8 u
KLSC model Wave period (sec) 142

Mean sediment diameter D50 (mm) 023
Sediment Diameter D90 Available No +~ ]
Sediment Diameter D90 (mm) 01
Sediment Density 2650
Depth of Wave measurements 91

Copyright © 2021 Khaled Al-Salem. KLSC Model All rights reserved

Figure A3
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After simulation Done. Use must select [Result Analysis Display option] shown in Figure A3.
Figure A4 will display for user. In Figure A4 two display options user must select one from
Droplist. By default option will be selected for [Interactions Wave height parameter |
simulation case.

. I X
£ COMPUTATION OF LONGSHORE CURRENTS AND SEDIMENTTRANSPORT, 8 I it =)

Stat Home End
‘ LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
\ = -~

Interaction Wave height parameter

COMPUTATION OF LONGSHORE CURRENTS AND

SEDIMENT TRANSPORT . .
Time Serious Wave height parameter

Result Analysis Display
Model input Parameters Discretion

KU

5

- Result Analysis Display

Display Type Interaction Wave Height v

~Interaction Wave Height

Longshore current

Coordinate System and NearShore Region,

Bea C h Computed Longshore Current Distribution
Computed Sediment Tranport Distribution zl
KLSC model
EditReport il

Copyright © 2021 Khaled Al-Salem. KLSC Model All rights reserved

Figure A4

User have a number of result display option as follows:
1. Display [Coordinate System and NearShore Region] as shown in Figure AS
2. Computed Longshore Current Distribution as shown in Figure A6
3-Sediments transport from CoastLine to Breaker Zone offshore based on Different Formula
displayed in Figure A7.
e BiJker formula
e Adapted Engelund-Hansen formula

e Watanabe formula
4. Display the simulation Report [EDIT REPORT] as show in Figure A8
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8 ﬁ P
5. COMPUTATION OF LONGSHORE CURRENTS AI‘E SEDIME! RANSPORT = -

Start Home End

LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
z - P\

— g‘

Still-Water Line Plunge Line Breaker Line Interaction Wave height parameter ]
LSt Cile . Time Serious Wave height parameter [}
09.438mss Wave Crest Incident Result Analysis Display P
Model input Parameters Discretion [}
=" - —|- — - Wave SetUp Line
ramee L N ~Result Analysis Display

T
| Display Type Tnteraction Wave Height +
e “-—\ g I ion Wave Height
[

e \ Coordinate System and NearShore Region,
Beach Computed Longshore Current Distribution
Xp Computed Sediment Tranport Distribution -
T 276w 77 [Definition sketch for ceordinate system
Xs: Distance from shoreline to still-water line EontEeport %
XB Xp: distance from shoreline fo plunge line
,,,,,,,,,,,,,,,,,,,,,,,,, XB: Width of Breaker Zone
Ao h: Still-water Depth
Shore Line |

Copyright & 2021 Khaled Al Salem KLSC Model All rights reserved

Figure AS

(@ Py |
B COMPUTATION OF LONGSHORE CURRENTS AND SEDIVENT TRANSPORT R =

Start Home End
LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
\ /-—-..—"\

Longshore Current Distribution

Interaction Wave height parameter ]
080 Time Serious Wave height parameter 2]
055 Vo= 1.165 mis Result Analysis Display ~
#B=45.042 m . . -
g 0.50 YP= 43769 m Model input Parameters Discretion =
045 Ho= 7B N s )
£om T=14.2 Sec Reimlaf Deplay
Direction=7.8 DG & ; - —
£ 035 Shers Slap=1 . 26 Display Type Interaction Wave Height vi
£ 030 Value:DX ™ XB= 56303 . 3
o 0os LonyShore Current= 4376 mis Anzerection Pave Hetght-
% 0.20 Coordinate System and NearShore Region,
&
E 2: 2 Computed Longshore Current Distribution
) Computed Sediment Tranport Distribution ~|
005
0.00 T T T T T T T T T T T T T T i
o = w o = I = w © ] ] = w @ m EditReport !"'L”‘g'"
o = w [s5] o m Lo [ o (=} = w (55} =] -
(=] o =t w - o w ~ ol o =t w [=2] "
L - - . o~ ('] (o' (o]
HxB

Copyright € 2021 Khaled Al-Salem. KLSC Model Al rishts reserved

Figure A6
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===

-
=3 COMPUTATION OF LONGSHORE CURRENTS AND SEDIMENT TRANSPORT ﬂ
Start Home End
LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
S
Longshore Sediment Transportation[Engelund-Hansen formula
g P [Eng J ! N W R e r
=1 3 COMPUTATION OF LONGSHORE CURR[L\(TS AND SEDIMENT TRANSPORT &
EM Vo= 1.{| Stat Home End
B XB= 45|
=} XP= 43)
Tos Ho= 7
£ os T=141
] o7 Dirzction|
H o 3th9 S‘ Longshore Sediment Transportation[Watanabe formula]
2 alue
oo Q-max= 151
2 1
- 11 Vo= 1,165 mis
B 03 o tag XB= 45.042 m
S H XP= 42762 m
= E 08 Ho= 76 m
2o S s T=142 Sec
2o . g ) y 3 ; ; . 3 2 - 3. Direction = 7.8 DG
4 0T ® @ = o 9w o ® o oo o= = Shars Slop=1: 26
g §F % 8 2 oz B F R o2 & 2 2 0s Value: DX * XB= 56303
oo 2 = PRI 5 o0s Grmax= 6.41525703996026E-04
KB % 04
03
= 02
01
Copyright © 2021 Khaled Al-Salem KLSC Model Al rights resery 0 T T T T T T T T T T T T T T
4 % ® ® = 4 % @ @® 4 4 % @ m m
4 ¥ 8 8 &% ¥ % £ 838 &8 ¢ @ g B ©°
4 & 2 8 2 2 8 L 2 S & ¢ 8 8 3
& & & 2 P NI
XiXB
Copyright € 2021 Khaled Al-Salem KLSC Model All rights reserved

Figure A7

Figure A8

LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
L_,— ——

Interaction Wave height parameter (]
Time Serious Wave height parameter (]
Result Analysis Display ~
Model input Parameters Discretion ]
Result Analysis Display -
Display Type Interaction Wave Height
ion Wave Height
Coordinate System and NearShore Region,
Computed Longshare Current Distribution
=

EditReport | il

ot

Edit Format

View Help

KL5C Program
Prediction Of Longshore Current and Sediment Transport
Developed By Khaled; Al-salem(2020)
Email: Ksms00l@gmail.com
www. hceatkuwait.net
Tel:964 9901 6700

Paramter wWave Input:
Input wave Type

=Root-Mean Square Wave Height
wave Height(m) [}

wave Angle(deg) =7.8
Wave Preriod(sec) = 142
Beach Slope = 0.038
Mean sediment Diameter(mm) = 0.23

Simulation Condition at The Beaker Line =YES
Is the sediment diameter D90 available =NO
DI90[mm] = 0

Sediment Density[ kg/cub.m ] = 2650

Paramter Simulated:

Root-mean square wave height at the breaker line= 0.76
Angle of incidence of wave at the breaker Tline= 7.8
Period of wave = 14.2

The Breaker zone width[m]

The distance from shoreline to plunge 1ine[m]
The distance from shoreline to still-water[m]
Il The depth at breaking wave[m]

Breaker index

Inatial Tlongshore current Vo[lm/s]

Mean longshore current velocityl[m/s]

Sediment transport (m3/sec And m3/Day)

m3/sec m3/Day
Adapted Engelund-Hansen formula = .00199 172
wWatanabe formula = .01177 1017
CERC formula = .02242 1936

45.0422385050969
42.7622385050969
3.40529669304591
1.58220378885794
0.480342674788171
1.16510770909339
0.437607942872251

m

Ln 39, Col 54
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Is user select Option 2 for [Time Serious Wave height parameter checkbox|

After user entered wave data parameter then select [ Start | as shown in Figure A9.
Then user select [Time Serious Wave height parameter] start simulated the model as shown in

Figure A9.

After simulation Done. Use must select [Result Analysis Display option] shown in Figure A9.
Figure A10 will display for user. In Figure A10 two display options for user must select one
from Droplist. User must select for [Time Serious Wave height parameter] simulation case.

Figure A9

Figure A10

Stat Home End

[ LONGSHORE CURRENTS AND SEDIMENT TRANSPORT

COMPUTATION OF LONGSHORE CURRENTS AND . .
Interaction Wave height parameter

r
SEDIMENT TRANSPORT P - - s
{Time Serious Wave height parameter; v
Result Analysis Display =
Model Input Parameters Discribtion =
- Time Serious Wave Height
Lon g <hore current Input Wave Type | Root-Mean Square Wave Height ~ |
Simulated Conditions at the breaker line YES '+
Input Wave Height , Direction and Period Data File
BeaCh Wavel.txt
Beach sl 0.038
KLSC model e , ,
‘Wave Angle Front makes with the shoreline(deg)| 7.8 l.
Mean sediment diameter D50 (mm) 023 |
Sediment Diameter D90 Available NO v
Sediment Diameter D90 (mm) r_GT_— |
Sediment Density IW
Depth of Wave measurements ,T
Copyright © 2021 Khaled Al-Salem. KLSC Model All rights reserved '
{3 COMPUTATION OF LONGSHORE CURRENTS AND SEDIMENT TRANSPORT o a
I Start Home End
{ LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
\ L.'— N
COMPUTATION OF LONGSHORE CURRENTS AND ion Wave height -
SEDIMENT TRANSPORT P £
Time Serious Wave height parameter r
Result Analysis Display 2
Model input Parameters Discretion r
ﬂj - Result Analysis Display ———————
Longshore current by TS oo el
~ Time Serious Wave Height ———————————————————————
Computed L hore Current D i
Input Time Serious Wave Height [m]
Input Time Serious Wave Periods [sec]
KLSC model
Copyright © 2021 Khaled Al-Salem. KLSC Model All rights reserved
I
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User have a number of result display option as follows:
1. Computed Longshore Current Distribution as shown in Figure A11
2- Input Wave heights data as shown in Figure A12
3- Input Wave Periods data as shown in Figure A13

2004]

-
B COMPUTATION OF LONGSHORE CURREyTS AND SEDIMENT TRANSPORT &

==

Mean Longshore current Vm [m/s]

Start Home End
LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
Longshore Current Distribution P —— -
o7 Time Serious Wave height parameter |}
Longshore Current Analysis Result Analysis Display 2
08 V-min = 118 mis . " .
s 554 mis Model input Parameters Discretion C
05 V-mean=.2062 m/s - Result Analysis Display
Display Type

-~ Time Serious Wave Height

Time Serious Wave Heigl +

Computed Longshore Cusrent Distribution
Input Time Serious Wave Height [m]

Input Time Serious Wave Periods [sec]

-
—1

76339

7639
7639
7639
7639
7639
7639
7639
7639
7639
7639
7639

7639

7639

7639
7639

Time Incrment [Hr]

Copyrizht € 2021 Khaled Al Salem. KLSC Model All rights reserved

Figure A10

B3 COMPUTATION OF LONGSHORE CURREyTS AND SEDIMENT TRANSPORT

===

Stat Home End

LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
L._— X

£ COMPUTATION OF LONGSHORE CURRENTS AND SEDIMENT TRANSPORT

Wave Height [m] Wave height -
Time Serious Wave height parameter ]
Langshare Current Analysis Result Analysis Display 12
ol L Model input Parameters Discretion r
= Vemean= 2062 mis Ress st Digti— .
% Display Type Time Serious W -
;% 1 I I - Time Serious Wave Heizht
g
=

=t

Start Home End

7639
7639
7633

7639
7633
7633
7633

Woave Period Pr [sec]

( LONGSHORE CURRENTS AND SEDIMENT TRANSPORT
=

Time Incrmant [Hr]

Wave height parameter

Copyright © 2021 Khaled Al-Salem. KLSC Model 4
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Figure A11
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Model input Parameters Discretion

Ooxmon

- Result Analysis Display —————————

Time Serious Wave Heigl =

Display Type

- Time Serious Wave Height 1
Computed Longshore Current Distribution ‘
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ABSTRACT

NShore model presents state-of-the-art NearShore wave height prediction from irregular deep
water wave height techniques developed by [Al-Salem K. 2022] based on Goda (1975a, 1975b).
Methods for estimating nearshore irregular wave height conditions for the case of continuously
shallowing bottom contours, given the bottom slope and offshore wave height characteristics, are
presented. The methods are based on the work of Goda (1975a, 1975b) and Goda, Takayama,
and Suzuki (1978). NShore model was developed for running in two operation system [PC
version and Internet version at website address WW W .hceatkuwait.net].

INTRODUCTION

Waves are often irregular in height, period, and direction with some or most of the waves
breaking or near the point of breaking during extreme wave conditions. Procedures for predicting
design wave conditions for irregular waves are not discussed in the Shore Protection Manual
(SPM) (U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977). Much of
the information in this report are supplements state-of-the-art irregular wave prediction
techniques developed by Goda (1975a, 1975b) and suggested by Goda, Takayama, and Suzuki
(1978). Easy-to-use methods for estimating nearshore wave height, angle of approach, and
resulting water level setup for irregular waves are presented. The methods are intended for open
sections of the coast with continuously shallowing depth contours. Wave setup due to narrow
band frequency spectra and surf beat is considered but other forms of wave-wave and wave
current interaction and spectral shape factors have been neglected. Design curves and examples
of estimating the nearshore significant wave height are also available in Seelig (1979).

The transformation and attenuation of waves propagating from deep water to a beach is a
problem of considerable difficulty because of a lack of field data and a poor theoretical
understanding of the complex wave deformation process. The methods presented in this report
are empirical in nature with the physics of the actual problem only partially understood. The
results, based on laboratory and limited field data, are considered promising enough to
recommend their application in selected field calculations. The results of calculations should be
carefully examined to assure that the basic assumptions of the method have will be violated.

THEORETICAL ANALYSIS

The directional spreading of a wave energy model suggested by Goda, Takayama, and Suzuki
(1978) is used to predict the refraction coefficient and refracted wave height for the nearshore
point of interest. The height is then used, as input to the surf zone wave height distribution model
developed by Goda (1975a, 1975b) to estimate the nearshore wave conditions and setup. The
input information necessary for the application of these prediction techniques includes the deep
water significant wave height, wave period of peak energy density and dominant wave direction,
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the directional spreading of wave energy parameter, S*, beach slope, and water depth at the point

of interest.

The confused sea state in deep water may be described as the sum of wave simultaneously
moving in various directions. As this wave move toward the coast, the waves with the largest
angles between their crest and the bottom contours refract the most, so that nearshore waves
appear to be less confused. The reason for the directional spreading of wave energy in refraction
Calculations for the case of straight parallel bottom contours are discussed in this section as:

e Wave Refraction Analysis.
Refraction calculations are based on the energy-weighted superposition of refraction
coefficients obtained from linear theory. If E; and Kg; are the wave energy and refraction

coefficient, respectively, for a wave direction, i, then the composite refraction coefficient for
waves from several simultaneous directions is taken as

[1]

where
N is the number of wave directions

The use of equation [1] in the calculation is to obtain a better estimate of refraction coefficients
for irregular waves then would be obtained if a single value of the refraction coefficient obtained
from linear theory were used.

Calculation of refraction coefficients and nearshore wave direction angles using the design
curves as in Fig 1 requires the dominant deep water parameter conditions as
o wave direction angle, ay ,

Type of deep water wave condition S-.
Deep water wave period T

Shallow water location depth d
Acceleration due to gravity g=9.8 m?/s

o O O O

E;is the density of wave energy in a given direction, 1.
Longuet-Higgins, Cartwright, and Smith (1963) suggest the following density function for wave
energy:

Ey; = H[cos%]z 5, [2]

where

0 = wave direction angle with respect to the dominant deep water direction, oy (Fig. 2; note that
ao 1s measured from a line perpendicular to the shoreline)

K = a constant used to define the total wave energy
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Ey = the density of wave energy in a given direction, 6

S« = a parameter that defines the variation of energy level with wave direction. Smaller values of
S« yield higher amounts of directional spreading of wave energy. Goda, Takayama, and
Suzuki recommend the values of S+ in Table 1 for design purposes.

Table 1. Recommended values of S-.

S- Wave condition

4 Wind waves

12 Swell (short-to-moderate decay distances)
37 Swell (moderate-to-long decay distances)

0 ] | ff | | | L1
0.000! 0.0005 0.00! 0.005 0.0! 0.05 0.l

d/
gTy

Figure 1. Design Curve for Wave Refraction For S: =4
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Eg
|
Dominant Wawe I
Direction—" " ]
Qg

——— e —— — R W SN S S W —

Figure 2. Wave refraction including directional spreading of wave energy

e NEARSHORE WAVE BREAKIN ANALYSIS

Goda (1975a, 1975b) developed a nearshore wave height prediction model for irregular waves
that accounts for wave breaking, nonlinear wave shoaling, irregular wave setup, and surf beat.
Surf beat is the longer period component of water level oscillation. Goda assumed that the deep
water significant wave height, Hy, and the average period of the significant waves, T , are known
or can be estimated. The wave heights are assumed to have a Rayleigh distribution in deep water
and this distribution is used to characterize wave heights as the waves move into shallower water
until a depth is reached where the waves begin breaking. Goda's approach allows the broken
waves to reform at a lower height, so that the wave height.

Distribution is no longer described by the Rayleigh distribution. As the waves move into
shallower water the nonlinear method developed by Shuto (1974) is used to estimate wave
shoaling coefficients. Shuto's method of calculating shoaling coefficients usually gives
somewhat higher waves than would be predicted using the conventional linear shoaling method.
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Nonlinear shoaling is consistent with the observed behavior of waves in shallow water and is
conservative when compared to linear shoaling. The offshore beach profile is assumed to be
represented by a straight plane surface. Dissipation of wave energy by bottom friction is usually
very small for typical sand beaches; therefore, bottom dissipation is neglected. Wave setup or
setdown and surf beat are related to the wave breaking process and are accounted for. The
radiation stress of the waves progressing toward the shore causes wave setup which can either
increase or decrease the local water depth; a decrease is often referred to as setdown. Setdown
occurs seaward of the breaker zone and setup occurs shoreward from the point where a
significant number of the waves break. Surf beat is the longer period component of water level
oscillation (periods from 20 seconds to several minutes) due to longer period irregularities in
wave action. The magnitude of the surf beat is amplified in shallow water. Figure 3 shows the
conditions used in this model.

Deep Water
Effective Water

- / Level > Lo
Setup, Sw ""r e L Sefdi()‘ll'l 2

'-"—--——.L—-""'"

SWL

Point of Interest
m, Average bottom slope
one-half to one wavelength
seaward of the point of inferest

Figure 3. Definition.
The equivalent deep water wave height, Hg is determined from
Hy = Ky H, [3]

where Hj is defined as the deep water significant wave height Hy should also include diffraction
or any other loss coefficients if they are significant.

The shallow water wave height condition parameters prediction by using a design curves
obtained from Goda's analytical model (Seelig, 1978). The design curve described the five
variables in the nearshore zone as:

(a) The maximum wave height, H;, defined as the mean of the highest 1% of the waves.

(b) the significant wave height, Hs , defined as the mean of the highest one-third waves (the

significant wave height is approximately equal to four times the root-mean-square (rms) surface
elevation of a water level record).
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(c) The root-mean-square (rms) wave height, Hyps.
(d) The mean wave height H.
(e) the wave setup, Sy

All of these variables are divided by the deep water significant wave height. The five variables
are corresponded to the ordinate versus the ratio of the local Stillwater depth, d, to the deep water
significant wave height, Hy, on the abscissa. The design curves data is available for each wave
steepness and for each beach Slope [S].

The ratio of the local Stillwater depth, =

The Offshore Wave Steepness Hg/Lg
Depth-to-Height Ratio  d/H,

d
(gT*)

Where
Ly Deepwater wavelength = 1.56 T,
d water depth at the point of interest

All design curve for all deep water wave types S+ were converted to A Database linked to
[NShore model — AL-Salem 2022].

To evaluate the nearshore parameters in NShore model, use the Design curves having the
offshore slope, m, and offshore wave steepness (Hy/Ly) closest to the values of interest. Enter
the value of /H, , and select the curve of the parameter of interest. Five dimensionless
parameters option can be predicted are presented as:

S,
1. — Wave Setup / equivalent deep water wave height
Hﬂ
H
2. ' Root-mean-square wave height / equivalent deep water wave height
0
3. Hy Mean wave height / equivalent deep water wave height
H
4. H_f Significant wave height or average of the highest one-third waves / equivalent
0
Deep water wave height
H
S. H—,i Average of the highest 1-percent waves / equivalent deep water wave height
o

DISCUSSION RESULT AND MODEL VALIDATION PROCESS

Data source from Goda (1975a, 1975b) developed a nearshore wave height prediction model
for irregular waves that accounts for wave breaking nonlinear wave shoaling, irregular wave
setup by [NShore model].

Wave Refraction analysis

GIVEN

The wave period, T = 10 seconds

The Dominant deep water wave angle oy = 40°
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The Significant wave height, Hy = 2.0 meters.
Wave condition selected [S+«] is wind/wave data
Beach slop [ 1 /100 ] 0.01
Shallow water depth 1.0 m

SOLUTION for Ky [refraction coefficient]

Run NShore model at interactive option as shown in Fig 4 shows

Input Deep water and Shallow water parameters then [RUN}

The wave refraction Kr =0.80

The angle of nearshore wave energy vector a = 5.0°.

The deep water equivalent wave height [Hg | is 1.6 m as shown in Equation 3.
Significant wave height at shallow water selected Hy=0.747 m

-
B Interactive MearShore Wave

RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] 5 Near Shore Slop ] 0.01 l 1 mcj
Wave Perid To [sec] 10 Water Depth [m] 1.0

Wave Direction Ao [Deg]| 40
Water Depth [m] 4

27 Angle Shorline to North 0
Direction

22 Wave Condition [Wingwave ~]

Qutput Shallow water wave Parameter

Wave Angle Front makes with the shoreline Aos [deg] ]_W-
Refraction Coefficient [ Kr| ]H_.Eré_“
NearShore angle of the wave energy vector [As] Iﬂ__juﬁu
Deep Water Equivalent wave [H o] ]_13_-
Wave SetUp Sw [m] W
Root mean square wave height Hrms [m] 634

Mean wave height [m] m—-
Averge Of the highest 1%0 waves Hi [m] ]._._.@.é._...
Significant wave height Hs [m] 747

Mean water level [m] rﬁfﬁu

Figure 4. NShore model interactive option page with [Hy:2m Ty:10sec A:40°]

[AL-Salem 2004] 288



A8

Hydraulic And Coastal Application [H.C.A. 2004]
Nearshore Wave Heights and Water Level Parameters

GIVEN

The wave period, T = 14 seconds

The Dominant deep water wave angle oy = 0°
The Significant wave height, Hy = 3.0 meters.
Wave condition selected [S+] is wind/wave data
Beach slop [ 1 /100 ] 0.01

Shallow water depth 6.0 m

SOLUTION for H;

Run NShore model at interactive option as shown in Fig 5 shows

The wave refraction KR = 0.97

The angle of nearshore wave energy vector a = 2.0°.

The deep water equivalent wave height [Hg ] is 2.91 m as shown in Equation 3.
Significant wave height at shallow water selected Hy=3.611 m

| B Interactive MearShare W
RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] ] 3 Near Shore Slop ] 0ol ; 17100 .!
Wave Perid To [sec] 14 Water Depth [m] ] 6.0

Ware Direction Ao [Deg] ] 0
Water Depth [m] ] 12

2?7  Angle Shorline to North ] 0
Direction

27 Ware Condition [Wins Wave  +]
Output Shallow water wave Parameter

Wave Angle Front makes with the shoreline Aos [deg] I—f;—
Refraction Coefficient [ Kr] W
NearShore angle of the wave energy vector [As] I___j_u
Deep Water Equivalent wave [H''o] 19

Ware SetUp Sw [m] [0t
ERoot mean square wave height Hrms [m] W
Mean wave height [m] W
Averge Of the highest 1% waves Hi [m] I—T]‘?:‘-
Significant wave height Hs [m] mﬁ“
Mean water level [m] mﬁu

Figure 5. NShore model interactive option page with [Hy:3m Ty:14sec A:0°]
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Sensitivity Analysis for NearShore wave height prediction for a selected Deepwater
condition.

Data source from Goda (1975a, 1975b) to develop a nearshore wave height prediction.

In any given design situation the quality of the input information may vary. An important
question to ask when predicting nearshore wave conditions is How sensitive are the predicted
conditions to errors of uncertainty in the input parameters. The sensitivity of the predicted
nearshore significant wave height to input parameters is illustrated below with an examples. A
reference condition is chosen and nearshore significant wave heights are estimated. Each of the
input parameters is then systematically varied and the results compared to the reference
condition.

Case 1
The reference condition was selected to have the following input parameters:
Hy = Deep water significant wave height (5.15 meters)
Hg = Deep water equivalent wave height 5.0 m as shown in Equation 3.
Ty = Wave period (10 seconds)
d = Nearshore water depths (1.0 to 3 meters)
s = Beach Slope (1/100)
From the reference condition the predicted nearshore significant wave height is slightly less than
the deep water wave height for water depth of 1, 3 and 5 meters due to wave setdown as shown
in Table 2 from God (1975a, 1975b) and Result predicted from NShore model [AL-Salem
2022].

Table 2. NShore model interactive option page to predict H; with Reference Parameters
[Ho:5.15m Hj:5m Ty:10sec Ay:0° and beach slop 1/100] no refraction.

Goda (1975a, 1975b) [AL-Salem 2022]

Model data NShore Model
Stillwater depth (m) 1.0 3.0 5.0 1.0 3.0 5.0
Reference d/H | 0.2 0.6 1.0 0.2 0.6 1.0
Condition
Reference value 0.96 2.1 3.2 .994 2.187 | 3.204 | Fig-6
Variation
Water 1 m deeper 1.6 2.7 3.8 1.620 | 2.614 |3.645 | Fig7
1/20 slope 1.3 2.6 3.9 1.286 |2.726 | 3.710 | Fig8
H, = 6m 0.9 2.2 33 1.158 | 2.110 | 3.217 | Fig9
Hy = 4m 0.9 2.1 3.1 0.797 |2.082 |3.101 |Figlo
09 =45° S*=4 0.9 2.0 3.1 0995 |2.174 |3.206 |Figll
Ty = 6 sec 0.8 1.9 2.8 0984 | 1.878 |2.835 | Figli2
To= 18 sec 1.1 2.3 3.5 1.252 | 2356 |3.829 | Figl3

The predicted height decreases in shallow water to a value of 0.96 meter in a 1-meter water
depth (still-water level). Systematic variations are made from the reference condition and from
the resulting predicted nearshore wave heights given in Table 2. Comparisons with the reference
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condition and NShore model [Al-Salem 2022] were displayed in Table 2. Figures 6 to 13 display
NShore model result with varying input parameter condition showing a good agreement with
[Goda (1975a, 1975b)].

RUN Edit Back RUN Edit Back
@S Near Shore wave prediction From Deep water wave @f Near Shore wave prediction From Deep water wave
Input Deep water wave Parameter Input Shallow water Parameter Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] 515 Near Shore Slop [Too1 m ‘Ware Height Wo [m] 515 Near Shore Slop [oor m
l Wave Perid To [sec] [T Water Depth [m] [ % ] Wave Perid To [sec] [T Water Depth [m] |
‘Wave Direction Ao [Deg] IT ‘Wave Direction Ao [Deg] 'T
I Water Depth [m] | Water Depth [m] [ ]
|| 22 AngleShorlinetoNorth [ 0 22 Angle ShorlinetoNorth [ 0
Direction Direction
22 Wave Condition Wine e <] 22 Wave Condition WindWave 7] |
Qutput Shallow water wave Parameter Qutput Shallow water wave Parameter
| ‘Wave Angle Front makes with the shoreline Aos [deg] IT ‘Wave Angle Front makes with the shoreline Aos [deg] IT
| Refraction Coefficient [ Kr] [Tow7 Refraction Coefficient [ Kr | [0z
NearShore angle of the wave energy vector [As] l— NearShore angle of the wave energy vector [As] I—E—
Deep Water Equivalent wave [H''o] W Deep Water Equivalent wave [H"o] m-a-jw
Wave SetUp Sw [m] 347 | Wave Seilp Sw [m] 199
Root mean square wave height Hrms [m] [_EEEW Root mean square wave height Hrms [m] rﬁ?ﬁw
Mean wave height [m] 00 Mean wave height [m] ]"1_4‘35‘
Averge Of the highest 1%% waves Hi [m] 1326 Averge Of the highest 196 waves Hi [m] ri‘i@w
Significant wave height Hs [m] rﬁr Significant wave height Hs [m] ri-l-ﬁ_
Mean water level [m] 1347 Mean water level [m] rmw
. .

RUN Edit Back

@S Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

Wave Height Wo [m] [Gas ] Near Shore Slop oo m
Wave Perid To [sec] [ ‘Water Depth [m] [E]
Wave Direction Ao [Deg] [_3_”
Water Depth [m] 3]

I Angle ShorlinetoNorth [
Direction

27  Wave Condition 'm

Output Shallow water wave Parameter

‘Wave Angle Front makes with the shoreline Aos [deg] '_6‘_-1
Refraction Coefficient [ Kr | [Too7
NearShore angle of the wave energy vector [As] '—}-,_-l
Deep Water Equivalent wave [H''o] 49955
Wave SetUp Sw [m] 073
Root mean square wave height Hrms [m] rﬁ-s?"
Mean wave height [m] l‘fﬁ”ﬁf"
Averge Of the highest 1% waves Hi [m] I_E'EEE"
Significant wave height Hs [m] 3204
Mean water level [m] '-J'-;J.Ti“

Figure 6. NShore modei interactive option page with [Hy:5.15m Ty:10sec A(:0° at water

depth d= 1,3,and 5] beach slop [ 1/100]
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Interactive
RUN Edit Back

@g Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

‘Ware Height Wo [m] I 5.15 Near Shore Slop 0.01 i 17100«
‘Wave Perid To [sec] l 10 ‘Water Depth [m] 2

‘Wave Direction Ao [Deg] ] 0
‘Water Depth [m] l 3
22 Angle Shorline to North ] 0

Direction
Wind-Wave - i

Qutput Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

22 Wave Condition

Refraction Coefficient [ Kr] 097
NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H" o]

Wave SetUp Sw [m]

Hydraulic And Coastal Application [H.C.A. 2004]

RUN Edit Back

@S Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

Ware Height Wo [m] I 5.15 Near Shore Slop I 0.01 17100 -I
| ‘Wave Perid To [sec] l 10 ‘Water Depth [m] l ]

‘Wave Direction Ao [Deg] ] 0
‘Water Depth [m] l 3

27 Angle Shorline to North ] 0
i Direction
Wind-Wave - i

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

Refraction Coefficient [ Kr]

‘Wave Condition

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''o]
Wave Setlp Sw [m]

CEEEECERERA N
EEEEEEERERN )

Root mean square wave height Hrms [m] 1141 Root mean square wave height Hrms [m]

Mean wave height [m] 1.141 Mean wave height [m] [
Averge Of the highest 196 waves Hi [m] 1.952 Averge Of the highest 1% waves Hi [m] 3.130
Significant wave height Hs [m] Significant wave height Hs [m] 2614
Mean water level [m] 2259 Mean water level [m] 4112

B Interactive MearShore Wave ﬂ
RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

0.01 il 100 »

‘Water Depth [m] 6

Input Deep water wave Parameter
‘Wave Height Wo [m] l 5.15 Near Shore Slop
Wave Perid To [sec] I 10
‘Wave Direction Ao [Deg] l 0
Water Depth [m] ] 3

27 Angle Shorline to North l 0
Direction
Wind-Wave -

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]
Refraction Coefficient [ Kr] 097

.

27 Wave Condition

NearShore angle of the wave energy vector [As]

Deep Water Equivalent wave [H''o]

EEEEFECEN

Wave SetlUp Sw [m] 02

Root mean square wave height Hrms [m] 2614

Mean wave height [m] 2578

Averge Of the highest 1%% waves Hi [m] 45209

Significant wave height Hs [m] 3645
[ Mean water level [m] 6.023
L =

Figure 7. NShore model interactive option page with [Hy:5.15m Ty:10sec A(:0° at water
depth d= 2,4,and 6] beach slop [ 1/100]
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B Interactive MearShore Wave

B Interactive MearShore Wave

RUN Edit Back

RUN Edit Back

Input Deep water wave Parameter

f Wave Height Wo [m] [=157]
| Wave Perid To [sec] r—fﬁ_u
‘Wave Direction Ao [Deg] I—D—

I Water Depth [m] 3
22 AngleShorlinetoNorth [ g

Direction

l Wind-W3 -

27  Wave Condition

@;S Near Shore wave prediction From Deep water wave

Input Shallow water Parameter Input Deep water wave Parameter

Near Shore Slop [o0s m ‘Wave Height Wo [m] 55
‘Water Depth [m] 1 ‘Wave Perid To [sec] 10
[l ‘Wave Direction Ao [Deg] I—D—
Water Depth [m] 3]
22 AngleShorlinetoNorth [ g
Direction
| 27 Wave Condition !m

Output Shallow water wave Parameter

Refraction Coefficient [ Kr]

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H'"o]

Wave SetUp Sw [m]

Root mean square wave height Hrms [m]

Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

@;S Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

Near Shore Slop 0.05 1/20 vi
‘Water Depth [m] 3

Output Shallow water wave Parameter

Refraction Coefficient [ Kr]

Deep Water Equivalent wave [H'"o]
Wave SetUp Sw [m]

]
=

Root mean square wave height Hrms [m]

@

Mean wave height [m]
Averge Of the highest 1% waves Hi [m]

=
&
&

2 Significant wave height Hs [m]

EE

1397 Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

NearShore angle of the wave energy vector [As]

1 L

4
o
o
o

1043
874

EEEEEE

B4 Interactive NearShore Wave

RUN  Edit

@S Near Shore wave prediction From Deep water wave

Back

Input Deep water wave Parameter Input Shallow water Parameter

‘Wave Height Wo [m] I 5.15 Near Shore Slop 0.05 i 1420 =
‘Wave Perid To [sec] l i) “Water Depth [m] 35
‘Wave Direction Ao [Deg] I [1]
‘Water Depth [m] l 3
27 Angle Shorline to North ] 0
Direction
oo Wing- -

‘Wave Condition

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

Refraction Coefficient [ Kr]

NearShore angle of the wave energy vector [As]

Deep Water Equivalent wave [H''o]

444 L

Wave SetlUp Sw [m]

Root mean square wave height Hrms [m]
Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

=
g

L8489

s

IE

Mean water level [m]

:

Figure 8. NShore model interactive option page with [Hy:5.15m Ty:10sec A(:0° at water

depth d= 1,3,and 5] beach slop [ 1/20]
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B Interactive MearShore Wave

B Interactive MearShore Wave

RUN Edit Back

Input Deep water wave Parameter

Wave Height W l
i ave Height Wo [m] 6.
Wave Perid To [sec] I 10

I ‘Wave Direction Ao [Deg] l 1]
Water Depth [m] ] 3

Angle Shorline to North l 0
Direction

Wave Condition

@S Near Shore wave prediction From Deep water wave

[ 3]

Input Shallow water Parameter

Near Shore Slop 0.01 i 1/100 =
Water Depth [m] 1]

Qutput Shallow water wave Parameter

Refraction Coefficient [ Kr]

Deep Water Equivalent wave [H''o]
Wave SetUp Sw [m]

Root mean square wave height Hrms [m]
Mean wave height [m]

Averge Of the highest 1%% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

NearShore angle of the wave energy vector [As]

097

=

AT |

&

1158

RUN Edit Back

Input Deep water wave Parameter

‘Wave Height Wo [m] 6.
Wave Perid To [sec] r—fﬁ_"
‘Wave Direction Ao [Deg] I—D—
Water Depth [m] @]
22 AngleShorlinetoNorth [ g
Direction
5 Wind -

Wave Condition

@S Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

Near Shore Slop 0.01 1/10¢ v;
‘Water Depth [m] 3

Output Shallow water wave Parameter

Refraction Coefficient [ Kr]

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H'"o]

Wave Setlp Sw [m]

Root mean square wave height Hrms [m]

Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

4449 |

al 3
b B

bd A
k=
s

=
4
=
3]

[T
ra| ] %
o] =
3] 3] S

| IEEL

B4 Interactive NearShore Wave

==

RUN Edit Back

Input Deep water wave Parameter

f Ware Height Wo [m] 5.
i Wave Perid To [sec] 10

‘Wave Direction Ao [Deg]
Water Depth [m]

Angle Shorline to North 0

Direction
! Wingd-’ -

=

L

Ware Condition

@f Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

Near Shore Slop 0.01] 1/10C v;
‘Water Depth [m] =

Output Shallow water wave Parameter

Refraction Coefficient | Kr]

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H'o]

Wave Setlp Sw [m]

Root mean square wave height Hrms [m]

Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Ware Angle Front makes with the shoreline Aos [deg]

087

3
2331
2317
3.947
sl

EEEEEEERCEN B

3.130

Figure 9. NShore model interactive option page with [Hy:6.1m Ty:10sec A,:0° at water
depth d= 1,3,and 5] beach slop [ 1/100] Hy: 6m
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[ Interactive NearShore Wave

B3 Interactive NearShore Wave

RUM Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

‘Wave Height Wo [m] 413 Near Shore Slop ] 0.01 1/100 «
‘Wave Perid To [sec] 10 ‘Water Depth [m] ] 1

‘Wave Direction Ao [Deg] 0
‘Water Depth [m] 3
0

22 Angle Shorline to North
Direction

oo ]

Output Shallow water wave Parameter
‘Warve Angle Front makes with the shoreline Aos [deg]

‘Warve Condition

Refraction Coefficient [ Kr | 097
NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''o] 4.0061
Wave SetUp Sw [m]
Root mean square wave height Hrms [m] 62
Mean wave height [m]

Averge Of the highest 1%6 waves Hi [m]

EEECCEUEEN N

)
B

Significant wave height Hs [m]

Mean water level [m]

]
&

RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

il 10C «

Input Deep water wave Parameter
‘Wave Height Wo [m] 413
Wave Perid To [sec] I 10
Wave Direction Ao [Deg] l 0
Water Depth [m] I 3
l o

27  Angle Shorline to North
Direction

Near Shore Slop 0.01
‘Water Depth [m]

e

o]

Qutput Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]
Refraction Coefficient [ Kr]

Wave Condition

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''o]

Wave SetUp Sw [m]

Root mean square wave height Hrms [m]

Mean wave height [m]

Averge Of the highest 1% waves Hi [m]

"EECCERERN I

Significant wave height Hs [m]

Mean water level [m]

B

& = =

B Interactive NearShore Wave

RUM Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter
‘Wave Height Wo [m] 413
Wave Perid To [sec] r—fa_“
‘Wave Direction Ao [Deg] r_ﬁ_“
Water Depth [m] [ ]

27 Angle Shorline to North 0
Direction
Wi

Ware Condition

Input Shallow water Parameter

Near Shore Slop ] 0.01] 1/10C v;
‘Water Depth [m] I 5

Output Shallow water wave Parameter

Refraction Coefficient | Kr]

Deep Water Equivalent wave [H'"o]

Wave Setlp Sw [m]

Mean wave height [m]
Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

NearShore angle of the wave energy vector [As]

Root mean square wave height Hrms [m]

4.0061
0

ECECERERA )

=]
o

—-— =

Figure 10. NShore model interactive option page with [Hy:4.13m Ty:10sec A(:0° at water
depth d= 1,3,and 5] beach slop [ 1/100] Hy: 4m
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[ Interactive MearShore Wave

ﬂ 5. Interactive NearShore Wave

RUN  Edit

@f Near Shore wave prediction From Deep water wave

Back

RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter

Input Shallow water Parameter

Input Deep water wave Parameter

Input Shallow water Parameter

‘Wave Direction Ao [Deg] ] 45

‘Wave Height Wo [m] ] 625 Near Shore Slop
! ‘Wave Perid To [sec] I 10 Water Depth [m]

0.01 ! 1/100 =
[Cae

‘Wave Height Wo [m]
‘Wave Perid To [sec]
‘Wave Direction Ao [Deg]
Water Depth [m]

27 Angle Shorline to North

(5]
o
s
=
o

Near Shore Slop 0.01] ! 1/100
‘Water Depth [m] 3

| ‘Water Depth [m] I 3
22 Angle Shorline to North ] 0
Direction

e

‘Wave Condition

Direction
Wi

‘Warve Condition

Qutput Shallow water wave Parameter
‘Warve Angle Front makes with the shoreline Aos [deg]
Refraction Coefficient [ Kr]
NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H"o]
‘Wave SetUp Sw [m]
Root mean square wave height Hrms [m]

Mean wave height [m]

b

L
=

=)

EEERREE

=

Qutput Shallow water wave Parameter

Refraction Coefficient [ Kr]

NearShore angle of the wave energy vector [As]

Deep Water Equivalent wave [H''o]
Wave SetlUp Sw [m]
Root mean square wave height Hrms [m]

Mean wave height [m]

Averge Of the highest 196 waves Hi [m] 1327 Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m] 5995 Significant wave height Hs [m]
Mean water level [m] 1.348 Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

=

1.806

2306

CEFECEEEEEN

& =

B4 Interactive NearShore Wave

|

RUN Edit Back

Wave Height Wo [m]
‘Wave Perid To [sec]
Wave Direction Ao [Deg]

Water Depth [m]

@S Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter

Input Shallow water Parameter

m?w Near Shore Slop r_ljﬁl-w m
10 ‘Water Depth [m] 3
45

|

27 Angle Shorline to North 0
Direction
¥

2?7 Wave Condition

OQutput Shallow water wave Parameter

Refraction Coefficient [ Kr]

Deep Water Equivalent wave [H''o]
Ware Setlp Sw [m]

Root mean square wave height Hrms [m]
Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

NearShore angle of the wave energy vector [As]

b

2283

3943

FECCEREREN |

Figure 11. NShore model interactive option page with [Hy:6.25m Ty:10sec A(:45° at water
depth d= 1,3,and 5] beach slop [ 1/100] Hy: Sm
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[ Interactive MearShore Wave

[ Interactive MearShore Wave

RUN Edit Back

@g Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

‘Wave Direction Ao [Deg] ] 0
‘Water Depth [m] l 3

22 Angle Shorline to North ] 0
Direction
Wing-’ vi

Qutput Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

‘Wave Condition

[l Refraction Coefficient [ Kr ]

NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''o]

Warve SetUp Sw [m]

CEREE

Root mean square wave height Hrms [m] 129
! Mean wave height [m] 693
Averge Of the highest 1% waves Hi [m] 1240

%l

Significant wave height Hs [m]

=

Mean water level [m]

‘Wave Height Wo [m] ] 5.55 Near Shore Slop 0.01 ! 1/100 «
‘Wave Perid To [sec] l 6 Water Depth [m] 1

RUN Edit Back

@g Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

‘Wave Height Wo [m] 32 Near Shore Slop 0.01 ! 1/100 «
‘Wave Perid To [sec] l 6 Water Depth [m] 3

‘Wave Direction Ao [Deg] ] 0
‘Water Depth [m] l 3

22 Angle Shorline to North ] 0
Direction
Wind-W: vi

Qutput Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

Refraction Coefficient [ Kr]

‘Wave Condition

NearShore angle of the wave energy vector [As]

EEEE B

Deep Water Equivalent wave [H''o]

Warve SetUp Sw [m] 114

Root mean square wave height Hrms [m] ]‘“'1“'530“
Mean wave height [m] r‘ﬁﬁw
Averge Of the highest 1% waves Hi [m] m"“
Significant wave height Hs [m] ri—E—ﬁ_
Mean water level [m] ]"“ETE“

B Interactive MearShore Wave

RUN Edit Back

Input Deep water wave Parameter
‘Wave Height Wo [m] 52
‘Wave Perid To [sec] ] 3
‘Wave Direction Ao [Deg] I 0
Water Depth [m] ] 3

22 Angle Shorline to North I 0
Direction
W

27 Wave Condition

@S Near Shore wave prediction From Deep water wave

Input Shallow water Parameter

Near Shore Slop 0.01 i 1/100 =
Water Depth [m] 5

Output Shallow water wave Parameter

Refraction Coefficient [ Kr]

Deep Water Equivalent wave [H''o]
Wave SetUp Sw [m]

Root mean square wave height Hrms [m]
Mean wave height [m]

Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

‘Wave Angle Front makes with the shoreline Aos [deg]

NearShore angle of the wave energy vector [As]

2133
1951
3461

L EEECERERNE

Figure 12. NShore model interactive option page with [Hy:5.2 m Ty:6 sec A(:0° at water
depth d= 1,3,and 5] beach slop [ 1/100] Hy: Sm
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&5 Interactive NearShore Wave S| (& nteractive Nearshore Wave o)
RUM Edit Back RUN Edit Back
@g Near Shore wave prediction From Deep water wave @g Near Shore wave prediction From Deep water wave
Input Deep water wave Parameter Input Shallow water Parameter Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] 52 ] Near Shore Slop [Toor | [rrmecs] Wave Height Wo [m] 52 Near Shore Slop [Too1 | [Triec+]
| Wave Perid To [sec] 18 ‘Water Depth [m] [ ] Wave Perid To [sec] B Water Depth [m] =]
I Wave Direction Ao [Deg] [ 0 Wave Direction 4o [Deg] [ 0
Water Depth [m] [= ] ‘Water Depth [m] =]
27 Angle ShorlinetoNorth | g 22 Angle ShorlinetoNorth [ o
Direction | Direction
22 Ware Condition [WasWave <] Lecec 28 Wase Condition [Winswee ]
Output Shallow water wave Parameter Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg] W ‘Ware Angle Front makes with the shoreline Aos [deg] ]_6—
Refraction Coefficient | Kr] [0 Refraction Coefficient | Kr ] [Tos7
NearShore angle of the wave energy vector [As] ]_- NearShore angle of the wave energy vector [As] ]_—
Decp Water Equivalent wave [H''o] [Gos Deep Water Equivalent wave [H''o] [Go
Wave SetUp Sw [m] 534 Ware SetUp Sw [m] [==]
Root mean square wave height Hrms [m] [s20 Root mean square wave height Hrms [m] 2062
Mean wave height [m] [s20 F Mean wave height [m] [1e20 ﬁ
Averge Of the highest 195 waves Hi [m] [Tes1 Averge Of the highest 1% waves Hi [m] [N
Significant wave height Hs [m] 12z Significant wave height Hs [m] [23%
Mean water level [m] [153 Mean water level [m] EETN I
B4 Interactive NearShore Wave @

RUN Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter
‘Wave Height Wo [m] 52 Near Shore Slop 0.01 1/100 +
‘Warve Perid To [sec] 18 ‘Water Depth [m] 3

‘Wave Direction Ao [Deg] 0
‘Water Depth [m] 3

17 Angle Shorline to North 0
Direction

22 Wave Condition [Waswas <]

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]
Refraction Coefficient | Kr]
NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''0]
Ware SetUp Sw [m]
Root mean square wave height Hrms [m] 2688
Mean wave height [m] 2.688 “
Averge Of the highest 1% waves Hi [m] 4713
Significant wave height Hs [m]

EEEEEEENEE

Mean water level [m] 3181

Figure 13. NShore model interactive option page with [Hy:5.2 m Ty:18 sec A(:0° at water
depth d= 1,3,and 5] beach slop [ 1/100] Hg: 5m

Case 2

Data source from Goda (1975a, 1975b) to develop a nearshore wave height prediction.

The 13 September 1978 storm, a wave gage 2,250 meters beyond the end of the pier was used to
record offshore wave height and period. Radar images were used to estimate dominant wave
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e Wave hight Hy
e  Wave Period T
e Wave direction ay

Hydraulic And Coastal Application [H.C.A. 2004]
direction. Predicted tides and a profile survey of 8 September 1978 were used to determine water
depth along the pier. Deep-water wave input parameter as follows:

=1.66 m
=4.52 sec
=50°

e Wave condition S: = Wind-Wave [4]

e Beachslop s

=1/80

Table 3 and Figure 14 shows nearshore wave conditions. Observed and predicted wave height
[Goda (1975a, 1975b)] compared to wave predicted from NShore model [Al-Salem 2022] at the
FRF, 13 September 1978 shows a good agreements.

Table 3. NShore model interactive option page to predict H; with Reference Parameters
[Ho:5.15m Hj:5m Ty:10sec Ay:0° and beach slop 1/100] no refraction.

Observed Wave | Goda (1975a, Al-Salem 2022
Conditions 1975b)

Distance Shallow Observed wave Predicted Wave NShore model

from Shore Water depth d height H, Height H, Wave Height H,
line m m m m

1.05068 1.24 0.981651 0.770642 0.852

2.348578 4.76 1.146789 1.211009 1.321

4.239802 5.68 1.082569 1.165138 1.321

6.613102 7.11 1.183486 1.192661 1.331

9.925835 9.33 1.422018 1.256881 1.372

Predicted, observed and NShore model wave heights are similar for most of the wave profile as
shown in Fig 14, with the observed wave height in the shallowest water higher than predicted
and NShore. Results show that the local significant wave height is primarily controlled by

nearshore depth

Figure 14. Observed and
predicted wave height at
the FRF, 13 September
1978 from Goda (1975a,
1975b) compared with
Nshore model [Al-Salem
2022] for prediction of
shallow wave at deffernt

water depth

=
o

E 3 # Water Depth m [13 September 1978] *
= *
= 6 &>
-
4 *
=
=2
= *
3 0 T T T T T 1
0 2 4 6 8 10 12
Distance from shoreline to Off shore m
3
E‘ 4 Observed wave height m [13 September 1978 ]
2 2.5 ——wpredicted Wave Height Goda (1975a, 1975b)
f 2 ——ANShore-model Wave HeighfAl-Salem2020} —
-
-EO 15 [ ] " e ﬁ
g 1 & v | =
= =
o 05
-
& T T T T T 1
B 0 2 4 6 8 10 12

Distance from shoreline to Off shore m
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Case 3
Data source from Goda (1975a, 1975b) to develop a nearshore wave height prediction.

GIVEN:
Figure 15 display deep wave height condition.
. Deep-water wave input parameter as follows:
e Wave height Hy =241m
e Wave Period T) =6.9 sec
e Wave directionay = 60°
e Wave condition S: = Wind-Wave [4]
e Beachslop s =1/100

: Nommal to ShoreLine
|
|
|
|
|
|
I
I
[
|
|
|
|

Deep Wave Condition
Hy=224im i
To=06.9sec 1
Ay =607 |
'—1

el N e A P A

Figure 15. beepwatef Wave Conditi

Table 4. NShore model interactive option page to predict H; with Reference Parameters
[Hp:2.41m Ty:6.9sec Ay:60° and beach slop 1/100]

‘ Goda (1975a, 1975b) NShore model [Al-Salem 2022]
Water Kx H, H, Kz H, H,
Depth dj,; m m m m
m
0.5 0.69 1.66 0.43 0.70 1.687 0.435
1.0 0.69 1.67 0.620 0.70 1.687 0.696
2.0 0.70 1.68 1.28 0.70 1.687 1.268
3.0 0.70 1.69 1.69 0.75 1.8075 1.825
4.0 0.71 1.70 1.75 0.75 1.8075 1.905
6.0 0.72 1.74 1.72 0.75 1.8075 1.825

Results show that the local significant wave height is primarily controlled by depth. In this
Case,wave direction, refraction effects, and wave period are relatively unimportant input
parameters. Table 4 shows has good agreement with [Goda (1975a, 1975b) ] and NShore model
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[Al-Salem 2022] . Figure 16 display sample result for water depth d,; 2.0 m. Figure 17 shows a
good agreement of nearshore wave height prediction between NShore and Goda.

[ Interactive NearShor;WM_-r - m“

RUM Edit Back

@f Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] 241 Near Shore Slop W m
Wave Perid To [sec] [60 Water Depth [m] [ ]
Wave Direction Ao [Deg] W ||
Water Depth [m] [ ] |

77 Angle ShorlinetoNorth [ 0
Direction
27 Wave Condition [WinsWave -]

Qutput Shallow water wave Parameter
Wave Angle Front makes with the shoreline Aos [deg] ]‘_Eo_“ i
Refraction Coefficient [ Kr|] W
NearShore angle of the wave energy vector [As] I_‘_“l‘j_‘_‘~
Deep Water Equivalent wave [H''o] W
Wave SetUp Sw [m] W
Root mean square wave height Hrms [m] W
Mean wave height [m] r—:@:ﬁ*
Averge Of the highest 1%0 waves Hi [m] W
Significant wave height Hs [m] 1263
Mean water level [m] m

Figure 16. NShore model interactive option page with [Hj:2.41 m T):6.9 sec a,:60° at water
depth d,, :2.0m] beach slop [ 1/100]

N
Ul

— — - Goda (1975a, 1975b)

N

Wave Height H;
o [N
K

\

Water Depth d (m)

Figure 17. Comparison of Nearshore Wave height H; predicted from NShore model to
Goda (1975a, 1975b)
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CONCLUSION

The NShore numerical model for prediction nearshore wave height by applying the methods
developed by Goda (1975a, 1975b) and suggested by Goda, Takayama, and Suzuki (1978) for
predicting nearshore irregular wave conditions for the case of continuously shallowing bottom
contours have been presented in forms convenient for designers. The NShore model was
presented by two operation system As PC version and Website version at web dress

[ http:\\'www.hceatkuwait.net\NShore.aspx].

A sensitivity analysis as shown in case 3 of the methods shows the relative importance of the
input parameters on the predicted nearshore wave height. Comparison with observed wave
height changes and prediction wave height were presented at [Goda (1975a, 1975b) ] and
NShore model [AL-Salem 2022] at case 2 for data source from FRF, 13 September 1978 shows a
good agreements.
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NShore Model Demonstration

P.C. Version
NShore model was developed based Coastal information system C.L.S. [Al-Salem 2005] for PC

version as shown in Figure P1.

5 _X_

CILS. DataBase Hydrodynamics Models Coastal Engineering  Oil Spill  Online Forecast Help  Exit

2005

START | CIS. Help

Exit

Wind Data Extract
Wave Output Extract
Surface Sea Water Temerature (c)

Air Temerature (c) At 2m Above Sea Level

»

Monthly Wave Extract

» Time Series Wave Extract
» Maximum Significant Wave Height in the Arabian Gulf

Coastal Information

Interactive Near Shore Wave
Convert Timeseries Deep To Shallow Wave

Near Shore Wave

yoi

Copyright @ Coastal Information Sy
All right:
Email: Ksms0(

Gravity Wave Disspation in Arabian Gulf
NorthWard Gravity Wave Surfce Stress
Boundary Layer Height

Tidal Current and Water Level Output Extract
Rose Ploting

Long Term Prediction

Digital Elevation and Topography Map

1D/2D output Pesentation By Google MAp Tools
Bouy/Towers Field Database

Annual Longshore Sediment Transport Rates
Simulate Inundation From Sea-Level Rise
BreakWaters Structural Design [KBwater]

System Grids Display

M 2m InterFace

zee'_" z DataBase

Figure P1. Coastal information system C.L.S
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From Figure P1 user can run NShore model by select from drop list at [Near shore wave].
Then a new drop list will display as shown in Figure P1 to show that there are two options to run
the model which are:
e Interactive NearShore Wave height

e Convert Timeseries Deep water wave height To Shallow Wave height

Option 1 [Interactive NearShore Wave]

If user selects option 1 then new page will display as shown in Figure P2.
Then user must input The Deep water wave height Condition as follows:
e Deep water wave Height m

e Deep water Wave Period sec

e Deep water Wave Angle deg

e Angle of Shoreline with respect to True North direction deg. [See Fig 15]
e Beach Slop s

e Shallow water depth [Interest depth location] m

e Wave Condition [ For This version used Wind-Wave]

ri Interactive NearShore Wave

RUM Edit Back

@g Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter
Wave Height Wo [m] Near Shore Slop Type v] I
‘Wave Perid To [sec] Water Depth [m]

‘Wave Direction Ao [Deg]
‘Water Depth [m]

27 Angle Shorline to North 0
Direction

22 ‘Ware Condition WingWars 7|

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]
Refraction Coefficient [ Kr]
NearShore angle of the wave energy vector [As]
Deep Water Equivalent wave [H''0]
Wave SetlUp Sw [m]
Root mean square wave height Hrms [m]
Mean wave height [m]
Averge Of the highest 1% waves Hi [m]
Significant wave height Hs [m]

Mean water level [m]

T L

Figure P2

When all input data was entered as shown in Figure P3 user can select [RUN] to start the model.
Figure P3 display the output simulation.
Figure P4 display the output file created by the model
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™
B Interactive NearShore Wm —— &

RUM Edit Back

@S Near Shore wave prediction From Deep water wave

Input Deep water wave Parameter Input Shallow water Parameter

Ware Height Wo [m] [Zar ] Near Shore Slop [Too1 m
Ware Perid To [sec] [T69 Water Depth [m] [ &

‘Wave Direction Ao [Deg] [_EE_H

Water Depth [m] [ )

27 Anmgle Shorline to North ] 0
Direction

22 Wave Condition [Winewave <]

Output Shallow water wave Parameter
‘Wave Angle Front makes with the shoreline Aos [deg]

Refraction Coefficient [ Kr ]

NearShore angle of the wave energy vector [As]

[

CEEE

Deep Water Equivalent wave [H''o] 1.687
Wave SetUp Sw [m] 020
Root mean square wave height Hrms [m] 970
Mean wave height [m] 833
Averge Of the highest 1% waves Hi [m] 1.579

Significant wave height Hs [m]

Mean water level [m]

Figure P3
ﬁ NShore.dat - Notepad - — -_- S ....7 - %

File Edit Format View Help

Prediction OF NearShore Wave Conditions From Irregular Deep Water Wave
Coastal Information System [C.I.S. 2005]
Khaled Al-salem
Email: ksms00l@gmail.com

Input Deep water wave Parameter

Wave Height Wo : 2.41 m

wave Period To : 6.9 sec

wave Direction Ao : 60 deg
water Depth Do : 0O m

Angle shorline to North Direction Ac : 0 deg
wave Condition Sc @ Wind-wave

Input Shallow water Parameter
Near Shore Slop s : 0.01
water depth ds : 2 m

Calculation of Refraction Coefficients and NearShore wave Direction Angles
wave Angle Front makes with the shoreline [Aos]: 60 deg
i : 7

Refraction Coefficient [Kr J: O.

NearShore angle of the wave energy vector [As]: 15 deg

Deep wWater Equivalent wave [H'ol: 1.687 m
Calculation of Nearshore wWave Heights and wWater Level Parameters

wave SetUp sw : 0.02

Root mean square wave height Hrms : 0.97 m

Mean wave height Hm : 0.833 m

Averge Of the highest 1% waves Hi 1.579 m

Significant wave height Hs : 1.268 m|

Mean water level Dmwl: 2.02 m

Ln 22, Col 59

Figure P4
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Option 2: Convert Timeseries Deep To Shallow Wave

If user selects option 2; this option was linked to Costal information System CIS database [AL-
Salem 2005] for extraction Deep water wave height, direction and period data to do that is by the
following steps:

1. Use deep water wave data file extracted from CIS

2. Use Created deep water wave data file by user [ Ho, Ty 0o ]
For using option 1 for creating Deep water wave Condition file from CIS user must follows:

Run CIS interface as shown in Fig P1 then select
WAVE OUTPUT EXTRACT
TIME SERIES WAVE EXTRACT
Figure P5 for user input require parameter as shown in Fig P5 as
Start Time / End time
Deep water location [Longitude/Latitude]
Then run Extract data
Then user must select EXPORT FILE to create Deep water wave file by select
[NEARSHORE] button.
Then the wave data file will transfer to NShore model by a default name [Wavel.txt) as
display in Figure P6
Figure P7 display sample of deep water wave height created by CIS interface
1 Extract Wave nght&fctlon and Period in (Time Seres) &r
Extract Digital Gulf Map Plot Plot Wave RCE _Wave Scatter Diagram  Statistical Analysis
Wave Enegry/Power  Occurrence Of Wave Height/Period NearShore  Export File Back Page Inp-File
Input And Output
Select Tower Location Press Here
Select Bouy Location Press Here
Iime For Extracting Data
Year Montl Day
[0 < ]fien <] oo
[0 < [fian 5T <] [z300
Export File
Save in Wave flls A5 [ CWAVE Exp-Wave it -
Close EDIT ’ E3ED
GENESIS
MearShore I
Figure P5
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For using Option 2 for creating Deep water wave height Condition file must follows:

A8

-

5 MearShore Wave Prediction ‘ -

Start Edit Back

@f Near Shore wave prediction From Deep water wave

Water Depth [m] ] 13

27 Angle Shorline to North ] 0

Direction
35 Wse File Name | C:WAVE!Wavel.txt ‘
Start Date Jan 1 2000
End Date Jan 31 2000
Figure P6
r'_a Wavel.tst - Notepad E@g-‘
File Edit Format View Help
744 -
0.1, 2, 139 , A
0.1, 2, 140 ,
0, 2, 141 ,
0, 2, 145 ,
0, 2, 152 ,
0, 2, 162 ,
0, 2,174 ,
0, 2.1, 184 ,
0, 2.1, 192 ,
0 2.1 . 197 .
0 2.2 .201 .
0. 2.2 203"
0. 2.2 205 .
0, 2.2, 206 ,
a4 3
Lnl, Coll W
Figure P7

Cerate text file data format must follow:

o Number of data records ,

o Deep water wave height , Wave periods , Wave direction ,
A comma after each number is a must

Input Deep water wave Parameter Input Shallow water Parameter
Longitude [deg] 483 Near Shore Slop ] 0.02 I Tupe :J
Latitude [deg] 1 203 Water Depth [m] ] 1.0

Then user must enter the created file Path and name in the [Wave file name] as shown in

Fig P6.

After deep water wave file name entered, then user must input the following as in Figure P6:
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o Input Deep water wave parameter

Longitude of Deep water location

Latitude of Deep water location

Deep water Depth [not use in Calculation]

Angle of Shoreline to True North [See Figure 15]
o Input Shallow water Parameter

Beach Slop
Water Depth at interested location [d]
o Input Wave File name

o Input Start Time
o Input End Time

When all input data was entered as shown in Figure P6 user can select [START] to start the
model.
Figure P8 display the output file created by the model

G155
Coastal Information System DataBase
PREDICTION OF NEARSHORE WAVE CONDITIONS FROM IRREGULAR
DEEF WATER WAVES

[ A1-Salem K. 2005 ]
Email: Ksms001@Gmail .com
Tel : 965 99016700
WUY . hceatkuwait .net

Time Serious for Significant wave height and Periods Data Records
Selected Grid Location:

Longitude: 48 18.00E

Latitude : 29 18 00N

Deep Water Depth: 1.0

Date From: Jan 1 2000

Date To : Jan 31 2000

Input Shallow water Parameter
Near Shore Slop : .02
Shallow Water Depth: 1.0

Total Time Records: 744 Hours
Wave Direction Measured From North Clockwise

Discribtion of Parameters for Nearshore Conditions

Ho : Deepwater Significant Wave Height
To . Wave Period
Ao . Wave Direction

Shore : Shoreline Orintation angle from North
Normal: Normal direction of wave to shore lined

KR . Wave Refraction Coefficient

As . Angle of Nearshore Wave Energy Vector

H'o . DeepWater Equivalent Significant Wawve Height

Sw : Wave SetlUp

Hrms : Root-Mean-Sguare Wave Height

Hs : Significant Wave Height at Select Water Depth [Shallow]
HUL . Hean water level

Calculation of Nearshore Wave Heights and Water Level Parameters.

Ho To Ao Shore Normal KR As H'o Vave Hrms Hs MWL

m sec deg Orint Shore Coefi deg m SetlUp m m m
00.10 02.00 139. 00.00 180.00 O0.600 03.00 O00.060 0O0.000 O00.044 00.064 001.000
00.10 02.00 140. 00.00 180.00 O0.600 03.00 O00.060 0O0.000 O00.044 00.064 001.000
00.00 02.00 141. .0o0 00.00 O0O.000 O0O0.000 OO.000 O0O0.000 OOO.0O0O
00.00 02.00 145. .000 00.00 O0O0.000 O00.000 OO.000 O0O0.000 OOO.0O0O
00.00 02.00 152. .0o0 00.00 O0O0.000 O00.000 OO.000 O0O0.000 OQOO.0O0O
00.00 02.00 162. .goo 00.00 0QO0.000 O00.000 OQO0.000 O00.000 0QO0O0.000
00.00 02.00 174. .goo 00.00 OO0.000 O0O0.000 OO0.000 O0O0.000 OQO0O.00O
00.00 02.10 184. .0oo 00.00 O0O0.000 O0O0.000 OO0.000 O0O0.000 OQOO.0O0O
00.00 02.10 192. .0oo0 00.00 OO0.000 O0O0.000 OQO0.000 O0O0.000 OQOO.0O0O
00.00 02.10 197. .0oo0 00.00 0O0.000 O0O0.000 OO0.000 O0O0.000 OQOO.00O
00.00 02.20 201. .0oo0 00.00 OO.000 O0O0.000 OO.000 O0OO0.000 OOO.0O0O

nnn n2 2n 2n2 nnn nn N Aan nnn nn nnn NN nnn nn nnn  nnn nnn

ocooooooooooo

oo

oo

oo

oo

oo

oo

oo

oo
oooooooooo

[AL-Salem 2004] 308



A8

Hydraulic And Coastal Application [H.C.A. 2004]

Figure P8

NShore Model Demonstration
Internet Version
Website: http://www.hceatkuwait.net\NShore.aspx

User must login to website address at: http://www.hceatkuwait.net\NShore.aspx
Then Figure V1 will display the main NShore model website page on internet as follows:

C A Notsecure | hceatkuwait.net/NShore.aspx Qe x* » &

i Apps & MyDrive-Google.. @ SigninwithyourA.. CIS KuwaitCoastalInfo.. G Google [ Qutlook Y Personal NBK (Nati.. ecmwf new dcs » Other bookmarks Reading list

@

CosstalInformation Syster

Interactive Near Shore Wave

Convert Timeseries Deep To Shallow Wave

&

.....

NShore Program
Copyright@2020. Khaled AlSalem. All rights
reserved
Emai: Ksms 001 @gmeiLcom
W W hceatiaweitnet
Tel: 965.9901 6700

4'0

t © 2020 Khaled Al-Salem. NShore Program All rights rese
Email ksalem@kisr.edu.com

Figure V1
Figure V1 to shows that there are two options to run the model which are:
e Interactive NearShore Wave

e Convert Timeseries Deep To Shallow Wave height

Option 1 [Interactive NearShore Wave]

If user selects option 1 then new page will display as shown in Figure V2.
Then user must input The Deep water wave height Condition as follows:
e Deep water wave Height m

e Deep water Wave Period sec

e Deep water Wave Angle deg

e Angle of Shoreline with respect to True North direction deg.
e Beach Slop s

e Shallow water depth [Interest water depth location] m

e Wave Condition [ For This version used Wind-Wave]
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T -
J O KowaitConstalnformation Syste % @ Nearshore Wave

<

C A Notsecure | heeatkuwait.net/NShore.aspx
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Interactive Near Shore Wave

Convert Timeseries Deep To Shallow Wave

¥

When all input data was entered; User can select [START C@ ] to start the model.
Figure V3 display the output simulation.
From Figure V3 user can do the following:

- View the output file created by the model as shown in Figure V4

T -
J O KowaitConstalnformation Syste % @ Nearshore Wave

<

i Apps

Figure V3
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- -
IS Kuwait Coastal Information Syste % \ @ NearShore Wave X @ wwwhcestkuwaitnet/files/NSho x [l 4+ ~ fol
G A Notsecure | heeatkuwait.net/files/NShore txt a v * & &
i Apps & MyDrive- Google.. € Signi I8 Kuwait Coastal Info.. & Google [39 Outlook f§ Personal NBK (Nati.. ecmwf new dcs » Other bookmarks Reading list
Prediction OF NearShore Wave Conditions From Irregular Deep Water Wave

Coastal Information System [C.I.S. 2685]
lshore Program
Khaled Al-Salem
Email: ksmso@legnail.com

Input Deep water wave Parameter

Caleulation of Refraction Coefficients and NearShere Wave Direction Angles

e Front makes with the shoreline [Aos]:48 deg
n

[A5]:5 deg
ap ate\ EqJ)

ol:l.ém
Calculation of Nearshore Wav vel Parameters

Viave SetUp Sw i 8.869

Root mean square wave neight Hrms : 8.495 m
Mean wave Hm : 9.495 m
A Hi : 0.573 m
s: nt w ght H: 0.755 m|
Mean water level ML ;1,069 m

Figure V4

Option 2: Convert Timeseries Deep To Shallow Wave

If user selects option 2 as shown in Figure V5;
This option user can prediction nearshore wave height data from time series deep-water wave
height data file. The data file can be entered or created by the following:
[1] Use deep water wave data file extracted from Costal information System CIS
database [AL-Salem 2005].

[2] Use Created deep water wave height data file by user as follows:

Ndat, Total records,

[ Ho, To 0o ] Wave height , period, direction,
[3] User can used pre-saved deep wave height data file by select [ Default Sample Deep Water
Wave Data 4 ] as shown in Figure V6.

For using option 1 for creating Deep water wave Condition file from CIS user must follows:
Run CIS interface as shown in Fig P5 then select

WAVE OUTPUT EXTRACT

TIME SERIES WAVE EXTRACT
Then open the file created. User must copy the all data then pass in Data container as shown in
Figure V6.
For using option 2 for creating Deep water wave Condition file by user must do following:

File data enter format as shown in Figure V6:
[1] Number of Data: Ndat ,

[2] Coordinate as [ Hy, T, 0o, ]
Note: Comma must follow each number
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Note: Maximum Wave Data 8784 records
User can Update the input wave height data file by select [Load data ﬂ]

Then user must save the data file by select [SAVE data Q ]

User input require parameter for both options as shown in Fig V6 as
Water depth d [ at interested location]

Beach slop s
Shore line Angle from Normal direction 8

<« C A Notsecure | heeatkuwait.net/NShore.aspx
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Figure V5
| 0 KuaitCoastal nformation Sy X @ Nearshore Wave xmu

<« C A Notsecure | hceatkuwait.net/NShore.aspx
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43
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& ~

= e
o
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Figure V6
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When all input parameters were entered as shown in Figure V6.
Then user must enter his access code at [ PASSWORD ] to start run the model by select [ Run

icon ? ].

Figure V7 will display for user to select from Qutput Shallow Water Wave view options

follows:

[ = . -
e View simulation data file @ [Snapshot from output file shown in Figure V8].

[User must refresh or reload page to update view file it is internet issue]

e Download simulation data < [Snapshot from output file shown in Figure V8]

) G Kuwsit Cosstal nformation Syt @ NearShore Wave
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Appendix

Section 2.1

Map Prediction Type End  Wer.
[ Map Cont [¥ Limits Domain [

¥ 2D Predi [~ Save Coast Line

Hode Dot (1.4
rDomain Grid Selection-

| Refins dvsbian Gulf =]

DOMAIN LIMITS
Eottom Left Lacation.
475 235
Top Rigth Location.
56.5 308
Mew | Show | Seale Savej
Coordinates
Longitude (deg) ic]|
Latitude (deg)
Water Depth ()
Grid Indes

Save as i:.LKGu]i\Oul\Tw]al—Cunenl.bh

2D Tidal Current Prediction

Date |Day w|[Month w|fvear

At Time [1.00 -

Save As | COHGUAOTTEDCwdat
2D Fretiction |

I™ Ploi2D

I Time Serious 2D Prediction

Latibude [deg) 305753
Longitude (dea) 51.1258

Figure Al

Copyrisht @ 2009 Khaled l-Salem, KGulf Modal All rights ressived

2D Tidal Current and Water Level Prediction

Map Prediction Type End  Wer.
¥ Map Cont |¥ Limits Domain

¥ GridMode [V Coordinate [ ZDPrediction [ Save CoastLine

HodeDot |14
L—\——\\s rDomain Grid Selection-

[south Coast Refin Grd ~]

DOMAIN LIMITS
Bottam Left Lacation.
4812 28.15
Top Risth Location
4325 2945
Mew| Show | Scak| Save
Coordinates
Longitude (deg)
Latitude (deg)

Water Depth (m)
Grid TIndese

Save as o ARGt T idal-Covrent blr

2D Tidal Casyent Prediction

Date  |Day ~||Morth ~|[Year =
Ad Time JﬁE—L] o

Save As [CoanoTT IR 2t <]
2D Prediction

[~ Ploi2Dp

I~ Time Serious 2D Prediction

Latitude [deg] 2944774

. Longitude (dea) 4847087
Figure A2

Copyright © 2009 Khaled A1 Salew. KSulf Model All vights weserved
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= KGulf Model.... 2D Tidal Current and Water Level Prediction

Map Prediction Type End  Ver.
v Map Cont |V Limdits Domain

¥ Grid Node:

Latitude [deg) 2Z8.746
Longitude [deg] 48.34411

W Coordi ¥ 2D Predict [~ Save CoastLine Hode Dot [T4
; Diomain Gid Selection
[ alkivan Coast Refin Grid |
DOMAIN LIMITS
Eottom Left Location.
4831 2863

Top Figth Location.
48415 28746
MNew | Show | Scale Save
Coordinates
£l

Grid Index

Save as |° MGl OutTadal-Corrent bl

2D Tidal Current Prediction-
Date  |Day |Month = |vear =
At Time [100 - e,
Eiief
Save ds | COEGUNOUTEDCurdat  ~
2D Prediction

[T Ploi 2D

: Copyright ® 2009 Khsled il-Salem. KGulf Model ATl rights reserved
Figure A3

Section 4.7

Important Note for Bathymetry Data
Extremely important to make sure that in water depth file, bathymetry (water area) data
takes positive sign and topographical (Land area) data takes negative sign.

GS Script Data Input Format From KUnami Interface

The Data are:

Parameters Value
C:\KUnami\Out\filedat.dat
C:\KUnami\Out\filegrd.dat
C:\KUnami\Out\filebmp.dat
C:\KUnami\Data\AGcoast.bIn
C:\KUnami\Data\AGBLANK.bIn
C:\KUnami\Data\PLVO02.Ivl
C:\KUnami\Data\col3d.CLR
3
0
40
20

Parameters Value Description
Input data file for plot
Input Grid file Name Which will create from Surfer Software
Input Image file Name Which will create from Surfer Software
Input Coast Line file Name for Surfer Software
Input Blanking file Name for Surfer Software
Input 2D Contour level file Name for Surfer Software
Input 3D image contour file Name for Surfer Software
Total Time
Start Time
End Time
Time Step

[AL-Salem 2004]
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0 Type of back ground O for coast line 1 for satile image background
Title plot Plot Title

47.7042 Domain Scale X1

73 Domain Scale X2

19 Domain Scale Y1

30.4958 Domain Scale Y2

2 For 2D plotis2 and 3D is 3

1 Animation control 1 on 0 off

3036 Total domain Dimension Ny

1380 Total domain Dimension Nx

Volume Flux

In fluid dynamics, the volumetric flux is the rate of volume flow across a unit area (m3-s-1-m-2).
Volumetric flux = liters/(second*area). The density of a particular property in a fluid's volume,
multiplied with the volumetric flux of the fluid, thus defines the Advective flux of that property.
The volumetric flux through a porous medium is often modeled using Darcy's law.
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