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Abstract:

Sea level as a major oceanographic parameter is always needed in the field of
hydrographic surveying for Chart Datum (CD) realization. Lowest Astronomical Tide
(LAT) is a physical surface and the most recent used tidal datum as defined by the
International Hydrographic Organization (IHO); "The lowest tidal level may occur
under average meteorological conditions and under combination of any astronomical
conditions" (IHO, 2011). It was adopted to be used as the vertical tidal datum for depths
reduction on nautical charts. In the current paper, the main objective is to calculate the
height of (LAT) referred to the mean sea level in Al-Ahmadi harbor, Kuwait. Sea level
data were measured by sea level sensors using offshore Acoustic Doppler Current
Profiler (ADCP). Simulated sea level time series was acquired from Delft-3D
hydrodynamic model, and then it was used for chart datum calculation.Both
observed and modeled sea level series were analyzed using harmonic analysis
technique, to separate tidal from non-tidal components. Results of both data sets
modeled and observed (tidal and non-tidal signals) were cross-correlated for model
validation. Results showed a strong direct correlation between both tidal and residual
components from both data sets by 97.93 % and 98.06 % respectively. Furthermore,
from harmonic analysis it was found that M2 (Principal lunar semi diurnal), K1
(principal luni-solar diurnal), O1 (principal lunar diurnal) and S2 (Principal solar semi
diurnal) are the most significant and dominant tidal constituents in the area. Moreover,
tidal type regime Form Factor (FF) ratio shows a mixed semi-diurnal tidal regime by
(0.85). These outcomes agree with the results obtained by (Pous, 2012; and Akbari,
2016) using shallow water model and 3D coastal ocean model respectively, for the same
area. The tide asymmetry ratio, which is regarded as the major representation of harbor
sediment transport, was 0.0193 and 0.0191, respectively, for both observed and
modeled datasets, indicating that there is a distortion in tide wave in the area, with ebb-
dominant outflow sediment transport away from the harbor. Finally, from modeled sea
level dataset, LAT as Chart-datum in the area was found (1.57 m) below Mean Sea
Level (MSL), which is higher thanthe one calculated by the European Petroleum
Survey Group (EPSG 5188) during mina Al-Ahmadi refinery construction in 2004 by
(5 cm).

Keywords: (Modeled Sea level, Delft-3D flow, tidal datum, LAT and HAT, MACD).

AIN Jouranal No. 44 July 2022



1- Introduction

The Arabian Gulf and its coastal areas are the
world's largest single source of crude oil and related
industries which dominate the region. The rapidly
increasing needs to explore, drill and transfer oil and
gas leaded to enormous acquirements of high
quality hydrographic and hydrodynamic researches.
Arabian Gulf is considered a semi-enclosed basin
connected to the deep Gulf of Oman through Strait
of Hormuz (Johns et al., 2003). Al-Ahmadi harbor
is located at the southeastern part of Kuwait at the
position (29.0696°N, 48.1789°E) as shown in
Figure (1), and it’s considered the principal harbor
for crude exports product and gas. The refinery and
harbor are located 45 kilometers south of Kuwait
City on the Arabian Gulf. This coastal zone has a
tremendous effect on global economy, due to its rich
resources of gas and oil, which made it one of the
critical waterways in the world. Due to this
importance, Arabian gulf generally and Kuwaiti
harbors specifically have subjected to several
studies and master development plans.Nevertheless,
there is still a need for more oceanographic and
hydrographic studies especially in the discipline of
sea level.

SAUDI ARAMNIA

-
e -

Figure 1. Location of the study area located on the
Persian Gulf.

As a result of global warming and its effect on sea
level, it became a field of several studies (Al- Jeneid
et al., 2008). Consequently, global Sea level rose
rapidly by about 3.1 mm per year from 1993 to
2003, as compared to the average rate of

1.8 mm per year from 1961 to 2003 (IPCC, 2007),
Church and White in 2011, estimated the increase of
Global Mean Sea Level (GMSL) from 1880 to 2009
was 21 cm, the rate of (SLR) was 3.2 + 0.4 mm/year
(1993 to 2009), then (1900 to 2009) as

1.7 £ 0.2 mm/year which shows twice the value.
While, sea level value varied in the northwest part
of the Arabian gulf. Several researcheswere
made in the area using sea level data observed
from 2 tide gauges. Sultan et al., (1995)
concluded in their results from 10 years (1980-
1990) that (SLR) is constant by about 2.1

£ 0.1 mm per year. A rate of 2.34+0.07 mm per
year was announced by (Hosseinibalam et
al.2007) using 9 years of observed data (1990-
1999).

Precise determination of LAT referenced to
(MSL) in Al-Ahmadi harbor has to cope with
the new advanced charting technology to fulfill
the most recent LAT definition of the (IHO). The
technical resolution of the IHO stated that LAT
should be adopted as (CD), where tides have a
considerable effect on the water level. The chart
datum was chosen as a surface that is so low that
the tide will not frequently fall belowit, not so low
as to be unrealistic and only gradually varying
between adjacent datum (FIG,2011).
Delft3D-FLOW model is a progressive combined
computer software that carries out model of
unsteady flow and transport processes that
outcomes from tidal and non-tidal meteorological
forcing on a well fitted rectilinear boundary grids
(Delft-3D, 2014).Delft-3D is a program consists
of numerous modules, each module covers a
varied series of aspects, clustered around a
reciprocated interface, capable of interrelate with
one another, each module can be implemented
autonomously or in association with other
modules.

This (CD) needs to be re-calculated and updated
regularly as a consequence of (SLR), using
continuous measured sea level data. So,
according to what mentioned, and due to the
scarcity of observed data, a consistent and
continuous modeled sea level data for 19 years
was accounted to replace the observed data. For
the purpose of nautical chart production, thisdata
should be validated and analyzed verycarefully
(Bager et al., 2011), to providestakeholders with
a complete description of tidaldatum for the right
decision for the future plans. In this study, a 2-
diminsional hydrodynamic

model by Delft-3D was implemented to simulate
sea level using the flow module in Al-Ahmadi
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harbor. Water level time series was acquired and
validated using observed sea level data from an
(ADCP) with sea level sensor. Harmonic analysis
was executed for both observed and simulated time
series to get the significant and dominant
constituents in the area of study. This research
article aims to precisely update and re-define the
Kuwaiti tidal (CD), applicable in the area in front
Al-Ahmadi harbor on the Arabian gulf. The main
objective of this study is to establish an approximate
and quick Tidal Level (TL) for hydrographic
surveying process and dredging works using short-
term modeled offshore sea level data after being
validated by observed sea level data.

2. Data and Methods of Analysis

2.1. Data

The available data used for this study were
classified as follows:

2.1.1. Observed sea level:

Although the available observed sea level data is not
adequate enough for accurate tidal datum
calculation, it was used for model validation and
boundary condition. Observed sea level data in this
paper acquired from two offshore (ADCP, Nortek
Aqua dopp) with 15-minutes time step (from 7th of
December, 2019 till 7th of January, 2020), and it
was divided according to the location as depicted in
Figure (2) as follow;

A- Sensor "A" deployed at a depth of 10.8 relative
to (MACD), at the geographical position
(29°04'02.7"N 48°09'24.7"E) that was the first data
set through which the simulated sea level data at
the same location was compared, cross correlated
and validated.

B- Sensor B deployed at a depth of 4.2 relative to
(MACD), at the geographical position (29° 4’ 27.7”
N, 48° 9’ 15.9” E) that was the second observed sea
level data set by which the flow model boundary
condition was created.

Figure 2. Location of ADCP sensors located in AL-
Ahmadi harbor, Kuwait.

2.1.2. Meteorological Parameters:

A 1-minute time step weather data from (1st of
June, 2019 till 2nd of February, 2020), including
both wind speed and direction, surface
temperature and atmospheric pressure, which
was recorded for further computations and
accurate flow simulation modeling.

2.1.2. Bathymetric data:

Bathymetric data in Easting, Northing anddepths
(X, Y, Z) file format was acquired duringa
hydrographic surveying project, using multi-
beam echo sounder (R2Sonic 2024), compiled by
HYPACK 2009 a computer software program.

2.2. Methods of Analysis

2.2.1. Observed data smoothing and
filtering
One-month of observed sea level data sets with
no gaps acquired from (ADCP) were arranged
and checked for mistakes, outliers and spikes,
then smoothed as shown in Figure (3).

Observed sea level

= Observed sea level

24 .
01/12/201900:00  16/12/201900:00  31/12/201900:00  15/01/202000:00

Figure 3: Sensor A and sensor B sea level raw data
(from 7th of December, 2019 till 7th of January, 2020)
and vertical axis is sea level in meter and thehorizontal

one is in days.

As shown in Figure (3), From plotted data it is
obvious that the signals display tidal harmonic
pattern, which means that tidal components are
dominated with slight effect of residuals due to
non-tidal parameters such as meteorological
parameters.

2.2.2. Hydrodynamic flow simulation
Delft3 D-FLOW model was used to simulate
two-dimensional (2D) of one computational
layer for unsteady flow inside Al-Ahmadi
harbor.Model was initiated using land
boundary file drawn by Google earth pro,
bathymetric data well fitted and linearly
interpolated on a rectilinear grid of the study
area as shown in Figure (4). Tide generating
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force and meteorological forcing besides the density
effect, were used as inputs for the model
development.

T

e b}

SEEEEREEENEOOOOOOOOOEEEEE

fads

Figure 4. Land boundary file created by Google earth
pro, bathymetry file well fitted to the rectilinear grid cell
corners created by Delft-3D

The Master Definition File (MDF) was created
sensibly starting with collecting attribute files
created while initiation such land boundary file for
harbor delineation. Rectilinear grid file was built
with a grid size (60%60) m2 after being well
smoothed and orthogonalized. Bathymetric data
file, and other interfaces exist while building (MDF)
were represented in the latitude (29.31 deg.) to
consider a fixed Coriolis force in the entirearea,
orientation of the grid cells was (342 deg.)
clockwise. Flow simulation duration was one month
for the time interval from (7th of December 2019 till
7th of January 2020), and time step 0.15 minute.
Thin dams were set in the (eastern, southern and T
shape out of shore line of the harbor) as shown in
Figure (5) in yellow lines, to prevent flow exchange
between the two sides of the harbor. Furthermore,
the only open boundary that permits flow to
exchange was made in thenorth boundary as shown
in Figure (5) with blue line. Boundary conditions
were prescribed at the north boundary (Begin and
End) points, characterized by the (6, 23) and (25, 23)
indices respectively. While values of points that lie
inbetween these two points were computed by linear
interpolation. Sea level time series from ADCP
sensor (B) was used as boundary conditions.

Meteorological effects represented by wind and
temperature  parameters were taken into
consideration as a uniform wind data file. The
(MDF) was ready to run after clarifying the
monitoring point at ADCP sensor (A) at (16,7)
as shown in Figure (5) to check the results.

{ Bathymetry [m]

(H<-1.3

Figure 5. Visualization of all MDF parameters created
by Delft 3D flow module

The model was run 2 times, using a
laptop(Intel(R) Core(TM) 17-6500U CPU @
2.50GHz, 2.60 GHz and 8 GB RAM). Using
different methods of logging in meteorological
parameters inside the (MDF), whether it’s a space
varying or a uniform wind data file.

1- The first run lasts for 1.5 h, created with a
space varying wind and pressure file.

2-The second run, created using a uniform wind
data file, and it took about 1.5 h.

The second run showed better results for
simulated sea level data, tidal harmonic
constants with a high degree of precision when
compared with the observed sea level data.

2.2.2. Harmonic analysis

Tidal harmonic technique was used for sea level
data analysis to discriminate astronomical tidal
constituent heights and its relevant frequencies
(Pugh, 2004). Tidal Analysis used iteration
procedure which is a trial and error process to
calculate amplitudes of each tidal constituent
component for frequency and phase. These set of
amplitudes and phases decided by the
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Analysis are called Tidal Harmonic Location
Constants (Pugh, 2004).
By using the results from the analysis, the Mean Sea
Level (MSL) for the study area, the chart datum at
the area of interest can be realized (Pugh, 2004;
Tonbol, 2013; and Khedr et al., 2018). Delft3D-
software tide suit converts the data obtainedfrom
sensor (A) into tidal harmonic constituents (Bazli,
B. H., & Joanes, and J. 2016), by which tide signal
can be predicted for any date in the future or in the
past (Pugh, 1987; Jorda et al., 2012). Delft-3D is
mainly dependent on the concept of expressing the
amplitudes of tides atany location as the sum of the
whole harmonic constituents (Pugh, 1996), as
follows:

h(t) =Ho+ Z fi H; cos(ait =+ {Vo + u}i - ki)
i=1ton

Where:

h@  Tide height at any time t, above a datum.
n : Number of constituents used in tide

prediction.

Ho : The mean sea level above the datum.

H : Amplitude of the tidal constituent.

ai :Angular speed (degrees/hour) of tidal
constituent.

t :The time from initial epoch (hours).

ki: Tidal constituent epoch relative to the transit of
the moon over the location of tide.

fi: Tidal constituent node factor.

{Vo + u} : Tidal constituent equilibrium argument

att =0 (degrees).

(ait + {Vo + u} — ki): The phase at any time trelative
to the transit of the moon.

The obtained heights consist of two components tidal
and non-tidal. Astronomical tidal constituents were
calculated using least square method in delft-3D then
subtracting all astronomical component heights from
simulated sea-level heights. Non-tidal components
were obtained from the residual signal (Eid, 1990;and
Svensson and Jones, 2004).

2.2.2. Model validation

Cross correlation method of analysis was done for
model validation, by estimating the relationship

between modeled and observed sea level datasets
at the same time span. Cross correlation
statistical analysis was used to understand the
relation between the two independent variables,
by exploring the form and strength of this
relationship, besides, the time shift for best
correlation results. Both data sets, tidal
components and the residuals were cross
correlated using MATLAB code.

Root mean square error is an analytical
expression which is very similar to Standard
deviation (SD) in the sense that RMSE refers to
N data points instead N-1. RMSE can be
Expressed by equation (2).

RMSE =1y (0i = si)? Q)
N =

Where:

oi: Observed sea level value
si:  Simulated sea level value
N:  Number of observed points

RMSE which is considered an evaluation for
numerical predictions as a general- purpose error
metric, has the same unit of Oi and Si, can
sometimes be expressed in.%

2.2.2. Form factor

By using the resultant amplitudes of the four
major tidal constituents, tidal cycle type in the
area of study was determined using the following
form factor equation (Pugh, 2004):

F = (Ho1 + Hk1)/(Hwm2 + Hs2) 3)

Where:

HO1: The tidal amplitude of the principal lunar
diurnal constituent.

HK1: The tidal amplitude of the luni-solar
diurnal constituent.

HM2: The tidal amplitude of the principal lunar
semidiurnal constituent.

HS2: The tidal amplitude of the principal solar
semidiurnal constituent.

According to the value of the form factor F, the
type of a tidal oscillations may be considered as
follows (Pugh, 2004):
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The constituent factor F

Range Tidal cycle type
0to0 0.25 semidiurnal
025t0 1.5 mixed semidiurnal
1.5t03 mixed diurnal

larger than 3 diurnal

2.2.6. Tide Asymmetry

Asymmetry is frequently defined as the distortion
occurred in the tidal wave. Tidal asymmetry is
characterized by imbalanced falling and rising tidal
periods and unequal peak flood and ebb currents
(Pugh, 1987;and Prandle, 1991). According to the
results of tidal analysis and in terms of harmonic
constituents, tidal asymmetry is reflected by the
interaction between M2 and its over-tides such as
M4 and M6, which are 2 times and 3 times in
frequency of the basic M2 tide (Speer and Aubrey,
1985; Friedrichs and Aubrey, 1988). It has been
found that M4 is the main provider for the distortion
of tidal wave in this coastal areas (Friedrichs, ,
1988). A ratio of M4 and M2 was used for distortion
degree expression and asymmetry of the tides.

Ar M4 = Mamp(4)
MZamp

where Ar is the amplitude ratio; Ar M4 > 0.01
indicates a significant distortion in the tide wave.
OM4 = 26M2 — OM4 (5)
Where 0 shows the phase. If 0<@M4<180, the flow
is classified as flooding flow. If 180<@M4<360, the
flow is considered as ebb-dominant. This
relationship is considered a complete definition of
sediment transport. If the harbor is flood- dominant,
the transport of sediment is towards the interior of
the harbor that lead the decision makers for dredging
process from time to time. In contrast, if the harbor
is ebb-dominant, sediment tends to be transported
out of the harbor (Dias, 2013).

2.2.2. Energy Percentages of both

Tidal(TP) and Residual (RP).
Amplitude percentage of both tidal and non-tidal
signals were calculated and compared to the sea

level absolute value in meters, to acquire
amplitude energy percentage of both tidal and
non-tidal components. Power percentages of
both tidal and residual signals were calculated
referred to the total sea level signal using the
Formulas (6) and (7), which was written in
MATLAB code;

RP % = [MRP / (MRP + MTP)] X 100% (6)

TP % = [MTP / (MTP + MRP)] X 100%(7)
Where: Residual Power Percentage is (RP %),
and (MRP) is Mean Residual Power, while
(MTP) is the Mean Tidal Power.

2.2.2. Tidal Datum calculations

Tidal datum heights were calculated using the
equations figured by (Khedr et al, 2018), using a
MATLAB code according to latest (IHO)
definition of (LAT) and (HAT).

HAT=0+mean_sea level+abs(max.
tid. level)+ abs. average resd. (8)

LAT=0+mean_sea level-abs(min. tid. level)-
abs. average resd. (9)

Other tidal datum heights were calculated based
on the amplitude values of the four major
harmonic constituents (M2, S2, K1, Ol)
acquired from harmonic analysis (Khedr et al,
2018).

The procedure and analysis methods used in this
work took into account the following:

1- Available sea level data sets, measured
wind data and all (MDF) attribute data files were
prepared, filtered and rearranged using Microsoft
Excel.

2- Delineation of land boundary of Al-
Ahmadi harbor and bathymetric data files
filtered and interpolated using Google Earth pro
and Hypack 2009a.

3- Flow model simulation was run for
extracting simulated sea level data using Delft-
3D program flow module.

4- By tide suit Delft-3D, harmonic analysis
technique was used to decompose the signal into
its two components (tidal- non tidal)
components.

5- Using MATLAB Codes for data
validation, time lag determination, (PSD)

AIN Jouranal No. 44 July 2022



charting and judging the tidal and non-tidal energy,
and tidal datum (most used) calculation (LAT,
HAT). ;

3.Results and discussion

After running the flow model for about one and
half hour to simulate sea level time series. A time
series of sea level was obtained with time step 15
minute from (from 7th of December, 2019 till 7th of
January, 2020) as shown in Figure (6) at the same
location of sensor (A).

Simulated Sea level

——Cimulated Sea level
-1
<2

01/12/201900:00 16/12/201900:00 31/12/201900:00  15/01/202000:00

Figure 6. Simulated sea level data at sensor (A) resulted
from model simulation from (7th of December, 2019 till 7th
of January, 2020).

The resulted simulated sea level signal appeared to
be similar to the observed sea level.

2.1. Harmonic analysis

Harmonic analysis used for both data sets, observed
and simulated, was made using tide module in Delft
3D. Program algorithm identified amplitudes of 30
tidal components, with only 14 significant
constituents that supposed to represent tidal energy
in the area of study as shown in Figure(7). Residual
components of both data sets were illustrated in
Figure (8) after subtracting theharmonic component
from the original signal.

Harmonic Observed Tide (a)

W ) ——Hamanic Observed Sea level
2

01/12/2019 00:0016/12/2019 00:0031/12 /2019 00:0015/01/2020 00:00

i
L =T )

1

ER

01/12/201900:0015/12/2019 00:0031,/12/201 9 0000015/01/202000:00

Figure 7: Harmonic component of the significant tidal
constituents from the: a) Observed sea level data at

Harmonic simulated Tide (b)

= Harmanic simulated Sealevel

sensor (A); b) Simulated sea level data at sensor (B).

04
02+
0+
01 71
0.4

01/12/201900:006/12/201900:0( 1/12/2019 00:00 5/01/2020 00:00

0.4 5
02 7

0+
02 1
04 4

Figure 8: Residual component of the: simulated sea
level data sensor (A); simulated sea level data sensor

(B).

Table 1. Amplitudes and phase of Significant tidal
constituents' parameters from harmonic analysis for
simulated and observed data.

Residual of Observed sea level (a)

Re sidual of Obssrved s level

Residual of simulated sea level (b)

VU;‘ it VI —— Residual of smulsted 2 evel

01/12/201900:0016/12 /2019 00:001/12/ 2015 00:00 5/01,/202000:00

constituents Amplitudes [em.) Phase(deg.)
Simulated Data Observed Data Oiff | Simulated Data | Observed Data
M 622 627 05 293 074
K1 45 453 03 1209 1285
01 2%.7 n 03 29 50.1
2 U3 U4 01 291 438
Pl LR} 149 02 109 1285
N 11 111 0.1 W23 2565
Q! 15 15 0 202 01
MFM 63 b4 1 2862 293
K2 3 6.1 01 21 438
MK3 46 48 02 Bl 45
MaM 37 34 03 2037 2094
2401 35 36 0.1 47 556
0 26 26 0 a9 518
MF 23 16 07 W3 248
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Tidal constituents in the diurnal and semi-diurnal
bands such as; (K1, P1, O, M2, S2, K2 and N2)
were noticed with almost same amplitudes and
phase angles with slight differences in both ranged
data sets ranged from 0.7 cm in MF to -0.5 cm in
M2 in amplitudes. While the phase differences were
within 14 deg. for the significant tidal constituents.
The most significant tidal constituents S2, K2, O2
and N2, were matching. The difference between the
simulated sea level data and the observed one are
smaller than 5%.

Table2. Amplitudes of Significant tidal constituents'
parameters from harmonic analysis for both simulated
and observed data sets with (FVCOM)

constituents

Simulated Data em

Observed Data em

(FVCOM) cm, (Akbari, 2016)

M2

622

62.7

633

K1

45

453

432

01

2.7

1

293

2

213

24

172

P

147

149

142

N2

11

111

12

K2

6

6.1

53

For both observed and simulated data harmonic
analysis results, a validation of both data sets was
given in table (2) with the previous study of Akbari
(2016) who wused the coastal ocean model
(FVCOM). Comparing results showed agreement
with the significant tidal constituents with a
maximum difference 3.2 cm for S2 and minimum
difference of 0.4 cm for K2.

2.2. Cross

validation

Model results were also validated by available
observed sea level data acquired from sensor (A)
using a cross-correlation technique as shown in
Figure (9). After harmonic analysis by tide module
in Delft 3D for both data sets, theharmonic
components were cross correlated as shown in
Figure (10), furthermore the residual components as
shown in Figure (11).

correlation for model

CORR

-3000 -2000 -1000 1000 2000 3000

L Time Lng (hours)
Figure 9. Cross correlation (0.9794) and time lag

(-2 hr.) between modeled and observed sea level data
sets during the time period (07/12/2019 - 07/01/2020)

08 CORR : 09783
Time Lag : -2 hr

06 L 11
-3000 2000 -1000 0 1000 2000 3000
Time Lag (hours)

Figure 10. Cross correlation (0.9793) and time lag
( -2 hr.) between modeled and observed tidal signals
during the time period (07/12/2019 - 07/01/2020)

CORR : 0.9806
Time Lag - -2 hr

0.2

-3000 -2000 -1000 o 1000 2000 3000
Time Lag (hous) i

Figure 11. Cross correlation (0.9806) and time
lag (-2 hrs.) between modeled and observed residual
signals during the time period

(07/12/2019 - 07/01/2020)

Fluctuations of both data sets at the same location
of Sensor (A) were compared as shown in Figure
(9), and it was found that there is a strong direct
correlation noticed in the phase of the two tidal
signals by approximately

(97.94 %), moreover the mean difference
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is 0.03 m. Root mean square error was calculated
using equation (2) and was found to be 0.13 m,
furthermore, in Figure (10), (X corr) between tidal
components by (97.93 %), the mean differences is (-
0.03 m) and (RMSE) is (0.13 m). While residuals
components in Figure (11) shows a value of (98.06
%), and (RMSE) is (0.04 m). The values of cross
correlation analysis which is considered a measure
of similarity between the two-time series, mean
differences and (RMSE) showed good agreement
between model results and the observed sea level
data.

2.2.Tidal cycle determination

To classify the nature of tide in the study area, the
Form Factor was applied by equation (3) and the
results are indicated in Table (3).

Table 3. The amplitude of the four major dominant
constituents in the area

Simulated data Observed data
No. Constituents || Amp.{cm) || Constituents || Amp. (cm)
1 01 26.7 01 27
2 K1 45 K1 45.3
3 m2 62.2 M2 62.7
4 s2 21.3 52 21.4

For both observed and simulated data, the tidaltype
regime was found to be a mixed semi diurnal as the
calculated Form Factor was 0.85which agrees with
the results obtained by V.C. John in 1988.

2.2.Tide Asymmetry

Table (4) shows the dominant constituents in
sediment transport, by using equation (4) it was
found that the amplitude ratio for simulated and
observed constituents 0.0193, 0.0191 respectively.
Using equation (5) by the given phase shows that
180<@M4<360.

e A —

Table 4. The amplitude and phase of the three
dominant constituents in tide asymmetry sensor

(A)

Simulated data Observed data

Na, Congtituents | Amp. {cm] | Phase (deg) | Constituents | Amp.(em) | Phase (deg.)

1 W4 12 044 M 12 28
1 M2 6.l 193 M2 6Ly 074

According to tide asymmetry and the Ar M4,
there is a significant distortion in tide wave.
Value of @M4 is an indication that ebb is
dominant in the harbor, which means that
transport tends to be out of the harbor.

2.3. Power Spectral Density

The different tidal constituents power could be
expressed by its power spectrum. According to
harmonic analysis by Delft-3D tide module and
the resulted significant constituent’s frequencies,
it’s realized that the highest power peaks are
found at the most dominated frequencies
affecting the analyzed time series.

60

Obsorved Soa lovel
Harmonk Obsorved Soa lovel
Residual of Otserved soa lovel

50

40

: 'q&

70123456 789 1011121314151617 181020212223 24256
Cyrcloporrduyr

Figure 12. Power spectral density (PSD) showing the
observed sea level (red), extracted tidal energy (blue)
and residual energy (green) inside Al-Ahmadi harbor
(07/12/2019 - 07/01/2020)
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Simuated Soa lovel
50 e HarOnic simulatod Soa lovel
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Figure 13. Power spectral density (PSD) showing the
simulated sea level (red), extracted tidal energy (blue)
and residual energy (green) inside Al-Ahmadi harbor

(07/12/2019 - 07/01/2020)

8

Magnitude (dB)
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From Figure (12), it appears that the energy peaks
coincided with significant frequencies associated
with diurnal constituents such as (K1, P1 and O1)
and semidiurnal such as (M2, S2, K2 and N2).
Figure (13) shows the same results for simulated sea
level data set with diurnal constituents (K1, P1 and
O1) and semidiurnal such as (M2, S2, K2 and N2).

2.2. Residual and Tidal Power Percentage
Power percentages of both residual and tidal signals
to the total sea level signal were calculated,using the
output signals resultant from harmonic analysis.
Power percentages have been calculated for both
data sets as shown in Table (4).

Table 4. Power percentages of tidal and residual
signals to the sea level total signal

Power percentages
Companents
Observed Sea Level simulated Sea Level
Residual Power 379% LM%
Tidal Power 96.21% 96.66%

2.Tidal Datum Calculation.

Even though the ADCP sensor ellipsoidal height is
missed. furthermore, the vertical datum definition
needs more computations in order to be realized.
The Tidal levels well defined by THO can be
calculated using equation (8) and equation (9) which
was validated lately by European Petroleum Survey
Group (EPSG:5188) that states that MACD) is 1.52
below (MSL). In this thesis (LAT) and (HAT) were
calculated to be 1.57 below (MSL) and 1.52 above
(MSL) respectively. Other tidal datum was also
computed related to(MSL) following (Khedr et al.,
2018) and were as shown in table (5).

Table 5. the values of tidal datum calculated from
the simulated sea level data during the period of
(07/12/2019 - 07/01/2020)

Tidal datum value {cm)
MHwS) 85
(MLWS) 835
(MHWN) 408
{MLWN) 409
[HHWL) 155.2
[LLWL) -155.2

4. Conclusions:

The flow model of Delft-3D was proved to be a
reliable tool for numerical simulation for flow.
Validation of simulated sea level data with
observed data set at the same location and same
period of time showed a strong X-correlation of
about 97.94 % and RMSE 0.13 m. From
harmonic analysis by the tide suite Delft-3D, it
was noticed that there are 14 significant tidal
constituents in the area including the main
dominant diurnal and semidiurnal tidal
constituents (K1, P1, O1, M2, S2, K2 and N2).
Comparing results of both simulated and
observed data sets, it’s reflected that the main
tidal constituents are almost the same with slight
differences, even with previous studies by (Pous,
2012; Akbari, 2016). Tidal type regime
calculated (FF) value is (0.85) which induced
mixed semi-diurnal tidal regime in the area. Tide
asymmetry showed a distortion in tidal wave with
an ebb tide dominant in the study area. From
power spectral density, a significant tidal power
was noticed, diurnal and semi- diurnal bands (K1,
P1,01, M2, S2, K2 and N2).From relative power
percentage calculations of both tidal and residual
signals to the total sea level signal after
demeaning both signals, both tidal and residual
have almost the same effectsto total sea level.
Tidal datum levels were calculated and showed
an acceptable value compared with the European
Petroleum Survey Group 5188, with a difference
of 5 cm.

5. Recommendations for Future Research
This work shows a short period flow model
simulation, although the flow model results were
validated Using statistical methods and previous
studies. Observed sea level data for a nodalcycle
should be provided for more accurateresults. A
continuous update of vertical datumcalculation
is needed for tidal datum realizations
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For the study area. A wave rider sensor is
recommended to be fixed with Acoustic Doppler
current profiled to get offshore wave data which can
be coupled with Delft-3D flow module to compute
the effect of flow on waves. The dominant tidal
constituents in the study area can beeasily used for
tide prediction.
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