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Abstract

A nearshore sediment transport model was developed to predict changes in
nearshore bottom topography caused by wave action. The model included two
major components: a nonlinear nearshore circulation numerical model and an
integrated coastal sediment transport computer program. The nonlinear
nearshore circulation numerical model predicts nearshore wave and current
fields based on the given deep-water wave and local bottom topographic
conditions. The results of the nonlinear nearshore circulation numerical model
are used by the integrated coastal sediment transport computer program to
predict changes in bottom topography. This study is an attempt to develop a
comprehensive nearshore sediment transport numerical model for Kuwait's
coastal area. The model was applied to predict the deposition and erosion
patterns of one section of the beach at Ras Al-Zour, south of Kuwait.
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1 Introduction

Kuwait has approximately 500 km of coastal land including that located
on its eight islands. The coastal zone has been the historical center of
several economic developments; and most urban, industrial, commercial
and recreational activities are concentrated in this zone. It is, therefore,
important to study the coastal processes and associated problems in this
area of Kuwait. The problem of coastal sediment transport is one of
primary concern to local coastal communities. In the coastal zone, the
complexity of sediment transport stems from the interaction of the
coastline, waves, tides, winds and currents. The difference between the
sediment inflow and outflow may cause erosion, deposition or
equilibrium within the area of interest. All plans for shoreline protection
or beach stabilization, therefore, should be based on a thorough
understanding of the dynamics of sediment transport near the coastline.

Abou-Seida et al. [1] developed an integrated model for coastal
sediment transport. In this model, the modified bed load function due to
wave action was used together with Einstein's suspended load expression
as reported by Bijker [2] to calculate the total load. In order for the
model's assessment of sediment transport to be used, information on the
nearshore wave climate is crucial input for the coastal sediment study.
The refraction-shoaling transformation of waves from deep water to the
breaker line including the effect of bathymetric variations and bottom
friction for the entire Kuwaiti coast is available from Lo et al. [3]. The
wave-induced circulation in the nearshore zone is also provided by Lo et
al. [4]. The wave-induced circulation model is modified and presented in
a form that can be used by the sediment transport model to develop a
comprehensive computer model for predicting the rate of coastal
sediment transport along the Kuwaiti coast.

The developed numerical model was applied to a certain segment of
the coast (i.e., Ras Al-Zour) as an example to be followed to investigate
the patterns of accretion and erosion along the coast of Kuwait.

2 Numerical Modelling

A wave-induced nonlinear nearshore circulation numerical model was
first applied to determine the hydrodynamics of the nearshore region.
The output from the nearshore circulation numerical model includes the
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local wave heights, wave directions, wave number, mean free surface
displacements, and the mass-transport velocities U and V.

The change of water depth (or bottom elevation) can be determined
only if the spatial sediment transport distribution within the area of
interest is known. The rate of the water's change in depth and its relation
to the sediment transport rate is provided by the following equation:

2@:?&4.% (1)
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where t is time, x and y are the horizontal coordinates, and qx and q, are
the components of the sediment transport rate per unit width in the x and
y directions.

From the nonlinear nearshore circulation numerical model, the wave
and current fields were determined at all grid points. The sediment
transport rates, qx and qy, at each grid point, therefore, could be
determined by using the output from the nonlinear nearshore circulation
numerical model and the sediment concentration computer program.

Integrating the sediment transport equation over time yields the
following equation:

t
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where h(x,y,t)) is the initial water depth at location (x,y), and h(x,y,t,) is
the water depth at the same location at the later time, t,.

The central difference approximation was applied to estimate the
unknown h;; at time t+At where the values of q, and q, at different grid
points are those values calculated at time t. It can be seen that the water
depth changes over time, and this change affects the wave and current
fields. However, due to computational time restrictions, it is not
recommended that a fully unsteady, interactive model is used to simulate
waves, current, and topographic changes simultaneously. Therefore, the
present study assumed that the wave and current fields remain unchanged
for a specified time duration, even though the bottom topography
changed.
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3 Model results

The Ras Al-Zour headland is located in the south of Kuwait. Fig. 1
shows the shoreline at Ras Al-Zour. The Getty Oil facility is located at
Ras Al-Zour and extends 1.3 km west and 2.9 km south from the tip of
Ras Al-Zour. The Getty recreational beach is located just south of the
tip, between the oil-loading pipelines and the old pier. During 1981, the
recreational beach eroded to an extent that affected the recreational value
of the beach and the safety of the coastal structures. Comprehensive
field measurement and analysis were carried out by Harms et al. [5].
They concluded that the sediment transport in this area was mainly due
to wave action. Deep-water waves and wave refraction were also studied
by Harms et al. [5]. Since the bottom topography and the sediment
characteristics were recorded by Harms et al. [5], that information, was
selected to be the initial conditions for the demonstration of the newly-
developed nearshore sediment transport model. Unfortunately, there are
no field measurements of the bottom topography after wave action (i.e.,
final stage). It was not possible to calculate the actual field deposition
and erosion patterns for model calibration and numerical result
verification.

Due to limitations in the computer's memory (IBM-compatible 486
PC), only 215 m in the alongshore direction and 172 m in the offshore
direction of the beach area was selected for the demonstration. Fig. 2
depicts the bathymetry of the test area, where Ax (offshore direction) is
equal to 5 m, and Ay (alongshore direction) is equal to 4 m. The time
increment is 0.15 s. The deep-water wave direction is from the
southwest with a period of 3.28 s and a height of 0.66 m. The bottom
friction coefficient is 0.08. The median diameter of the bed sediment is
0.3 mm. Fig. 3 presents the predicted wave field, and Fig. 4 shows the
predicted nearshore current field due to wave action. Fig. 5 presents the
bottom topography 30 min after wave action. Fig. 6 shows the
deposition and erosion patterns in the study area.

4 Conclusions

A nearshore sediment transport numerical model was developed for
predicting changes in nearshore beach topography due to the presence of
waves. The model included two major components: a nonlinear
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nearshore circulation numerical model and an integrated coastal sediment
transport computer model.

The nonlinear nearshore circulation numerical model (Lo et al. [4])
was modified from the model developed by Ebersole and Dalrymple [6].
Both deep-water wave conditions and bottom topography are key input
for the model. The model included the physics of wave refraction, wave-
current interaction, and surf zone hydrodynamics. The results of the
model predict both the wave field and the nearshore current field within
the area of interest. An integrated coastal sediment transport computer
program was also developed in this study to predict the total sediment
transport rate.

The nearshore sediment transport model was applied to predict
changes in the bottom topography of one section of the beach area at Ras
Al-Zour for a given wave condition. The model predicted the wave field,
the nearshore current field, the new bottom topography, and the
deposition and erosion patterns for the study area. In general, throughout
this exercise, it was demonstrated that the model can be utilized to test
the real conditions. However, the bottom friction and eddy viscosity
coefficients need to be calibrated with field measurements, and further
verification of the model's results with field measurements is strongly
recommended in order to ensure the reliability of the model.

Due to a stability requirement, the model required the use of a fine
grid size for the study area, which meant that a large amount of computer
memory was required. Depending on the selected wave condition,
therefore, the model could not be applied for a coastline longer than 500
m.

Acknowledgements

The study was accomplished through the joint efforts of the Kuwait
Foundation for the Advancement of Science and the Kuwait Institute for
Scientific Research, Project No. 88-03-01.

References

[1] Abou-Seida, M.M., Lo, J.M. & Muralidhar, M.A., An integrated
model for coastal sediment transport, Kuwait Institute for Scientific
Research, Report No. KISR2434, Kuwait, 1987.



@ Transactions on Ecology and the Environment vol 25, © 1998 WIT Press, www.witpress.com, ISSN 1743-3541

20 Development and Application of Computer Techniques to Environmental Studies

[2] Bijker, E.W. Longshore transport computations. Journal of the
Waterways, Harbors and Coastal Engineering Division (American
Society of Civil Engineers) 97: (WW4); pp.687-701, 1971.

[3] Lo, J.M,, Tayfun, A. & Ra'ad, L., Wave refraction-shoaling maps for
Kuwait's coastal area, Kuwait Institute for Scientific Research,
Report No. KISR2221, Kuwait, 1987.

[4] Lo, J.M., Tayfun, A. & Ra'ad, L., Numerical nearshore circulation
model. Kuwait Institute for Scientific Research, Report No.
KISR2569, Kuwait, 1988.

[5] Harms, V., Ra'ad, L. & Al-Muzaini, L., Shore protection and coastal
processes at Getty-Oil Facility. Kuwait Institute for Scientific
Research, Report No. KISR549, Kuwait, 1982.

[6] Ebersole, B.A. & Dalrymple, R.A., A numerical model for nearshore
circulation including convective accelerations and lateral mixing.
Department of Civil Engineering, University of Delaware, Report
No. 21, Newark, Delaware, 1979.



@ Transactions on Ecology and the Environment vol 25, © 1998 WIT Press, www.witpress.com, ISSN 1743-3541

Development and Application of Computer Techniques to Environmental Studies 21

©
9]
|
<
>
©
3
2
1)

-
foe]
Q
N
<
w
‘ &
§ s
® S
8(})‘3’ i
el
&
Q
=
Gy
o
&
B
=
g
S
—
8 1°]
Q
c 5 =
© s) =
o N
< 8 I / .20
czuya;”’i o
I
-J |
c
g |
:
X
< |
!
!
|
: ©
-
3 i [
R = 4 i <
o [2¢] ‘S ' o
53 R
1 3 ] H b3
H 3 I ®
] ¥ ! w



e&t vol 25, © 11998 WIT Press, www.witpress.com, ISSN 1743-3541

a4 | Environ 4
Q%‘Z Tﬁg%aéigﬂ?nogn%cgrggyﬁppq}ecat%n of omputer Techniques to Environmental Studies

(w) uonossip 8104SHO

nd

‘[opoW [eoLISWNU UOHB[NOIID
SJOYSIEdU Jeauljuou 3y} Aq pajorpaid "gale Apruys oy jo dewr Ayowdyjeq oyy ¢ ‘Sig
BOIe ApIYS 9y} JO POL] 9ABM IOYSIBAN ¢ "SI

3jeds WbBH anem

{w) uonsanp sioysbuopy {w) uogdasp asoysbBuoly

WEL
. . . B X * 0€2y SP'E9 09 SL°SO0L 06°9ZL S0'8¥L 0OZ'69l
[s]eN] Ssi'lz 0EZr sv'cg 0998 SL°'SO0L 06'9zL 50°8L o0z'ssL 000 &L'LZ 8 6!
0’0 T T T T T 1 T o0 T T T T I T T
SRR N R R R VDY PLPIIIA Il\“
\\\\u;\»~.N‘\.~‘r~»\.\N\\N\\.\x\.\\\\\\*\\\\\\ S0
4 E P 7 / 51
V' 7 xs KA prse st bhL ” Y
IR 4 44 tay S \.\\\\\\\\\\\\\\\& oL

R R R P Sy Y S a0

€82 -\\\\\\\*mm\‘\\xA\wmmm.\\\\\\\\\\\\\\\\x\_ £'9z
NSNS NP NY FPELFLIPTFIFAAFISIAS IS

KPTFFEIFetbtppptss FIEFLFFLLFAFFLFRLL LS

RS N S N R RN N S YN a T
(TITTIIIINIIFTI IR ELIISILLIF SRS S A IS A1 S

g2s TSI IIIII RIS IL IR FIIEISIIIIFIINA I F A A

RS N R N S S N N YR TR aT

-~
N

X

K

0

9728 -

N W XX

\\..\\ﬁxa\\m\,‘.\\\\\.\ \.\xw\..\\..\\\\.fx\ﬂ\\\\\\\\\\\(
x.\«w.f\n\;\..\m\\\\\..\\*\..fm\\.\\x\\\\\\\\\\\\\\\\\x
CTITETIIALIFIIRIIF RIS AFIFFIFIFAFSAA1F 1A AN
L LIFIIISRIAFFIIIAIRIARASII RIS SRR IARAIAS S A e8L |- o
\:\\\\\x\\.\\\\.\\\\xx\\\\\\.\\\\\\\\\\\\\\\‘

SRR AR S R N A N S SN YRR 2Y

{w) uonosep ei0yslO

V77 727 £ 4
RS RSN S NS S SN AR RN E S S N P N1

<

\\\f\\\\\\xaxx\\a\‘\\a«\\\x\x\\x«\«\\a\\.




@ Transactions on Ecology and the Environment vol 25, © 1998 WIT Press, www.witpress.com, ISSN 1743-3541

..................................... ..
...................... o N P
....................... ~tL, C s -t
e e e o ,\‘.--_-.,//,,,_\
...................... T i s Ve TS
b o R c e meme————-. ,‘yﬂ_ e~ ~ = N Y
! 1 H 1 [ L I !

169.20

— 1.5 m/s

Current Scale

Alongshore direction (m)

Fig. 4 Nearshore current field of the study area
predicted by the nonlinear nearshore
circulation numerical model.
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Fig. 5 Predicted bathymetry map of the study area

after 30 min of wave action.
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Fig. 6 Predicted deposition and erosion patterns of the study area.



