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Abstract 
 
Some new projects are considered in the eastern coasts of Dammam city, Saudi Arabia Dredging operations 
would significantly alter coast hydrological and sediment transport processes. It is important that the project 
areas must keep flushing the fresh sea water in and out with good water quality parameters, which are cur-
rently facing increased pressure from urbanization and navigation requirements in conjunction with indus-
trial developments. A suspended solids or sediments are expected to affect the flora and fauna in that area. A 
numerical modeling study in needed to study the effect of dredging and in particular the suspended sedi-
ments concentrations (mg/L) changed in the region. The results were obtained using finite element method 
and Newton-Raphson iterations. 
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1. Introduction 
 
Dredging is critical to maritime trade and many recrea-
tional pursuits. Extensive dredging and gravel extraction 
in those coastal areas are for the purpose of extending the 
coasts, to build a new fish market, and for other purposes. 
Effective sediment management tools are of fundamental 
importance for coastal and water authorities to reduce the 
costs for maintenance dredging and waterway building 
activities. In this context reliable in situ data of siltation 
rates and suspended solid concentrations are a precondi-
tion to understand the mechanisms that control sediment 
transport and to optimize for example strategies for dre- 
dging and dumping material. Also for numerical com-
puter models the availability of appropriate validation 
datasets is essential. 

During dredging and disposal operations, there is an 
increase in the total suspended solids (TSS) in the area of 
activity. TSS, is sometimes referred to as suspended sol-
ids, is a simple measure of the dry-weight mass of non- 
dissolved solids suspended per unit volume of water 
(usually expressed in mg/L). TSS includes inorganic 
solids such as clay, silt, sand, etc. as well as organic sol-
ids such as algae, zooplankton, and detritus [1]. These re- 
suspended sediments can adverse impact biota. To study 
the effects of sediment transport in the Dammam coastal 
areas, it is necessary to understand and predict the sedi-
ment concentration and fate of these sediments using 

numerical models.  
Following the progress in surveying technology for 

field data and computer application, models in 1-D, 2-D 
and 3-D for sediment transportation have been developed 
in the cases of rivers, estuaries, lakes and reservoirs (e.g., 
[2-4]). Fassnacht (1997, [5]) listed a table containing 
eight suspended sediment models with various applica-
tions. These models were applied to various settings; 
each model has its own pros and cons resulted from par-
ticular waterbody, specific boundary conditions and af-
fecting factors; and a universal one may not be applica-
ble in other cases. An integrated modeling study was 
completed to assess the magnitude of the potential im-
pacts of suspended sediment plumes. The model was 
validated against previous dredging works in Dammam 
coastal areas [6] and then used to simulate the fish mar-
ket dredging works. This research maybe used in other 
areas of new projects that require massive dredging 
works. 

2. Methods 

The proposed fish market location at the eastern part of 
Dammam city coasts is shown in Figure 1, while the 
study area is divided into 241 nodes that made finite-ele- 
ment mesh as described in Figure 2. Sediment transporta-
tion in estuary is influenced by many factors such as 
source of sand, tidal flow, wave, and particles flocculation 
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Figure 1. Study area; proposed fish market at the eastern coast of Dammam city. 
 

 
(a)                                         (b) 

Figure 2. 241 nodes representing fish market area (left) and finite element triangles of that area (right). 
 
culation, deposition/re-suspension and erosion [7]. It is 
not practical to cover all the factors in one model. This 
research is the first attempt to build up a dynamical 2D 
model for the transportation of suspended solids in 
Dammam coastal areas. A two-dimensional sediment 
transport model was applied to the shallow coastal areas 

of Damman due to dredging operations was developed. 
The shallow-water hydrodynamic equations used for 
one-dimensional depth average flow consist of the equa-
tions for the conservation of mass, momentum, and en-
ergy. For most applications, the conservation of momen-
tum and conservation of energy equation produce identi-
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cal results. Sediment transportation in estuary is influ-
enced by many factors such as source of sand, tidal flow, 
wave, particles flocculation, deposition/re-suspension 
and erosion. Every estuary has particular dominant agent 
among all the factors controlling the sediment transpor-
tation there. It is not practical to cover all the factors in 
one model. 

The equation of continuity is given by Kolar et al. 1994, 
[8]: 

( ) ( )uH vH Q
x y t

  
  

  
 

where  
H h    

h is mean water depth, m is change in water level, m 
H is total water depth, m 
U is velocity component in x-direction, m/s 
V is velocity component in y-direction, m/s 
T is time, s 
Q is injected water, m3/s. 
As the continuity equation includes three unknown 

variables u, v, and h, we need two more equations to 
complete the solution of the problem. These are given by 
the momentum equations in two directions 
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The Coriolis parameter f, is defined as 
2 sinf    

where is the latitude and is the Earth’s rate of rotation 
equal to 7.2722 × 10-5 s-1. The wind shear stress parameter, 
k, is defined as: 

a DC
k




  

and: 
Change in water level, m 
H Total water depth, m 
u Velocity in x-direction, m/s 
v Velocity in y-direction, m/s 
t Time, s 
g Acceleration of gravity, m/s2 

The Earth’s rate of rotation, s-1 

Latitude, deg　  
C Chézy bottom friction coefficient, m1/2/s 
a Density of air, kg/m3 

CD Wind drag coefficient 
Fluid density, kg/m3 

Wx Wind velocity in x-direction, m/s 

Wy Wind velocity in y-direction, m/s 
W Wind speed, m/s 
uo Velocity of injected water in x-direction, m/s 
vo Velocity of injected water in y-direction, m/s. 
The momentum equations together with the equation 

of continuity complete the specification of the shallow 
water flow problem. 

The area of study is divided into small regions of finite 
elements consisting of 241 nodes (Figure 2(a)). A mesh 
is generated using the aquasea software to obtain this 
mesh (Figure 2(b)). 

Two types of inputs exist; either input for each node or 
input on areal regions. Inputs at boundary nodes were 
given values so that we obtain a wave fluctuation of 0.5 
m mean sea level (MSL). Each node has two unknowns, 
the flow rate Q and the water surface elevation z. 

For N nodes in an inlet system, the total numbers of 
unknowns are 2N, thus, 2N equations are needed to de-
termine values of the unknowns. The finite difference 
representations of the shallow-water equations with the 
boundary conditions and the junction conditions consti-
tute a system of 2N nonlinear algebraic equations. To 
solve these equations we use the generalized Newton- 
Raphson iteration method [9]. Iteration is continued until 
the differences in water surface elevation and discharge 
between successive iterations at any node fall below 
specified tolerance values. Areal data such as wind speed, 
wind direction, chezy coefficient and others were also 
taken into consideration. 

 
3. Results and Discussions 

 
Initial results of the model regarding flow directions 
show that it depends mostly on wind direction and ge-
ometry of the region bed (Figure 3). The dredged area 
–the proposed fish market - will result in concentrations 
of suspended solids. Two nodes were picked for studying 
total suspended solid concentration in a time-series man-
ner. Nodes number 223 and 87 were chosen at the exit of 
area of study Figure 2(a). 

The model was verified by measured data of TSS 
contents at sites Dammam eastern coasts [10]. Model 
results for both selected nodes show that TSS will come 
back to normal levels within a maximum period of 6 
days in the dredged area (Figures 4 and 5). This shows 
that dredging operations have no effect on the long terms 
on water quality in the area. This is consistent with re-
sults that dredging activities often generate no more in-
creased suspended sediments than commercial shipping 
operations, bottom fishing or generated during severe 
storms [11]. Furthermore, natural events such as storms, 
floods and large tides can increase suspended sediments 
over much larger areas, for longer periods than dredging 
operations. It is therefore often very difficult to distin-
guish the environmental effects of dredging from those 
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Figure 3. Flow direction within 1 day (left) and 10 days (right) of simulation. 
 

 

Figure 4. Suspended sediments concentration (mg/L) during 10 days after dredging operations at node 223. 
 

 

Figure 5. Suspended sediments concentration (mg/L) during 10 days after dredging operations at node 87. 
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resulting from natural processes or normal navigation 
activities [12]. 
 
4. Conclusions 
 
The transportation of suspended solids Dammam coastal 
areas are jointly controlled by region inflow, tidal current 
and bottom vertical shear near the seabed. In this work, a 
2D model to simulate the transportation of suspended 
solids was developed in which the mechanisms of advec-
tion, diffusion, flocculation settling of particles, scouring 
and silting of the seabed and the carrying capacity of 
wave and tide were involved. The model was run for 10 
executive days to simulate sediment transportation and 
was verified with normal field data. The results showed 
that the modeled contents of suspended solids matched 
well with the existing readings. Modeled distributions of 
suspended reflected basically the overall behaviors of 
sediment transportation. 
 
5. References 
 
[1] APHA, “Standard Methods for the Examination of Water 

and Wastewater,” 18th Edition, American Public Health 
Association, American Water Works Association, Water 
Pollution Control Federation, Washington, DC, 1992. 

[2] E. Hayter and A. J. Metha, “Modeling Cohesive Sedi-
ment Transport in Estuary Waters,” Applied Mathemati-
cal Modelling, Vol. 10, No. 4, August 1986, pp. 294-303. 

[3] L. C. van Rijn, H. van Rossum and P. Termes, “Field 
Verification of 2-D and 3-D Suspended-Sediment Mod-
els,” Journal of Hydrologic Engineering, ASCE, Vol. 116, 
No. 10, 1990, pp. 1270-1288. 

[4] R. A. Falconer and B. Lin, “Three-Dimensional Modeling 
of Water Quality in the Humber Estuary,” Water Re-
search, Vol. 31, No. 5, 1997, pp. 1092-1102. 

[5] S. R. Fassnacht, “A Multi-Channel Suspended Sediment 
Transport Model for the Mackenzie Delta, Northwest 
Territories,” Journal of Hydrologycal, Vol. 197, No. 1-4, 
1997, pp. 128-145. 

[6] H. A. Al-Rabai’ah, “Numerical Modelling of Water Flow 
in a Dead-End Tidal Inlet at Dammam Coastal Areas, 
Saudi Arabia,” Journal of Applied Science and Environ-
mental Sanitation, Vol. 3, No. 3, 2008, pp. 127-136. 

[7] X. H. Chen, Y. Q. Chen and G. Y. Lai, “Modeling Trans-
portation of Suspended Solids in Zhujiang River Estuary, 
South China,” Chinese Journal of Ocean and Lim, Vol. 
23, No. 1, 2005, pp. 1-10. 

[8] R. L. Kolar, J. J. Westerink, M. E. Cantekin and C. A. 
Blain, “Aspects of Nonlinear Simulations Using Shallow 
Water Models Based on the Wave Continuity Equation,” 
Computers and Fluids, Vol. 23, No. 3, 1994, pp. 523-538.  

[9] A. M. Cialone, M. Amein and 1. Dynlet, “Model Formu-
lation and User’s Guide,” U.S. Department of Transpor-
tation, Federal Highway Administration, Atlanta, 1993. 

[10] H. A. Nasr-El-Din, A. M. Al-Mohammad, A. A. Al-Shu- 
rei, N. K. Merwat, M. M. Erbiland and M. Samuel, “Re-
storing the Injectivity of Water Disposal Wells Using a 
Viscoelastic Surfactant-Based Acid,” Journal of Petro-
leum Science and Technology, Vol. 54, No. 1-2, 2006, pp. 
10-24. 

[11] W. Parr, S. J. Clarke, P. Van Dijk and N. Morgan, “Tur-
bidity in English and Welsh Tidal Waters,” 1998, WRc 
Report No. CO 4301/1 to English Nature. 

[12] J. G. S. Pennekamp, R. J. C. Epskamp, W. F. Rosenbrand, 
A. Mullie, G. L. Wessel, T. Arts and I. K. Deibel, “Tur-
bidity Caused by Dredging: Viewed in Perspective,” 
Terra et Aqua, Vol. 64, 1996, pp. 10-17. 

 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


