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Abstract:

Hard engineering works in the coastal zone usually result in adverse impacts on the coastal system, especially on
the morphology. When new structures are constructed, longshore sediment transport becomes an issue. The structures
interfere with the natural longshore movement of sediments, leading to coastal erosion and accretion, which changes
the shape of the coastline. Consequently, maritime structures need to be adequately planned in order to mitigate
adverse impacts on coastal morphology. In addition, thorough insight into the morphological change resulting from
such interventions on the coast is necessary to enable adequate planning. This study aims to predict the effect of the
proposed Gaza Seaport on the morphology of the coast of Gaza. The effect of the Seaport on the morphology shall be
investigated with the incorporation of the numerical models, MIKE 21 and LITPACK, developed by DHI.

MIKE 21 is a two-dimensional mathematical modelling system with a wide range of coastal engineering
applications. It is used mainly in this study to model flow, waves, sediment transport and morphological change in the
vicinity of the seaport. LITPACK is a one-dimensional coastal processes modelling system. It is used mainly in this
study to compute littoral sediment transport and predict coastline changes after the construction of the seaport. Results
from MIKE 21 ST show that accumulation of sand will take place inside the seaport basin, in the seaport navigation
channel and in the sheltered area ahead of the breakwater. In addition, erosion will take place downdrift of the seaport
and scour will take place at the tip of the breakwater. Results from LITPACK can be summarized in three points:

-The coastline shape will change considerably in the vicinity of the seaport.

-Accretion will take place updrift of the seaport and erosion will take place downdrift of the seaport which is in
agreement with the results obtained from MIKE 21 ST.

-The shadow length of the breakwater is large enough to block the total amount of littoral sediment transport,
1.23x10° m%/year.

The findings of this study provide some implications for the future development of the seaport. Mitigation measures
are needed to maintain the existing beach alignment, prior to the seaport construction. One solution could be beach
nourishment and/or a sand bypass system, which would transfer accumulated sand updrift of the seaport to the
affected areas in the downdrift side. It should be kept in mind that any solution should take into consideration several
stakeholder groups that will be affected by the anticipated situation along the coast. The predicted process of sediment
transport in the vicinity of the seaport necessitates dredging the seaport navigation channel in the future to maintain its
navigable depth. In addition, the breakwater designer should incorporate scour protection into the design to keep the
breakwater stable.

Absence of sufficient field data has resulted in this study making several assumptions and performing a sensitivity
analysis of longshore sediment transport at the site of interest. The basic concept behind the sensitivity analysis is to
provide a starting point for further research that can be continued based on the results obtained in this study. The
sensitivity analysis shows that bed roughness is significantly crucial in the calculation of longshore sediment
transport. Results show that increased bed roughness results in less longshore sediment transport. However, increased
wave height and increased wave period result in more longshore sediment transport.
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4. LITPACK
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BACKGROUND

Gaza Strip is an enclave in Palestine, situated on the eastern coast of the Mediterranean Sea. Gaza
Strip is one of the most densely populated regions in the world, with 1.8 million people within 365
km2 (BBC, 2014).

Maritime transport is of significant importance for a country's economic and trade success, however
currently this mode is not available in Palestine. This lack of maritime transport is due to persistent
Israeli occupation. There has been action to improve maritime transport in Gaza Strip, such as a pro-
ject planned during the 1990s, a European consortium headed by Dutch construction firm (Ballast
Nedam) was hired to construct a seaport in the south of Gaza City. In 1996, the design of Gaza sea-
port was completed by ARCADIS Company. In the summer of 2000, construction of the seaport
commenced and by September 2001 it was bombed by Israel. The seaport was destroyed and since
then there has been no reconstructed efforts. However, a strong desire to reconstruct the seaport is
present amongst Palestinians.

Gaza has a sandy coast, these types of coasts are subject to the dynamics of sediments transport.
These types of sediments are largely supplied by rivers or valleys (alluvial sediment), which are then
transported alongshore and cross shore by waves, winds and tides. The wave-induced sediment
transport induces changes in beach morphology due to cross-shore and longshore sediment transport.
Construction of seaports and other maritime engineering works often has adverse impacts on the
coastal system and the proposed Gaza Seaport is not an exception. Coastal areas are under great pres-
sure from human activates and developers. Therefore, in order to develop a coastline with minimal
possible environmental consequences, it is crucial that the finalized design takes into consideration
sound science and research.

Prediction of beach morphological changes is essential for various coastal engineering projects and
appropriate management of the coastal zone. Recently, with the development of powerful computers,
numerical models are increasingly being utilized to simulate the processes of nature. Numerical mod-
elling provides an opportunity to view and analyze coastal problems and risks. It also has capabilities
for sensitivity analysis as there is a possibility to change the input parameters in the model and ob-
serve the response.
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TASK DESCRIPTION
Description of task

In this study, numerical models, MIKE 21 and LITPACK, will be used to study the morphological
impact of the proposed Gaza Seaport on the coast of Gaza. In order to do so, near shore wave cli-
mate, tide, wind and bathymetric data should be obtained. MIKE21 will be applied to model flow,
waves, sediment transport and morphological change in the vicinity of the seaport. LITPACK will be
applied to predict the shoreline evolution for the proposed seaport.
Aims and purpose

Gathering the required data and boundary conditions is a challenging task due to the lack of field
measuring tools in Gaza Strip which resulted because of the ongoing Israeli siege. Therefore, gather-
ing the collected data will be the first step. This data could be used in the future for other purposes. In
the next stage, the obtained data and boundary conditions will be used as the input in the modelling
software to assess the morphological impact of constructing the seaport.

Subtasks and research questions

The subtasks of this research are as follows.

Review available literature on coastal hydrodynamics and sediment transport modelling.
Setup a numerical model to simulate the morphological impact of the proposed Gaza seaport
on the coast of Gaza.

Describe the theoretical background for the numerical model used in this thesis.

Collect available input data from the physical environment of Gaza seaport, e.g. bathymetry,
wind, waves, current.

Calibrate, fine tune and verify the numerical model.

Run the simulation and discuss the results.

Conclude, summarise and provide recommendations for future work.

This research aims to answer the following questions:

What are the processes that should be considered to obtain the results?

Based on the simulated sediment transports, where it is expected to have a coastline ero-
sion/accretion?

What is the coastline evolution in the years following the construction of the seaport?

Will the construction of the proposed seaport cause serious morphological problems on the
coastal zone?
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The text for the master thesis is meant as a framework for the work of the candidate. Adjustments
might be done as the work progresses. Tentative changes must be done in cooperation and agreement
with the professor in charge at the Department.

In the evaluation thoroughness in the work will be emphasized, as will be documentation of independ-
ence in assessments and conclusions. Furthermore the presentation (report) should be well organized
and edited; providing clear, precise and orderly descriptions without being unnecessary voluminous.

The report shall include:

e Standard report front page (from DAIM, http://daim.idi.ntnu.no/)
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e Preface

Summary and acknowledgement. The summary shall include the objectives of the work,

explain how the work has been conducted, present the main results achieved and give the main

conclusions of the work.

Table of content including list of figures, tables, enclosures and appendices.

A list explaining important terms and abbreviations should be included.

List of symbols should be included

The main text.

Clear and complete references to material used, both in text and figures/tables. This also

applies for personal and/or oral communication and information.

Thesis task description (these pages) signed by professor in charge as Attachment 1.

The report musts have a complete page humbering.

The thesis can as an alternative be made as a scientific article for international publication, when this
is agreed upon by the Professor in charge. Such a report will include the main points as given above,
but where the main text includes both the scientific article and a process report.

Submission procedure
Procedures relating to the submission of the thesis are described in IVT faculty webpage
http://www.ntnu.edu/ivt/master-s-thesis-regulations

On submission of the thesis the candidate shall submit to the professor in charge a CD/DVD(‘s) or a
link to a net-cloud including the report in digital form as pdf and Word (or other editable form) ver-
sions and the underlying material (such as data collection, time series etc.).

Documentation collected during the work, with support from the Department, shall be handed in to the
Department together with the report.

According to the current laws and regulations at NTNU, the report is the property of NTNU. The re-
port and associated results can only be used following approval from NTNU (and external cooperation
partner if applicable). The Department has the right to make use of the results from the work as if con-
ducted by a Department employee, as long as other arrangements are not agreed upon beforehand.
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Abstract

Palestinians in Gaza Strip are in dire need of a commercial seaport to connect Palestine to the
World, to enhance the economy and local industry. In 1996, the design of Gaza Seaport was
completed, planned to be constructed in the south of the coastal village Elsheikh Ejleen.
However, no construction took place to this day due to political issues between Palestine and

Israel.

Hard engineering works in the coastal zone usually result in adverse impacts on the coastal
system, especially on the morphology. When new structures are constructed, longshore sediment
transport becomes an issue. The structures interfere with the natural longshore movement of
sediments, leading to coastal erosion and accretion, which changes the shape of the coastline.
Consequently, maritime structures need to be adequately planned in order to mitigate adverse
impacts on coastal morphology. In addition, thorough insight into the morphological change
resulting from such interventions on the coast is necessary to enable adequate planning. This
study aims to predict the effect of the proposed Gaza Seaport on the morphology of the coast of
Gaza. The effect of the Seaport on the morphology shall be investigated with the incorporation of
the numerical models, MIKE 21 and LITPACK, developed by DHI.

MIKE 21 is a two-dimensional mathematical modelling system with a wide range of coastal
engineering applications. It is used mainly in this study to model flow, waves, sediment transport
and morphological change in the vicinity of the seaport. LITPACK is a one-dimensional coastal
processes modelling system. It is used mainly in this study to compute littoral sediment transport
and predict coastline changes after the construction of the seaport. Results from MIKE 21 ST
show that accumulation of sand will take place inside the seaport basin, in the seaport navigation
channel and in the sheltered area ahead of the breakwater. In addition, erosion will take place
downdrift of the seaport and scour will take place at the tip of the breakwater. Results from

LITPACK can be summarized in three points:

e The coastline shape will change considerably in the vicinity of the seaport.
e Accretion will take place updrift of the seaport and erosion will take place downdrift of
the seaport which is in agreement with the results obtained from MIKE 21 ST.



e The shadow length of the breakwater is large enough to block the total amount of littoral

sediment transport, 1.23x10° m®/year.

The findings of this study provide some implications for the future development of the seaport.
Mitigation measures are needed to maintain the existing beach alignment, prior to the seaport
construction. One solution could be beach nourishment and/or a sand bypass system, which
would transfer accumulated sand updrift of the seaport to the affected areas in the downdrift side.
It should be kept in mind that any solution should take into consideration several stakeholder
groups that will be affected by the anticipated situation along the coast. The predicted process of
sediment transport in the vicinity of the seaport necessitates dredging the seaport navigation
channel in the future to maintain its navigable depth. In addition, the breakwater designer should

incorporate scour protection into the design to keep the breakwater stable.

Coastal field measurements are very rare in Gaza Strip due to the poor political situation.
Absence of sufficient field data has resulted in this study making several assumptions and
performing a sensitivity analysis of longshore sediment transport at the site of interest. The basic
concept behind the sensitivity analysis is to provide a starting point for further research that can
be continued based on the results obtained in this study. The sensitivity analysis shows that bed
roughness is significantly crucial in the calculation of longshore sediment transport and can be
considered as the basic calibration parameter in LITDRIFT. Results show that increased bed
roughness results in less longshore sediment transport. However, increased wave height and

increased wave period result in more longshore sediment transport.



Table of Contents

1

INEFOTUCTION ...t bt bbb bbbt e e bt et b r e nn e 1
I T U0t 011 [ o SRS 1
1.2 TRESIS STIUCTUIE ...ttt b ettt 2

C0aStal MOIPROTYNAMICS ..ottt nb b r e enes 3
2.1 Coastal HYAroOyNamICS........ccueiiiiiie e ste sttt se ettt sre et be et e te e b e sbesreesbesneeneenre e 3

211 SPECEIAI ANBIYSIS ...t 4

2.1.2 ENErgY BalanCe........coui ittt nes 5

2.13 WaVe TranSTOMMALION.........cuiiiiiiriiit bbb 6

2.14 Wave-induced Set-Up and CUITENES........coioiiiiiie ettt ee e sreens 8

2.15 Shallow Water EQUATIONS ........cccoiiiiiiiiiiesesie s 9
2.2 SEAIMENT TIANSPOIT ...cviiviitiie ettt e st e e s e s b e e teesbesaeebesbeeseesbeeteebesreeseesteeneenreares 11

2.2.1 SEAIMENT PrOPEITIES .. viivieive ettt sttt st st e be e sbeetaesbesae e e e sbeeneesreanes 11

2.2.2 TrANSPOIT IMIOUES. ...ttt bbbttt bbb 14

2.2.3 Longshore Sediment TraNSPOIT ........ccveiiieeie ettt s be e b e e ae e 19

(G T V2 B TCTo T 10 TP PSPPSR 21
3.1  Historical Background of Gaza SEaPOI..........cceiiiiiiiiiee st 21
3.2 Geological Background of the C0ast OF GAZaA ..........cccerververieeeiiiiisiie e 22
3.3 Location of the Proposed Gaza SEAPOIT ..........cceiiiieieiiee et te et sre e sre e sre e 24
3.4 Proposed 1ayout OF GAzZa SEAPONIT .........ccueiveveiiiiiiiite ettt 25

34.1 PRESE | .. bt 25

3.4.2 o T T 1 SOOI TR 25

3.4.3 o 4 ST 1 OSSPSR 26

NUMEFICAI IMOTEIS ...ttt 27
4.1 Numerical Model — MIKE 21........ooiiieieiieie ettt sttt e ene 27

411 Hydrodynamic Module (HD) with Flexible Mesh (FM) ..o 28

4.1.2 MIKE 21 Sand Sediment TranSpOrt (ST) ....covvererereieesesese s 28
4.2 MIKE 21 SPectral WaveS (SW) .....ooi oottt sttt sae e neeenen 30
4.3 Numerical MOdel - LITPACK . ....cci ittt 31

43.1 The LITLINE MOGUIE ...ttt s 31

4.3.2 The LITDRIFT MOUGUIE.......ooieeieee ettt sttt 33

Gaza SEAPOIT: CASE STUAY .....vieeierieiiitiitirt ettt bbbttt b bbb b 35
5.1 D L O P TP PP 35



511 BatNYMELIY ..o 35

512 WAVE DALA ......c.viiiiiiiiciiici s 36
513 Water LEVEL aN0 THUES.....c.ciiiiiiitiiei et 42
514 LT L TSRS P PP PR PP 44
515 SEAIMENT PIOPEITIES. ...ttt et 47
5.2 Model SEt-UP (MIKE 21) ...oocieieieee ettt sttt s te et et sre e te e sreane 49
521 REGIONAI IMOTE ... s 49
522 LOCAI MO ... 50
5.2.2.1 Bathymetry and Seaport LAYOUL...........ccooiiiiiririeieieisisie st 50
LI A o [0 PP 52
5.2.2.3  WAVES ..o 52
5.2.2.4  SEAIMENT TIANSPONT ....cvvitiiiiiteitiieiee ettt bbb benr e 55
5.2.3 SUMIMAIY .ttt ittt ettt ettt et et s s bt st e e e st e e e bt e sa b e e e abb e e ssbe e snbe e e anbe e e beeeaneeesnbeeesnbeeanrenans 56
5.3 MOl SEt-UP (LITPACK) ......eiveeeeeeeeeeeeeeseee s eeeeeessees s s ses s 57
53.1 CroSS-SN0TE PrOfIlE ..o 57
5.3.2 Coastling and DUNE POSITION .........cviiiiiiiieieiesi e 59
5.3.3 SEAIMENT PrOPEITIES .. viiuieie ettt sttt e st sbeebe e besae e e e beeneesreanes 60
LT G 0 R = ] o] =TSSP PR 61
5.34 WAVE CHIMALE ... bbbttt bt 62
5.35 LITDRIFT Set-up CharaCteriStiCS ......cvciiiieieieciesie ettt sttt s 63
5.3.6 LITLINE Set-Up CharaCteriStiCS........ccueveiiiriiriiiiesiesieieeeese st 64
RESUILS NG DISCUSSION ...ttt et b 65
6.1 MIKE 21 HD ..ottt bttt et b et e bt e et e e be e nbe e sbeenbeennbeannas 65
6.2  MIKE 21 SPeCtral WaVe (SW) ..ottt sttt sttt st ettt sreene 68
6.3  MIKE 21 Sediment TranSPOrt (ST) ...coeoe ettt 72
6.3.1 Development 0f Bed LEVEL..........ooiii e 72
6.3.2 Bed Level Change RELE ........ooiiieiiee ettt 75
6.4 LIT D RIFT ettt ettt et e e s s bt e ek et e s kb e e s ab e e e sbbe e snbe e e bee e snbe e e nbeeenees 77
6.4.1 Sediments Blocked by the SEapOIT..........oov i e 77
6.4.2 Sensitivity Analysis Using Bed ROUGNNESS...........cccoiiiiiiiiiiineeeee e 78
6.5 LITLINE .ttt e b e b e b et e e b bttt e abe e sbe e sbeeseeesabeanas 80
6.5.1 SENSITIVITY ANAIYSIS ....eiitiiiiieeee bbb 82
6.5.2 Validation OF RESUILS .......c.oiiiiiiiie e 85



7

8

Conclusion and Recommendations for Future Work

7.1 (O0] 0161 1153 [0 o NPT

7.2 Limitations of Study and Recommendations for Future WOrk ............ccocoeveiiiiinininincnene,

RETEIENCES ..eeeiveveie ettt e e

Vi



List of Figures
Figure 2.1: Surface elevation time series (right) and the corresponding spectra (left) (Source: Bosbhoom &

R Y= ) PSS 4
Figure 2.2: The set-down and set-up induced by waves approaching a very steep beach (Source:
HOINUIJSEN, 2007) ...ttt ettt e et et st e e e e be e st e s teebe e s besbeese e besaeeseesbeaneesreateeneenren 8
Figure 2.3: Drag coefficient of spheres as a function of Reynolds Number (Source: Miedema, 2015) ..... 13
Figure 2.4: Shields Diagram for incipient motion (Source: Shields, 1936) .........cccccvvvviieveiiieiene e, 14
Figure 2.5: Comparison of various bed load transport formulas developed for rivers (Source: Bosboom &
R N0 ) TSP T 16
Figure 2.6: Sediment Transport Modes (Source: Bosbhoom & Stive, 2015)........cccccevviieveiicieve e, 17
Figure 3.1: Gaza coastline in The Mediterranean context (Source: Google Maps, 2016) ...........cccceveruenns 23
Figure 3.2: Proposed location of Gaza Seaport (Source: Ward, 2014) ........ccccooevinenineieinnese e 24
Figure 3.3: Phase | of development of Gaza Seaport, breakwater and berths (Source: Ward, 2014) ......... 25
Figure 3.4: Phase I11 of development of Gaza Seaport, the breakwater has been extended and container
terminal and bulk terminal have been added (Source: Ward, 2014) ........c.ccovevveieiieeic i 26
Figure 4.1: The Structure Of LITDRIFT .....ciiiiiiiieeee st 34
Figure 5.1: Bathymetry — Gaza Strip (Source: MIKE C-MAP) .......ccooiiiiiiiiiieneneneeeese e 35
Figure 5.2: Closer view of bathymetry — Gaza Strip (Source: MIKE C-MAP) ..., 36
Figure 5.3: Significant wave heights and the peak periods at Ashkelon station ............ccccvvvinieienenenns 37
Figure 5.4: Alexandria and Ashdod stations (Source: Google Earth, 2016) ...........cccccevvveveveciiene s, 38
Figure 5.5: Alexandria wave rose, Top left: 2005, Top right: 2004, Bottom: 1989..........ccccccevveveiiverienenn, 38
Figure 5.6 Ashdod wave rose. Top left: 1997, Top right: 1996, Bottom left: 1995, Bottom right: 1994 ... 39
Figure 5.7: Average significant wave height for winter season in Ashdod (1993-1997)........cccceeevvvenenenn. 40
Figure 5.8: Average peak period for winter season in Ashdod (1993-1997) ........ccccereriiiiiniininineneieens 41
Figure 5.9: Available tidal stations (Source: Google Earth, 2016).........cccccevvveveiiiiiciesiene e 42
Figure 5.10: Regional and local models (Source: Google Earth, 2016)...........ccccvveveieiieicieciece e, 43
Figure 5.11: Tidal Elevation at Port Said in January and February 2015 (Source: MIKE C-MAP)........... 43
Figure 5.12: Tidal Elevation at Sour in January and February 2015 (Source: MIKE C-MAP) .................. 44
Figure 5.13: Locations of wind data found from ECMWEF database ..............ccooeririreieiiiniiine e 44
Figure 5.14: Location of the wind gauge (Source: Google Earth) ...........ccoooviiinininiiicse e 45
Figure 5.15: Wind rose at the Coast 0f GAZA ..........cccccveviiiiie i 45
Figure 5.16: Time series of wind speed (wind direction indicated with blue arrows) for 2015 at Gaza wind
(0L LU | TP TR PP PR OPROPROTN 46
Figure 5.17: Comparison between wind speeds obtained from field measurements and ECMWF database
..................................................................................................................................................................... 46
Figure 5.18: Sieve Analysis test for Gaza seabed at a distance of 70 m from the shoreline....................... 47
Figure 5.19: Sieve Analysis test for Gaza seabed at a distance of 150 m from the shoreline...................... 48
Figure 5.20: Seabed characteristics of Gaza Strip (Source: Palestinian National Authority, 2001) ........... 48
Figure 5.21: Mesh used in the model run to obtain the water [eVelS..........cocoviiiiiiiiiii e 49
Figure 5.22: Model bathymetry with the proposed Gaza SEapOrt...........ccovviirerenenerieeiee e 50
Figure 5.23: Model bathymetry with the proposed Gaza Seaport (ClOSer VIEW) ........cccevvveveerneieeiennnnn. 51
Figure 5.24: DOMAiN DOUNGAIIES ........cviiieiiie sttt ettt et et sbeereesresneeneesne e 53

vii



Figure 5.25

: Time series of significant wave heights (wave direction indicated with blue arrows) for 2015

AL ASNKEION STALION ...ttt b e bbbttt ettt bbb e e nes 53
Figure 5.26: Wave rose at ASNKEION STAtION .........coeiriiiiiiiiise e 54
Figure 5.27: Flexible mesh used to run the model MIKE ST.......ccccciiviiiiiiiiiiece e 55
Figure 5.28: Summary of simulations run by MIKE 21...........ccocoiiiiiii s 56
Figure 5.29: Cross-shore profile obtained from MIKE C-MAP ........cccooiiiiiiiiriieeeeese e 57
Figure 5.30: Representative cross-shore profile applied in LITLINE and LITPACK models.................... 58
Figure 5.31: The shape of the coastline around the proposed seaport (Source: Google Earth, 2016)......... 59
Figure 5.32: Beach width around the proposed seaport (Source: Google Earth, 2016) ...........ccccoevvevennene. 59
Figure 5.33: Representation of beach elements...........cccviiiiii i 60
Figure 5.34: Results of MIKE 21 SW with the location of the wave reference point indicated. ................ 62
Figure 6.1: Location of the obtained Profile SErES........ccviviiiii i 65
Figure 6.2: Water level at Ashkelon Station in January and February 2015 resulted from the simulation. 66
Figure 6.3: Snapshot of typical current fields ..........cccoeiiiiiic i 66
Figure 6.4: Time series of current speeds at point t1 marked at Figure 6.4 ..........cccooeveiiinninenenesenns 67
Figure 6.5: Time series of current speeds at point t2 marked in FIQUre 6.4 ..........cccooeveiiinininenencnenns 67
Figure 6.6: Map of the significant wave height (Hs) .....cocooviii i 69
Figure 6.7: Time series of the significant wave height at the point marked in Figure 6.6..............ccccccuenne. 69
Figure 6.8: Map of the Peak PEIIOM .........ccv i et sre e 70
Figure 6.9: Time series of wave period at the point marked in Figure 6.6...........cccccovvvvieeve i ciene s, 70
Figure 6.10: Map of the radiation Stress, Sy ......cccovvviiiiiiiiiiii 71
Figure 6.11: Time series of radiation stress, Sy, at the point marked in Figure 6.6..............ccccovveivinnnnns 71
Figure 6.12: PoSition Of eXtraCtion lINES.........ccccoiiiiiiiiii e 72
Figure 6.13: Bed level along Line 1: before and after simulation for one year...........ccccoccvvvevieneiecnnennn, 73
Figure 6.14: Bed level along Line 2: before and after simulation for one year............cccoccevvveviineiecnenenn, 73
Figure 6.15: Bed Level throughout the year 2015 at the middle point of Line 1 illustrated in Figure 6.12 74
Figure 6.16: Bed Level throughout the year 2015 at point t4 marked at Line 2 in Figure 6.12.................. 74
Figure 6.17: The development of the bed level along Line 3 shown in Figure 6.12..........cccocvvviininenennns 75
Figure 6.18: Bed level change rate in NOvember 2015 ... 76
Figure 6.19: Bed level change rate at the end of the simulation period .............ccccoeeveiieeve e, 76
Figure 6.20: Cross-shore distribution of littoral sediment drift...........ccccooiiiiinn s 77
Figure 6.21: Accumulated littoral transport drift over the cross-shore profile...........ccoooviiiiiiiiicienenn, 78
Figure 6.22: Comparison of accumulated littoral transport drift along the cross shore profile................... 79
Figure 6.23: LITLINE Model graphic reSults after @ YEar ..........ccccoveieeininiie e 80
Figure 6.24: Coastline evolution iNthe TULUE ..........coieriiii e 81
Figure 6.25: Coastling poSItioN aftEr & YEAI........ccciiiiiiieiiisiie et 82
Figure 6.26: Definition of maximum retreat and maximum aCCretion............cccoverreieneereseee e 83
Figure 6.27: Comparison of shoreline evolution over a year using different wave heights....................... 84
Figure 6.28: Comparison of shoreline evolution over a year using different peak periods............cc.cceuenue. 84
Figure 6.29: Comparison of shoreline evolution over a year using different bed roughness...................... 85

viii



List of Tables

Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6:
Table 5.7:
Table 5.8:
Table 6.1:
Table 6.2:

Mean values of H; and T, at Ashdod 1994 and Ashkelon 2015..............cccoiviiiiiiiiiince, 40
Parameters used t0 run MIKE-SW ..o 54
Bathymetry of the sea of Gaza strip (Source: Palestinian National Authority, 2001)................ 58
Bed parameters applied for the profile............coiiic s 61
Wave percentages at the wave reference point in the study area.........c.ccocoeevvininiininenenennns 62
Set-up characteristics for the LITDRIFT MOdel ..o 63
Set-up characteristics for the LINTABL Program ........ccccoeoeininineieneneeeseseseseese e 64
Set-up characteristics for the LITLINE MOdel.........ccovviiiiieiiinie e 64
Parameter combinations simulated in LITLINE ........ccoooiiiiiiieeee e 82
Maximum retreat and accretion of coastline over one year period ...........ccccovvvrierenenenenennenns 83



Introduction

1 Introduction

1.1 Background
Gaza Strip is an enclave in Palestine, situated on the eastern coast of the Mediterranean Sea. Gaza

Strip is one of the most densely populated regions in the world, with 1.8 million people within
365 km? (BBC, 2014).

Maritime transport is of significant importance for a country's economic and trade success,
however currently this mode is not available in Palestine. This lack of maritime transport is due
to persistent Israeli occupation. There has been action to improve maritime transport in Gaza
Strip, such as a project planned during the 1990s, a European consortium headed by Dutch
construction firm (Ballast Nedam) was hired to construct a seaport in the south of Gaza City. In
1996, the design of Gaza seaport was completed by ARCADIS Company. In the summer of
2000, construction of the seaport commenced and by September 2001 it was bombed by Israel.
The seaport was destroyed and since then there has been no reconstructed efforts. However, a

strong desire to reconstruct the seaport is present amongst Palestinians.

Gaza has a sandy coast, these types of coasts are subject to the dynamics of sediments transport.
These types of sediments are largely supplied by rivers or valleys (alluvial sediment), which are
then transported alongshore and cross shore by waves, winds and tides. The wave-induced
sediment transport induces changes in beach morphology due to cross-shore and longshore
sediment transport. Construction of seaports and other maritime engineering works often has
adverse impacts on the coastal system and the proposed Gaza Seaport is not an exception. Coastal
areas are under great pressure from human activates and developers. Therefore, in order to
develop a coastline with minimal possible environmental consequences, it is crucial that the

finalized design takes into consideration sound science and research.

Prediction of beach morphological changes is essential for various coastal engineering projects
and appropriate management of the coastal zone. Recently, with the development of powerful
computers, numerical models are increasingly being utilized to simulate the processes of nature.
Numerical modelling provides an opportunity to view and analyze coastal problems and risks. It

also has capabilities for sensitivity analysis as there is a possibility to change the input parameters
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in the model and observe the response. In this study, numerical modelling is used to study the

morphological impact of the proposed Gaza Seaport on the coast of Gaza.

For this study, the two software types applied are MIKE 21 and LITPACK. MIKE 21 is
professional modelling software for two-dimensional free surface flows. MIKE 21 is in a
modular form with four main application areas: coastal hydraulics and oceanography, waves,
sediment processes and environmental hydraulics. LITPACK is a one-dimensional coastal
processes modelling system that is mainly used for the computation of sediment transport and

associated beach profile and coastline changes.

Modelling and detailed analysis of waves, sediment transport and morphological conditions in the
coastal waters in the vicinity of Gaza Seaport have been completed. MIKE 21 is mainly used to
study the tendency of sediment transport in the vicinity of the sea port and bed level changes.
LITPACK modelling is undertaken to predict coastline evolution during the years following

seaport construction.

1.2 Thesis Structure
This report is divided into seven chapters. Chapter 2 discusses the important coastal processes

with emphasis on their formulations and numerical modelling. The area selected for study, Gaza
Strip, is described in Chapter 3 with focus on the proposed Gaza Seaport. Chapter 4 describes the
numerical models used in this study, MIKE 21 and LITPACK.

Chapter 5 firstly outlines the data available for the area of interest with a brief discussion on the
source and reliability of data. Then, it discusses the model setups for the simulations conducted
during this study. The results obtained from each model run during the study are presented and
discussed in Chapter 6. Finally, Chapter 7 draws the important conclusions from this work and
presents the limitations of the current study with some recommendations for further work in the

future.
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2 Coastal Morphodynamics

Coastal morphodynamics is defined as “the mutual adjustment of topography and fluid dynamics
involving sediment transport” (Wright and Thom, 1977). It is dependent on the interaction of
multiple variables, such as fluid dynamics, sediment characteristics and human interventions.
Fluid dynamics drive sediment transport resulting in morphological change over time. This
morphological change alters boundary conditions for the fluid dynamics, which results in changes
in sediment transport patterns. Human interventions usually lead to morphological problems like
erosion. Therefore, good thorough should be gained into the morphological change resulting from

new hard structure on the coast.

There are many formulations to describe the complex processes in the coastal zone. This chapter
introduces these formulations of hydrodynamics and sediment transport with more focus on their
application in numerical models. One should keep in mind that most of these formulations were
obtained empirically based on experiments and laboratory results. This means that they have
considerable inaccuracy and one should calibrate and validate the results of the models for each
site.

2.1 Coastal Hydrodynamics
The dynamic processes in the nearshore zone are driven by external forces, e.g. gravitational

force of the moon and sun and wind. Under the influence of these external forces, the fluid
motion appears as coastal currents, tides and tidal currents, internal and surface waves, storm
surges, tsunamis and others (Horikawa, 1988). Coastal hydrodynamics concerns with wave
propagation, transformation and dissipation, wave-induced water level changes and longshore

and cross-shore currents due to wave, wind and tidal actions.

The waves transform when they propagate from deep to shallow water depths. Wave
transformation means that wave characteristics, wave height, wave length and wave direction,
change until the waves break and lose their energy. In order to model waves approaching the
shoreline, various transformations have to be taken into account, such as refraction, shoaling and
wave breaking. There are various software packages that translate offshore wave conditions
toward the nearshore, such as MIKE, SWAN, HISWA and WAMTECH. Using these numerical
models require input data, such as wave height, wave period and wind speed and direction. An

overview of the method used to analyze the input data is described in the next section.
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2.1.1 Spectral Analysis
Spectral Analysis is a widely used statistical method for data analysis in engineering. There are

different methods to determine the spectral density function from a discrete time record. The Fast
Fourier Transform (FFT), which is an algorithm for calculating the Discrete Fourier Transform

(DFT), is the most widely used one.

The surface elevation at one location can be unraveled into a number of sine waves with different
frequencies. The amplitude and phases of these waves can be determined by Fourier analysis.
According to Fourier any signal can be represented by a sum of harmonic components which is
called Fourier-series. Assuming a stationary record, these sine waves have a constant amplitude
and phase per component in time. The Fourier series can be written in terms of sine or cosine
functions for a time-record with specific duration (Bosboom & Stive, 2015). The surface

elevation can be written as a Fourier series as follows:

N

n= Z ap,cos(2mft + ay) 1)

n=1

where 7 is the surface elevation, f,, = Tﬁ forn=1,2,3..., a is the wave amplitude, t is the time, T,

is the record duration and « is the phase.

Wave energy spectrum represents the distribution of waves in frequency domain. It makes
understanding the characteristics of the sea state much easier. The narrower the spectrum the
more regular the waves are. In the case of large long waves, the spectrum will be shifted towards
the lower frequencies and contain more energy. On the other hand, the spectrum will be shifted
towards the higher frequencies and be lower in the case of small short waves. Figure 2.1 shows
energy spectra for sea with the corresponding time series.
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Figure 2.1: Surface elevation time series (right) and the corresponding spectra (left) (Source: Bosboom &
Stive, 2015)
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Wave energy at a point has an angular distribution and a distribution over a range of frequencies.
The angular distribution of wave energy is called "directional spreading”. Spectral
representations which include both the frequency distribution and the angular spreading of wave
energy are known as "directional spectra®. Knowing the evolution of directional spectra in

shallow water is very important in coastal engineering since it leads to accurate wave predictions.

Assuming the random surface is represented by a normal distribution, various essential
characteristics of seas state can be determined from the spectrum. The zeroth moment, for
instance, is determined by calculating the area under the spectrum. This parameter can be used
with the second moment to determine the zero-crossing period from the spectrum, see
Holthuijsen (2007).

2.1.2 Energy Balance
Applying the law of energy conservation gives information on the transformation of waves

approaching the shoreline, such as the change in wave height (H), wave length (L), celerity (c),

and wave direction (6). Therefore, the energy balance is solved numerically by the model.

The total energy of a wave propagating across a wave field can be represented as:

1
E = gngEms (2)

where E is the wave energy, p is the density of the fluid and Hy is the root mean square wave
height.

Energy is not conserved in the case of current presence since energy transfer between currents
and waves takes place. However, energy is conserved in the absence of current. Energy

conservation equation reads as (Holthuijsen, 2007):

aE+6E HaE inf)=S—-D 3)
% ax( Cg COS )ay( CgsSinf) =

where 0 represents the wave direction with respect to X-axis which is aligned normal to the
shoreline, S is the generation source term, D is the dissipation term and cq is the wave group

celerity.

The energy generation term, S represents the superposition of source functions describing various

physical phenomena such as the generation of energy by wind. The energy dissipation term, D

5
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represents the dissipative processes, such as the dissipation of wave energy due to white capping,
the dissipation of energy due to bottom friction and the dissipation of wave energy due to depth-
induced breaking.

Usually currents are present in the oceans and should be taken into consideration in the model.
The energy transfer between the waves and the currents is not easily determined. Additional
terms to the energy balance equation are needed to represent the effect of work done by the
current against the radiation stresses. However, a simpler approach is to consider the action
balance of the waves instead of energy balance. In the presence of currents a wave quantity called

wave action is conserved. Wave action density (N) reads as:

N=Z 4
=— (4)

T
where E is the energy density and o is the relative angular frequency (or = 2xfy).
Wave action balance equation reads as:

JdN S
where N (x, o, 6, t) is the action density, t is the time, V = (¢, Cy, C, Co) is propagation velocity of
a wave group in four dimensional phase space and V is the four dimensional differential operator

(Komen et al. 1994).

2.1.3 Wave Transformation
Many theories have been developed in order to describe wave transformation processes and thus

to improve the capabilities of wave models. The most important processes affecting nearshore

wave transformations are described in this section.

The change of water depth plays an important role in wave transformations. When ocean waves
enter coastal waters, their amplitude and direction will be affected by the limited water depth.
The waves start to feel the bottom and slowdown in shallow water (water depth is less than about
half the wave length). The phenomenon of wave height increase near the coast, due to the
variations in the wave group velocity in the propagation direction, is called shoaling. The
phenomenon of the change of wave direction due to depth-induced variations in the phase speed
along the wave crest is called refraction. This makes obliquely incident wave to bend toward

normal incidence.
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Wave breaking takes place when waves propagate into very shallow areas, and the wave height
can no longer be supported by the water depth. The waves start breaking when the particle
velocity exceeds the velocity of the wave crest. Miche (1994) expressed the limiting wave

steepness based on Stokes wave theory:

(%)max — 0.142 tanh(kh) ©)

where H/L is wave steepness, k is the wave number and h is the water depth.

In deep water the previous equation reduces to:

H 1
(—) — 0142 ~ - )
- - - - L max - - - 7 - -
This is the maximum possible steepness for an individual wave. White capping occurs when the
deep water steepness exceeds this limit. The mathematical development of a white capping model
can be traced to Hasselmann (1974). These days, the model proposed by Komen et al. (1994) is
usually preferred as it includes the adjustment for the dissipation source function (Janssen et al.
1989) in order to obtain a proper balance between wind input and dissipation at higher

frequencies.

Depth-induced breaking dissipates most of the wave energy. It occurs when the wave height
becomes greater than a certain fraction of the water depth. Most of formulations suggest a
breaker index which has different values based on calibrations and experiments. Laboratory and
field data have also shown that the breaker index varies significantly depending on the wave
conditions and the bathymetry. Based on solitary wave theory the breaker index has
approximately a value of 0.78 (y =Hy/hy), where y is the breaker index, Hy is the breaking wave
height and hy is the water depth at the breaking point. Kaminsky and Kraus (1993) found that
breaker index is in the range between 0.6 and 1.59 with an average of 0.79. Recently, Ruessink et
al. (2003) have presented a new empirical form for y, where y is determined as a function of the

product of the local wave number k and the water depth d.

y = 0.76kd + 0.29 (8)

Bottom friction is an important parameter in the modelling of wave transformations. There are
different mechanisms for wave energy dissipation at the bottom, such as energy dissipation

through percolation, friction, motion of a soft muddy bottom and bottom scattering. The energy
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dissipation by bottom friction has been a subject of investigation and different theories have been
formulated to model it. Nowadays, models have an option to determine the formulation to
calibrate the model by bottom friction parameters depending on grain size diameter.

2.1.4 Wave-induced Set-up and Currents
Propagating waves across the ocean transfer energy as well as momentum which points in the

direction of wave propagation. Momentum transfer is equivalent to a stress and horizontal
variations in this stress work as forces on the water and may thus tilt the mean sea level or
generate currents. Wave momentum is the product of the mass and the wave-induced velocity of
the water particles. It can also be interpreted as a net flux of mass between wave trough and wave

crest associates with wave propagation (Holthuijsen, 2007).

Radiation stress is defined as the depth-integrated and wave-averaged flow of momentum due to
waves. Longuet-Higgins and Stewart (1964) defined it as the excess momentum flux due to
presence of waves. When there is a change in radiation stress from one position to another, wave
forces will act on the fluid. These forces affect mean water motion and levels. Radiation stresses
are responsible for set-down, set-up and driving a longshore current in the nearshore zone in the

case of obliquely incident waves.

Wave-induced set-up is the increase in mean water level above the still water level due to
momentum transfer to the water column by waves that are breaking and dissipating their energy.
On the other hand, wave-induced set-down is the decrease in mean water level below the still
water level to balance the excess momentum flux, see Figure 2.2.

» Observation
beach
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-

set-up

break

? point “o
still-waterlevel -8

= — . AR
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set-down
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—_— X

Figure 2.2: The set-down and set-up induced by waves approaching a very steep beach (Source: Holthuijsen,
2007)

8



Coastal Morphodynamics

Time and wave averaged equations of the radiation stresses read as follows:

] ]
Sxx = (puy)u,dz + f Pwavedz ©)
—ho _hO
7 1
Syy = (puy)uy,dz +J PwavedZ (10)
—ho _hO
n n
Sxy = . (pux)uy + Tydz = . (pux)uydz (11)
—o —to
]
Syx =j (puy)u,dz (12)
_hO

where uy and uy are the water particle velocities in x and y direction respectively, pwave is the
hydrostatic pressure component of the wave, z is the vertical coordinate directed upward with its
origin at the still water level, S,x and Sy, are the normal stresses that include the hydrostatic
pressure in the water column, 7y & 7y are the shear stress components of the wave and the over
bar indicates averaging over the wind wave period. The shear stress due to waves (zy) is
considered as zero because of the assumption of an irrotational ideal fluid (Longuet-Higgins and
Stewart, 1964).

2.1.5 Shallow Water Equations
Flow models are usually based on the solution of the three-dimensional incompressible Reynolds

averaged Navier-Stokes equations, subject to the assumptions of Boussinesq and of hydrostatic

pressure. The local two-dimensional continuity equation can be written as:

ah+aha+aha_
ot ox 9y

where h is the water depth and u and v are water particle velocities in x and y direction

hS (13)

respectively, S is the energy source-dissipation term.
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The horizontal momentum equation for x-component is written as:

ohii N dhu? N ohvu
Jat dx dy

on _ hop, gh*0p o Thx (14)
Ox po 0x 2py0x  py  po

1 <asxx L O

_g dx dy

The horizontal momentum equation for y-component is written as:

d d

Ohv N ohv? N Ohvu
at dy dx

0 h o h?dp T
— fhis— gh o 1P GNP Toy Tby (15)
0y po 0y 2000y po  Po

1 [0Sy, 0Sy,\ 8
‘p—o(ax 5y ) Tyt

where t is the time; x and y are the Cartesian coordinates; # is the surface elevation; d is the still

0
+ @ hTyy + hugS

water depth; 2 = 5+d is the total water depth; u and v are velocity components in x and y
direction; f is the Coriolis parameter; g is gravitational acceleration; p is the density of water; z,
75y are the x and y components of surface wind and =y and 7,y are the components of bottom
stress; Tj; includes viscous friction, turbulent friction and differential advection estimated using
eddy viscosity formulation based on depth averaged velocity gradients.

The inputs and boundary conditions required for any model to calculate the current components
and water particle velocities are included in the right-hand side of Equation 14 and 15. Each
model applies different schemes and assumptions to solve these equations. The calculated current
and water particle velocities are in charge of sediment transport taking place in the nearshore

coastal zone.

Momentum equations usually include the effect of turbulence in the terms having laminar stresses
and Reynolds stresses. Turbulence can be represented as a constant in the horizontal stress terms
or by using the Smagorinsky’s formulation (1963) to express sub-grid scale transports using an

effective eddy viscosity related to characteristic length scale, see Lilly (1989).
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2.2 Sediment Transport
The interaction between hydrodynamics and sediments results in sediment transport and thus bed

level change. Sediment transport is the movement of sediment particles through a well-defined
plane over a certain period of time. It plays an important role in determining the shape of the
coast. Sediment transport is induced by the interaction of winds, waves, currents, tides and

sediments.

The movement of sediments in shallow water is more than in deep water because waves can feel
the bottom more in shallow water and influence the seabed. Furthermore, tidal currents are
stronger in shelf seas than in the open ocean. When water flows over a surface fast enough,
sediment particles on the surface are stirred up and transported to be deposited again when the
flow slows down. Heavy particles may be rolled or bounced along the surface by water flow. In
general, the movement of sediment particles depends on the properties of the transported
sediments. Important properties of sediments are grain size diameter, porosity, relative density,

bulk density and fall velocity.

The modeling of sediment transport depends on empirical formulations because the interaction
between hydrodynamics and sediments is poorly understood to this day. Many formulations have
been developed to model sediment transport, such as Engelund and Hansen (1967), Engelund and
Fredsge (1976) and Van Rijn (1984). These formulations usually have different processes and are
developed based on specific situations. Therefore, calibration and validation of the numerical
model is very important to obtain robust results. Calibration should be performed using

representative data for the hydrodynamic condition and the considered site.

2.2.1 Sediment Properties
Sediment properties influence the sediment transport taking place at any site. Based on the

particle size, sediments are classified into clay, sand, gravel and cobbles. The most important

sediment properties are briefly described in the following paragraphs.

The most two crucial parameters for sediment transport are the median particle diameter Ds and
the grading Dgo/D1o. The Dy is the value of the particle diameter at x% in the cumulative grain
size distribution. Sediments are classified based on the grading into well sorted if Dgo/D1g IS
smaller than 1.5 and poorly sorted or well-graded sediment if Dgo/D1g is larger than 3. One should

keep in mind that this classification is not formal and these ranges might be different.
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Grain density depends on the degree of compaction of the sediments and on the mineral
composition. The mass density of sand is usually 2650 kg/m?® since it consists of quartz. Relative
density is the ratio of the density of sediment over the density of water. It is usually around 2.65
for natural sediments. Porosity is the ratio of the volume of openings (voids) to the total volume

of sediment. Usually porosity of 40% is used for sand in modelling.

The fall velocity of grains depends on the grain size, grain shape, specific density and the density
and viscosity of the water. It also depends on whether the flow is laminar or turbulent. This
velocity can be determined from the balance between downward directed force and upward
directed force. The upward directed force on the particle is caused by the frictional drag of the
water. The downward directed force is caused by the difference between the particle density and

the water density. The fall velocity ws is given by:

_ [4(s—1)gD
©s = 3C,
where s is the relative density of the sediment, D is the sediment grain size, Cp is the drag

(16)

coefficient and g is the acceleration of gravity. The drag coefficient depends on the particle
Reynolds number and the shape and roughness of the particle. Reynolds number Re is given by:

w.D
Re = s (17)
v

where v is the kinematic viscosity coefficient. Figure 2.3 shows the drag coefficient of spheres as

a function of Reynolds Number.
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Figure 2.3: Drag coefficient of spheres as a function of Reynolds Number (Source: Miedema, 2015)

Critical Shields parameter 6., is a dimensionless number used to calculate the initiation of
motion of sediments in a fluid flow. It is the main parameter in models for sediment movement. It

reads as follows:

Tb,cr

O = ——=C
«r (ps_p)gD

(18)

where ps is the density of sediments, p is the density of fluid, 7, ., is the critical bottom shear
stress and C is a constant which is determined experimentally. The value of C was found to be
around 0.05 for sand positioned smoothly on a flat bed. Figure 2.4 shows the critical Shields
parameter as a function of the particle Reynolds number (Re). Shields did not observe sediment
movement in the zone below Shields curve, whereas he observed sediment movement in the zone
above Shields curve. One should keep in mind that Shields diagram is only valid in the case of

uniform permeant flow in a horizontal flat bed.
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Figure 2.4: Shields Diagram for incipient motion (Source: Shields, 1936)

2.2.2 Transport Modes
Sediment transport is usually divided into two types: bed load transport and suspended load

transport. Bed load is the part of the total load which has continuous contact with the bed.
Therefore, the bed load has to be determined in terms of the effective shear stress which acts on
the grain surface. On the other hand, suspended load is the part of the total load which moves
without continuous contact with the bed due to the agitation of the fluid turbulence. The

suspended load is related to the total bed shear stress.

Bed load transport takes place when the bed shear stress exceeds a critical value. Many
formulations have been developed in order to determine the bed load transport, such as Kalinske-
Frijlink (1952), Meyer-Peter and Muller (1948), Einstein (1962), Rottner (1959), Ackers-White

(1973). Bed-load transport is usually expressed in the dimensionless form:

Sp(t)

NS s P75

where @&y is a dimensionless parameter, s is the relative density of sediments and Dsq is the

(19)

sediment mean grain diameter.
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Kalinske-Frijlink (1952) formula was developed by curve fitting using all data available at that

time:

P, (t) = 2Ds, j%exp (_0'27 (s~ DDsorg ) (20)

Tp
where 1, is the bottom shear stress and ;s the effective shear stress.

Meyer-Peter (1948) used large amount of experimental data for curve fitting:

@, (t) = 8(0" — 6)'° (21)
where 6’ is the effective Shields parameter 8’ = % , T'1S the effective shear stress and 6.
- 50

is the critical Shields parameter.

The principle of Einstein’s analysis is that the number of deposited grains in a unit area depends
on the number of moving grains and the probability that the hydrodynamic forces allow the

grains to settle down. Experimental data fitting gives:

®,(t) = 40 K(")3 (22)

2 36 v2 36 v2
K = -+ 3 3 (23)
3 (s—=1)gDs, (s —1)gDs

Figure 2.5 shows a comparison between various bed load transport formulas developed for rivers.

X-axis represents Shields parameter based on skin friction and Y-axis represents the
dimensionless transport @ in the case of steady flow. One can see in the figure that the transport
rates for a specific value of Shields parameter vary considerably between the formulas.

Therefore, model calibration for sediment transport is very crucial.
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Figure 2.5: Comparison of various bed load transport formulas developed for rivers (Source: Bosboom &
Stive, 2015)

Suspended load transport is defined as the irregular motion of the particles through the water
column induced by turbulence-induced drag forces on the particles. The particles on the bed are
lifted up when the actual bed shear stress is much larger than the critical bed shear stress. The
particles lose their contact with the bed and go into suspension when the turbulent upward forces

are larger than the submerged weight of the particles.

The instantaneous suspended transport rate Ss can be determined by integrating the sediment flux

from the top of the bed later to the instantaneous water level (see Figure 2.6):

h
S,(t) = J_ c(z,)u(z, t)dz (24)

where c is the local instantaneous sediment concentration at height z above the bed and u is the

local instantaneous fluid velocity at height z above the bed.
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Figure 2.6: Sediment Transport Modes (Source: Boshoom & Stive, 2015)

The instantaneous concentration and velocity at any height can be represented by a mean part and

an oscillatory part:

c=C+¢ (25)
u=U+1 (26)

where C is the time-averaged concentration at height z, U is the time-averaged fluid velocity at

height z, ¢ is the oscillating concentration component and i is the oscillating fluid component.

The time averaged suspended sediment transport rate consists of current-related part (the first part
of the right-hand-side of Eq. 27) and wave-related part (the second part of the right-hand-side of
Eq. 27):

h h
(SS)=f UCdz+f ficdz (27)

a a

A mass balance equation for sediment has to be solved in order to get the sediment concentration
(Bagnold, 1966):

dc N duc N dvc N owc  Owsc 0 (28)
adt  Jdx  Jdy 0z 0z

The first part of the previous equation represents the change in sediment concentration, the
second and third parts together represent the net import of sediment by the horizontal fluid
velocity, the fourth part represents the net upward transport of sediment by the vertical fluid
velocity and the fifth part represents the net downward transport with the fall velocity.
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The horizontal advective terms can be neglected in Eq. 28 since they are usually smaller than the

vertical advective terms. This reduces Eqg. 28 to:

dc dwc dwgc

ac _ 29
st 9, Y9, 70 (29)

Assuming that the fall velocity is constant, the advection-diffusion equation reads:

L AR (30)
where ¢’ and w' are the concentration turbulent part and vertical-velocity turbulent part
respectively. The second part of the previous equations represents the sediment net going
downward with its fall velocity and the third part represents the sediment net going upward with

fluid turbulence.

With the assumption of upward transport due to turbulent diffusion, sediment flux due to
turbulence can be modeled. The damping of turbulence due to high sediment concentration is
usually taken into consideration in the empirical formulations. The general non-steady advection-

diffusion equation used to model sediment transport reads:

dc dc 0 dc

gc_ dc_d =~ dc_ 31
ot Yoy 9z 59, 0 1)

where u; is the turbulent diffusivity of sediment mass.
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2.2.3 Longshore Sediment Transport
Longshore sediment transport is the total transport along a coast in the entire active zone. Two

important factors for wave-driven longshore sediment transport are the hydrodynamics in the
breaker zone and the sediment properties. The longshore current is driven primarily by breaking

waves and is concentrated in the surf zone.

Waves generate the longshore current and increase the amount of suspended sediments due to the
turbulence generated in the wave boundary layer and at the surface under breaking waves. Wave-
induced longshore current is the main reason for the net movement of sediment parallel to the
shoreline. Thus, the time-averaged longshore sediment transport per unit width is given by:

(Sy) = my(u® + V?) K (32)
where V is the depth-mean longshore current veloclity, m; is2 a dimensional coefficient and u is the
cross-shore time-varying orbital motion. The first part of the previous equation represents the
sediment load stirred by wave-current motion and the second part represents the longshore

current which is responsible for longshore transport.

Based on field studies, many formulas to predict the longshore sediment transport have been
developed, such as CERC formula (Shore Protection Manual, 1984), Kamphuis (1991), Komar
and Inman (1970), Inman et al. (1981), Kraus et al. (1982), Miller (1999) and Bayram et al.
(2007). The differences between these formulas are that they take the influence of waves into
consideration in different ways and the sensitivities to certain parameters vary between them. The
resulting total transport from these formulas varies so much and can be up to a factor of ten
(Bosboom & Stive, 2015). Therefore, calibration of the formulation is very important before

using the results of numerical modelling.

The Coastal Engineering Research Center (CERC) formula is one of the oldest longshore
transport formulations but it is widely used to this day. It has been developed in the late 1940°s
before the development of the longshore current theory. Thus, the longshore current is not
considered in this formula. It includes only the effect of the wave-generated longshore current.
Accuracy of the CERC formula is believed to be £ 30-50 percent since some parameters that
might influence longshore sediment transport are not included in the formula, such as breaker

type and grain size (Wang, et al., 2002). The general CERC formula reads:
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S = 79G—DA=p) (Enc), cos @y, sin @, (33)

where S is the deposited volume of transported sediment, K is a coefficient, s is the relative
density of sediment, p is the water density, p is the porosity, g is the gravitational acceleration, E
IS wave energy, n is the ratio between group and phase velocity, c is the wave phase velocity, @ is
the wave angle of incidence and b is a subscript referring to conditions determined at the outer

edge of the breaker zone.

Due to the limitations of the CERC formula, there was a need for developing a new formula that
accounts for the influential parameters absent in the CERC formula. Kamphuis (1991) suggested

an empirical formula that includes the effect of grain size, beach slope and wave steepness:

L, = 2.27 HZ, Ty (tana,)®7° D~%%° (sin 20,,)%° (34)

where | is the immersed mass of transported sediment and tana;, is the beach slope at the breaker

point.

With the assumption that suspension is the prominent mode of transport for longshore sediment
transport in the surf zone, Bayram et al. (2007) suggested a new formula to predict longshore
sediment transport. They developed the formula on the basis that the breaking waves mobilize the
bed sediments and subsequently the sediment particles are moved by a mean current in nearshore

Zone:

& _
(ps —p)(1 — p)gws i

Qust = (35)

where Qg is the longshore sediment transport rate, F is the energy flux of the incident wave, V is
the average longshore current velocity, p is a sediment porosity to convert sand weight to volume

and ¢is the longshore sediment transport coefficient and given by:

H
€= (9 +4 “’).10-5 (36)
wi T,

Based on field and laboratory data, Bayram et al. (2007) deduced that their formula predicts

higher longshore sediment transport than the CERC and Kamahis formula.
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3 Gaza Seaport

Gaza Strip is an enclave in Palestine, situated on the eastern coast of the Mediterranean Sea. It is
located at 34.20°E, 31.25°N with a total surface area of 365 km? (Worldabc, 2015). Its width
varies between 9 and 10 kilometers in the north to 12 and 13 km in the south, with a minimum
width of 5.7 km (Ali, 2002).

Gaza Strip is one of the most densely populated regions all over the world since it is a home to
about 1.8 million Palestinians. According to BBC News (2014), it is expected that the total

population will grow to 2.13 million inhabitants by the end of the current decade.

The execution of Gaza Seaport project is essential to enhance the political and economic situation
in Gaza Strip. It emphasizes the concept of independence and utilization of natural regional
resources in international waters. Gaza Seaport will effectively connect the Palestinian economy
to the world and will enhance the local industry, the export and commercial services (Ward,
2014).

These days Palestinians rely totally on Israeli ports for all import and export operations. Gaza
Seaport will reduce and possibly end the economic dependence on the Israeli economy and
enable free trade of Palestinian imports and exports. The seaport will offer a free access road
from Palestine to the world and will open the maritime window for dealing with the world
directly without any constraints on either import or export (Ward, 2014).

3.1 Historical Background of Gaza Seaport

Gaza Seaport was mentioned in the Oslo Accords in 1993. The Oslo Accords are a set of
agreements between the government of Israel and the Palestine Liberation Organization to fulfill
the right of Palestinians to self-determination. In the 1990s, the Dutch government was
approached regarding funding and constructing the seaport. The Dutch government was selected
because it had good relations with Israel and that would increase the probability that Israel would
allow the seaport to be built. Dutch and French companies, Ballast Nedam and Spie Batignolles,
were hired to construct the seaport. In 1994, the contract between the construction companies and

the Palestinian Authority was signed (Alternativenews, 2010).
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During the first years after signing the construction contract, no construction work took place.
The Palestinian Authority negotiated with Israel about the start of construction, but there were no
results. The Dutch government even hired security experts from the port of Rotterdam in the
Netherlands to offer advice but Israel continued to delay construction, citing security concerns.
Israel prevented construction materials from reaching the construction site. Raw materials were
kept months before they were cleared through customs. During these months they were stored in
Israeli warehouses for which storage fees had to be paid. It then took long time to get these
materials to get through the checkpoints between Israel and Gaza. Finally, when the raw
materials reached the construction place, workers were held for long time at checkpoints while
they were paid to sit in their cars. In the summer of 2000, construction of the seaport finally

commenced.

In September 2001, Israel bombed the Gaza Seaport. Israel did not pay back anything to the
European donors for its destruction of the nascent Gaza Seaport. After the destruction, donor
funds were withdrawn and no rehabilitation/construction has taken place (Alternativenews,
2010).

3.2 Geological Background of the Coast of Gaza

The coastline of Gaza Strip forms a small section of a larger concave system which extends from
Alexandria at the west side of the Nile Delta, via Port Said, Bardawil Lagoon, El Arish, Gaza,
Ashgelon, and Tel Aviv to the Bay of Haifa. This coastal cell forms the southeastern corner of the
Levantine Basin (Figure 3.1). This entire coastline, including the coastline of Gaza Strip, has
been shaped over 15 thousand years ago by the Nile River and especially its sediment yield
originating from Africa’s mountains. The Nile sand moves along the entire concave coastline in
the anti-clockwise direction, generally in a northeast direction. In this concave of the
Mediterranean, the relatively short 42 km Gaza coastline is almost straight (Palestinian National
Authority, 2001).

The Low Aswan dam and the High Aswan dam have almost completely blocked the Nile river
sediment discharge to the sea. Fortunately, the Bardawil Lagoon sandbar continues to act as a

significant source of sand to the coast of Gaza. As a result, any mitigation measures to prevent
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the current erosion at Bardawil could affect the sand supply to the Gaza and Sinai coast (Perlin
and Kit, 1999).

Figure 3.1: Gaza coastline in The Mediterranean context (Source: Google Maps, 2016)
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3.3 Location of the Proposed Gaza Seaport

A site selection study of the proposed Gaza Seaport has been done by a Dutch engineering firm
(Grabowsky & Poort). The results of this study showed that the most convenient location of the
seaport is in the south of the coastal village Elsheikh Ejleen (Smaling, 1996), see Figure 3.2. The
location was chosen for the following reasons:

* Very close to an industrial area

» Flexible for expansion

* The government is the main land ownership
* No hinder to urban settlements

« In the center of Gaza Strip

* Excellent transport corridor

On the other hand, the location has some drawbacks, such as minor negative effect on Wadi Gaza
(one of the most important coastal wetlands located on the Eastern Mediterranean Basin) and loss

of recreational beaches (Smaling, 1996).

Figure 3.2: Proposed location of Gaza Seaport (Source: Ward, 2014)
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3.4 Proposed layout of Gaza Seaport
The design of Gaza Seaport shows that the project will be done in three phases. Each phase is

described briefly in the following paragraphs.

3.4.1 Phasel
Two Ro-Ro berths and a general cargo berth with a length of 200 m will be constructed. The

water depth will be limited to 11 m. A breakwater of 730 m will be constructed to limit downtime
due to wave penetration. An additional 400 m of berth with a design water depth of MSL 15.25m
will be provided. An additional berth for containers, a berth close to the small craft harbor for
cement and other dry bulk will also be provided. The water depth will be increased to 12m to

allow the use of large and more economical sizes of bulk vessels.

A new berth for bulk cargo will be provided. This berth is suitable for the most economical grain
vessels and has a design water depth of 12m. About 20% of the traffic relates to liquid oil
products. Therefore, a dedicated terminal including berth and bank farm will be required. Figure

3.3 shows the layout of Gaza Seaport by the end of phase I.

! ;
PHASE |A - INITIAL PHASE

Figure 3.3: Phase | of development of Gaza Seaport, breakwater and berths (Source: Ward, 2014)

3.4.2 Phasell
In this phase a full container terminal is planned which will have a maximum capacity of 500,000

TEU (twenty-foot equivalent unit). Total berth length is 600m, suitable to accommodate vessels
with a draft up to 14m. Protection of the terminal will be provided by extension of the existing

breakwater.
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3.4.3 Phaselll
In this phase, a central terminal is planned. The terminal is planned mainly to be used for bulk,

suitable to accommodate ships with a draft up to 14m. Figure 3.4 shows the layout of Gaza

Seaport by the end of phase IlI.

PHASE Il - FULLY DEVELOPED PORT

Grabowsky&Poort BV
Consulting Engineers

Figure 3.4: Phase 111 of development of Gaza Seaport, the breakwater has been extended and container
terminal and bulk terminal have been added (Source: Ward, 2014)

The construction of the seaport will be done by the end of phase Ill. Usually such maritime
engineering works have an adverse impact on the morphology in the vicinity of the structure.
This study aims primarily at predicting the possible morphological effects of the proposed Gaza
Seaport on the coast of Gaza by answering the following questions:

e What is the coastline evolution during the years following the seaport construction?
e Where it is expected to have a coastline erosion/accretion?

e Will the construction of the seaport cause morphological problems on the coastal zone?

This prediction is done with the incorporation of the numerical models, MIKE 21 and LITPACK,

which are described in the next chapter.
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4 Numerical Models

4.1 Numerical Model - MIKE 21
Numerical models are commonly used to simulate the processes of nature. MIKE 21 is one

example of the numerous commercially available hydrodynamic modeling software packages.
MIKE 21 is used here to study the tendency of sediment transport in the vicinity of the sea port
and bed level changes. This chapter describes the numerical model MIKE 21 and presents a brief
description of its different modules.
MIKE 21, developed by DHI, is a two-dimensional simulation package used for coastal, offshore
and inland modeling. It has the required tools to simulate physical, chemical and biological
processes in coastal and marine areas. Therefore, it is the most used package for coastal and
marine engineering projects all over the world (DHI, 2016).
Among the different products of MIKE 21, MIKE 21 Flow Model was used in the current study.
MIKE 21 Flow Model is a modelling system for two-dimensional free surface flows based on a
flexible mesh approach. It is applicable for the simulation of hydraulic and environmental
phenomena in lakes, estuaries, bays, coastal areas and seas. It could be applied wherever
stratification is neglected.
MIKE 21 Flow Model consists of different modules as follows:

e Hydrodynamic Module (HD)

e Sand Transport Module (ST)

e Mud Transport Module (MT)

e Transport Module

e ECO Lab/Qil Spill Module

e Particle Tracking Module
In this study, Hydrodynamic Module and Sand Transport Module were used to run the

simulations. Therefore, they are briefly described in this chapter.
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4.1.1 Hydrodynamic Module (HD) with Flexible Mesh (FM)
The Hydrodynamic Module simulates water level variations and flows in response to a variety of

forcing functions in lakes, estuaries and coastal regions. The effects and facilities incorporated in
the model include: bottom shear stress, wind shear stress, barometric pressure gradients, Coriolis
force, momentum dispersion, sources and sinks, evaporation, flooding and drying and wave
radiation stresses (DHI, 2013).
All other modules require at least the Hydrodynamic Module to be run. Therefore, it is the
fundamental computational component of the entire MIKE 21 Flow Model. Moreover, setup of
the hydrodynamic model is the most important task for any study. The Hydrodynamic Module is
based on the numerical solution of the two dimensional shallow water equations; the depth-
integrated incompressible Reynolds averaged Navier-Stokes equations. Therefore, the model has
continuity, momentum, temperature, salinity and density equations (DHI, 2012a).
A wide range of hydraulic and related phenomena can be modelled by the Module. This includes
modelling of tidal hydraulics, wind and wave generated currents and storm surges. It simulates
the propagation of flows in the time domain and takes the effects of the tidal variations and wave
driven currents into consideration. The wave-tide interaction is also taken into account (DHI,
2013).
The model requires the following inputs:

e A digitized bathymetry.

e Basic model parameters describing the extent of the model area, the grid spacing of the

computational model grid, the time step and the duration of the simulation.

Boundary conditions in MIKE 21 hydrodynamic model could be either the surface elevation or
flux (the total amount of discharge passing the open boundary) at all open boundary points

specified on the boundary.

4.1.2 MIKE 21 Sand Sediment Transport (ST)
The Sand Transport module of MIKE21 Flow Model describes erosion, transport and deposition

of sand under the action of currents and waves or pure current. The module computes the rates of
non-cohesive sediment transport at each point of a triangular grid covering the area of interest.
The initial rates of bed level change associated with the time-averaged, over the user-defined
simulation period, transport field are also output from a MIKE 21 ST simulation. Wind, wave,

tide and current can be all taken into account for the best precision in the simulations.
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MIKE 21 ST has the ability to simulate sand transport rates in various areas, including natural
environments like tidal inlets, estuaries and coast lines, and man-made constructions like harbors
and bridges (DHI, 2007).

One should keep in mind that the simulation is performed on the basis of the hydrodynamic
conditions that correspond to the given bathymetry. There is no feedback of the rates of bed level
change on the waves and the hydrodynamics, as in the case for a full morphological model.
Consequently, the results provided by MIKE 21 ST can be used to identify potential areas of
erosion or deposition and to get an indication of the initial rate at which bed level changes will
take place, but not to determine an updated bathymetry at the end of the simulation period.

Sand Transport module calculates the sediment transport rates using two different model types:
pure current and combined current and waves.

In the ‘pure current’ type the sediment transport rates are calculated directly during the
simulation based on the actual conditions. There are five different sand transport theories in
MIKE 21 ST for the calculation of transport rates in pure current conditions:

e The Engelund and Hansen total-load transport theory.

e The Engelund and Fredsge total-load (determined as bed load + suspended load) transport
theory.

e The Zyserman and Fredsge total-load (bed load + suspended load) transport formulation

e The Meyer-Peter and Miller bed-load transport theory.

e The Ackers and White total-load transport formulation.

In the ‘combined current and waves’ type the sediment transport rates are found by linear
interpolation in a sediment transport table. There are two methods available for the calculation of
the sediment transport rates in combined current and waves:

e Application of DHI's deterministic intra-wave sediment transport program (STP). It is an
advanced sediment transport model which accounts for the influence of several processes
on the sediment transport rates, such as waves propagating at an angle with respect to the
current, breaking/unbroken waves, plane/ripple-covered bed and others (DHI, 2007).

e Bijker's total load transport method (the total load sediment transport is calculated as the

sum of bed load transport and suspended load transport).
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On the computed sediment transport rates, Sand Transport module accounts for the influence of
the following phenomena:
e Geometric properties of bed material described by a single grain size or a grain size
distribution curve.
e Plane/ripple-covered bed.
e Finite differences technique on space-staggered rectangular grid.

e Courant-Friedrichs-Lewy stability criterion.

4.2 MIKE 21 Spectral Waves (SW)
MIKE 21 SW includes a new third generation spectral wind-wave model depending on

unstructured meshes. The model simulates the growth, decay and transformation of wind-
generated waves and swells in offshore and coastal areas. It includes two different formulations:
fully spectral formulation and directional decoupled parametric formulation. The fully spectral
formulation is based on the wave action conservation equation. It includes the following physical
phenomena:

e Wave growth by action of wind

e Non-linear wave-wave interaction

e Dissipation by white-capping

e Dissipation due to bottom friction

e Dissipation due to depth-induced wave breaking

e Refraction and shoaling due to depth variations

e Wave-current interaction

e Effect of time-varying water depth

e Effect of ice coverage on the wave field
On the other hand, the directional decoupled parametric formulation is based on a
parameterization of the wave action conservation equation. The parameterization is made in the
frequency domain by introducing the zeroth and the first moment of the wave action spectrum
(DHI, 2015).
The MIKE 21 SW model uses a triangular mesh grid so the size of the grid could be varied
according to the desired accuracy of the output. In general, a coarser mesh is used in offshore

areas and a much finer mesh is used in the areas of interest.
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4.3 Numerical Model - LITPACK
LITPACK is used here to study the long term evolution of the coastline of Gaza after the

construction of Gaza Seaport. LITPACK is a software package for the modelling of non-cohesive
sediment transport in waves and currents, littoral drift, coastline evolution and profile
development along quasi-uniform beaches. Each individual module of LITPACK simulates
particular coastal processes. There is a link between the modules performed by an automatic
control module. This results in a rapid simulation of complex coastal problems, without loss of
detail in the individual modules (DHI, 2012b).

All LITPACK modules apply a fully deterministic approach which accounts for more factors than
the semi-empirical approach. The main modules of the LITPACK are as follows:

e Non-cohesive sediment transport (LIST)

e Longshore current and littoral drift (LITDRIFT)

e Coastline evolution (LITLINE)

e Cross-shore profile evolution (LITPROF)

e Sedimentation in trenches (LITTREN)
In this research, LITLINE module and LITDRIFT module were used to run the simulations.

Therefore, they are briefly described in this chapter.

4.3.1 The LITLINE Module
LITLINE calculates the coastline position based on input of the wave climate as a time series

data. The model is based on a one-line theory, in which the cross-shore profile is assumed to
remain unchanged during erosion/accretion. Therefore, the coastal morphology is solely
described by the coastline position (cross-shore direction) and the coastal profile at a given
longshore position.
The influence of structures, sources and sinks are included in the module. It accounts for the
following:

e Structures (groins, jetties, revetments and offshore breakwaters)

e Sources and sinks

e Diffraction of waves

e Depth contours

e Active depth and dunes
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Appropriate internal boundary conditions are introduced in order to model the changes to the
transport conditions caused by coastal structures. Besides blocking the transport, large structures
change the transport relations close to the structure due to the sheltering effect from the structure
itself. This effect is automatically included by introducing modified transport relations close to
the structure. The influence of diffraction on the wave climate is included with jetties and
breakwaters (DHI, 2012c).

LITLINE calculates the coastline evolution by solving a continuity equation for the sediment in

the littoral zone:
% I aQ+ Qsou

0t hge 0 | hgeAx (37)
in which
y.: distance from the baseline to the coastline
t: time
hact: height of the active cross-shore profile
Q: longshore transport of sediment expressed in volumes
x: longshore position
Ax: longshore discretization step
Qsou: source/sink term expressed in volume/Ax.
The continuity equation for sediment volumes is solved using an implicit Crank-Nicholson
scheme, giving the development of the coastline position in time.
The following basic inputs are required in LITLINE:
e Longshore relative coastline alignment together with dune properties, profile description,
active depth and depth contour angles at each grid point
e Cross-shore profile bathymetries
e Data base with wave properties (wave height, wave period and wave angle), tidal current
and water levels
e Position and size of structures
e Position and magnitudes of sources/sinks
e Database of transport rates which should be generated in advance

e Sediment characteristics (mean diameter of sediment dso, geometrical spreading)
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The basic output data of the model are as follows:
e Coastline position in time series (m);
e Depth of the topographic bed (m);
e Sediment transport rate (m®/day);
e Accumulation of sediment transport rate (m®);

e Sediment transport rate unit (m*/m).

4.3.2 The LITDRIFT Module
LITDRIFT is a part of the software package LITPACK developed by DHI. It simulates the cross-

shore distribution of wave height and longshore current for a coastal profile. It also simulates the
littoral drift or shore parallel sediment transport. The software package is based on a sediment
transport module. LITDRIFT could be used to study the wave driven currents and longshore
sediment transport of non-cohesive sediment a long uniform beach. The assessment of the wave
conditions is vital for the estimation of the wave forces at a shoreline.

Sediment parameters used for the computation of littoral drift include specific gravity, mean
grain diameter, fall velocity, bed roughness, critical shield parameter, sediment spreading and the
nearshore wave climate. The output from this model is the littoral drift for the individual wave
situations and the total sediment budget. The model has the ability to calculate the net/gross
littoral transport over a certain design period (DHI, 2012d). The structure of LITDRIFT is
illustrated in Figure 4.1.
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Figure 4.1: The Structure of LITDRIFT
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5 Gaza Seaport: Case Study

5.1 Data
The most important step of numerical modeling is to choose representative data for the area of

interest. This is because numerical models have different sensitivity to each kind of data. The
most relevant data for the purpose of the current study is bathymetry, wave conditions, water
level and tides, wind and sediment properties. This section outlines the data used in setting up the
model with brief discussion on the source and reliability of data.

5.1.1 Bathymetry
The term "bathymetry" is referred to the ocean's depth relative to sea level. The seabed of the

coast of Gaza follows depth contours which are almost parallel to the coast (Palestinian National
Authority, 2001). Using accurate bathymetry is very crucial to obtain correct prediction of wave
climate and sediment transport at the area of interest. As very limited field measurements for the
bathymetry in front of the coast of Gaza are available, bathymetric data was obtained from
Jeppesen charts using MIKE C-MAP. This software works on the Global Electronic Chart
Database Professional and (CM-93 Edition 3.0 technology) provided by Jeppesen Marine,
Norway. MIKE C-MAP provides bathymetric data for the whole world with a good resolution
comparing with open sources (DHI, 2012e).

The digitized bathymetry for Gaza Strip is shown in Figure 5.1. A closer view of bathymetry for
the area marked in Figure 5.1 is shown in Figure 5.2. The 10-m and 15-m water depth are located
at 860m and 1160m seaward from the shoreline respectively.
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Figure 5.1: Bathymetry — Gaza Strip (Source: MIKE C-MAP)
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29

®

Figure 5.2: Closer view of bathymetry — Gaza Strip (Source: MIKE C-MAP)

5.1.2 Wave Data
Unfortunately, there are no field measurements of the wave climate for the coast of Gaza. The

basic reason behind this is that there are no measuring facilities in Gaza Strip since the Israeli

occupation bans them from entering Gaza Strip. Therefore, various open sources were checked to

look for wave data for the coast of Gaza or any neighboring coasts.

Some examples of the open sources which were investigated:

DHI Water forecast for Mediterranean

European Centre for Medium-Range Weather Forecasts (ECMWF)
Global altimeter SWH data set (Remote sensing)

National Centers for Environmental Prediction

Marine Environment Monitoring Service

World Wave Atlas (WWA)
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Unfortunately, no complete wave dataset was found in the all previously mentioned open sources.
Consequently, the Italian office of DHI was contacted since it has obtained wind and wave
hindcast database for all the Mediterranean Sea. Nevertheless, they could not provide this data for
free.

Israel Marine Data Center (ISRAMAR) was contacted and new field measurements taken every
hour for wave climate were found at Ashkelon station which is 20-kilometer apart from the
proposed Gaza Seaport. These measurements include just the significant wave height (Hs) and the
peak period (Tp) for the year 2015, see Figure 5.3.
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Figure 5.3: Significant wave heights and the peak periods at Ashkelon station
This means that this data lacks the mean wave direction in order to be used in numerical
modeling. However, old wave data is available for two stations along the coast of the
Mediterranean Sea namely Alexandria and Ashdod (see Figure 5.4). A statistical analysis was

performed to study the mean wave direction in the eastern coast of the Mediterranean Sea.
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Figure 5.4: Alexandria and Ashdod stations (Source: Google Earth, 2016)
In order to visualize the mean wave direction, wave rose was plotted for each available year as

shown in the figures below.
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Figure 5.5: Alexandria wave rose, Top left: 2005, Top right: 2004, Bottom: 1989.
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Figure 5.6 Ashdod wave rose. Top left: 1997, Top right: 1996, Bottom left: 1995, Bottom right: 1994
It is clear from the figures above that the mean wave direction is consistent during the three years
in Alexandria and the four years in Ashdod. The prominent mean wave directions are North West
and West which are the very similar in the two areas even though they are much far away from
each other. This indicates that the mean wave direction from Ashdod, which is 24-kilometer far
from Ashkelon, can be used in this study. Table 5.1 compares the mean Hs values and the mean
Tp values during winter at Ashkelon in 2015 and at Ashdod in 1994. The values are very close
indicating again that the wave data at Ashkelon in 2015 can be supplemented with the data from
Ashdod in 1994 on mean wave direction. This approach was considered in this study to run the

numerical models.
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Table 5.1: Mean values of Hs and T, at Ashdod 1994 and Ashkelon 2015

Ashdod, 1994 Ashkelon, 2015

Month MeanHs | MeanT, | MeanHs | Mean T,
December 0.6 6.7 0.6 6.0
January 1.2 7.0 1.1 7.2
February 1.4 7.9 1.4 7.7

Figure 5.7 and Figure 5.8 show the trend of the mean Hs value and the mean T, value
respectively during the winter period (December to February) in Ashdod. All significant wave
heights and peak periods have been considered for the analysis that shows a negative trend in the
computed linear fits. Since the negative slope is very mild, one conservatively may assume that
the wave climate obtained in a certain year is constant along the upcoming years for predicting
the morphological changes due to constructing Gaza Seaport.
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Figure 5.7: Average significant wave height for winter season in Ashdod (1993-1997)
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Figure 5.8: Average peak period for winter season in Ashdod (1993-1997)
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5.1.3 Water Level and Tides
Tidal data at the boundaries were obtained from MIKE C-MAP tidal stations. Figure 5.9 shows

the closest two tidal stations to Gaza Seaport namely: Port Said and Sour. As it appears in the
figure below, these two stations are too far away from the site of interest. Therefore, the tidal data
obtained from these two stations was used as boundary conditions for a large model in order to
obtain the water level at the boundaries of a smaller model around the site of interest. Further in
this study, it is referred to the large model as the regional model and to the small model as the
local model, see Figure 5.10.

Figure 5.11 and Figure 5.12 show the tidal level variation for the first two months in 2015 at Port
Said and Sour respectively. The tide at Port Said station has a semi-diurnal characteristic whereas
the tide at Sour station has a mixed semi-diurnal characteristic. The maximum tidal range for the

two stations in February is 0.46 m.
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Figure 5.9: Available tidal stations (Source: Google Earth, 2016)
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Figure 5.10: Regional and local models (Source: Google Earth, 2016)
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Figure 5.11: Tidal Elevation at Port Said in January and February 2015 (Source: MIKE C-MAP)
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Figure 5.12: Tidal Elevation at Sour in January and February 2015 (Source: MIKE C-MAP)

5.1.4 Wind
The Hydrodynamic Module of MIKE 21 FM was run for the regional model in order to get the

water levels at the boundaries of the local model. Wind data is required as an input for this
simulation and as the area of the model is quite large, wind grid series was used. Wind data used
in the simulation is extracted from ECMWEF database. It is available in the form of resolved wind
velocity components in east and north direction. Figure 5.13 shows the locations of wind data
found from ECMWF database.
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Field measurements of wind speed and wind direction at the coast of Gaza are available from the
wind gauge shown in Figure 5.14 for the year 2015. This data was used in the simulation of the

local model to predict sediment transport around the proposed Gaza Seaport.

AShaelon

Ashkelon station g

Figure 5.14: Location of the wind gauge (Source: Google Earth)
The measured wind data is used to generate a wind rose diagram over the year 2015 as shown in
Figure 5.15. Wind distribution demonstrates that the prominent wind direction is North West and
West with an average wind speed of 1.96 m/s. The time series of wind speeds measured hourly at

the coast of Gaza is given in Figure 5.16.
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Figure 5.15: Wind rose at the coast of Gaza
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Figure 5.16: Time series of wind speed (wind direction indicated with blue arrows) for 2015 at Gaza wind
gauge

Figure 5.17 shows that there is a considerable difference between the wind speeds obtained from
field measurements at the coast of Gaza and the wind speeds obtained from global modelling
(ECMWEF database). The filed measurements are much lower and that is questionable.
Nevertheless, wind speeds measured at the coast of Gaza are used further in the local model
simulations since they are the only available wind data for the area of interest, ECMWF database
has wind data at positions outside the domain of the local model.
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Figure 5.17: Comparison between wind speeds obtained from field measurements and ECMWF database

46




Gaza Seaport: Case Study

5.1.5 Sediment Properties
The coastal profile at the coast of Gaza can be divided into the seabed, the beach, the dune face,

and the adjacent body of the dune. The coastal profile consists mainly of sand with an average
grain size of 0.27mm diameter. Nonetheless, it has also erosion-resistant formations of rock and
kurkar (the regional name of aeolian quartz sandstone with carbonate cement) protrude on the
seabed, on the beach, and in the cliffs. A geophysical survey for the proposed seaport showed the
presence of non-erodible layers at a mean distance of about 3m below the alluvial seabed.
Moreover, a detailed bathymetric survey of the area of interest showed that between the shoreline
and 10 m depth the seabed is characterized by areas of rock outcrops and linear features of sand
bars (Sogreah, 1996).

Figure 5.18 and Figure 5.19 show the results of sieve analysis tests performed at a distance of
70m and 150m from the shoreline respectively at Deir Al-Balah City. The site of the tests is 7 km
far away from the proposed seaport. These tests were performed at the Soil Laboratory in the
Islamic University of Gaza (IUG) and the results were obtained by personal communications.
The results were analyzed and plotted to be used further in this study. Figure 5.20 shows the

characteristics of the seabed of Gaza strip.
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Figure 5.18: Sieve Analysis test for Gaza seabed at a distance of 70 m from the shoreline
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Figure 5.19: Sieve Analysis test for Gaza seabed at a distance of 150 m from the shoreline
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Figure 5.20: Seabed characteristics of Gaza Strip (Source: Palestinian National Authority, 2001)
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5.2 Model Set-up (MIKE 21)
The modelling of flow, waves, sediment transport and morphological change is done using the

MIKE 21 FM model. The model calculates waves (MIKE 21 SW), flow (MIKE 21 HD),
sediment transport and morphological evolution (MIKE 21 ST) on an unstructured mesh and in a

sequential and fully integrated manner.

5.2.1 Regional Model
The regional model area covers 350 km in the alongshore direction and 125 km in the cross shore

direction. The MIKE 21 HD model was run using the water levels of two tidal stations namely:
Port Said and Sour. Zero flux was selected at the offshore boundary condition. This model was
run using gird series of wind data obtained from ECMWF database as was discussed in Paragraph
5.1.4. The MIKE 21 HD was used to calculate the water levels at the boundaries of the local
model. Figure 5.21 shows the unstructured mesh used in the regional model. This mesh was
generated with a maximum element area of 1x10° m?. A fine mesh could be used to improve the

results but it would be expensive since the model area is very large.
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Figure 5.21: Mesh used in the model run to obtain the water levels
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5.2.2 Local Model
The local model area covers 22.6 km in the alongshore direction and 7.8 km in the cross shore

direction.

5.2.2.1 Bathymetry and Seaport Layout
Figure 5.22 shows the model bathymetry with the proposed Gaza Seaport. The wave, flow and

sediment transport description is refined towards the area of interest. In the vicinity of the seaport
the resolution of the bathymetry is increased in order to enhance the results. The unstructured
offshore mesh was generated with a maximum element area of 5x10° m? whereas the
unstructured mesh in the vicinity of the seaport was generated with a maximum element area of
0.5x10° m?, see Figure 5.23.

Gaza Seaport with its all facilities including terminals and a breakwater is imposed as shown in
Figure 5.22. A closer view of the area marked by the black box is shown in Figure 5.23. The

width of the entrance, from the foot of the breakwater to the edge of the terminal, is 450 m.
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Figure 5.22: Model bathymetry with the proposed Gaza Seaport
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Figure 5.23: Model bathymetry with the proposed Gaza Seaport (Closer view)
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5.2.2.2 Flow
The MIKE 21 HD was also run for the local model to calculate the flow which is necessary for

sediment transport calculations. The black circle plotted in Figure 5.21 indicates where the

smaller model was nested.

5.2.2.3 Waves
A fully spectral wave model, MIKE 21 SW, was used to simulate the propagation of waves. The

model includes all relevant wave phenomena, such as shoaling, breaking, refraction, and local
wind generation. The simulation period of this model was a year; from January 2015 to
December 2015.

The wave parameters (significant wave height (Hs), peak period (T,), wave direction and
directional spreading) were specified at the boundaries. Measurements obtained at Ashkelon
station were used at the northern boundary. As there is no wave data available in the southern
direction, it was assumed that southern boundary has the same wave data as the northern
boundary in order to run the simulation. A lateral boundary condition is used along the offshore
boundary. This type of boundary condition is a good approximation when the boundary line is
almost straight (DHI, 2012f). This information of the incoming waves in the start point and the
end point of the offshore boundary are obtained from the connected boundary lines. Figure 5.24
shows the domain boundaries. The corresponding time series of waves for the two boundaries are

given in Figure 5.25 and wave rose are represented in Figure 5.26.
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Figure 5.24: Domain boundaries

Hmo0 [m] ——
MWD [rad] =

eof s T e e S e
sl e e R S B R S S e

T | et e e e e e

1uu--+--hxsxﬂ1111ﬂ\xs\§n-~§\\\\%ﬁﬁxxixssaéax-$rus~§\w-
o Jan ‘ Feb I Mar ‘ Apr I May I Jun I Jul I Aug I Sep I Oct I Nov I Dec

2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015

Figure 5.25: Time series of significant wave heights (wave direction indicated with blue arrows) for 2015 at
Ashkelon station
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Figure 5.26: Wave rose at Ashkelon Station

Several parameters have to be determined before the simulation starts (see Table 5.2). MIKE uses

Newton-Raphson iteration to calculate the wave parameters at each point from the original one.

Table 5.2: Parameters used to run MIKE-SW

Parameters Value
Wave height From Ashkelon Station
Wave period From Ashkelon Station

Wave direction

From Ashdod Station

Wind force

From Gaza Station

Wave breaking constant

Ho = 0.8%Hs

Water level

Obtained from regional model

simulation results

Bottom friction

Estimated 0.005 m

Obtained from MIKE 21 HD

Current
results for the local model
Ice No ice
Diffraction Soothing factor=1
Fetch Jonswap formula
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5.2.2.4 Sediment Transport
The wave/current induced sediment transport and the associated morphological evolution in the

study area were obtained by MIKE 21 ST. The sediment transport is calculated every time step
using the information from MIKE 21 SW (wave height, wave period, mean wave direction and
directional spreading) and MIKE 21 HD (water levels and currents).

The transport rates and the morphological evolution are calculated on the flexible mesh presented
in Figure 5.27.
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Figure 5.27: Flexible mesh used to run the model MIKE ST
The model requires information on the mean grain size, the relative density of the sand and
porosity of the bed. As there are no sediment samples collected in the vicinity of the proposed
seaport, the results from the experiments performed at Deir Al-Balah City are used and analyzed.
As it is mentioned before, the site of these experiments is 7 km far away from the propose
seaport. The mean grain size typically varies between 0.2 mm to 0.4 mm while the average grain
size is 0.27 mm. The relative density of sand, s, is found to be close to 2.65. The porosity of the
bed, n, is assumed to be 0.4.
The morphological modelling was done with a constant set of sediment parameters as follows:
dsg = 0.27 mm, s= 2.65 and n=0.4.
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5.2.3 Summary
The flowchart below summarises the input data and the simulations run by MIKE 21.

Regional Model

Water Levels (MIKE C-Map)
Wind (EChIW

Local Model

Run MIKE 21 HD

Water Levels

Run MIKE 21 HD

€ Current

Wave (Ashkelon
station)

Run MIKE 21 SW

Wave climate and
radiation siresses

Run MIKE 21 5T

Bed level change

Figure 5.28: Summary of simulations run by MIKE 21
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5.3 Model Set-up (LITPACK)
In this study, the mathematical modeling LITPACK is applied in order to predict the shoreline

evolution in response to the proposed Gaza Seaport. The LITDRIFT model of the LITPACK
software shows the annual shoreline sediment transport by adjustment of the cross-section
profile. The LITLINE model of the LITPACK software predicts the shoreline morphological
evolution. Input data required for both LITLINE and LITPACK models is described in the

following paragraphs.

5.3.1 Cross-shore Profile
The cross-shore distribution of the transport within the surf zone is highly dependent on the shape

of the cross-shore profile. For given wave conditions, the shape of the cross-shore profile
determines the surf-zone properties, such as where and how violent the waves break and the
width of the breaking zone. A steeper beach profile, for instance, results in a quicker loss of
energy due to wave breaking and also larger driving forces for sediment transport. The main
parameters that determine the shape of the cross-shore profile are wave climate, tidal variation
and sediment properties.

The cross-shore profile extracted from MIKE C-MAP has inaccuracy in the first 200m seaward
from the shoreline (see Figure 5.29). A nearshore coastal profile surveyed in 1986 at a location
about 1 km south of the Gaza Fishing Port was used to correct the nearshore profile (see Table
5.3) (Palestinian National Authority, 2001). Consequently, the nearshore bathometry is obtained
from the surveyed coastal profile and the bathymetry in deep water is obtained from MIKE C-
MAP. Figure 5.30 shows the cross-shore profile used in the simulations. Note that the zero of the
X-axis is at the shoreline in Table 5.3, but it is offshore at -10m depth in Figure 5.29 and Figure
5.30.

4
2 //
— O T T T T T 1
£ 2 0 200 400 600 800 1(£0 1200
>
‘3 /
g -4 /
()]
S -6
i /
-8
-10
-12
Cross-shore Distance (m)

Figure 5.29: Cross-shore profile obtained from MIKE C-MAP

57



Gaza Seaport: Case Study

Table 5.3: Bathymetry of the sea of Gaza strip (Source: Palestinian National Authority, 2001)

Distance from shoreline (m) | Depth (m) below MSL
0 0
100 -2
200 -4
350 -6
500 -8
670 -10
870 -12
1070 -14
1260 -16
1460 -18
1660 -20
Bathymetry [m] [m]
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Figure 5.30: Representative cross-shore profile applied in LITLINE and LITPACK models
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5.3.2 Coastline and Dune Position

Figure 5.31 shows that the coastline is almost straight around the proposed seaport. Therefore,
the coastline and dunes are considered to be alongshore uniform in the model.

Figure 5.31: The shape of the coastline around the proposed seaport (Source: Google Earth, 2016)

The beach width is 80 m on average around the seaport (see Figure 5.32). The position of the
coastline and dune are defined in the model at Om and -80m respectively.

Figure 5.32: Beach width around the proposed seaport (Source: Google Earth, 2016)
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Figure 5.33 presents various beach elements used in LITDRIFT and LITLINE model studies.

700

500

400

300

Cross-shore Distance (m)

200

100

0 1000 2000 3000 4000 5000
Alongshore Distance (m)

Figure 5.33: Representation of beach elements

5.3.3 Sediment Properties
Sediment transport is highly dependent on the sediment properties. The mean sediment properties

in LITPACK include mean grain size distribution and density of sediment. The mean grain size

distribution is represented by the mean grain diameter, dsg, and the spreading factor for grain
sizes, o = |22 (DHI, 2012b).

The hydraulic bed roughness K is one of the most important calibration parameters in LITDRIFT.
It represents the roughness of the bottom faced by the longshore current.

For information about the sediment properties, some bed samples obtained at Deir Al-Balah City
are used in this study. This investigation provided information as given below in Table 5.4. The
numbers as mentioned in the table below show a similarity throughout the tested area. The
modelling results are of course dependent on these numbers. The hydraulic bed roughness was

chosen after performing sensitivity analysis, see Paragraph 6.4.2.
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Table 5.4: Bed parameters applied for the profile

Parameter Value
Mean grain diameter (dso) 0.27 mm
Spreading factor for grain sizes (o = Z—:) 2
Hydraulic bed roughness (k) 30xdso (see Paragraph 6.4.2)

5.3.3.1 Ripples
When ripples are present, their roughness dominates the bed roughness and has a major effect on

the sediment transport. In LITDRIFT, the user has three approaches with regards to considering

ripples:

1. Enable ripple dimensions to be calculated based on the hydrodynamics in the model
LITSTP. They are calculated based on formulations from (Nielsen, 1979).

2. Account for ripples by re-calculating the bed roughness where they are assumed to be
present.

3. Do not explicitly consider ripples in the model setup.

The LITSTP model considers wave-generated ripples to exist when the effective shields
parameter is less than one (DHI, 2012g). They are considered as large roughness elements. Their

effect on sediment transport is mainly considered by calculating the increased roughness.

It is important to note that LITDRIFT does not take into account effects on the vertical velocity
profile. When ripples are calculated to be present, the velocity profile is not corrected. This
results in an unrealistically large velocity where there are ripples, which contributes to a larger
sediment transport than what would be calculated with a corrected velocity profile.

The second approach is to account for ripples in the assignment of bed roughness along the beach
profile. This approach requires a lot of assumptions. First, it is not feasible to make a time-
varying roughness to account for sweeps and formation of new ripples, so a constant rippled
condition has to be assumed. This may be fine for certain wave conditions but not for high energy
conditions closer to shore. In practice, the third approach is often used, since a constant bed
roughness is used as the main calibration parameter in LITDRIFT (DHI, 2012g). Ultimately, the

third approach was used in this study.
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5.3.4 Wave Climate
The results from MIKE 21 SW Model at a selected reference point of 10m depth are used as

input data to LITPACK model, see Figure 5.34. A summary of the percentage of each significant

wave height with respect to a certain wave direction is given in Table 5.5.
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Figure 5.34: Results of MIKE 21 SW with the location of the wave reference point indicated.

Table 5.5: Wave percentages at the wave reference point in the study area

Hs/Direction | 220-240 | 240-260 | 260-280 | 280-300 | 300-320 | 320-340 | 340-360

0-0.4 0.08 0.06 4.87 6.06 5.42 3.41 3.98
0.4-0.8 0.52 0.34 9.23 17.38 13.69 5.73 7.81
1.2-1.6 0.04 0.04 2.32 3.09 3.62 1.64 1.24
1.6-2.0 0 0 0 0 0 0 2.16
2.0-2.4 0 0 0 0 0 0 0.86
2.4-2.8 0 0 0 0 0 0 0.63
2.8-3.2 0 0 0 0 0 0 0.47
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5.3.5 LITDRIFT Set-up Characteristics
All the input data described in the previous paragraphs was used to run the LITDRIFT model.

The model was set up based on the characteristics given in Table 5.6. A single sediment
description was used to represent the gradation curve. The critical shields parameter, the relation
between destabilizing and stabilizing forces on a grain at the bed, is set to 0.045 taken from the
literature (Engelund & Hansen, 1972). Sediment porosity of 0.4 was used. The wave theory used
in the model was chosen to be the Stokes approach with a wave spreading factor of 0.6. The wave
spreading factor is a reduction factor on the wave radiation stresses to account for directional
waves. The factor 0.6 is typical for wind waves on a sandy beach.

It should be kept in mind that the model deals with transport capacities and does not consider the

amount of available sediment.
Table 5.6: Set-up characteristics for the LITDRIFT model

Parameter Value
Wave set-up calculation included Yes
Currents included Yes
Wind included No
Sediment description Single
Ripples included No
Sediment density 2.65 glcm®
Critical Shields parameter 0.045
Sediment porosity 0.4
Wave theory Stokes
Wave spreading factor 0.6
Description of bed concentrations Deterministic
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5.3.6 LITLINE Set-up Characteristics
Before simulating the coastline evolution by the LITLINE model, it is necessary to generate a

transport table to use as input. For this purpose, program LINTABL was applied based on the

characteristics given in Table 5.7.
Table 5.7: Set-up characteristics for the LINTABL program

Parameter Value
Spectral distribution of waves Rayleigh distribution
Sediment density 2.65 glcm®

Critical Shields parameter 0.045
Sediment porosity 0.4

Sediment description Single
Ripples included No
Reference depth 10m

Wave theory Stokes

Description of bed concentrations Deterministic

Water level included Yes
Currents included Yes

The input data required to run the LITLINE model was descripted in the previous paragraphs.

The model was set up based on the characteristics given in Table 5.8.
Table 5.8: Set-up characteristics for the LITLINE model

Parameter Value
Height of active beach 1.5m
Angle of normal to baseline 90
Limiting depth for off-shore contours 10m
Maximum active length 860m

Based on wave percentages at the
reference point (Table 5.5)

Morphological update scheme Update continuously
Modify transport tables No

Climatic description
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6 Results and Discussion

This chapter presents and discusses the results obtained from each model run in this study.

6.1 MIKE 21 HD
Water levels required to run the local model were obtained from the regional model as discussed

earlier. Three profile series of water levels were extracted from the results of MIKE 21 HD in
order to be used further in the simulations. Figure 6.1 shows the boundaries where the profile

series were obtained.

,,,,,,, ,Proféile,Seri,esl

Figure 6.1: Location of the obtained profile series

To show a sample of the results, the water level at Ashkelon wave station was extracted and
plotted. Figure 6.2 shows the water level at Ashkelon station in January and February 2015
resulted from the simulation. It appears from the figure that the tide at Ashkelon wave station has
a semi-diurnal characteristic with a tidal range of 0.45m which is almost in line with the value
found online (Tide-forecast, 2016).

The flow around the seaport was simulated using MIKE 21 HD with the three water level
profiles. Figure 6.3 shows a snapshot of the current fields. The colours indicate depth-averaged
speed whereas the vectors show the direction of the current (length of vector is proportional to
the speed). It is clear that the current flows to the North direction which will carry sediments
from south to north as it will be presented later.
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Figure 6.3: Snapshot of typical current fields
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In order to check the variation of the current speeds and directions in front of the seaport, time
series was extracted at two points, t1 and t2, marked at Figure 6.3. Time series plot of currents at
point t1 is presented in Figure 6.4 with an average current speed of 0.095 m/s. Time series plot of
currents at point t2 is presented in Figure 6.5 with an average current speed of 0.054 m/s.
Average values of current are used for many purposes such as, port planning, ships mooring,
estimation of longshore sediment transport and design of migratory fish cages.
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Figure 6.4: Time series of current speeds at point t1 marked at Figure 6.4
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Figure 6.5: Time series of current speeds at point t2 marked in Figure 6.4
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6.2 MIKE 21 Spectral Wave (SW)
The model calculates the distribution of wave heights, wave periods, mean wave directions and

spreading of waves. It also calculates radiation stresses which drive the longshore current. These
results are important to run MIKE 21 ST and LITPACK and will be used further in this study.

Figure 6.6 shows a snapshot of the resulting significant wave heights at certain time in February.
In order to check the variation of the significant wave height in front of the seaport, time series
was extracted at the point illustrated in Figure 6.6. The time series is presented in Figure 6.7. It
can be seen that the highest significant wave heights take place in January and February. This
makes sense because the highest wave heights in the northern Hemisphere take place in January
and February due to winter storms. The mean significant wave height for the whole year is about

0.4m and the maximum significant wave height is 2.2m.

Looking at the fetch length, one may argue that the resulting significant wave heights from the
simulations are too low. This may be explained by the low input wind speeds and the assumption

of constant wind speed through the entire domain.

Figure 6.8 shows a snapshot of the resulting peak periods at certain time in February. In order to
check the variation of wave period in front of the seaport, time series was extracted at the point
illustrated in Figure 6.6. These time series is presented in Figure 6.9. It can be seen that waves are

short and the mean T, for the whole year is about 5.7 second.

Figure 6.10 shows a snapshot of the radiation stresses (Syy) at certain time in February. In order to
check the variation of the radiation stresses (Syy) in front of the seaport, time series was extracted
at the point illustrated in Figure 6.6. These time series is presented in Figure 6.11. It can be seen
that the highest radiation stresses take place in January and February. This is logical since the
highest wave heights are in January and February. The radiation stresses play a vital role in
various coastal phenomena, such as wave-induced set-up, undertow and the generation of surf-

beats.
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Figure 6.6: Map of the significant wave height (Hs)
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Figure 6.7: Time series of the significant wave height at the point marked in Figure 6.6
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Figure 6.8: Map of the peak period
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Figure 6.9: Time series of wave period at the point marked in Figure 6.6
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Figure 6.10: Map of the radiation stress, S,y
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6.3 MIKE 21 Sediment Transport (ST)

6.3.1 Development of Bed Level
The development of the bed level along Line 1 and Line 2 are shown in Figure 6.13 and Figure

6.14, respectively. It is seen from Figure 6.13 that the bed level does not change significantly in

front the entrance of the proposed seaport. This is good to maintain the nautical depth for ships

for longer time in the entrance channel. However, when time goes on the bed level change will

increase requiring dredging in the long run. Figure 6.14 shows also that the bed level starts to

change considerably seaward of point t3 in the sheltered area ahead of the breakwater. The

pattern along Line 2 changes from erosion to accretion to erosion again.
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Figure 6.12: Position of extraction lines
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Figure 6.14: Bed level along Line 2: before and after simulation for one year
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Figure 6.15 shows the magnitude of the bed level at the midpoint of line 1 illustrated in Figure
6.12. The pattern of sediment transport at this point is accumulation with almost no change in
June, August and December. It increases gradually by 2.8 cm during the whole year.
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Figure 6.15: Bed Level throughout the year 2015 at the middle point of Line 1 illustrated in Figure 6.12

Figure 6.16 shows the magnitude of the bed level at the point t4 marked at Line 2 in Figure 6.12.
The pattern of sediment transport at this point is erosion throughout the entire year. It decreases

almost by the same rate during the entire year resulting in a total erosion of 37 cm.
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Figure 6.16: Bed Level throughout the year 2015 at point t4 marked at Line 2 in Figure 6.12
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MIKE 21 ST Model was also run for the case that there is no seaport in order to compare the bed
level changes with the case that the seaport is constructed. Figure 6.17 shows the development of
the bed level along Line 3 shown in Figure 6.12 for two cases. In the case that the seaport is not
present accretion takes place along the line. On the other hand, erosion takes place along the line
in the case that the seaport is available. This indicates that the seaport has an impact on the

morphological changes which are described in the next sections
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Figure 6.17: The development of the bed level along Line 3 shown in Figure 6.12

6.3.2 Bed Level Change Rate
In order to check the tendency of sediment transport in the vicinity of the seaport, a plot of the

bed level change rate at two different times, November and December, is shown in Figure 6.18
and Figure 6.19 respectively. It can be seen that accumulation of sand will appear inside the
seaport basin, in the seaport navigation channel and in the sheltered area ahead of the breakwater.
On the other hand, erosion will take place behind the terminal at the North. The seaport
navigation channel has to be accessible for ships. Therefore, the predicted process of sediment
transport necessitates dredging the seaport navigation channel in the future to maintain its
navigable depth.

Scour will take place at the tip of the breakwater. This means that breakwater designer should

incorporate scour protection into the design to keep the breakwater stable.
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It can be seen that accretion takes place close to erosion zones. This makes sense because when
the flow erodes some sediment, it will slow down. Consequently, the sediment carrying capacity
of water will decrease and accretion of sediment will take place. The rate of bed level change is
not very high which means that the impact of the seaport on the bed level is not adverse in the

short term but mitigation measures should be taken in the long run.
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Figure 6.18: Bed level change rate in November 2015
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Figure 6.19: Bed level change rate at the end of the simulation period
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6.4 LITDRIFT
LITDRIFT model was applied to calculate shoreline sediment transport. In the following

paragraphs, the results of the LITDRIFT model are presented. It is stressed that littoral drift
calculations could be improved once more accurate data is collected from the area of interest. The
gird space used in the cross-shore profile is 10m and the hydraulic bed roughness is assumed to

be constant along the profile.

Figure 6.20 illustrates the cross-shore distribution of littoral sediment drift. The main part of
littoral sediment transport takes place inside the 2.2 m water-depth contour because the longshore

current is driven primarily by breaking waves and concentrated in the surf zone.
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Figure 6.20: Cross-shore distribution of littoral sediment drift

6.4.1 Sediments Blocked by the Seaport
Figure 6.21 shows the accumulated sediment transport across the profile, starting from the

shoreline. The total longshore sediment transport is about 0.039 m3/s. Since the breakwater is not
vertical on the shoreline, the overall length of the breakwater cannot be used in estimating the
amount of trapped sediment. Instead, the shadow length of the breakwater is used, 690 m. It is
assumed that the breakwater efficiency of blocking is 100 percent. The breakwater extends from

grid number 78 to 9 (grid size of 10 m) in the model. Figure 6.21 shows the accumulated
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transport rate at grid number 9 which will be blocked by the breakwater. This results in a blocked
accumulated littoral transport of 0.039 m®s which means that the breakwater has the ability to
block the total longshore sediment transport. The yearly blocked material is 1.23x10° m®/year.
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Figure 6.21: Accumulated littoral transport drift over the cross-shore profile

6.4.2 Sensitivity Analysis Using Bed Roughness
In reality, a cross-shore transect of the coast will have a varying bed roughness that is based on

the grain size, grain shape, and mainly whether or not bed forms are present. However, the bed
roughness will vary over time as waves and currents will transport sediment and alter the position
and organization of bottom sediment.

In practice, the question of whether or not to consider a fixed or grain-size dependent bed
roughness depends on the amount of available data and the application. Sediment data collected
in the field may be limited to one or two samples in the submerged part of the profile, close to
shore. Therefore, in most practical cases, it makes sense to use a constant bed roughness along
the profile rather than make more complex assumptions. The LITDRIFT manual mentions that
the bed roughness is the basic calibration parameter (DHI, 2012d).
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Prediction of bed roughness value is crucial in the calculation of sediment transport. There are
several formulas in literature based on dsp for estimating the value of the bed roughness
parameter. A sensitivity analysis is performed using four values of bed roughness as follows:

e Constant bed roughness of 0.004m

e Nikuradsse (1993): Ks =10*ds

e Soulsby (1997): Ks=2.5*ds

e DHI: Ks=30*ds
Figure 6.22 shows the accumulated littoral transport drift along the cross shore profile using the
four values described above. It is clear that the accumulated littoral transport decreases as the bed
roughness increases. An increased bed roughness increases the shear stress felt by the flow,
which increases the Shields parameter and thus the sediment transport. However, increased
roughness interferes with the flow velocity, slowing it down which decreases the shear stresses
and resulting transport. Therefore, changing the bed roughness has two competing impacts.
However, the impact on the velocity dominates.
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Figure 6.22: Comparison of accumulated littoral transport drift along the cross shore profile
One with a good sense of the longshore transport rate at a particular site can use Figure 2.1 to
narrow down the list of alternative roughness values to use. Based on personal communication

with a coastal engineer worked in DHI consultants, experts of LITPACK recommend bed
roughness of (25-30)xdso to be used for beach modeling using LITPACK. The coastal erosion
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within Gaza Strip, combined with the sand consumption for building purposes is about 1.5x10°
m*/year (Zviely & Klein, 2003). Assuming that 18% of sand erosion is due to sand quarried from
the beach, this shows that 1.23x10° m®/year is trapped by hard structures. This is in line with the
result obtained in the case of using bed roughness of 30xdsy as shown in Figure 6.21. Therefore,
constant bed roughness of 30xdsg is used in the further simulations.

6.5 LITLINE
LITLINE was used to simulate the effect of the seaport on the coastline and to evaluate shoreline

evolution. The model is formulated based on the one-line theory of coastline evolution, wherein
the entire coastline is schematized as a single line which moves horizontally as a result of
accretion or erosion. It calculates the coastline position using hydrodynamic inputs, sediment
characteristics, and gradients in sediment transport caused by obstructions or other sources and
sinks.

The model was run for different simulation periods: 1 year, 3 year, 5 years, 8 years and 10 years.
Figure 6.23 shows the coast line shape after a year from constructing the seaport. It can be seen
that accumulation of sediments will take place updrift of the seaport (ahead of the breakwater).
On the other hand, sediment erosion will take place downdrift of the seaport (behind the
terminal). These results are in line with the results obtained from MIKE 21 ST as was presented
earlier.
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Figure 6.23: LITLINE Model graphic results after a year
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The final coastline shape of each simulation period is illustrated in Figure 6.24. The trend of
coastline evolution is the same after each period. However, the amount of sand accretion and
erosion will increase in time. This means that mitigation measures are needed to maintain the
existing beach alignment prior to the construction of the seaport. For instance, sand accumulated

updrift of the seaport can be transferred along the effected shore by sediment bypass system.
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Figure 6.24: Coastline evolution in the future
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6.5.1 Sensitivity Analysis
Sensitivity analysis was performed in order to study the influence of each parameter on longshore

sediment transport. Eight parameter combinations were prepared, simulated and compared. Two
bed roughness calculations were used: 2.5*dso and 30*dso. The wave height was varied between
0.7 m and 1.4 m. The wave period was also varied between 6 seconds and 8 seconds. Table 6.1
shows the eight parameter combinations.

Table 6.1: Parameter combinations simulated in LITLINE

Case # Bed Roughness (m) Wave Height (m) Wave Period (s)
Case 1 Ks=2.5*ds 0.7 6
Case 2 Ks=2.5*ds 0.7 8
Case 3 Ks=2.5*ds 1.4 6
Case 4 Ks=2.5*ds 1.4 8
Case 5 Ks =30*ds 0.7 6
Case 6 Ks =30*ds 0.7 8
Case 7 Ks =30*dsg 1.4 6
Case 8 Ks =30*dsg 1.4 8

The final coastline position for all cases is plotted in Figure 6.25. The results show a broad

variation in accretion volume updrift of the seaport and the amount of erosion downdrift.
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Figure 6.25: Coastline position after a year
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Table 6.2 lists the maximum retreat and accretion of the coastline for the eight cases. Figure 6.26

depicts the definition of maximum retreat and maximum accretion.
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Figure 6.26: Definition of maximum retreat and maximum accretion

Table 6.2: Maximum retreat and accretion of coastline over one year period

Case # Max Retreat (m) Max Accretion (m)
Case 1 26.06 29.04
Case 2 36.58 40.09
Case 3 65.52 77.75
Case 4 76.50 89.04
Case 5 19.84 20.57
Case 6 26.00 26.40
Case 7 46.95 57.23
Case 8 56.84 66.29

The influence of a larger wave height results in a larger maximum retreat and a larger maximum
accretion as shown by Cases 3 and 4 as well as 7 and 8. This makes sense because littoral drift is
directly proportional to the wave height to the power of 2.5. There will be more sand transport
and therefore more will be blocked by the seaport. In order to make the comparison easier, the

results of case 1 and case 3 are plotted alone in Figure 6.27.
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Figure 6.27: Comparison of shoreline evolution over a year using different wave heights

The longer wave periods seems to increase both the maximum retreat and the maximum accretion, as
shown by Cases 2 and 4 as well as 6 and 8. This makes sense because longer waves have the
same effect on sediment transport as wave height. Sediment transport is directly proportional to
the square of wave period (Kamphuis, 2002). In order to make the comparison easier, the results

of case 1 and case 2 are plotted alone in Figure 6.28.
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Figure 6.28: Comparison of shoreline evolution over a year using different peak periods
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Increasing the bed roughness seems to decrease both the maximum retreat and the maximum
accretion, as shown by Cases 5 and 6 as well as 7 and 8. This makes sense because increased bed
roughness interferes with the flow velocity, slowing it down which decreases the shear stresses

and resulting sediment transport. In order to make the comparison easier, the results of case 1 and

case 5 are plotted alone in Figure 6.29.
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Figure 6.29: Comparison of shoreline evolution over a year using different bed roughness

6.5.2 Validation of Results

In order to validate the results of LITLINE, some field data would be needed. The results of this
study cannot be validated since the seaport is not built yet. Nevertheless, once the seaport is built,
aerial photographs taken every 10 days can shed light on the coastline development. It is also a

better idea to simulate a multi-year coastline development since aerial photographs can more

easily capture larger changes in the coastal alignment.
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7 Conclusion and Recommendations for Future Work

7.1 Conclusion
Throughout this study, the effect of the proposed Gaza Seaport on the morphology of the coast of

Gaza was predicted. The effect of the seaport on the morphology was investigated with the
incorporation of the numerical models, MIKE 21 and LITPACK, developed by DHI.

Two dimensional sediment transport computations were carried out using MIKE 21 for the pre-
and post-seaport construction stage to study the morphological impact of the proposed seaport on
the coast of Gaza. The results reveal that the morphological development of the bathymetry
around the seaport is different in the two cases. The main focus was on the morphological change
in the case with a seaport. The results show that sediment accumulation will take place inside the
seaport basin, in the seaport navigational channel and updrift of the seaport (ahead of the
seaport). On the other hand, sediment erosion will take place downdrift of the seaport (behind the

seaport) and scour will take place at the tip of the breakwater.

Mathematical modeling, LITPACK, was applied to predict the shoreline evolution for the
proposed seaport. The LITDRIFT model of the LITPACK software showed annual littoral
sediment transport of 1.23x10° m® by adjustment of the cross section profile. The main part of
littoral sediment transport takes place inside the 2.2 m water-depth contour. The LITLINE model
of the LITPACK software predicted the shoreline morphological evolution after 1 year, 3 years, 5

years, 8 years and 10 years from the construction of the seaport.

The LITPACK results show sound agreement with the results obtained from MIKE 21 in terms of
accretion and erosion zones. The results of prediction shoreline evolution reveal that shoreline
accretion and erosion increase in time and mitigation measures are needed to maintain the natural
longshore movement of sediments. Sand accumulated due to blocking longshore sand transport
generated by constructing the seaport should be transferred along the shore to maintain the
existing beach alignment prior to the seaport construction. In addition to the impact of the
proposed seaport, the patterns of erosion/accretion reveal that incident waves drive northward

alongshore currents that move sand away from the south towards the north.
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A sensitivity analysis using four different values of bed roughness was performed by LITDRIFT.
The results of the analysis show that the accumulated littoral transport drift decreases as the bed
roughness increases. Another sensitivity analysis using different combinations of wave height,
wave period and bed roughness was performed by LITLINE to study the effect of each parameter
on the coastline evolution based on evaluating the maximum accretion and the maximum retreat.
The results reveal that the influence of a larger wave height and a longer wave period result in a
larger maximum retreat and a larger maximum accretion. In contrast, the influence of increased

bed roughness results in a less maximum retreat and a less maximum accretion.

7.2 Limitations of Study and Recommendations for Future Work
Absence of sufficient field data is a major limitation of this study. This limitation makes it

necessary to assume certain parameters in the model and makes model calibration and validation
difficult. Consequently, there is a scope of further improvement of the model for the site of
interest. Future work is recommended to take the following aspects into consideration:

e The used field wind data seems low and questionable compared to global wind data at
some neighbouring locations and it was assumed to be constant through the local model
domain. The simulation can be improved by using better measured wind data at several
locations in the model domain.

e Wave climate was kept the same along the northern and southern boundaries of the
model. Wave measurements should be taken at the boundaries for future works.

e Calibration of the sediment transport model should be performed with a detailed field
survey containing data regarding wave climate, wind parameters, current parameters and
water levels at the site of interest.

e Once the seaport is built, calibration of coastline evolution model should be performed
using aerial photographs illustrating the coastline evolution.

e Bed roughness and bottom friction were assumed and kept constant in the simulations.
Sediment diameter (dso) was also kept constant along the cross shore profile. Thus, field
survey at the coast should be done to estimate these parameters well.

e The bathymetry obtained from MIKE C-MAP was constant along the first 200m seaward
from the shoreline so it was corrected based on old field survey obtained in 1986. Further

work should be based on new field bed level survey done around the seaport.
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Continuous bed level survey to a certain depth illustrating the evolution of the nearshore
bathymetry can help in calibrating the sediment transport model.

The environmental impact of the proposed Gaza Seaport was beyond the scope of the
current study. Therefore, it is recommended to include it in further work since it is of
importance. Furthermore, economic feasibility should be done to assess the overall

feasibility of the construction of the seaport.
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