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ABSTRACT

FRIHY, O.E.; BADR, A /A, and HASSAN, M.S., 2002. Sedimentation processes al the navigation channel of the Dam-
ietta Harbour on the northeastern Nile delta coast of Egypl. Journal of Coastal Research, 18(3), 459-469. West Palm
Beach (Florida), ISSN 0749-0208.

Damietta Harbour is located on the northeastern coast of the Nile delta, Egypt. Two breakwaters were constructed
in 1982 to prevent the prevailing NE and SW sediment transport from shoaling the navigation channel, which extends
about 20km offshore. However, the harbour channel has experienced continued sedimentation, which has affected
navigation. As a result, periodic annual dredging of the channel has being carried out since 1986, averaging of 1.18
X 10% m¥yr. To provide a basis for evaluating this problem and to provide possible mitigation, an intensive 20-month
measurement program was carried out including: intensive hydrographic surveying, waves, longshore currents, littoral
drift, currents seaward of the breaker zone, offshore currents and water level variation. Results of this study have
led to belter understanding of the factors controlling the processes of sedimentation of the navigation channel. The
scedimentation process is complex and is influenced by the temporal variability in the direction and intensity of the
incoming waves, currents, orientation of coastline and seafloor morphology. Sediments are transported to the sink
area including the navigation channel from adjacent coastal sources at Burullus and Ras El Bar as well as from the
Damietta offshore shoals by several pathways comprising the opposing NE and SW littoral drift, north-northwest and
north-northeast offshore currents as well as from onshore sediment movement. Sediments are dispersed primarily
away from sediment sources toward the sink area by both contour-flowing bottom and cross-shelf (seaward-trending
currents). The general characteristies and interpretation of depth of closure are applied to evaluate the behavior of
the harbour breakwaters versus sediment bypassing and to propose measures to mitigate this problem.

ADDITIONAL INDEX WORDS: Mediterranean Sea, beach crosion, sediment transport, harbour breakwaters, channel

sedimentation, Nile delta promontories, closure depth.

INTRODUCTION

The coastal zone of the Nile delta is presently undergoing
extensive changes due to both natural and anthropogenic in-
fluences (STANLEY and WaARNE, 1993). These changes have
induced problems of shoreline crosion associated with sedi-
mentation inside the coastal lagoon inlets and estuaries.
These changes have been attributed to cut off sediment sup-
ply to the coast due to the construction of dams on the upper
Nile River that cut off almost all water discharge from the
river, historical changes in climatic conditions, prevailing
coastal processes, and adverse effects of protective structures
(INMAN and JuNkiINs, 1984; UNDP/UNESCO, 1978; FaNos
et al. 1991; 1995). Erosion has affected the agriculture and
urban lands along the delta promontories at Rosetta, Burul-
lus and Damietta (Figure 1A). On the other hand, aceretion
exists within embayments and saddles between these prom-
ontories. Part of the acereted sand has induced shoaling and
subsequent navigation hazards at the lagoon inlets and nav-
igation channels of the Damietta Harbour. Perhaps, sedimen-
tation of this harbour would have occurred even before dam-
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ming the Nile River in the 20th century stopped sediments
from nourishing delta beaches. In such wave-dominated
sandy seabed, driving forces are the primarily factor influ-
encing sedimentation processes in the harbour channel area.
The coastline of the Nile delta is typical of microtidal semi-
diurnal nature. Recorded daily water level variations mea-
sured from the mean sea level in the study area reveal high-
high and low-low water level of 37¢cm and - 38cm, respec-
tively, with a tidal range of 75¢m (this study).

In addition to the Damictta harbour, the two main har-
hours built on the Nile delta coast are Abu Quir and Port
Said (Figure 1A). They were built on high-energy headlands
and their entrances were artificially protected by long break-
waters, being 1.5 and 7.7km, respectively. They are success-
fully operating in terms of stopping sedimentation of their
navigation channels. Herein, we focus on the sedimentation
processes of the Damietta Harbour located on the northeast-
ern coast of the Nile delta. The harbour was constructed in
1982, and is located about 9.7km west of the Damictta Nile
mouth (Figure 1B). The harbour basin was erected inland
and its entrance was protected by two breakwaters. The arca
hosting the navigation channel forms part of the western
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Figure 1. (A) Inset map of the north Mediterranean coast of Egypt show-
ing the general location of the study Damietta Harbour at the northeast-
ern Nile delta. (B) The coastline of the Damietta Harbour showing the
positions of 46 hydrographic profile lines examined in this study. Various
field activities are denoted by symbols.

shelf of the Nile delta. The western breakwater extends about
1500m parallel to the navigation channel, attaining the 7m-
depth contour. The eastern one is about 500m long, perpen-
dicular to the shoreline, and extends to about the 3m-water
depth contour. These breakwaters were designed to avoid the
NE and SW sediment transport from bypassing the naviga-
tion channel (HARRIS, 1979). The navigation channel extends
offshore to the middle shelf or about 20km with an average
water depth of about 15m. Since January 1984, the channel
of the harbour has experienced sedimentation and subse-
quently threatening the navigation activities (ANONYMOUS,
1998).

To recover the sedimentation problem at the navigation
channel, periodic annual or less frequent dredging of the

channel has been carried out since 1986 and continued until
the present time. The dredged material is recovered by a hop-
per dredger and has been dumped on the downdrift beaches,
3 km east of the harbour (Figure 1B). Chronic shoaling of
this channel has threatening the vessels and cargo ships plus
there is the high cost of annual dredging. Based on available
data spanning 1986 to 1994, the annual quantity of dredged
materials ranged from 0.35 X 10° to 2.0 X 10® m?, with an
annual average of 1.18 X 10% m?. Of those, 65% were dredged
from the first 4km length of the navigation channel of the
western breakwater (inner part), while the balance was
dredged up to 9km offshore (outer part).

Shoaling of harbour entrances is a worldwide problem. A
number of studies called attention to solve or at least to min-
imize shoaling problems of harbours’s basin, entrances and
estuaries. Among these studies are the inlet to Corpus Christi
Bay, Texas (BEHRENS, 1981), the Bahia Blanca estuary, Ar-
gentina (ALIOTTA and PERILLO, 1987; PERILLO and GUAD-
RADO, 1991), the Whangamata harbour, New Zealand (SHEF-
FIELD et al. 1995), and the Baltimore Harbour (JEROME et al.
1998). Recommended measures to mitigate such problems in-
clude extension of the harbour breakwaters, change orienta-
tion and shape of the entrance, construction of additional
groin systems at the harbours’s updrift side, periodic dredg-
ing and sand bypassing.

The present study was undertaken in an effort to better
understanding the reasons of sedimentation of the navigation
channel of the Damietta Harbour and to provide practical
information that could assist in solving this problem. Profile
analysis, in conjunction with measurements of hydrodynamic
forces, would likely provide information pertaining to domi-
nant sources and dispersal of sediment in alongshore and
cross-shore directions involved in the processes of channel
sedimentation. Another aspect considered is possible correc-
tive measures proposed to mitigate the problem of channel
sedimentation. Therefore, a comprehensive field monitoring
program, spanned 20-months, has been initiated in the har-
bour vicinity. This program includes: beach and offshore pro-
file survey, wave measurements, current measurements, lit-
toral drift experiments, sea level variation and grain size
analysis of beach and profile samples.

MONITORING PROGRAM

The purpose of the monitoring program was to evaluate the
driving forces controlling the sedimentation pattern in the
vicinity of the navigation channel of the Damietta Harbour.
The monitoring program spanned the period extending from
May 1997 to December 1998. The monitoring area extends
8km along a portion of the shoreline hosted the harbour and
approximately 17km offshore. The surveyed profiles are giv-
en numbers from 1 at the west to 46 at the east. Locations
of various field activities are graphically symbolized in Figure
1B. Table 1 summarizes the overall monitoring program in-
cluding time span and frequency of various activities.

A total of 46 beach profiles (up to 10m depth) and offshore
profiles (up to 20m depth) are included in this study, and
numbered consecutively from west to east in Figure 1B. They
are connected to each other by a baseline fixed along the
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Table 1. Summary of field monitoring program at Damietta Harbour region spanned 20 months from May 1997 to December 1998.

Field Activity Frequency Time Span
Beach profiles up to 6 m water depth 2 May/June 1997 and April/May 1998
Beach and profile sediment samples 2 May/June 1997 and April/May 1998
Offshore profiles up to 20 m water depth 1 May/June 1998

Waves and offshore currents Continuous recording

Current beyond breakwater zone 2
Shoreline position survey 4
Longshore currents Continuous
Littoral drift using Fluorescent sand 2

1997 (January, August, October, November, December) and
1998 (May, June, July, August, September, October, Decem-
ber)

May/June 1997 to April/May 1998

1992, 1997, 1998 and 1975

April 1997 to March 1998

September 1997 to March 1998

study area. The spacing between any two adjacent profiles
varies from 50 to 250m depending on the nature of the coast-
line. Profiles of close intervals are concentrated on both the
harbour breakwaters. The direction of the profile lines is
more or less perpendicular to the coastline. The beach pro-
files are surveyed to a 10m water depth or to an offshore
distance of 1000m from the fixed baseline. Soundings are tak-
en every 10m from the baseline up to a distance of 250m
seaward to precisely trace the details of the surf zone, and
then every 50m up to 10m-water depth. The soundings and
inland leveling of the profiles are surveyed with the use of
an eco-sounder, total station, and graded staff and rubber
boat. Soundings are corrected with respect to the mean sea
level. These profiles were surveyed two times: May/June 1997
and April/May 1998.

A total of 125 bottom samples were collected using a grab
sampler every 100m along selected 14 profile lines during the
survey period of May 1998. Beach face samples were also
collected at each of these profiles along the entire study area.
In the laboratory, grain size analysis was made by standard
ro-tap sieving system using whole phi sieve intervals. The
mean grain size (Mz) for each sample was calculated using
the formula of For.k and WaRrD (1957). The resulted values
of Mz in phi units are converted to millimeters according the
phi transformation: Phi () = —log, (mm).

Fifteen of these beach profiles have been selected to extend
offshore starting from the 4m depth up to 20m (Figure 1B).
They are surveyed by the use of a combination of an echo-
sounder and the positioning system “FALCON IV MINI-
RANGER?” utilizing a middle-size boat. Soundings were taken
every 10m to a water depth of about 20m, that is equivalent
to a distance of approximately 20km offshore. They are sur-
veyed one time May/June 1998. In order to monitor bottom
changes of the navigation channel, 69 profiles were also sur-
veyed across the centerline of the navigation channel. They
are 600m in length, 300m on each side from the centerline
and the spacing between each two profile ranges from 200 to
400m. Soundings were taken every 10m utilizing the same
equipment used in the offshore marine profile survey. The
surveyed profiles are used to determine temporal and spatial
changes in shoreline positions, seabed level and sediment vol-
ume. These changes have been interpreted in conjunction
with the prevailing coastal processes measured at the study
area.

Since surface water waves and associated currents are the

primary agent for nearshore changes, a pressure S4DW
wave/ current gauge was installed approximately 1200m at
the western side of the navigation channel, i.e. about 12m
water depth (Figure 1B). The wave gauge recorded the direc-
tional wave and current spectrum for 20 minute every 4
hours. In the laboratory, data are transferred to the PC com-
puter and analyzed using dedicated software. Results of wave
and current parameters are recorded at these periods 1997
(January, August, October, November, and December), and
1998 (May, June, July, August, September, October and De-
cember).

Magnitude and direction of the currents beyond the break-
er zone were measured along the study hydrographic profiles
at 200 meters intervals up to 8 meters water depth. At each
station, three measurements were taken: near surface, at
mid-depth and near bottom. The measurements have been
taken simultaneously during the profile survey using the di-
rect reading current meter (CM-2).

Daily longshore current velocity and direction have been
measured at six stations, three at each side of the harbour
channel, located at profiles number 2, 7, 10, 22, 26 and 29
(Figure 1B). Longshore current measurements were taken
during the period from April 1997 to July 1998. Current mea-
surements are obtained inside the surf zone, in a water depth
ranging from 1.2 to 1.5m. Longshore currents are determined
by following the movement of a float (buoy), and measuring
the time it takes to travel a distance of 20m in the longshore
direction. The direction of the current is determined, mea-
surements are taken two times per day, once in the morning
and again in the afternoon. Littoral drift was determined us-
ing the field and laboratory approach of INGLE (1966). Drift
rates in the surface zone measured at 2 sites, at the western
and eastern sides of the harbour (Figure 1B).

OBSERVATIONS AND INTERPRETATIONS
Wave Climate

Wave action along the Mediterranean coast of Egypt is sea-
sonal in intensity and direction, and is strongly related to
large-scale pressure system over the Mediterranean and the
north Atlantic (NAFAA et al,, 1991). Monthly wave roses was
depicted from the percentage of occurrence of wave height
recorded during the recording period, 12 months included in
1997 and 1998. Owing to the space limitation of presenting
the 12 monthly wave roses, the total average is depicted in
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Figure 2. Total wave rose (A) and current rose (B) recorded at Damietta
Harbour spanning 18 months. Wave rose shows dominant north and
northwest frequencies associated with significant northeast reversals.
Offshore currents trend northwest, northeast, south, north, southwest
and southeast.

Figure 2A. In order to analyze beach changes the relationship
between incoming waves and shoreline orientation are incor-
porated. Applying the approach of longshore energy flux, re-
ported by Komar and INMAN (1970) and MANGOR (2001), the
relationship between wave directional components and the
present shoreline orientation, 65° to the north, wave expo-
sures are constructed and presented schematically in Figure
2A. Two main wave groups are responsible for generating SE
and NW sediment transport (see the two arches in Figure
2A). Accordingly, the predominant wave directions NNW,
NW and WNW, totaling 69%, are responsible for the gener-
ation of longshore current towards the NE. The second group
blown from N, NNE and NE, totaling 29%, generates a re-
verse longshore current towards the SW particularly during
March and April (Figure 2A). The remaining small frequency

(2%) represents calm conditions generally for waves ap-
proaching from land i.e., from SW, S and SE quadrants. Max-
imum significant wave height recorded is 4.2 m approaching
from the north direction and took place during January 1998.
These extreme waves generated a strong bottom current of
140 cm/sec with a maximum peak period of 13 sec. On the
whole, the average significant wave height and period are
0.51 m and 6.5 sec, respectively approaching from the north-
west.

Longshore Currents

Longshore current data measured on both sides of the har-
bour breakwaters are subjected to statistical analysis to de-
termine probability distribution of longshore currents. The
results are very comparable to each other in their directions
and speed. The predominant northeasterly average recorded
at the western and eastern sides of the breakwaters is 52 and
58 %, respectively, whereas, currents towards the SW are 14
and 15 %, respectively, at the same sides (Figure 2B). On
average the common NE longshore current occurs 55 % of the
two measuring stations during the entire period except for
January, October, December in which the current reverses to
be from NE to SW being 15 %. The rest of the time is related
to calm conditions, particularly in April and May and also to
perpendicular current components. The reversed southwest-
ward-directed currents are more important along the western
flanks of the Rosetta and Damietta promontories, including
the study area, due to the local southwest-northeast shoreline
orientation, as reported by FANOS et al. (1991). This pattern
of longshore current directions corresponds to the seasonality
of wave action. The predominant wave approach from the
NNW, NW and WNW is responsible for generating the north
eastward-flowing longshore currents. The remaining portion
of waves coming from the N, NNE and NE produces the re-
versed longshore currents toward the SW. The maximum
speed recorded on both sides of the harbour are 57 and 42
cm/sec to the NE and the SW, respectively, with a corre-
sponding average of about 35 and 30 cm/sec toward the NE
and the SW, respectively. The opposing NE and SW long-
shore currents are largely responsible for transporting sedi-
ments from the eroded beaches at Burullus and Ras El Bar
as well as from sediment dumped at the disposal site east of
the harbour towards the harbour breakwaters (Figure 2B).

The study area lies within the eastern part of the Burullus
sub-cell. FrRiHY et al. (1991) and Friny and LoTry (1997)
have identified five self-contained sub-cells along the near-
shore zone of the Nile delta based on the general erosion/
accretion patterns, wave refraction pattern, multiple geomor-
phologic and petrologic indicators (Figure 3). These sub-cells
are part of the regional Nile littoral cells extends from Al-
exandria to Akko on the northern part of Haifa Bay, Israel
(INMAN and JENKINS, 1984). Each delta sub-cell contains a
complete cycle of littoral transportation and sedimentation,
including sources and sinks. Seasonal variability of wave ap-
proach produces converging and diverging current pattern
along the delta coast. The principal sources of sediment for
each littoral sub-cell are the eroded promontories that supply
large quantities of sand. The eroded sand is transported
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Figure 3. Map of the Nile delta showing the position of the five sub-cells
identified by FRIHY et al. (1991 and 1997): I = Abu Quir sub-cells; II =
Rosetta sub-cells; III = Burullus sub-cell; VI = Damietta sub-cell; and V
= Port Said sub-cell.

along the coast by wave and currents until it is intercepted
and terminated in the downcoast direction by adjacent sinks
including promontory saddles, embayments and long break-
waters. Of particular importance to this study is the Burullus
sub-cell, which consists mainly of the arcuate bulge of the
central-delta region and part of the western flank of the Dam-
ietta promontory including Ras El Bar beach (Figure 3). In
this sub-cell, sand eroded from the relict Burullus-Baltim
promontory and coastal dunes is transported downcoast to
the east and southwest, resulting in accretion along the Ga-
masa embayment, including the Damietta Harbour channel.
For the most part, this sand is wave-driven by eastward lit-
toral currents and currents generated by the east Mediter-
ranean gyre which sweep across the inner shelf (INmaN and
JENKINS, 1984). On the other hand, sand eroded from Ras El
Bar beach is occasionally directed alongshore toward the west
by current reversals.

Offshore Currents

The monthly current data recorded by the S4DW have been
subjected to statistical analysis. The probability of a certain
current velocity corresponds to a certain direction is deter-
mined and depicted as rose diagrams in Figure 2B.The num-
ber of occurrence of each velocity group is determined for the
main 16 directions (each 22.5° interval). The majority of the
current velocity ranges from 0 to 50 cm/sec. Maximum veloc-
ities of 140 cm/sec were recorded from a north/ north-east
wind direction and corresponds to large waves with a signif-
icant height of 4.2 m in January 1998. In general, predomi-

nant currents near the bottom range from zero to 20cm/sec
during the non-winter seasons.

The examined monthly current roses indicated that the
major current components are directed towards east (6%),
west (6%), north (4%), south (3%) and in the oblique-shore
direction (northwest 24%, northeast 36% and southeast 9%
southwest 12%). The remarkable wide fluctuation in offshore
current direction and velocities reflect the potential variabil-
ity of sediment movement back and forth across the naviga-
tion channel.

With regard to currents measured beyond breaker zone,
the maximum measured current velocity is 12 cm/sec near
the bottom. The vectorial distributions of the current data
were depicted on maps to interpret their spatial patterns.
From this distribution it was found that the spatial distri-
bution of current patterns beyond the breaker zone of the
harbour is mainly directed towards the shoreline. Average
current components are directed towards the south (41%),
southwest (23%), southeast (32%) and north (4%) directions.
Locally and very close to the eastern breakwaters the current
is reversed towards south east/ east sector forming a gyre and
a rip current.

Littoral Drift

The sand movement in the alongshore direction is referred
to as the longshore sediment transport, while actual volumes
of sand involved in the transport are termed the littoral drift
(Q). In this study, the rate of sediment transport was deter-
mined using fluorescent tracers and longshore current data.
Locations of these activities are shown in Figure 1B. The to-
tal littoral drift in the surf zone measured by fluorescent trac-
ers on the western and eastern sides of the harbour was
found to be 0.65 and 0.99 X 10° m?/yr, respectively (Figure
2B). The percentage occurrence of sediment transport com-
ponents from different directions is listed in Table 2.

Littoral drift is also calculated from measurements of
waves and longshore currents using Komar (1990):

Qs = 0.026 (Hb)? v (1)

Where, Qs is the volumetric sand-transport rate, Hb is the
wave breaker height, and v is the longshore-current velocity.
Applying this relationship using the available data, the cal-
culated annual net littoral drifts on the western and eastern
sides of the harbour breakwaters are 0.71 X 10° (0.37 X 10°¢
to east and 0.10 X 10° to west) and 0.98 X 10° (0.57 X 10°
to east and 0.15 X 10° to west), respectively. These values
are comparable with the results obtained from the fluores-
cent approaches applied in this study.

Table 2. Results of littoral drift rate (Q) using fluorescent sand tracers conducted on both sides of the Damietta harbour.

Annual Drift Rate Q x 10% m*

Wito E EtoW To onshore To offshore
— Total x
Location Yo Q Y Q % Q % Q 10¢ m’
1 km west of the Damietta Harbour 30.0 0.20 20.00 0.13 40.00 0.26 10.00 0.06 0.65
1 km east of the Damietta Harbour 29.41 0.29 23.53 0.23 41.18 0.41 5.90 0.06 0.99

Q = littoral drift, W = west, E = east.
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Figure 4. Change in shoreline positions along the Damietta Harbour
coast for the years 1992, 1997 and 1998 and 1957.

Profile Analysis

Data obtained from the beach profiles up to 10m depth pro-
vide a database to determine; bathymetry, change in shore-
line positions, change in seabed level and volumetric analy-
ses. Comparison of these results during the study period from
April 1997 to July 1998 has identified the erosion/accretion
pattern along and across the monitoring area. Analysis of
changes of shoreline positions shows accretion on both sides
of the harbour breakwaters except close to the breakwaters
where local erosion is taking place due to the vortex and in-
duced rip currents (Figure 4). This shoreline accretion pro-
gressively decreases east and west from the harbour. Based
on shoreline positions surveyed in June, 1975 and 1998, i.e.
over 23 years, the estimated maximum rate of shoreline ac-
cretion on the western and eastern sides is about 6 and 5 m/
yr, respectively. The opposing east and west sand accretion
on the updrift beaches of the west and east breakwaters can
be visually inferred from configuration of bottom contours ly-
ing between zero (shoreline) and 5m water depth (Figure 5).
Based on profile analysis discussed by FriHY and KOMAR
(1993) the shoreline accretion along the Gamasa embayment
including the Damietta Harbour changes to erosion at Bu-
rullus and Ras El Bart beaches (Figure 3).

Vertical Change in Seabed Elevation

The vertical changes of seabed relative to mean sea level
(MSL) for the beach profile survey of 1997 and 1998 across
the study area are shown in Figure 6. The computer-gener-
ated spatial interpolation of vertical change reveals areas of
erosion and accretion. Generally, areas of erosion (0.0 to
—2.5m) exist in front of the harbour site including the navi-
gation channel between the 5-m and 7-m contours. Also, sig-
nificant erosion (~ —0.5m) is locally observed to include the
western flank of the Damietta promontory at Ras El Bar
beach and the dumping area for dredged material (see Figure
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Figure 5. Vertical aerial photograph of Damietta Harbour acquired in
June 1991, showing beach sand accumulation on both sides of the harbour
breakwaters (arrows) and the local sand shoals accumulated on the up-
drift side of the west breakwater (asterisk). These sand accumulations
indicate sediment transport convergence (Photograph courtesy of Dr.
Mahmoud H. Ahmed).

1B). On the other hand, a broad zone of accretion (0.1 to 2.5m)
exists alongshore and across the nearshore area up to 5m
depth. The accumulation of these sediments in the proximity
of the harbour is a result of sand transport from sediment
eroded from areas on both sides of the harbour. The erosion
pattern exists in the proximate of the navigation channel
could be attributed to the frequent dredging activities in this

Erosion Ace

25-15 05 0 0.1

Mediterranean Sea

Depth in meters

Figure 6. Patterns of erosion and deposition on the littoral zone of Dam-
ietta Harbour, as deduced from the vertical changes in the seabed be-
tween beach profile survey of 1997 and 1998, superimposed on 1998 ba-
thymetry. Station positions are giver in figure 1B.
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Figure 7. Distribution of volumetric changes of sediments along the
coastline of Damietta Harbour for the systematic depth zones: 0-2, 24,
4-6 and 0-6 for the period from May/ June 1997 to May 1998.

region. The identified zones of erosion represent areas of sed-
iment source, while zones of accretion act as a sediment sink.
The systematic reversal from erosion to accretion may indi-
cate that there has been a zone of opposing currents toward
the harbour area.

Longshore Volumetric Change Distribution

Volumetric changes of sediments per linear meter (m?m)
were determined for the beach profile survey along the entire
length of the study area during May 1997 and May 1998.
Figure 7 depicts the longshore volumetric changes during the
monitoring survey period. The erosion accretion quantities
were estimated within water depth zones: 0-2, 2-4, 4-6 and
as a total 0-6m depth. Accretion dominates along the western
and eastern harbour breakwaters for the depth zones from 0
to 2, 2 to 4 and 0 to 6m. Maximum accretion of these zones
is 120, 115 and 220 m®m, respectively. On the other hand,
volumetric loss of sediments occurs on the lower part of the
beach profiles within the 4 to 6m water depths with a max-
imum of —360 m?®m. This erosion is attributed to the poten-
tial activity of this zone as it lies within the wave breaking
area. Significant local erosion, 390 m?/m, also occurred to the
immediate west and east of the breakwaters due to the for-
mation of vortex and rip currents.

Grain Size of Beach and Nearshore Samples

The pattern of accretion on both sides of the harbour break-
waters is reflected on the grain size of beach sand. This ac-
cretion is associated with coarser-grained beach sediment
(Mz = 0.17 to 0.33mm). The alongshore and cross-shore dis-
tribution of mean grain size show distinct variations in grain
sizes (Figure 8). Medium and fine sand occur in the beach
area (Mz = 0.14 to 0.58mm). Very fine sand and coarse silt
cover the nearshore zone including the vicinity of the navi-
gation channel (Mz = 0.08-0.11mm). The spatial distribution
of mean grain size shows a general decrease seaward as well
as in the longshore direction toward the vicinity of the har-
bour. Sediments are dispersed parallel to the isobaths due to
down-slope movement and alongshore transport. Fine-
grained sands (Mz = <0.12mm) floor the vicinity of the har-
bour areas, while relatively coarse-grained sand (Mz >
0.12mm) astride the coastline. These grain size-fining trends

Mediterranean Sea

058 018 014 011 008

——= Sediment transport

& Sample locations

Damietta
branch )

Figure 8. Spatial changes in mean grain size in millimeters for the
beach and littoral zone superimposed on 1998 bathymetry. Finning trend
displayed by means of arrows indicating downslope and opposing sedi-
ment transport.

provide some indications of sediment transport, with dispers-
al from the two erosion “source” areas located away on both
sides of the harbour, the Burullus headland and Ras El Bar
beach. The trends result from processes of selective grain
sorting transport during the longshore and cross-shore move-
ments of sand from eroding to accreting areas. Arrows in Fig-
ure 8 depict this sediment movement. The processes of grain-
size sorting have been established by Komar and WaNG
(1984) and L1 and Komar (1992) for beach sands on the
Oregon and Washington coasts. Locally, Friiry and Komar
(1993) have derived a similar relationship for the beach sand
of the Nile delta coast. In our case, the fine-grained sediment
moves away to be deposited across the nearshore zone and
within the navigation channel in particular, which acted as
an effective trap for the predominantly NE and SW sand
drift. The N-S orientation of the navigation channel inter-
rupts sediment moving from the east or from the west, and
acts as an offshore sink.

Depth of Closure

To answer the question of to what depth should the present
breakwaters extend, the maximum water depth for signifi-
cant surface water effects on the sand bottom has to be con-
sidered. This depth is an effective factor in planning and de-
signing cross-shore breakwaters and stopping sand bypass-
ing. Considering this depth, the breakwater would provide
wave shelter with minimum effect as an obstruction to lit-
toral processes (HALLERMEIER, 1981; STIVE et al., 1991; DAv-
ISON et al., 1992). Earlier studies have indicated that the sea-
ward depth limits of significant wave energy levels interact
with a sand bed can be determined by using indirect indica-
tors such as geometric analysis of bathymetric irregularities,
distinct changes in petrology of sediments, faunal attributes
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Figure 9. Schematic cross-shore diagram for profile no.18, showing the
profile envelope and the estimated depth limits; D. = closure depth and
d, = seaward limit of the shoal zone. Shown also the positions of the
offshore tips of the existing breakwaters of the Damietta Harbour relative
to water depth and seaward distance from the coastline.

of bottom sediments and geometry resulted from overlapping
of repetitive beach-nearshore profiles (profile envelope) (HAL-
LERMEIER, 1981).

On the other hand, HALLERMEIER (1981) defined two cross-
shore zones on wave-dominated sand beaches: (1) the littoral
zone which extends to “the seaward limit of intense bed ac-
tivity caused by extreme near-breaking waves and breaker-
related currents”; and (2) the shoal zone, an area where
“waves have neither strong nor negligible effect on the sand
bed.” The boundary between the shoal zone and the littoral
zone is d,, while the seaward limit of the shoal zone is d,
(Figure 9). In practical terms, the observed depth of closure
(D,) which correspond to d,, beyond which repetitive beach-
nearshore profiles show negligible vertical change, can define
a significant seaward limit of profile change (N1CHOLLS et al,
1998). In this study both the depth limits d, and di as well
as the observed depth of closure (D,) are estimated.

In this study an attempt was made to determine the depth
limits and the width of the shoal zone. A profile envelope was
constructed based on repeated beach-nearshore profiles sur-
veyed by the Coastal Research Institute approximately on
biannual basis since 1972 until now. Only profile no. 18 has
been surveyed to 6-7m-water depth in the vicinity of Dami-
etta Harbour. This profile is located 50m east of the east
breakwater (Figure 1B). The data of this profile comprise
sounding data of water depth (Y) relative to mean sea level
(MSL) versus distance from the baseline (X). Unfortunately,
the profile envelope resulted from the time series of this pro-
file could not close the envelope at the seaward limit bounded
the 6-7m depth (Figure 10). This indicates that the depth of
closure D —or the seaward limit of significant profile change
is deeper. Tentatively, an attempt is made to graphically ex-
trapolate the actual closure depth using the profile envelope
(Figure 9). The mean profiles within the littoral zone have a
steep foreshore slope (1:50) up to the 10m depth and a gently
offshore slope. A reasonable depth of closure of approximately
8m is resulted, corresponds to a distance of about 1.3km off-
shore. A comparable depth of closure value was obtained at
Alexandria by EL RAEY et al. (1995).

Moreover, d, and d,, were calculated using the equations of
HALLERMEIER (1981).

Mediterranean Sea

= Offshore current
Littoral current

Depth in meters

Figure 10. Schematic sediment transport model generalizing the 1998
bathymetric configuration and sand transport paths alongshore and off
the Damietta Harbour region. Arrows depict sediment transport paths,
within the littoral and inner continental shelf, involved in the sedimen-
tation processes of the harbour channel. The general transport paths in-
dicate that most of the harbour area is interpreted as a sediment sink.
Large arrows depict sediment sources; I = Burullus beach; II = Ras El
Bar beach III = relict Damietta shoals, and IV = dumped site. Dashed
lines marked depth limits (closure depth D, ~ 8 m and d;, ~12.6m) of
which the original breakwaters might be extended.

d, = 2Hs + 1o ©2)
d, = (Hs — 0.30)Ts(g/5000D)"> (3)

/

Where, Hs is the mean significant wave height in deep water,
o is the standard deviation of the significant wave height, T's
is the mean wave period, D is the mean grain size, and g is
the acceleration due to gravity. Summary statistics obtained
from available wave data recorded by the S4DW wave-gauge
in this study are used in calculating d, and d, depths. Using
Equations 2 and 3 and substituting the calculated average
significant wave parameters (Hg = 1.5m, Ty = 6.5 sec, (0 =
0.172m),oand a grain size of D = 0.11 mm, the depth of clo-
sure d, and d, were calculated yielding 4.9 and 12.6m depth,
respectively. These values are utilized to evaluate the capa-
bility of breakwaters to protect the harbour entrance from
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sedimentation. The observed depth of closure value D, (~8m)
is fairly reasonably than the estimated d, (~4.9m) and d,
(~12.6m).

Using the resulted high-resolution bathymetry map of 1998
scaled 1:20000, it was found that the position of the calculat-
ed depth values of d, (~4.9m) and di (-~ 12.6m) correspond to
an offshore distance of 1.3 and 4km, respectively (Figure 10).
These positions yielding a shoal zone of about 2.5km wide.
According to HALLERMEIER (1981) this zone considered as a
buffer region wherein surface wave effects on the seabed are
neither strong nor insignificant. Seaward of the shoal zone
lies the offshore zone where surface effects on the seabed are
usually negligible. According to this consideration, the origi-
nal length of the east breakwater (500m) was extremely un-
der estimated and consequently did not reach the closure
depth (Figures 9 and 10). This situation provides a large win-
dow opened to receive sand approaching from the east during
littoral current reversals and therefore it failed to stop the
littoral sediment bypassing to the harbour channel. To miti-
gate this undesired sand bypassing the breakwater has to be
extended to at least closure depth, safely to the De (~8m).
Therefore, the east breakwater has to be extended to approx-
imately 1.5km distance from the shore.

On the other hand, the west breakwater, 1500m long and
reaching the 7m contour, was relatively short and has to be

extended to about 1.7km to reached the estimated depth of

closure Dc¢ (~8m) (Figures 9 and 10). However and over time,
this length might be not long enough to trap the continuos
littoral drift prevailing from the east. As a proper mitigation,
limited dredging might also be required to guarantee contin-
ued navigational access after extreme yearly wave condition
and significant alongshore transport. A more costly alterna-
tive 1s to extend these breakwaters to a length corresponding
to d, (~12.6m) contour that corresponds to ~3.5km distance
from the shoreline (Figure10). This will mitigate active sand
bed during common median wave conditions and significant
on/offshore transport by waves and no dredging should be
required.

Sediment Transport Model

The bathymetric map constructed from the deep-water pro-
files surveyed in July 1998 is shown in Figure 10. Prominent
morphologic features in the study area include a wide inner
shelf area and the two ancient Damietta shoals. Sediment
transport paths are schematically shown by arrows as inter-
preted from wave and current measurements, littoral drift,
profile analysis and pattern of mean grain size of surficial
sediments. A number of structures have been constructed
along the shore of the Damietta promontory to protect the
coast from erosion, and also to mitigate shoaling in naviga-
tion channel of the Nile branch. These structures include the
three concrete groins built in 1971 and the cight detached
breakwaters to protect the coastline of Ras Il bar resort
beach (Figure 10). The breakwater formation extending ap-
proximately 4.5km west of the harbour. They were built in
stages from 1991 to 1999, and another series expected to be
built to reach the harbour region. They were built in the ae-
tive surfzone at a water depth between 3 to 4m. Each break-
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water is about 200m long with an alongshore spacing of
200m. In addition two long breakwaters also were built to
stabilize the mouth of the Damietta Nile branch and to re-
duce shoaling within the confines of the river mouth.

Our observations indicate that the harbour area lies within
the eastern edge of Burullus embayment (Figures 3 and 101,
which experience sediment transport convergence. This con-
vergence is related to the interplay of configuration of shore-
line, seafloor gradient, the existed north/south navigation
channel, prevailing and local reversals of wave-induced lit-
toral and offshore currents. In view of littoral currents, sand
transport is directed toward the NE due to the prevailing
wave approach from the NNW, NW, and WNW, but there are
local reversals. This pattern of longshore transport is also
confirmed by field evidence. The tombolos formed behind the
newly built detached breakwater system (1991-1998) at Ras
El Bar are nearly asymmetrical and show preferential direc-
tion of sediment transport to the east (Figure 10). In addition,
the slight accumulation of sand on the both sides of the three
groins constructed in 1971 east of the detached breakwaters
indicate a net NE longshore transport with a slight SW re-
versal to the west. Sediments interact in the transport pro-
cesses are mainly derived from the beaches located at west
Damietta promontory (Ras El Bar) and Burullus-Baltim
headland (Figures 3 and 10). Littoral currents rework and
displace sediments of these two eroded zones primarily in
directions away from the Damietta promontory and also
away from the Burullus-Baltim headland. These protruded
coastlines concentrate wave energy and thus are considered
as pronounced divergent points as confirmed from the wave
refraction patterns (QuUrLENNEC and MANOHAR, 1977).
Along with these regional patterns the fine-grained sedi-
ments (~0.11mm) dredged from the channel and placed on
the shoreface at 3km east of the harbour site must be con-
sidered. The southwesterly reversed longshore currents in
part rework and move these sediment toward their original
position along the navigation channel.

Acting parallel to longshore currents are the offshore cur-
rents. Offshore currents displace reworked shelf sediments
flooring the study area including high-relief Damietta shoals
toward the navigation channel. Thesc shoals are part of the
regional offshore west-east shoal system identified by Mis-
DORP (1976). The two shoals displayed in Figure 10, form
part of Gamasa bank system positioned west of the naviga-
tion channel. This system consists of three bank groups po-
sitioned offshore in front of the Rosetta promontory, Burullus
headland and Gamasa. The formation of these shoals are re-
lated to the former Nile branches which flowed across the
Nile delta and discharged into the Mediterranean at various
times during the middle to late Holocene (Toussoun, 1922;
STANLEY and WARNE, 1993). During the past millennium.
however, flow in most former Nile channels diminished, and
only the Damietta and Rosetta branches are active at present
(Figures 1 and 3). The Damietta shoals range from 5 to 15km
long and 1.5 to 10km width. The top is flat and occurs in a
shallow water depth ranging from 4m to 8m, while their edg-
es are steep. These shoals are parallel to the coastline and
separated by depressions. They are composed of semi-consol-
idated sand and mud deposits.
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Although these relict shoals have a much greater resis-
tance to erosion than the recent sediments, they show ero-
sional features. Based of comparison of the recent bathymet-
ric survey of 1989 and the old one made by the British Ad-
miralty in 1919, the edges of these shoals display erosive sed-
iment loss particularly at the south and southeast edges. In
view of this consideration, the relict bank sediments can be
interpreted as a primarily depositional source nourishing the
downslope inner shelf area containing the navigation chan-
nel. The elevated shoals are acting as a sediment source, ex-
plaining why the outer part of the navigation channel is ex-
periencing sedimentation by fine-grained sand and silt. Dur-
ing storms, extreme waves and currents carry some of these
sediments into the landward direction. Our observations sug-
gest that seafloor sediments are being deposited toward the
area of the Damietta Harbour channel, by alongshore and
offshore currents, which herein can thus be interpreted as a
sediment trap, and even further to the north on to the adja-
cent shelf (Figure 10). This transport correlates in part with
bathymetry of the seafloor, where both the littoral area, up
to 9m depth, and the Damietta bank shoals are systemati-
cally sloping toward the broad flat shelf area hosting the nav-
igation channel of the Damietta Harbour. This indicates that
the harbour channel area appears to act as a zone of conver-
gence resulting from the opposing littoral and offshore bot-
tom currents, i.e., flow from the southwest and northeast.
Subsequently, the opposing current produces bottom sedi-
mentation in the harbour channel and on the updrift beaches
of the breakwaters.

SUMMARY AND CONCLUSIONS

An intensive marine monitoring program was carried out
to evaluate the sedimentation problem of the navigation
channel at Damietta Harbour, which is located on the north-
castern sector of the Nile delta. This program spanned 20-
months and includes; beach and offshore profiles, measure-
ments of waves, littoral and offshore currents, littoral drift,
water level variation and sediment characteristics of beach
and surface bottom sediments. Results of the monitoring ac-
tivities indicate that the processes of sedimentation are main-
ly controlled by waves, currents, orientation and shape of the
shoreline, seabed morphology and grain-size sorting process-
es. Meanwhile, the existing western and eastern breakwaters
failed to prevent sand bypassing into the channel due to their
short length. Moreover, and in view of impact mitigation, the
rate of long-term dredged sediment for the period from 1986
to 1994 was much higher than expected in the design (1.18
< 10° m* /year). In addition, the navigation channel and its
adjacent shelf, 20km length and 15m water depth, are acting
effectively as a sediment sink for sediments supplied from
different directions.

Waves approach the coast from the northwest quadrant,
commonly dominated from north-northwest direction induced
longshore sediment transport to the northeast, whereas,
waves from the northeast sector generates a reverse long-
shore current towards the southwest. Both the opposing
northeasterly and southwesterly paths produce sand accu-
mulation in the littoral zone fronting the Damietta Harbour.

Offshore currents vary considerably from month to month.
They are flowing towards the east, west, north, northwest,
northeast, southeast, with diverse velocities that ranges from
10cm/sec to 50 cm/sec. Wave-driven currents are responsible
to accumulate large portion of sediment in the inner shelf off
the study area and subsequently negatively affecting the out-
er part of the harbour channel. The principal sources of sed-
iment contributed to the processes of sedimentation of the
harbour are the eroded Burullus and Ras El Bar beaches and
the submerged Demitted shoals. These sediment sources sup-
ply large quantities of fine-grained sand (Mz~ 0.11mm) to
the downcoast sink area of Gamasa embayment, including
the navigation channel, directions parallel to contour and
also seaward by cross-shelf, down-slope dispersal. These sed-
iment sources concentrate wave energy and thus act as a di-
vergence point. On opposite, the rest of the nearshore and
the inner shelf areas, including the navigation channel, be-
have as a sediment trap.

Unfortunately, the selection of the harbour site did not con-
sidered that the harbour is located on the edge of a sediment
sink (i.e., convergence area). The lesson learned from this case
study is to avoid implementation of new harbours in areas of
converging sediment transport particularly in the case of an
active surfzone enriched in fine-grained sediment. Although
if it is necessary, adequate mitigation should be considered
properly including optimum breakwater length to combat any
undesirable channel sedimentation with limited dredging. In
view of the determined depth limits and the compartmental-
ized sedimentation system of the coastline hosting Damietta
Harbour, the original harbour breakwaters, were not long
enough to stop sand bypassing from different directions.
Therefore, an additional extension to the existing breakwa-
ters into deeper water that incorporated minimum sediment
movement might mitigate the problem of sedimentation of
the navigation channel. In view of the estimated closure
depth, the west and east breakwaters have to be extended
respectively, 1.7 and 1.5km offshore to reach 8m depth of
closure, i.e. a water depth of little sediment transport. Anoth-
er lesson is that the selection of the dumping site for dredged
material, ~3km east of the harbour site did not consider the
southwesterly reversal in the longshore current in this re-
gion. These reversed currents in part rework and disperse the
dumped sediments for dredging material once again to the
navigation channel. This situation has set off a chain reaction
that results in a requirement that the dumping site need to
be relocated, probably to nourish starving beaches east of the
Damietta river mouth. In addition, an optimization analysis
is needed considering three variables, the length of the break-
water, the volume of periodic dredging material and the wa-
ter depth of the navigation channel. Simply, this mathemat-
ical analysis should determine the shorter length of break-
waters that would minimize the amount of dredging, which
in turn could keep the navigation channel considerably deep
for safe navigation with minimum dredging. The case dis-
cussed here highlights the necessity for carrying out an EIA
study before implementing a harbour project. Understanding
of marine processes is necessary to assure a successful project
with limited negative impacts on the navigation channel and
the surrounding environment.
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