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ABSTRACT

Before construction of the various Nile River dams, the position of the Nile Delta
shoreline was in equilibrium between the sediment supplied by the river and the transport
of sediment along the coast. Following dam construction sediment yield from the river has
virtually ceased. In the absence of sediment from the river, currents, waves and winds are
actively eroding the delta. Extensive beach profiling shows that the primary locus of
erosion, in excess of 10 x 10° m® yr, is from the Rosefta promontory. This material is
carried eastward in part by wave action but predominantly by currents of the east
Mediterranean gyre which sweep across the shallow delta shelf with speeds up to 100
cm/sec. Divergence of the current downcoast from Rosetta and Burullus promontories
results in formation of accretionary blankets of sand that episodically impinge on the
shoreline. Individual blankets of sand form 1.5 m thick covers over the residual profile in
depths of 6 t0 4 m, and extend for 2 to 4 km along the shore. The sand blankets move
progressively downcoast at rates of 0.5 to 1 km/yr, generating series of accretion/erosion
waves along the shoreline,

The erosion/accretion/erosion shoreline change is commonly 50 to 100 m and has
a periodicity of 3 to 8 years. When the accretionary phase of the wave has passed
downcoast, the shoreline returns to its previous form and exhibits a "residual” equilibrium
profile. In its residual form, the beach profile goes through characteristic adjustments to
seasonal wave climate, exhibiting an equilibrium winter profile with a pronounced bar and
a summer profile when the bar tends to migrate onshore. When the nearshore is blanketed
with sand during the accretionary part of the cycle, the profile is in disequilibrium with
wave forcing and frequently shows several, irregularly spaced bars and troughs. Although
the year to year shoreline changes associated with the accretion/erosion waves are large,
0(50 m/yr), the long-term (decadal) changes based on successive residual profiles from the
erosion portion of the cycle are relatively moderate, say 02 m/yr).
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Findings from this study suggest that the coastal current augmented by waves may
transport 10 - 20 million m*/yr of sandy sediment, while the longshore sand transport near
the shore is about 1 million m*yr. Thus it appears that the blankets of moving sand that
episodically impinge on these relatively shallow (6 m deep) profiles are only revealing the
"toe of the elephant.” Additional study is needed at depths of 20 m or more to resolve this
problem.

INTRODUCTION

The shoreline of the Nile Delta extends along the Mediterranean coast from near
Alexandria for 200 km to the east (Figure 1). The Nile River has been the sole source of
the sediment for the delta as well as for the entire Nile littoral cell that extends an
additional 500 km to Akko, Israel (e.g., Inman and Jenkins 1984; Carmel et al. 1985). The
sediment load from the Nile River was deposited along the submerged portion of the delta
where it was sorted and transported to the cast by the prevailing waves and by currents of
the counterclockwise east Mediterranean gyre that commonly flows at bout 50 cm/sec over
the delta. Prior to 1964, the turbid plume of the flood waters of the Nile River could be
traced along the Mediterranean coast for over 700 km to the shores of Lebanon (Orin 1952;
Hecht 1964).

Until 1964, the major sediment source of the littoral cell was the Nile River.
Construction of the High Aswan Dam, which began filling in 1964, has resulted in a near
absence of Nile River flow into the Mediterranean and a corresponding complete loss of
the Nile River as a source of nutrients to coastal waters and as an active sediment source
for the delta and the coastline of the Nilc littoral cell. As a result, the Nile Delta is now
subject to severe erosion in a number of localities.

Previous studies have shown that the Nile Delta shoreline is bordered by a ribbon
of sand, approximately 10 km-wide, extending from Rosetta promontory to near Damietta
promontory (e.g., Fishawi et al. 1976; Misdorp 1977). Curiously, just west of Damietta
promontory, this ribbon of sand diverges in a northeasterly direction from the coast, arching
seaward from the promontory, leaving a mostly muddy offshore area from Damietta to Port
Said (Figure 1). More recent studies by Murray et al. (1980; 1981) show that the Damietta
promontory interacts with the east Mediterranean gyre to form a large, stationary eddy that
begins at Damietta, extends offshore for up to 35 km and eastward along the coast for
about 70 km. The seaward portion of the eddy is a high-speed jet over 5 km wide that
forms off the promontory and flows northeasterly and then easterly with measured sutface-
to-bottom velocities of over 60 cm/sec. The eddy drives a field of actively migrating sand
ridges easterly over a smooth mud plain. The sand belt begins in depths of 10 m, flows
northeasterly, turns easterly and finally arcs southeasterly towards the coast between Port
Said and Bardawil Lagoon (Coleman et al. 1981). This appears to be a major transport
path and a partial sink for Nile sand.

The formation of the eddy down-current from Damietta is associated with the
abrupt bend to the southeast in coastal orientation at that point. This area, including
Manzala Lagoon and its barrier beaches, appears to have subsided at rates up to 0.5 cm/yr
during the past 7500 years. Stanley (1988) suggests that the subsidence is associated with
the Pelusium Line, a northeast-trending compressional zone bordering the Levant Basin and
entering Africa along the axis of the ancient Pelusium Branch of the Nile between Port Said
and Bardawil Lagoon (Neev et al. 1976).

PRESENT STUDY

This report is part of a study of the budget of sediment of the Nile littoral cell
sponsored by the U.S. Agency for International Development. It is based on extensive
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beach profiling, sediment analysis and wave measurements. The profiling includes 70
ranges extending over the 200 km of Nile Delta shoreline (see Khafagy et al. this
proceeding), about 80 % of which were measured twice annually. Measurements during
the early winter quarter of the year (October-December) were initiated under a previous
UNDP/UNESCO study and, as used in this study, extended over the 18-year period from
1971 to 1988. Measurements during the spring quarter (April - June) extended from 1976
to 1988. These profiles were surveyed to depths of 6 m or distances of 1 km, whichever
occurred first.

Sediment sampling accompanied the profile surveying. Samples from the beach
face at MSL show a mean grain size of about 250 pm from Rosetta east, coarsening to 340
pm off Burullus and returning to 250 pm in the Baltim segment. Much finer sand, 150 pm,
occurs on the Manzala barrier beaches, suggesting that the longshore transport coupling
between the Manzala barriers and the Burullus-Baltin area is far from direct.

Wave arrays are located on an oil platform off Abu Quir Bay and in depths of 6
m off Ras el Bar on Damietta promontory. Both are three element arrays that provide wave
directional-frequency spectra (Lowe et al. 1972). The Abu Quir array became operational
in 1982/83 and the Ras el Bar array in 1985 (Lowe and Inman 1984; Elwany et al. 1988).
The arrays show that the predominant waves are from the northwest to west-northwest and
the wave climate is characterized by 1/2 < Hy(m) < 3 and 3 < T,(s) < 8, where H; is the
significant wave height and T, is the peak spectral period.

SHORELINE CHANGES

Analysis of the 18 years of profiling along the 70 Nile Delta ranges shows that
there are some sections of long-term erosion and accretion while, in other sections, the
shoreline exhibits large cyclic changes with periods of 3 - 8 years, but undergoes little net
long-term change. An "end-point" analysis of shoreline change over the 18 years is shown
in Figure 2 together with the standard deviation of change. The end-point procedure gives
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Figure 2. Mean shoreline change rate along the Nile Delta for the survey period
1971-1988 (below) and the standard deviation of the data set (above).
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valid information where the change in shoreline follows a continuous trend as in Figure 3,
but ean give biased results when there are cyclic changes in trend, as shown in Figure 4
(e.g., Dolan et al. 1991).

Inspeetion of Figure 2 shows that thc primary loeus of erosion is from Rosetta
promontory. Volume changes down to the 6 m depths surveyed give the erosion rate as
5 million m*yr. Since the erosion clcarly extends to greater depth, and the 3proﬁle is
steepening as it recedes (Figure 3), a conservative estimate is about 10 million m°/yr, This
material is transported easterly along the delta coast by waves and currents. The strong
currents, which may reach their near-bottom velocity maximum in depths of 10 to 30 m,
are also likely eroding sediments from these deeper portions of the shelf.

SAND TRANSPORT

There appear to be two interrclated sand transport mechanisms with somewhat
different paths along the Nile Delta coast: a longshore and a coastal current transport path.
The classical longshore sand transport is most intense in and near the surf zone, and is
driven by the waves and wave-induced longshore currents. Along the Nile shoreline the
longshore sand transport is eastward at rates of about 1 million m’/yr (Inman and Jenkins
1984).

A coastal current transport path of sand appears to be primarily driven by the
easterly-flowing east Mediterranean gyre that attains veloeities of up to 100 em/sec over
the shallow shelf. This transport is undoubtedly enhanced by wave action, particularly
during storms when 3-m-high, 8-sec-period waves can move sand in depths of 40 m.
However, the sediment distribution and coastal current measurements (e.g., U.S.
Hydrographic Chart 56100) suggest that this transport oceurs in a band about 5 to 10 km
wide centered around depths of 10 to 15 m. Clearly this transport path is earried to much
greater depths by the trapped jet off Damietta promontory (Figure 1). Consideration of the
overall budget of sediment suggests that the eoastal eurrent system may transport sand at
rates of 10 to 20 million m/yr along the coast. The coastal transport of sand along the
southern California eoast, which is largcly wave-driven, appears to be about 10% of the
longshore transport rate (Inman and Masters 1991). Along the Nile Coast, the coastal
current transport is likely an order of magnitude larger than the longshore transport rate.

Pronounced changes in downcoast orientation, as at Damietta promontory, produce
large, standing eddies. However, more gradual changes in orientation, as off Burullus,
appear to result in a downcoast eurrent divergence or spreading out and a decrease in
veloeity. This divergence results in a loeal decrease in the coastal sediment transport rate
and the aceretion of sand. This may, in part, explain thc formation of the Damietta Banks
west of Damietta promontory and the formation of the extensive Baltim dune field (Figure
1). This zone of sand accretion also appears to be a contributing factor in the formation
of aecretion and erosion waves along the shoreline east of Burullus Inlet.

Accretion and Erosion Waves

Divergence of the eurrent downcoast from Rosetta and Burullus promontories
results in formation of accretionary blankets of sand that episodically impinge on the
shoreline. Downcoast from Burullus promontory, individual blankets of sand fonn 1 to 2
m thick covers over the residual beaeh profiles in depths of 4 to 6 m (Figure 5), and extend
for 2 to 4 km along the shore. The sand blankets move progressively downcoast at rates
of 0.5 to 1 km/yr, generating series of acerction/erosion waves that travel along the
shoreline (Inman 1987). These rhythmie features are clearly visible in satellite imagery
which shows the turbid plumes in their nearshore cireulation pattern (Inman et al. 1976).
Their overall shoreline aceretion to erosion patterns are shown in Figure 4 and their
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Figure 4. Accretion and erosion wavces at ranges 16 and 20 km cast of
inlet to Burullus Lagoon. Vertical bars show initial impingcment of sand
blanket on profile. Compare with Figurc S.

temporal and spatial statistics listed in Table 1. The individual sand blankets impinging on
the beach profile have volumes of about 2 to S million m*.

The impingement of the sand blanket on the beach profile is relatively rapid, always
appearing in its full thickness (~ 1.5m) between two annual surveys (Figure 5). The initial
time of impingement is shown by the vertical bars in Figure 4. Thereafter the blanket
gradually thins while the shoreline accretes. Afier several years the blanket migrates
downcoast, and the shoreline erodes back to its former width.

The Residual Equilibrium Profile

When the accretionary phase of the wave has passed downcoast, the shoreline
returns to its previous form and exhibits a "residual” profile. In its residual form, the beach
profile goes through characteristic adjustments to seasonal wave climate, exhibiting an
equilibrium winter profile with a pronounced bar and a summer profile when the bar tends
to migrate onshore (Figure 6a,b). When the nearshore is blanketed with sand during the
accretionary part of the cycle, the profile is in disequilibrium with wave forcing and
frequently shows several, irregularly spaced bars and troughs. Although the year to year
shoreline changes associated with the accretion/erosion waves are large, 0(50 m/yr), the
long-term (decadal) changes based on successive residual profiles from the erosion portion
of the cycle are relatively moderate, say 0(2 m/yr).
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Table 1. Accretion and Erosion Waves East of Burullus Promontory®

Range® 6/11 6/16 6/20

Cycle Period®, years 6 7 6

Mean Double 120 90 95

Amplitude?, meters

Number of Surveys® 15 15 17

Cycle Phase in 1978 Accretion Erosion Accretion
max max max

3

o

a 6

L3

Data source: Cooperative Marine Technology Program for the Middle East, U.S.
AID, Coastal Research Institute, Alexandria, Egypt.

Profiles are from region 6 and their range (double digit number) indicates their
distance in km east of Burullus Inlet ’

Crest to crest propagation time

Mean crosshore change from maximum accretion to erosion

Survey period 18 years extending from 1971-1988

1 0.5
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Figure 5. Comparative surveys showing impingement of 1.5 m thick blanket of
sand between surveys of 1981/82 on range 20 km east of Burullus Inlet.

DEPTH, METERS
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The best-fit form for the equilibrium profile follows that suggested by Inman et al.
(in press). Their model consists of two contiguous curves, an offshore (shorerise) portion
joined at the breakpoint bar with the onshore (bar-berm) portion (Figure 6). Both portions
of the profile are well-fitted by parabolic curves of the form 4 = Ax™ where A is positive
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Figure 6. Profiles and definition sketch for compound parabolic curve
fitting. Parameters are listed in Table 2.

downward and x is the positive offshore coordinate (Tablc 2). It was found that the
compound parabolic curves gave the best fit, especially when there was a longshore bar
present as in Figure 6a. However, when the bars migrate onshore leaving a reasonably
"smooth" profile as in Figure 6b, then a single-fit parabolic curve gives reasonable good
fit as shown in Figure 7 and Table 2.
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Figure 7. Profiles and single-fitted parabolic curves. Parameters defined
in Figure 6 and listed in Table 2.

Table 2. Best-fit Curves of Form h = Ax™ for Profile Range 6/16

Bar-Berm® Shorerise*
Date
Xy Zy A m, X3 B Zy X, A, my,
Compound-Fitted Curves
Nov76 37 3.0 024 032 280 20 20 234 064 049
Nov86 50 24 070 040 40 20 07 32 021 048

Single-Fitted Curves (Berm and Shorerise)
Nov76 48 27 063 038 2.0

Nov86 40 24 074 035 2.0

* Symbols defined in Figure 6; all dimensional units in meters.
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