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Two main problems affecting the Nile delta coast: one problem is due to the loss of sand and the other one is related
to the siltation of coastal lake outlets and the mouths of the Nile branches. To address these problems, the dispersion
and rat e of sediment movement have been carried out by using fluorescent sand tracers at Rosett a, Burullus and
Damiett a Nile delta promontories. Results indicate that there is a net eastwards littoral sand transport in the surf
zone of the thr ee delta promontories. The avera ge drift rate measures at Rosetta (3.21 X 101;m"/yr ), Burullus 0 .48 X

l Ovmvyr : and Damietta (1.8 X l O'imvyr) show a wide difference which in part explains the severe erosion that has
occurred at the tips of these promontories. Dispersion of the surf zone fluorescent tr acers in vicinity of these prom­
ontories indicates that the most significant portion of sediments (0.40 x l O'trnv yr, 0.39 x lO'imvyr and 0.44 X 10 1;m"l
yr l is partly responsible for the silting of the Rosett a exit, Burullus lake outlet and Damietta exit , respectively.

INTRODUCTION

The Nile delta coast (Figure 1) is situated in the south­
eastern part of th e Mediterranean sea. It extends from th e
west at Abu Quir head la nd near Alexandria to the ea st at
Port Said , a total distance of abo ut 240 km . The sandy coast
line ha s three promontories a t Rosetta , Bu ru llu s and Dami­
etta . Th ese promontor ies a re separated by embayments in
coast a l configuration , bac ked by low sa ndy bac kshor e plai ns,
fields of sandy dunes and three la rge brackish water lakes
connecte d to the sea : Idku, Burullus and Manzal a. There are
also four channels which empty in to th e sea, two dist rubu­
taries of the Nile at Rosetta and Dami etta, and two drains
a t kitchener and Gamasa. Three major harbors a re loca ted
on the coast: Alexandria, new Dam ietta and Port Said .

The Nile delta coast is a dynamic sys tem form ed by th e
Nile river sedime nts disc harged into th e Mediterranean sea
th rough the historic sev en Nile branches (SAlD, 1981; AL­
ASKARY and FRIHY, 1986; Cm: RTELLIERand STANLEY, 1987 )
which have subseq uently silted up and been rep laced by the
pre sent-day two branches namely Rosetta an d Damietta (Fig­
ure ll. Sin ce th e bui lding of the High Aswa n Dam on the
main river in 1964, no additional sediment reaches the coast.
However, the wav es and currents continue to move the sed­
iment a longshore as some beaches a re retreating whi le ot hers
a re adv ancing. These rapid shoreline changes coup led by on-

98200; accepted ill rcoision 26 Noivmber 1998 .

going lit toral drift, sea level rise in the Mediterranean a nd
subsidence of the land in the northern part of the delta
(STANLEY , 1988, 1990; FRIHY, 1992; EIA' ISHAWI, 1993 ) lead
to a n increasing rece ssio n rate of about 106m/yr, 6.5m/yr and
10.4m/yr at the Rosetta , Buru llu s and Damietta promonto­
ries, respectively O"RIH Y and KOMAR, 1993). However, ero ­
s ion is not th e only trouble affecting the delta coast , but a lso
silta t ion of th e coasta l lake outlet s and th e exits of th e Nile
es tua r ies is now a grave prob lem as it hinder s fishing activ­
it ies and coasta l navi gation bes ides harming the lake eco­
system . Und erstanding the drift of sa nd a long the beach is
especia lly important to address th ese prob lems.

The aim of this st udy is to estimate the drift rate and dis­
persion of longsh ore sediment transport across the surf zone
of th e Nile delta promontories by using fluorescent sand trac­
ers . Th e Coasta l Research Inst itu te a t Alexandria is con­
du cting a program for management of these prob lem s and of
their impacts on surrounding neig hborhood s.

TECHNIQUES AND METHOD OF STUDY

Field exp eriments using fluorescen t-dyed grains were per­
form ed within the surf zone at two stations on each side of
Rosetta exit, Burullu s outlet and Damietta exit (Figure 1).
These experiments were carried out during J anuary a nd
Ju ly, 1993 . Such period represents different sea cond itio ns
during winter and summer seas ons . The length of each sta­
tion a long the beach wa s abo ut 150 m and the width of surf
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Figure 1. Geomorphologica l map of th e lower Nile delta coas t and th e positions of tracer exper iments .

zone was about 60m. The field an d laboratory techniques
were made accordi ng to I NGL E (1966). Fluoresce nt sa nd
grains in the pr esent stu dy have the same grain size distri­
bution, specific gravity and shape features of th e natural
coastal sa nds .

Generally, three relea se point s were located an d 21 kg fluo­
rescent sa nd usu ally released at the up drift side of sample
stations distributed on a rectangular gr id system. Sa mpl es
were collecte d by pressing 10 X 10 cm ben tonite-coated wood
plank onto t he sea bottom surface. Two series of sa mples
were collected from eac h stations after re lease. A total of 672
samples were collecte d during the 12 test s. In laboratory ,
each sa mple was viewed under short wave ult raviolet light
to count th e number of t racer grains .

CURRENT AFFECTING THE COAST

Longshore current have been measured within th e surf
zone twi ce daily along the study areas during fluor escent
sand tests. The collected data during .Ianuary and July 1993
have been subjecte d to statistica l analysis to determine the
probability dist r ibu tion of the longshore current. Results in­
dicated that the predomina nt current direct ion was foun d to
be from west to east. Th e ma ximum measured curren t veloc­
iti es wer e 82 an d 67 ern/sec, towa rds east and west, respec­
t ively while t he average velocity is about 40 ern/sec.

RESULTS AND DISCUSSION

Fluorescent Sand Movement and Dispersion

Th e techn ique of the presen t study depends upon at what
ra te fluorescen t sand left the resp ective sa mple grids. After
establishing the approximate number of tracer grai ns re­
leased du rin g each field test, a plan imeter ana lysis was mad e
of each individua l tracer dispersion pattern constructed from
adjust t racer concentrat ion values (Figure 2). Th e data re­
su lte d from applying the equa tion of I NGL E (1966) yield a
wide range of dri ft rates due to varie ty of locations, seasona l
effect and surf cond it ions prevaling during eac h tracer test.
Th e exa mination of the fluorescent sa nd movement (Ta ble 1)
revealed that erratic current has played an important role in
t he sediment disper sion. Th e erratic current and sediment
dist rib ution patterns were create d du e to the low an gle of
break er incidence which was too sma ll to cau se a strong un i­
directional current . The res ults of sediment movemen t (Fig­
ure 3) a long t he three promontories were discussed as fol­
lows:

At Rosetta coast, the ave rage grain velocity was 3.12 and
1.72 m/min at the western and eastern sides of Rosetta
mouth, res pective ly. Th e thickn ess of the mobile bed layer
was det ermined by using core sampler . It was 2.0 and 4.2 em
at t he western and eastern sides of Rosetta mouth . Th erefore,
th e ave rage sediment drift is estimated to be 3.21 X 106m3/

yr . Th e greatest t racer dispersal occurred in sea ward (45%
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Figure 2. Disper sion of fluorescent sand grains astride Nile delta prom ontorie s during January, 1993.
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Tab le 1. Percentage of occurrence and drift rates ( X 106 m3 / yr) for each dir ection of sediment movement astride Rosetta . Bu rullus and Dam ietta prom-
ontories.

Tota l
Offshore To E ToW Landward

Area Locat ion Date Drift Rate % Drift Rate % Drift Rate '7c Drift Rate % Drift Rate

Rosetta 1 1-1-1993 5.13 65 3.33 12 0.60 23 1.20
1 1-7-1993 3.15 49 1.55 6 0.20 45 1.40
2 2-1-1993 2.79 40 1.12 40 1.12 20 0.55
2 2-7-1993 1.75 25 0.44 50 0.87 25 0.44

Aver age 3.21 45 1.61 27 0.70 28 0.90
Burullu s 3 3-1-1993 1.20 25 0.30 33 0.40 8 0.10 33 0.40

3 3-7-1993 0.92 22 0.20 41 0.38 11 0.10 26 0.24
4 5-1-1993 2.10 66 1.38 17 0.36 17 0.36
4 4-7-1993 1.70 70 1.20 15 0.25 15 0.25

Aver age 1.48 46 0.77 27 0.35 13 0.20 15 0.16
Damiett a 5 7-1-1993 1.08 25 0.27 59 0.64 16 0.17

5 10-7-1993 0.78 32 0.25 31 0.24 37 0.29
6 7-1-1993 3.76 17 0.66 64 2.40 19 0.70
6 10-7-1993 2.78 55 0.86 29 0.45 16 0.26

Average 2.10 32 0.51 46 0.93 22 0.36
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Figur e 3. Sediment drift ra tes astride Nile del ta promontor ies.

offshore ). It was found 1.61 X 106m 3/yr and th erefore the off­
shore sedime nt movement is ma inly respon sible for the se­
vere coastal erosion . A sign ificant porti on of th e sedime nts
sho wed a distinct tenden cy to move wes tward which was es­
t imate d to be 0.90 X 1Q6m3/yr. So, th e westwa rd movement
is al so contributed to the severe coas ta l erosio n . Th e least
portion at the western side of Rosetta mouth was found to
move eastward (9%) with an average a nnua l drift ra te of 0.40
X 106m3/yr. Th e silt ing pr oblem of Rosetta exi t may be re­
lated to that ea stward drift. Th is is in ag ree me nt with EL­
FIsHAwI et al . , 1991.

At Burullus coas t , th e area west of Burullus outlets was
subje cte d to continued accreti on afte r th e cons t ru ct ion of th e
western jetty, ca lcula te d ra tes of sand movement increased
from 0.92 X 106m3/yr to 1.2 X 106 m3/yr . On th e oth er hand ,
th e area s located a t the easte rn side of Burullus outlet sub­
jected to conti nue d erosion and th e dr ift rate in creased from
1.70 X 1Q6m3/yr to 2.1 X 106m3/yr where th e max imum de­
st ruction of th e beach a nd coasta l dunes is found. Th e aver­
age grain velocity was 1.65 and 3. 12 m1min a t the western
and eastern side of Burullus outlet , respect ively . Th e thi ck­
ness of mobil e bed layer a t th e sa me sides was 1.6 a nd 2.7
em. Th e most prominent portion of tracer grains (33-41% )

was moved eas twards at th e western side whi ch was esti­
mated to be 0.39 X 106m3/yr . It is partly responsibl e for silt­
ing up of Burullus outlet and creat ing di fficulties to th e fish­
erme n. Besid e th e landward drift was es ti ma te d to be 0.32 X
106m3/yr . A contrast situa t ion was found at the eastern side
where th e wav es a t tack th e foot of th e coas ta l dunes. Th e
most prominent portion of th e se dime nt movement (68% and
es t ima te d to be 1.29 X 106m3/yr) was moved offshore. Al­
though eastward and westward drifts were re presente d (0.31

X 106m3/yr ), th e high rate of beach erosion and destruction
of the coas tal dunes ma y be rela ted to high rate of offshore
drift. Simila r result was arrived by EL-FISHAWI and BADR
(1992 ).

At Dam eitta coast, the average gra in velocity was 2.24 a nd
3.0 7 m1min a t th e western and eas tern side of Damietta
mouth, resp ectively. Th e thicknes s of mobil e bed layer at th e
sa me s ides was 1.5 and 2.7 em. Th erefore, th e ave rage annual
drift was found to be 0.93 X 106m3/yr at th e west ern side . It
can be subdivided into: 0.26 , 0.44 and 0.23 X 106m3/yr of sed­
iments moved offshore, eastwards and westw ards, resp ec­
tively. Th e most portion of se dime nt moving eastwa rds is
partly responsibl e for th e silting up of th e Damietta exit. Th e
westward dri ft causes similar difficulties a t th e new Dami ­
et ta harbor (Figure 1). Th e average annua l dr ift was es t i­
mated to be 2.67 X 106m3/yr of th e easte rn side . It can be
subdivided into: 0.76 , 1.43 and 0.48 X 106m3/yr of sedime nts
moved offshore, eastwards and westwards, respectively (Fig­
ure 3). Th e most prominent portion of sediments which
moved eastwa rds may be responsible for th e construction of
th e spit at th e fa r eas t of Damiet ta . On th e other hand , sed­
iment drift moved westwards used to silt up th e Damietta
mouth and creating difficulties to th e navi gation. Offsh ore
dr ift causes severe erosion . Similar result was arrived by KA­
DIB (1972 ) and EL-Frs HAwr and BADR (1993 ).

CONCLUSIONS

Th e higher gr ain velocity and thicker mobil e bed layer at
th e western side of Rosetta mouth , easte rn side of Burullus
outlet and easte rn side of Damietta mouth may be responsi­
ble for the loss of sand in front of th ese beach es. During dif-
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fere nt sea condit ions , the fluorescent sa nd tests indicate th a t
th e drift rate tend to be higher in winter tha n in summer.
The average dr ift rate was estimated to be 3.21, 1.48 and 1.80
X l Ovmvyr at Rosetta , Burullus and Da mietta promontories,
respect ively. Offshore dr ifts were found 1.61 , 0.77 an d 0.51
X l Ovrn'vyr which has caused severe erosio n along the sa me
promontories. Sediment s moved westwards (0.40 , 0.39 and
0.44 X l Ovmvyr l used to s ilt up th e Rosetta mouth , Burullus
out let an d Dami etta mouth , respect ively. As a resul t , the Bu­
rullus outlet, Rosetta and Dami etta mouths used to be s ilted
up creat ing difficult ies to the naviga tion a nd inh ab itan ts who
are mainly fishermen .
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