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HYDROLOGICAL CHARACTERISTICS
OF WADI EL~ARISH

Zidan, A.R.', Owais, T, X and El~Gamal M.,i'l

ABSTRACT

The overland flow in Wadi El-Arish represents a
case of unsteady flow on a pervious surface. The actual
flow is the interaction of various additive and substr-
acting variables; rainfall due to storm, lateral inflow
from tributaries, infiltration into the soil and svapor=-
ation from the water surface.

The differential equations which govern the overland
flow were expressed by the continuity and momentum equat=-
ions. These two equations were developed to be adaptable
for the overland flow problenms.

The rectangular grid characteristic method was used
for the numerical solution of these two parabolic partial
differential equations of the first order.

Wadi El-Arish was represented by a mathematical model
to predict the amount of surface runoff obtained due to a
storm, in addition to the emount of water infiltrated
through the soil.

The numerical solution of the differentiasl squations
was accomplished in using computer operations, at the
meantime, computations of successive surface profiles
yielded informations on the characteristics of surface
runoff and infiltration along the whole valley channel.

INTRODUCTION

The prediction of water discharge and charactoris-
tics of overland flow on watersheds have been of interest
to engineers for many years., The most important aspect
of such a problem is the study of flood characteristics
in the area subjected to rain storms.The overland flow
phenomenon represents a complex problem in the theorsti-
czl ana%ysis especlally the varying infiltration rate of
the soil,

Many investigations were carried out with different
approaches, to study some hydrological variables such as
infiltration process and the nature of overland flow,
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Mansoura University,
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Although both occur simultaneously in nature, the over-
land flow and infiltratioh process were separately stu-
died by these investigations through substracting the
infiltration from the rainfall to determine the overland
flow, Also some investigations proposed the assumption
that the land surface is impervious, However some other
investigations of significant application were performed
in the field of surface irrigation considering the assum-
ption of & porous surface with certain conditions, for
example constant width and constant discharge at the
upstream boundary.

Unlike other studies, the present study followed
different approach depending on studying the total in-
teraction of the rainfall, runoff, infiltration and
e;aporation together as they occur in nature concurren-
t y.

The achieved results hoped to be needed by Ministry
of Housing, Reconstruction and Land Reclamation to deterw
mine the amount of water lost either through infiltration
into the soil or that poured into the Mediterranean Sea.
Alsc An evaluation of the amount of saved water which
could be stored for various purposes.

DESCRIPTION OF THE MODEL AREA

----------------- g e e S

Wadi El-Arish basin lies in the middle and north
eastern part of Sinal Peninsula, bounded by latitude 31°
20" and 29°, longitude 34° 32° and 33°* 5° Fig.(1).

It contains an area of 17314.0 square Kilometor. Eleva-
tion varies between zero level at the Mediterranean Sea

in the north and over 1400,00 ms. above sea level at the
upper portion of the drainage area on El-Agme plateau.

The valley channel extends for 268 Kms long from
the intake area lying in "Egma plateau® at the confluence
of Wadi El-Qisheita to the Mediterranean Sea. 1In the
middle and south parts of Wadi El-Arish are joined by a
great number of tributaries are, Wadi El-Qis eta, Wadi
El-Biyadh, Wadi Abu~Aligana, Wadi Abu-Tareifiya, Wadi
El-Ruaq, Wadi El-Aqaba in South, Wadi Geraia, Wadi El1-
Shereif, Wadi El-Gurur and El-Muweilah in the middle.
Western tributaries are Wadi Abu-Suweirs, Wadi Hideidum
and Wadi El-Burki Fig.(2).

Five characteristics for the water shed of each
tributary are given in Table (1).
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Table { I ) Characteristics of the watershada of tributaries in
Wadi El-Arish basin,

Nams of the Area Length ; Stream density Slope | average
tributary Sq.Kms, Km, Km per Sq.Km) level
El-Qisheits 330 35 106 0,0085 | {1225.00)
El-Biyadh 607 71 116 0.0100 | {933.00)
Abu=Suweira 860 42 48 0.0114 | (800,00)
Hidelidum 800 75 g3 0.01s0 | ({720.00)
Abu-Aligana 400 36 =ls; 0,007C | (730.00)
Abu-Tareifiya 955 77 1) 0.0045 | {(740,00)
El-Ruag 2121 333 157 0.0143% | ({1000,00)
El-Agaba 2772 361 130 0.007% | (810,00)
El-Burki 2880 290 100 0.0023 |({728,00)
Gorain 2595 310 103 0.0040 |(655.00)
El-Sheretf 850 60 70 0.0130 | (480,00}
El-Gurur 516 52 100 0.0110 |(400,00)
El=-Muweilah 1040 102 g8 0.0044 ((570.00)

Toble { ? ) The veldos of the roughnese cosfficient'n',
Reach number| Di8tance, %s0 n, n
Kne, nm,
[}

1 1.400 0,0554 0,0854
80

2 1,520 0,0562 0,0842
132

3 0.520 g.0517 0.0916
184

4 0.482 0.0465 0.0863
212

5 0,900 0,0515 0,0915
236

6 1.040 0,0528 0.0820
244

7 l.2600 0.0547 0,0047
268
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EXPERIMENTAL PROCEDURE AND FIELD DATA

The numerical values of roughness coefficients,
infilteration coefficlents and the configuration of
cross sections which are necessary for computing the
friction effect, the infiltration effect and the change
in geometry effect, have te be measured in the field.

Manning's Roughness Coefficients

The roughness coefficients is expressed by the
equation Ref.(7)

1/6
nU - 0.0525 (dso) / -aa-a(l)

in which;
Ny’ roughnese coefficient for straight uniform
channel; and

d50= diameter through which fifty percent of the
sample in weight can pass.

Seven soil samples, representing the surface soil
of each reach were analysed mechanically, dsp for each
sample was determined from which n, could be cbtained
Table (2).

Effects of vegetations, channel irreqularity, chan-
nel alignment, obstructions and meandering of the channel
were taken into consideration in evaluating Manning's n
using Cowan formulae Ref.(3). Values of roughness coef-
ficients are given in Table (2).

Infiltration Coefficients

Infiltration equation is expresed as, Ref.(9)

1= a.t? eeee(2)
in which;
i = infiltration rate (cm/min.);
t = infiltration time (min.):
a2 = coefficlent which represents the infiltrat-

ion rate at t = 1.0 (cm/min (1l+b))and;
dimensionless exponent with values ranging
from 0.0 to -1.0,

b

)

Wadi El-Arish length was divided into seven reaches
according to the soil properties. For each reach the
infiltration rate was measured in the field by experi-
mental procedure. Holtan Ref.(8) described several tech-
niques using cylinders infiltrometer, with some modifica-
tions in their dimensions, but all have the same basis.
In the present study cylinder infiltrometer was used.
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The coefficients a and b of equation (2) could be
obtained by plotting the experimental data on a double
logarithmic paper Figs.(3,4). Values of 'a' and 'b’
for different reaches are given in Table (3).

Table (3) Coefficient "a' and 'b* at different reaches.

Reach Distance, Coefficient Coefficlient
number Kma, a® ‘he

1 0 - 80 3.16 ~0.65

2 80 - 132 3.00 -0.70

3 132 - 184 2,08 =0.60

4 184 - 212 2.10 -0,66

5 212 - 235 2.50 ~0.57

6 236 ~ 244 1.90 =-0.,50

7 244 - 268 1.85 -0.45

Section Properties:

The geometrical elements concerning this study are
longitudinsl slope, and section properties for every
increment of 4.0 km length. From the topographic map
made by Egyptian Organization Survey, 1936, and drainage
map Ref.(12) by ERTS-1 Satellite image 1973, The channel
bed levels at certein points were determined and the mean
slope for each reach wes calculated,

The configuration of cross sections were measured
in the f%ﬂld at seven sections along the valley as in
Figs.(S, ). The width of the valley channel at some
other sectionswere messured by El-Ramli (5). The widths
of the last cross sections were determined from the- sur-
‘vey maps drawn to scale 1:100,000.

Meteorological Data:

(1) Precipitation:

Precipitation falls in the form of scettered heavy
rain,occuring in the period from October to May, Prcepi-
tation is measured by geuging stations installed on
Arish City, Abu-Aweigila El-Cuasaime City, Nakl and
El-Thamad.

The hydrologic studies were carried out by using the
data of Abu~-Aweigila, and El-Thamad stations since the
data from El-Arish Nakl. and El-Qusaima gauging stations
were not sufficient due to the lack of duration time,

To determine the average reinfall intensity Thiessen's
poloygen method,Ref. {11), was used by weighing the rainfall

recording gauges according to the area assumed to be repre-
sented,
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double logarithmic paper at kilemetrage 164 elong
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The averasge intensity of rainfall during the storm
on the basin ares (R} = 39.64 mn,

(1i) Evaporation:

The rate of evaporation depending on meteorological
data and the nature of evaporating surface. Meteorolo-
gical data includes, solar radiation, air temperature,
humidity, wind speed and atmospheric pressure.

The temperature was found to be more or less const-
ant along the different parts of the wadi.
The average rate of evaporation was considered to be con-
stant, neglecting the nil records variation. Applying
the equation of Shahtin Ref.(11l)., the value of evaporation

rate (E) was estimated to be 5.52 x 1076 m/min.,

Due to lack in the meteorological data, the source
of other hydrological datas in the present study was the
informations concerning the storm which occured in Wadi
El-Arish on tMarch 18, 1947,

SYNTHETIC HYDROGRAPH

The subbasin area has no runoff measuring stations.
Therefore flow hydrographs can not be obtained, instead
synthetic hydrographs Fig.(7) have been designed based
on known physical characteristics of the subbasin.
Synthetic hydrographs were carried out for the aim of
determination of peak discharge, time base and laeg time.
The following equations were used for getting such hydro-
graphs Ref.(10).

Linsely, Kohler and Paulhus®s CEquation

(Ly-Lo).by

tp = G, ST e (3}
in which;

t = lag time in hours:

cg = lag time comfficient varies between 0.35
to 1.2;

L; = length of the mein chennel;

L. = distance from the outlet to the centroide
cf the watershed;

bl = exponent value equals 0.38, and

57 = basin slope.
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Tabla { 4 ) Synthetic hvdrogreph peravetsrs for the tributeries in Wedi El-A
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km.){ m.} Km)| . (hr, }{(he){me,)| (hr.} l /8g.Kny {hr.) (hr.)
El-Qiehaita 330 | 35 {o.0100) 15| 1.20 |21.10 62.2 | 9.17 { 0,160 | 23.26 | 40.57
El-biyadh 607 | 71 |0,D133| 35| 1.20 |53.24 106,48 10,28 {0,093 | 42,23 | 73.68
Abu-Sumeira B60 | 42 {0.0114| 24 {1.20 {38.54 77.28 19.35 ‘0.129 79.44 | 81.37
Hideidun 800 | 30 {0.01%0| 16 | 1.20 | 27.87 l 55,74 25.26 | 0.179 | 20.70 | 36.13
Abu-Aligans 406 | 36 [0.,0070( 16 |1.20 |37.13 74.26 9,56 10.134 28.15 [ 49,12
Abu-Tareifiys| 955 | 77 [o.o040| 45]1.20 |55.90 : 111.80 Po|1s.23 io.oag 43,97 | 76.71
£1-Ruag 2121 | 95 |0.0145] 50| 1.00 |55.40) o |3 |iic.eof @ B [34.26 in.ogo {43.17 75.67
El-Aqaba 2772 |125 |o.co7s| 7s io.?c ss.o1|d |9 [111.62 © (8 |4 a8 ‘o.oeg 1 43.97 | 76.71
El-Burki { 2860 | 90 |c.opas| 48 fo.82 [S55.10] 110.20 45.12 {0,090 | 43.37 | 75.67
Gerstn 2995 | 70 |0.0040| 42| 0.85 so.a6¢ 104,92 . 53.03 io.ogg j39.14 | 68,29
El-Sheresf 850 | 20 {0.0130| 8| 1.20 |20,50 41.00 i 36.89 ‘o‘zao |15.00 |26.18
El-Gurur 516 | 52 io.ollﬂ! 3011.20 46, 00] | t gz.oo! ltc.o0 |o.108 [35.66 |ez.22
El-Muweilen | 1040 } 40 G.OUAAi 2zi i.70 iaa zai i i Be.aa% | 20.94 {0.113 [34.14 |59.57 1
i i L H I i
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Richard's Equation for peak flow

Qp = 0-1 I:I.Rm.Ab aaaaa (4)
in which;
Q. = peak discharge in cumecs;
Kg = runoff coefficient;
Rn = maximum intesity of rainfall in mm; and
Aé = area of the watershed of the tributary.

Sinder's Equation

qp = —E'E‘— -a-oc(S)
P
Wop @ 22 (6)
73 1.08
(q;)""
p
WSO - 5.6 oo (7)
1.08
(a5)
in which;
q, = maximum discharge per square kilometer;
c? = coefficient ranges from 4.0 to 5.0:
tP = lag time in hours;
W7g = width of synthetic hydrograph at ordinste

75% of peak discharge; and
50 * width of synthetic hydrograph at ordineate
508 of peek discharge.

W

The typical parasmeters st thirteen tributaries of
Weadi El-Arish sre given in Table (4).

MATHEMATICAL MODEL

The overland flow in Wadi El-Arish channel is the
case of unsteady flow on a pervious surface, resulting
from variable inflows, such as rsinfall, lateral inflow,
infiltration and evaporation rate Fig.(8),

Precipitation rate 'r' falls on the surface of the
valley channel which is also feeded laterally with a
supplementary discharge Q from the tributaries. Losses
from the flow of the channel occur through infiltration
rate on the perimeter of the section and evaporation
rate from the surface.
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E = avaporation rate //’

r = reinfaell rate /;f; . o kY
- S . .'./ - .:..r';\.

" Latersl imflow QL }{;?/

Fig.{ B8 ) Genersl sketch of overland flow problem In Wadi El-Arish
channel,
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Fig.( 9 ) Ractangulsr grid.
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Governing Equations

The differential equations of motion governing the
overland flow may be established by considering the con-

servation of mass and momentum in addition to the follow-
ing assumptions;

(1) The mrmentum of precipitetion, infilteration end
evaporation is so smell that it can be neglected;

(11) The infiltration rate (i) is evidently non uniform
on the perimeter of the cross section. In order to
simplify the problem, a uniform infiltration rate is
asgumed across the top width,

(iii) The lateral discharge inflow Q from is distributed

over the space increment { §x) kaf.(lz).

The genersl equations of continuity and momentum
were derived for overlend flow over pervious surface
congsidering rainfell intensity, lateral inflow, infilt-
ration and evaporation Refs.(1,2).

Continuity Equation:

P, du b 2B

=--g-'+-r—1-f-:- ..... (8)

Momentum Equation:

Y u Qu 3y u.q u.r u
ﬁ}t P IS e P

- P —%~ E =g (ao - Sf) ..... (9}

_ Considering the hydraulic mean depth equale the viater
depth and the momentum coefficient is unity, the governing
equations could be simplified as:

Y L 28, L 2Y, Y28 q

3t > x 3 noSx Rt itk
and e (10)
du DU du u ¢
‘Bt )x + g -Dx - {'}(Sn - Sf) - T (-F-— L
- 1-E)
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Method of Solution

The method of characteristics was chosen for the
numericel soclution of equations (10) and(ll). The rect-
angular grid technique has been selected for such solu-
tion Ref.(12). The two equations yield the condition,
refering to Fig.(9); along the positive (C,) characteri-

stic
)
T €1 2 L (12)
P P 2 P
1
f du + f (g/y)é dy-f g S, dt + J o S dt
L L L L
de g Y r y
+f —“-(ﬂlg—--——g- v [ ~(av)%) dt +f E(u-(gy)¥)ar
L us(gy) L =Y {_ Y
P P
i Y - E 1
+) —;;—(-u+(gy)A)dt ¢ [ S(-uslgy)?) dt = 0 ....(13)
L L
along the negative {C_) characteristic
dx
- (gy Y ceven(14)
g P F 2
\ . _
Jdu-j (g/y)édv-/ gfv‘odt«*fgsf dt
R R R R
P P o
u(gy)* _db . % r %
“/ 7 : +/ (U +(gy )P dE +/ (u+(gy)*)dt
u-(gy)% ° By v
R T R R
P [
+ (- -(9v)#)dt « [ (v ~(gy)*) dr = 0 ...(15)
R R
Setting
By = slope effect = g f 8, df
Fo = fricition effect ={-g s; dt / y .
Di = change in qeometry’ effect = :‘/ U(QY)f di
‘ uf(gy)s B
gy = lateral inflow effect = 173; (~u :(gy)é]dr
Ry = rainfall effect = -é}J(wu + (gy)%)dt
Ni = infiltration effect = f—%&{u + (gy)%) dt

e

W

E; = evaporation effect = ./- (u + (QY)%) it
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Equations (14) and {15) could be rewritten in the follo-
wing simple form,

(u+ 200y}, = (u+ 200y)#) + By  + Fy 4D,

S

LP PLp LP
+ q + R + N + B L.l (16)
Lip Iip Lip Lie
{ 2( )%) ( 2( )%) B j D
(u - 2(gy = (u - 2(gy + Da  + Fo 4
P R Ri Sre A
+ q + R + M + E cenns {17)
Inp Irp Tep Irp

Model Construction

The mathematical model was constructed along Wadi
El-Arish channel to celculate at anv instant of time
along the whole channel length, water velocity, depth,
discharge and infiltration quantity. It extended for
268 Km long from the confluence of Wadi Fl-Qisheits to
the Mediterranean Sea with thirteen tributaries.

The numerical values of rainfall rate, evaporation
rate, inflltretion coefficients, lateral inflow, bed
slopes, section properties and roughness coefficients
were introduced as input data in the computer process-
ing, The model should have initial water depth and
velocity at mach section along the whole valley to
start computation. Ory condition was assumed i.e.
zero values for both velocity and water depth at
every section were considered.

In this model two boundary conditions were used,
a discharge hydrograph of Wadi El-Oisheita was used
as a boundary condition at upstream. On the other
hand, another discharge hydrograph wes used as a
boundary condition at downstream, its values were
hypothetically proposed using the given recorded
data which was stored and analysed by the computer.

Space increment jx = 4 Km. and time increment
5t = 300 Sec., were found convenient for carrying out
the computations.

Testing of results through verification of Rawsafe
dam indicated no significant difference between neas-
ured and computed results Fig.{10).
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SUMMARY OF RESULTS

L S S W B e e w A

Figure (11) shows the total amounts of channel
inflow at joining pointe of the tributaries with the
main channel. It indicates that most of the wster
inflow occured along & distance from the beginning of
the channel to Kilometrage 196, due to the presence of
water carrying tributaries along this part of the cha-
nnel,

The values of maximum depth and that of maximum
velocity at any of the 68 sections are shown in Fig.
(12) and Fig.(13) respectively. Wide verietions batw—
een the values of maximum depths at different sections
were found ranging from 0.62 m to 3.85 m. Also the
velues of maximum velocities ranged from 0.5 m/sec. to
1.85 n/sec, These variations were due to differences
in the geometrical properties of various sactions, and
the varied discharge along the valley channel,

The values of pesk discharge and corresponding
lag time for any of the sixty eight sections along the
whole length of the valley are shown in Fig.(14) end
Fig.(15) respectively, from which the following points
could be concluded:

In the southern and middle parts of the valley,
the pegk discharge took different values ranging from
6.77 m°/Sec. to 242 m3/Sec., the minimum value and
maximum value occured at Kilometrage 28 and Kilometrage
196 respectively.

In the northen part the peak discharge decreased
gradually as_the flow travelled upstream from a maxi-
mum of 242 m3/gec. at Kilometrage 196 to a minimum
value of 138 m3/Sec. at Kilometrage 268.

In general the leg time values increased irregularly
from south to north., This irregularity in lag time is
related to interposition by the tributaries,

The lag time for the part of the channel north to
Kilometrage 196 increased regularly towards the rorth.
The regularity of increaesing lag time could be explained
by the fact that the lag time in this part of the valley
was only determined by the channel flow with no inter-
position by various tributaries having different lag
time.

The rate of infiltration at each reach during the
flow time is shown in Fig.(16) from which the following
points could be observed.

The infiltration rate had the highest value in the
last reach near the Mediterransan Ses.
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The infiltration rate had the lowest value within
a distance bounded between 184 and 212 Kms.

For the other reaches the infiltration rate incre-
ased graduelly from south to north.

The total amounts of infiltration in Wadi El-Arish
channel for each section along its length are shown in
Fig.{17). It demonstrates that the total amount of
water infiltrated along the_whole valley length is esti-
mated to be 38.51 million mS, which is equivalent to
71.8% of the total inflow. Fourteen percent of this
amount infiltrated through the part of the velley south
to Nakl city, where es sixteen percent infiltrated thr-
ough the last 28 Kilometers.

The smount of inflow, amount of losses end the
amount of outflow at different sections along the valley
are shown in Fig.(18), it indicates that the total sur-
face runoff lost into the Mediterrenean Sea is about
14 millions m3 which is squivalent to 26.74% of the
total inflow. The meximum value of water outflow occu-
red at Kilometrage 196, This is a significant factor
in the choice of a convenient location for building &
dam, Other factorsof equal importance are sedimentary
formation in this site hes 2 minimal rate of infiltrat-
ion, the topographic configuration at location supports
its choice at this site; the channel was found signi-
ficantly narrow surrounded by two high mountains and
preceded by significantly wide part of the channel,
therefore this location is considerscd a convenient
location for installing a dam,
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CONCLUSIONS

The present study demonstrated essential data for
predicting the most convenient location for a dam to
restore considersble amount of runeff, since the water
lost in the Meditteranean Sea is too significant not
to be neglected. Attention should bo directed towards
gllocation of seversl scattered single dams and a series
of small dams all over the valley in addition to a great
number of ponds carefully selected in order to save an
optimum amount of restored fresh water.

More than seventy percent of the surface runoff
could take its course through infiltration passages and
reaches ground water reservoir. Fortunately the maxi-
mum quantity of infiltration occurs at El-Arish zone.
This will diminish the loss in the Mediterrsnean Ses by
balancing out consumptive uses against the stored water
reservoir and that replenish and feed the aguifer.
Further studies should be directed towards investigat-
ions concerning the interrelationship parameters and
cross correlations of ground wster against surface
runoff. Researches are recommended towards a proposed
mathematical model describing such relationship in
balencing manner.

One of the very useful information of the present
study offered is determining the lag time which is
important to oredict the time onset of maximum discharge
and the highest water levels to be expected, so the
ﬁBOﬁle in this ares can Lo warned before hand, avolding

igher water level effects and minimizing any resulting
demages.

Water mangement studies, based on more sccurate
meteorological data, ere highly recommended for thie
area as the water resources are considerably scarce
and limited.
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APPENDIX (II): NOTATION

The following symbols are used in this paper:

o

oo o;mcnm‘>

L = I I O

L OCOOOG
gl ot I
O

mnouwHn nueonn i nsouwn e u N

area of the watershed of the tributary;
empirical constant of the infitration rate;

top width of flow;

bed slope effect;

empirical exponential constant of the infiltration
rate;

empirical exponential constant of the lag time:
forward chaeracteristics;

bachward characteristics;

coefficient for maximum discharge per square
:ilometre;

lag time coefficient;

hydraulic depth;

change in geometry effect;

average duration time of the storm;

diameter through which fifty percent; of the
sample can pasesg:

evaporation rato;

evaporation effect;

friction effect;

gravitational accelesration;

runoff coefficient;

distance from the outlet to the centroide of the
wetershed;.

length of the main channel;

infitration effect;

Manning's roughness coefficient for the valley;
Manning's roughness coefficient for straight
uniform and smooth channel;

peak discharge in cumecs;

latersl inflow from the tributary;

lateral inflow per unit length;

lateral inflow effect;

maximum discharge per square Kilometre;

average intensity of rainfall due to the storm;
reainfall seffect;

rainfall rate;

basin slope:

friction slope;

channel bedslope;

time base of hydrograph;

time;

lag time in hours:

velocity of flow;

width of synthetic hydrogreph at ordinate 75%o0f
the peak discharge;

width of synthetic hydrograph at ordinate 509 of
the peak discharge;

distance measured along the flow direction:
depth of flow;

time increment,

space increment; and

=momentum coefficlient,
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