0.56., A.R.Zidan, Owsls and Moharram

COMPUTATIONS OF WATER SURFACE PROFILES
IN DAMIETTA BRANCH

Zidan, A.R.n, Owais, T.H.Rl, and Moharram, S.H.'l

ABSTRACT

The purposa of the present work is to simulate the
water surface profile along Damiotts branch of the river
Nile and tc make a comparative studies between throe com-
putational techniques used far such simulstien. These
methods include the standard step mathed, the Exra method
and the fall discharge method,

Applying the foregoing techniques and incorporating
the proposed discharge of El~-Salam cenal both the wator
surface profilo and water current could be predicred,

INTRODUCTION

Almost all major hydraulic engineering activities in
free surface flow involve the computation of gradually
varied flow profile Due to its practical impartence, the
computation of this kind of flow has been a topic of con-
tinued interest to hydraulic enginoers since Uupuit in
1848 who was perbaps the first to strempt the integration
of the gradually varied flow equatian.

Prominent workers in this field of the computation of
water sur! cue profiles are Bresse (2}, 1860, Dakhmetef,
1912 (1), Yon-8eggern (1l1) 1950, Czra {1,5), 1954, Grimm
{5), 1955, Escoffier (3), 1956, Chow (1)}, 1959 and Hondarsen
(5), 1966,

At the present time the general policy of the novern-
ment aims to increase the agricultural producrion 4y in-
creasing the cultivated areo which dependa mainly on the
river Mile Approximately 600,060 faddans could be reclai-
med in the norrth of Delte nnd Sinzi. This requires 9.5
millions cubic metor of water per day from Uomietta branch
Cl-Saloam canal, Fig.{l), has boen proposod to carry such
discharqge.

The reach of Damietta branch berween Zefra barrages
and Namiotta dam has boen chosen for rhis study, due to
the construction of El-Salam canal and the futuro navi-
gable purposes of Damierta branch. Aleng this rcach there
are many distributaries, and hydraulic structures such as
pump starions ond bridges Fig.(2).

a Irrigation and Wydraulics Uept., FHanscura University.
#x Oean wund Head of Vieter Engg., Faculty of Enaqg.,
Zagazlg University.
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‘Seil s Iu have boen déllacted sl tha reach and
yaad hthnn!ﬂﬂy in erder to aesesg the particle size
uutubuunn 1o mlua t’ht ‘e roughness cosffici-

#hts ‘lmin m have beaan
:quimrm in w&ﬁ w:,.mum jl.nl The cosffictent found
6 Le varied betwesn 0.025 and 0.020 along the reach.

‘51: casos huw been studiad:

1} moximum daily oischarge. u tHu :nrrmnnﬂnﬂ'
aater hru with starting nr’.l.‘lvntm o

Gase [2) tversges feon ﬂn',ri ’unhwm- md the corraapond-
thy wWatar lavel, with starting elevaridn of 1. 16 @,

3) norwwl daily discharge ond the corresponding
waier Iwﬂ‘. with mﬂlng ﬂhnt:gn af 1.38 =,

The ltnrttn& alovations were kpown from The given
meanurabonts avellnble From the Egyprian Ministry of
gﬂln:ua?ith-y wera recorded immouistely Lpstrasm Oamiorcn
BN BEE.

Tra naxt thros cones are the Same an thoss menrioned
avove, including the propcsad discharge of El-Splem cenal.
Fro= Tia rniiﬂnnuh&p betivesn the recorded dischorges snd
RTAgES OB in Figl-il a}. thn new starcing alovitions dre
lis2 n rnr thu o wcherge, 1.31 & for fen days
ﬂ-uga dincharoce, and t 30 =m for rhe normel dsily dischtergs.

SECTION PROPERTIES;

A survey atudy whks pr-pnrnﬂ Miniaery af Irrigatien
ﬁ;’i Une cross eacfion, domnbtream Zafte Larrzges at ]
bperer 89,00 way survayed i 1680.0vhay crose sectiona
Wera nvellable which aro: one: crose q::ii.un Was aurveysd
sn, 1979 st xilometsr 140.0, five cross sestions wers aur-
in 1976 slonn the disrance botwesn kilaneter 221.0
t# Hilopaear 22,0 a1 the ond of rhe reech. end ens cross
‘sscrion surveyed in 1942 at kilopeter 171.5,

fﬂ feintadn & oetrer sccivecy of calstistion, sddit-
ol crose goctions between the sxiating ssctiona wore
g Eiwhud ueing inear interpoletion technigue, The
torpolated properties of cross seatiops wro the water
‘alops batween correspanding points on the wetted parimetar
ol evary two successive or sectiona.

A graphicel nl-fimm:a butween both sectivnal ares
{,!. and hydroulic rodiua ( lgm-t atepe(Z)for nil sac-
inﬂi ynder mnut!-Tqum m.t‘n Without evﬂi‘h&ﬁh fice
arl given in Fig.(?
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Fig{ 7 } Aand R vs. Water Surface Elevation

The length of reach is located by a distance Letween
every two successive sections Fig.(2). Consequoently thdis
length could be taken as & discraence varied betwoen 1.0 Km
and 1C.0 Km, ,twenty five sections were considered in this
study.

METHOOS OF COMPUTATIONS:

The differcntial equation of the gradually varied
flow in its general form is given by;

S, =5

g{ = L fq ssaap (l)
1+ q—%,—(VL/ZEJ)

in which;

bed slope;

@
< - a
noon

friction slope;
average mean velocity; and

&

n

energy coefficient.

Oifferent forms of this equatien are given in (1l).



in whichj
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The value of energy coefficient is not egual to unity
as the velocity distribution is not uniform over the chan-
nel cross section, it depends on the shape of cross section
and roughness alignmont of segment of cross section (1,6).
For cach aection it may be divided of soveral distinct sub-
soctions of various stages of 0.5 m with constant roughness
coafficient {(n). For example, at Zefte o = 1.8l for water
stage of 6.0 m, 1.9 for stage 5.5 m send &= = 1.53 for stage
equals 0.5 m, .

The underlying thoory ef coch method i1s basod an
Oernoullis equation, which dopends on the equality of total
energy head at ony two sections as illustrated in Fig.(8).

’

! 3
"?"i Ronzoricl Line l;"‘_r
-‘nlfrsllh
upes s --_Li.l_{' Ins;t-s
ope, 5 B =g
T
: HI
{4 4
= =)
W 4 Octum P
Fig{ 8 )Energy of Open-Channel
Flaw

Ly + Yo * hVE = Zl L hvl + h, + other losses ssess (2)

f

Zy = strean bed elevation referred to & given detum
at sec. 1;

22 « stream bed elevation reffered to & given datum
at asec. 2;

y, = dopth of flow at soc.
Yy = depth of flow at sec.

1

2
hvy velocity head at sec. 1;
hv2 e velocity head at sec., 2
hf friction loss.

Other losses include eddy loss, bed and bridge pier losa
atc.

; end

n
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{i) The Standard Step Method:

This method could be classified inte two tachniques
for computing the water surfoce profile; methed (A) which
tnkas the velocity head into consideration and mathod (U)
without the effect of wveolocity head.

The friction less can be determined by applying Mann-
ing*s formula interms of the friction zlope 5S¢

n? Y’
5p = D e
= £ .
he & Lu§p === (S¢y * S4)  aeees (4}

i which; §1 ond S¢., ere the friction slopes st the end of
section (1) and section () respectively
In method (A), the computed flow profile dependa on

the position of water surface with respect to a horizontal
datum, It can be rapresontecd by atep from soction o pnothor

Ty W, ¥g Yt o Ty
Zy =z 4y Daaie (B
Introducing 2, ond Z, inte eguatisn [2).

Zy ¥ hVE =24 + hvl + hf + pther logsss vonnsl )

Also introducing H, and H, instead aof Z. + nhv, and
2y 0+ hv1 respectively if the above equation.”

als $- { 2 HEAR. 0 Eaawa =)
H2 dl + he + Other losses \

In method (8], the cemputed flow profile 18 a funct-
ion of the water surface at tha upstraoms aectinn wherso the
water aurfoco at the downstream 1a knovn

wZy = (hvg « hvl} + he + losses wsinwn { 93

The friction loass h, csn ba dotermined in the fello-
wing way (l0). Asgsumina the friction slope is antisl to
0,0001 then

“ /% 2%,
8ot :—;le—AR/ (0.0001 1% o aws 300

For a given discharge Q in the specifiod reoach:

0 DEE Y
Q= ~2— AR N T SO Ly {11

Enuations (10) ond (11) yield the condition:
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S¢ = (g-g—-‘-g_%iz e {12}

tha : tﬁﬂrﬁmm of the m:u and using

equatriona gsj ﬂn:t for the l;“i:ﬂ:;: t-ngr'tkﬂ%

respactive > wintar 'ﬁéﬂ
e nq.ﬂ-t ater ar procedure is rapea

ﬁ: rom
 section to anothar for thi -‘-‘-Wﬂ ion of flow prof

{11) The Ezra i-hmu: t

hical version of tha -tnndard'
arly suivable when o r-?

les have to be computad fo

g arting points.

S e
" [ﬁ”_ * 5.;3} 1!2* Hlﬂ: aﬂ' - *1 79 ——
- ‘Substituting Vi Qs and ﬁ - %
[ L =) i_- .
2t L"—"r'@g._g_‘ T J
o
st1 9 0, 2 ]
wid. » - — n—-.-—gv—-—-
1 3
|’Es s RARYE
] 0 ‘
. Kk, _'%__ ﬂl_:’i.; ._,,_._.,{iq

There is no m#nnnl nathod for earimating the eddy
loss but it is usually e n@ﬂ by the last IEM of the
nqunun Hhhﬁ K is & nm!!.:l;qﬁ ‘depends on the channel
shape. berwsan 0.0 for reqular prismatic chan-
nel to ﬂ.‘.l fbr mbrupt uhmn in channel cross saction (1).

Equn_t‘.\m (14) could be \iﬁum.tn r,hn_r fglm“!_ forn
2o+ FlZa) = 2y Flzy)e K&, Vi/2g =&y Vi/20)..(15)

fieglecting the lost term of the equation und this
fould ba compenanted by slight in:rﬂlh in the wlu. of
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Manning*snn

Z, + F(Z)) = Z; + F(Z)) voess(16)

The two values of F(Z,)} and F{Z,) should be computed
for each section Figs.(9) %o Fig.(14f exhibit the vslues
of Z) +F(Z1) end Zy+ F(Zp) for case (1) of max. deily dis-
charge. In computing F(El) of the section tha langth of
reach L. 18 the velue meesured downstrsam, whils for F(Z3),
L. ia mesaursd upstreem. The reeulting. velue of Za+ F(Zo
for the downstreem saction 1e therefors aqual to §1+F(21;
for the next crosa section end eo on.

For & given initiel weter surfaca elevation at the
downstream section of the reach, the valus of Z; + F(Z;)
can be obteined from appropriste Z, + F(Z,) curve by using
the curve Z3 + F(Z)) for the next upetreem etation. With
thie value, the correeponding water aurface elevation could
be determined. This procedure is repeated from section to
another for treaing the flow profile Teble (1) provides the
staps of celculation for casa (1) of maxiwmuas dally diecharge.

Teble [ § )4 Computatiom of the Flow Frefils For Cass

[ 1), by Ezra Msthod.

Sac.| Hiver Q 2 eF(Z)f2 ¢F(Z.) W.3.E. (2).8.
No. K.H. {e.m.a.) g R = ‘b‘(";;_g"]',“'
1 222,393 - 1.3z kL.az
1a5,21
2 |z21.%00 11.32 - 1l.32
z (221,500 - 11,34 11,32
3 |212,800 | 123,73 | 11,34 31,37 11.35
2 708,000 11.37 - 11.38
"« (204,000 - 11.40 11.3€
s |204,000 | 120,93 | 11,40 1ll.43 11,41
& |201,000 L4 - 11,44
8 |201.000 - 11.47 11.44
|7 |wime | 136,48 | 1147 1150 11,48
| & [18i.B00 Ll.50 o | 11,33
5 [1ei.500 - 11.54 11,33
¥ |17z.s00 | 13,540 1i.5% 11,88
10 {171,450 | 11,88 11,89 1.8
11 {170,860 .| A, 11,59
12 | 160,000 11,50 1.7 11.8%
13 | 180,000 7| 1l.8¢ 1178 Bl
14 | 143,500 11,60 11.84 11.83
15 { L4, 000 1l.04] 12,92 11,87
1e {133,000 | 132.82 11.92{ 1z.07 1.9 » ¥
17. | 130, 000 12.07% 1z.30 12.18
18 |12s.000 12.30] 12.80 12,48
18 {120,000 12.60( 1.8 12,74
20 | 115,000 12.91] 11.34] 13.11
21 |119,00C 11.34] 13,80 13,48
22 | 103,000 13.80 1a.12 13.82
23 | 100,000 14.12 14.72 l4.3%
L] 95,000 14.72 15,280 14,95
lrif' 89, 000 18,28 - 15.48
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Refarences (1)} end (5) deal with different modifications of
tha basic method.

(111} The Stage Fall Discharge Method:

This method is based on records of otserved stages
and theilr correesponding discharges (5}

1 2/3 . H % :
Q‘TAR (T) .44.-{1."')

For 8 singla stage the value AR2/3/nL% ia constant
dancted by K, thue aguation (17) becomas
Ta@i®: 0 B U™ L (18)

At any discharge (_ and the correapanding fall Hy,
equation (18) 1e

%
pEns 0 0 B L s {149y
Equations (18) and (19) yield the condition
i %
B, = T = veesa {20
BB l m the correeponding discharge
AP “TLHL— ] i

Therefore, when discharge of one meter ie known at any
mean water surface elevetion

Q,‘-le.H*5 s v (AT}

x

A ona meter dischergs curve ie& prepared, f{rom aveil-
able obeerved steges end diecherges. The dischargas of onsa
meter fell (Q1m)} is computad from equetion (21). The rala-
tionehip between the Q. end the mear watar eurface sleva-
tion ie given in Fig.(l@) for daily records by using Table

(2).

"The discharge valuss at the selected meen watar sur-
face elevationa are taken from ona metar fall discharge
curve Fig.{15) for the computstion of points, for plotring
the discharge curves. Theee veluse are ehown in columns
(1) and (2) of Teble {3),columns (3) to {13} of the suse
table containe the water surfece elevetions and correspond-
ing discharges Qy et variable falls which calculeted by
equation (22). From Table (3) tha discharge diagrem can
be plotted as tha reletion betwean the discharge (Qy) and
the water surface alevation at downstreem of the reach
Fig.(1l6).
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Table ( 2 )1 Ceily Oata snd Computations far Curve of
One-meter-Fall Ve. Dischsrge.
(Cross-Section 14 to 25 J.
wWater Surfacs Elavsiio Fall, Ciecharge, l
Above Dstum (10,00) (@) [c.8.8.) |
T I
i } sac. | Sec. Vasn H | Q JQ (1 m)
| Date| i |
i 14 | 25 lobsarved |otsarved | 1
L— | ! 1 1
' 11,592 | 14.46 | 13,19 | 2.54 , s2.08 | 32.6¢ |
11.78 | 14.92 | 13.35 3.14 96.64 54,54
11.85 | 15,22 | 13.54 3.37 132,52 72.19 !
| | 12.04 | 14.70 13.37 2.66 66,29 41.57{
J 11.74 | 14,70 | 13.22 2.96 103.00 54,87
1i.88 l4.82 13.35 2.94 118.79 69.36,
I 11.98 | 14.76 | 13.37 | 2.78 115.74 | 69.42,
11.92 % 14.5%0 | 13.21 2.58 105,32 65.57'
11,60 | 13.65 | 12.63 2.0% 38.77 27.08
13.78 : 14,38 | 13.08 2.60 897,22 6§0.29
| 11,73 | 24,15 | 12,94 | 2,42 59._44 44,564
11.64 14,01 12,823 2,37 60,18 39.09
11.76 | 14,35 [ 13.05 2.59 104,17 64.73
11.71 [ 4,30 | 13,00 2,59 100,69 62.57
11.63 { 14.10 | l2.84 2.47 72,92 46, 40
[ +1.52 113.83 | 12.68 2.31 37.62 24.75
11.43 J 13.52 I lz.28 2.0% 20.83 14.4]
11,39 (13.41 | 12,40 2,02 16,20 11,40
11.57 | 13.86 | l2.72 2.29 55,55 36,71
11,62 | 13,72 | 13.67 2,10 | 42.2%5 29.18&
| |
Q - Qm¥
{1 m.)
00 —T - T
,‘ Ul “_—‘ Reach belween 1
180 Secld & 5ecis
logQ=-16887+16624109 Z
= | = B
|
Aino I L =5 =2 == | :
K | I
I 1
! i —{
|
1L0 =
= -
2 * . g~
a @ |~ &
“t = 1=
o
“ 201 //»
120 i
1

10

Discharge 1Q,,,),in cms$

Fig (15 )} One-Meter-Fall Discharge Curve



[Mean
w.5.E

(9]

L

Lrg{x Hy= 1.0,

Above x

Datum

13.00

Secis

et

Llevelian

water Surloce

Q. |Elev.a

ﬂ(:.l.l) Sec.l4a (t.l.li Sec.l4

A.R. Zidan, Owsis and Moharram

Teble ( 3 ): Computation ol ODischarge Dimgrams.

(Cross-Section 14 t'o 25 ),

Wow 2,00 | M = 2.3 M, = 3.0 M, = 3.5 H =

x

—— — 1 y|
Q Euv..( Q]l Elov,u{—‘
4

Q, 1Ehv.n Q

fe.m.0)| Sec.1 (c.m.0)(Sec. L4|[c.m.0)
_| z 3 4 T ) : 7 9 10 11 12
lﬂﬂ.l 13,00 | 113.3 i 12.50! 126,56 | k2,25 |138,7 12.00 | 149.9 11.7s| 160.2 | 11,50
42,8 | 12.50 | 60.5 | 12.00| £7.6|11.75 | 74.1 | 11,50 B0.0 | 11.25| ©%.5|11.0D
{ 22.3 | 12,00 | 31.5 | 1l.50| 35.2|11,25; 38.6 | 11.00| 41.7 | 10,75 &44.5]10,50
l 11.3 11,50 16.0 ll.UOI 17,9 10.75 19.6 lo.s50 21.1 10.25 22,6 | 10.00
I { ‘
O = Oy ) M
10 — = — T
e T T
Ll I Fattt{H),in ms betwean
F 4 ' Sec.le & Sec. 2%
1 n r
A A/
.
M6 p—— /L“*K, ) e ik P SIS 1
8 | I
&
% S ‘
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3 ey m% |
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Knowing tha initial elevation at the downstreem of
the reach, from Fig.{16), the fall can be obteined which
in turne sdded to the inirial elevarion given the water
surfece st the upetream of the seme reach. The upstreaas
water aurfece elevetion will be the initial elevation of
the next reasch. This procedure will be treated for each
reach till the end of the study through.

RESULTS AND ANALYSES

In ths condition of max discharge, caes (1), Fig.{17),
the computed profile exhibits a decreese in lavel by aver-
ags values of 15.5% and 8.2% for both the etandard stap
mathod and Ezra method respectivaly. Thie prevails froam
the begining of the reach K,M. 89,00 till K.M, 143.0.

Using tha ateas fell diecharga method, the computsd values
of water levels sre lower than the messursd by a velus of
3.4% in averags. Both the etendsrd stap method snd Ezra
method provide identicel resulta from K.M, 143,50 till the
ond of ths reach. The computed elevations by the fall
diecharge method are highsr than the messured by an aversge
vealus of 4.9%.

Tha E£zra mathod ie more sccurata then ths standsrd
step method, as the effect of velocity heed and eddy losases
is included. The eddy lossea could be compsneated by eli-
ght increase in the velue of Manning'sn. On the contrary
the standard etep method considera the averege slope for
tha section, in addition it is beseed on the triel and error
technique., It provides setisfectory results in the down-
atresm of the reach where the velocity is emall. In thia
method the computetion cen be caerried in the wrong direc-
tion without resulting in serious errore, slthough it is
sdvisable to carry tha computation upstream of the flow is
subcriticel end downstream if it is eupercritical,

When the flow profilee of & streem in its neturel
stets without backwater affect are aveilsble for e number
of diecharges, the ategs fall diacharge method has the
sdvantages of eimplicity end economy, it is independent
on the boundary reeistance and4 hydraulic propartiee of the
section. Inaccuracy of this method could occur, becauaa
the affect of velocity head is ignoresd. At the downetrsam
of the main reach the error is bigger than that et the
upstream. This ie mainly due to axistance of meny hydrau-
lic structurps. Satisfectory results could be geined for

- problem in which the velocity is well below critical and
dacreass in the downstraem diraction.

For the ten daye sverage diecherge, caee (2), Fig.(1l8)},
the atendard atsp method end Ezre method provide differences
between the mesaured end computed water lavele of 17.7% and
8.54% respectively for the firat part of ths reach, while
the fall discharge method exhibite identical resulta ss the



5

Surfgce Efgvaliar oo

#F 5

L

ms

Water Surfoce Elevatio

C.72. A.R, Zidan, Owsis and Moharram

T =T ——[——-———* . = R et 1
ok ‘ ——Slondord Slep Mothed
~=-E2ra Melhou
%0 —— Stage-Foll-Disch Methad
) - Megsured W 5 Profile
(%]
% AD ' [ ’ ez
t | |
Sao e el
<1 i
20 I | __,_
[ e blpams |
Tiv ) | I l | S
| 1 | ¥
el e P TS | | P I | ) |
50 I3 e 120 130 WD 500 180 170 180 190 200 00 220
Heach Lengtn, hm
Fig17) Flow Profiles for Case po 1
70( e, RS, (= s s T — T e
e { —=— Slandard Slep Method
~=-—-f2ra Method
spl- i | == Siage-Fall Disch. Melhad

i, | -—-Measured W.S. Prohile

== i

N
NS ]

=—— W 1 ! =
| ,_ L LI \

i
90 W0 M0 120 3G D 150 60 170 WO 190 200 210 220

Above MSL
e
o
K
/

w
L=
/f
".
i

e
=]

=

(="

ms

clevolion

Wiler Surlace

00 .
Reach Length, km
Fighg ) Flow Profiles for Case na 2
70 T T - v T T r | 1 1
v S A s ). ! . ___|~=-Stondard Step Melhod
] —=-- Ezra Melhod

~—~—Slage-Foll Disch Melhod
~+— Meosured W.S. Prolile

w
£
- =S |
|
=
|
|
{

—d |~..‘. | | |

p c,o—\\#_ 1 — T

Y ;k,r._ B . 1)

A { '\a-::‘_} {
MW= ]” = ““:r- v ] e S T e

5 e
'- |
|

L l ! J ' |
50 100 10 120 130 w0 150 60 170 180 190 00 10 230
Keacn Lengih, km

Fighs ) Flow Profiles for Case na 23

|
=
|
|
|
|

i




g u 473

==

Wolar Suribes Eleustion. ms

Abons MSL.
-l
=

—

e, ﬁLr—anr--‘ -
T e =S “‘P Hﬂ.ﬂ J 1

¥

=

s

-

miﬂﬂ#mﬁuqﬂm'

TEEE

 Woter Surfese Elevaton, ms

_Figl2e) Flow Frofites for Case no.

g =

" .---r

1

E. B

;-1" : =

i

w0 o 7o 1o .'. !

S 1
ﬁmrhmm e

uﬁmua.

Water Suctaze Elevation, ms

i

ral s

-

' LI '__4 s e

== Fimqm ﬁﬂp Method _

]

R
b=

J

e e "hu'- 60 e
W‘Nﬂh Frofites for ¢¢

v




©.74. AR, Zidan, Owals and Moherram

velocity hesd ia wesller than in case {1)s From K.H. 143,5

% 1411 the end of the reach, both ths umhml atep method end
method pmmdﬂr -n Ur .LE of 2.1% higher

than the seasured whil mwm mhud pivas an
'rﬂr af Enﬂv

= ‘Far case (3) normal deil rge Fig. (19 rht camn-
puted weter m;{-f?;u rotitan Ty the Hmd&-rg eria s
thﬂ Ezrs method are lose than the messursd hy ues n!

a Iﬂd‘ ?oa fﬁﬁﬂ"ﬂt’l\lﬂy.

Tha fall d:uwhargn msthod provides 1denticel mutt-.
This i mainly due to the smaller m:.n of wlm:;
o et e S e )
v 4] o 1.3 ‘Al H
a:r- mﬁnﬂ“nh:bu untarnwtﬁu pmfﬂa h‘:g than the men-

red by vslues 2.9% end 0.7% bg&é For the atsgs
fa utnhu mathod the comput igm heve asarl
thgl m-ura? :mlm EL1Y th:u:nﬂ #lﬂm it
The increase o £ l!!- :!,.ncrnm of

.U&:t-r d-u:a of ﬂ-mnm: “fﬂ{ dﬁ ot o “Itﬂ-uih“ r boun~

ry rasistence por ares mum?g B ar

. deptha, lm;r pﬁm- ‘and sgaller differsnce b

-cmuud measured werer profile.

co ondi praﬂ‘#;m&i mn nfrer ths
G G
5 d the nn.t‘ia!. .'w d: re- mmuly.

CONCLUSIONS 5

: The following points could be cancluded from this
ety fl

The Exra aethod & to be tha mogt o
mhéd]nung tho thres d :am uelw.qun m the
cosputation of weter tumu- elevation in netural irrqu-
lar non prhutu :uhunn

2) Tha predict water au face alov ‘on Upstroas
tl;- h\m! r«:ﬁ ator of El-Salsm is expected to be 1.53 m.
'iuﬁ .1 fforent techniques have nserly provided the
E V‘ us.

 3) After the construction of El-Salam canal, it seese
rom nqlcuxauam that ;w of B‘wéﬂ bhﬂ' ir:-f“
Hnm-ﬁu mﬂiﬂ r
_Mnfmsﬁ: ‘is convenient to avold this situstion before

_ dp redictad watar surface elevatiop after the
.qblm on of El-Salem, sccording to Ezra method as follows:
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downetream Zefte barrage {K.M. 89.,00) could be 5.83 a,

0.61 meter higher then the axlsting slewvetion. At Mansoura
lock (K.M. 143.5) would equal to 2.3m by sn incresse of
0.45 m of the present elevetion, at Bosat station [H.M.
170} the water levael could be 1.92 m with &n increasa of
0.46 m; upstresm Opmimtta dem could be 1,42 m. Increasing
the watar current ims sleo damonetratad, The percentage of
increaas of the velocity could reach tha walus 43% at Zefta
barrages, 72% at Mansocura lock, and 73§ at Boast stntion,

5) From Bosat etation till the and of the resach the
water velocity axhibits emaller valuss than that of atation
upstreaam Bosst., This 18 meinly due the incrasss of crces
sectional area, and ths grewth of esguatic plantae. Its
value ranges from 0.08 to 0.26 m/mac.

6) Tha beckwater curves tarminates in stsps and ends
on & lake at Damietta dem. At thmt eite moet of the water
energy ie diesipated slthough a surplue of watar flowing
avar the epillway on the laft side of the dam. It is
difficult to aspacify accuratsly the eshapa and levelas of
backweter curve at that locaetion, This is meinly due to
amaller discharge, the incresse of weter dapth and the
various obetructions ineide the channel.
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