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ABSTRACT

The mathematical model is an idealization of a syatem and it can be used to study the operation
scenarios of an existing or a proposed system.1TheSobek model is a mathematical model which
is chosen to simulate the Fayoumi Standard weirgshwhave been modified by adding pipes to
convey much water to downstream direction. Measargsof discharge with these structures are
complicated due to existence of the pipes. Fieldsueements are carried out and simulated using
mathematical model to investigate the effect otailieg pipes on a clear over fall weir. Bahr
Hassan Wasef is simulated with six cross-secti@nkilometer from the beginning of the channel
including weir is represented. The used data ofssssections altitudes, discharges, water levels
upstream and downstream the weir, and the headvesieffor Bahr Hassan Wasef were measured
at the field by a Staff from Ministry of Water Resoes and Irrigation in Al-Fayoum and Assiut
Irrigation Directorates. The effect of downstreamtev depth is taken into consideration. The flow
results of piped weir are compared with those af wéhout pipes. It is found that there is a large
difference between them. Equations and curves donputing the discharge of piped weirs are
developed using multiple regression analysis onbiges of dimensional analysis. This research
might help irrigation engineers to accurately eaterthe discharge for such structures.

Keywords: Fayoumi Weirs, Simulation, Bottom Pipes, Free Désge, Discharge Coefficient,
1- D Sobek.

1. Introduction

Developing new approaches for water managemengyptBvhere the high population
growth coupled with shifts in the structure of tmnomy which are causing an increase
in agricultural, municipal, industrial and tourismater demands from limited supplies is
needed. Accurate delivery of the necessary amamintster at the correct times can both
conserve water and improve the quantity and quafiggricultural products [2 & 7].
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With the increase of cultivated area served by lsamaater demands becoming higher.
As a result, the capacity of the existing weirdtbam those canals and the embankment of
the canals themselves upstream of the weirs begpimsufficient to pass this increase of
high water demands. So, the solution is to reptheeold structures by new ones or to
modify the existing ones [3 & 6]. The first solutiags costly prohibitive while the second
requires a modification of the hydraulics of theinwe The modifications may be the
widened or lowering weir crest or operating thestrg pipes used at the bottom for
emptying the canals to pass extra flow rates tondtream.

Wolters et al. [15] made serious attempts to distish between flow over the weir and
the flow through the pipes. They suggested ratiumyes for studied weirs. Abdel halim et
al.[1] introduced an equation for computing thecdage of weirs with orifices, but their
equation is the dimensions of the used model. Queabilow over sharp-edged and below a
gate with different shapes is simulated by Negmalet[13]. General dimensionless
relationships for predicting the discharge of tbenbined flow through these structures are
introduced. Ministry of irrigation represented inréxtorate of Water Distribution in Assiut
Governorate [9 & 10] estimated the values of disghgassing through weir with or without
pipes by using own rating curves calculated frotnalaneasurements in the field.

It is noticed that no general equations are foumdestimating the discharge of the piped
weirs, especially the contracted ones with bottgragy The main purpose of this research is to
determine a general relationship for estimatingltbeharge of piped weirs.

2. Theoretical approaches

Two dependent variables are adequate to represemedalimensional flow. These
equations are called Saint Venant equations [1#ipyTare derived on the bases of
continuity equation and momentum one [6]. The ulsasic equations and the assumed
hypothesis of the 1- D flow module are given hexéofiows:

1- Continuity equation is given in the form;

ai+a_Q: 0 Xl
ot 0x
2- Momentum equation is given as;
2
29,0 (, Q%] 4 20, RQRI _, 2
ot ox As 0X C2RA;

in which:

A; = conveying cross-section fm

A; = total cross-section areaﬂ]‘n

C = Chézy coefficient [if/s]

g = acceleration due to gravity [rfi/s

h  =water level relative to the reference level [m]

Q = total discharge [ffs]

R = hydraulic radius (approximately equals to walepth [m]
t =time[s]

W; = width of conveying cross-section at water swefpn]
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x  =distance along the channel [m]
0og = Boussinesq coefficient (Eq. (3)) [-]
The Boussinesq coefficient is a correction faatathie convective acceleration term Eq.

(2), to account for non-uniform velocity distribomi in the cross-section. It is computed as
follows [5][14]:

n
Z CiZRiAﬁ %qui\/ﬁ ’
P T E— and C’R=|Z_— 3
2 1
C’RA,

where:i = index indicating type of sub-section aneeying cross-section£i 3)

The last expression in Eq. (3), computing a repredize &R, is also used in the bed-
friction term in Eq. (2). Chézy coefficient C inishmodel computed as a function of
Manning’s roughness coefficiengp

1
R6
C=— (4)
Nm
For the canal model, the Manning type roughnesdficmmt may provide a good
representation of the hydraulic roughness for eewihge of discharges [6]. Flow over a
rectangular weir with lateral contractions and a&a-nsubmerged hydraulic jump can be

described by [1]:
2

Qactw = ECdW (b - 0.1nH )/2g H 1 (Contracted-weir) (5-a)

or

Qactw = CiH (5-b)

In which Qy¢tyyis the actual discharge passes over the wgif, i€ the weir coefficient

of discharge, b is the width of the weir crestsithie number of end contractions, g is the
gravitational acceleration, and H is the water hexasr the weir. Also, Flow through the
pipe is governed by the following equation for trdice discharge [1]:

7
Qactp = (Z DZ)Cdp\/ 2gHp (6-a)
or
Qup = C,H 8'5 (6-b)

In which Q. is the actual discharge through the pipgpds the pipe coefficient of

discharge, g is gravitational acceleration, apdsHhe difference of head of water acting
on the pipe, see Fig. (1).
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Fig. 1. Definition sketch of a piped weir.

Thus, any relationship controls the flow passingeroecombined structure (Qact)
consisted of weir and pipe must use these equattioiisstrate the interaction that may be

happened. From E¥|(5b & 6b), the following equation for estimatiniget discharge of
piped weirs is given as:

Q=CH5 +CoH 05 @)

The values ofC1 and G may be experimentally or mathematically estimatachis

research, the values of these parameters are matibelty estimated using 1-D SOBEK
model.

3. Bahr Hassan Wasef Weir (case study)
3.1. Model area

Baher Hassan Wassef is a canal of 13.8 km long isndcated in AL Fayoum
governorate. The designed bed width of the can&6i@ m with a bed and water surface
slope of 10 cm /km. The canal bed level is 21.58t iits start. As there is a 0.40 m drop in
the longitudinal section at 0.9 km, its bed lewel9.70 m at its end. AL Fayoum type weir
was constructed downstream the barrage at a dest#r@90 km to measure the discharge
passing through the canal. Weir crest level is 4mwith designed maximum upstream
water level of 25.8 m and downstream one of 24.50\mir dimensions and levels are
shown below [6, 11 & 12].

3.2. Model components

Most of model components, limits of data introduaethe 1- D SOBEK model and the
geometry of Hassan Wasef weir are summarized asrshroTable (1).

The distance between the grid points in each raadhg distance represented the weir
and the pipe system is taken as 1.0 m, whiletdken as 100 m for Hasan Wasef model.
For model calculations, time step are taking onerh@otal time for stimulation is taken
24 hours. Grid points are defined to representsibetial numerical grid on which the
partial differential equations are solved. Chosésspatial steps provide a good balance
between numerical accuracy (high accuracy for cmmed scales) and computational
effort (computational time and amount of outputadtd be processed) [4, 5 & 6]. The
working discharge of Hassan Wasef weir is takenmsdream boundary condition, while
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the downstream water levels which represents thte sif pipe submergence are taken as
downstream boundary conditions.

(27.00) Road Level

25.80) Max. UW.L
i

(24,50) Max. D.W.L
- (2448) -

Up stream weir Down stream weir

(2115) D=075m (21.15)

7

Fig. 2. Dimensions of Bahr Hassan Wasef weir.

Table 1.
Dimensions of the Bahr Hassan Wasef modeledtsies.
Bed Up Down
Model. Level stream stream D(m) | P(m) | b(m) H(m) H(m)
W.L W.L
One pipe 22510 22510
only 21.15 5 8 245 0.75 - - - 010 3.3
Two pipes 22510 22510 i i )
only 21.15 5 8 245 0.75 0to 3.3
Weir
: 22510 22510 0 to
W|t_h0ut 21.15 o5 8 245 - 3.33 15 13 0to 3.3
pipes
One piped 22510 22510 1x0.7 0to
weir 21.15 o5 8 o4 5 5 3.33 15 13 0to 3.3
Two piped 22.5 2x0.7 0 to
Weir 21.15 1025.8 22.5t024.5 5 3.33 15 13 0to 3.3

3.3. Model simulation and calibration

The constructed mathematical model has been dalibmasing the measured data and
obtained information. The model was calibrated tame assuming roughness values and
using the trial and error technique until the ouitpiuthe model matched the measured field
data of the water levels and discharges. The agemgyhness value is computed and taken
0.0276 for channel. The recent measured crossossatbtained in year 2013 by Irrigation
General Directorate of West Al Fayuom Staff [11&1@] Bahr Hassan Wasef. Also head
over the weir, water level downstream of the wamg discharges through weir without pipe,
one piped weir, and two piped weir were measured ttmes for the three cases and are
listed in Table (2). These data enabled a bettdaration of the investigated weir.
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Table 2.
The measured data which are used for calilgy#he model

Water level | Water level Iev\ygtgs H(\elglzt?)(/er Discharge
Weir Case At HWBR uUsS Weir Weir Weir Q (n¥ls) Date
(m) (m) m | Hm

Weir without 25.59 25.54 24.19 1.06 33.45 1/1/2013
pipe 25.80 25.74 24.50 1.26 43.30 19/8/2013
One piped 25.55 25.51 24.19 1.03 33.45 2/1/2013
weir 25.80 25.74 245 1.26 45.20 20/8/20(L3
Two piped 25.52 25.47 24.22 0.99 33.45 3/1/2013
weir 25.80 25.74 24.50 1.26 46.70 21/8/2013

Manning roughness values obtained during the eldom were used in SOBEK model.
The results of calibrations are plotted and shawfig. (3).

26
o " - _:
255 B55 R e ] L] 2 RN S T ]
— !
= : H H 4
% 5 —=— Computed water level for weir without pipe
B oas oo R S S,
B m  Measured water level for weir without pipe X
= - =#- = Computed water level for one piped weir
% Messured water leve for one piped weir : :
245 oo e #.oo
—— Computed water level fortwo piped weir
+  Measured water level for two piped weir i i ;::"
2 H T H H T
0 0.1 02 03 04 03 0.6 0.7 08 0.9 1
Distance (km)

Fig. 3. Results of calibration process for weir withouigs, one pipe, and two
piped weir atQ =33.45n¥s (Bahr Hassan Wasef).

3.4. Model verification and validation

Verification of Bahr Hassan Wasef model is adrout based on real measurements.
These measurements are shown in Table (3). A cosopaof measured water levels and
computed values are shown in Fig. (4).

4. Results and discussions

The discharges and water levels were measuredgdetosing the pipes and after
opening them. The measurements were used as iaputal SOBEK model. The model
was then run and the discharge was predicted fyesimulated case. Based on the model
results, formulas are established. These formulavaidated against field measurements
and compared with previous studies.

4.1. Weirs without Pipes

Shown in Fig. (5) are the results of Sobek modw; discharge Q against head H. The
curve can be represented by the following form:

Qu =30.69H 1% 00m<H<1.3m{&=1.0) (8)
Comparing Eqg. (5 — a) to Eq. (8), the value gf @ay equal to 0.69
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Table 3.
The measured data which are used for the veridficaif the model

Water
level Water level | Water level | Water Head Discharge
Weir Case At US Weir DS Weir over Weir Q (mg/sg)] Date
HWBR (m) (m) H (m)
(m)
24.90 24.89 23.80 0.41 7.913 20/1/2013
25.13 25.12 24.0 0.64 15.632 26/1/2013
_Weir 25.28 25.25 24.12 0.77 20.833  30/1/2013
without pipe
25.50 25.46 24.17 0.98 29.606 26/4/2013
25.73 25.66 24.25 1.18 39.2964 10/7/2Q13
24.85 24.83 23.8 0.35 7.913 20/1/2013
25.10 25.08 24.10 0.6 15.632 26/1/2013
One piped ™55 75 25.22 24.15 0.74 20.833  30/1/2013
weir
25.46 25.42 24.19 0.94 29.606 26/4/2013
25.68 25.63 24.25 1.15 39.296 10/7/2Q13
24.8 24.79 23.85 0.31 7.913 20/1/2013
25.07 25.04 24.10 0.56 15.632 26/1/2013
Two piped 25.21 25.18 24.15 0.70 20.833  30/1/2013
weir
25.43 25.39 24.20 0.91 29.606 26/4/2013
25.65 25.60 24.27 1.12 39.296 10/7/2Q13
255 : r
PRSI e —8— Com puted water level for weir without pipe E E )
% ®  Measwedwater level for weir without pipe
B ! !
'_5 ===+ Computed waterlevel for one piped weir >
‘é‘ X Measured water leve for one piped weir
LI
#— Com puted water level for two piped weir -
®  Measured water level for two piped weir
! I |
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Distance (km)

Fig. 4. Results of verification process for weir withquippes, one pipe, and two
piped weir at Q = 20.83 {fs (Bahr Hassan Wasef).
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50.0
450
400
35.0 4
30.0 4
25.0 4
200 7
15.0 -
10.0 -
5.0 1
0.0 | \
0.00 025 0.50 0.75 1.00 125 1.5C
Values of H (m)

Values of Qw(l113.":4)

Fig. 5. Predicted discharge,Qrersus head, H over Hassan Wasf weir without
pipe.
4.2. Weir with one or two bottom pipes

Shown in Fig. (6) are the plots of Sobek model ltesaf discharge Q against head [5I

for one and two pipes. It can be seen that; formpe, the data are simulated by a curve.
This curve has the following form;

Q, = 146H p°-5, 00m<H<33m (R=10) %)

From the degining Eq. (6 - a) and Eq. (9), theieaf G, for one pipe only may equal
to 0.74.

Similarly, for weir provided with two pipes, theree can be represented by;
Q, = 275H,” 0m<H<33m(R=1.0) (10)

Referring to Eq. (6 - a) with Eq. (10), the valdeGq, for two pipes only may equal to
0.703.

Values of (3 (ms."s)
[ =]
[=]

* Qp- Hp. (one pipe).
* Qp- Hp. ( two pipes)

0.0

00 03 05 08 10 13 15 18 20 23 25 28 30 33 35
Values of Hp (m)

Fig. 6. Predicted discharge,,Qersus head, facting on the pipes (m)
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4.3. Discharge through piped weir

The plots of Sobek model results of discharges owar crest, @, and that through

one bottom pipe, Ragainst the acting heads over weir crest, H aachtting head over

pipe, H, for one piped weir are shown in Fig. (7). Actuallyere are no meanings of the
point of intersection of the two curves of®, and Q-H,, as they are plotted on two
different scales. It can be observed that the detaepresented by the following formula

with R*=1.00;
Q =137H J° +30.690 H ' (R=1.0) (11)

Referring to Eq. (5 & 6) with Eq. (11), the valoeCy, = 0.69 and Cg= 0.7 for one
piped weirs

Values of Hp (m)
0.00 0.50 1.00 1.50 2.00 2.50 3.00
50.0 ' ' ' ' ' 25
45.0 om-eeeons SRR ELEEEEE Q= TITELS Y e
400 4 T ———— N F20
550 - .
= 3004 S N S < L 1s7E
me ; s ; _ 15 g
E 250 Jorcurreneend U S e Q=306 o
& Lo : : PoRE=1 %
T 20.0 o R S SRR el S r Lo 2
8 : : : =
E 15.0 *Qw-H ...
10.0 T@-Hp | Los
PR SR ol S R AN
0.0 : : : : : 0.0
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Vales of H (m)

Fig. 7. Computed dischargesy,Gand Q. versus H, H for Hassan Wasf weir
with one bottom pipe.

Also, Sobek model results of discharges over wedstc Qw and that through two
bottom pipes, Q against the acting heads over weir crest, H &edacting head over
pipes, H for two piped weir are shown in Fig. (8). As mentd above, there are no
meanings of the point of intersection of the twoves of Q-H, and Q-H,, as they are
plotted on two different scales. It can be obsertreat the data are represented by the
following formula;

Q = 273H > +30.69H° R=1.0) (12)
Thus, for two piped weirs, the value of,G 0.69 and Cg=0.7.
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WValues of Hp (m)
0.0 1.0 2.0 3.0

50.0
45.0
40.0 1
35.0
30.0 f----o-]
25.0 1
20.0 ke
15.0 54—
10.0 -

5.0
0.0 1o’ ; ;
00 03 05 08 1.0 13 15
WValues of H (m)
Fig. 8. Computed discharges,@nd Q. versus H, I for Hassan Wasf weir
with two bottom pipes.

Values of Q,, (m’/s)
Values of Q, (m5s)

4.4. Rating curves

Rating curves help engineers and user to getnrdtion easy and faster. Now, we are
going to have a relationship between the ratecf {lQ) and the head over the weir or that
acting on the pipes. In previous studies [6][8I9], the relationship between the
discharge in the channel with the head over the waeist was represented only. They
didn't take into consideration the effect of theadhalifference between upstream and
downstream water level which affects the flow r#teough pipes. To achieve better
understanding, the data obtained from previousiesudre shown in Figs. (9 -11) and
Table (4). From Fig. (9), for H less than a unity)(the given discharge from equations
having head (H) with power more than 1.5 is smadhan that given with power equals to
1.5. This may be due to that, in the previous sidihe discharges through pipes due to
actually water head over the pipes were not takenaccount. This concludes that there is
much more amount of water passed through pipeswarsdnot calculated in previous
calculations. Figs. (10 &11) show the plots of mgtcurves for the weir and pipes taking
into consideration the acting head on the pipe #wad on the weir crest individually,
taking the interference effect in account.

Table 4.
Equations control relationship between Q and HHassan Wasef weir
MWRI [9 El-belasy [6 Practical Discharge
) v measurements [9§]J The author
Weir case Equation R| Equation R Equation R Equation R
One pipe - - - - - - 1.45%° 1
Two pipes - - - - - - 2.758° 1
Weir 32.84H*
Without 31.18H94% - - - Or 30.69H° 1
Pipes 32.348H84%
One piped 32.1H* 30.69H"
weir - - or - - + 1
32.1H7 1.37H>°
Two piped 33.6 H*® 30.69H*
weir - - or - - + 1
34.2H-% 2.73H>°
L . No downstream WL L . downstream WL and
Remarks No pipe Is takgn into is taken into No pipe Is taKen into piped cases are taken
consideration . A consideration h : .
consideration into consideration




901
JES, Assiut University, Faculty of Engineering,. M@, No. 4, July 2014, pp. 891-904

60
—— Qtwopipsd weir model, H
o4 b
=== Qusirwithou
@ ——Qummistw (9], H [
% — - Q[6]ons pipdweic . H
% 0 e Q [B]two pipedwain, B | A T
- == Quorking MWRI[12], H
Z
20 e e e et R
e e

0 02 04 06 08 1 12 14
Values of H (m)

Fig. 9. Rating curve for Hassan Wasf piped weir.

Values of H, (m)
0.00 0.50 1.00 1.50 2.00 250 3.00
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,/.-' 1
40.0 Y 20
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2 30.0 -l 15%
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s .r"'", s
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10.0 ig 05
5.0 / . e
. - : :
" |
0.0 == ; 0.0
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Fig. 10.Rating curve for Hassan Wasf weir with one pipe @4).

Values of Hy, (m)
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400 v 40
35.0 / 33
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= 250 ! 25

o _,f
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2 150 "" 15

=R // v - Qw-H o

. / / — Qp-Hp .

5.0 r 5

0.0 ™ 0.0
0.00 0.23 0.50 0.75 1.00 125 150

Values of H (m}

Fig. 11.Rating curve for Hassan Wasf weir with two pipes @2).
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5. Conclusions

The finding from this research may have practigapligations, especially when
operating the existing bottom pipes to increasectheveyance efficiency of the channel
upstream the weirs and also to increase the digehaassing to downstream channel.
The following main conclusions may be drawn:

1- The division of flow passing with combined strueuweir provided with bottom
pipes) affected by the flow characteristics dowsestn, as the pipe discharge
depends mainly on the difference between upstreaaterwlevel and the
downstream ones.

2- Operating the bottom pipes for passing flokhwthat passes over the weir crest
improves the discharge coefficient of the weir #malpipe.

3- The downstream water depth affects the upstsearar depth for weir with bottom
pipes when the pipes become submerged.

4- 1-D SOBEK model is an efficient tool for prediict equations for computing the
discharge through the combined device for the saonditions of derivation.

5- Using mathematical model in modelling flow op&ped weir may help engineers
for well design and prediction scenarios when wagkhe pipes with the weirs.

6- It is recommended to develop rating curvesweirs with pipes for all Fayoumi
standard piped weirs to contribute in controllitayf rate over those structures.

7- Equation and rating curves are awarded for esimg the flow rates of the
combined structures of weirs and bottom pipes.
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