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ABSTRACT

Inaccurate operalion and management of irrigation canals often cause inequilable and
inefficient water distribwion, ‘fhe adjustment of hydraulic structures along irrigation
canals aims to maittain a bydraulie vargeted stale in order (o satisfy the water management
objectives. This causes unsieady flow in the canals at the initiation of revised operation till
it amains a new steady state. For cvaluation of water distribution efficiency 1o offiakes of’
irigatinn canals. two operation performance parameters, which take into account the
effect of unsteady (low, were used. The first one is the delivery performance ratio and the
second parameter is the operation efficicney. Two ypes of sensitivity in the analysis of
offiakes were congidered. The first one is the sensitivity of delivery which considers the
impacts of the perturbation on the delivery to the dependent canal through the offizke. The
second type is the sensitivity of conveyance which takes into account the effects on the
conveyance discharge of the parent canal. Sensitivity indicators enuble the identification
of sensitive offtakes and assessment ol their operational tolcrance. Performance and
sensitivity analysis Tor a reach of El-Bohia canal downstream Met Ghamr regulator was
studicd using the numerical hydraulic simulation. Sensitivity of delivery along this reach
was estimated for each oiftake using both the numerical hydrauvlic simulation and the
analytical approach.

INTRODUCTION

An irrigation sysiem is a sel of structures used to convey. control and distribute waler
to irrigation units. Due to increasing water demands, accurale control of the water low in
any irrigatlon system is becoming more and more important, but in practice control of
walter in many irrigation systems is still rather poor.

Unsteady flow in imigation canal is nearly always a (ransient phenomenon duc to the
predominant influence of frietiun. The duration of this transient flow phenomenon. or the
system respoase time. edn be considerable for open canals. The svstem response time can
be defincd as the period of time which is needed Lo transtorm from one steady state inio
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another steady state.  The impact of unsteady [low on the water distribuiion will become
significant il the operation time interval 1s short compared o the system response lime.

Control of structure is needed to reach or 1o maintain a desired state of the system. The
hydraulic state of the sysiem is defined by the water levels and flow rates. which might
vary in time and place, Gates along the canal have 10 be continually adjusted lo maintain a
desired water level or offiake discharge. Il gates are not sct properly and on the right time.
water will either be spilled or shontage of water will oceur downstream.

In a free surface delivery network. disturbances are exterally created by any change of
the inflow or the outflow. or internally generated by the siructures themselves. External
perturbation ean occur as a result of uncontrolled return flow from drainage or an
unscheduled variation of withdrawal. Inlemal perturbations ean oceur as a result of the
structure operation or due 10 any deviation of the siructure setling.

Good performance indicators should reflect to which extent actual supplies match
intended supplies. Sensilivity analysis of irrigation ofttakes aims to show the propensity of
the system 1o be affected by penurbations and 1o help engineers of irigation agency to
identify the location of the sensilive peints or sensitive parts of the system in order Lo
minimize possible deviations. Also, it may help to monilor the irrigation system with only
limited number of poinis. These points should be selected on the basis of their sensitivity.

The operational performance and sensitivity analysis for El-Bohia canal at the reach
between Mer Ghamr regulaor and Barhamtosh regulator were investigated using a
mathematieal mode} in which various hydraulic perurbations can be modeled. The length
of the reach under study 15 16 km and the number of offtakes along this reach is 9 offiakes.
Layout of the reach under study is shown in Fig. 1.
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Fig.(1) Lavout of the reach under study.

This paper focuses on offtakes performance and sensitivity to demonsurate their use and
give more atention o those offtakes where sensitivity is high. in order lo maintain
deliveries within an acceptable range of variation,
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PERFORMANCE OF INDI¥VIDUAL OFFTAKLS

Two sources of water management iosses can be distinguished.  The firsl one is
referred as “scheduled losses™ and s a resull of the fact that the scheduled delivery does
not exactly follow the water requirements. [he second one is called “operational losses™
and is a result of the fact that the actual deliveries o the offtakes are not exaetly cqual 1o
the seheduled deliveries.

In the mathematical wnodel, where the stage discharge curves of all offtakes structures
arc known exactly and where the operational instruction are followed precisely. the
operalional losses are a result only of (he unsteady flow phenomena.

For the cvaluation of the simulaied water distribution, two operation performance
paramertcrs were defined [6,7]. The first one is calied the Delivery Performance Ratio
{DPR), which specifies the extenl to which an offtake reccives its intended supply. The
second one is called the operation efficiency (¢,) and specifies the amount of water ost by
inappropriate allocation of the water to an offtake. The 1wo parameters are given as
follows [6.7):

v,
DPR = £ «100% (1)
2
¢, = > 100% )

t

where OPR = delivery performance ralio
e, = operation clfreiency

" = volume aetuaily delivered (m"f}
V. = volume effectively delivered {(in’)
¥, = volume intended to be delivered (m’}

The intended volume 1o be delivered { ¥) is defined in terms of the beginning and end
of supply time, an intended flow rale and an allowable range of variation in flow, The
actual volume of water received by an offtake ( #,) is calculated by integration of the
supplicd flow ratc and time. The aetual volume supplied is considered 10 be an effective
volume only when the moment of supply is within the user’s defined period of supply and
when the flow ratc is within the allowable rang of flow rates. Also. The effective volume
can never excecd the intended volume. An operation efficiency of 100% indicates that no
waler has been spilled but this docs not inean that offtake recetved enough water,

OFFTAKE SENSITIVITY

Offtake svstem is eomposed of Lhe upstream parcnt canal. the offtake structure. and the
dependant canal downstream of the offiake. Main variubles for offtake sensitivity analysis
are offlake’s discharge (¢), ongoing discharge in the parent canal (Q). discharge deviation
through the offtake (Ag), discharge deviation in the parcul canal {AQ), water level chanpe
in the parcnt canal (AH.g). and water level change in the dependant canal (A py).

An increasc or decrease in the offiake discharge produces an impact on the discharge in
hoth of the parent eanal and the dependant canail. An increase in the offtake discharge
means that more waler is made available for the users of the command area {delivery) and
less water is left in the parent canal (convey).

Sensilivity indicator of delivery considers the impael on dependent canal {(command
area). while sensitivity indicator for conveyance focuses on the cffect of variation of
withdrawal on the ongeing How in the parent canal {8.9.10]. Sensitivity indicator for
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defivery 8 1s defined as the relative change of delivery discharge (Ag ¢ divided by the
absolme change of water depth {AM;} in the pareni canal. and is wrilten

Y.

T OAH,, %)
The basic hydraulic equations of ofttakes structuse cnn be written as tollows:

g =ad(w)( H,., ~ H, )" )

g=b(Hy ~Hy, ) {5)

where Arw) = fiow section through offiake expressed as function of setting w; w = setting
variable of offtake (opening or height); @, b = discharge coelficient; Hys = water level in
parent canal upstream of offiake. Ay = water level in dependent canal downstream of
offiake: and Heey == fixed downsiream level taken in dependent canal.

The exponent acan usually be set Lo 1/2 for undershol eonditions and 3/2 for overshot
conditions. The exponent ¢'will be set tol/2 for undershot conditions. to 3/2 for overshot
conditions and lo 5/53 for farge reewangular ehannclt under normal conditions [9.10].
quation (4) refleets the discharge through the strueturc for the available head losses, and
equalion {3) relates the discharge to the dependent canal Jowing eondition.

Sensitivily indieator of delivery can be compuied by differentialing (4) and (3) with
respect o Hes [10] as
a .
Sn = _ﬁr {6)
where He = head loss equivalenl of offtake.

Head loss equivalem. H, . ofa partieular offtake. is equal to the head loss ol the same
kind of offtake {overshol or undershor), having the same sensitivity value but with free
Now downstream conditions. Expression of Hg can be wrilten as

o
H, o ={H. ~Hy) +?{Hr-.~ ~Hyd (7)

Sensitivity indieator of sonveyance of offiake S is defined us the raio of the relalive
variation of ongeing diseharge in the parent canal 1o the change of water height in the
parent canal, as a result of deviation (Ag) in the offlake discharge [9.10]

g, - 200
: AHI".\

Assuming the variation of ongoing diseharge in the parent vabal is egual (o the

variation of offiake discharge, i.e.. AQ = Ag, this indicator can be wrillen as
5, = 240 9
) AHF-’.\'

Then by multiplying (9) by ¢/g and subslitute for S; from (6), the sensitivity of

conveyance can be written as:

. q a
=2 0)
2 Q H’:
Background and morc details on offtake sensitivity can be found in Renault 1999 8],
Renault and Hemakumara 1999 [10]. and Renault 2000 [9].

The input perturbations can be classified juto three tvpes. The first one is the downward
effect. where upstream water depth perturbation in the parent canal produces an impact on
the offtake diseharge. The second lype is the upward effeet. where downstrean flow

(8}
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perturbation in the dependent canal produces an impact on the diverted discharge from the
parent canal. The thied one is the setling cffect. where penurbation of the sciing of eftake
makes an impact on the discharge in both of the dependant canal and the parent canal. In
this paper only the first and second Lypes are considered.

HYDRAULIC SIMULATION

Mathematical model was uscd to study the effect of hydraulic perturbation on oiltakes
discharge along El-Bohia e¢mnal in the reach between Mel Ghamr regulator and
Barhamtoch regulator. Models of one dimensional gradually varied unsteady flow in
rivers can be used as a basis for the model required lor the sirnulation and evalnation of
unsteady [low in controlled (irrigation) canals. These models arc based on both the
equation of continuity and the equation of momentum of De Saint Venant which are
partial differential equations of the first order. These equations can be represented as:

& A &Q

ar e Y o
0 3 2 3 h

ar T g_f(ﬁ%)+g’fﬁ.t'+g“i‘q’ =9 (12)

where 4 = wetted cross-sectional area: g = acceleration of gravity; ¢ = discharge
{through 4 ) ¢, = lateral inflow per unit length; 4 = water level ; f = Lime; x = space: and
Sy = friction slope; = momentum distribution coefficient.

To solve the set of these two cquations, Lthey are replaced by linile difference equations
which can be solved numerically. [mplicit finite difference Preissmann schome. a well
known, widely applied, and stable scheme [2.,4,5] was used Lo construct the mathematical
model.  The major feature of the Preissmann scheme compared with the other schemes is
its simple structure with both flow and geometrical variable in each grid point {1]. This
implies a simple reatment of boundary conditions and a simple incorporation of structure
and bifurcation points.

Necessary data of boundary conditions and calibration for the rcach under study were
obtained from the ministry of irrigation. The model used 2 computational grid with a space
increment of 200 meters and with a time increment of 12 minutes, which is the time ol
each pale adjustment approximalely. Afier a change in inflow rate had been made and the
gates had been set in their new position, the system transformed into a new stcady slate.
So. the period of simulation was based on the largest response time of the reach under
study (this equal o 10 hours for the reach under study). The response Llime (s defined as
the 1ime needed to transit from one steady state into another steady state [7]. The upsiream
boundary condition was a specified flow rate at Met Gharnr regulator and the downstream
boundary condition was a specified water level at Barharmtoch regulator.

Effective treatment and appropriate evaluation of Irictional resistance are vilal Lo
successful calibration for the model of one dimensional unsteadv flow. The calibration of
a model is based on the measured hydrographs which should be reproduced by the model
as closely as possible [3]. When a high level of calibration and verification ean be
achieved, then il may be possible to extent the application of the model bevond the limits
of the data used in the verification process.
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The muthematical model of Li-Bohiu was calibraled  using diffcremt values of
Manning's roughness coclficient. Measured waler levels al offlakes were used for the
process of calibration. Simulaled Stage hydrographs were compared with the measured
values ul olftakes Incations along El Bohin canal 1o get the best value of Manning's
roughness coefficient. Fig. 2 depicis the water level comparison at the oflake of Debigia
canal. The siinulaied resulls oblained by applying n = 0.022 was found, as shown in
figure (2). to be more accurale than those obtained by applying both n=10.021 and n =
0.023 separately (o the mathematical model.
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Fig. 2. Comparison between measured and simulated water level
at Debigia Canal for different vatues of Manning roughness eoefficlent.

RESULTS AND ANALYSIS
Evaluation of The Perfurmance of OiMakes

To invesligale \he operatiunal performance of El-Bohia canal using delivery schedules,
ideally a complete year hydrograph should be simulated. However, this would take too
much time and elfort as the model time step 12 minutes. Therefore, only the most
inleresting period was simulated, namely the period of unsteady flow. The results obtained
for the period ol unsteady flow was converted into results [or the periods of time equal to
the period between gate adjustments. Alter a change in inflow rate had been made and the
gates had becn sef ju their new posilion, the flow translormed into a new stcady state. So,
the period of simulation was 10 hours, which was equal to the response lime ol El Bohia
canal,

The resulls of the simulations are depicted in Table 1 for 10 Bours and two weeks
simulation periods. The operation efficiency of 100% indicates thal no water was spilled
but this does nol mean that the offtake did not sulfer rom waler delieiency. The delivery
performance ratio (DPR) of 100% indicates that the olltake received enough water but it
does not mean that no water was spilled. Therelore both parameters should be eonsidered
in the cvaluation.
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The results o simuiations reflect operational fosses only and. therelore. they should be
expected te be higher than those found in practice, because in the compuier simulation the
instructien are followed periceuy.

Table 1 Results of simulatians for the offtakes performance.

10 hours period 2 weeks
Name of offiake DPR 2 DPR
. P C,,
Min. Mearj Max. | Min, | Mean Max. ¢
Left Bohia 931% | O7T% | 100% | 993% | 9904% 1 n0% | 9R3% 1o
S B | 9T % | W | P | B | 0% 98 3% 100
Bahr El-Drham l
Sanafa VI | 97 1% | W00% | 996% | 9997 | I00% 0% 4% [0s
S06% | 96.7% | 100% | 98.3% | 9987 1007 8% 100F s
Barhamtosh .
EI_DebLgia 38.3% 9 J%0 10¥%% 47, 3% 99 Wy 1% 97 3% e
LTah“rgy [ o) 3% 6. 8% i00% 7 3% QO Ty {0012 YE.1% V%%
Tahwzlyz 92.2% | 96.3% 100% 93 6% Wy 1% 14% G8.2% FNPS
El_Abd 82 1% RN 100 89 6% 9 2, 1Y% 95 1% 100%%
Hasab A“ a B8R % [T LA 91 T%s 0G.4520 LR 9% J_ 1H"

The results show that the offinkes suftered {rom walter deficiency during the 10 hours
simulation pertod {the pericd of unsteady flow) more than that for the 2 weeks shnulation
period. So, The effect of unsteady flow duc to operation would be more significant if the
system was operated morc frequently.  Also, The simulated results depicted in Table |
show that cach gate of ofltakes and each rcgulator require a little adjustment to reach a
perfect performance,

Offtakes Sensitivity

Sensitivity analysis considers the initial and the (inal hvdraulic subsequent to a
perturbation generated by a change of setting, Sensitivily of delivery for Bohia canal was
estimated for each offtake using two methods. The first mcthod eomputes the indieator
using results oblained from hydraulic simulation through lormula {3). The sccond method
compules the indicator through the analytical formula (6). The resulls shown in Fig. 3
indicates good agreement between the two method. The standard ecror and correlation
coeflicient between analytical sensitivity indicators and the corresponding sirnuluted ones
are about 1.85% and 0.99 respectively for the whole range from 0.409 o 0.872.
Therefore, it can be eoncluded that the simulation validated the sensitivity indicator
approach for reflecting the general behavior of the system and particularly, in detecting

sensitive offtakes within the system.
Variations of offtake absolute scnsitivity of delivery and conveyance are displayed in
Fip. 4. Some statistieal information of offtakes sensitivity are shown in Table 2.
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Fig. 3 . Offtake Delivery Sensitivity -Analytical Assessment
Results {Eg. 6 ) Varsus The Simulated Ones.

Sensilivity of delivery and conveyance are low for El-Bohia canal. Most offiakes of El
Bohia canal have low sensitivity to perturbauons. Only rwo offlakes might be considered
a Iitle different { Tahway2 and El-Abd ) for having indicators above 0.6,

Hasab Alla nfftake illustrates the advantage of looking at several indicators. I has S,
value less than 0.6 but is quite sensitive for conveyance Sy value equal 10 0.28. This is duc
to the fact that the diseharge of Hasab Alla offiake represents a high proportion ( 20%
approximately ) of the ongoing flow in the parem canal (El-Bohia canal). [ence this
delivery point and the next downstrcam cross-regulator must be monitored carefully.
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Fig. 4. Offtake Senstivity Indicators of Bohia Canal for The Reach
under Study.
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Table 2. Statistical information oo the sensitivity indicators of El-Bobhia canal

Indicator Mean Variance Star}dz}rd
deviation

Sensitivity of delivery 0.556 0.018815 0.137167
Sensitivity of conveyance 0.050829 0.007517 0.086703

SUMMARY AND CONCLUSIONS

To study the hydraulic performance of offtakes along areach of El-Bohia canal for
non-uniform unsteady flow conditions, a flow model of nonprismatic controlled canals
was developed. In the mathematical model where the stage discharge curve of offtakes
structures are known exactly and where the operational instruction are followed preciscly.
thc operational losses are only due to the unsleady flow phenemenon in the canal system.

The simulated results depicted in Table 1 show that the offtakes structures and main
regulator requires a little adjustmenl to teach a’perfect performance. Also. it is clear thal
the operational losses due to unsteady flow phenomenon can be neglected if the period
between gates adjustment is long, in comparison with the response time of the system.

In addition 10 using a hydrodynamic flow model to study the effect of unsteady flow on
the watcr distribution for normal operational eonditions, the model can be used to review
the system’s behavior for extraordinary conditions. extracredinary eonditions can oceur as a
result of unscheduled variation of withdrawal or due to any deviation of the structures
setting.

Sensitivity of delivery for Bohia canal was estimated for each offtake using two
methods. The first one is the hydranlic simulation through formula (3) and the second
method is the analytical formula {6). The results shown in Fig. 3 indicates well agreement
between ihe two method. Thereforc, it can be coneluded that the simulation validated the
sensitivity indicator approach for reflecting the general behavior of the system and
particularly, in delecting sensitive offlakes within the system.

Analytical approachifornulae (6}, (7} and (10})) is based on physical eharacteristics
which can be easily measured or assessed in-site as part of the routine activities. [t does
not require sophisticated tools or measurements to be effective and therefore it gives 2
suitable application in any system.

Sensttivity analysis is a good (ool which can help engineers of irrigalion ageney
identify the location of the scnsitive offtakes and regulators along irrigation system ftor
operating them more carefully and etficiently.
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NOTATION

The following symbols are used in this paper

a = discharge coefficient;

A = wetted cross-seclional area;

Afw)= flow section through offtake expressed as funciion of setting w;

b

= discharge coefficient:

DPR = delivery performanee ratio;

€

g

= operation efficiency:
= acceleration of gravity;

Hps = waler level in dependent canal down stream of offtake;
Hggr = fixed downstream level laken in dependent canal:

He
q
[¢]]
@
Sy

X
a
B
-
&

s = water level in parenl canal upstream of offiake:

= glftake’s discharge;

= lateral inflow per unit length:

= djscharge (through A }, ongoing discharge in the parent canal;
= Scnsitivity indicator for delivery;

= Sensitivity indicator of copveyance:

= friction slope;
= lime,

= volume actually delivered:

= volume cffectively delivered;

= volume intended Lo be delivered:]
= setuing variable of offtake (opening or height);

= space;

= exponenl in Offtake discharge equation; The will set 101
= momentum distribution eoefficient;
= exponent in discharge equation at entrance ol dependent eanal:

AHpg= water level change in the dependant canal;
AHps= water level ehange in the parent canal:

Aq

= discharge deviation through the offiake: and

A(Q = discharge deviation in the parcnt canal.



