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THE CALCULUS OF BACKWATER CURVE ON THE MAN-
MADE CHANNEL  

Eugenia BECIU1, Ion SETEANU2 

In lucrare s-a efectuat studiul curbei de remuu ţinând seamă de deversarea 
laterală [1]. Au fost impuse de condiţiile de deversare laterală pentru o gamă de 
debite afluente în secţiunea amonte, corespunzătoare unor debite de evacuare 
impuse în secţiunea aval [2],[3]. S-au dedus relaţiile de legătură între aceste debite, 
calculând debitul lateral total corespunzător. Au fost considerate diferite variante 
pentru înălţimea pragului deversor hD. Nomograma rezultată din corelaţia debitului 
defluent cu cel afluent ne permite să estimăm atenuarea unui hidrograf de viitură.  

This paper is devoted to the study of backwater slope under the condition of a 
lateral overflow [1]. The boundary conditions for lateral overflow have been 
imposed in the upstream for a wide range of input flow discharge corresponding to 
outflow discharge required in the downstream section [2],[3]. The correlations link 
between the above mentioned flows have been derived computing also the total 
discharge through the weir. Several options for the weir height hD of the spillway 
have been taken into account. The resulting chart outflow versus input flow (for 
different values of hD) allows us to estimate the mitigation of flood hydrograph. 
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1. Introduction 

Man-made embankment assumes the focusing of flow even for flooding 
situations in low-flow channel. For bed to support very high flood wave, the 
aggradations of dams is necessary. They are designed to retain the excess stock of 
water during transit. To avoid exaggeratedly elevated dykes, which in, most of the 
times are non operative, a more economic option is to supply along the river 
course foot plains or polder as they are known in the literature [4]. In case of high 
risk floods they are capable to take over the water stock in excess. Under normal 
circumstances they may be used for agricultural purposes.  

The polder is usually designed to store the volume of water in excess 
coming from the increasing branch of the hydrograph. In this way the mitigation 
of the flood is efficient. 
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The length of lateral overflow zone and the threshold weir are strongly 
connected with longitudinal channel position. Also the value of roughness in cross 
section and along the river bed is of importance.  

In this paper we analyze the role played by these parameters for the flood 
discharge in a man-made river bed sector, equipped with lateral weir. We also 
obtain a correlation between upstream and downstream discharges, for different 
values of the threshold weir [5]. 

The lateral unit discharge q [m3/s] is null along the channel, an exception 
being the situation with lateral overflow in polder. Using the particular formula 
for rectangular weir, we obtain: 

2/3
0 2 Dlgmkq ⋅⋅⋅=                                  (1) 

where k0 [8] is an empirical coefficient ( )75.15.10 …=k  concerning the effect of 
streamline contraction, m is a discharge coefficient for the weir, DjD hhl −=  [m] 
is the height overflowing nape (the height of free surface over threshold weir in 
the analyzed cross section), hj [m] is the level of free surface and hD [m] the level 
of threshold weir. 

The mathematical model is founded on the fundamental equation of 
gradually variable flow, which, in finite differences can be expressed as: 
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where RCAK ⋅⋅=  is discharge module, 32 / AgBQFr ⋅⋅⋅= α  is the Froude 
number. 6/1/1 RnC ⋅=  represents the Chézy coefficient and B [m] is the width at 
free surface. The rectangular area is hBA ⋅=  [m2]. The wetted perimeter is 

hBP ⋅+= 2  [m], and hydraulic radius is PAR /=  [m]. Other characteristic 
quantities are: Q – discharge in cross section [m3/s], dx - sector of river bed [m], i 
– slope (‰), α – Coriolis coefficient, g – gravitational acceleration [m/s2]. 

If the level in the channel is smaller than the threshold weir, the calculus 
of backwater curve is performed starting from downstream data propagated 
toward the upstream. If the discharge increases step by step until we reach the 
lateral overflow region, the discharge upstream (Qup) [m3/s] is maximum and is 
almost constant until the overflow region is attainted. The computation of 
backwater curve is performed starting with downstream data, it arrives in the 
lateral overflow region where the curve has a decreasing slope along direction of 
flow and continues toward upstream. 

The boundary conditions imposed downstream correspond to a junction 
condition with a high depth storage reservoir where the level is imposed and 
known [6]. The upstream condition is the flood hydrograph Q(t) [m3/s]. 
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2. Computational algorithm  

For a sector of river bed of arbitrary shape, of length dx  [m], the Bernoulli 
relation is [6], [7]: 

flv dhdhdhdH ++=                                                     (3) 
where: dH [m] is the variation of level between two cross sections, dhv [m] is the 
change in kinetic energy, dhl [m] loss of local charge and dhf [m] is loss of 
longitudinal charge. The loss of local charge is due to the variation of cross 
section along the river with expression:  
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where ς is the coefficient taking into account the local charge losses and v  [m/s] 
is the current velocity of the fluid. 
The loss of longitudinal charge has the expression: 

dxSdh ff ⋅=  
where Sf is the longitudinal slope on the sector dx , expressed according to Chézy 
equality: 
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With the above notations, equality (3) becomes: 
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Transposing this equation by means of finite differences for a sector of 
length dx , bounded by two cross sections upstream and downstream, it result the 
level upstream Hup (m): 
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where  

( )upfdownffm SSS −=
2
1  

represents the mean slope for the sector, evaluated like an arithmetic mean 
between two slopes, upstream and downstream.  
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Depending on the velocity downstream vdown [m/s] and upstream vup [m/s], the 
sector is: 
- Convergent along the river (vdown>vup), then the loss of local charge is negligible, 
ςm=0; 
- Divergent along the river (vdown<vup) the loss of local charge is no longer 
negligible, ςm=-1. 

The algorithm is conducted according to the following steps [8]: 
Step 1 (predictor): As a first approximation, the level of free surface in the 
neighboring cross section is expected to be 

dxSHH fdown ⋅+ up up
)1(  =  

Step 2 (correction): Using the equation of continuity, the speed and the hydraulic 
slope are inserted in relation (4): 
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Step 3 (test):  
If ε  )1()2( <− updown HH       ( )][001.001.0 m…=ε  

the iterative process is considered completed and one moves to the next section. 
If this inequality is not satisfied, one chooses 

( ) )2((1))3( 1 = downdowndown HHH ⋅−+⋅ ββ  
where a coefficient β (called the relaxing coefficient) with values in the range (0.6 
... 0.9) is introduced and then calculations from step 2 are performed. 

3. Numerical results 

The paper follows the evolution of backwater curve for a real case in a 
natural riverbed, upstream of hydropower Turnu, located on the Olt river. The 
flow on this section is under natural conditions, the river bed being with variable 
geometry along the flow. We also assume that the boundary conditions 
downstream (storage reservoir) is: Fr<1, discharge and the level at the junction 
with the storage reservoir have the same values as in natural flow case [9], [10]. 

In order to highlight the three situations analytically described above, we 
use a program written in Matlab 7.0.0. We consider the following particular cases. 

Case 1: the natural river flow  
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Fig. 1 The backwater on the natural flow 

 
Case 2: flow in man-made channel  
 

 
Fig. 2 The backwater for flow channel 

 
Case 3: The mitigation flood for channel equipped with lateral weir 
The velocity and the shape of backwater curve in the man-made cannel are 

shown in Fig. 3 and Fig. 4. 
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Fig. 3 The variation of velocity in the channel with lateral weir 

 

 
Fig. 4 The backwater in the channel with lateral weir 

 
For several values of the weir threshold hD=3-5-7 m, we computed the 

correlation Qdown – Qup (nomogram). The graphs (Fig. 5) display the fact that 
Qdown curves tend to flatten (the effect of lateral overflow).  
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Fig. 5 The family curves (nomogram) 
 

In case we do a wave flood hydrograph Q(t) (upstream), one can 
determine the attenuated hydrograph by means of the nomogram represented in 
Fig. 5. Every value of flood hydrograph upstream is mapped into a single value of 
the downstream hydrograph at a given value of the weir threshold (hD). The 
numerical calculation has been done for a flood with increasing time of 12 hours 
and total duration of 36 hours (Fig. 6). 

 

 
Fig. 6 The mitigation wave flood 

 
Also, the stock of water in excess, leaked in the polder for the entire period 

of flood was computed for different values of weir threshold hD. The dependence 
is shown graphically in Fig. 5. It is noteworthy that the stock corresponding to 
maximum rate threshold overflow leaked hD = 4.5 m and a further decrease in 
these values has the effect of raising the stock leaked inside the polder (Fig. 7). 
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Fig. 7 The volume variation in the polder at different values hD 

4. Conclusions 

One can also determine when the maximum mitigation flow occurs. The 
situation depends on the state of the polder whether it is filled up or not: i) if the 
polder is not filled, the maximum flow occurs at the same time as the mitigation 
maximum flow; ii) if polder is filled up, the mitigation maximum flow occurs 
with a time delay. 
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