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FIG. 9. Maximum Drawdown at Downstream Offtake under 
Ideal Control: s =1.5; b* =2.0; Ro =0.6; FN =0.1-0.3; L* =0.4-1.6 
(Burt et al. 1995) 

resent hydrograph locations: at the upstream end, at the quar­
ter, half, and three-quarter points, and at pool end on either 
side of the offtake. Station 6, in the gate structure downstream 
from the offtake, is shown as a dot-dash. Noteworthy is the 
extreme length of time required to restore original conditions 
at the gate, as the necessary changes in pool volume are ef­
fected. 

Fig. 9 is an example of generalized dimensionless graphs 
quantifying pool response in the chosen scenario. With relative 
drawdown defined as the maximum reduction in downstream 
depth divided by initial checked-up value, the curves show, 
for a 60% withdrawal fraction, the drawdown as a function of 
checked-up depth relative to normal depth, relative pool 
length, and initial Froude number. Complementary graphs 
would show the effects of different offtake ratios, relative bot­
tom widths, and canal side slopes. From such curves, one can 
establish whether the drawdown is tolerable even with an ex­
act, simultaneous replacement of discharge upstream, or 
whether anticipatory control is required. 

CONCLUSIONS 

The effect of canal hydraulic conditions on a steady back­
water curve is small when expressed in nondimensional form. 
This suggests that this nondimensional form is useful for ex­
amining canal-pool properties in general. 

It has been shown that pool properties have an important 
role to play in the response of pool levels and volumes to 
changes in flow, either known and anticipated or representing 
an unknown disturbance (e.g., unauthorized withdrawal, weed 
plug, etc.). Pool volume changes play an important role in 
controllability. These volume changes influence the speed of 
wave propagation, as demonstrated by differences in delay 
times stemming from different downstream control structures. 
Further, pool volume influences the water-level response to 
unanticipated downstream withdrawals. 

The amount of backwater at the downstream end of a pool 
has a huge effect on its controllability. The writers therefore 
no longer recommend that irrigation canal pools be designed 
with normal depth at the downstream end under maximum 
flow conditions. Some additional backwater depth is necessary 
to allow sufficient control. Unfortunately, the technical anal­
ysis presented here may be insufficient to provide the neces­
sary information for performing an economic analysis for the 
appropriate amount of backwater. 

Our analyses suggest that not all flow changes in a canal 
pool can be accommodated by feedback alone. The amount of 
flow change that can be handled just by feedback is dependent 
upon the pool properties, the amount of allowable depth or 
pool volume change, and the properties of the feedback con­
troller. This result emphasizes the need to include both feed­
back and feedforward components into canal control systems. 
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APPENDIX II. NOTATION 

The following symbols are used in this paper: 

A = cross-sectional area (L2
); 

AN = cross-sectional area at nonnal depth in the characteristic 
flow (L); 

a ratio of average breadth to depth at nonnal depth for in­
flow, QN; QR = QNla;
 

B top width (breadth);
 
b =bottom width of trapezoidal section;
 

Da = gate opening; 
dN = hydraulic depth (ratio of area to top width) at nonnal depth 

at the characteristic discharge; 
FN = Froude number of characteristic discharge at nonnal depth 

in reference section; 
h = water-surface elevation (L); 
L = reach length (L); 
N = subscript symbolizing conditions at nonnal depth in the 

characteristic flow, QN, in the reference section; 
n = Manning n (LI/6);
 

nR Manning n in reference section (LI/6);
 
Q = discharge (L3IT);
 

QN = nonnal (characteristic) discharge, for calculating YR(see a) 
(L3IT); 

QR = reference discharge (L3IT); 



qo = distributed lateral outflow per unit length of channel (efT); 
R = hydraulic radius (cross-sectional area/wetted perimeter) 

(L); 
RN = hydraulic radius at normal depth in the characteristic flow 

(L); 
RQ = ratio of offtake withdrawal rate to initial flow, QN; 
SO = bottom slope; 

So. = bottom slope in a reference section; 
s = side slopes in a trapezoidal section; 

TR = reference time (T); 

t = time (T); 
UO = longitudinal component of velocity of lateral outflow (LI 

T); 
VR = reference velocity (LIT); 
XR = reference length for longitudinal dimensions (L); 

x = distance along the channel (L); 
YR = reference length for transverse dimensions (L); 
Yv = checked-up depth, at downstream end of canal pool; 
YN = normal depth at flow, QN in reference section (L); and 
* = symbolizes a dimensionless variable. 


