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Practical  application of mathematical  model 
techniques to predict  effects of engineering works 

on tidal flow in estuaries with a  large tidal range 

N. V. M. ODD 

Dr R. Agnew, E. T. Smith, Sinclair, McNaught & Partners, New Zealand 
In 0 29 the Author refers to departures from the steady flow velocity distribution but 
implies that there is little significant effect on the frictional resistance. I agree that 
this is generally true so far as  magnitude of the frictional  component is concerned, 
but  there is a significant phase difference between it and the water surface slope, and 
there are small but  measurable phase differences between velocities at different depths; 
the latter effect  is evidenced by S shaped velocity distributions  in  homogeneous water 
quite distinct from distortion of the flow by fresh/salt water and wind effects.21 

Mr Odd 
It is reassuring to know that the  magnitude of the frictional resistance term is not 
significantly affected by the unsteadiness of the flow in natural estuaries. As regards 
the phase difference between the resistance term S,  and the water surface slope  term 
g (ahjax) in equation (1); S, is a  function of the  depth  mean velocity, depth, rough- 
ness, sediment type and temperature. The momentum of the  depth mean flow at 
slack water causes the resistance term  to be out of phase with the water surface slope. 
A numerical model based on equations (1) and (2) will simulate this effect correctly. 

58. As regards phase differences between velocities at different depths caused by 
inertia effects at slack water, Agnewz2 has  shown that the  phase lag increases with 
the  Lamb number ( L )  for L i 15. 

L = - (-) 530 d * l z  

T a  
T i s  the effective tidal period at slack water, a is the acceleration of the depth mean 
velocity and d is the  depth of water. 

59. The  Lamb number in shallow estuaries with a large  tidal  range is usually of 
the  order 5 or less, so that  the velocity changes sign almost simultaneously at all depths 
in  the absence of longitudinal density gradients. 

60. The effect  of longitudinal density gradients caused by the intrusion of saline 
water in either well-mixed (homogeneous in depth) or stratified estuaries has  a  much 
larger effect on the velocity p r ~ f i l e . ~ ~ , ~ ~  The  internal  longitudinal  circulation  in an 
estuary can be simulated in either  a fully two-dimensional X-z model or in simpler 
two-layer models such as those described by Odd and O ~ e n . ~ ~  
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