
if the salinity over any flow cross-section does not vary by more than 10%;

otherwise it is classified as partially mixed (Ippen, 1966). In a fully

stratified estuary the salt is contained almost entirely in the lower layer

(the wedge). A further quantitative means of classifying and comparing

estuaries, and one which requires salinity and velocity only, is due to Hansen

and Rattray (1966). Their commonly used diagram relates, for different types

of estuaries, a stratification parameter, 6s/so, defined as the ratio of the

surface to bottom difference in salinity, 6s, divided by the mean cross-

sectional salinity, so, and a circulation parameter, us/uf, the ratio of net

surface current, us to the mean cross-sectional velocity, uf.

The penetration of salt water into fresh is essentially a density-driven

phenomenon, since salt water is the heavier of the two fluids. Consider a

barrier which separates two fluids, one of density p (water) with zero

salinity (s=0) and another of density p+Ap (salt water), salinity so. As

shown in Fig. 9.1a, if the barrier were lifted at time t=0, a salt water

gravity front (current) would penetrate fresh water at the bottom, and an

equal volume of fresh water would be displaced per unit time into salt water,

at the top. If now a fresh water flow of velocity, Uo, were imposed as shown

in Fig. 9.1b, the intrusion of gravity current would be arrested at some

position where the pressure and drag forces in both directions balance. This

is the basic mechanism which operates within estuaries, where sea-driven tides

are an additional factor. In cases where the mixing potential of the incoming

tidal energy is relatively high, the estuary will be well mixed in terms of

vertical salinity structure. If not, the estuary will be stratified. Since

both the tidal range and runoff vary; the former principally on a synodic

basis while the latter seasonally, many estuaries shift between fully

stratified and well-mixed conditions over a year period (Dyer, 1973). In some

cases, very high runoff can virtually "clean out" the estuary of salt water,

e.g. during and immediately following storm runoff, or, for example, during

the monsoon season (Fig. 9.2).

During a tidal cycle, the water level rises and falls, and this variation

directly influences the length of penetration of salt water; at high water,

salt water penetrates further than at low water. It is instructive to look at

the basic governing equations and their behavior in this context.
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