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THE EQUATIONS OF MASS CONTINUITY AND SALT CONTINUITY
IN ESTUARIES!

By

DONALD W. PRITCHARD

Chesapeake Bay Institute, The John Hopkins University

ABSTRACT

Equations of mass (or volume) continuity and salt continuity are developed for
the two- and one-dimensional estuary from the basic forms of these equations in
three dimensions. The three cases of vertical, lateral, and sectional homogeneity
are treated. Some misuses of the continuity concepts as applied to estuaries have
appeared in recent literature. These are discussed. The effect of phase difference
between tidal slack water and high tide on the nontidal drift in sectionally homo-
geneous estuaries is presented.

Introduction. Over the past ten years, occasional misuse of the
continuity principles in estuaries has appeared in the literature.
This has come about through attempts to simplify the problem
under study by considering the estuary to be sectionally homogen-
eous, thereby reducing the problem to one spatial dimension. It
seems appropriate to develop rigorously the proper forms of
equations that express mass and salt continuity for estuaries under
the various assumptions regarding spatial variations of the per-
tinent parameters.

The Basic Continuity Equations. Consider a right-handed co-
ordinate system x;,, with the z,-axis directed longitudinally down
the estuary, the x,-axis directed laterally across the estuary, and
the x;-axis directed vertically downward. The principle of conser-
vation of mass may be expressed as
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where g is the density and v; the velocity at a given point z; at a
given instant of time ¢. If water is considered virtually incompressible,
this relationship reduces to

0 =
”t/a z, = 0- (2)
The principle of conservation of salt is expressed by
2 0%s
085y = —— G 3
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where s is the salt concentration per unit volume at a point z; and
at a time {. The molecular diffusion of salt, & (92s/0z,?), is normally
considered negligible in the natural environment, and it is so con-
sidered here.

The instantaneous velocity, v;, may be taken as equal to the sum
of a time mean velocity, v;, and of a velocity deviation »,’. Like-
wise, the salt concentration, s, is expressed as the sum of a time
mean value s and of a deviation term s’. Thus

(@) vy=9v,+v/
(b) 8 =s+4".

(4)

The period over which the mean is taken may be relatively short,
so that v, and s are in themselves functions of time.

Substituting from (4) into (2) and (3) and taking the time mean
of these latter two equations over a period equal to or longer than
the period used in defining v; and s,

65,/6:%:0 (5)
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Here the bracket < > represents a time mean, as does the super-
script bar. The term (v,3) represents an advective flux of salt while
<, ¢'> is a nonadvective or turbulent flux of salt. By analogy to
the molecular process, it is common in oceanography to replace the
eddy flux term <v,’s’> by the product of a diffusion coefficient
and the spatial derivative of the mean salt concentration. In the
most general case, oceans, estuaries, and other natural water bodies

































