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A METHOD FOR DETERMINING MEAN LONGITUDINAL
VELOCITIES IN A COASTAL PLAIN ESTUARY:

By

D. W. PRITCHARD anp RICHARD E. KENT
Chesapeake Bay Institute, The Johns Hopkins University

ABSTRACT

It is shown that the longitudinal component of the mean velocity in a coastal plain
estuary may be computed by indirect methods. To do this, use is made of the lateral
and longitudinal components of the equation of motion, the tidal velocity ampli-
tudes, and a deduced relationship between the vertical and lateral eddy stresses.
The method is evaluated for a station in the James River estuary. The resultant
computed velocities agree quantitatively with the corresponding observed velocities.

Consider a coastal plain estuary in which there exists a mean circu-
lation pattern similar to that shown schematically in Fig. 1. Here
the two-dimensional flow pattern consists of a seaward directed flow
in the upper portion of the water column and a landward directed flow
in the lower portion. This estuarine system has been studied in detail
by Pritchard (1952, 1954, 1956), who showed that:

a) the salt balance is maintained primarily by a longitudinal ad-

vective salt flux and a vertical nonadvective salt flux,

b) the mean field acceleration terms are small compared with other

terms in the equation of motion, and

c¢) the horizontal and lateral components of the mean equation of

motion are given essentially by balances between the forces of
pressure, eddy friction, and tidal acceleration; and pressure, eddy
friction, and Coriolis, respectively. Thus,
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A left-handed co-ordinate system is used in which the zi, z,, and
z:-axes are directed horizontally seaward, vertically downward, and

1 Contribution No. 26 from the Chesapeake Bay Institute. This work was sup-
ported by the Office of Naval Research, the State of Maryland (Department of
Research and Education), and the Commonwealth of Virginia (Virginia Fisheries
Laboratory).
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laterally across the estuary, respectively. The symbols used in (1)
and (2) have the following meanings:

< > designates a time mean taken over one or
more tidal cycles. (A superscript bar
has the same meaning.)

=iny 9% e a@ = denote the longipudina.l and lateral com-
Ty 03 ponents, respectively, of the mean pres-
sure force at any depth z, relative to the

pressure force at the surface.

bo, b’ are the longitudinal and lateral com-
ponents, respectively, of the mean pres-
sure force at the surface.

<~ river ocean —»

Figure 1. Schematic presentation of the mean circulation pattern in the axial section
of the estuary.

U, is the tidal velocity amplitude.

o is the longitudinal component of the mean
velocity.

kS is the mean salt content.

<wv'vi'>, <wy'vs’> denote the eddy stresses in which v, vy/,

and v’ are random deviations from the
mean velocities #;, #;, and 7s.

R is the volume rate of freshwater inflow
from the river.
w, h are the width and depth, respectively, of

the estuary.

It will be demonstrated through momentum equations (1) and (2)
that the mean longitudinal velocity #; as a function of depth can be
determined if we know the mean distributions of temperature and
salinity, the variation of the tidal velocity amplitude along the estuary,
the relationship between the eddy stresses <v,'v:"> and <uv,vy’ >, and
the magnitudes of these stresses near the bottom of the estuary.






























