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ABSTRACT

Similarity solutions of the equations for estuarine circulation and salt balance are presented
for a circulation generated by diffusive modification of stratification maintained at the en-
trance to an inlet by external dynamics rather than by fresh water discharged directly into
the inlet. The explicit x dependence may be factored from the governing equations if the
inlet geometry and longitudinal variation in turbulent exchange coefficients are expressible
as power or exponential functions of distance along the inlet, and the ordinary differential
equations so obtained are solved approximately by perturbation in a function of the Rayleigh
number. Salinity in the model decreases inward along the bottom but increases inward along
the surface of the inlet, and the flow is three-layered—inward at the top and bottom, out-
ward at the mid-depth—as have been shown and inferred for Baltimore Harbor. Inclusion
of bottom friction increases the salinity gradient along the bottom and decreases it along the
surface, giving the salinity distribution some resemblance to that expected in conventional
estuaries. The induced circulation in all cases is a strong function of total depth and a weaker
function of length and turbulent exchange coefficients for salt and momentum. The model
can serve as an aid to interpretation of observations in this type of estuary, and it provides a
simple means of evaluating the circulation and mixing rates from salinity measurements to
whatever precision the eddy viscosity can be estimated, or current measurement can be
obtained to scale the flow.

Introduction. Estuarine circulation is induced primarily by the density dif-
ference between freshwater and seawater. River water typically enters near the
head of an estuary, resulting in a two-layer circulation and stratification main-
tained by a dynamic balance of advective and diffusive processes within the
estuary. However, in inlets with negligible river discharge there is another
type of circulation induced by mixing of an externally maintained density strat-
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ification. This mechanism was studied experimentally by Hachey (1934) in
connection with studies of the Bay of Fundy, and it appears to be of primary
importance in flushing Baltimore Harbor. Stratification is rnai'ntained in. Chesa-
peake Bay by dynamic processes associated with freshwater dlschar.ged into the
system primarily by the Susquehanna River, but the small quantity of fresh-
water discharged directly into the embayment that forms Baltimore Harbor is
insufficient to maintain locally
the stratification against vertical
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Figure 1. Typical longitudinal section of the salinity ferred by Carpenter (I 960) and
distribution in Baltimore Harbor. Chesapeake by Pritchard and Carpenter

Bay, at the mouth of the Harbor, is at the
right end of the figure. The arrows show the (1960) from the movement of

net flow pattern (from Cameron and Prit- acid wastes discharged within

chard 1963). the Harbor consists of inward

flow near the surface and bottom

and of outward flow at mid-depths. This circulation appears to be too weak for

reliable measurement; nonetheless it was identified by Carpenter (1960) as the

primary reason why the mean exchange rate in the Harbor exceeds by a factor

of five the estimates by tidal exchange theory and why it operates more steadily
than is expected from transient wind effects.

Although this phenomenon doubtless occurs in many other embayments and
conceivably in stratified lakes, there is to our knowledge no analytical basis for
its quantitative appraisal. This paper presents some results of work toward
mathematically modeling it.

Notations

X Z Rectangular space coordinates with origin in the free sur-
face, positive seaward and downward.

y, @ Dimensional and dimensionless stream function.

Ay Vertical turbulent viscosity.

Kny Ky Horizontal and vertical turbulent eddy diffusivity.

S, 0 Salinity.

g Geravitational acceleration.

) Density.

£ 0 '0p/0S.

L,B,D Length, width, and depth of inlet.

uy W Horizontal and vertical velocity components.







































