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ABSTRACT

The time evolution of an estuary plume and its coastal front over a continental shelf is numerically calculated
here using a three-dimensional model with eddy mixing based on the turbulence kinetic energy closure. The
plume and front system is found to be unsteady with a natural period of about 5-10 days, during which the
plume pulsates and intermittent coastal currents propagate down the coast.

1. Introduction

When light estuarine water debouches into an ad-
jacent sea, a plume is formed at the mouth of the es-
tuary. For wide estuaries, the earth’s rotation becomes
important and the discharged plume turns to the right
(in the Northern Hemisphere) from the viewpoint of
an observer at the estuary mouth looking seaward. A
coastal front/ current approximately 10 km wide is thus
formed along the right-hand shoreline, carrying light
water over great distances downcoast. This note pre-
sents results from a three-dimensional, time-dependent
numerical simulation to illustrate some of the subtidal
dynamics of the plume and its coastal current. We wish
to study if the system is steady and what the temporal
and spatial scales are.

2. The problem

We study here the dynamics of a large estuary plume
and coastal front. By “large” we mean that the ratio
K of the width of the estuary mouth to the baroclinic
deformation radius Ry is approximately one, or larger
(Garvine 1987). Here Ry = C;/f, where C; is the phase
speed of the first baroclinic wave produced as a result
of the density difference between fresh- and saltwater,
and fis the Coriolis frequency arising from earth’s ro-
tation. A rough estimate for C; is 1-2 m s™' corre-
sponding to a water depth of 20 m and a density dif-
ference of 5-20 kg m™3, while f~ 10™* s~} for mid-
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latitude estuaries, so that Ry ~ 10-20 km. Thus, the
Hudson, Delaware, and Chesapeake estuaries on the
east coast of the United States and the Yangtse River
into the East China Sea are large, since K = 1 in all
cases. Physically, one may imagine that the discharged
plume extends out into the ocean a distance of O(R)
before bending to the right and falling back toward the
coast in a coastal front /current [also of width O(Rp)]
that can meander as it travels down the coastline.

A three-dimensional numerical study of estuary
plume has been conducted by Chao and Boicourt
(1986) using the Bryan-Cox three-dimensional, prim-
itive equation model with simple turbulence parame-
terization: constant vertical diffusivity/viscosity for
stable stratification, and infinite mixing when unstable,
The model consists of a closed-basin (north-south ori-
ented) continental shelf connected at its western
boundary through a 15-km opening to a channel es-
tuary into which freshwater discharges at its western-
most end. After initial transients lasting about 5-10
days, an anticyclonic plume is formed over the shelf
near the estuary mouth. The plume is quasi-steady in
that no major time-dependent events occur thereafter,
save the shedding of a few small-scale eddies at the
fringe of the plume. The important contribution of
Chao and Boicourt’s work, however, is in their rec-
ognition that the plume dynamics is nonlinear and,
therefore, that the transition from the plume to the
coastal current downcoast occurs abruptly in a near-
shore cyclonic surface flow region south of the estuary
mouth. This description of the flow is different from
that obtained in models with linear dynamics (Bear-
dsley and Hart 1978; Ikeda 1984; Zhang et al. 1987)
in which a smooth connection exists between the es-
tuarine source and downcoast current.






