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ABSTRACT

Salt fluxes and volume transports in an estuary vary considerably over subtidal time scales of a few days to
weeks in response to wind and neap-spring tidal forcings. Results from a numerical simulation of the Hudson-
Raritan estuary are used to study subtidal variations of salt fluxes and the physical mechanisms for salt balance
in the estuary. Simulated salt fluxes are compared with available observations. Observations support the model’s
finding that analysis of volume and salt fluxes based on short-length data records (<30 days) can lead to misleading
conclusions.

“Tidal trapping” effects due to coastline irregularities contribute most to the salt balancg at the Sandy Hook-
Rockaway Point transect and at the Narrows. A two-week observational record is analyzed to support this
finding. Simulated subtidal variation of the tidal trapping term at the Sandy Hook-Rockaway Point transect
compares well with that observed. In Raritan Bay, where tidal currents are weak and effects of winds are
significant, contributions to salt balance from vertical velocity and salinity gradients are comparable to transverse
contributions. This occurs despite the fact that surface-to-bottom salinity differences during the simulation
period—a period of low freshwater flow-never exceed 0.5%0 throughout most regions of the bay. A two-di-
mensional, depth-integrated xy~f model, in which the horizontal dispersion coefficients are modeled empirically,
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may not perform well in this case.

1. Introduction

In this part of our three-part paper, we use model
results obtained from a numerical simulation of the
Hudson-~Raritan estuary (Oey et al., 1985a,b) to study
various mechanisms responsible for salt transports in
the estuary. Across a particular cross section in an es-
tuary at steady state, the net salt flux is zero, which
means that up-estuary advection and turbulent diffu-
sion and/or dispersion of salt by tidal currents are bal-
anced by down-estuary advection of salt by freshwater
river discharge. In practice, subtidal forcing modifies
the “steady” circulation and salt balance. Two main
questions are: 1) What are the effects of subtidal forcing
on various salt transport mechanisms?; and 2) What
is the dominant physical mechanism responsible for
up-estuary salt balance?

Because of the fine grid resolution used in our model,
we can calculate, with good precision, salt fluxes across
a particular section in the estuary. Observations col-
lected by the National Ocean Survey (NOS) are also
available, but these are sparsely spaced and are gen-
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erally not always simultaneous in time. We have nev-
ertheless made some salt flux calculations based on
these data and have compared them with model results.

2. Salt-flux analysis

The numerical model results we shall use in the fol-
lowing flux analysis are from the simulation period of
22 July-26 September 1980. The amount of data is
large; hence, we shall discuss only the three cross sec-
tions shown in Fig. 1: the Sandy Hook-Rockaway
Point transect (henceforth the SHRP transect), the
Raritan Bay and the Narrows sections.

a. Salt flux decomposition

The rate of salt transport across a section is given

by
M= <fA u,,SdA> (1)

where u, is the velocity normal to the section, A is the
cross-sectional area and the angle brackets denote the
time average: ((+)) = T"! _fOT (+)dt. We follow Fischer
(1972) and decompose u, and S into their various de-
viation components.
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FIG. 1. The locator map and the computational model region of the Hudson-Raritan estuary.
Depth contours are in meters below the mean tide level. The three transects where salt and volume

fluxes are analyzed are shown.

Consider the normal velocity u,(y, z, £) at a particular
cross section. The horizontal coordinate in the plane
of the cross section is y, and z the vertical coordinate.
We wish to decompose u,(y, z, t) into various averages
and therefore define

. Y
(7)y=J; ()dy/Y(2)

0
-y = J:H(')dZ/H(Y)

where Y is the width at some depth z, and £ is the
depth at some lateral position .

As a first step we decompose u, into a time-averaged
term, a spatially independent term, a temporally in-
dependent term and the remainder; thus

Uy, z, ) = [uo + (] + us(y, 2) + up(y, 2, 1) (2)
where we define
g = (U p?*

(1) = Wy = e

us(y, Z) = <un - U - u0> )
Note that {u,) = u* = 14" = (upy = 0.

For the second step we further decompose u; and u,
such that (see Fig. 2)
us(y, 2) = ugy) + usly, 2) -

Up(Y, 2, 1) = Ul Y, D) + Up( Y, 2, 1)
where we define '
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uy) = us’
Uy, t) = Uy’

Note that u,”* = %," = 0. In order to satisfy previous
constraints on u#; and u, we require that u,” = u,/”
= (upy = {Upy = 0. The complete decomposition is
then

ufy, z, t) = up + (t) + uly) + uay, 2)

+ updy, 1) + up(y, 2, 0).
Similarly, we decompose S(y, z, ¢) so that

(4a)

S, 2,8) = So+ 81 + S+ Sy + Syt + Spo. (4b)

We now substitute (4) into (1), define the cross-
sectional area A(f) as a sum of its time-averaged value
Ay and a deviation A4,(¢) and obtain






