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Port Phillip Bay Environmental Study Final Report

iv) To determine the effects of dredging op-
erations, particularly in relation to the
effects on toxicants associated with
sediments.

v) To determine fish health in the Bay.

Monitoring

vi) To determine the monitoring program
necessary to ensure that key environmen-
tal indicators identified in the study are
maintained within the objectives de-
scribed by the selected management
options for the Bay.

The succeeding chapters of this report dem-
onstrate how these objectives have been ad-
dressed and achieved.

a Ph_)_(sic§ )

Chapter 2 of the Status Review deals with
physical processes in the Bay. These are best
dealt with under subject headings.

Meteorology

The wind regime on the Bay is complex with
few clear trends. There is a tendency for
northerlies to predominate in winter and
southerlies in summer, but local winds are
affected by topography and land and sea
breezes and to some extent by the Melbourne
Eddy. The highest proportion of calm weather
and light winds occurs in winter and strong
winds are associated with storms, mainly in
summer. The most frequent wind speeds are,
on average, less than 10 m/s and winds greater
than 27 m/s occur only about once every two
years.

Because of the large area and shallow depth
of the Bay, direct rainfall is an important fresh-
water contribution. Rainfall increases from
north-west to south-east across the Bay (mean
annual rainfall is 535 mm at Laverton and
735 mm at Mornington) and this also influ-
ences riverine input. Hence most river flow
to the Bay is from the Yarra and the eastern
creeks.

Rainfall is apparently distributed evenly
throughout the year on an average monthly
basis and this disguises a seasonal difference.

Table 1.1: Inputs (km?/yr).

Al rivers 1.4
Rainfall 123
WTP effluent 0.2

+2.9
Evaporation 2.3

Groundwater input (0.06 km?®/yr) is
insignificant.
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Introduction

Rainfall occurs more heavily on fewer days in
summer as opposed to lighter rainfall on
more days in winter. As a result, the heaviest
river loads enter the Bay during summer
storms.

Evaporation exceeds rainfall over the year
and nearly equals total freshwater input as
Table 1.1 shows.

Water movements

Three forces move water in the Bay - tide,
wind and density. Of these, tidal movements
are the most consistent and best understood.
Both wind effects and density differences are
subject to the vagaries of weather.

Tidal movements fall into an unequal semi-
diurnal pattern. There is one large and one
small tide each day. The amplitude and ve-
locity of the tides are attenuated by the Great

Sands stretching across the entrance to the -

Bay inside The Rip. A mean tidal amplitude
of 0.4 m at Point Lonsdale falls to 0.2 m at
Williamstown. Correspondingly, maximum
ebb and flood velocities of 1 m/s or more at
The Rip decline to 0.05 m/s in the centre of
the Bay and only 0.02 m/s in the north of the
Bay.

Tidal movement seems to be straightfor-
wardly north through the Bay on the flood
and south out of the Bay on the ebb, with
variable direction at the turn of each tide.

Water movements due to wind are also of
low magnitude, commonly 0.05 m/s, and vari-
able in direction. A combination of numeri-
cal modelling and field measurements sug-
gests that wind currents follow the usual pat-
tern of such bays, water moving with the wind
in the shallows and returning against the wind
as a counter current in the deeper centre. With
the most common winds, westerlies, the re-
sult becomes two gyres, a clockwise one in the
north of the Bay and an anti-clockwise in the
south. However, strong short-term winds dis-
tort this pattern, and the distribution of wa-
ter properties indicates a complex small-scale
circulation pattern.

Density currents arise in the Bay mainly due
to freshwater inflow from the Yarra River. The
magnitude of such currents depends there-
fore on the volume of river flow, but is com-
monly 0.5 m/s in Hobsons Bay during rain
events, decreasing southwards as the freshwa-
ter plume mixes with saline Bay water.

Except during very rare strong winds from
the easterly quadrants, the plume flows down
the east coast of the Bay due to the Coriolis
force. This flow may be added to by the east
coast creeks.

It is probable that some density-driven
water movement also takes place between the
Bay and Bass Strait due to thermal differ-
ences, but the magnitude of this is not known.

Mixing and exchange

The Bay is well-mixed vertically most of the
time because of its shallow depth. Occasional
episodes of salinity stratification occur as de-
scribed above when riverine inputs flow over
saline Bay waters producing gradients. These
may reach six salinity units in the north-east
but rarely exceed one unit in the centre of
the Bay.

Thermal stratification resulting from sur-
face heating may occur in summer during
calm periods but seldom exceeds a gradient
of 3°C, usually less. This density gradient
sometimes, however, inhibits mixing suffi-
ciently to impede transfer of oxygen to bot-
tom waters.

Thermal and salinity gradients commonly
occur horizontally in the Bay, not only be-
cause of freshwater inputs at particular loca-
tions on the edge but also because of differ-
ential cooling and heating with depth.

The shallow peripheral waters are fre-
quently cooler or warmer than the deeper
central water because the smaller heat reser-
voir responds more readily to changes in at-
mospheric temperature and solar radiation.
Gradients of 0.2°C/km and 0.15 PSU/km are
common. Few measurements of horizontal
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