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INTRODUCTION

The Fleet iz truly estuarine in character, ranging in sallnity along
its length from marine salinities at the mouth to almost fresh water

at Abbotsbury from time to time. This is not surprising since although
it is connected to the open sea by such a small mouth, it has already
been pointed cut, by Robinson (ibid) how the tldes dominate the water
movement in the lagoon. The comparatively large volume of tildal
exchanges into and ocut of the Fleet, partlcularly at Spring tides,
ensure that salt is flushed in and the comparatively small fresh water
inflow and land runoff is not suffieclent to wash cut the salinity.
However, it will be shown how the salinity structure varies under
different conditions of tide and precipitation. This is important for
the ecology of the estuary, and alsc provides a valuable indicator with
which to estimate residence times and flushing rates for different
parts of the estuary under different conditions, using a mathematical

model tuned to fit the salinity observations.

SALINITY STRUCTURE

Observations of salinity have been made by various workers since

1967. Further detalls of these are reported by Whittaker (1980) and
Fobinson (1981). Figure 9 shows all the observed salinities plotted
against the distance along the Fleet and indicates the wlde variation

of conditions which can cccur, However, fig.l0 selects the profiles
typically appropriate to (a) drought, (b) high precipitation and (c¢)
average runoff conditions. In these a pattern emerges with the salt
penetrating further towards Abbotsbury as the freshwater input decreases.
What is also apparent 1s that the salinity does not vary linearly with
longitudinal distance, but there tends to be & length of about four or
five kilometres over which most of the variation occurs. This region of
steep salinity gradients moves towards or further away from the mouth

as the run off inereases or decreases. Under all but the most torrential
rainfall conditions, marine salinlties penetrate virtwally undiluted

into Littlesea and are recorded as far as Chickerell Hive. Under drought
conditions the marine salinity penetrates beyond Moonfleet, and only
drops to about 25% at Abbotsbury, whereas with high runoff it has

already drooped to 208 at Moonfleet and continues falling to around 5%

at Abbotsbury.
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The longitudinal profile alsc depends on the fortnightly Spring neap

1idal eycle as figure 11 clearly shows. These observations were made
seven days apart in the summer of 1980, a season of average rainfall.

The salinitles at elther end are noi appreclably Influenced by the tidal
aonditions, but the reglon of steep gradlents shifts towards the mouth
during neap tide condltions, and fresh water penetrates more noticably
towards Littlesea. This clearly illustrates the major part played by
tidal exchange in flushing salt water in and fresh water out. As

pointed out previcusly the tidal mean level and hence volume of water

irn the West Fleet is considerably greater during Spring tides than at

Yeap tides, and with an increase also of the tidal prism at Spring tides
the flushing effect is able to penetrate much further towards Abbotsbury.
Tne Spring-Neap Tluctuations and the variation due to rainfall condltions
occur over similar timescales, so that it is often difficult tc distinguish
their separate effects, Thus whilst one expects the West Fleet to become
altler during Spring tides, a spell of heavy rain may in fact decrease
the =alinity. It has only been possible to present the effects separately
in figures 10 and 11 by averaging out the tidal effects in figure 10 and

i

choosing a period of steady preclpitation for figure 11.

As well as these longer pericd fluctuations, the salinities at a point
also vary within the 12% hour tidal cycle. This 1s prinecipally due to

the advection of the longitudinal salinity structure by the tidal
oscillations past an observer at a particular station. The amplitudes

of salinity oseclillation will be greatest where the longitudinal gradient
is steepest, for a given tidal oscillation. Salinity is of course at a
maximum when the tidal excursion is at its furthest from the mouth, ie

at approximately high water, However, at neap tides, the tidal movements
are virtually non-exlstent in the West Fleest, and so even strong salinity
gradients there do not give rise to semidiel salinity fluctuations. This
is illustrated in flgure 12 where the amplitude of semidiel salinity
osclllations is plotted against position along the Fleet, for spring and
neap tldes under high and low rainfall condlitions. The Spring tide
amplitudes reflect the position of maximum longitudinal salinity gradients
in figures 10 and 11 whereas the neap tide oscillations are much smalier
in the West Fleet, but much greater in Littlesea and the Narrows when high

runoff has pushed the salinity gradients seawards.

There is alsc a small amount of lateral variation of salinity observed by

transect surveys in winter 1967 and summer 1979. The details are reported

?}F



Fig 9
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by Whittaker (1980) and Poulter (1979), but figure 13, showing the
salinity at three stations across the Fleet opposite Langton Hive, is

typlcal of other transects.

SEEPAGE THROUGH CHESIL BEACH

Steepage of sea water through Chesll beach undoubtedly oceurs. Indeed at
times of high water in West Bay it is possible to see water trickling out

of the beach, and in times when the sea level 1s particularly high due to
storm tides and wave set up, the sea water pours through porous passages

in the beach at a fairly high level, known leoeally as "the ecans". Some
observers in the past have consldered that this seepage iz a major component
of the clreulation. Indeed the winter 1967 survey shown in figure 13
indicates an increase in salinity towards the Chesll beach side, and might be
considered to confirm that seepage of salt water through the beach is
significant for the salinity structure, and hence the cireulation. However,
apart from the most extreme conditlions of storm tides, the volume of water
seeping through the beach is probably very small and unimportant to the
circulation. Closer inspection of the 1967 data in comparison with summer
1979 records in figure 13 confirms this. The winter survey shows the

lateral gradient of salinity inereasing towards Chesll beach at hdgh tide
only (high tide at Langton occurs between three and four hours after high
tide at Smallmouth - (Robinson, ibid). At low water there is a slight
gradient in the opposite sense, and this is at the time when the tide is

high on the other side of the beach and seepage should be at its strongest.
The summer survey shows very little gradient at high water, but a strong
decrease of salinity towards Chesil beach at low water, ceriainly not
indicative of seepage occurring. The probable explanation of the lateral
variation is that the deepest channel and easlest flow of water is along

the Fleet adjacent to the beach. Thus the beach slde experiences the
greatest tidal fluctuestions of salinity as water is advected up and down

the Fleet, whilst on the landward side the water 1Is not so readily exchanged
longitudinally and the salinity fluctuates less. In the winter, freshwater
runoff from the land tends to maintain this side at a lower salinity when
high salinity water advects Westward along the beach side at high water.

In summer there 1s little runoff, and the high water temperatures probably lead
to evaporation and consequently enhanced salinities on the lendward side.
Thus lateral gradients of salinity are probably due to land runoff, and the trepping
effect of embayments and shallow Zostera beds on the landward side rather than
seepage through the beach. Care must therefore be taken when interpreting
salinity measurements made on the landward shore which may not be typleal of

salinitlies across the whole section at tlat location along the Fleet.
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FLUSHING AND RESIDENCE TIMES

Wrom the observations discussed above, 1t becomes clear that the salinity
structure is the result of the balance beiween tidal diffusion of salt
inwards, and river runoff washing it seawards, Because there is no
appreciable vertieal stratification of salinlity, there can be no
significant vertical circulation which is the mechanism for flushing out
some estuaries, MNeither can lateral elrculation play much part because of
the narrow constirietlons occurring along the length of the Fleet., The
freshwater runoff per tidal cycle at times of high rainfall, 1s about 1/50
of the minimun low water volume of the whole Fleet, so that if no tidal
flushing oceurred the residence time of water throughout the Fleetil would
be at least 25 days, and in times of drought about twenty Limes longer
with runoff 1/20 of the maximum. However, the regular tidal exchange of
water between the Fleet and Weymouth Bay ensures that the East Fleet is
rapidly flushed out within one or two tidal cycles. As the tidal Influence

decreases towards Abbotsbury, the flushing ilme Increases.

In order to quantify the expected residence time of water in the West Fleet,
a mathematical model of the tidal exchange and river run-through processes
has been constructed, and predictions of the salinity dlstributlon under
different tidal and runoff conditions have been compared with the observed
values to validate the model (see Robinson, 1981). The model has been used
to estimate the time taken for the water in a particular section of the
Fleet to be flushed out untill only 10% of the orlginally identifled water
mass remains in the section. It is assumed that once a marked element of
water leaves the Fleet at Smallmouth, it is not returned on the flood tide.
Figure 14 shows how the number of tidal cycles to achleve this degree of
flushing varies with location along the Fleet, and alsc varies with both
the type of river runoff conditions and to a lesser extent with the stage
during the Spring-neap cycle from which the flushing time is calculated.

As expected, in the East Fleet, the water reslidence time is very short, and
is independent of rainfall conditens, but West of Moonfleet the flushing
time rises sharply and is much more dependent on river flow conditions.
This 1s because the tides are much less efficlent and flushing depends more
on the throughflow of stream water. The model indicates that at Abbotsbury,
the flushing time may be as much as 40 days under drought conditions, end
even with heavy rainfall is as long as 10 days. These are of course only
model predietions, and remain to be tested by observatlons, but the success
of the model in predicting the salinity structure suggests that these
estimates are realistie. It may seem surprising that the flushing time
caleulated from a time midway between neap and spring tides 1s longer, in
certain parts of the Fleet, than that measured from a time midway between

spring and neap tides. The former
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has the benefit of the spring tides to enhance flushing, and might be
cxprcted to be less. However, the spring tides also result in an overall
increase of tidal mean water volume in ihe West Fleet, so that in fact the
flushing effect of the rivers is inhibited by the spring tides pressing
water westwards. Moreover, the model indicates that water labelled at,
say, Langton as the tidal range is incveasing 1s flushed inwards by the
spring tides and is only slowly released past Langton during the Neap part
of the cycle.

The model results have implications for the biochemistry of the water mass
and indicate that pollution of the West Fleet by natural or artifieial
processes would not be rapidly cleansed by the natural circulation. The
distribution throughout the Fleet of water from a particular stream can
alsu be modelled, and as expected shows that the quality of water in the
Abbotsoury Brocoks has an important influence on water quality in the West
Fleet., The Langton Brook has a significant effect, but stream inputs =ast
of Moonfleet, unless they were to contain an extremely noxious pollutant,

are predicted to have negligible effect on the water quality in the Fleet.

CONCLUSION

The Fleet may be broadly divided intc twe distinet regions. Seawards of
Moonfleet, the salinities are close to marine values, with appreciable
freshening only when river runoff is high. At all times the water is well-
exchanged with the sea outside and as long as the tidal econditions remain
as they are the water should be rapidly flushed out and replenished. West
of Moonfleet the salinity rapidly decreases, and becomes more variabte with
both rainfall and tidal state. The water exchange rates become much slower
and pollution problems due to prolonged residence of effluents become more

likely to cccur towards Abbotsbury.

Seepage through Chesll Beach is not thought to contribute significantly to
the circulation and flushing, although a breach in Chesil Beach, or the

more likely event of continuous operation of the cans at the Abbotsbury

end during storm tide conditions in West Bay will result in a rapid Tlueshing
out of the West rleet., Apart from these exceptional events, it is believed
that the normal flushing processes are now well enough understocd to provide

the physical basis of ecological studies,
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