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Ian's opinion is that the lower current speeds recorded for 
Bondi suggested by the very limited 1984/1985 data would not 
have any significant effect on predicted initial dilutions for 
the bondi outfall. Moreover, the proportion of current vectors 
which would impinge on recreational waters is still only 5 
percent. Consequently, the limitations of the 1984/1985 data 
don't create doubt concerning the influence of currents on the 
compliance of the Bondi outfall design. Ian suggests that the 
current pattern observed at Bondi may be influenced by the 
outflow from Sydney Harbour. Ian is of the opinion that the 
acquisition of further current data for Bondi would be desirable 
rather than essential as the compliance of the Bondi outfall is 
not in doubt. 

For the Commission's purposes, the "Report" should be accepted 
as satisfying the requirements of Condition 5. However, insofar 
as the Bondi outfall is relatively short, and the 1984/1985 
current monitoring data suggest a smaller "safety margin" than 
the other outfalls, further comment might be sought from the 
Water Board. 

As further current monitoring is scheduled to be included in 
EMP, the Brd should be asked to comment on the prudence of 
carrying ut some of the monitoring at Bondi thereby "killing 
two birds with one stone". 

RALPH KAYE 
Engineer 
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REPORT ON OCEAN CURRENTS 

Further to my minute of 19 July 1988, I now wish to provide some 
further comments regarding the above report. The report was 
provided by the Water Board in compliance with condition No 5 of 
its Statutory Form of Approval to construct the deepwater 
outfall off Malabar (identical conditions were attached to the 
Statutory Form(s) of Approval which were issued for Bondi for 
North Head). 

Additional current monitoring was undertaken and a substantial 
body of current monitoring data have been reported for Malabar 
and North Head stations. Median current speed data are in good 
agreement with previous data for 30m depth, and current speeds 
recorded during 1984/1985 are in fact slightly higher. 

Very limited additional current measurement data were recorded 
for the Bondi station. Median current speed measured during a 
single deployment at a depth of 15 metres was somewhat lower 
than would be predicted from the previous body of data measured 
at depths of 10 and 30 metres. The "Report" recommends as 
desirable the further acquisition of current data for Bondi. 

The "Report on Ocean Currents" also included an analysis of 
current vectors. This analysis indicated that the proportion of 
1km wide plumes impinging on any 2km wide stretch of inshore 
waters (which includes recreational waters) would be very low 
and certainly less than 10 percent for any 12 hour averaging 
period. In fact the proportions are 2.3 percent, 5 percent and 
1.5 percent respectively for North Head, Bondi and Malabar. It 
should be noted that the current vector analysis did not include 
a wind component. 

The implication of the vector analysis, is that insofar as the 
effluent plumes are controlled by currents, then the 
Commission's bacteriological design criteria for recreational 
waters during the summer period could be met easily on a year 
round basis without any need to consider dilution and "die-off" 
of indicator bacteria. 

In practice, the formation of grease slicks could influence 
compliance with the bacteriological criteria. This is because 
there is an association between indicator bacteria and sewage 
grease. Onshore winds could potentially transport floating 
matter to inshore recreational waters relatively quickly regard-
less of current orientation. 

The "Report" does suggest that the Bondi current monitoring data 
should be augmented. This aspect of the report was discussed 
with Dr Ian Wallis, the author, by telephone on 9 January, 1989. 
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CONSULTING ENVIRONMENTAL ENGINEERS 

I
ENVIRONMENTAL ENGINEERING AND SCIENCE 

591 BRIDGE ROAD P0 BOX 431 RICHMOND VICTORIA 3121 TEL: (03)429 4644 TELEX: AA33615 FAX:(03)429 9502 

I 	10 August 1986 

The Secretary 

Metropolitan Water Sewerage & Drainage Board 

P.O. Box A53 

Sydney South NSW 2000 

Attention: Mr. B. Nelson 

Sewerage Planning and Investigation Sub-Branch 

Dear Sir, 

OCEAN CURRENTS OFFSHORE FROM SYDNEY 

Field investigations for the design and construction of extended ocean 

outfalls to serve the Malabar, North Head and Bondi sewage treatment works 

commenced in 1973 and have continued for over a decade. Thus the 

investigations have involved one of the largest physical, chemical and 

biological oceanographic studies in Australia (Refs 1 and 2). In the words 

of the Department and Environment and Planning in their January 1981 
assessment of the project (Ref 3): 

"The Board's oceanographic studies were comprehensive, being 

formulated and directed by a firm of well known consultants". 

Detailed design of the outfalls has been completed, tenders have been called 
and contracts for the majority of the work have been let. 

A review of the design of te outfall was undertaken in June 1983 by 

Professors N. Brooks and P. Harremoes. They concluded that additional 

current monitoring should be undertaken at the three outfall sites, using 

in-situ meters of the type not available when current measurements began 

more than 12 years previously. The purpose of the additional current 

monitoring was to increase the confidence and reliability of the predictions 

of outfall performance, and assist in the interpretation of operating data 
when the outfalls are commissioned. 

The additional current metering was undertaken using sophisticated acoustic 

I 	current meters specially selected for the project to give the highest 

accuracy of current speed and direction measurements in the turbulent high-

wave conditions offshore from Sydney. A total of 705 days of current data 

was obtained using these meters, despite some difficulty and considerable 

cost due to trawlers damaging the meters, and some initial problems in 

I 	
retrieving data from the meters. Similar problems have been experienced by 

the CSIRO and other groups involved in meter deployments along the east 
Australian coast. 

I 
CONSULTANTS- 	IGWALLIS 	JT.BELLAIR 	J.L.ANDERSON 	S.SCHIDGEY 
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New Current Meter Data 

I 	
The additional 705 days of current records, when added to the results of the 

previous comprehensive oceanographic measurement programme, provides one of 
the largest sequence of current records available for any outfall in the 

U 	world. The Board retained Consulting Environmental Engineers to advise as required during fieldwork and analyse the additional current data. 

I 	
Initially it was planned to measure currents over 12 months at each of the 
three outfall sites. Substantial progress was made with this programme but 

it became apparent that obtaining data over a full year at each of the three 

I 	
outfall sites could take a further one to two years, by which stage 
construction of the Malabar outfall at least would be well advanced. 

I 	Consequently the Board also requested Consulting Environmental Engineers to consider and reply to the followirg questions: 

I
i. 	What results have been obtaired in the additional current monitoring? 
2. 	Does the additional current data show any significantly different 

results to the previous work on ocean currents? 

I 	
3. What further current metering, if any, is recommended to confirm that 

the design assumptions are sufficiently conservative? 

I 	This report answers these questior.s, under the following headings: need for onshore current measurements; 

previous current measurements and results; 

I (3) results of recent current metering; and 
(4) conclusions and recommendations. 

I The results of all the current metering to date are summarised and compared 
in this report, and it can be seen that similar current speed and direction 

I 	distributions, including the frequency of episodes of onshore currents, were measured using different equipment and techniques in different years. It is 
concluded that the recent metering shows the same current distributions as 

I established in the earlier work, and therefore that the outfall performance 
predictions made using the earlier data are valid. Indeed, the recent 

I 	
current metering results confirm that the performance predictions are 
conservative, as stated in the earlier reports (Refs 1 and 2). 

I Included in this report are a series of data appendices which present the 
recent current data in a number of useful formats: 

Appendix  Current Speed and Direction Frequency Distributions 

I Appendix  Calculation of Daily Progressive Water Movement 
.Appendix  Results of Current Trajectory Calculations 

I 
Appendix 
Appendix 

 
 

Spectral Distributions of Longshore and Onshore Currents 
Comparison of Currents at Adjacent Stations 

Appendix  Comparison of Currents and Winds 

I 
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ADDITIONAL ANALYSES 

I 	Professors Brooks and Harremoes raised several other issues which they considered should be addressed by the Board and their consultants. 

I Initial Dilution Predictions 

The computer model used to predict initial dilution has been comprehensively 

I described (Ref s 1 and 4). Comparison of the model predictions with the 
initial dilutions measured at actual outfalls (San Francisco, Los Angeles, 

I 	
Seattle and Queenscliff) showed that the measured initial dilution was 
generally slightly higher than the value predicted by the CCE model (Ref 5). 

I 	Several comparisons were made by Professor Brooks between the predictions of the CCE model and a similar model developed by Dr R Koh. It was found that 
for surface fields Koh's model predicted higher dilutions than the CCE 

I model, while for submerged fields Koh's model predicted greater submergence 
and a slightly lower dilution. It should be noted that both models were 

I 	
developed to describe the initial dilution achieved by multiport linear 
diffusers, as proposed in the 1976 report (Ref 1). 

I A comparison of the Koh model and the CCE model has been made 	and the 
differences between the models are: 	(1) the Koh model predicts the average 
initial dilution whereas the CCE model predicts 	the minimum 	(centreline) 

I initial dilution; 	(2) 	the Koh model 	uses 	a 	buoyant spreading 	concept 	to 
predict 	the thickness of a surface 	effluent field whereas 	the CCE model 

I 	
predicts the thickness based on conservation of kinetic energy; (3) the Koh 
model uses Robert's formula (Ref 6) to predict the additional entrainment 
due to ocean currents over the diffuser whereas the CCE model uses a more 

I 	conservative relationship based on field experiments (see Refs 7 and 8); and (4) slightly different criteria are used to define when the individual round 
pluiires from each port merge into a single line plume along the whole 

I diffuser. 

The first and third of these differences have a substantial influence on the 

I predicted initial dilution. For example, the average initial dilution for a 
line plume is approximately 40 per cent higher than the minimum initial 

I 	dilution. When allowance is made for this difference, the Koh model predicted only slightly larger initial dilutions (e.g., 280:1 compared to 
275:1 for a surface field with zero current). Both models predict increased 
dilutions 	during 	periods of 	strong 	currents 	(which 	the current 	metering 
results show will occur more than 50 per cent of the time). 	However, 
Robert's formula predicts 
than assumed in the CCE 

a substantially greater rate of 
model, or observed up to now 

forced entrainment 
in the few field 

measurements available. 

I 

I 

I 
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We have discussed with Dr. P. Roberts the field verification of the high 
entrainment efficiencies assumed in his model, and we have concluded that it 
is best at this stage to retain the more conservative approach used to date 
in performance predictions. Overall, therefore, it is concluded that the 

CCE model predictions are slightly conservative in relation to the 

predictions of the Koh model and the available field measurements (Ref 5). 

This is in accord with the conclusion reached in previous reports to the 
Board that the initial dilution predictions made by CCE are conservative. 
For example, the comparison of predicted and measured initial dilutions in 
the 1980 report (Ref 2) noted that ... "the measured initial dilution is the 
same or slightly higher than the predicted dilution". 

As noted above, the model used tc predict initial dilution was developed to 
represent the mixing of effluent discharged from a line of ports on the 
sides of a diffuser. Alternative diffuser designs were presented in the 
1980 report (Ref 2) including the concept of groups of ports on circular 
caps, with a separate vertical riser from the tunnel to each cap. A new 
computer model was developed by CCE to predict the minimum initial dilution 
with the revised diffuser geometry, incorporating the merging between round 
ports discharged from the same riser cap, and the number and spacing of 
groups of ports was selected using the results of that model. 

In 1984 the Board contracted with a British organization (BIiRA) to carry out 
an extensive series of hydraulic model tests of the revised diffuser. We 
understand that the hydraulic model verified the CCE model predictions 
within the accuracy of measuring dilution. Subsequently, the Board's design 
team refined the CCE computer model to incorporate the hydraulic model 
results and the revised diffuser design, and have made further outfall 
performance predictions for the final diffuser design. Thus no further 
initial dilution predictions have been made by the consultants. 

I
Subirgence of Effluent Fields 

Although not a SPCC requirement, 	the Board aims to achieve submergence of 
the diluted effluent field for at least 90 per cent of the summer months. 

I Specific model predictions showed that the minimum difference between the 
density of surface and bottom ocean waters necessary to produce a submerged 

I effluent field at zero current speed ranged from 0.34 kg/rn3 to 0.43 kg/rn3. 
The predictions of the percentage of each season for which a submerged field 
would form were based on a minimum density difference 
Also, 	two safety factors were included: 	(1) 

of 0.50 kg/rn3 (Ref 2). 
the minimum density difference 

was based on a field which was predicted to be 7 rn or more below the ocean 
surface; and (2) the additional dilution near the seabed arising from forced 

I entrainment during periods of high current speeds was not included. 	Thus 
the predictions of submergence are expected to be conservative. 

I 

I 
I 
I 
I 
I 
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Any further predictions of the submergence of effluent fields under specific 
density profiles should be made using a computer model for the revised 
diffuser geometry, typical vertical ocean current profiles, and the 
frequency distribution of currents as described in this report. 

Trajectory Analysis of 1980 Current Data 

A trajectory analysis of the 1980 current meter data is included in this 

report. The analysis was made by tracking the cumulative movement of 
effluent for up to 24 hours as indicated by the vectorial sum of the 
currents recorded by the meter over that period. The results are 
accumulated on a grid which covers the coastal region in 1 000 m intervals 
along the north-south direction and at 250 m in the east-west direction. The 
results indicate the probability Df diluted effluent being carried into each 
of the grid squares (which is relatively small) and provide a good 
illustration of the effects of onshore currents. 

It is possible to extend the trajectory model to include the effects of 
current variations with depth, and even the shear process, where there is an 
onshore current on the surface and an offshore current at greater depths. 
These modifications, however, are not within our current scope of work. 

A similar and more extensive trajectory analysis has been carried out using 
the revised current records. Overall, the results of all the trajectory 
analyses show that there is a small probability of effluent being carried to 
a particular beach and that the assumptions used to design the outfalls were 
conservative. 

Oceanographic Processes Offshore From Sydney 

All current records from offshore of Sydney show (1) a net southerly 
current; (2) bursts of strong southerly and northerly currents lasting 
several days; and (3) a good correlation between the currents measured at 

the same time at adjacent stations. Together, these general results 

indicate that the currents at the outfall sites are influenced by the East 
Australian Current and also by long period waves travelling north along the 
Continental Shelf. 

The East Australian Current is one of the major western boundary currents of 

the world. The South Pacific ocean circulation patterns prepared by Reid 
(Ref 9) indicate that the inflow to the East Australian Current occurs in 
the Coral Sea. The Current then flows south along the coast of Australia 
with a proportion of the flow coltinuing to beyond Tasmania (Ref 10). The 
Current flows on the Continental Shelf especially along northern New South 
Wales, and generally leaves the shore between Byron Bay and Newcastle. 
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A detailed description of current patterns in the East Australian Current 
offshore from Sydney is given by Boland and Church (Ref 11) and by Cresswell 

and Legeckis (Ref 12). Large eddies typically about 200 km in diameter form 
in the East Australian Current and especially along the edge next to the 
coast. These eddies move slowly to the south but may stay stationary for 
one to two weeks. The eddies can last for many months and are easily 
visible in satellite images of sea surface temperature. 

Smaller eddies are generated on the Continental Shelf next to the East 

Australian Current with a typical period of about a week - very similar to 
the time period of the variations in longshore currents measured at the 
outfall sites. The net southerly currents at the outfall sites are 
considered to be a result of the consistent southerly flow of the East 
Australian Current beside the Continental Shelf offshore from Sydney. 

The bursts of northward flow apparent in the current measurements are due to 

I several processes: (1) local sea level variations produced by large 
energetic eddies further offshore; (2) northerly flows to compensate for 

I 	

entrainment at the edge of the Shelf; (3) wind—driven currents; and (4) long 
period waves travelling north along the Shelf. 

Coastaltrapped waves appear to be generated by storms lasting several days 
in Bass Strait and the Great Australia Bight, which create a long period 
wave initially travelling to the east. 	The wave turns to the left due to 
the Coriolis force and 	thus is "trapped" 	by 	the coastline and 	forced 	to 
travel north along the Continental Shelf (Ref 13). 	Experiments by the CSIRO 

I 	

(Ref 14) show that the period of coastal trapped waves typically is about 

ten days. Current measurements near Gabo Island show good agreement between 
current pulses and preceding meteorological events (Ref 15). 

0nshore currents at Sydney occur during the transition between southerly and 
northerly currents. Generally they do not persist for long, as a persistent 
onshore current can only occur with an equal and persistent offshore flow. 
The trajectory analysis presented later in this report takes into account 
the frequency and persistence of onshore currents. 

It would be difficult and costly to develop a more sophisticated model than 
the trajectory analysis of currents offshore from Sydney, because the major 
influences are large scale events (East Australian Current flow, eddies and 
entrainment) which must be combined with the more local effects of eddies 
generated by promontories, tidal flows into and out from estuaries, regional 
upweliing and downwelling, and local wind effects. We expect it will be 
many years before a useful model could be produced and the Board has 
properly focussed on field measurements of currents, as described in 
subsequent sections of this report. 

I 
I 
1 
I 
I 
1 
I 
I 
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I 1. 	NEED FOR ONSHORE CURRENT MEASUR11ENTS 

I 	
The analyses involved in predicting the performance of the ocean outfalls 
are outlined in Section 12 of tie July 1980 report to the Board entitled 
"Analysis of Oceanographic Data and Review of Ocean Outfall Design Concepts" 

I 	(Ref 1). The outfall performance must satisfy the requirements set out by the SPCC in their publication entitled "Design Criteria for Ocean Discharge 

- Environmental Design Guide WP-1". The criteria for faecal coliform 

1 	concentrations in bathing waters (considered to be all sandy beaches along the Sydney metropolitan coastline) were specified in the following terms: 

I 	 - 
Coliform limit 	Bathing beaches 	Non-bathing areas 

Geometric mean 

I
over 30 days 	< 200 org/100 mL < 1 000 org/100 mL 

Ninety percentile 
over 6 months < 400 org/100 mL < 2 000 org/100 mL 

----------------------------------------------------- 

I 	One of the key steps in establishing the performance of the outfalls with respect to these criteria was to determine the proportion of time during 
which effluent could be carried into bathing waters by onshore currents. 

I 	This information, in turn, was used to predict the frequency distribution of coliform organisms in bathing waters for various outfall lengths, and 
thereby to determine the outfall length which would ensure meeting the SPCC 

I requirements throughout the service life of the outfalls. 

I 	
Coastal currents generally are orientated parallel to the depth contours, 

especially on a relatively narrow Continental Shelf with a significant 

southerly boundary current, such as at Sydney. Nonetheless onshore currents 

I 	occur for a proportion of the time; for example, during a change in longshore current direction; 
sustained upwelling or wind-induced circulation; or 
as a result of large eddies and long period trapped coastal waves. 

I 	
In addition, short term variations in current direction occur due to 
turbulence and eddies generated by shear on the sea bed and the rough 
coastline at Sydney; transfer of energy from the East Australia Current at 

I the edge of the shelf; and from the effects of varying wind and atmospheric 
pressure patterns above the ocean. 	Clearly there is a difference between a 
short term onshore current direction lasting for only a few minutes, and a 

I persistent onshore current lasting many hours which could 	actually 	carry 
diluted effluent into bathing waters. 

I 
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Oceanographic measurements are necessarily time consuming and costly 
activities, and it is recognized that a different sequence of oceanographic 
eventsoccurs each month and each year. However, over a sufficiently long 
period a reasonable sample can be obtained of the possible sequences of 
events. The outfalls can then be designed, applying a margin of safety based 

on experience, to ensure satisfactory performance over the anticipated range 
of conditions during the service life of the outfall. In respect of 
experience, the consultants responsible for the preliminary design of the 
Sydney outfalls had also been responsible for the design of several other 
major outfalls, and had had the opportunity to verify the performance of 
several existing major outfalls. 

The probability of currents directed towards shore which was used in the 

I
design of the Sydney outfalls are set out in Table 14-5 of the July 1976 
report by Caldwell Connell Engineers (Ref 1) as follows: 

I 
* 
* 

Malabar 
Bondi 

- 	onshore 
- 	onshore 

currents 
currents 

40 
40 

per cent of 
per cent of 

the 
the 

time 
time 

* North Head - 	onshore currents 30 per cent of the time. 

I In the July 1980 report (Ref 2) these percentages were refined as a result 
of including the results of drogue studies and current metering completed 

I 	subsequent to the 1971/72 current metering. Taking into account the proportion of the time that onshore currents were measured using the three 
current monitoring approaches, the design proportions were adjusted to the 

I
following: 

* 	Malabar 	- onshore currents 50 per cent of the time 

I 	
* 	Bondi 	- onshore currents 40 per cent of the time 
* 	North Head - onshore currents 43 per cent of the time. 

I 	It was recognized that it was unlikely that each measurement of an onshore current represented an event which would result in diluted effluent 
being carried to all beaches. However, for design of the outfalls the 

I
conservative assumptions were made that (1) all onshore currents would be 
assumed to persist until the effluent field reached the shore, and (2) all 
beaches would be considered as a single "bathing area" zone. 

This conservative basis for design of the outfalls was used because in any 

I 	30 day period (the critical perod for the geometric mean criterion) the proportion of onshore currents could be markedly different from the annual 
averages determined during field studies. The Board's current metering 

I
studies were the first current measurements undertaken in the Sydney 
nearshore waters, and because of the limited scientific knowledge concerning 

I 	
current patterns in the region it was considered that allowance must be made 
for various unusual possibilities, such as an inshore eddy which carried 
effluent inshore and then along the coast. 

I 
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Thus at the risk of repetition, it is restated here that conservative 
factors were deliberately selected for design of the outfalls, to be sure 
that after the outfalls were constructed and in operation, they would be 
sure to meet the SPCC requirements. The design factors set out above 

provide a basis for comparison with the results of the previous and recent 
current measurements presented in subsequent sections. 

2. 	PREVIOUS CURRENT MEASIJRF1EWS 

The current measurements available in 1980 at the time of the refinement of 
the design concepts for the outfalls (and Preparation of Technical Data 
which provided the basic guidelines for final design of the outfalls) were 
as follows: 

* 129 drogue experiments carried out during 1958 to 1978 in the areas 
offshore from North Head, Bondi and Malabar. 

* 205 days of vertical current profiles made using a Bendix current 
meter lowered from a moored vessel during the years 1972 to 1974. 

* 69 days of insitu current meter observations made using a moored 
current meter in 1980. 

The results of each of these previous current measurements with respect to 

onshore currents have been re—examined and are presented below. 

2.1 Current Measurements Using Drogues 

The travel of drogues simulates the movement of a surface effluent field and 
provides a good indication of the integrated direction and speed of travel 
of an effluent field under the conditions of measurement. In most of the 
experiments the drogue vane was set at 9.1 m below the ocean surface, but in 

a small proportion the vane was only 2 m below the surface. The drogue 
experiments reported involved drogues which travelled for at least two to 
eight hours, and were released at least 2 km offshore from North Head, 
1.4 km offshore from Bondi and 1.5 km offshore from Malabar. The experiments 

offshore from Bondi and Malabar were spread throughout the year, with a 
higher proportion of experiments in autumn than in winter. The drogue 
experiments offshore from North Head were conducted in summer and autumn. 

Topresent the results, the drogue paths were transposed to common release 
points which approximated the site of the proposed deepwater diffusers, and 
the path corresponding to the straight line travel of each drogue in the 3 
hours after release was drawn. Thus the averaging period for the currents 
measi.wed using drogues is 3 hours. The proportion of drogue paths headed 

towards shore are shown in Figs 1 to 3 on the following pages. Also, a 2 km 
length scale along the shoreline is included in the figures to allow the 
frequency of reaching a particular beach to be assessed. 
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The proportion of drogue paths which headed towards the shore are given in 
the 	figures and these represent 	the 	frequency for which diluted effluent 

I 
could reach any 
frequencies of total 

part of the shore within a 
onshore currents are as follows: 

reasonable period. 	These 

* 	Malabar - total onshore currents 	= 39 % of the year 

I * 	Bondi total onshore currents 	= 23 % of the year 
* 	North Head - total onshore currents 	= 43 % of the year. 

It is, of course, most unlikely that a diluted effluent field could travel 

to shore and then spread in a short time to affect all beaches to the north 

I 	
and south of the outfall. 	An effluent field carried directly to shore 
would have a width of approximately 1 km. Examination of the results of the 
drogue experiments indicated that any effluent fields carried to shore would 

I 	affect only a small length of coast. Thus 2 km lengths of shoreline were selected as a basis for estimating the probability of effluent reaching a 
particular beach. On this basis, the probability of onshore currents 

I carrying effluent to a beach, from the results of the drogue experiments, is 
as follows: 

* 	Malabar - maximum in 2 km of shore 	= 7 % of the year 

I * 	Bondi - maximum in 2 km of shore 	= 7 % of the year 
* 	North Head - maximum in 2 km of shore = 9 % of the year. 

All of these frequencies are well below the proportions assumed for design 
of the outfalls. 	(In fact, the proportion of onshore currents used for 
design of the outfalls is four times the proportions shown by the drogues in 
the 2 km lengths of shore). 

I 
	

2.2 Current Measurements from Moored Vessel 

I 	During 1972 to 1974 a total of 108 cruises were made to measure vertical current, profiles at the outfall sites using a Bendix current meter lowered 

from, a moored vessel. A total of 15,292 current readings were taken, 

I
reasonably well spaced throughout the months, as shown in Table 1. 

By 1980 these current measurements still represented the largest record of 

I offshore currents available for the Sydney region. Emphasis was given to 
measuring current patterns throughout the study region rather that the time 

I 	sequence of currents at particular sites, so that various possible outfall sites could be assessed. 	Also vertical profiles were made, so the 
variations in current speed and direction with depth could be established. 

The current profiles were made over about 30 minutes, and the typical 
averaging period for a single reading is one minute. Thus short term 

I turbulence was removed but not the effects of longer period eddies. 

I 
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I 
	

Table 1 • Number of Current Readings Taken Each Month 

I 
	

Year 
Month 
	

1972 	1973 	1974 	Total 

January - 568 0 568 
February 65 713 555 1 333 
March 637 655 117 1 409 
April 324 678 117 1 119 
May 0 690 166 856 
June 338 623 161 1 122 
July 334 620 164 1 118 
August 286 653 162 1 101 
September 939 535 164 1 638 
October 543 804 147 1 494 
November 1 225 746 165 2 136 
December 575 654 169 1 398 

Total 5 266 

----------------------------------------------------- 

7 939 2 087 15 292 

The frequency of onshore currents were calculated using the currents from 
5 m to 9 rn depth during winter and spring (corresponding to times of surface 
effluent fields) and from 10 in to 30 in depth during summer and autumn 
(corresponding to times of submerged effluent fields). A trajectory analysis 
using the moored current data is not feasible because the longest series of 
measurements at a station was 27 hours, and there were only six periods on 
which measurements were made over 24 hours. 

The prqportion of current vectors measured during 1972/74 which were headed 
towards the shore, represents the frequency for which diluted effluent could 
reach any part of the shore within a reasonable period. These frequencies 
of total onshore currents were as follows: 

* 	Malabar - total onshore currents 	= 50 % of the year 
* 	Bondi - total onshore currents 	= 62 % of the year 
* 	North Head - total onshore currents = 43 % of the year. 

On average, these probabilities of onshore currents are higher than for the 
drogue experiments, due to the much shorter averaging period (1 minute 
compared to 3 hours) and the measurements being made in different years. 

It is most unlikely that each measured onshore current would result in the 
diluted effluent field travelling to shore and then spreading in a short 
time to affect all beaches to the north and south of the outfall. 

I 
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The extent to which the design assumption that all the shore could be 
considered a single bathing zone is conservative was illustrated in Fig 14-5 
of the 1976 report (p. 173), where the frequency of the projection of each 
measured onshore current striking any particular beach was illustrated. 

From the data given in that figure, it can be calculated that the maximum 
frequency of any 2 km length of shore being reached was as follows: 

	

* 	North Head (2 km of shore) = 9.0 per cent (21 % of 43 %) 

	

* 	Bondi (2 km of shore) 	= 	6.8 per cent (11 % of 62 %) 

	

* 	Malabar (2 km of shore) 	= 10.0 per cent (20 7 of 50 7) 

The method of calculation is as follows. For North Head the peak of the 
"histogram of measured occurrences" in Fig 14-5, which represents the 
proportion of time that the extrapolated projection of the measured onshore 
currents would reach a 2 km length of shore, was 21 per cent, while the 
total proportion of onshore currents at North Head was 43 per cent. Hence 
the maximum frequency of a projected onshore current reaching any 2 km 
length of beach was 21 % of 43 70, i.e., 9.0 per cent. 

In summary, the proportion of onshore currents assumed for design included a 
substantial factor of safety base.1 on the 1982/84 current metering. 

2.3 Current Measurements with Insitu Meter 

One of the Board's Bendix curren: meters was installed in the vicinity of 

the proposed outfall diffusers at North Head, Bondi and Malabar and the 
current speed and direction was monitored continuously for 30 minutes each 
hour. The meter location coordinates, water depth, meter depth and period 
of measurement are shown in Table 2. As can be seen in the table, the meter 

initially was deployed at Bondi for a fortnight, then at Malabar for about a 
month and then at North Head for about three weeks. These are relatively 
short periods of measurement and this must be borne in mind when comparing 
the results with those obtained during the earlier current measurements from 
the moored vessel and the subsequent (1984/85) insitu meter records. 

Details of the meter are given in Ref 1. It produces a continuous trace of 

I current speed and direction and the traces were sampled at five minute 
intervals and the arithmetic average hourly current speed and direction 

I 

	

	
calculated using a digitiser and computer. Thus the averaging period for 
these current measurements is 60 minutes. 

I 	From the frequency distribution of current directions and speeds (shown in Figs.. 4 to 6) the proportion of current directions was as follows: 

	

* 	Malabar - total onshore currents 	= 42 % of the year 

	

I * 	Bondi - total onshore currents 	= 30 7 of the year 

	

* 	North Head - total onshcre currents = 40 Z of the year. 
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Table 2. Current Meter Observations in 1980 

Condition 

-----------------------------------------------------------

North Head Bondi Malabar 

Meter location N 

-----------------------------------------------------------

1,255,800 1,249,850 1,234,900 
E 331,400 329,350 327,750 

Water depth, m 60 65 78 
Meter depth, m 30 32 37 
Record begins 1 April 80 15 Jan 80 15 Feb 80 
Record ends 23 April 80 1 Feb 80 1 Apr 80 
Days of data 
-----------------------------------------------------------

19.2 16.8 33.1 

In general, the 1980 metering showed similar proportions of onshore currents 
to the drogue experiments and lower proportions of onshore currents than 
the 1972/74 current metering. 

2.4 Onshore Trajectory Analysis for 1980 Current Data 

The 1980 current data provided an opportunity to check the assumption that 
onshore currents are persistent and continue from the outfall site to the 
shore. This was done by forming the cumulative vector of mass water 
movement over several hours, and checking the proportion of the time that 
effluent' could reach various beaches. 

For these trajectory calculations, a grid of elements each 1000 m north-
south (along the coast) by 500 m east-west was established, and the 
current records were used to calculate the proportion of time the cumulative 
vector would reach or pass through each grid square. The trajectory analysis 
specifically accounts for the possibility that a diluted effluent field is 
carried to shore and then travels along the shore, as every intersection of 
the cumulative vector with a grid square is counted. 

To examine the effect of time, the vectors were formed over four different 
time periods: 6 hours, 9 hours, 12 hours and 24 hours. 	The results are 
summarised in Table 3 which lists the probability or percentage of the time 
current vectors intersect various shoreline grid squares. See Appendix C for 

examples of the printout of the results of a current trajectory analysis. 

I The first, and most important conclusion reached from the results in Table 3 
is that the probability of reaching a particular section of shore (assumed 
to be 	1 kin long) 	within 	24 hours after discharge is relatively small - a 

I maximum of 7 per cent for the North Head 1980 current records, 	13 per cent 
for the Bondi records and 4 per cent for the Malabar records. 

I 
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6 hours 
9 hours 
12 hours 
24 hours 

Bondi - 1.5 km 
6 hours 
9 hours 
12 hours 
24 hours 

North Head - 3 km 
6 hours 
9 hours 

12 hours 
24 hours 
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Table 3. Results of Onshore Trajectory Analysis for 1980 Current Data 

--------------------------------------------------------------------------- 

Probability (%) of reaching 1 km lengths of shore 
Outfall and 	 -8.5 -6.5 -4.5 -2.5 -0.5 	1.5 	3.5 	5.5 	7.5 
distance 	 to 	to 	to 	to 	to 	to 	to 	to 	to 
from shore 	 -7.5 -5.5 -3.5 -1.5 	0.5 	2.5 	4.5 	6.5 	8.5 

Malabar - 3 km 
1 	2 2 2 1 1 1 2 1 
1 	2 3 3 2 1 1 2 1 
2 3 3 3 3 2 2 2 2 
3 	4 3 3 3 2 2 4 3 

1 	2 3 7 10 6 C' 0 0 
2 	2 4 9 11 6 1 0 0 
2 	3 4 9 11 6 3 1 0 
2 	4 7 9 13 10 7 3 1 

3 	7 4 1 1 0 1 0 0 
4 	7 5 1 1 0 1 1 0 
5 	7 5 1 1 0 1 1 1 
7 	7 6 1 
---------------------------------------------------

1 0 1 1 1 

Secondly, the probability of reaching a particular section of shore seems to 
decrease with the length of current record, so that higher probabilities 

occur with the shorter Bondi record than with the longer Malabar record. 

Thirdly, the comparison of results shows that there generally is little 
change in the probability of reaching a beach for vector durations of 9 
hours to 24 hours. As considerable additional computer time is required to 
make the 24 hour calculations compared to the 12 hour calculations it was 
decided to use 12 hours as the vector duration in the trajectory analysis of 
the 1984/85 current data. 

In previous sections the length of beach has been taken as 2 km long rather 

than 1 km long as in Table 3. Thus to provide values for direct comparison, 
the the maximum probability of reaching a 2 km length of beach is as 
fo1los: 

* 	Malabar - maximum in 2 km of shore 	= 6 % of the year 
* 	Bondi - maximum in 2 km of shore 	= 20 % of the year 
* 	North Head - maximum in 2 km of shore = 13 % of the year. 
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It should be noted that the length of the Bondi record is only 17 days and 

also that the Bondi diffuser is close to shore. Even so, the results of the 

trajectory analysis using the 1980 current data show that the assumptions 

used to design the outfall were conservative. 

2.5 	Correlation Between Currents and Mean Sea Level Variations 

The correlations between longshore current, 	onshore current, 	wind and mean 
sea level (MSL) were examined. 	The correlation coefficients 	(cc) 	were as 
follows, where APC represents the atmospheric pressure corrected MSL: 

I Wind vs onshore Malabar currents cc = 0.12 

Wind vs longshore Malabar currents cc = 0.16 

MSL vs onshore Malabar currents cc = 0.33 and cc = -0.19 
(APC) vs onshore Malabar currents cc = 0.31 and cc = -0.18 

I

MSL 

MSL vs longshore Malabar currents cc = 0.55 

I

MSL (APC) vs longshore Malabar currents cc = 0.42 

MSL vs onshore North Head currents cc = 0.25 
MSL (APC) vs onshore North Head currents cc = 0.22 

MSL vs longshore North Head currents cc = 0.79 

I
MSL (APC) vs longshore North Head currents cc = 0.77 

I MSL 

MSL vs onshore Bondi currents 

(APC) 	 Bondi vs onshore 	currents 

cc = 0.24 

cc = 0.05 

MSLvs longshore Bondi currents 	 cc = -0.13 
MSL (APC) vs longshore Bond_ currents 	cc = -0.27 

These results show that there sometimes was a significant correlation, but 

more often there was not, so that local winds and MSL variations can explain 

only a part of the measured current patterns, and larger scale processes 
(such as offshore eddies) are more likely to have the dominant influence on 
the currents near Sydney. 

2.6 Summary of Previous Current Measurements 

I 	In preparing the preliminary outfall designs in 1980 almost 300 days of current information were available. The results in terms of onshore 

currents are summarised in Table 4 for (1) total onshore currents (the most 

I conservative estimate) and (2) the highest proportion of onshore currents 
directed to a 2 kin length of shore. 
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Table 4. Sunønary of Previous Current Measurements 
---------------------------------------------------------------------- 

Proportion of Onshore Currents (percentage of the year) 
Location 	Drogues 	1972'74 	1980 	Average! 	Design 

meters meters Maximum proportion 

Total Onshore Currents Average 
Malabar 39 % 50 % 42 % 44 50 % 
Bondi 23 % 62 % 30 % 38 % 40 % 
North Head 43 % 43 % 40 % 42 % 43 % 

Maximum Onshore Currents in 2 km of Shore Maximum 
Malabar 7 % 9 7 6 % 9 % 50 % 
Bondi 7 % 7 Z 20 % 20 % 40 % 
North Head 9 % 10 % 13 % 13 % 43 % 

Averaging time 180 mins 1 min 

------------------------------------------------------------------- 

60 mins 20 mins 

It is apparent from Table 4 that there is a substantial variation from time 

to time in the proportion of both total and sector onshore currents. Thus 

for the Malabar outfall, the average proportion of total onshore currents 
ranges from 39 to 50 per cent, depending on the measurement method. 	It 
appears that the proportion of total onshore currents decreases somewhat 
with an increase in the averaging period of the measurement method. 

The maximum proportion of onshore currents heading towards a 2 km length of 
shore (or in the case of the 1980 meters, the maximum proportion of 
projected current vectors reaching a 2 km grid square) are much lower than 
the total onshore currents. The highest proportion (of 20 per cent) was 
predicted for the 17 day Bondi current record of 1980, which was taken 
duripg a period of changing longshore currents. For North Head the maximum 
proportion in 2 km was 20 per cent and for Malabar the maximum proportion 
in 2 km was 13 per cent. All of these values are well below the proportion 
of onshore currents used in the design of the outfalls. 

It can be seen in Table 4 that the design of the outfalls was based on the 

total proportion of onshore currents rather than the proportion expected to 
reach any 2 km length of shore. While on average the design proportion is 
well in excess of the measured values, the designers took note of the 
occasional high proportions of onshore currents and took a conservative 
apprcch in setting the design proportions. 
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3. RRSIJLTS OF RECENT CEJRRENT METERING 

From July 1984 to October 1985, acoustic current meters were deployed at the 

outfall sites for a total of 705 days. This included twelve deployments at 

Malabar, three deployments at North Head and one deployment at Bondi. The 

time sequence of the deployments is shown in Fig. 7 along with comments 

relating to metering conditions and an assessment of the reliability of the 

data record for various metering periods. The difficulties of current 

metering offshore from Sydney is demonstrated by the comments on the 

figure; similar difficulties have been encountered by CSIRO, the University 

of New South Wales and others elsewhere off the New South Wales coast. 

During late August and early September 1984, metering was concurrent at 

Malabar,North Head and Bondi. 	During November 1984 and September 1985 

metering was concurrent at Malabar and North Head. It also was concurrent 

at three different stations at Malabar during March 1985 and at two stations 

during April 1985. A comparison of these concurrent records is given later 

in this report, and a graphical comparison is given in Appendix E. 

3.1 Current Data Files 

I 	The identification code established to identify the sixteen data files is as follows: 
M for Malabar (numbered sequentially) 

I NH for North Head (numbered sequentially) 
B for Bondi (one file only) 

The last character of the Malabar files indicates the station, where T is 

the 15 m deep station above the diffuser, B is the 30 m deep station above 

the diffuser, and 6 is the station halfway to shore from the diffuser. Only 

one station was occupied at North Head and Bondi. This code is included on 

all printouts in the Appendices to this report. 

3.2 Speed-Direction Distribution 

The meters recorded current speed, current direction and water temperature 
every 5 minutes. 	For this report and for most data processing, these 5 
minute readings have been vectorially arranged to produce hourly current 

speed and direction values. The frequency distribution of the individual 

hourly speeds and directions for each data file are given in Appendix A. 

The body of each table in Appendix A shows the number of occurrences of a 

particular current speed and direction: the lowest row gives the percentile 

frequency distribution of current directions and the right hand column gives 
the percentile frequency distribution of current speeds. 

I 
I 
I 
I 
I 
I 
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From the speed frequency distributions, the ten, fifty and ninety percentile 

speeds have been extracted and are listed in Table 5. Thus for File M3T, 

for example, the ten percentile speed is 9 cm/s, i.e. the current speed is 

less than 9 cm/s for 10 per cent of the time. Similarly, for that file, the 

hourly current speed is less than 44 cm/s for ninety per cent of the time. 

The median (or fifty percentile) current speed for that file is 21 cm/s. 

It can be seen that there is a considerable variation in the distribution of 

current speed from month to month with no obvious seasonality. It appears 

that the three North Head distributions achieved a similar distribution of 

current speed, on average, to those at Malabar. The one file of current 

measurements at Bondi shows low current speeds. 

Table 5. Suimnary of Results of Recent Current Metering 

Speed distribution, cm/s 

10% 50% 90% 

5 

-------------------------- 

12 25 
7 24 42 

9 21 44 

M4T 6 15 35 
M5T 9 32 58 
M6T 4 11 22 
M7T 8 26 52 

M8B 

M9B 

Ml OB 

Ml 16 

Ml 26 

10 

6 

5 

NH1 	5 
NH2 	8 
NH3 	8 

B1 	4 

Av.erage 	7 
------------ 

Net Max. onshore 
Current in 2 km, % 

5 cm/s at 1830  4 
12 cm/s at 1980  2 
5 cm/s at 1960  3 

9 cm/s at 2020  5 
24 cm/s at 1940  5 
2 cm/s at 2400  4 
18 cm/s at 1880  3 

13 cm/s at 1910  4 
2 cm/s at 250  1 
4 cm/s at 1990  2 

7 cm/s at 2010  5 
12 cm/s at 1900  1 

3 cm/s at 2190  4 
9 cm/s at 2000  2 
16 cm/s at 1950  2 

3 cm/s at 1950  5 
--------------------------------- 

3.3 

Data 

File 

MIT 

M2T 

M3T 

24 
	

42 

16 
	

36 

13 
	

29 

24 
	

40 

18 
	

47 

15 
	

38 
20 
	

34 

24 
	

46 

10 
	

22 

19 
	

38 
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3.3 Comparison of Median Current Speed 

As can be seen in Table 5, the median current speed for all of the 1984/85 

data was 19 cm/s. For the measurements at 30 m depth at Malabar (M8B, M9B, 

and Mb) the median speed was 18 cm/s, while for the measurements at 15 m 

depth at Malabar (all of files MiT to M7T) the median speed was 20 cm/s. 

The median speeds measured in the 1984/85 current metering (at depths of 

both 15 m and 30 m) are compared in Table 6 with the average or median 
current speeds measured earlier in the region using other methods. 	The 
speeds are presented in Table 6 in terms of increasing depth and it can be 

seen there is a very consisten pattern of speed versus depth over all 

current measurements. The same reduction in speed with depth was reported 

in the 1976 report on the basis of numerous measurements of the vertical 

current profile. 

The present data conform well with the previously established pattern of 

decreasing speed with depth. Malabar, and North Head both fit into the 

previous pattern well. On the other hand, the currents measured in the one 

recent deployment at Bondi had lower current speeds than the general 
pattern. 	Overall, however, the results of the 1984/84 current metering 

confirms the median current speeds used to calculate outfall performance. 

Table 6. Comparison of Median Current Speed 

---------------------------------------------------------------------------- 

Method, Depth 	 Median Current Speed, cm/s 

North Head 	Bondi 	Malabar 	Average 
---------------------------------------------------------------------------- 

Drogues, 2m 	 25 	 22 	 23 	 23 

1972/74 meters, 10 m 	23 	 23 	 26 	 24 

1984/85 meters, 15 m 	21 	 lob 20 	 19 

1984/85 meters, 30 m 	18 	 - 	 - 	 18 

1972/74 meters, 30 m 	16 	 17 	 19 	 17 

1980 meters, 30 m 	 15 	 11 	 19 	 15 

CSIO metera,  50 m 	 - 	 - 	 - 	 14 

a At Port Hacking 	b Short record in period of changing longshore current 
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3.4 Net Current 

I Table S also sumrnarises the net current or equivalent water movement 	over 

the whole period of each of the files. 	Thus for file MIT, the water 

movement between 17 August 1984 and 1 November 1984 was equivalent to 5 cm/s 

I at a direction of 183 degrees, equivalent to a net southerly transport 

averaging 4.3 km/day. 	It can be seen in Table S that in almost all cases 

I 	
(14 of 16 files) the net current was to the south, with an average net 

current over the period of monitcring of almost 10 cm/s. This is similar to 

the results given in earlier reperts. 

Of the sixteen recent current files, 	most 	(fourteen) 	show SSW net currents 

(183 degrees to 219 degrees). 	Two files show different patterns: file M6T, 
which had the lowest current speed of all files and almost equal proportion 

of 	northerly and 	southerly 	currents, 	showed 	a 	net 	southwesterly current. 
File M9B shows a net northeasterly current. 	Even so, these files both have 

extensive periods of southerly and northerly currents. 

I 	Overall, however, the results of the 1984/85 current metering confirm that generally there is a consistent net southerly current flowing through the 

Sydney coastal region. Thus the diluted effluent from the outfalls 

I generally will be carried away to the south. 

I
3.5 Daily Progressive Water Movenent 

The daily net currents, 	and 	their 	longshore and 	offshore 	components, 	are 
shown for each data file in Appendix B. 	To help illustrate the 	patterns, I the twelve hourly average current 	speed 	and direction 	for 	each 	file 	have 
been plotted on a month by month 	asis and are shown in Appendix E. 

The daily water movement shown in Appendix B were calculated from the 

vectorial 	addition 	of currents cver a 	lunar 	day 24 hours and 	50 minutes 
(thus eliminating any effect of the principal tidal constituent). 	The 
columns in the table in the Appendix have the following meaning: 

Hr Mn D M Y = 	Time (hour, minute, day, month, year) 

Longsh = 	Longshore travel in km 
Onsh = 	Onshore travel in km 

Vel mm/s = 	Net velocity over the day 
Angle = 	Net direction over the day 
P/Long = 	Progressive longshore travel in km 
P/Onsh = 	Progressive onshore travel in km 
P/Vel = 	Progressive net velocity 
P/Ang = 	Progressive direction of net velocity 
P/Nth = 	Accumulated northward water movement 
P/East = 	Accumulated eastward water movement 

I 
I 
1 
I 
I 
I 
H 



I 
Report on Ocean Current Measurements Offshore From Sydney 	29 

3.6 Power Spectrum 

I 	
The power spectrum of the current components illustrates the proportion of 

energy at the various frequencies and a prominent peak in the spectral 

density indicates that a substantial proportion of the energy is at that 

I 

	

	frequency. Thus the power spectrum for currents dominated by semidiurnal tides, as in Sydney Harbour, woud show a peak at a frequency of 0.16 hr, 

I

corresponding to the semidiurnal tidal period of 6.21 hours. 

Appendix D presents the power spectrum of longshore and onshore current 

I 	
components for data files M5T, M6T, NH3 and M126. Figs 8 and 9 show the 

energy spectrums for data file M7T. 	The spectral density (m.m.hr) 
represents the amplitude squared for various frequencies of current 

I 

	

	components. The peaks in the power spectrum indicate that there is a significant current component or process at the frequency of the peak. To 

interpret the patterns the following frequencies are of interest: 

I 6.21 hours = 0.16 hr' 
12 hours 	= 0.083 hr' 

24 hours = 0.042 hr 

1 	 7 days 	= 0.006 hr 

I 	It can be seen in Appendix D that the spectrums are relatively noisy but there is generally an observable peak at about 12 hours and 24 hours for the 
offshore-onshore current component. 	In contrast, the longshore current 

I
component has peaks at 12 hours, 24 hours and several days ( 7 to 10 days). 

It also can be seen that the energy in the long period component (7 to 10 

I 

	

	
days) of the longshore currents is, except in file M6T, 10 to 50 times 

greater than in the 24 hour frequency. Thus the long period process 

represents the dominant influence on current patterns in the region. The 

I 

	

	shorter period (12 and 24 hour) events are possibly related to the effect of the tidal flow into and out from Port Jackson and Botany Bay, as well as the 

I

diurnal wind pattern. 

Fig. 8 shows the energy spectrum for the longshore and offshore components 

for file M7T plotted in velocity units, which accentuates the importance of 

the long period and 24 hour components in the longshore currents. The 

onshore current has a noticeable peak at 24 hours (0.04 cycles/hour) and a 

I 

	

	very small long period component. In contrast, the longshore current component has a much larger peak at the 24 hours frequency, but the major 

proportion of the energy is between 0.02 and 0.003 cycles/hour (2 to 14 

I
days). Thus for this current record also the long period events dominate the 

longshore currents, while the onshore currents are short term events. Fig 9 
indicates that 24 hour changes in current direction are more likely to be 

I counterclockwise whereas the long period changes in current direction are 

equally likely to be clockwise or counterclockwise. 

P 
H 
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I
Overall, the energy spectrum of the measured currents confirm that the 

dominant process affecting currents offshore from Sydney has a period of 

several days. This conclusion is confirmed by the appearance of the time 

I series plots of current speeds presented in Appendices E and F. 

3.7 Onshore Trajectory Analysis for the 1984/85 Data 

The most satisfactory method Df examining 	the 	probability 	of 	diluted 

I
effluent from the outfall diffusers reaching any particular beach is to add 

vectorially the hourly currents over 	a 	period 	of 	time, 	and determine 	the 

I 

proportion of time that 
For 	this analysis, 	a 

the vector 	would reach each sector 

twelve hour integration period was 
of 	shoreline. 

used. 	Thus, 

beginning each hour in each file, 	the current vectors were added over the 

I 	

following twelve hour period, and the number of occasions in which the 

resulting path passed through each grid square was counted. 	Appendix C 

I 	

shows the computer printouts which result from this analysis. 

The grid element used in the anaysis was 1 km north—south and 0.5 km east— 

I 	

west, where the 1 km width corresponds roughly to the width of an effluent 

field. The results from the 1 km grid were then combined to give the 

probability of reaching a 2 km length of shore. In defining the shore 

I 	

location, allowance was made for buoyant spreading of the effluent field and 

for the distance that the defined bathing area extends from the shoreline. 

Fig.10 shows the average proporion of time, based on the 5 Malabar files 
collected during the winter period defined by the SPCC (May to October) in 

which the integrated vector reached a particular 2 km section of shoreline. 

It can be seen that the highest proportion for any 2 km section is 1.5 per 

cent of the winter period. This means that if water samples were collected 

I 	

hourly at 2 km intervals along the shore over the winter period, coliform 

counts above background would be expected in only 1.5 per cent of the 

samples at the worst location. This proportion is well below the frequency 

I 	
used in design and would ensure that the SPCC's summer requirements are met 

by the Malabar outfall throughout the winter period as well. 

For the summer period the probability of reaching shore is reduced by about 
a factor of 10, 	because the effluent field will be submerged over 90 per 
cent of the 

reaching any 

summer period. 	Hence in that period, 	the probability 	of 
1 km section of shore is well under 1 per cent of the time. 

I 	
Fig. 11 shows the results of a similar vector analysis over 12 hour periods 

for the 3 North Head files. It can be seen that the proportion of time the 

integrated vectors beginning at the North Head outfall would reach a 2 km 

I
section of shore is 2.3 per cent as a maximum (on the cliff of South Head) 
and 1.2 per cent on Manly Beach. 

1 
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The probability of reaching the northern beaches is less than 1 per cent of 
the time. 	Note that the trajectory analysis specifically takes into account 
thepossibility of a current vector which passes through a series of 	grid 
squares due to a flow parallel with the coast, 	and in such a case adds an 
occurrence to each of the grid squares crossed by the current vector. 	Thus 
the probabilities given in Figs 10 to 12 should not be added. 

Fig. 12 shows the results of the vector analysis over 12 hour periods for 
the single Bondi file. It shows that the integrated vectors from the Bondi 
outfall reached a 2 km section o shore for up to 5 per cent of the time of 

I 	
measurement. This probability is higher than for the other two outfalls 
because the Bondi diffuser is closer to shore, and the single 1984/85 
current meter record at Bondi was collected during a period when there were 

I 	a more than usual number of reversals in current direction from north to south (as illustrated in the plot of Bondi currents in Appendix E). 

I Table 7 compares the results of the trajectory analysis of the 1984/85 
current data with results of the trajectory analysis 	of 	the 	1980 current 

I 
data and 
determined 

the proportion of currents 
from the drogue and 

directed towards 2 km shore sections as 
1972/74 current metering. 	It 	can 	be 	seen 

that the results based on the more extensive 1984/85 current data show much 
lower probabilities for diluted effluent to reach any 2 km length of shore. 

Table 7. Comparison of Currents in 2 km Sections of Shoreline 

--------------------------------------------------------------------------- 

I Location 
Proportion Reaching 2 

1972/74 
km Section (percentage of the year) 

Drogues 1980 1984/84 Design 
meters meters meters proportion 

Maximum Onshore Currents in 2 km of Shore 
Malabar 7 % 9 % 6 % 1.5 % 50 % 

I Bondi 7 % 7 % 20 5.0 % 40 % 
North Head 9 % 10 % 13 % 2.3 % 43 % 

I Averaging time 180 mins 
---------------------------------------------------------------------------

1 min 60 mins 12 hours 

I On average over the year or a six month summer or winter season, all 
available current data confirm that the probability of diluted effluent 

I being carried to a particular beach is substantially smaller than the values 
used in design of the outfalls. Higher probabilities can occur in a 30 day 
period but even these values are substantially less than the design 

I proportions. It is concluded, therefore, that the design of the Sydney 
outfalls incorporates a satisfactory factor of safety. 

H 
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It is apparent that the probability of reaching a 2 km long section of shore 

must decrease as the outfall is lengthened. This is illustrated in Fig. 13, 

which shows the average and maximum proportion of currents reaching any 1 km 

strip of shore based on all of the recent current data. The proportion 

decreases rapidly with increasing distance of travel to shore (i.e. 

increasing outfall length). For the Malabar and North Head diffusers, which 

are more than 3 000 m from any beach, the maximum proportion of onshore 

currents reaching any beach is less than 3.5 per cent and the average 

proportion (based on all 1984/85 current data files) is about 2 per cent. 

These small probabilities indicate that all three outfalls will meet the 

SPCC 50 percentile and 90 percentile criteria for faecal coliforms. 

The Bondi diffuser is closer to shore and thus the probability of diluted 

I 	effluent reaching shore is higher. Even so, the maximum proportion of 

onshore currents predicted to reach any 2 km long beach near Bondi is a 

maximum of about 10 per cent and the average proportion over six months 

(based on all 1984/85 current data files) is about 5 per cent. These 

proportions are well below the values used to design the Bondi outfall. 

IVVV 	 LUVLJ 	 j WVU 

DISTANCE INSHORE FROM DIFFUSER, m 

Fig. 13. Proportion of Accumulated Current Vectors Reaching Any Beach 
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3.8 Comparison Between Current Measurement Stations 

Appendix E compares the current direction and current speed components 

measured simultaneously at adjacent sites. Inspection of the results shows 

that there is good agreement between periods of strong longshore currents at 

thethree sites. The progression of current change travelling from south to 

north or, alternatively, from north to south can be seen in the plotted 

patterns. Also of interest is the attenuation of the northerly pulse during 

5 to 9 September as it progressed northward from Malabar to Bondi to North 
Head. 

I Overlapping Period 1 : 17 August to 12 October 1984. 	During 	the first 

month of this period there were three pulses of very weak northerly 

I 

	

	currents which generally were stronger at Malabar (MiT) than at the other sites (Bi and NH1). Southerly currents were consistently stronger and 

generally coincident at the three sites, so that the pattern of speeds 

corresponded well between sites. On the other hand the coincidence between 

the current directions at Bondi and North Head during the first two weeks of 

I
October was rather poor. 

Overlapping Period 2 	1 November to 13 December 1984. 	During this period 

I 

	

	of six weeks, there were S periods of northerly currents at about 8 to 10 day intervals. They persisted for 2 days to a maximum of 5 days. The 

intervening periods of southerly currents were generally stronger and 

I 	generally the southerly speeds built up to a maximum over a day or so. The diurnal pattern of current speed was again obvious. Overall, there is very 

good agreement between longshore current measurements at North Head and 

I Malabar over this period. 

I 	
Overlapping Period 3 : 22 February to 26 March 1985. During this period of 

about q month, all three stations at Malabar were operating. There were 

several days of strong northerly currents (6 to 10 March) at all stations. 

I There was generally good agreement in current directions but a significant 
variation in speed, particularly in the last 10 days of the period, when the 
30 m deep meter showed weaker speeds than the 15 m deep current meters. Also 

I a northerly current pulse at the inshore and 30 m deep offshore meter showed 
up only as a slower southerly current speed at the 15 m deep offshore meter. 

Overlapping Period 4 : 1 April to 3 May 1985. During this period of about a 

month, meters were located at 15 m and 30 m depth at Malabar. Both records 

showa net southerly transport, but with many days of northerly currents. 
The net southerly transport was greater at the 15 m deep station than at the 
30 m deep station, due to higher northerly speeds at the lower station. 

Overall, the patterns are similar but there is a significant variation, 
particularly in current speed, over the depth. 

I 
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Overlapping Period 5 : 28 August to 1 October 1985. 	During this period of 
over a month, there were three strong northerly pulses, each lasting from 3 
to 5 days. The pulse occurred at the same time at each of the three sites 
(M7T, M126 and NH3). All stations showed southerly currents from 5 

September to 19 September, with similar speeds in files M7T and NH3, and 
weaker speeds in file M126 (which records measurements closer to shore). 

During this period the diurnal variation in current speed is particularly 
apparent in the records, with higher speeds in the afternoon. Overall the 
correlation in current speed and direction is better between the records 
from the two 15 m deep meters at Malabar and North Head than it is between 

the records from the inshore and offshore Malabar meters. 

3.9 Correlation Between Current and Wind 

Appendix F compares the patterns of local wind with the longshore and 
offshore current components for three files - M3T, M6T,and NH1. Current 

components are on the left of the page and wind components are on the right 
of the page. To aid the comparison, the wind speeds were reduced to 3 per 
cent of their value and the direction reversed by 180 degrees, to give a 
wind component of the same magnitude and direction as the ocean current 
components. Inspection of the tine series plots in Appendix F shows periods 

of remarkable coincidence, followed by periods of non-correlation. This 
variation is demonstrated by the correlation coefficients in Table 8. 

Table 8. Correlation Between Currents and Local Wind 

----------------------------------------------------- 

Data file 	 Correlation coefficient 
Wind/onshore curr. Wind/Longshore curt. 

M3T 	 0.11 	 0.34 
M6T 	 0.29 	 0.13 
NH1 	 0.04 	 0.02 

----------------------------------------------------- 

As can be seen in Table 8, sometimes there are good correlations between 
wind and currents, and at other times poor correlations. At this stage it is 
concluded that local wind explains only a small proportion of the observed 
variation in currents so that currents cannot be directly predicted from 
wind observations. 

To investigate whether long period waves generated by winds in Bass Strait 
influence currents offshore from Sydney, a comparison was made between the 
twice-daily winds recorded at Wilsons Promontory and the 12 hourly average 
currents at Sydney, as shown in Appendix E. 
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It was found that over more than half the period of the 1984/85 current 

monitoring there was a good correlation between (1) pulses of northerly 

I 

	

	
currents offshore from Sydney and (2) reversals from strong easterly to 

strong westerly winds at Wilsons Promontory. In some months (e.g., November 

1984 and February 1985) the correlation between wind reversals and northerly 

I 

	

	current pulses was excellent, suggesting that trapped coastal waves do have a substantial influence on current patterns at Sydney, while in other months 

(e.g., January 1985) the correlation was poor, suggesting that other factors 

I such as offshore eddies in the East Australian Current also have a 

substantial effect on the observed currents. 

I 3.10 General Features of Currents 

I In summary, the principal features of the general current pattern offshore 

from Sydney are as follows: 

I • Longshore currents predominate, with periods of northerly and southerly 

currents each lasting for 	several days. 	As illustrated in Fig. 8 and 

I 
in the other power spectra presented in Appendix D, most of the energy 

of the longshore currents is at periods of several days, with a smaller 

peak at about 24 hours. 	In comparison, 	for the onshore—offshore 

I current component, 	there is little energy at long periods and most of 
the energy is at periods of about 24 hours. 	The overall net current is 

the south. 

I
to 

• Onshore currents are observed to occur during the period of reversal 

I 
from a southerly to a northerly current (44 per cent of onshore current 
episodes) and also during the period of reversal from a northerly to a 
southerly current 	(33 percent of onshore current 	episodes). 	Onshore 
currents were observed during a partial current rotation from north to 

I west and back to north again (20 per cent of onshore current episodes). 

On only one occasion was 	an 	onshore 	current 	observed 	to 	persist 	for 

I more than a day. 

• However, 	as 	indicated 	by 	the 	trajectory 	analysis 	presented 	in 	this 
report, 	onshore currents are 	relatively weak 	and 	thereiore 	there 	is 
generally only a limited onshore travel of water. 	The diffusers have 

been located so that the onshore travel is usually less that the 

I distance of the diffuser from shore. 

I • 	Local winds (and tides as determined in Ref 1) have a very minor 

.influence on the longshore current pattern and only a small influence 

on the onshore—offshore current pattern. Long period waves generated 

I in Bass Strait, and eddies generated by the East Australian Current 

have a much larger effect on the currents offshore from Sydney. 
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I 4. 	CONCLUSIONS AND RECOMMENDATIONS 

This section presents our conclusions with respect to the questions posed by 

the Board about the recent current metering, and our recommendations 

concerning the possible need for any additional current metering. 

4.1 Results Obtained With Recent Metering 

The recent current metering has obtained 705 additional days of continuous 

current records at the outfall sites. When added to the previous 

measurementswhich were made on 403 days, there are now over 1 100 days on 

which currents have been measured at the outfall sites. This provides one 

of the most extensive current records available for outfall design in 

Australia or indeed the world. 

Several different methods have been used to measure currents (drogues, 

I meters deployed from anchored vessels, insitu meters with ducted propellers 

and acoustic insitu meters. It is gratifying to be able to observe that 

I 

	

	
although these different methods measure currents over different averaging 

periods, they all have given consistent results. 

I 	The results of the recent (1984/85) metering have been discussed in detail in the preceding sections. It was found that: 

The median current speed measured in fourteen current data records 

covering 705 days of measurement at the three sites was 19 cm/s. 

I
. 	The current pattern is dominated by pulses of northerly and southerly 

currents at intervals of several days. 

I . While both northerly and southerly currents occur, the net movement of 

water is to the south with a typical net speed of 10 cm/s, 	equivalent 

to a net water movement of .3.6 km/day. 	Thus the region is generally 

I well flushed. 

	

I
. 	There is a gcod correlation between the longshore currents at different 

sites, but not a good correlation between the onshore currents. Large 

scale oceanic processes have a major influence on longshore currents. 

	

. 	Onshore currents may occur dring periods of reversal of the longshore 

currents, but generally last only a short time. 	Integration of the 

I onshore currents shows that the distance offshore of the outfall 

£Iiffusers generally exceeds the onshore water movement during periods 

of onshore currents. Thus the probability of diluted effluent being I carried to a specific beach is very small. 

I 


































































































































































































