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Summary 

Rapid population increase in the Tweed Heads district, particularly in Tweed 
Heads itself, and at Banora Point and Kingscliff, has led to the 
augmentation of sewage treatment works and· a review· of effluent disposal 
strategies. 

The Terranora and Cobaki Broadwaters which receive effluent from the Tweed 
Heads West and Banora Point sewage treatment works are a complex 
hydrological system of creeks, broadwaters and inlets. As part of this 
review and strategy development, the State Pollution Control Commission 
conducted an investigation into the options for effluent disposal to the 
Terranoni-Cobaki Broadwater systems. . 

Water quality data for the Tweed Riv~r and associated ·canal developments 
were also measured during the study.· 

The investigation, carried out in October-November 1983 and January 1984, 
involved water quality determinations, estimation .of sewage treatment works 
effluent loads and included a study of dispersion and movement of sewage 
effluent discharged to the Broadwaters from the Banora Point and Tweed Heads 
West sewage, treatment works; 

A significant deterioration in water quality in the Broadwaters occurred 
since 1978 so that excessive floatin'g or attached algal communities could be 
expected to develop. During this period catchment popUlation increased 
causing an increase in nutrient loadings from the sewage treatment 
facilities. The current limiting factor for algal growth is probably high 
tu'rhidity in the shallow Broadwaters which· restricts light penetration. 
Dredging operations could decrease turbidity within the Broadwaters. 

Effluent dye tracing studies demonstrated the poor flushing characteristics 
of the Broadwater system and indicated high effluent retention under normal 
flow/tidal conditions. These studies enabled more desirable discharge 
locations to be determined together with suggested restricted disposal 
periods to ensure accumulation of nutrients does not occur. 

W,ater quality in the Tweed River is probably adversely affected by 
agricultural activities, particularly sugar growing, flood mitigation and 
urban run-off from Murwillumbah. Wastewater discharges from the Condong 
sugar mill have a significant localised impact on a section,' of the river. 
Tweed River 'water quality requires further investigation, especially the 
section from Tumbulgum to Murwillumbah. Water quality studies in some canal 
developments identified stratification and oxygen depletion at depth; 
further investigation· will be necessary to establish the extent of the 
problem. 

Wa ter quality in the Terranora and Cobaki Broadwaters is expected to further 
deteriorate unless changes are implemented in the location of points of 
effluent disposal or in the quality of the effluent itself. Problems may 
become more acu te if curren t disposal s t ra tegies and dredging con tinues, 
,particularly in Cobaki Broadwater. In addition, to assist' in the reduction 
of nutrient inputs and sediment loads to the system, the impact of urban 
drainage in any new urban developments· and, where possible, in existing 



urban areas should be minimised. 

Thus to ensure the preservation of waterways for existing, uses: 

effluent from Banora Point and Tweed Heads West sewage treatment works 
should be discharged to Terranora Inlet no further upstream than Diy 
Dock and should only be permitted during the last hour of the flood-tide' 
and 'the first three hours of the ebb-tide to ensure it is adequately 
flushed ,.into' the Tweed River and t~e ocean; and' ' 

suspended solids, in the return waters from. dredging need to b'e 
controlled closely particularly in the Broadwater areas. 

Areas of concern on other water quality issues include the' stretch of the 
tweed between Tumbulgum and Murwilluinbah, ,and deep areas within canal 
developments. The extent of 'the localised influence of the sugar mill,' 
requires further inves tiga tion. 

\. 
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1 INTRODUCTION 

The State Pollution Control Commission conducted an investigation into 
the water quality of the Tweed River and Cobaki/Terranora Broadwater 
system (Figure 1) in October/November 1983 and January 1984. The 
investigation also included a study of the dispersion and roovement of 
effl uents di scharged to these waterways from the Banora Point and Tweed 
Heads sewage":treatment plants. 

The investigation was carried out in response to a request from the New 
South Wales Department of Public Works s~eking the Conmission~s view on 
sewage-effluent disposal strategies for the Tweed Heads area. 

The Terranora and Cobaki Broadwaters, to which existing works discharge 
effluents, are a complex hydrological system of creeks, lakes and inlets. 
Insufficient information was known about existing quality of water in 
the estuary, the effects of effluents on the receiving waters and the 
flushing characteristics of the system. The study Was deslgned to obtain 
data necessary for determi.ning the impact of effluents on the receiving 
waters and. their ultimate fate or assimilation. 

Limited historical water-quality information was available from a study 
conduc.ted by NSW State Fisheries (now called the Division of Fisheries in 
the Department of Agriculture) in 1978-79, but the data collected by State 
Fi sheries were not adequate to determi ne an effl uent-di sposa 1 stra tegy. 
They did not include information about tidal dispersion and assimilation, 
but rather were orientated towards fish'resources, and they had. been . 
collected seven years ago, \totten the catchment population was lower. 

The investigation was developed in consultation and following discussion 
with other government departments and organisations, particularly the NSW 
Department of Publ ic Works, the Department of Agriculture (Division of 
Fisheries) and Tweed.Shire Council. 

During the study period other areas of cqncern were brought to the 
Commission's notice and the programme was expanded where poss·ible to 
incorporate these new areas. The study was broadened in this way to 
inc 1 ude pesti ci de concentrations in the river and broadwa ter systeni, an 
investigation of discharges from the Condong sugar mill and water quality 
i nsevera 1 canal developments. . 
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2 BACKGROUND 

2.1 Location 

The Tweed River catchment of 1 100 km2 is both rugged and compact. 
Upstream of Murwill umbah the drai nage pa ttern from mi nor tributaries is 
fairly symmetrical, due to the valley's volcanic origin (Soros-LongWorth 
and Mackenzie 1980). In contra'st, downstream of Murwillumbah the Tweed 
River weaves a path across an extensive flood plain. In the lower reaches 
the waters of the Rous River join the Tweed River at Tumbulgum. The river 
discharges into the ocean at Point Danger. The tidal broadwaters at 
Terranora and Cobaki join the river near its mouth via Terranora Inlet. 
Tidal influence penetrates to Murwillumbah. The broadwaters are shallow 
(0.5 m - 1.5 m) and are fed by Bilambil, Duroby and Cobaki Creeks. Both 
broadwaters flow into the Terranora inlet, which discharges into the Tweed 
River near Tweed Heads. 

The water-quality study programme incorporated the Tweed River below 
Byangum and the Terranora andCobaki Broadwaters, while the effluent 
dispersal study was confined to the broadwaters. 

2.2 Climate 

The Tweed River Yalley experiences a sub-tropical climate, characterised 
by an average annual rainfall exceeding 1400 mm. The coastal fringe 
receives rainfall in excess of 1650 mm whilst rainfall in the northern 
catchment extremi ty averages 2940 mm. .. . 

A marked wet season extends from December to April, during which over 
60 per cent of the annual rainfall total occurs. Cyclonic disturbances 
are capable of producing very heavy rainfalls over the Tweed catchment 
area, with falls of 250 mm in 24 hours and roonthly totals greater than 
450 mm having been recorded. 

Summer conditions are warm to hot with a high humidity, while winters are 
mild. Severe frosts have been known to occur, however, away from the 
coastal fringe (Department of Public Works 1979). 

2.3 Land Use 

A major portion of the Upper Tweed River catchment is under forest cover 
and is used primarily as a timber resource. Most of the forest areas are 
steep and provide an important part of the sediment load of the Tweed River 
in flood times. Considerable areas of the catchment are also reverting to 
forest cover after. unsuccessful grazing attempts. The reversi on to forest 
cover is being assisted by reafforestation projects and this is helping to 
arrest the severe erosion that developed following clearing. 

Banana plantations are relatively small in aggregate area but are important 
in terms of their economic productivity and.management. As the plantations 
are on steep slopes and are kept comparatively clear of weeds, erosion 
and runoff can be quite high. Banana growin9 and some limited grazing 
and dairying activities on the bordering hills and in.the valleys of 
creeks are the major agricultural land uses in the Terranora/Cobaki 
Broadwater region of the catchment. 
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On the Tweed River flood plain below Murwillumbah agriculture is predominantly 
sugar cane growing with limited grazing and dairy activities (Figure 2). 
The overwhelming dominant land use in the Tweed flood plain, cultivation of 
sligar cane, is worth an estimated 10.6 mill ion dollars annually to the 
local economy. Sugar cane has been grown on the Tweed River for more than 
100 years, the Condong sugar mill being commissioned in 1880. Cane growing 
has expanded in the area for several decades. There was a substantial. 
increase in the area assigned for. cane growing in 1974. Much of this land 
was reclaimed wetlands that had been drained and improved by both flood 
mitigation and drainage works. Flood and drainage works, use of pesticides 
and fertilisers associated with extensive cUltivation of sugar cane may 

. resul t in impacts on the envi ronment. 

2.4 Population and Strategic Planning 

Popul ati on structure and future popul ati on projecti ons pl ay an important 
role in determining infrastructure requirements. If the capacity to 
service the projected demand is insufficient the natural environment 
and the desired future character of an area may be under threat. For 
example, if design capacities at sewage works.are exceeded, inadequately 
treated wastewaters may be discharged to receiving waters and cause . 
undesirable impacts on the environment. 

The population of the Tweed Heads locality, including the townships of. 
Tweed Heads,Tweed Heads West, Bilambil, Terranora Heights and Banora 
Point, was reported in the 1981 census as 15 570 persons, compared with 
9 460 persons in the 1976 census (Tweed Shire Council ··1983). 

Major population increases and associated developments are also expected in 
the Kingscliff/Cudgen area, where the population is expected to expand to 
more than 40 000. Treated effluent from this area is to be discharged to 
the Tweed River near Chinderah. 

These high growth rates are in agreement with recent research by Dr Bernle'igh 
of the University of NSW, who has predicted a growth rate of seven per cent 
for the North Coast regi on and has reported 29 per cent growth ra te over 
the last seven years. This regional increase compares with three per cent 
for the rest of the State •. The Tweed Heads district and the North Coast in 
general are the major growth centres of New South Wales. - " 

The above population data do not include the temporary population, tourists 
and holiday makers, which can double the population 1n some areas during 
the peak season. If current population growth continues, the population in 
the region could possibly exceed 60 000 persons during the peak season 
by. the year 2000. The estimation of infrastructure requirements based on 
population numbers is further confused by the large numbers of people 
using extensive club facilities on a day basis in the Tweed Heads district. 
These numbers grossly exceed current population predictions. . 

The Tweed Shire Council strategic plan review of 1983 clearly indicated 
that most of the future population expansion can be expected to be 
accommodated in areas known as Tweed Heads West, Bilambil and Terranora 

. Heights. This growth centre is to the west 'of the existing Tweed Heads. 
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community and adjacent to the two broadwaters, Terranora and Cobaki. 
Unl ike the existi ng developmerit in the Tweed Heads township '. which caters 
mainly for tourists and tourist support industries, the new developments 
will cater mainly for permanent residents. These new development areas 
will place further demands on eXisting facilities, so new effluent treatment 
and di sposa 1 stra tegi es need to be developed. 

The only other significant community associated with the Tweed River' is 
the inland town of Murwillumbah, with a population of 9 460 in 1981. The 
population in the remainder of the catchment, 5 830 in 1981, ·is dispersed 
throughout the region (Tweed Shire Council 1983). 

2.5 Local Industry 

Historically the Tweed Heads area had been a' rural-based economy with 
mineral sand mining and timber-getting .activities playing.a less significant 
role. In more recent times, however, the tourist and holiday industries 
have become more prominent economically. .. 

The broadwater system played a significant role .in maintaining the early 
rural economy, with sugar cane, banana and cream boats' regularly plying 
their trade up the Cobaki Broadwater. The use of these waterways for the 
transport of rural products 'ceased in the 'early 1930s to late' 1940s. 
During this period a tourist launch service was also provided in the Cobaki· 
broadwater, but it too closed in the late 1940s. The Terranora Broadwater 
was also extensively used for these purposes' and, like the Cobaki Broadwater, 
was frequently dredged to provide access for the boats and launches. Today . 
a number of private pleasure vessels use these broadwaters. As sugar-cane 
growing ceased on farms adjacent to the broadwaters it was replaced by the . 
production of small crops and bananas • .]his change in land use has led to 
increased soil erosion and subsequent siltation in both.Cobaki and'Terranora 
Broadwaters. 

The Terranora'and Cobaki Broadwaters have been a productive area for 
fish and, more recently, oyster industries, with the Terranora Broadwater' 
providing suitable areas for oyster cultivation (Figure 2). In addition to 
estuarine fishing, a large professional fishing fleet, with trawlers of 
sufficient size and capability remain at sea for several days,' is based in 
the lower estuarine areas. 

The major industry in the district, apart from the tertiary sector, is the 
sugar industry that has developed along the extensive flood plains between 
Murwillumbah and Chinderah. Associated with this industry is a sugar min 
located at Condong,which discharges effuents to the Tweed River in accordance 
with ·alicence issued by the State Pollution Control Commission under the 
Crean Waters Act. . Diffuse sources of pollution are related to agricultural 
practices; which result in pesticides, fertil isers and silt (fran erosion) 
being transported into waterways. Other agricultural activities include 
beef fattening, dai rying and small crops. 

Murwillumbah is the major service town in the upper Tweed Valley and is 
situated near the tidal limit of the Tweed River. Poor mixing and long 
effluent-retention times ~uld therefore be expected in this section of the 
river. The town contains service industries, and few industrial wastewaters. 
are produced except. for a dairy processing plant that discharges to the 
sewer. The Murwillumbah sewage-treatment works discharge to the Rous 
River, a tributary of the Tweed River. 
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Dredging operations using both cutter suction and draglines extract 
gravel and-sand from the river, particularly just upstream of Murwillumbah 
and downstream as far as Tumbulgum. Extensive dredging is also carried out 
in the Cobaki Broadwater. Many of these operations are not licensed under 
the Clean Waters Act •. 

2.6 Pesticide Usage in Tweed Valley 

Pesticides are used extensively in the Tweed district to control pests in 
many agricultural crops' and noxious pl ants. The highest pesticide usage is 
by the sugar-cane growing industry concentrated in the Tweed Valley between 
Murwillumbah and Chinderah. -

Concern has been expressed that pesticides may be causing Bundaberg "Red 
Spot" di sease in fi sh and QX di sease in oysters. Because of these concerns 
-and others relating to wildlife the Department of Agriculture (Division of 
Fisheries); the State Pollution Control Commission and the National Parks 
and Wildlife Service are conducting an investigation into pesticide 
levels in both fish and wildlife at several locations throughout the State, 
including the Tweed Valley. 

Pesticides used in the district for sugar-cane 
aretan, aldrin, dieldrin and BHC, with minimal 
glyphosate. 

production include 2,4-D, 
- . 

amounts of graxnoneand 

2.7 Rainfall 
" 

Rainfall in the two weeks leading up to the study in October/November 1983-
was considered below average in all parts of the Tweed Catchment (Table 1). 
Rainfall· in September 1983 was al so below average, with only two major rain 
events, each of two days~ duration, during early September and mid-September, 

Table 1 
Monthly Rainfall ln the Study Area(mm) 

Year Sept Oct Nov Dec Jan 

Average 99 118 112. 174 235 
Tweed Heads 1983 94.8 63.2 397.2 440.5 -

1984 - - - - 180 

Average 130 140 144 212 292 
Bi 11 ambil 1983 97.1 86.36 384.0 432.6 -

1984 - - - - 294.1 

Murwillumbah 1983 98.2 92.0 354.0 288.7 -. 
1984 - - - - 218.6 

~ 

Kunghar* 1983 78.7 127.0 287.2 , 305.4 -
1984 - - - - 239.5 

Chillingham* 1983 82.0 132.0 344.2 294.0 -
1984 - - - - 179.5 

*Note: Upper Tweed River Catchment - not shown on Figure 1 -
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one month prior to the study. In October only one significant rainfall 
event (63 mm) occurred prior to the study. It can thus be concluded that 
the October/November sampling survey was carried out under lower rainfall 
and therefore lower flow conditions than is normal for this time of year. 

The months of November and December 1983 and January 1984 recorded above
average rainfall, with prolonged heavy falls occurring from mid-November to 
early December and again from late December to early Janua'ry 1984. These 
rai nfall events resulted in mi nor fl oodi ng, and it coul d be expected that 
the tributary and river systems were significantly influenced by fresh 
water in the period prior to the January 1984 survey. 

2.8 Other -Envi ronmerital Studi es 

Other environinental studies carried out in the Tweed district provided 
relevant background information of assistance to the Commission~s 
investigations. 

The Department of Public Works (1979) conducted a comprehensive investigation 
entitled "Tweed River Dynamics Study" to assess sediment movements through
out the estuary; Thi s study provi ded relevant data on ti da 1 ranges, -the 
speed .and direction of flow of tidal water movements, sediment movements 
and tidal volumes. It was confined to the tidal sections of the river. 

In 1978 and 1979 the Department of Agriculture (Division of Fisheries), in 
conjunction with the State Pollution Control Commission, conducted limited 
investigations into the qual ity of water in the Tweed Estuary for the 
purposes of a statewi de assessment of estuarine fi sh nurseries. Data 
collected during these surveys provided background information for comparison 
with data collected by the Commission in 1983 and 1984 (Appendix A). The 
data collected by the Department of Agriculture (Division of Fisheries) in 
October 1978 were obtained under similar rainfall conclusions, and hence 
similar freshwater inflow conditions, but the effluent loadings discharged 
to the broadwater in 1978 were 50 per cent less. 

An Interdepartmental Study into Pesticide Residues in Fish and Wildlife is 
currently underway •. This is a joint stuQy involving the State Pollution 
Control Commission, the Department of Agriculture (Division of Fisheries) 
and the National Parks and Wildlife Service. The study is incomplete at 
this stage but has provided background information on pesticide residues in 
fish and wildlife. ' 

The sugar industry is investi gati ng the impact of sugar mi 11s on wa terways 
in northern New South Wales. This study, developed in conjunction with 
the Sugar Research Institute (Macleay) and the local industry, is incomplete 
at this stage. . 
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3 STUDY PROGRAMME . 

The study programme comprised three stages: 

Preliminary investigations carried out in September 1983 to identify 
problems requiring further study and to determine the ~pe of study 
required. . 

Dye tracing and water-quality studies, under low freshwater-inflow 
and effluent-load conditions, to determine effluent transport after 
discharge and to measureprevailfng water quality •. These studies 
were conducted during October and November 1983. 

Water-quality studies in January 1984, to assess the quality of 
.waterways under peak Christmas holiday loadings from the sewerage 
works. High freshwater-inflow conditions \Ere experienced during 
this period because of heavy rainfalls before the survey, so it was 
not possible to assess the effect of peak effluent loadings on water 
quality in the broadwaters. Th'e freshwater inflows did, however, 
highlight the effects of diffuse sources of pollution together with 
point-source effects. 

These studies included both pesticide and bacterial determinations. 
Prel iminary investigations were al so conducted into the water qual ity of 
canal developments on the Tweed and Terranora Estuary. 

3.1 Water Quality 

Water-quality surveys were conducted on both high and low tides. salinity 
. data provi ded informati on on ti dal mi xi ng, whil e gaugi ng of major i nfl ows 
provided a measurement of freshwater influence in the broadwaters. 

Water-quality sample locations and gauging sites are shown for the Tweed 
River in Figure 3 and for the Broadwater system in Figure 4. Difficulty 
was experienced in sampling the broadwaters due to their shallow nature,. 
and this necessitated some sample site modification. Sampling was carried 
out on an ebb and flood tide. Tidal. delays up the river and in the broadwater 
system enabled sampling to be completed within the first hour and a half 
after sl ack. 

Water samples were collected at each site at a depth of 0.5 m and analysed 
at the Commission's Sydney laboratories for nutrients, non-filtrable residue 
(NFR), volatile suspended solids (VSS), pH and chlorophyll a. In-field 
measurements included temperature, salinity/conductivity, dTssolved 
oxygen, Secchi depth, 1 ight penetration (at selected locations) and depth. 
These measurements were taken at depths in the water column of 0.1, 0.5, 1, 
2, 3, 4, 5, 6, 8 and 10 metres and then every 2 metres to the bottom. 
Specimens for algal determination were collected at each site and examined 
for genus dominance. Although the study.team was equipped to conduct 
diurnal studies, dissolved oxYgen variations throughout the day \Ere found 
not to be si gnffi cant and thi 5 made such studi es unnecessary. 

Water samples were also collected for pesticide analysis from all stations 
except 22, 23, 25, 105, 165, 166, 171, 172, 173, 179, 185 during the first 
and second surveys. No pesticide samples were collected during sur,vey 3. 

.. 



(Tidal Limit) 

MURWILLUMBAH 

Fi gure 3 

Tweed 
River 
Basin 

-11 
~ 

o 2 3 k.m 

Water Quality Sample Location (Tweed River) 

CHINDERAH 

PACIFIC 
OCEAN 

I 

KINGSCLIFF 

,.,.. ... 



TERRANORA 
BROADWATER 

(base map adapted from
Department of Agriculture, 
Division of Fisheries) 

Figure 4 

,,' COBAKi' 

BROADWATER 

,< 

Tweed Heads West 
STW 

,105 

TWEED 

Point. 

TERRA NORA INLET 

.1"~ 

Legend 

@ Water' Quality Sites * Gauge Sites * Sewage Effluent Discharges 

water Quality Sample Location (Broadwater) 

TWEED RIVER 

BANORA 
POINT 

.-"' .~ 

..... 
c.n 



- 16 -

Although it is usually difficult to detect pesticide residues in water . 
unless spraying has recently been conducted in an area, following discussions 
with the Department of ·Agricu1ture (Division of Fisheries) it was agreed 
that samples for pesticide analysis should be collected during the CommiSsion's 
study because fish samples were being collected for residue analysis at the 
same time. These samples were collected in specially prepared glass 
c_ont.ai ners and analysed by the Ti ckBoard at Li smore • 

. Samples ·for bacterial· ex-ami nation were collected at all. stations except_23, 
92, ISS, 158, 170, 1(1, 172, 173, 175, 179, 185 and 187;. Bacterial -

- densities were determined with the assistance of the Tweed Shire Council. 

·3.2 Effluent Dye Tracing 

The. injection of a dye into an effluent at a known concentration provides a 
convenient method for tracing the movement and dispersion of the effluent. 
The technique involves the injection of Rhodamine WT (20~) dye, diluted to 
the same densHy as the effluent, into the effluent stream at a suitable 
location chosen so that comp1 etemi xing of the dye and effluent OCcurs 
pdorto discharge to receiving waters. -This. ensures that the dye" mov~sin 
the same manner as the effluent in the receiving waters. -. - .-_ - .. -. 

. . . . . 

Dye was added over a one-hour peri odrather than as a "sl ug" to ensure it 
was discharged into a representative portion of the tide-cycle. This.was 
decided following an assessment of tidal data from the Department of Public 
Works (simu1 ation model) that indicated eddies occurred in the receivi ng 
waters at both sewage_-eff1uent discharge sites. Preliminary dye studies, 
by'the Commission, using fluorescein dye the day prior to the main dye
studies, confirmed the_ presence of·these eddies. The direction of tidal 
movement past both effluent discharge sites changed significantly during 
the early portion of e~ch tide cycle and the f1 ow direction depended "on the 
proximity of channels and obstacles such as .py10ns and banks. 

The- volumes of dye to be added we~e calculated from Kilpatrick (1970). 
However", on the basi s of dye-tracing experiments conducted by the Department 
of Public Works in Jervis Bay, New.South Wa1es{P Stone, personal cODlnunication 
1983), the vol urnes of· the dYe Were reduced to' those shown in Table 2 •. 

Table 2 
Comparisons of Calculated, Advlsed and Actual Dye Volumes (L) 

Sewage-treatment . Discharge Tide Ca1cu1 ated Advised Actual 
works location (1) (2) 

Banora Point Dry dock ·Ebb 14 4. 4 
Banora Point Dry dock Flood 8 2 8 
Tweed Heads West Cobaki Inlet Ebb 6 2 6 
Tweed Heads West Cobaki Inlet Flood 3 2 3 

._ (1) Kilpatrick (1970) 
(2) Personal . Communication (P Stone (PWD),-1983) 

The advised dye volumes shown in Table 2 were.adopted for use because of 
concern that if poor mi xi ng and ti da 1 exchange occurred hi gh background 
levels could ·otherwise occur, limiting subsequent experiments during the 
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study period. The initial concentration was a major consideration because 
the recovery period between the dye additions was two days (8 to 9 tide 
cycles). The dye dosage was calculated to produce 0.1IJg/L at the furthest 
point of measurement and to be traceable over two tidal cycles. Experience 
gained from the fi rst study allowe,d more confidence in determi ningsubsequent 
dye injection dosages'- The first injection was conducted at the Banora 
Point works on an ebb tide, with conservative amounts of dye being used. 
The location ensured the dye would be adequately flushed from the system in 
one tide cycle, due to its close proximity to the Tweed River mouth reducing 
the risk of over-dosing that woul d lead to elevated background lev~ls for 
subsequent experiments. Observations from the first dye releaseeriabled a 
more accurate estimation for dye dosages to be used in the following, 
studies, as it was considered the advised levels were insufficient to trace 
the effluent for more than one tidal cycle. It was therefore assumed the 
calculated levels were more appropriate for these sites. Dye was injected 
using a proportioning pump set at a rate to deliver the pre-determined 
volume over a one-hour period. For the Banora Point ~rks, the dye was 
injected into the submarine outfall plume just above the diffuser usjng a 
length of plastic conduit, weights and a float. For the Tweed Heads West 
works dye was added to the discharge drain. 

Dye movements were traced using fluorometers by taking field measurements 
of dye concentrations at set transect locations. Samples were collected 
using both grab and automatic Manning samplers for reading on ,the .fluorometer. 
Twenty two transects (Figure 5) proved significant for data analysis (for a 
description of transect locations, see Appendix C). The transects represented 
a detailed cross-section of the stream with width and depth components~ 
This allowed the location and concentration of the dye at given locations 
throughout the waterbody to be determi ned .at any given time after release. 

The dye was traced for at least onefull tidal cycle and for a second tidal 
cycle where possible, often using fixed automatic samplers., Depending on 
equipment availability, the samplers were located in major channels and set 
at a sampling depth of 0.5 metres. Experience showed that after one tidal 
cycle the dye was well mixed throughout the profile. Vandalism proved a . 
problem at locations near artificial structures such as bridges. 

" ' 

The dye was injected at the two effluent discharge locations on an ebb tide 
and a flood tide just after slack. These conditions were determined from 
the Department of Public Works tidal model and confirmed by observation. 
For ease of discussion in this report, the studies were numbered as shown 
in Table 3. The tidal cycle represented in these experiments was midway, 
between neap and spring. ' 

Table 3 
Dye-Traci ng study Programme 

Study no Location Works Tide 

1 Dry dock Banora Point Ebb 
.2 Dry dock Banora Point Flood 
3 Cobaki Inlet Tweed Heads ! Flood 
4 Cobaki Inlet Tweed Heads Ebb 
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4 TWEED RIVER 

The sampling stations were located along the Tweed River so as to measure 
any impacts due to dominant land-use activities or industries licensed 
under the Clean Waters Act 1970. The Rous River (station 171) carries 
treated effluents from the Murwi11umbah sewage-treatment works and joins 
the Tweed River (stations 170 and 172) near Tumbu1gum (14 km downstream of 
Murwi11umbah). This junction of the two rivers is also a section of 
the Tweed River that flows through part of the sugar-cane growing area. 
Further upstream (26 km), any effects due to the Condong sugar mi 11 . 
discharges would have been measured at stations 173 to 179 during surveys 
land 2 but not during survey 3, when the mn1 was closed. Measurements 
near the mi 11 were taken along a transect access to the ri ver as well as at 
depth. The diffuse-source impact of Murwi11umbah (30 km upstream of the 
river mouth) was assessed by water-qual itymeasurements at stations 180 and 
1~5 and freshwater inflows were monitored at stations 187 and 190. 

Waters in the Tweed River during the three surveys varied from oceanic 
at the mouth to freshwater above ·a weir upstream of Murwi11umbah. 
Stratification was not observed in the water column throughout the whole 
length of the river. This is demonstrated by the limited vari ations of 
salinity and temperature. at depths of 0.5 and 4 ril along the river . 
(Figure 6).' , 

Saline water penetration was only as far as the Condong sugar mill (26 km 
upstream of the river mouth) during surveys 1 and 2 and only as far as 
Tumbu1gum during the higher flow conditions of survey 3. The saline limit 
often occurs over a zone of the river that is poorly flushed by tidal 
exchange. Thus long retention times ~u1d occur·for any effluents discharged 
to this zone,particu1ar1y under low inflow conditions. The Condong sugar 
mill and the township of Murwi11umbah are also located in this zone. 

Oxygen depletion was found in this zone,particu1ar1y in the river adjacent 
to the sugar mill. Surface waters were 60-80 per cent of saturation and 
waters at a depth of 4 m were only 45~60 per cent of saturation. Oxygen 
levels (Survey 3, Figure 6) had recovered ·to saturation two months after 
cane crushing had been completed for the 1983 harvest. This indicates 
an oxygen demand (chemical and biochemical) of wastewaters discharged 
from the sugar mill. Depleted oxygen levels, only 30.per cent of saturation 
(Figure 6) at depth, were also 'found above the weir, due to stagnation of 
the freshwater body rather than as a result of a discharge. 

Nutrient concentrations, particularly phosphorus concentrations, were 
elevated in the river section between just upstream of Murwillumbah and 
Chi nderah (Fi gure 7). Chlorophyll a concentrations a1 so tended to be 
elevated in this river section. Although this section of the river does 
not directly receive effluent from the Murwi11umbah sewage-treatment works, 
it is surrounded by areas of intensive agriculture. The reduction in 
chlorophyll a (Figure 7) near Murwn1umbah (30 km) and the corresponding 
availability-of nutrients represents a zone in the river where algal 
species changed from marine to freshwater species. . 
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Dredging operations between Murwillumbah and Tumbulgum generated localised 
turbidity, but this was not evident as increased suspended solids at the 
sampling stations along the river used in these surveys (Figure n:. The 
hi gli suspended sol ids concentrati ons in the ri verabove Murwi 11 uniliah in 
survey 3 were a result of high freshwater inflow conditions (Tables 1 
and 6) in the catchment above Murwillumbah. . 

The pesticjde analyses showed no detectable pesticide residues in the water, 
and bacterial analyses demonstrated the water was not contaminated to any . 
si gni fi cant extent by bacteria (Appendi x D). . 
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5 TERRANORA AND COBAKI BROADWATERS 

5.1 Effluents Discharged to Terranora Inlet and Cobaki Broadwaters 

Tlie Tweed Heads West andBanora Point sewage-treatment works discharge 
effl uents to thi s ,system. A descripti on of these works and thei r loadings 
are given ,in Table 4. 

Table 4 
Tweed Heads West and Banora Point Sewage-Treatment Works' Characteristics 

Characteri stic 
, 

. Tweed Heads West Banora Point 
, 

Plant type , Trickling filter 3 Pasveer channel s 
Pond retention 7 days -
Design capacity 9 000 ep 6 000 ep 
Organic loadings 

· Off peak " 
14 000 ep 6 000 ep 

· '. Peak 18 000 ep 7 500 ep 

Hydraulic loading (ML/d) . 
· Off peak 4.6 2.1 
· ' Peak 5.0 2.8 

Loading on receiving waters (kg/d) 
BOD5 50 • 25 · · NFR 110 62 

· NH3-N 40 22 
· Total nitrogen 60 36 
· Total phosphorus 35 17 

The Tweed Heads West works discharge effluents into Cobaki Inlet approximately 
lkm upstream of Kennedy Drive Bridge (Figure 4). There are two distinct 
seasonal loadings on the plant: an off-peak loading, consisting of the' 
permanent population plus some winter-season tourists, and a peak summer 
loading during December, January and early February. There are also 
several intermediate periods duri ng , the year, correspondi ngto school. 
vacation periods, when short-term loadings would lie between the above two . 

. extremes. 

The quality of effluents from the works prior to the polishing ponds is 
showing signs of deterioration due to overloading. Typical values for 
BOD~ and NFR in the humus tank effluent during off-peak and peak holiday 
perl ods have been 25 to 45 mg/L and 40 to 65 mg/L respectively. The 
quality of effluents discharged to the Cobaki Broadwater is improved· by the 
additional treatment afforded by the seven-day retention ponds, but the 
continued capacity of the ponds to treat an increasing effluent flow is 
quest; onabl e. ' 

The Tweed Heads West works are overloaded by 56 to 100 per cent, depending 
on the season. The loads projected for these works for the year 2006 are 
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between 21 000 and 24 800 equivalent persons (ep) (Table 5), but augmentation 
of the treatment facil ities on the present treatment \r()rks site is generally 
not regarded as feasible because of site area limitations •. The option 
exists for the diversion of future sewage loads to another treatment \r()rks, 
possibly the Banora Point \r()rks. 

Table 5 . 
Tweed Heads West and Banora POlnt - preliminary Loading Estimates 

. 

1976 Present 1996 2006 

Winter Peak Winter Peak Winter Peak Wi nter Peak 

Loading Tweed 6 500 9 200 12 400 16 SOO 16 300 19 750 21 100 24 880 
(ep) 

Banora - - .6 000 7 800 15 SOO 18 680 24 000 28 200 

(ML/d) Tweed 4 5 8.5 
i - - 11 10 i 
I 

Banora - - 2 3 -7 9 10 

The BanoraPoint works, whose characteris.tics and loadings are shown in -
Table 4, were commissioned in September 1979~ They discharge effluents via 
a 2 km gravity outfall main to Terranora inlet at Dry Dock (Figure 4). 
Their seasonal loading regime ranges from 6 000 to - 8 000 ep, with projected 
loadings of 28200 ep by the year 2006 (Table 5), similar to those projected 
for the Tweed Head West works. 

The quality of the effluents discharging from the polishing ponds to 
Terranora Inlet has been satisfactory (20 mg/L BOD5 and 30 mg/L NFR) in 
the few years during which the \r()rks has been operational and these con
centrations conform with the State -Pollution Control Commission licence 
conditions. The quality of effluents from· the channels into the pond 
system has deteriorated, however, 1 argely because of overloaded conditions 
and problems with the settling characteristics of the activated sludge. 
The situation at the Banora Point \r()rks is therefore similar to that at the 
Tweed Heads West works, where the polishing ponds provide additional settling 
for solids. . 

The loadings on receiving waters from the Banora Point and Tweed Heads 
West works, for summer flow rates of 2.8 and 5.0 ML/d respectively, are 
summarised in Table 4. The mean effluent nutrient concentrations discharged 
to Terranora Inlet are 13 mg/L total nitrogen and 6 mg/L total phosphorus, 
whil e 12 mg/L total ni trogen and 7 mg/L total phosphorus are di scha rged 
to Cobaki Broadwater. these concentrations iii these di scharges coul d lead· 
to a deterioration in water quality if inadequate dilution is -available or 
if extended retention times are experienced in the receiving waters. 

Work has commenced on the construction of two 10 OOOep extended aeration 
treatment units at the Banora Point site. These \r()rks will alleviate the 
overload on the existing channels and provide much-needed buffer capacity 
for the rapi dly developing sewerage catchment. ' 

13 

13 
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A decision has yet to be made concerning the ultimate effluent disposal 
strategy for the works. The more obvious alternatives include: 

Gontinued discharge to the Terranora Inlet, possibly on the ebb tide 
Di scharge to the Tweed River 
Ocean disposal. 

5.2 StreamFlow 

Inflows to the broadwater system are obviously affected by rainfall events. 
Inflows measured in October/November 1983 could be considered as low flows, 
while measurements made 'during January 1984 woul d, be cl assified as high 
flows (Table 6). 

Table 6 
Freshwater Inflows to Terranora and Cobaki Broadwaters 

Location Station number Flow Inflow to 
(ML/d) 

. . 

Oct/Nov 1983 Jan 1984 
. 

Piggabeen Creek 158 5.4 67 Cobaki Broadwater 
Cobak i Creek 155 4.1 44 Cobaki Broadwater 

. 

92 ~~6 49 Terranora Broadwater Duroby Creek 
Bilambil Creek 90 10.9 232 Terranora Broadwater 

5.3. Phosphorus i'n Broadwater ,sediments 

Sediments of similar origin and type, river sand and mud (Department 
of .Publ ic Works 1979), were co 11 ected from the Cobaki and Terranora 
Broadwaters and analysed. They had a high proportion of silt and clay 
material, except for the sediments collected at station 50, which were 

. predominantly sand.' Total phosphorus (TP) levels were low, except at station 
50 at the mouth of Dog Bay in Terranora Broadwater, where a concentration of 
2'813 mg/kg was found (Table 7). 

Table 7 
Phosphorus Concentrati ons in Sl1 t/Clay Fraction of ·the Broadwater 

Sediments (1984) 

Broadwater Station % Si lt TP 
clay (mg/kg) 

Terranora 50 6.4 2813 
Terranora 60 85.4 787 

Cobaki 120 73.9 708 
Cobaki 140 35.4 929 .. 
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The hi gh TP, concentrations in sediments ,at station, 50 were si,mil arto 
concentrations measured by the State Pollution Control Commission,in 
sediments from the, Georges River, which receives effluents discharged, from 
several sewage-treatment works and from urban runoff. The concentrations 
shown in Table 7 show that the sediments at other locations within the 
broadwaters will have a potential to absorb phosphorus and that there is a 
substantial reserve capacity for further uptake. This means the sediments 
do not indicate the, broadwater,s are undergoing a natural eutrophication 
process. Th,eelevated phosphorus concentrations in the water column are' 
thus probably due to point sources of phosphorus and do not represent 
either the long-term natural successional process of the broadwaters nor 
the ,long-term impacts of urban diffuse source pollution. 

5.4 Water Quality in the Inlet/Broadwater 

Water-quality data were collec'ted by the CommiSsion on thre~ occasions 1n 
the Terranora/Cobaki Broadwater system during 1983/84 (Appendix E). 
These data were supplemented by data collected six years before by the NSW 
Department of Agriculture' (Division of Fisheries) in conjunction with the ' 
Commission. The.,unpublished data collected by the Division of Fisheries 
(Appendix A) provided a base line for the current investigations. Because, 
of the seasonal nature of rainfall in the region, only da,ta co 11 ected under' 
the same flow conditions can be directly compared. Thus'only the COnlmission~s 
1983 data were used for comparison purposes, as the 1984 data were coll ected 
under high-flow conditions. The 1983 aataand the Fisheries 1978 data ,were ' 
collected under similar rainfall conditions. 

The sal inity data for the Terranora Inlet and the Cobakiand Terranora 
Broadwaters (Figure 8) defined three distinct bodies of'water within the 
system during low freshwater inflow periods. Sea water (35.5 parts per 
thousand) was evident in the Terranora Inlet during high tide but did' , 
not penetrate further than the juncti on of the two creeks (stati ons 40 and 
100) leading into 'the broadwaters (Figure 4). Under other circumstances 
such as drought conditions, however, salinity levels in the broadwaters can 
be similar to those in the Inlet (Department ofA~riculture,. Division of 
Fisheries data, 1979 unpublished). Salinity in both the broadwaters· 
(31 parts per thousand) was significantly lower than ':in the Inlet (35.5' 
parts per thousand). The third water body defined from the salinity data 
comprised the freshwater creeks flowing into the broadwaters. The three 
sections of the sys,tem were separated by steep salinity gradients, indicating 
poor mixing between the different water bodies. Temperature (Figure 8) 
increased with distance from the Inlet and decreasing water depth. This 

,further supported poor ,interchange between the Inlet and broadwaters, wi th . 
temperatures ranging from 22 0C to 26 Oc respectively. Temperatures in " 
some of the, creeks flowing i.nto the broadwaters were ~o oC. 

Nutrient concentrations in the Terranora Inlet, particularly downstream of 
station 30 (6.9 km, Figure 9), were representative of estuarine waters, 

, wi th a strong seawaterinfl uence towards the inlet'mouth (sea waters are 
characteristically low in nutrients). Increasing concentrations with " 
distance upstream were indicative of a river environment with associated" 
catchment development. Under low flow conditions, total phosphorus (TP) 
and total 'nitrogen (TN) concentrations ranged from 25 to 50 JAg/Land from 
75 to 350 pg/L respectively (Figure 9). Concentrations of the constituent 
forms of phosphorus and nitrogen were not si gnificant (Fi gure 9). 
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Concentrations of nutrients in both broadwaters varied depending on 
location but were elevated in comparison with those of·the inlet, 
ranging from 60 to 400 pg/L TP and from 231 to 1700 ~g/L TN in Terranora 
(Figure 9) and from 60 to 150 ~g/L TP and from 340 to 710 pg/L TN in Cobaki 
(Figure 10). The section of Cobaki Broadwater where the Tweed Heads West 
sewage-treatment works discharge (8.5 km) showed an elevated TP concentration 
of 120 pg/L, compared with the 53 ~g/L observed in the Cobaki Broadwater in 
1978 (Appendix A), a significant increase in recent years. Similarly, an 
increase in TN concentrations from 340 to 500 ~g/L has occurred since the 
1978 data were collected. Nutrient concentrations observed in Terranora 
Broadwater also showed elevated TP and TN concentrations since 1978, when 
levels were 45 ~g/L and 320 ~g/L respectively. 

During high tide chlorophyll a concentrations in Terranora Inlet were low, 
in agreement with the presence of relatively clear sea water. At low tide, 
water draining from the broadwaters elevated chlorophyll a-concentrations 
to 10-14 ~g/L. Concentrations. in both broadwaters' rangedfrom 10 to 22 JJg/L 
(Figures 9 and 10). 

Dissolved oxygen (DO) concentrations (Figure 8) varied between 80 and 
120.per cent of saturation. The field data collected in 1983 showed that 
regions of supersaturation existed in the broadwaters. 

Observed NFR (suspended solids) concentrations in Cobaki and Terranora 
Broadwaters were 12-75 mg/L (Figure 10) and 25-290 mg/L (Figure 9) ~ 
respectively. Suspended solid~ levels in the broadwaters were thus higher 
than those in Terranora Inlet (Figures 9 and 10), possibly as a result of 
wind-related wave action in the shallow (0.5 to 2 m) broadwaters. The 
explanation for the very high levels in the upstream end of Terranora 
Broadwater is that this area is mostly shallow and.the sediment is pre
domi nantl y reworked mari ne sand wi th' secondary ri ver sand and rod 
(Department of Public Works). In 1978, suspended solids concentrations 
were lower and ranged from 18 to 45 mg/L. . 

Secchi disc depths ranged from 10 m at the river mouth to 0.4 m in the 
broadwaters. They showed the same trends as NFR determinations. Light 
penetration measurements indicated an euphotic zone of between 2.4 
and 0.3 m. 

Water-quality data collected during January 1984 indicated high freshwater 
inflow conditions with no significant diffuse-source pollution from 
agricultural or urban inputs in the upper catchment •. 

Analyses of water samples from the broadwaters for organochlorine-based 
pesticides showed that all samples contained less than 5 JJg/L (the limit of 
detection) of organochlorine pesticides. This does not confirm that 
pesticides may not be present at other times. The Department of Agriculture, 
Division of Fisheries, sampled fish flesh for pesticide residues at the 
same time, and this may provide more information about longer-term inputs 
of pesticides to the system. These data are not yet available. 

The results of bacterial testing in the Terranora Inlet and Terranora/Cobaki 
Broadwaters are presented in Appendix D. Bacterial densities of between 
0-400 total coliforms/l00 mL in the estLiary indicated low densities.' 
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5.5 Effluent Tr~nsport and Retention 

Effluent dye-tracing studies demonstrated the transport of effluents, the 
portion reti1in(~(j in the broadwaters per tidal cycle and the amount . , 

n·l.urnlny 011 ·.Uh·;f~quent eye It'f •• 

The movement of dyed effluents was complex and cannot b~ completely 
described from one set of experiments. The resul ts summarised in this . 
section do, however, provide sufficient evidence to estimate the transport 
patterns during several tidal. cycles and effluent retention. 

As previously discussed, the transport of effluents is examined here in 
terms of four study units representing specific tidal conditions (Table 3). 

Dye released,on an ebb tide from Dry Dock (Study 1) was flushed through the 
Terranora Inlet and into the Tweed River (Figure 11). The dyed effluents 
were confined to the fast-flowing southern bank (Figure 11a-c) until they 
reached the Tweed River, where the river volume forced the dye to the 
western bank,(Figurelld). The bulk of the dye had passed through the 
inlet within 3.5 hours of the change in tide direction (Figures llc and, 
Fi gure 12). When the bulk of the dye had passed the Boyd's Bay Bri dge at 
3.5 kin (3 hours) the small amount of remaining dye that had been trapped in 
backwaters and drains between transects T5 (3.9 km) and T8 (5.4 km) (Figure 5) 
gradually drained to the inlet and was transported towards the Tweed ' 
River. Therefore, based on ti da 1 IOOvement, effl uents. woul d take three· 

,hours to. reach the Tweed River, wi th a further ha 1 f-an-hour to the ri ver 
mouth. The total travel time to the sea ~uld thus be three and a half 
hours. 

Study 2 traced dye released on a flood tide from Dry Dock discharge point. 
The movement of dyed effluents was traced into both broadwaters, with the 
bulk passing into Terranora Broadwater within four hours of the change in 
tidal direction (Figure 13). The dye was mainly confined to the southern 
side of Terranora Inlet, with a high proportion of the dye moving into 
Terranora Broadwater along the west bank. By the third hour the dye was 
also observed in Cobaki Inlet (T24) (Figure UbI. Only.small quantities of 
dye entered the Cobaki Inlet during the third hour of the tidal cycle. The 
dye behaved as a sl ug (Figure 14) and was channell ed irito Terranora Broadwater . 

. Once within the broadwater, the dye was found mainly in the area known as 
Bingham Bay, which is adjacent to Seagulls Club, stretching back into Dog 
Bay and into the associated canal development. " The. only location at ~ich 
dye could still be measured 48 hours after injection at Dry Dock was in 
this canal development. ' 

In the third study dye was injected into the Tweed Heads West discharge 
drain and its movements were traced over a flood tide. The presence of a 
series of back eddies adjacent to the discharge drain, originally identified 
by the fluorescent dye, was confirmedby this study. Upon entering the 
broadwater, the dyed effluents travelled downstream and then upstream 
behind the adjacent island (T30, Figure 5). The preferential tidal flow 
via T30 is shown in Figure, 15 (a and b). It was not until the third hour 
(Figure 15c) after the change in tide direction that the current carried 
the dye via the most direct route T29 (Figure 5). This change in the 
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direction of tidal flow at the point of discharge is illustrated in Figure' 
15c. The shoals upstream of T29 (Figure 5) are exposed at low tide and 
deflect tidal flow via T30 until the water depth over the shoal isstifficient 
to reduce its frictional component. The two dye components travelled via 
T29 and T30 before travelling a cOlllllon route via T34 and finally joining in 
the main section of the Cobaki Broadwater. The dye was located in the 
eastern half of the broadwater and was centred over T38, with some dye 
entering Cobaki Creek. The following tidal cycle returned the dye in equal 
portions (Figures 15c and 15t) via routes T29 and T30 (Figure 5) and then 
beyond T24/5 (Figure 16). 

It is probable that some of the dye reached Terranora Inlet, although the 
bulk of the dye did not pass T24/5 (Figure 16), indicating that the dye 
may not have left Cobaki Inlet prior to the change in tidal. cycle. The dye 
returned to the broadwater' on the third cycle (Figure 16, last portion) 
after its release at the discharge drain. 

Dye was released for Study 4 on an ebb tide at the Tweed Heads West sewage 
discharge and was traced over two tidal cycles. On entering the receiving 
waters, the dyed effluents travelled downstream along the east bank until 
they reached T24/5 (Figure 5) near Kennedy Bridge, where they mixed throughout 
the inlet cross-section (Figure 17a and 17b). The time of travel to the 
junction with Terranora Inlet was three hours. On reaching Terranora 
Inlet the effluents were carried down the northern bank to Dry Dock, 
where a mixing of Cobaki and Terranora waters distributed the dye across 
the cross-section of the inlet. The dye travell ed no further dow~stream 
than 4.9 km from the river mouth (Tl, Figure 5) before the change in tidal 
cycle returned the dye upstream. The incoming tide formed a wedge, splitting 
the dye and forcing it to either bank (Figure 17d). The dye was then 
distributed both back into the Cobaki Broadwater and into the Terranora . 
Broadwater, along. the east bank of Terranora creek, entering the Broadwater 
via drainage channels. This distributed the dye prinCipally to the eastern 
arid central sectors, as distinct from the path taken by the dye in.Study 2 
i.nto Bi ngham Bay. 

Generally, in all studies, the dyed effluents dispersed vertically through 
the water column. Major changes in stream morphology, such as shoals, 
sharp bends, constrictions and islands, were required, however, to mi,x the 
dyed effluents throughout the stream cross-section. 

Preliminary tidal discharge data generated by a Department of Public Wor:-ks 
model can be used to estimate tidal discharge volumes (Table 8) for 
each unit within the system. These estimates, coupled with the movements 

. of dyed effluents within the system over various tidal cycles, as. disclosed 
in Studies 1 to 4, enable estimates of effluent retention within the system 
to be deri ved. 

The dyed effluents discharged at Dry Dock (Sanora Point works) on an ebb 
tide were not retained in the inlet. The initial dilution factor· of the' 
discharge was 4.8 x 103 on entering the inlet (ie, the dyed effluents 

. were diluted by 50 per cent (Figure Hid of the total volume (394 ML) 
passing Dry Dock in the first hour and a half (Table 8) after the change in 
tidal direction, during which time 0.5 ML of effluents were discharged). 
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The effluents were further diluted in the inlet and on reaching the Tweed 
River, giving a final dilution factor of 1.5 x104. Only approximately 
five per cent of river water reaching the ocean returns on the flood tide 

. (P Stone, personal conununication, 1984). Of the inlet waters, only two per 
cent of those reaching the ocean would return to the inlet on the flood 
tide. Therefore, effluents that are transported to the river are lost from 
the i nl et/broadwater system. In practi ce, however, some. effl uents are held 
in backwaters and drains, producing a dye retention per ebb cycle figure of 
ten per cent (Fi gure 12). Effl uents di scharged on the f1 ood ti de have a 
much reduced final dilution factor of 2.2 x 103. This factor does not 
include the water volume entering Cobaki Inlet, as Study 2 (Figure 14) 
showed that only 0.05 per cent of the effluents discharged at Dry Dock were 
transported to Cobaki Inlet. The study was not able to determine the 
extent of effluent retention in the Terranora Broadwater, due to equipment 
malfunction, but an estimate can. be made based on Figure 14. This provides 
an effluent retention value of approximately 20 per cent. The persistence 
of dye in Bingham Bay indicates the area retains significant volumes of 
effluents discharged from Banora Point· sewage-treatment works on a flood 
tide. 

. Table 8 . . .. 
Tidal Dischcirges Vo1lJll!S per Cycle (Estirmted triln DepartJle1t of Public I«>rks Preliminary Data) 

Location Ebb tide (M../cycle) Flood tide (M../cyc1e) 

1.5 hrs of cycle Full tide cycle 1.5 hrs of cycle Full tide cycle 

Vo1LJre % of cbm- Total % of cbm- Vo1LJre % of <Dm- % of cbm-
stream vo1LJre stream stream VolLJre streiIn 
vo1LJre volLJre vol LJre . volLJre 
c -

Terranora Inlet (T3) 1125 100 4970. 100 945 100 6400 100 
Dry Dock (18) 700 70 4257 8) 615 71 ~ a> 

Cobaki Inlet (T24) 230 29 918 22 100 16 1224 23 
Terranora Creek (TIl) 558 71 3339 78 fij7 84 3996 76 

Letitia 1 (T2) - - 8511 - - - 7862 -
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Eff1 uents di scharged from the Tweed Heads West sewerage works to Cobaki 
. Inlet on a flood tide were retained within the broadwater during1;hat. 
cycle •. Subsequent tidal cycles showed that 34 per cent of the effluents 
were retained in the broadwater on the second cye 1 e and that 48 per cent of 
the effluents reaching Cobaki Inlet were lost to Terranora Inlet during the 
third cycle (Figure 16), representing 26 per cent of total effluents 
discharged, so a further 39 per cent of the total effluent volume was 
retained. Therefore, after three tidal cycles 73 per cent of the effluents 
discharged during a flood tide were retained within the Cobaki broadwater. 
Effluents discharged on an ebb tide from 'the Tweed Heads West sewerage 
works were not retained wi thin the broadwater but were carried into and . 
retained in Terranora Inlet. The next tidal cycle distributed 24 per cent 
of the total eff1 uent to Cobaki Broadwater and 76 per cent to Terranora 
Broadwater (from Figure 17e and Table 8). Therefore, effluents discharged 
on the ebb tide will be circulated within the system, with 15 per cent 
being retained in Terranora Broadwater and 17.5 per cent in Cobaki 
Broadwater/Inlet after three tidal cycles. 

The·major factor causing loss of effluents with time from the Iniet/ 
Broadwater system to the Tweed River is the volume of freshwater inflows. 
Table 1 demonstrates that rainfall prior to the <lYe-tracing surveys was 
below average, but for the purposes of these surveys freshwater infl Ows for 
October/November 1983, as detailed in Tables 4 and 6, can be considered . 
typical. The typical freshwaterinf1 ow into Terranora Broadwater is 16.5 
ML/d. while 14.1 MLld flows intoCobilki Broadwater 'tinder. average flow 
·co~ditions. . . . 
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6 CANAL DEVELOPMENTS 

Preliminary investigations were carried out to assess water quality in 
four canal estates in the Tweed district. Samples were collected on each 
survey from the following canal developments at the sampling stations 
(Figure 4) indicated below: 

Tweed Water 
Crystal Waters 
Chinderah· , 
Sunset 

Station No 

(105) 
( 25) 
(165) 
(22.23) • 

The data summarised in Figures 18 and 19 are 'insufficient to .indicate 
long-term trends. but the following comments can be made. Canal 
developments with an extensive urban catchment. such as those represented 
by stations 22 and 165. developed stratified layers following heavy rain 
(Figure 18). The o:t;hers. with less developed catchment~ or with relatively 
small catchment areas. more closely approximated water-quality conditions 
in the lliain stream. The tiighrainfall (Table '.1) preceding survey 3 (January 
1984) was insufficient tOflLish the canalS~ Rather. stonnwater runoff . 
formed a layer above the saline water within the canals. in contrast to the 
well-mixed water column .found in the i,nlet.Depletedoxygen concentrations 
(28-50 per cent. Figure 18) were found at depth in the two major canals 
(stations 22 and 165) unde'r high runoff conditions. Nutrient concentrations 
were elevated in the canals. with· the highest values for TP (210 pg/L) and 
TN (710 ~g/L) being measured in the Sunset canal (stations 22.23). The 
newly constructed canal (station 105). with no houses constructed along it 
at that stage.· had the highest suspended solids concentration (11 mg/L). 
indicating soil instability of ungrassed areas. 

The prime reasons for variations in water quality between canal systems 
and the main waterway may be the shape and length of canals. their 
orientation. surrounding vegetation and structures (which will affect 
wind-induced mixing processes) and the nature (urban/rural) and extent of 
their catchments. With the aging of such developments the problems of 
siltation or diffuse-source pollution may become major factors affecting 
water quality. 

The canals represented by stations 22 and 165 exhibited poorer water 
qual ity at depth. particularly during survey 3. due to high runoff through 
extensive urban areas a.nd poor interchange of water between the canal 
developments and main .waterways. as indicated by the observed 
stratiffcati on. ' . 
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7 DISCUSSION AND CONCLUSIONS 

7.1 Limitations of the Study 

The study was limited to only five months, so all weather, local and 
flow conditions could not be studied. Rainfall and flow data presented in 
Tables 1 and 6 indicate below-average rainfall prior to the October/November 
1983 surveys and above-average rainfall during the January 1984 survey. 
The data collected during the Commission~s survey possibly represent 
"typical" dry-weather flow conditions (October/November 1983 survey) 
and high wet-weather flow conditions (January 1984-survey). The discussion 
that follows is limited to thes'e two sets of conditions, whilst still 
recognising that actual conditions within the system may vary from season 
to season. The conditions sampled do, however, provide a good cross
section of the existing situation. Data on the historical situation were 
collected by the Department of Agriculture (Division of Fisheries) as part 
of a statewide assessment of possible fisheries resources. The canal 
developments an~ the Tweed Riyer were not studied in the same detail as the 
Inlet/Broadwater system, so only the gross features of theirwaier quality 
can be characterised. 

7.2 Tweed River 

Land uses and upstream discharges in the Tweed Valley have not changed 
significantly since the 1978 data were collected. The Tweed River has 
three distinguishable sections based on hydrology and this is reflected 
in its water quality. These sections are from the mouth to Chinderah, from 
Tumbul gum to Murwi 11 umbah and the freshwater section above Murwi 11 umbah 
weir. Table 9 presents a summary ·of water-quality data collected ,in 1978 
and ·1983 under comparable flow conditions. ' 

Table 9 
Summary of Water-Quality Data in the Tweed River 

Ri ver section TP TN Chlor a tE"R 
(jJg/L) (jJg/L) (jJg/Ll (mg/L) 

78 83 78 83 78 83 78 83 
, 

Mouth to Chinderah 28 38 140 330 I 2 2 8 
Tumbulgum to Murwillumbah 10 90 123 350 4 12 13 
Freshwater inflow above Murwillumbah 32 68 80 430 I 7 5 10 

These data demonstrate changes in water quality in the upper tidal section 
of'the river •. Concentrations of water-quality parameters are significantly 
higher in 1983 than in 1978, but there is little evidence to suggest 
the cause except the close proximity of intensive agricultural practices 
that use substantial quantities of fertil isers. Industrial activity and. 
population numbers have not increased significantly in this period and 
their contributions would not be expected to have noticeab.ly changed. 

3 
8 
5 
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It is unfortunate that the major industrial discharge to the river and 
its major inland community are both located in an area of the river that is 
not well 'flushed by tidal water movements. The influence of agricultural 
acti vi ti es and the impact of the Condong sugar mi 11 requ i re further 
investigation. In the case of the sugar mill the industry is currently 
undertaking its own investigations, and the Commission should evaluate all 
findings when the investigations are complete. 

7.3 Population Growth and Its Influence on Terranora and Cobaki 
Broadwaters 

Population growth in the Tweed Heads/Terranora district is one of the 
major changes in the catchment that could result in a deterioration of 
water quality in the broadwater system. The population growth of 40 per 
cent or more that occurred in the district between 1976 and 1981 (section 
2.4) has resulted in extensive urbanisation of the lower section of the 
catchment and overloading of the existing sewage-treatment works. 

The combined design capacity of Banora Point and Tweed Heads West sewage 
works is 15 000 equivalent persons (ep) but the current peak operational 
loading is 26 000 ep (Tables 4 and 5). This is in contrast with the 
situation in 1978, when the Department of Agriculture (Division of Fisheries) 

. data were collected, as the Banora Point treatment works, wtlich provide a 
sewerage scheme to the southern Tweed Heads district. had not then been 
commissioned. The Tweed Heads West sewage-treatment works were operating 
within their design capacity in 1978. The 1978 data can thus be considered 
as baseline data, illustrating water quality in the system prior to a 
significant population increase. Inadequate sewage~treatment facilities 
can result in high nutrient loads being discharged, even though Clean 
Waters Act licence conditions are still being met in'regard to BOD and NFR, 
and can therefore generate a demand on dissolved oxyge~ and a potential for 
biomass generation. Hence, the observed changes in water qual ity can be 
attributed to the the increases in population beyond the capability of the 
available sewerage services and/or the poor location of effluent disposal. 
In addition to the impact of point-source discharges, consideration as to' 
the fate of urban drainage is required, particularly in the upper catchment. 

-
Nutrient levels found in Terranora Inlet are similar to those of coastal 
seawater. During ebb and low tides. however. the upper inlet~s water 
quality is influenced by water from the broadwaters. The water quality in 
the broadwaters has deteriorated since 1978 (Appendix A). as shown by the 
elevated total phosphorus and nitrogen concentrations observed during the 
Commission's study in 1983 (Appendix E) and shown'in Table 10. Nutrient 
concentrations are currently sufficient to allow the development of extensive 
floating and attached al gal communities. Other more serious problems, such 
as extensive macrophyte growths, deoxygenation of the water column and 
toxic algal species, could possibly occur if nutrient concentrations 
continue to increase as a result of point source inputs or diffuse source 
pollution such as septic tank seepage and pollution from other sources 
associated with urban development. In addition, if the nature of the 
waterway is changed by deepening through dredging (for building or 
reclamation purposes) plant growth inhibition due to turbidity could be 
removed. 
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Table 10 
Summary of Water-Qual ity Data 1n Terr~nora and Cobaki Broadwaters 

Location TP 
. 

TN Ch10r a NFk 
(pg/L) . (pg/L) (jJg/Ll (mg/L) 

78 83 78 83 78 83 78 -
. Inlet 40 38 285 263 4.7 5 11 
.Terranora Broadwater 42 180 330 610 2.7 8.7 32 . 
Cobaki Broadwater 53 104 380 581 3.6 9.4 18 

Algal biomass, as measured by chlorophyll a concentrations, is possibly 
suppressed by elevated suspended solids concentrations, which result in a 
shallow euphotic zone (0.3 m). Sediments are also still likely to have a 
capacity to absorb phosphorus and would therefore compete and help to 
reduce concentrations in the water column. Nutrient uptake on the surface 
of suspended solids accelerates the· loss of phosphorus to sediments,. 

83 

4.3 
80 
39 

and if the sediments become saturated higher nutrient levels could be 
expected in the broadwaters. The natural loss of nutrients through sediment 
transport out of the system i slimited to v~ry hi gh inflow si tuations. 
At other flow regimes, sediment accumulates within the system. Depending 
on sediment type, the sediments under these conditions of low flow could 
rapidly become saturated. The levels found in Dog Bay are typical of 
sediments exposed to septic tank seepage or inadequated1y treated sewage 
discharges, and these are eKamp1es of possible levels in sediments throughout 
the broadwaters if nutrient inputs continue •. Increases in the biomass of 
algae or. macrophytes would be unlikely to occur unless dredging nesu1ts in 
significant deepening of the broadwaters, which would result in an increased 
euphotic zone because of reduced suspended solids caused by wave action. 
Macrophyte communities are inhibited by wave action, salinity levels and 
sediment type and are not likely to become a significant sink for·nutrients 
or .to create a nuisance in these waters eKcept in the northern Section of : 
Terranora Broadwater, where eKtensive seagrass beds occur. 

It should be noted that high suspended solids do not restrict the.deve1opment 
of some algal communities such as blue-greens. These species may become 
more common if nutrient concentrations continue to increase. Local resi dents 
have already reported surface scums that could have been caused by the 
presence of bl ue-green a1 gae. . . 

Oysters are grown in the Terranora Broadwater within one of the main 
locations where dyed effluent cou1 d be traced, and it is possible effluents 
are retained in these areas •. This is undesirable because possible pathogens 
in the sewage effluents can be concentrated by these filter-feeding organisms. 

To prevent a future deterioration and ensure undesirable water-quality 
conditions. do not develop, it is desirable to attempt to restore the water 
quality conditions to at least those existing prior to necent population 
increases. The levels observed in 1978 indicate that some developments 
and activities can occur around the broadwaters wi thout grossly 1mpact1 ng 
water quality in the broadwaters. To achieve an improvement in water 
quality, the options are either nutrient removal at the works and/or a 
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, relocation of effluent-disposal sites and the implementation of urban 
drainage controls where necessary. 

A sewerage scheme connecting the communities within the catchment currently 
using septic tanks and the upgrading of the Tweed Heads West sewage-treatment 
works would reduce the nutrient loading on the receiving waters. Alternatively, 
the relocation of the effluent-disposal site would cause the effluents to be 
flushed to the Tweed River more effectively • 

. 7.4 . Transport and ,Retenti on of SewageEffl uents Within the Terranora , 
and Cobakl Broadwaters 

The Qye-effluent tracing programme has identified areas of likely effluent 
retention.and the extent of effluent mixing within the inlet/broadwater 
system; Figure 20 summarises the movement of dyed effluents as traced 
under different tide cycles. This information, coupled with salinity data 
(section 5.4) .and the high rate of siltation (based on historical dredging 
records) (section 2), characterise the broadwater system as being separate 
from the inlet and as havi ng a poor interchange of water duri ng a ti da 1 
cycle. Sewage effluents discharged into the system respond as a plug flow, 
with preferential distribution within the system depending on the tidal 
stage and the location of the discharge. . 

. Effluents discharged from the Banora Point sewage-treatment works at Cobaki 
Inlet during an ebb-tide are transported into the Terranora Inlet but not 
beyond the Boyds Bay Bridge (Figure 17b). The following tidal cycle
returns the effluents to both broadwaters. with 15 per cent being retained 
in Terranora Broadwater and 17.5 per cent in Cobaki Broadwater. Effluents 
discharged ona flood-tide are retained within the broadwater but are 
primarily transported toa central portion of the main broadwater (Figure 
20). The following tidal cycle results in 26 per cent being lost to. . 

Terranora Inlet, with 73 per cent being retained in the broadwater system. 

The movement of sewage effluents, as assessed by this series ofdye-traci,ng 
studies. shows that retention of effluents can occur if they are discharged 
into a tidal backwater at inappropriate locations. As also demonstrated. 
the effluents are retained within the system at specific locations depending 
on the discharge location and stage of tidal cycle at the time of di.scharge. 
The retention of effluents within the system has led to an accumulation of 
nutrients over time, resulting in a deterioration of water quality as shown 
in section 5.4. The degree of water-quality deterioration at any time will 
depend on the duration since the last major inflow of· fresh water from the 
catchment; such events coul d be expected to flush the system. . 

Estimates of effluent accumulation can be made on the basis of the daily 
loadings from the sewerage works (Table 4) and estimated retention of 
effluents (section 5.5) within the system. Under dry-weather conditions, 
(low freshwater inflows), the predictions in Table 11 of total phosphorus 
and total nitrogen within the broadwaters have been made. If all the 
phosphorus were available for plant growth up to 16 kg of biomass could be 
added to Cobaki Broadwater each day. and up to 4.3 kg to Terranora Broadwater. 

It is evident that the population increase in recent years and the current 
sewage-effluent discharge locations have led to a deterioration in water 
qual ity, particul arly in the broadwaters. The current nutrient loading is 

. resulting in the addition and accumulation of ' nutrients in the broadwater 
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system between major flow events, as illustrated in Table 11. A revised 
effluent-disposal strategy is required, to assist fn protecting recreational 
and fisheries resources from deterioration. 

The work carried out in this study is 1 imited, but it does provide sufficient 
information to justify the relocatfon of the effluent discharge at Cobaki 
Broadwater to Terranora Inlet. As there is little likelihood of the Tweed 
Head works being upgraded, the diversion of effluents to a point no further 
upstream than Dry Dock on the Inlet should receive high priority. The . 
diversion could take the route of the expressway easement, and this pipe 
could be used later as an access to the Banora Point works for further 
treatment if necessary. 

Table 11 
Nutrient Loadings Retained Within the Broadwaters . 

. 

Tweed Heads West Banora Point 
STW STW 

TP (kg/d) TN (kg/d) TP (kg/d) TN (kg/d) 

Terranora Flood - - 1.7 3.6 
Ebb 2.6 4.5 0 0 
Total (kg/d) - - 4.3 8.1 

Cobaki Flood 12.8 21.9 - -
Ebb 3.1 5.3 - -
Total ( kg/d) 15.9 27.2 - -

Discharge into Terranora Inlet is desirable only on an ebb-tide, particularly 
the first three hours of the tide. This would ensure effluents reach the 
main river in one tidal cycle. Discharge during the last hoiJr of_the 
flood-tide would also be possible. 

Consideration should be given to storing and then releasing the effluents 
in a controlled manner from the Banora Point works into Dry' Dock, with the 
same restriction on discharge to the inlet as for the Tweed Heads West . 
works. Some effluent storage would be available in the pipe itself, but 
iricreaseddepthsin the maturation pond would probably be required. 

7.5 Canal Developments 
. -

The study was not intended to resol ve water,.qua li ty problems associ ated .' 
with the development of canal estates in the district. It is clear from 
the preliminary data outlined in section 6 that further investigation is 
warranted to establish the extent and causes of oxygen depletion in some 
developments within the district. It is likely that similar problems 
may develop .in the other canals in the district with time. 
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8 ' RECOMMENDATIONS 

The study shows that recent increases in population and the corresponding 
ihcrease in nutrient loadings from the sewage-treatment works (Tweed Heads 
West and Banora Point) haveresu1 ted in a deterioration ,of water qLia1 ity in 
the Terr~nora and Cobaki Broadwa ters si nce 1978. 

Unless changes are implemented in the locations of effluent disposal or in 
the quality of the effluents discharged, a further deterioratioh may 'be 
expected, to a point where ag1a1 ' biomass and deoxygenation of the waters 
become a greater problem, possibly affecting the viability of the waterways 

, as a recreational and fisheries resource. These problems may become more 
acute if dredging continues, particu1 ar1y in the Cobaki Broadwater. In 
addition to the point source discharges, consideration should be given 
to minimising the impact of urban drainage in many new urban developments. 

To ensure the preservation of the waterways for existing uses the following 
recommendati onsare made: . 

The effluents that are currently discharged to and accumulate in 
Cobaki Broadwater should be redirected to Terranora Inlet, and discharged 
no further upstream than Dry DocL-- The di scharge should only be, 
permitted during the last hour of the flood-tide and the first three 
hours of the ebb-tide, to ensure it is adequately flushed to the 
Tweed River and the ocean 

Because eff1 uents di scharged on the fl ood-ti de from the Banora Poi nt 
sewage-treatment works accumulate in Terranora Broadwater near 
existing oyster beds, this discharge should be allowed from these 
works only during the last' hour of the fl ood-tideand the fi rst three 
hours of the ebb-tide, to ensure the effluents are flushed to the 
Tweed River and the ocean 

Because of the direct and ,indirect effects of dredging in 'the broadwater 
area, adequate planning and contro1s~need to be implemented to reduce 
the creation of isolated deep holes. A general deepening of a large 
area is pr:eferred. Suspended solids in the return waters need to be 
closely controlled. 

The Tweed River water qual ity requires .further investigation, part1cular1y 
in the se,ctions from Tumbu1gum to Murwillumbah.' The Commission, Wiere 
appropriate in conjunction with the sugar industry, will investigate more 
closely the problems of oxygen depletion and e1evated'nutrient levels in 
this section of the river, to determine if further controls are necessary 
on agricultural activi,ties and/or the discharges from the sugar mill. 

Preliminary studies of water quality in' some of the district~s canal 
developments has identified stratification and oxgyen depletion at depth. 
Further investigation is recommehded to establish the extent of the problem 
and possible controls. ' 
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IWOOIX A 

Slmrary of DepartnBrt: of Agricu11l.l~ (Division of Fisheries) (1) 
water QJali1<Y Data, (2) October 1978 -

T\ttEed Ri ver Terranora Terranora- Cobaki 
Inlet BroacWater BreakWater 

Paraneter Units 
10 Iff> 170 172 179 l.a:J 3) l) 40 (i) 00 110 

- ---c--

T~rature ct 21.2 au 3).6 21.7 21.0 21.0 3).8 20.8 20.5 3).2 20.2 21.1 
Salini1<Y 'lo 35.2 25.6 12.2 6.7 4.1 2.6 31.5 31.8 ~.8 ~.8 ~.8 ~.7 
DO -% Sat 100 126 ~ ~ ~ 99 113 101 109 97 !Ii 81. 

~ , 

I 

ng/l 9.6 6.3 14.0 12.6 12.0 9.5 -8.7 13.0 28.0 I 44.8 24.8 18.1 
VSS ng/l 1.4 0.5 3.6 3.3 3.7 3.0 1.2 2.1 4.3 6.4 4.3 3.4 
Chlor a pg/l 1.1 2.4 2.4 3.1 5.2 7.3 4.6 4.8 2.5 2.7 2.7 3.6 
NH3-N -:- Jl9I1- 10 10 10 0 0 0 l) 70 3) l) 3) rn 
1l<N Jlg/L 00 100 170 120 00 00 2!ll[260 340 ~ 310 E 
00x-N ~~ 10 10 0 0 0 0 o 3) 10 0 10 l) 
Total-N !D 1!D 170 120 8) 00 2!ll128)_ E ~ ~ E 
FRP Jlg/l 3) 3)- 0 0 0 20 ~1~ 3) 3) l) 40 
TP(3) Jlg/l l) 26 9 9 11 32 39 _ 41 37 46 46 ~ 

_ (1) Published with pennission of Deparbrslt of hJriculture (Divison of Fisheries) 
(2) Sanpled at 0.5 m -
(3) Dervied valli:! • 

I, ,.,', .. 

.' .-
.' ... ' 



Tweed River 

Terranora'Inlet 

Terr'anora 
Broackiters 

0 
7.2 

,12.9 ' 
19.1 
19.7' 

19.4, 

~.O 

ai.5 
ai.75 
27.5 

29.4 
33.4 

3.9 
6.9 

8.4 
9.4 
9.9 

12.1 
12.7 
12.8 
17.8 
15.9 

10 
100 
168 
170 
171 

172 

173 

' 175 
178 
179 

100 
1$ 

2) 
l) 

«> 
46 
!il 
ro 
70 
00 
9J 
92 
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PPPOOIX B 

wate~li1;y Sanple Site Location~ 

Si te ciescr.:t Pti on 

ft'outh of ri ver 
~ Pointbri~ 
Tweed Broaooter 

' 1 Ian <brIns1:rean T~lgiJJi ferry , , 
I()us River approxilliitely 5 Ian upstrean ftre road COlES close to 
the river (Di~ Drive) ',,' ' , 
Tweed River off flood gate approxillBtely 3 Ian upstream ,fran 
TlIlDulgun ferry , 
gX) m Cbmstream ConOOng Mill 173.11«!St sioo 

173.2 east (Mill) sioo 
Concklng Mill dischargeS, _ ' 
250 m uPstream Conctlng Mill (~trean of ConOOng Bridge) 
gX) m upstream Concklng Bridge 179.1 I«!St si 00 

179.2 east (Mil i) si<i:! 
:iOO m <brIns1:rean ~al Creek 
:iOO m cbwns1:rean Ilmdible Creek 

, Boyds Poi nt bri dge , 
Off PI{) tioo recorOOr 

' Terranora Creek en1:r'arl:e to broackiier 
off Sea!Jl11 s Cl ub 
Bingham ~ 
Mickfle of broackiter 
Charles ~ 
Trutes ~ 
Bilanbil Creek at second bridge (upstream) 
llJroby Creek 1.4 Ian upstream fran bridge 

) 



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

River distance 
(I(m) 

Cobaki Broackiters- 7.5 
8.9 

10.35 
10.9 
11.1 
12.7 
14.8 
15.7 
rl.7 

- . 

, 
canal Devel~ 6.1 

5.9 
- 5.5 
--_ 8.5 

9.9 

Station 
I'D 

. 

100 
110 ' 
120 
130 
140 
150 
155 
158 
&l 

-

22 
23 
25 

105 
165 
166 
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ItIater-Quali!,ySanple Site Locations 

Site description 
. 

Sri dge at entrance to Cobaki Broackiter 
Mickfle ofeastem end Cobaki Broackiter 
Off PI'ID tide recorder Cobaki Broackiter 
Southem side Cobaki Broackiter 
Off Cobaki Creek nnrt:tHEstem side 
Cobald Creek, bridge (}If!(' tidal section 

N'POOIX B (contirued) 

---,------- ---- ---------

Cobaki Creek I4ls'b"eam franbri~ at [)Jcat Hereford Stud 
Pi ggabeen Creek 
ElYangJlIbridge-

Top of Swlrise Calial systan --
--

~ond right camhg into Sunrise canal systan 
Crystal Waters Canal Systan 
Tweed Waters Canal systan 
OIi nderah Canals east ann 
OIi nderah Gana 1 s north ann 

--------------------......: ---,-"--~---- ---------,----------'---- -------'---



no 

1 
,2 
3 
4 
5 

6 4.4 
7 ' 4.85 

8 5.35 
9 6.2 

10 7 .. 0 
11 7.4 
12 7;8 

.13,. 8.4 
'20 6.7 

21 7.0 
22 7.1 
23 7.3 
24 7.4 
25 7.5 
26 8.0 
27 8.3 
28 8.5 
29 8.65 
30 8.65 
31 8.9 
32 8.85 
33 9.2 
34 -9.95 
35 10.35 
36 '10.6 
37 10.6 
~ 10.8 
39 -10.8 
40 11.1 ' 

I 
I 

I 

I 
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/WOOIXC ' 

~ription 

-------------_._._._' ------~---.....:....::.------. , 

T~ River, end of mid stream training wall Letitia Spit 
T~River, 50m upstream Lkerebagh Passage . 
Terranora Inlet, 50 m upstream T~ ,River 
Terranora Inlet"50 m,ckw1stream of Ukerebagh Passage 
Terranora Inlet,.10 m ups~, of Boyds ~ Bridge PQEi" 1 ine 
Water C)Jali1;y Station 20 _ . 

. Terranera Inlet, inid Boyds IsJand, ,8 kril'sign Sth - Sh>pNth ' . 
Terranora Inlet west of Dry [k)ck Island, 8 km sign Nth - large trees 
5th barik , 
Terranora Inlet ups~ of Dry £b:k end of seagrass bedS' 
Terranora Inlet, at Water Q,lalit.y Station 3D,mid CacktYs Island 
cbmstreamof P\o4} gauge... . . 
TerraneraCreeI<, Da~s Island- Lakes Drive boat ranp 
TerraT)Ora Creel<, Da~ Island, bllJ! roof roose 
Terranora Creek,.end Big 
Terranora ,Creel< end Worriging Jsland Water ~li1;y Station 40 
Cobaki Inlet,end.Ca~Qys IsJ~opposite 8. kni 
Cobak i Iill et, Cadctls Island" . . . 
Cobaki Inlet, Cadctls. Island, I<enrle<b' Dri ve 
Cobaki Inlet, canal to Lakes Drive 
Cobaki Inlet, 10 m ckw1stream of bridge 
Cobaki Inlet, 100 m upstream of bridge WaterQ,lali1;y Station 100 
Cobaki Inlet, 50 m ckw1stream T~Waters Canal 
Cobaki Inlet, upstream T.W. Canal and island 
Cobaki Broaooter, east channel, <brmstream of' STW 
Cobaki B/W, east channel, upstream STW 
Cobaki B/W, east channel, mid island' . 
Cobaki B/W, east channel, north east sector 
Cobaki S/W, east channel, south east sector 
Cobaki B/W, west channel, end of sand spit 
Cobaki B/W, main channel east end off island DIS of P\o4} 300 m 
CobakiB/W, main channel west end off island M being NW 
Cobaki B/W" main txxtY, east bearing NW 
Cobaki B/W, main txxtY; central bearing N 
Cobaki B/W, maintxxtY, east and Mangrove Is. bearing N 
Cobaki B/W, main txxtY, east end Mangrove Is. bearing NW 
Cobaki B/W, main txxtY, west end Mangrove Is. bearing t£ 
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Bacterial Densities: Surveys. 1 and 2 

APPENDIX D, 

----t-----
10 0 0 0 60 * 360 
20 0 0 - 34 20 * 260 
22 0 1 13100 * 950 
25 0 0 9 30 * 350 
30 0 0 2 50 * 240 
40 0 0 6 25 I * 1200 
50_ 0 0 15 30 I * 1000 
60 0 1 _ 10 22 I * 900 
80 0 0 4 23 -I * 800 
90 5 63 660 1000 I * 2700 

100 7 0 150 100 I * 600 
105 1 1 . 75 120 * 1000 
110 0, 0 - 30 400 * 850 
150 11 0 370 100 * 1200 
160 2 0 20 100 * - 800 
180 150 30 900 1900 * _,- 3300 
190 1- 4 24 - 900 1500 -L .. 2500 

TNot samPTe-:r.----'--------'-- ----'------ ---"------

" 
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31110/83 

31110/83 

31/10/83 
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Table 1. Water Quality Dlta (O.5ml 1983/84 

DISTANCE SALINITY TEMP 00 N.r.R. V.S.S. CHLOR NH3-~j T.K.N. ilr\_rl 

(mglL) (mg/L) (ug/L) (ugf[-,) (ug/L) lug/Ll 

0.6 
'1.2 

?6.0 

7,.'1.0 

29.4 

37.7 

0.0 ' 

1.2 

19. , 

26.0 

0.0 

21.0 

29.4 

37.1 

1:2 

19.1 

19.1 

26.0 

0.0 

27.5 

29.4 

33.4 

31.0 

3.9 

6.9 

8.4 

9.9 

12.1 

12.8 

11.8 

3.9 

6.9 

.8.4 

9.9 

12.1 

12.8 

17 .8 

3.9 

6.9 

8.4 

9.9 

12.1 

12.8 

11.8 

["C I (% SAT) 

35.0 22.0 118 0.1 0.4 D,2G 

23,0' 118 3.2- 1;1 

6.9 1.7 

0.4 D '2G 

"80 0' 0 

220 .0 10 

21(J D 10 

25.6· 

1.0 25.6 

0;5 24.9 

0.5' 24.0 

29.8 

16,,8 

2.5 

0:5 

0.5 

0.5 

0.5 

24.2 

25.5 

26.8 

21.4 

21.6 

26.6 

26.0 

34.9 23.6 

·29.7 23.6 

0;, 25.1 

0.' 24.1 

0.1' 26.5 

0.', 

0.1 

0.1 

34.9 

26.7 

25.3 

23.7' 

23.4 

A'I 

n 
18 

114 

105 

95 

81 

60 

15 

92 

'96 

97 

,93 

95 

85 

91 

91 

86 

91 

97 

6.2 0:6 

,4.0 1.6 

8.4 0, 20 

3.8 0 20 

0.8 0' 20 

'.3.4 '1.0 5.3' 020 

3.9 1.2 '0.4 020 

9.8 4.0 15.0 020 

6.8 3.4 

'7.1 2.9 

3;2 1.8 

5.1 

8.8 

4.6 

o 20 

60 

60 

350 0 10 

260 0 10 

430 20 

480 0 10 

480 10 

390 o 10 

80 

150 

;4.5 1.6 1.0 80 300 D 10 

7.6 2.4 5.1 30 170 10 

·9.2 3.0 13.0 0 20 310 10 . ,:; , 

'5.8 .2.4 2.5 40,. 150 60 

5.6" 2.0 6.1 100 360 20 

5.6 1.8 3.8' 020 120 20 

5.0 2.4 

5.2 2;0 

5.6 2.2 

35.0 7.0 

4.5 0 20 

2.5 110 

1.2 50 

1.4 60 

120 

300 

90 

410 

30 

30 

20 

30 

35.2 

:i5.1 

34.6 

30.8 

31.0 

29.7 

22.2 . 118.9 1.1 00.1020 

00.1020 

130 

130 

110 

o 10 

22.6 119.1 3.2 

23.3 

25.6 

25.0 

26.5 

119.2 3.7 

116 •. 2 12.8 

115.3 13.2 

117.0 22.2 

0.4 

4.6 

30 

4.2 0 20 

2.4 020 

230 

270 

o .10 

o 10 

o 10 

o 10 

.lB1. 

221 

;;-11 

251 

261 

,450 

481 

490 

391 

560 

530 

3J5 

130 

320 

210 

380 

140 

150 

310 

110 

500 

131 

131 

171 

231 

271 

o 
31.9 

31.5 

31.0 

30.3 

30.8 

2.0 

1.6 

3.4 

4.4 

1.5 

1.6 

1.2 

1.8 

3.6 

8.0 

72 

0.4 O' 20 laO o 10 181 

o 
34.0 

33.6 

'21.8 

21.7 

11.8 

21.9 

o 

24.9 103.1 1.0 

25.4 97.0 6.0 

26.6 107.6 9.8 

21.3 '112;9 28.0 

27.0 109.7 48.0 

.22.9 

22.1 

26;5 

26.5 

27.5 

25.8 

23.2 

290 

3.6 

5.4 

7.6 

102.9 15.0 

102.0 11.0 

107.6 14.0 

96.8 28.0 

11 

o 
2.0 

2.a 

5.0 

3.6 

4.0 

1.6 

3.8 

8.8 0 20 190 

13.0 0 20 560 

9.9 0 20 380 

10.0 0 20 490 

9.2 0 20 330 

22.0 0 20 1700 

0.4 0 20 

'2.4 10 

3.9 0 20 

10 

,220 

70 

30 220 

10 510 

20 400 

10 500 

10 340 

10 1110 

10 

10 

o 10 

3.8 0 20 140. 0 10 

80 

230 

10 

140 . 

120 

310 

300 

110 

4.9 0 20 ,120 0 10 

5.5 0 20 310 0 10 

7.1 020 300 .D 10 

1.6 20 130 40 

"0" before a number denotes les~; than d~tect1on limi t 

Appendix E. 

O.P· T.P. pH 

(uglL) fug/Ll 

2 

2 

2 

2 

20 

20 

2 

20 

2 

14 

20 

21 

110 

18 

20 

50 

90 

90 

70 

40 

'40 
60 

90 

40 

70 

7.3 

7.1 

1.8 

90 (7.8 

100 7.8 

100 7".8 

90 7.5 

180 7.5 

90 1.4 

20 -100 

36 110 

20' 90 

21 80 

2 

20 

20 

40 

80 

" .110 

7.3 

7.4 

7.3 

8.2 

8.2 

8.2 

8.0 

20 

20 

260 8:1 

100 '1.9 

2 70 

30 30 

20' 60 

20 30 

20 80 

20 60 

30 400 

20 

22 

10 

,9 
16 

10 

13 

, 20 

80 

90 

90 

90 

120 

110 

110 

1.7 

8.0 

7.9 

1.9 

8.0 

8.0 

1.8 

1.5 

7.8 

1.8 

7.7 

7.8 

7.1 

7.6 

7.5 

·1. e 



SURVEY DATE 
NO. 

2 

2 

2 

2 

2 

2 

2711 0/83 

21110/83 

27110/8-4 

2711 0/83 

2711 0/83 

31/10/83 

31110183 

31/10/83 

31/10/83 

31/10/83 

19/01/84 

, 9101184 

19/01184 

19/0; 184 

19/01/84 

.27/10/83 

2,110/83 

2711 0/83 

27110/83 

J1/10/83 

~ 2 . 31'110/83 
z 
~2 31/10/83 

...l g 3 18/01/84 .,'" 
~ &.13 18/01/84 
uc 

18/01/84 

3', 19/01/84 

17/01/84 

STATION 
NO. 

100 

110 

120 

140· 

150 

100 

110 

120 

140 

150 

lOa 

110 

120 

140 

150 

22 

25 

105 

165 . 

22 

25 

165 

22 

21 

25 

105 

165 
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Table 1. Water.QualitY Data (Q.~,:n)'983/8~_ Appendix E.I(.ontdJ 

DISTANCE SALINITY TEMP DO 
km (.%0) (OC) (%SATI 

7.5 . 

8.9 

10.3 

11. 1 

12.7 

7.5 

8.9 

10.3 

11.1 

12.1 

7.5 

8.9 

10:3 

11.1 

12.7 

6.1 

5.5 

8.5 

'9.9 

6.1 . 

5.5 

9.9 

6.1 

5.9 

5.5 

8.5 

9.9 

32.0 

30.4 

30.4 

28.6 

31.5 

30.6 

30.4 

29.5 

23.0 

32.4 

24.5 

18.0 

17 .4 

5.5 

31.6 

33.6 

31.2 

23'.0 

33.1 

32.0 

1'(.8 

20.1 

23.8 

31.5 

21.5 

8.6 

25.0 

26.4 

25.4 

24.1 

26.8 

27.2 

27.4 

28.6 

30.2 

24.5 

25.1 

26.1 

26.1 

25.0 

24.9, 

22.8 

114 

99 

100 

80 

119 

120 

99 

105 

118 

96 

92 

89 

88 

81 

121 

11) 

25.0 116 

23.6· 116 

25.8 94 

25.4 

25.8 

27.0 

26.8 

23.5 

25.5 

25.8 

108 

103 

97 

99 
88,3 

'86 

90 

N F R 1/,3.S. CHLOR NH -N T.K.N. NO -N T.N. G.P. T.P. 
(~giLi (mg/LJ (ug/L) (u~iJ.) (ug/L) (u~/Ll (uy,/L) (ug/L) (ug/L) 

8.1 1.8 

18.2 3.8 

29.0 8.4 

49.0 11.0 

0.8 

3.8 

7.2 

0,4 

13.4 4.0 4.2 

7.8 2.0 11.0 

12.4 ".2.2 13.0 
" 

47.0 8.4 13.0 

75.0 16.0 19.0 

16,0 5.6" 15.0' 

12.0 3.6 2.1 

14;0 4.0 5.8 

30,0 ~.6 9.0 

20 

40 

40 

110 

20 

20 

40 

30 

o 20 

o 20 

o 20 

30 

20 

9.1 D 20 

10 

20 

600 

340 

590 

320 

.730 

590' 

10' 740 

170 760 

410 0 10 

390 20 

550 

350 

700 

800 

300 

120 

730 

20 

20 

10 

10 

D 10 

10 

10 

210 D 10 

'" 
410 

19.0 5.7 

32.0 8.4 4.0 ,D 20' ,4DO 20 

570 

370 

710 

810 

3)0 

1 JO 

7JO 

210 

420 

3.7 

3.2 

1.1 190 

t.1 D 20 

6.4 1.B 4.6 D 20 

4.8 1.3 3.8 D 20 

'9.2 1.6 )3.0 020 

3.6, 2.0 

B.2 3.0 

7.6 2.6 

7.4 3,,? 
11.0 3.4 

6,B 2.B 

B.O 0 20 

7.7 30 

5.3 30 

7.1 

6.0 

5.9 

20 

20 

30 

700 10 

380 D 10 

710 

331 

190 10' 2')0 

100 ~ 10 110 

600 10 €10 

320 D 10 320· 

220 10 320 

190 D 10 .190 

220 D 10 

230 D 10 

150 10 

220 

230 . 

160 . 

20 

30 

2 

2 

20 

30 

20 

30 

2 

, '2 

27 

10 

6 

100 

2 

40 

20 

2 

2 

18 

9 

9, 

22 

110 

12D 

90 

120 

50 

50 

80 

60 

150 

80 

80 

100 

120 

110 

160 

210 

80 

50 

70 
50' 

30 

110 

90 
100 

60 

120 

"0" before a ·number denotes less than detecthm linJi t 

B.l 

7.9 

7.9 

7.7 

7.6 

7.9 

7.9 

7.9 

7.9 

7.6 

7'9 

7.7 

7.5 

7.5 

6.8 

8.0 
8.0 

7.9 

8.0 

e.O 
8.0 

7.6 

7'7 

7.7 

') .5 

7.6 
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Table E2 Water Quaii't;y (3 and 4 m) 1983/84 

Su~ 
No 

Tweed M.lin4m depth 1 
1 
1 
2 
2 
2 
2 
2 
2 

.3 
3 
3 

Canal DeveloJllBlt In 1 
. 

1 
1 
1 
1 
2 
2 
2 
3 
3 

·3 
3· 
3 

. 3 

-

-
Date . Station 

'!J/1O/83 . 10 
27/10/83 160 
'!J /10/83 179 
31/10/83 10 
31/10/83 160 
31/10/83 170 
31/10/83 173 

·31/10/83 179 
31/10/83 1~ 
17/01/84 . 10 
17/01/84 . 170 
17/01/84 . 179 

'!J/10/83 ·al 
27/10/83 22 
27/10/83 25 
27/10/83 105 

... 27/10/83 165 
31/10/83 al 
31/10/83 25 
31/10/83 165 
18/01/84 al 
18/01/84 22 
18/01/84 23 
18/01/84 25 
19/01/84 . 105 
17/01/84 165 

. 
... 

JII6" .. ,,,,,. . . ..."iii .war..w~ ' . 
. II"J~~I_fUl"'. 

JVlPOOIX E (cootinued) 

. :'.-. 

Dist Salinit;y TsiJ> D.O. 
(Ion) ttl (et) (% Sat) 

0.0 35.0 22.0 118 
7.2 . 34.8 22.6 106 

'!J.O 1.0 24.5 44 
0.0 31.4 23.9 104 
7.2 17.4 25.1 m 

19.1 4.8 25.6 74 
a).0 0.5 a).4 58 
'!J.O 0.5 a).8 77 
37.7 0.5 22.0 32 
0.0 34.9 - 23.5 1a:! 

19.1. 0.1 25.1 92 
'!J;5 0.1 24.2 If) 

3.9 35.4 22.2 Ii7 
6.1 34.2 22.5 m 
5.5 35.0 22.5 118 
.8.5 33.4 23.7 .94 
9.9 23.0 23.6 114 
3.9 32.0 24.7 103 
5.5 34.9 22.7 ~ 
9.9 23.6 25.0 ~ 
3.9 34.6· . .21.5 94 
6.1 33.2 24.2 !i) 

5.9 33.2 24.1. 2s 
5.5 33.8 21.7 IE 
8.5 .29.4 24.5 . ~ 
9.9 . a).3 23.8 it) 
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