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EXECUTIVE SUMMARY 

1 Introduction 

The population in the Hawkesbury-Nepean River catcrunent is 
increasing as a result of the northward and westward expansion 
of Sydney's urban areas. This expansion l.ncreases the value 
of the river for recreation and amenity, but poses increasing 
water-pollution problems. 

The State Pollution Control Commission (SPCC) commenced 
studies in 1978 to identify current water-pollutl.on problems 
in the river, to predict future impacts and to deve'l.oj? 
water-pollution control policies. These stud1.es were 
confined to the section of the river from Camden to the 
river mouth at Broken Bay. 

2 Features of the Hawkesbury-Nepean Basin 

The basin's population is approaching 500 "'ldld, with more 
than half residing in urban areas at Blacktown, St Marys, 
Penrith, Liverpool, Campbelltown, Camden, l'<.1.cnmond, Windsor 
and the Baulkham Hills area. The population of tne bas1.n's 
urban areas increased by 3-6 per cent per annma between 
1971 and 1981. Treated sewage effluents fro1l1 this urban 
population are predominantly disposed of by d1.scharye to 
the river, often via short triuutaries. 

River waters are used for irrigation, recreational purposes, 
sandmining and other industrial activities, drinking and 
other domestic purposes, and act as a habitat for aquatic 
flora and fauna. warragamba Dam and other water.-stordge 
reservoirs have been constructed on the river's tributaries 
for potable supply purposes. 

Rainfall varies throughout the year, depending on location. 
Annual falls range from approxbnately 700 mm to 
1 400 mm. Long-term average runoff is only 11 per cent. ~--

Saline intrusion is normally limited to the reaches of the 
river downstream of the Colo River junction, although tidal 
movement is apparent as far upstream as the Grose River 
junction. Generally, low freshwater flows preva"il in the 
river. 

3 Study Method 

Water quality and the quality of effluent from sewage
treatment works (STWs) were Iilonitored oetween 1978 and lS/dl, 
and measurements of flows enabled pollutant loads to oe 
calculated. The data were then analysed, tak1.ng into 
account the effects of varying river flows. Algal bioassays 
were used to assess the potential effects of increased 
pollutant loads and to indicate the nutrient limiting 
aquatic plant growth. 
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4 Results and Discussion 

4.1 Mainstream 

During low river-flow periods in 1980 and 1981, saline 
intrusion occurred more than 9 km upstream of the Colo River 
confluence, explaining the problems experienced at those 
times by irrigators with citrus crops. 

Instrearn concentrations of the plant nutrients nitrogen and 
phosphorus were markedly elevated downstream of the Camden I 
STW, the Penrith STW and South Creek (Figure 9). South 
Creek transports treated sewage from the St Marys, Riverstone, 
Quakers Hill, HMAS Nirimba and Windsor STWs. Nutrient loads 
discharged by the sewage-treatment works were significantly 
greater than those normally transported by the river and ~ 
tributaries. For example, the small Camden STW, discharging 7 
only 1.3 ML/d of effluent to the river, added f .~ 
total phosphorus, whereas the largest tributary, ~~ .. , 
River, with a mean flow of 233 ML/d, added only .~ 

These elevated nutrient concentrations resulted in the 
growth of surface coverings (eg, duckweed and azolla) and 
attached (periphyton) and suspended (phytoplankton) aquatic 
plants, the degree of impact depending upon the proximity 
of the sewage-treatment works. These growths incorporated 
nitrogen and phosphorus into plant biomass: ie, the 
nutrients were assimilated. 

Excessive aquatic plant growths decrease the aesthetic 
appeal of waters, diminish recreational use, change water 
quality so that river sections may be unsuitable for desired 
aquatic flora and fauna, and pose irrigation and potable 
water-treatment problems. Other deleterious effects on 
tributary and mainstream waters caused by discharges of 
sewage effluents are increased oxygen demands, ammonia 
toxicity problems and, where dilutions are low, malodours. 

4.2 Tributaries 

During the study period flows in South, Eastern, Fitzgeralds 
and Cattai Creeks were predominantly treated sewage effluents. 
Nutrients were poorly assimilated in South and Eastern 
Creeks. 

4.3 Algal Growth Potential 

Bioassays indicated that nitrogen was usually the nutrient 
limiting phytoplankton growth ~n t h e r i ver and that e l evated 
ammoni a concentrat i ons could be inhibiting plant growth (and 
thus nutrient assimilation) in South and Eastern Creeks. 

5 Development of Predictive Models 

In the non-tidal freshwater regions downstream of the Camden 
and Penrith sewage-treatment works, mean instrearn nutrient 
concentrations were predominantly governed by the respective 
STW nutrient loads and by river flows. 
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A kinetic mouel, involv~nq both a rapjd IJrocess and a 
slower process, was developed for the ass~lfi~lation ( ie, 
removal from the water column) of the nutrients downstream 
of the point sources. 

Using only the measurements of river flows and nutrient 
concentrations, the Kinetic model enabled predictions to 
be made of the magnitude and location of dQuinant upstredID 
nutrient sources. The nutrient loads and locations pred~cted 
in this way agreed well with separately measured loads a nd 
the locations of sewage-treatment works, supporting the 
validity of, using the model and projected sewage-treatment 
works' nutrient loads for predictiv e pur poses. 

Analysis showed that nutrient concentrations were d ominated 
by the point sources (sewage-treatment worKS) under normal 
river flows (up to 60 percentile flows) and that the contr~
bution from diffuse sources (agriculture, sedunent release, 
etc) was negligible under existing cond~tions. 

In the freshwater tidal section downstream of North Riclullond, 
both assim~l at~on and t~dal ( d i spers~ve ) processes were 
responsible for changes in river nutrient concentrat~ons. 
After allowing for both of these factors, only one as::iimi
lation process was apparent from the Kinetic analysis, with 
a rate Similar to that of the S19w~ r p rOa') Ss observed in the 
upstream areas. A comparison o f t \ e pre ~cted nutr~ent loads 
from South Creek with the discharges from sewage-treabnent 
works showed that only limited assimilat~un of n~trugen 
nutrients occurred in the creek. 

The faster assimilation process observed in the non-t~dal 
section may be attributed to the rapid filtrat i on o f org anic 
particles and phytoplanKton by littoral zone plants and 
accompanying filter feeders, wh~l e t h e slower process 
involves the growth of phytoplankton followed by the sedi
mentation of these particles along the waterway. In both 
assimilation processes, soluble nutrients are ~nitially 
incorporated into particles during phytoplankton growth. 

Instream sandmining increases river volumes but often ~ 
decreases the extent of littoral zones. The ef:ec s of 
sandmin~ng on nu t rie ass~m~ a ~on wi~l be the subject of 
further studies by the State Pollution Control 'Commission. 

For the tidal estuary downstream of Windsor a· second model 
was developed whereby mean phytoplanKton density (as measured 
by chlorophyll a concentration) could be pred~cted from the 
limiting nutrient (nitrogen) concentration, the clarity of 
the water and the river depth. This model fitted the 
Hawkesbury River data better than other models described ~n 
the literature. 

l 
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6 Predictions 

Population increases in northern and western Sydney will 
result in a doubling of treated sewage discharges to the 
Hawkesbury-Nepean River by 1990, and a trebling by 2000, in 
comparison with June 1980 loadings. Dilutions of these 
effluents will decrease considerably by the year 2000, and 
instream nutrient concentrations will increase. 

By the year 2000, in order to maintain water quality and 
aquatic plant growths downstream of Camden at even their 
present (in some areas unsatisfactory) levels, phosphorus
removal facilities will be required at the West Camden STW 
if effluent disposal to the river is to continue. If these 
facilities are not constructed, the length of river adversely 
affected by aquatic plant (duckweed and phytoplankton) 
growths during normal river flows will increase. 

Nutrient-removal facilities will also be required at the 
major sewage-treatment works discharging into the river 
between Penrith and North Richmond if existing water-quality 
problems are not to increase. Phosphorus should be made 
the nutrient limiting plant growth by installing phosphorus
removal facilities at all major sewage-treatment works. 
In addition, nitrogen removal, to 5 mg/L, has been specified 
for the approved augmentation of the Penrith sewage-treatment 
works and recommended for the existing sections of these 
works. The SPCC expects that these measures should prevent 
restrictions on present uses of the water during normal 
flows and discourage the growth of less desirable algae, 
which can affect the efficiency of potable water treatment 
works. 

Similarly, by the year 2000, phosphorus removal, to 1 mg/L, 
will be required at the sewage-treatment works discharging 
into South and Cattai Creeks in order to prevent further 
deteriorations in water quality, as evidenced by increased 
phytoplankton densities, in the Hawkesbury estuary between 
South Creek and the Colo River junction. Limited nitrogen 
removal (to a weighted mean of 15 mg/L) will also be required. 
There should, however, be flexibility in stipulating the 
necessary degree of nitrogen removal at the various works. 
For example, it may be more economical to remove larger 
proportions of the total nitrogen at new or augmented 
sewage-treatment works and less at the other works. 

7 Control Strategies 

1 
Urban stormwater runoff should be detained in settling ponds 
or recreational lakes where practicable, to reduce pollutant 

. loads to tributaries and the mainstream during wet weather. 
Planning controls will be needed to minimise diffuse inputs 
of nutrients to the river and its tributaries, which will 
become increasingly significant as the point sources of 
nutrients - currently the dominant causes of the eutrophi
cation of river waters under normal flows - are progressively 
controlled and as the urbanisation of the catchment increases. 
These problems can be expected to be greatest in the upstream 
areas of the catchment. 

1 
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Ocean disposal of treated sewage effluents is not suggested 
as a strategy to reduce the nutrient loads discharged to the 
river system, because it is doubtful whether it would be 
economically feasible and because increas· e t s ~ 
in the river will increasingly help to prevent saline 
i ntruainn during low river-f l ow or drought periods. 

In the case of the smaller sewage-treatment works at Windsor 
and West Camden and the proposed Menangle and Picton works, 
the irrigation of treated sewage effluents is a desirable 
strategy as an alternative to nutrient removal at the works. 
This strategy may also be feasible at Riverstone. Farmers 
close to sewage-treatment works and farmers along tributaries 
carrying effluents should be encouraged by sewerage and 
water-resource authorities to use the effluents for irriga
tion purposes. These authorities should address any legal, 
economic or administrative impediments to the promotion of 
irrigation, and planning authorities should ensure sufficient 
land is reserved for irrigation purposes. 

Banning or limiting the phosphate content of detergents 
would not overcome current or future water-quality problems. 
Even a complete ban would reduce current phosphorus loads by 
only 30 per cent, an amount insufficient to reduce plant 
growths. 

As a first step to improving the quality of sewage-treatment 
works effluents, the effluents should be nitrified to reduce 
ammonia toxicity effects, to reduce oxygen demands in the 
receiving waters and to increase the extent of nutrient 
assimilation in the tributaries. 

Phosphorus removal, to I mg/L under dry-weather conditions, 
is the next priority. This would make phosphorus the 
limiting nutrient for aquatic plant growth, and would 
decrease the extent of plant growths between now and the 
year 2000. The major existing sewage-treatment works, 
Penrith, St Marys and Quakers Hill, should be the first 
to be equipped for phosphorus removal. Elsewhere, in those 
parts of the catchment below the water storage reservoirs, 
phosphorus removal should also be provided, as soon as 
practicable, at smaller sewage-treatment works close to 
the river, such as Glenbrook. Greater degrees of phosphorus 
removal may be necessary further into the future, as the 
works continue to expand and as the nutrient loads discharged 
to the river again approach current levels. By that stage, 
the relevant authorities would have experience in nutrient
removal techniques and advances in associated technology may 
have occurred. 

Nitrogen removal under dry-weather conditions is the third 
priority. To enable balanced aquatic plant growth to occur, 
to control nitrate concentrations in waters currently used 
for potable supplies and to maintain the performance of 
treatment works, some degree of nitrogen removal will 
probably be required. A design effluent concentration of 
5 mg/L total nitrogen has already been specified for the 
augmentation of the Penrith sewage-treatment works, and 
the possibility of extending this requirement to the older 
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sections of these works is being considered. WorKS 
discharging to or downstream of South CreeK should treat 
their effluents so that they contain, as a we~<Jhted mean 
for all tributary works, no more than 15 mg/L total n~troyen 
under dry-weather conditions. Because of the relat~vely 
high costs and more extensive plant modif~cat~ons needed for 
nitrogen removal, this goal will have to be ach~eved on a 
progressive basis. New plants and augmentat~ons of ex~st~ny 
plants should, however, be designed taKing nitrogen-r~noval 
requirements into account. The responses of the river to 
progressive nutrient removal and the development of removal 
technology will both be factors in determining the ultunate 
optimum nitrogen-removal levels at individual sewage
treatment works. 

All the above priorities should be implemented progress~veli' 
and an ongoing evaluation of population-growth distributions, 
engineering practicalities, the responses of the river to 
changed nutrient loads and the options available for pollu
tion control will be carried out so as to achieve the most 
cost-effective expenditure of public funds. This evaluation 
will be used to review the above priorities in the light of 
practical experience. The impact of increased ~nstream 
sandmining is but one example of the factors still to be 
fully evaluated. 

8 Conclusions 

Catchment population growth will lead to ~ncreased nutr~ent 
loads being discharged to the HawKesbury-Nepean River fnJhl 
new or augmented sewage-treatment worKS. At the &aJne t~me, 

recreational use of the river will increase. Exist~ng 
water-quality problems in the river will increase unless 
remedial measures are taken. 

Irrigation of effluents may be feasible ~n sane areas, and 
this option should be adopted wherever ~racticable and 
economic. Planning authorities should ensure suff~c~ent 
land is reserved for this purpose. At most of the large 
treatment works, however, it is unlikely that sufficient 
land will be available. Effluents from these worKS should 
be nitrified, and should have total phosphorus levels of 
less than 1 mg/L. At this stage the goals for total n~trogen 
concentrations in effluents are less than 5 mg/L at the 
Penrith sewage-treatment works and, as an average, 15 mg/L 
elsewhere. These goals will be reviewed in the l~ght 
of population growths, practical experience and feasible 
technology. 





- 1 -

1 INTRODUCTION 

The Hawkesbury-Nepean River basin has always occupied 
an important position in the history of New South Wales. 
Indeed, the first main expansion of the settlement of Sydney 
occurred in the Hawkesbury River District. On 28 June 1789 
Governor Phillip "returned to that noble river on which he 
conferred the name of Hawkesbury. Two days earlier Tench 
had set out from Rose Hill to journey westward till he 
reached a river which he named the Nepean" (Clark 1979). 

The name Hawkesbury now applies to the tidal section, ~ 
which extends in a winding course for 140 kilometres from 
the junction of the mainstream with the Grose River to 
its outlet at Broken Bay. The Nepean River is the name 
given to the mainstream above the Grose River confluence 
(Figure 1). 

Flow in the mainstream is augmented by inflows from fourteen 
large tributaries. The Nepean flows in a northerly direction 
from its headwaters near Robertson in the Illawarra Range 
and is joined in turn by the Avon, Cordeaux and Cataract 
Rivers. It then flows northwest until it is joined from the 
west by the Warragamba River. About three kilometres 
further downstream it is joined by Erskine Creek and Glenbrook 
Creek before becoming the Hawkesbury at the Grose River 
junction near North Richmond. The Hawkesbury River flows in 
a northeasterly direction between Windsor and Wisemans 
Ferry, and in this reach it is joined in turn by Rickabys, 
South and Cattai Creeks on its right bank, and by the Colo 
River, Webbs Creek and the MacDonald River on its left. 
Below Wisemans Ferry it flows southeasterly, gathering in 
Mangrove, Berowra, Mooney Mooney, Mullet and Cowan Creeks, 
before entering Broken Bay east of Brooklyn. 

The Hawkesbury-Nepean River basin covers an area of about 
21 000 square kilometres northwest and southwest of Sydney. 
Many of the tributary watersheds to the north and west are 
undeveloped, rugged and forested. Flatter terrain to the 
west and southwest of Sydney, originally pastoral and 
agricultural, now accommodates the greater proportion of 
the basin's population of approximately 500 000 persons. 

Radial extension of Sydney's urban area is impeded by 
rugged terrain and, usually in association, areas designated 
for water catchment, forestry and conservation. Much of the 
available and topographically suitable land for further 
urban expansion lies within the Hawkeshury Basin. This 
urban expansion is occurring at a rapid rate (section 2), 
and unless the change in land use from rural to urban is 
properly planned it is likely to lead to increased water
pollution problems. 
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At the same time, recreational usage of the r~ver is likely 
to increase as Sydney's population centre continues to 
move further from the coast. As a Deparbnent of Public 
Works report (1977) has observed, "the [HawKesbury] River is 
a valued recreation amenity supporting a w~de range of 
pursuits and presenting a variety of settings for use and 
enjoyment. The value of the River to the western aredS of 
metropolitan Sydney is extremely high, offer~ng, as ~t does, 
the only convenient area for water-based recreation. Tne 
river is also a most valuable component ~n the overall 
inventory of recreational areas serving the whole of Sydney." 

A report prepared by the State Pollution Control Commiss~on 
(SPCC) in 1977, entitled "The Quality of Sydney's Natural 
Waterways in Relation to its Growth", discussed the likely 
impacts on the Hawkesbury-Nepean River System of ~ncreased 
volumes of treated sewage effluents arising from the 
projected increase in the catchment population, particularly 
during low-flow conditions or in sections of the river where 
tidal flushing is poor. Of prime concern in that report was 
eutrophication, which has been described as "the nutrient 
enrichment of waters which results in stimUlation of an array 
of symptomatic changes, among which increased production of 
algae and macrophytes, deterioration of fisheries, deter~or
a tion of wa ter qual i ty and other symptomatic chang es are 
found to be undesirable and interfere with water uses" (wo<..>d 
1975). 

Eutrophication problems currently occur in sections of the 
river during dry weather and result in adverse comments by 
the public and by local government authorities. To lJ.uantify 
the role of existing sewage-treabnent plants, so as to 
provide a basis for future decisions on effluent treaunent 
and disposal requir~nents, the State Pollution Control 
Commission (SPCC) commenced investigdtions in AU'::Just 1978 
to: 

Identify the impact of ex~sting wastewater d~sposal 
practices on the Hawkesbury-Nepean River system 

Determine the relative impact of future point-source 
inputs on water quality in the river system 

Determine the effective assimilative capacity of the 
river system for existing point-source ~nputs 

Develop a rationale for water-pollution contr<..>l 
policies within the Hawkesbury-Nepean basin. 

These investigations were carried out in the river section 
from Camden to the river mouth at Broken Bay. This report 
describes the results obtained and provides technical data 
to assist in the formulation of policies concerning the 
disposal of existing and increasing volumes of treated 
sewage effluents. The effects on the river system if 
various options for water-pollution control management are 
adopted are described and recommendations regarding these 
options are presented. 
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2 FEATURES OF THE HAWKESBURY-NEPEN~ BASIN 

Information considered essential for an understand~ng of the 
changes in water quality that are occurring in the Hawkesbury
Nepean basin is summarised below. 

2.1 Physical 

The Great Dividing Range forms the western boundary of the 
basin while the Illawarra Range and a line of low lulls 
rising from the Cumberland Plain combine to forh! the eastern 
boundary (Figure 1). 'The Broken Bay plateau forms the 
northern watershed, separating the basin from the adjoining 
Hunter Valley. 

Topography in the basin varies widely, from high plateau 
mountains and upland valleys in the west to the low plateau 
and shallow valleys of the east. The highest elevations are 
in the west, where ['lount Bindo (1 362 metres) is the highest 
point. The lowest extensive land units, the Emu and Cumber
land plains, are less than ten metres above sea level. Most 
of the northern and northwe stern areas are heavily timbered, 
rugged, mountainous terrain.' Undulating hilly areas occur 
in the southwe st near Goulburn and Moss Val'e and large areas 
of flood plains border the Nepean and Hawkesbury Rivers 
between Camden and Windsor. 

Pre-Permian basement rocks, some of which outcrop on tne 
western boundary of ' the basin, are overlain by a Permian 
section comprising the Shoalhaven Group ana the Illawarra 
Coal Measures. 

The Narrabeen, Hawkesbury and Hianamatta Groups form the 
Triassic System. Narrabeen sandstones lie conformably on 
the Permian coal measures and contain a variety of sed~ments. 
Conformably overlying these are HawKesbury sandstones, which 
occupy an extensive area of the basin and wh~ch are exposed 
in the canyons of the Warragamba and Grose Rivers. The 
Wianamatta Group outcrops in the eastern portion of the 
catchment. Sand, gravel and associated sediments have 
been deposited by the mainstream and its tributaries onto 
basement rocks of Hawkesbury sandstone and the Wianamatta 
Group, and some of these sand and gravel deposits now form 
the basis of an extensive extractive industry. 

The plant communities of the basin are diverse, reflecting 
the various conditions of elevation, parent material, soil 
type and depth and rainfall. Much of tile undeveloped areas 
consist of wet and dry sclerophyll forest, but there are 
also appreciable areas of scrub and heath, temperate rain
forest and mangrove and other wetlands. 

2.2 Land Use 

As indicated in the Hawkesbury River Valley Environmental 
Study Background Report (1973) (Table 1 and Figure 2), about 
half of the total basin is Crown Land. Most of this is 
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forested, comprises national parks, water supply catchments 
and state forests, and lies in the more rugged and dissected 
parts of the basin. 

Land use 

Table 1 

Land-Use Patterns 

Approx area 
(ha) 

Proportion 
of total (~l 

Forest 1 365 000 62.8 
Agricultural I 633 000 29.1 
Urban and industrial I 100 000 4.6 
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waste disposal 26 000 1.2 

Most foreshore lands with good access to water, and which 
were potentially suitable for agriculture, were acquired for 
this purpose when white settlement of the valley began. In 
recent years, as recreational use of the river has increased, 
these foreshore lands have remained in private hands. The 
freehold titles extend to the high-water mark along the 
tidal reaches of the river, and some adjoining owners in the 
non-tidal reaches of the river enjoy presumptive title to 
the middle thread (the centre of the river). Land below the 
high-water mark in tidal reaches is Crown Land under the 
control of the Department of Lands. 

Nine national parks occupy about 26 per cent of the catchment 
area. The largest are the Blue Mountains (215 890 hal, 
Kanangra-Boyd (68 103 hal, Wollemi (457 020 ha, 40 per cent 
of which is in the Hawkesbury basin), Marramarra (11 500 hal 
and Dharug (14 728 hal National Parks. 

Agricultural activity ranges from cattle and sheep grazing 
in the southern areas and dairying at Camden and Penrith to 
irrigated horticultural crops on rich alluvial flats around 
Penrith and Richmond. Intensive agriculture and dairying 
are dependent on irrigation from the Hawkesbury-Nepean 
Rivers during dry periods. Dairy farms are located on the 
river flats around Richmond, Windsor, Penrith and Camden, 
and many farms have improved pastures and grow feed under 
irrigation. Intensive pig and poultry production units are 
increasing in number, especially in the Camden district. 

Sand, gravel and other materials are extracted from areas 
between Menangle and Spencer. Up to 20 enterprises have 
been engaged in the extraction of these materials from the 
river bed, the river banks and above the flood plain. Early 
operations were predominantly at Castlereagh, but more recent 
operations have been concentrated at North Richmond, Richmond, 
Windsor, Pitt Town and Penrith. . 
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The basin has a population now approaching 5100 000, with 
more than half residing in urban areas at Blacktown, St 
Marys, Penrith, Liverpool, Campbelltown, Camden, Richmond, 
Windsor and the Baulkham Hills area. Other smaller popu
lation centres are located to the west, in the Blue Mountains 
towns and at Lithgow, and to the southwest, at Mittagong, 
Moss Vale, Bowral, Marulan and Goulburn. 

Industrial areas in Hornsby, Blacktown, St Marys and Penrl.th 
accommodate a wide variety of enterprises, althouyh light 
manufacturing and service industries predominate. Textile 
and clothing factories are sited at Goulourn, collierl.es at 
Mi ttagong and Berrima, gravel and peat extraction near Moss 
Vale, lead-zinc-copper mining near Tarago and abattoirs at 
Moss Vale and Goulburn. Industries at Lithyow include metal 
working and manufacturing, and small arms and ammunition 
production. Coal is mined at Wallerawang-Lidsdale and at 
Lithgow from the Illawarra Coal Measures. 

2.3 Water Usage 

River waters are used for many purposes, from drinking 
and irrigation to recreation, and act as a habitat for 
aquatic flora and fauna. 

Storage reservoirs have been constructed on tributaries 
within the basin. Water for Sydney is supplied predominantly 
from Lake Burragorang (Warragillaba Dam) and to a much lesser 
extent from Cataract Reservoir. ( TheWoronora Reservoir, in 
the Georges River Basin, also supplies Sydney's southern 
potable water requirements, while Prospect Reservoir, also 
in the Georges- River basin, acts as a local storage reservoir 
just prior to distribution.) The Illawarra urban areas are 
supplied with potable water from the Avon, Cordeaux and 
Nepean Reservoirs. These reservoirs could also be used to 
supply Sydney if necessary. To overCOiLle drought problems 
and the needs of an increasing urban population, water may 
be transferred from the Shoalhaven River basl.n to Winge
carribee Reservoir and thence to Lake Burragorang via the 
Wingecarrribee River. These works and the water-retl.culation 
system are the responsibility of the Metropolitan Water 
Sewerage and Drainage Board (MWS&DB). 

The MWS&DB also pumps water for town water supply dl.rect 
from the Hawkesbury River at an offtake at North Richmond. 
Approximately 14 ML/d (or 5 HJfiJ ML/y) of water are currently 
supplied to the Richmond/\hndsor area, and this situation 
is expected to continue. Water pumped from the river is 
treated to renove suspended solids and colloidal matter and 
then disinfected. 

Other significant impoundments in the Hawkesbury Basin 
include the Mangrove Creek Dam (completed during 1982) and 
the Mooney Dam, both of ~lich are used for the supply of 
water to the Gosford-Wyong area. These dillns are operated 
by Gosford City and Wyong Shire Councils. The Electricity 
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Commission of NSW nas recently constructed the Wallerawang 
Dam on the upper reaches of the Coxs River and is now 
const~ucting the Lyell Dam further downstream. Water 
from both. these dams will be used for cooling purposes at 
the existing \jallerawang power station and the new power 
station being constructed at Mount Piper. 

Nine weirs have been constructed on the Nepean River between 
Menangle and Wallacia to compensate riparian landholders 
affected by the upper Nepean dams. In addition, the 
MWS&DB has agreed to release an average of 50 ML/d from the 
Warragamba Dam for rip'arian p'urRo-s_e~s_d.ur.ing_p.e.r.i.ods_o.f_l.o.w __ 
flow. Regulated flows are generally not provided in the 
Hawkesbury-Nepean basin to meet irrigation requirements, 
although_qQQQt __ 6 500 hectares of_land are_c~r~Dbly' __ i.rri~ 
3~J:ed _aloL1,g.JJl.~ ... J:I.ajLk~sbu_r:y_,~ __ WollondillLcwd_ ,lQwer Co.\.g 
Rivers and South Creek. Further irrigation development in 
these areas is expected to be limited, in view of the 
continuing expansion of urban areas. 

Significant volumes of water are diverted from the Hawkesbury
Nepean River under licence for the processing of sand and 
gravel. The greater proportion of this processing takes 
place in the area of the proposed Penrith Lakes Scheme. The 
State Pollution Control Commission's report "Extractive 
Industries in the Hawkesbury Region" (1977) indicated that 
water extracted from the river for 2rocessing requirements 
totalled 13 SOU ML/y and estimated that, by the year 
2000, this would have-increased to 19 OQO __ ML!-y. After 
processing, the wastewaters are settled and returned to the 
river or reused within sand and gravel washing plants, 
although a proportion of these waters would return to the 
river via underground routes. 

Both the Hawkesbury and Nepean Rivers support a diversity 
of water-oriented recreational activities, especially in 
the broader, tidal section from Windsor to Broken Bay. 
Increased mobility, affluence and leisure have created new 
recreational-use patterns, centred on boating and water 
sports, particularly water skiing. Extensive private 
developments, associated with water skiing, boating, caravan 
parks and picnic grounds, have been established between 
Windsor and Wisemans Ferry. These new developments comple
ment the older, established facilities associated with 
amateur fishing and boat hiring, launching and mooring. 

The popularity of recreational boating is manifested in the 
large numbers of yachts, sailing boats and amateur fishing 
craft in the open waters of the lower estuary, and also by 
the domination of the more sheltered reaches by high-powered 
water-ski boats and speed boats and by the popularity of 
houseboating and cruising in all the navigable waters. 

Although the Hawkesbury River is not a major commercial 
fishing area, it produces significant quantities of estuary 
prawns and oysters and is an important area for breeding, 
nursery and estuarine feeding purposes. Commercial fishing 
is more productive in areas downstream of Spencer, although 



- 10 -

some catches are taken upstream as far as the Colo. In 
the lower estuary the most abundant commercial species are 
mullet, luderick, bream, flathead and jewfish. Amateur 
fishing is popular throughout the f~eshwater and saline 
reaches, but especially in the wide, deep sections near 
Broken Bay. The annual catch of prawns in the lower estua~y, 
about 100 tonnes, is similar to that from other e~st-coast 
estuaries such as Batemans Bay and the Hunter and Richmond 
Rivers. Oyster farming is concentrated in Mooney, Berowra 
and Marramarra Creeks, but small numbers of leases are 
farmed in other areas such as Brooklyn. 

2.4 Population 

The total population of the Hawkesbury-Nepean basin (excluning 
the Gosford City local government area) increased from an 
estimated 368 700 persons in 1976 to an estimated 452 900 
persons in 1981, an average annual rate of change of 4.2 per 
cent.* Several of the local government areas located 
entirely within the Hawkesbury-Nepean basin had higher rates 
of population growth (Table 2). 

,Local government 
area 

Camden 
Penrith City 
Blue Mountains City 
Wollondilly Shire 
Hawkesbury Shire(C) 

Table 2 

POpulation Growth 

Estimated popula tion 
1971(a) 1976(b) 1981(b) 

11 150 
60 300 
36 750 
12 650 
28 150 

14 900 
81 900 
47 950 
15 400 
29 550 

17 400 
110 900 

57 500 
a) 400 
37 550 

(a) Minister for EnviDJrunent ContDJl (1973) 
(b) Australian Bureau of Statistics (1982) 

Average annual cate ()f 

change, 1976-1981(b) (%) 

3.2 
6.3 
3.7 
5.8 
4.9 

(c) Includes the former Windso~ Municipal and Colo Shire 
local government a~eas. 

* As Census Collector District information was not available for either 
1976 or 1981, estimates of total population in the Hawkesbury-Nepean 
basin (excluding the Gosford Ci ty local goverrunent area) were calcu
lated assuming the average annual rates of population change for 
1971-1976 and 1976-1981 for local government areas canpletely within 
the basin were the same as those for local government areas only 
partially within the basin. These calculations were feasible because 
Census Collector District information was available for 1971 for local 
government areas located partially within the basin (Minister for 
Environment Control 1973). Because the development of local govern
ment areas partially within the basin is occurring mainly wi thin the 
Hawkesbury basin (with the exception of the Liverpool City and 
Campbelltown City local government areas), this meth<xl of calClJlation 
is likely to result in conservAtive estimates. 
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Future growth is expected to occur primarily in those areas 
which have shown the highest rates of growth over the past 
decade, namely the Penrith, Camden and Blue Mountains areas, 
and also in the outer metropolitan areas located partially 
within the basin, such as the Hills District, Blacktown and 
Hornsby. 

2.5 Wastewater Disposal 

As current water-quality problems in the basin have been 
restricted to downstream sections of the Hawkesbury and 
Nepean Rivers, and future urban growth is expected to 
occur in these downstream areas, the following discussion 
is generally confined to discharges to the river or tr~bu
taries downstream of Camden. The term "HawKesbury-Nepean" 
will be used in the remainder of this report to refer only 
to this section of the basin or river. Details and charac
teristics of the 139 discharges to the HawKesbury-Nepean 
system licensed under section 20 of the Clean Waters Act 
19710, with the exception of those in the Gosford area, are 
included in Appendix 1. These discharges are discussed in 
the following sections. 

Sewerage facilities in the Sydney metropolitan and Blue 
Mountains areas are operated by the the Metropolitan~"ater 
Sewerage and Drainage Board (MWS&DB). Sewerage facilities 
outside these areas are operated by local councils. In 
addition, many private organisations, such as abattoirs, 
poultry processors, private hospitals, retirement villages, 
holiday re'sorts and caravan parks, own and operate wastewa ter
treatment plants., 

2.5.1 Sewage Treatment 

By June 1980 the Hawkesbury-Nepean basin (excluding the 
Gosford area) was served by 56 sewage~treatment worKs. Of 
these, 23 are operated by the I\'IWS&DB, ten by local govern
ment authorities and 23 by other organisations. Two of the 
sewage-treatment works, those at the RAAF base at Richmond 
and at HMAS "Nirimba" at Quakers Hill, are operated by the 
Commonwealth Deparbnent of Transport and Construction and 
are not licensed under the New South \~ales Clean Waters Act, 
although, in general, these Commonwealth worKS do conform 
with the requirements of State laws. Apart from these two 
works, all sewage-treatment works in the basin are licensed 
under the Clean Waters Act to discharge treated sewage 
effluents into adjacent receiving waters or to dispose of 
treated wastes onto land by irrigation. In 19810 tile popu
lation equivalent* loadings from these treatment 

* "Population equivalent" is defined as the ratio of the 
amount of putrescible matter (in terms of biochemical 
oxygen demand (BOD) or of other significant substances 
or properties) contained in a given wastewater to the 
per capita amount of the respective substance or 
property normally found in domestic wastewaters. 
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works were 231 220 persons from the works operated by the 
MWS&DB, 104 500 persons from council-operated worKS and 
approximately 11 000 persons from private and Commonwealth-:
operated works. 

The locations, population loadings and approximate average 
daily dry-weather discharges for the main sewage-treatment 
works within the study area are shown schematically in 
Figure 3. The population-equivalent loading of the worKs 
shown amounts to 283 000 persons, or 82 per cent of the 
basin loading from licensed and Commonwealth worKs. The 
remaining 18 per cent arises from smaller treatment works 
not shown in Figure 3. 

2.5.2 Sand Mining 

The extensive resources of coarse aggregate, sand, clay and 
soil within the Hawkesbury-Nepean basin are, ~n general, 
easily extracted, and their proximity to the Sydney marKet 
has le,d to their extensive utilisation. 

The H1ethod of extraction of sand and gravel depends generally 
on the location of the resource and the availabil~ty of 
water. The extraction methods used in d~fferent areas can 
be broadly swrunarised as follows: 

Nepean River: Stream course bed between Menangle and 
Wallacia - dredging 

Hawkesbury-Nepean Rivers: Stream course bed and 
flood plain between Penrith and Pitt Town - suction 
dredging and dra~lines 

Flood-plain overbank deposits between Penrith and Pitt 
Town: Power shovels, front-end loaders/drag lines 

,High-level deposits in the Londonderry and Pitt Town 
area: Power shovels and front-end loaders. Crushing, 
sizing of gravel and benefication (mostly involving 
washing and sieving of sand) are usually undertaKen 
either on-site or after a short haul to extraction and 
processing sites. 

As discussed in section 2.3, these operations involve large 
quantities of process waters, some of which are d~schar'::led 
to the river (Appendix 1). Wastewaters from sand and gravel 
processing operations are now required to be settled pr~or 
to discharge to receiving waters. For those operations 
licensed under the Clean Waters Act, the conditions attached 
to most licences limit the non-filtrable content of u~scharges 
to less than 50 mg/L. Settled wastewaters are extensively 
reused for washing and process operations. 

Mining from the bed of the river also disturbs and alters 
the river-bed profile, as well as creatin~ turb~d conditions. 
To some extent, the production of turbid water has been 
lessened by the use of suction dredges rather than drag lines 
and by mining from wi thin coffer dams. 
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2.5.3 Coal Mining 

Coal-mining activities may cause water pollution problems 
by contaminating watercourses with suspended solids from 
extraction, coal-washing and processing operations. In 
addition, where the coal measures or associated mine spoil 
contain high concentrations of sulfur, mining operations 
may result in acidification of mine waters after oxidation 
of the sulfide minerals. If these mine waters are subse
quently leached or pumped to receiving waters, they can 
cause localised pollution problems. 

Most coal-mining operations in the Hawkesbury-Nepean basin 
are located outside the study area, in the upper catchment 
of the Coxs River, in the Lidsdale-Lithgow area and in the 
Tahmoor-Appin area of the upper Nepean catchment. Progressive 
implementation of control measures under the Clean Waters 
Act has controlled pollution from these discharges, and most 
wastewaters from mines or coal-processing operations in the 
basin, including wet-weather runoff, are now settled and 
recycled. In some areas in the past, chitter (coarse 
coal-washery waste) was dumped on mining sites adjacent to 
watercourses or in positions where it was susceptible to 
oxidation and leaching. In the late 1940s, some open-cut 
mining operations were conducted in the bed, or on the 
banks, of rivers and tributaries, and fine washery rejects 
(tailings) were dumped in sites exposed to surface drainage. 
These practices have resulted in a deterioration of water 
quality in the upper Coxs River, but in more recent years 
remedial and rehabilitation work has reduced these impacts. 

2.6 Hydrology 

The most important factor affecting the quality of receiving 
waters within the Hawkesbury-Nepean basin is the capacity of 
these waters to dilute, transport and assimilate treated 
wastes. The following sections of this report discuss 
river flows in the basin and the factors ~hich affect river 
flows, such as rainfall and runoff. 

2.6. 1 Rainfall 

Latitude and proximity to the ocean and nearby mountains are 
the primary factors influencing the climate of the Hawkesbury
Nepean basih. 

Rainfall in the basin is influenced largely by orographic 
effects, which cause relatively high rainfall in the head
waters of the Coxs, Grose, Nepean, Wingecarribee and Nattai 
Rivers and on the coast near Broken Bay. Annual rainfall 
in these areas ranges from 1 000 to 1 600 millimetres. 
There are rainshadows in the headwaters of the Wollondilly 
River, in the middle reaches of the Nepean River and in much 
of the Colo River catchment. Annual rainfall in these areas 
varies from 650 to 750 millimetres (Table 3). 
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In the southwest section of the basin, rainfall is fairly 
evenly distributed throughout the year. For the rest of the 
catchment, some 60 per cent of the precipitation generally 
occurs between December and May. The wettest month is 
likely to occur at any time in this period, and monthly 
falls have occasionally reached the median annual figure. 
Dry spells exceeding three months occur on occasions, and 
there have been a number of periods of up to twelve months 
during which consecutive monthly rainfalls have been well 
below average. 

Table 3 

Rainfall Characteristics in the Hawkesbury-Nepean Basin 
(Minimum of 30 Years of Reco~d to 1979) 

Centre 

Goulburn 
Camden 
Katoomba 
Lithgow 
Penrith 
Windsor 
Prospect 
Bilpin 
Mangrove Mountain 
Gosford 

2.6. 2 Runoff 

10 percentile 
rainfall (mm/y) 

462 
468 
900 
611 
499 
484 
528 
898 
780 
904 

50 percentile 
rainfall (mm/y) 

678 
779 

1501 
893 
831 
731 
817 

1243 
1360 
1329 

Although there is a large variation in runoff between 
sub-catchments of the basin, the lorig-term average annual 
runoff for the Hawkesbury-Nepean catchment is 11 per cent 
(Water Conservation and Irrigation Commission 1973). The 
normal dry-weather flows are derived mainly from perco
lating groundwater, discharges from sewage-treatment works 
and occasional controlled releases from upstream dams. 
Since most of the major streams in the basin continue to 
flow for long periods after direct runoff ceases, ground
water flows provide significant contributions to dry-weather 
streamflows. However, low flows in tributaries such as 
South, Eastern and Cattai Creeks consist largely of treated 
sewage (section 4.2). 

2.6.3 Estuarine Hydrodynamics and Stream Flows 

Saline intrusion in the Hawkesbury River is normally limited 
to reaches of the river downstream of the Colo River junction, 
although tidal movement is apparent as far upstream as the 
Grose River junction. Under the extremes of drought, 
intrusion has been recorded as far upstream as the Sackville 
Reach (1979-1981 drought). Upstream of the saline intrusion 
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region, the freshwater tidal region is characterised 
by a non-sinusoidal tidal curve where, at Windsor for 
example, the falling tide lasts two hours longer than the 
rising tide and where the tide is approximately 180 0 out
of-phase with the ocean tide curve. The tide curve is 
progressively distorted from a sinusoidal shape at the 
river mouth to a non-sinusoidal shape in the upper estuary 
(eg, at windsor). 

In dry-weather conditions, turbulence induced by tidal 
motion in saline river sections does not cause complete 
vertical mixing. The salinity gradient generates density 
currents which accelerate both the seaward movement of water 
at the surface and the inland flow of saline water near the 
bottom. Wolanski and Collis (1976) have shown these density 
currents to be pronounced in the lower reaches of the 
estuary, and there is 'a net inflow of water near the bottom 
and a net outflow near the surface during each tidal cycle. 
As one moves upstream, the density currents become progress
ively smaller and then negligible in comparison with tidat 
velocities. 

The conditions described above are typical of conditions 
during dry weather when there are low freshwater inflows. 
When runoff occurs as a result of intense rainfall, however, 
tidal turbulence no longer penetrates to the surface. On 
reaching the saline intrusion zone, fresh water spreads and 
forms a thin, buoyant lens at the surface. A sharp halo
cline forms, separating the new surface plume from the 
underlying estuary water. At least during the initial 
period of high surface flow, reversals of tidal velocity are 
restricted to the bottom waters. However, the directions of 
these reversals cause fluctuations in the velocity of water 
in the upper layer, which always moves seaward. Wolanski 
and Collis (1976) have shown that when the volume of runoff 
water is large enough to introduce buoyancy effects, the 
characteristic time of residence in the estuary of wet
weather runoff is short, being of the order of two weeks. 

Freshwater flows are highly variable. In 1950, for example, 
the total annual flow in the Nepean River at Penrith was 
7 730 000 ML, more than five times the average annual 
discharge, but in 1968 the annual flow was only 32 000 ML, 
one-fiftieth of the annual average and the lowest on record. 
Great variability is also exhibited in instantaneous flows. 
The highest flow recorded at Penrith is 1 400 000 Mid (in 
1960), but the same stretch of river ceased flowing on 100 
days in the period 1901-1978. 

The extraction of water from the Nepean River for irrigation 
during dry summer months greatly reduces river flows in 
areas upstream of the Warragamba Riv~r confluence. There 
is generally no significant release of water from catchment 
dams during dry weather, so the flow at Camden is often less 
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than 5 ML/d and the river often ceases to flow at Wallacia 
Weir, 40 -km further downstream. Under such conditions, 
treated wastewater becomes an important source of water for 
the river system. 

Flow duration curves for the Nepean River at Hallacia 
and Penrith (Figure 22a) show that low flows prevail. For 
example, since the completion of Warragamba Dam in 1961, 
flows in the Nepean River at Penriti1 v~eir have exceeded 
1 000 ML/d only 35 per cent of t.he time and flows of 
100 ML/d or less have occurred for at least 3~ per cent 
of the time. This pattern is typical of the pattern for 
the entire river system, and this is a factor limlting 
the quality and quantity of treated wastes that can be 
assimilated in the river. 
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3 STUDY METHOD 

The study sought to obtain an overall indication of present 
and future river-system behaviour by examining the water 
quality of the rivers and wastewater discharges over a two
year period. This approach required an analysis of point 
source and tributary inputs and an appraisal of the resulting 
water quality of the river. Sufficient data were obtained 
to enable an appraisal of the nutrient mass balance for 
the system and the modelling of instream nutrient assimil
ation. 

The study was divided into a number of distinct elements, 
which included: 

Quantification, by regular surveys of water quality 
along the river, of the pollutant loads transported 
in the mainstream and its tributaries 

Quantification of the nutrient contents and loads 
of existing point-source inputs of treated sewage 

Determination of the 'time of travel' characteristics 
of the Nepean and Hawkesbury Rivers, from Camden 
downstream to the Colo River junction 

Calculation of instream assimilation kinetics in .sections 
of the river which receive large inputs of pollutants 

Assessment of primary production, by examination of 
diurnal variations in dissolved oxygen at stations 
downstream of existing point-source inputs of treated 
sewage 

Assessment, by means of algal growth-potential studies, 
of the effects of present nutrient loads on aquatic 
plant growth in the river system. 

3.1 Pollutant Loads 

Surveys of river-water quality and flow were conducted at 
three-weekly intervals from August 1978 to August 1980 and 
from January 1981 to March 1981 at the fixed locations 
shown in Figures 4, 5 and 6. In February and March 1981 
samples were collected only between Windsor and the Colo 
River confluence. Where possible, water-sampling stations 
coincided with flow-monitoring installations of the MWS&DB 
and the Water Resources Commission, so that permanent flow 
records could be obtained and historical comparisons made .• 
Water-quality stations were located on each of the major 
tributaries as near as practical to their confluences with 
the mainstream yet far enough upstream to avoid being 
affected by tidal fluctuation or back-flow from the main
stream. Each station had a reasonably uniform channel 
cross-section and was situated far enough downstream of 
point sources of discharges to avoid being affected by 
non-uniform mixing. Intensive surveys were carried out 
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Water-Qual·ity Stations on Hawkesbury and Nepean Rivers and 
Main Tributaries 

* u/s and d/s will be used throughout this report to indicate 
upstream and downstream respectively. 
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during January-March 1980 and February-March 1981 to 
determine the kinetics of nutrient assimilation in the 
South Creek system. 

The loads of pollutants discharged into the river system 
by the major sewage-treatment works (Penrith, Camden, 
St Marys, Quakers Hill, Windsor, Glenbrook and Castle 
Hill) were determined using a randomised survey in which 
24 flow-weighted, composite samples were taken at each 
works. Each composite sample was taken over a 24-hour 
period with an automatic sampler. Effluents from works 
in the Blue Mountains area eventually flow into Fitzgeralds 
Creek and the Grose River, which join the Nepean River about 
5 and 20 kilometres respectively downstream of Penrith Weir. 
While some nutrient assimilation would occur in these 
tributaries, the overall nutrient loads added to the 
Hawkesbury and Nepean Rivers as a result of the operations 
of these works were assessed by monitoring water quality in 
Fitzgeralds Creek and the Grose River in the three-weekly 
surveys. The quality parameters analysed for effluents 
were the same as those for water samples. 

Surveys of the estuary were designed so that the tidal stage 
on any particular sampling day was the same at all stations. 
The surveys also covered a range of eb~ and flood tidal 
conditions so that sample means for the total survey period 
corresponded to a mid-tide situation. 

Samples for nutrient analysis were collected in 500 mL 
polyethylene (screw-top) containers, and samples for 
biochemical oxygen demand, non-filtrable residue, turbidity 
and chlorophyll a analyses were collected in 2 L polyethylene 
(screw-top) containers. 

Prior to sampling, sample containers were rinsed with the 
water to be collected. Samples were collected in mid-stream 
where possible, and always away from the bank. After sample 
collection, containers were packed in crushed ice in eskies 
and transported to the SPCC's chemical laboratory for 
analysis. 

Within non-tidal regions, water temperatures were measured 
in situ using calibrated thermometers. In tidal regions, . 
temperatures were measured using "Yeo-Kal" temperature/ 
salinity bridges and probes. Salinity was also measured 
with these bridges and conductivity with "YSI" conductivity 
meters. Dissolved oxygen was measured using "Delta" 2110 
dissolved oxygen meters calibrated in the field by "Winkler" 
determinations. 

In non-tidal watercourses, flows were calculated by deter
mining cross-sectional areas of the watercourse and 
measuring current-velocity profiles by use of "Brays~oke" 
current meters. 
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Light measurements were made using a "Li-Cor" LI-185A 
quantum meter and sensor, incorporating a deck-sea switch. 
Depth profiles of light were conducted to determine the 
depth of the euphotic zone. 

Depths of the estuary and larger ponds in the Nepean River 
were determined using a depth sounder, while depths in 
shallower sections of the Nepean river were determined using 
a sounding rod or line. Royal Australian Navy charts, 
confirmed by random soundings, were used to determine river 
depths from the Colo River confluence to Broken Bay. 

3.2 Analytical Procedures 

3.2.1 Phosphorus 

For total phosphorus determinations, ten millilitres of the 
sample were acid-digested in a block digestor. The d~gestion 
reagents (K2S04, H2S04 and catalyst) were those specified 
in "Standard Methods (1976)" for Total Kjeldahl N~trogen. 
Analysis of the digestion products was carried out using the 
molybdate blue colorimetric method (incorporating ascorbic 
acid reduction), via a Technicon (Mark II) Autoanalyser. 

This automated procedure was similar to that described by 
Jirka et al (1976) of the Central Regional Laboratory of 
the US Environmental Protection Agency (EPA) in Ch~cago. 
It was developed for the determination of total phosphorus 
and Total Kjeldahl Nitrogen in acid digests, and COll1pareS 
favourably in accuracy and precision with the manual proce
dures described in "Standard Methods',' (American Public 
Health Association 1976). 

Orthophosphate phosphorus was determined by the above 
automated colorimetric procedure, with the omission of the 
internal neutralisation step, on samples which were not 
digested. 

3.2.2 Nitrogen 

Total Kjeldahl Nitrogen 

The same acid digestion of samples as used in the total 
phosphorus determination, with the omission of the internal 
neutralisation step, was carried out to hydrolyse amine 
groups. Total Kjeldahl Nitrogen was determined by an 
automated method described by Jirka et al (1976) in which 
the colorimetric determination of ammonia is based upun tile 
indophenol blue reaction. 

Ammonia Nitrogen 

The above automated Total Kjeldahl Nitrogen (colorilCletric) 
determination, with the omission of the internal neutralis
ation step, was used on undigested samples for ammonia 
determinations. Total ammonia concentrations, rather than 
free or ionised ammonia concentrations, were measured. 
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Oxidised Nitrogen 

The analytical procedures were as described in "Standard 
Methods (1976)" for nitrate-nitrite for the Technicon 
(Mark II) Autoanalyser. 

3.2.3 Chlorophyll ~ 

The method adopted was a modified in vivo fluorometric 
technique.based on Lorenzen's procedure (1966) using the 
spectrophotometric (trichromatic) procedure described in 
"Standard Methods 1976" to obtain calibration values of 
chlorophyll a. The fluorescence was measured with a 
"Turner" Fluorometer (Model 10-005) equipped with approp
riate filters. Sample homogenisation was carried out by 
high speed blending. 

3.2.4 Other variables 

Biochemical oxygen demand (five-day), non-filtrable residue 
and volatile suspended solids were analysed by the methods 
described in "Standard Methods (1976)". (1.2 pm pore size 
glass-fibre filter discs were used for non-filtrable residue 
and volatile suspended solids determinations.) 

Turbidity was measured with a Model 2100A "Hach" Turbidimeter. 

3.3 Time of Travel 

Estimates of the "time of travel" of pollutants in various 
river sections were made from a knowledge of river volumes 
and flow rates. These estimates were made more precise for 
South Creek and the non-tidal Nepean River section below 
Camden using tracer techniques. Rhodamine WT dye was used 
as the tracer, since its movement downstream could be readily 
determined using automatic samplers and an in-situ Turner / 
fluorometer. 

3.4 Instream Kinetics 

First-order rates of nutrient assimilation in three assimil
ation zones were obtained by a statistical appraisal of the 
loads of nutrients and the estimated times of travel of the 
pollutant loads. For the non-tidal assimilation zones, 
these estimates were validated using the methods described 
in section 5. 

Instantaneous loads of nutrients in non-tidal zones were 
obtained by multiplying concentrations of nutrients by the 
river or tributary flows measured at the time of sampling. 
Individual times of travel were estimated as river volume 
(between the point and the station) divided by flow. 

In the freshwater tidal zone, kinetics were based on a 
mean time-of~travel estimate at each sampling site rather 
than on an individual estimate for each sample. In this 
zone, flow was calculated as the sum of tributary inflows. 
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3.5 Algal Growth Potential 

Discharges of treated sewage effluents into waterways may 
result in excessive growth of aquatic plants. Thisstimu
lation of aquatic plant growth is often caused by the 
discharges increasing the concentrations of nitrogen and 
phosphorus, which are usually the nutrients most limiting 
for plant growth in waterways (Vallentyne 1974). On 
occasions, the addition of other nutrients may stimulate 
growth. 

One aim of the study was to measure existing nutrient 
concentrations and predict future nutrient concentrations 
within the river system. The potential impact of these 
nutrients on the water environment was assessed using two 
basic techniques: 

Field assessment of algal growth under existing 
nutrient levels 

Study of algal growth in river-water samples in 
the laboratory under varying, controlled additions 
of nutrients. 

Algal bioassays were based on the procedures of the US 
Environmental Protection Agency (1971), but were modified in 
that triplicate water samples (unless otherwise stated) were 
incubated at light intensities above those recommended for 
maximum growth, and the samples were not seeded with labora
tory grown unialgal cultures, so the observed algal growth 
was due to the natural algal population present in the 
samples collected. To monitor algal growth, absorption 
of light at 510 nanometres was measured daily and, when 
growth reached a stationary phase, the density of the 
maximum standing crop was measured as chlorophyll ~ (~g/L) 
and gravimetrically as dry mass of algae (mg/L). These 
modifications of the standard procedure are suitable for 
the testing of nutrient-enriched waters (Simmons 1983). 

Bioassays were used to assess the algal growth potential of 
water samples from the Hawkesbury River enriched with known 
volumes of treated sewage effluents and with effluents from 
which phosphorus had been removed. By the addition of 
nitrogen and phosphorus nutrients to receiving water samples, 
bioassays were also used to confirm which of these two 
nutrients was limiting for phytoplankton growth. The 
possible effects of inhibition of algal growth by ammonia 
were also assessed. 

The waters tested for algal growth potential were sampled 
under dry-weather conditions from the Nepean River at 
Camden, upstream of the Camden sewage-treatment works, from 
the Penrith Weir overflow downstream of Penrith and from the 
estuarine zone of the Hawkesbury River. 
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3.6 Primary Production 

Primary production was assessed by diurnal dissolved oxygen 
studies. The method used involved a single station and was 
basically that recommended by Odum (1956) for the measurement 
of reaeration and primary productivity in flowing waters. 
Intensive productivity/ reaeration surveys were carried out 
in the Camden area near Sharpes Weir, in an area just 
downstream of the South Creek confluence and in an area 
further downstream towards the Colo River confluence. 
In-situ measurements for dissolved oxygen were made over 
approximately 36 hours, and other measurements included tide 
height (in the case of surveys in the tidal regions), 
current velocity, temperature, conductivity and fluorescence. 
Samples were taken for nutrient and other water-quality 
analyses. 

3.7 Statistical Analysis 

The study was designed to characterise the long-term average 
behaviour of the system. The three-weekly sampling period 
was chosen to provide statistically independent observations, 
and sampling occurred over two and a half years so that 
estimates would be sufficiently precise. 

All study data were stored on magnetic tapes and discs of 
a Hewlett-Packard 9845 microcomputer, which facilitated 
statistical analysis of concentration and load data. 

September 1978 to December 1978 was a period of high river 
flows and January 1979 to March 1981 a period of low flows. 
(Section 5 discusses river flows in detail.) Only the 
statistics arising from the low-flow period are summarised 
in detail -in this report. In most cases, the geometric mean 
was found to be more appropriate than the arithmetic mean on 
the basis of probability plots and skewness, and the former 
mean is used throughout this report. 

Estimates of pollutant loads were calculated from pollutant
concentration and river-flow data. Statistical analysis was 
then repeated on the groups of load values. Since the 
parameters of most interest in this study were total nitrogen 
and total phosphorus, the statistics for these parameters 
alone are appended to this study report. 
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4 RESULTS AND DISCUSSION 

Variations in water quality in the mainstream and the 
tributaries are discussed separately below. A discussion of 
the develop~ent of models for the assimilation of nitrogen 
and phosphorus nutrients in the river system follows in 
section 5. Such models aid understanding of the kinetics of 
nutrient assimilation and enable predictions to be made of 
future nutrient concentrations under a range of population
growth and wastewater-treatment options (section 6). 

A second model was also developed to predict phytoplankton 
biomass and productivity from observed nutrient concen
trations and physical characteristics of the estuary (section 
5.2). This model, used in conjunction with predicted nutrient 
concentrations, enables predictions to be made of future 
phytoplankton growths in the estuary (section 6). 

4.1 Mainstream 

4.1.1 Salinity and Conductivity 

Salinity and 'conductivity measurements were carried out 'only 
in the mainstream, and showed the expected decrease in 
conductivity and salinity with distance upstream of the 
river mouth (Figure 7). Most of the variations in salinity 
at any individual station were caused by variations in 
freshwater tributary flows. The maximum salinity or 
conductivity measurements at Stations 110 and 150 illustrate 
the saline intrusion that occurred within the estuary over 
the study period. Normally, waters around and upstream of 
the Colo River junction have very low salinity and are used 
by local landholders for irrigation of pasture and crops. 
However, as Figure 7 shows, at Station 150 (9 km upstream of 
the Colo River confluence) conductivity values were higher 
than 1 550 fS/cm for 16 per cent of the observations (or 
approximately 16 per cent of the survey period), and reached 
a maximum of 3 600 ~S/cm. Indeed, saline intrusion was 
observable at Station 160 (15.5 km upstream of the Colo 
River junction) in the Sackville area, where conductivity 
values as high as 1 500 ~S/cm were recorded. This level is 
sufficiently high to prevent water being used for the spray 
irrigation of sensitive crops such as citrus. 

Figure 8 illustrates the fact that the use of the river for 
irrigation at Station 150 was dependent on the maintenance 
of minimum freshwater flows. Such flows were not attained 
during about six months of this study. 

Only after many months of low rainfall (and hence low flow) 
did saline waters penetrate as far upstream as Station 150 
(Figure 8). During the study period, the salinity of the 
river increased steadily over the period November 1979 to 
May 1980, reaching maximum levels of 2.1 parts per thousand 
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(3 600 pS/cm) at Station 150 and 13.0 parts per thousand 
at Station 110 on 30 ApriY 1980. During May 1980, 10 mm of 
rain on the 8th followed by 40 mm of rain on the 9th (as 
recorded at Penrith) was sufficient to flush the saline 
waters downstream of Station 110 (Figure 8). 

4.1. 2 Nutrients 

The mean concentrations of the plant nutrients, phosphorus 
and nitrogen, and their various forms, are shown in Figure 9 
and Appendix 2. Maxima occurred downstream of the Camden 
STW, the Penrith STW and South Creek (which transports 
treated sewage from the st Marys, Quakers hill, Riverstone, 
HMAS Nirimba and Windsor STWs). These maxima had associated 
downstream zones wherein nutrient concentrations decreased 
to levels observed upstream of the STW discharge points. 
The region upstream of South Creek also had elevated levels 
because of tidal water movements. The influence of other 
sewage treatment works effluent discharges was not as 
evident because of their size, their distance from the 
Hawkesbury and Nepean Rivers or their masking by a discharge 
from a larger works. 

The mean concentration of total phosphorus in the Nepean 
River at Camden upstream of the Camden STW discharge 
(0.030 mg/L) was similar to those found in the Grose River 
(0.035 mg/L). However, the mean concentrati~n of total 
nitrogen at Camden upstream of the STW (0.432 mg/L) was 
higher than the mean concentrations in either the Grose 
River (0.281 mg/L) or the Colo River (0.215 mg/L). Overall, 
instream total phosphorus and total nitrogen concentrations 
were appreciably higher than the background levels measured 
at Camden for 61 per cent and 64 Fer cent, respectively, of 
the total mainstream river length from Camden to Broken 
Bay. 

The elevation of the mean total nitrogen concentration 
at Mount Hunter Rivulet Weir (208 km) without an increase 
in the total phosphorus concentration suggests that contami
nated groundwater was the source at this site. 

The observed decrease in nutrient concentrations downstream 
of discharge locations cannot be accounted for by simple 
dilution processes due to tributary or groundwater inflows. 
Rather, as the succeeding sections of this report illustrate, 
they were associated with aquatic plant growths. The 
sections of river where elevated nutrient concentrations due 
to effluent discharges decreased as a result of plant growth 
or other phenomena such as adsorption onto sediments will be 
referred to in the remainder of this report as "assimilation 
zones". This description does not necessarily imply a 
water-quality problem; it is simply a recognition that the 
available nutrients are being utilised. Problems only arise 
when the extent of growths is such that they affect aquatic 
fauna or recreational amenity, result in malodours or cause 
other undesirable effects which lead to public complaint or 
inconvenience. 
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For the purposes of discussion ot the observed results, 
three assimilation zones may be readily distinguished 
wherein instream nutrient concentrations decreased to levels 
approaching those observed upstream of discharge locations 
(Figure 9). Mean nutrient concentrations at North Richmond 
(total nitrogen 0.654 mg/L, total phosphorus 0.062 mg/L) 
were greater than the mean concentrations observed at 
Penrith Weir (total nitrogen 0.355 mg/L, total phosphorus 
0.030 mg/L) because of incomplete assimilation of the 
nutrients discharged from sewage-treatment works in the 
Penrith area. 

Nitrogen was present in the river downstream of each effluent
discharge point in organic, oxidised and ammonia forms 
(Figures 9 and 10). Ammonia levels as high as 5.5 mg/L 
(mean 1.7 mg/L) were measured at Station 230 (120 km). This 
ammonia was rapidly assimilated; at Station 200 (112 km) 
the maximum measured concentration was only 1.7 mg/L (mean 
0.11 mg/L). The high concentrations of ammonia observed 
give rise to concern but, in the long term, the installation 
of nitrification facilities by the MWS&DB and Penrith City 
Council at their sewage-treatment works should ensure that 
ammonia levels decrease. 

The mean concentrations of phosphorus and nitrogen nutrients 
upstream of the assimilation zones at Camden (total phos
phorus 0.030 mg/L, total nitrogen 0.432 mg/L) and Penrith 
(total phosphorus 0.030 mg/L, total nitrogen 0.355 mg/L) 
were low, even though the upstream stations were affected by 
diffuse sources such as agricultural and urban runoff during 
wet weather. 

Mean oxidised nitrogen (NOx ) and inorganic phosphorus (P04-P) 
concentrations observed by the CSIRO between 1947 and 1952 
and the SPCC between August 1978 and December 1979 are shown 
in Figure 10. Flows during the SPCC study (August 1978 to 
December 1979) were similar to those observed during the 
CSIRO's study (1947 to 1952), even though the SPCC data were 
collected after warragamba Dam was completed (1960). The 
data illustrated in Figure 10 show that over the past 30 
years there has been a significant increase in oxidised 
nitrogen and inorganic phosphorus concentrations immediately 
downstream of the sewage-treatment works' outfalls. The 
populations of Camden and Penrith increased about three-fold 
and five-fold respectively between 1947-1952 and 1978-1979, 
and the volumes of treated sewage effluents discharged 
increased by even greater proportions. Furthermore, the St 
Marys and Quakers Hill sewage-treatment works, which discharge 
into South Creek, were established during this period. 

The elevated NOx concentrations observed at 208 km by the 
CSIRO were also detected during the current study. The 
increase in nitrogen but not phosphorus at this location 
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suggests contamination of groundwater by agricultural 
practices as the source. On the basis of the 1947 to 1952 
CSIRO data, Rochford and Newell (1971) believed that for the 
whole river length the principal source of nitrogen (NOx ) 
was land runoff of fertilisers and that phosphorus (P04-P) 
levels were caused by oxidative breakdown of organic matter. 

Within the saline section of the lower estuary, from the 
Colo River junction to Broken Bay, observed nutrient 
concentrations are influenced by: 

Inputs of nutrients from upstream of the Colo River 
(ie, the South Creek to Colo River junction assimilation 
zone) 

Dilution by oceanic waters 

Inputs of nutrients from internal estuarine sources 
(eg, sediments) and diffuse sources 

Inputs of nutrients from point sources downstream of 
the Colo River junction (eg, sewage-treatment works in 
the Berowra Waters catchment) 

Nutrient assimilation within the saline estuarine 
zone. 

Liss (1976) and Mackay and Leatherland (1976) have used a 
conservative index of mixing, such as salinity, to study the 
changes in concentrations of both conservative and non
conservative constituents along estuaries. Salinity is a 
suitable and widely used indicator of the degree of mixing 
and dilution of fresh water by sea water because of the 
relative constancy of the composition of sea water. Within 
an estuary where there are single sources of fresh water 
and sea water, the relationship between a conservative 
constituent and salinity will be a straight line (the 
"theoretical dilution line") whose slope will be negative 
where the river water is enriched in the constituent 
concerned relative to the sea water. Where a constituent 
behaves non-conservatively, the data points will not lie on 
the above "theoretical dilution line", and deviations above 
or below the line indicate, respectively, the constituent's 
addition to or removal from the water column. 

The relationships between mean total phosphorus concentra
tions, mean total nitrogen concentrations and mean salinity 
observed during the current study for stations between the 
Colo River confluence arid Broken Bay are shown in Figure 11. 
The decreases in phosphorus and nitrogen concentrations 
occurring only as a result of dilution with sea water (the 
theoretical dilution lines) were obtained by joining known 
concentrations at Station 110 (68.5 km from Broken Bay) to 
known concentrations at Broken ,Bay (sea water). The fact 
that the observed concentrations were higher than would be 
expected from simple considerations of dilution effects 
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shows t{lat there were additional inputs of both phosphorus 
and nitrogen into the lower estuary. The maximum deviat~on 
from the theoretical dilution lines occurred at Station 51, 
26 km from Broken Bay and near the confluence with Berowra 
Waters. This large deviation 'was not unexpected, because 
by June 1980 Berowra Waters received relatively large inputs 
of nutrients from sewage-treatment works within its catchment 
(Figure 3). These point-source inputs would have been 
supplemented by diffuse sources of nutrients from urban 
developments within this catchment. Nutrient assimilation 
within Berowra Waters is currently being eXillnined by the 
SPCC in a separate study. 

As mentioned earlier, Rochford and Newell (1971) believed 
that diffuse sources '..ere controlling nutrient concentra
tions in the river during the period of their study (1947 
to 1952). These sources were believed to be nitrogen return 
from groundwater and phosphorus release during oxidative 
breakdown of organic matter. The concentrations of oxidised 
nitrogen in the lower estuary (Stations 90 to 20) were 
similar to the oxidised nitrogen concentrations found in 
these waters during the present study. Since the ~mpact 
of point sources during 1947-52 was small, the same d~ffuse 
sources of nutrients may still be present. Rochford and 
Newell believed phosphorus was the nutrient lirnit~ng algal 
growth. The ratios of total nitroyen to total .phosphoru·s 
observed in the present study (Figure 16) indicate that, 
except for the. section of the river 58 to 95 km from the 
heads at Broken Bay, nitrogen is the nutrient now limiting 
plant growth. The main reason for this change ~s the 
significant increases in phosphorus concentrations that 
have occurred since 1952 (Figure 10). 

4.1. 3 Nutrient Loads 

The mean flows and loads of nitrogen and phosphorus nutrients 
entering and being transported along the river and its 
tributaries in the low-flow period from January 1979 to 

,March 1981 are shown in Figure 12 and, in greater detail, in 
Appendix 3. (Data for stations located at Wallacia and Mount 
Hunter Rivulet Weir were obtained only during the period 
January 1979 to December 1979, because of the consistency of 
the data and the extremely low river flows that occurred 
after this period.) 

These data show that the mean loads of nutrients discharyed 
to the river by sewage-treatment works were substantial in 
comparison with the mean loads transported by tne river 
upstream of these works. Thus, the Camden sewage-treatment 
works added 1.3 ML/d of effluent, including 33 kg total 
N/d and lf2J.3kg t:otal P/d, to a river flowing at 3.fI:J ML/d and 
transporting only 1.3 kg total N/d and 0.3 kg total P/d 
above the works. Even the Colo River, wi th a mean flow 0 f 
233 ML/d, added less total phosphorus (mean 8.5 Kg total 
P/d) to the Hawkesbury River. The larger sewage-treaunent 
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works, Penrith, St Marys and Quakers Hill, added corres
pondingly greater quantities of nitrogen and ~hosphorus 
nutrients to the system. Their mean loads were 199, 745 
and 5H5 kg total N/d and 81.2, 157 and 95.2 kg total P/d 
respectively. 

The loads of nitrogen and phosphorus nutrients transported 
by the river increased downstream of all sewage-treatment 
works, and then rapidly decreased in the assimilation zones. 
The only e~ception to this pattern occurred immediately 
upstream of Mount Hunter Rivulet Weir, where total nitrogen 
loads increased. As discussed in section 4.1.2, groundwater 
contaminated by agricultural practices may have been the 
cause of this increase. 

The variable assimilation of nutrients in the tributaries 
(high in Cattai Creek, low in South and Eastern Creeks), 
where flows were predominantly treated sewage effluents, 
is discussed in section 4.2. 

In summary, point sources of nutrients markedly increased 
the loads of nutrients transported by the river. These 
loads were then reduced in the assimilation zones. 

4.1. 4 Chlorophyll a and Aquatic Plants 

Chlorophyll a is one of the ~hotosynthetic pigments found 
in all green-plants and its concentration is commonly used 
as an indicator of the quantity of phytoplankton* in water. 
Chlorophyll a cannot easily be related directly to cell 
numbers or total cell volume, because of variations with 
species, stage of cell development, cell size and other 
factors. The chlorophyll a concentration in water is, 
however, an empirically useful index which has been widely 
used to estimate distribution patterns or relative densities 
of phytoplankton. 

The major deleterious effects of high densities of phyto
plankton in rivers can be summarised as; 

Increased diurnal fluctuations in dissolved oxygen 
concentrations. These increased fluctuations may 
~roduce physiological stress in some aquatic organisms 

Changes in aquatic flora and fauna (including fish) 
inhabiting affected river sections. The fish remaining 
are those not commonly sought by anglers, and nuisance 
algal types (such as blue/green species) are 
encouraged 

* Phytoplankton are microscopic plants which float or drift 
in the oceans, lakes and other water bodies. Those which 
occupy the illuminated region of the water column convert 
the energy of sunlight into chemical energy, as do green 
plants on land. Phytoplankton form a section of a hetero
genous plant group known as algae. 
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A contribution to the total organic load, with subse
quent discolouration of the waters, production of 
malodours and oxygen demands during decomposition 
processes 

Diminished aesthetic appeal of the rivers, because 
of contributions to particulate colour and turbidity. 
(Diatoms may be olive brown in colour and thus may 
impart a "muddy" appearance to waters) 

Diminished recreational amenity of the rivers, because 
poor water clarity makes waters less safe for pursuits 
such as swimming and diving. 

Clogging of waterways and unsightly accumulations on 
the shorelines. 

Where river water is used as a source of domestic water 
supply, algal growth can cause problems such as blockage of 
filters, unpleasant tastes and odours and additional chlorine 
demands. The only (large scale) domestic water supply 
abstraction within the study area is operated by the MWS&DB 
at North Richmond (section 2.3). 

The mean chlorophyll a concentrations observed in the 
Hawkesbury-Nepean Rivers during the study (Table 4 and 
Figure 13) showed trends similar to those discussed in the 
preceding section for nutrients: increased levels downstream 
of sewage-treatment works discharges and then decreases to 
levels similar to those upstream of the works. The nutrients 
introduced by the discharges supported the observed phyto
plankton growths. Direct correlations between chlorophyll a 
and nutrient concentrations did not always occur, because free
floating angiosperms (such as duckweed) sometimes covered 
water surfaces and prevented light penetration of the water 
column, so phytoplankton densities in the river could be low 
even though plant nutrient concentrations in the river were 
high. The same phenomena have been reported in the freshwater 
section of the Georges River (SPCC 1979). Storms sometimes 
flushed these angiosperms from a river section and enabled 
phytoplankton densities to increase .. Thus, maximum observed 
chlorophyll a concentrations (Table 4) were approximately 
three to five times higher than the mean levels. 

Another feature which complicated interpretation of the 
data was tidal effects. The sampling station at Windsor 
(Station 250, 124.9 km), for example, was affected by point 
source inputs from upstream (the Penrith, North Richmond and 
Blue Mountains STWs) and downstream (South Creek) during 
periods of medium to low river flows. 

Phytoplankton density is influenced by the degree of light 
penetration and the depth of the water column, and the 
observed variations in these two factors and nutrient 
concentrations explain the fluctuations of chlorophyll a 
concentrations measured between 80 and 120 km from Broken 
Bay (section 5 and Figure 13). 
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Table 4 

Chlorophyll a Concentrations Upstream 
of and Witl1in Assimilation Zones 

Chlorophyll ~ (p:]/L) 

Mean 84 16 Maxima 
percentile percentile 

Camden Assimilation Zone 
Macquarie Grove Bridge 10.8 23 6 33 
(u/s S'IW) 

0.6 kIn dis Camden S'IW 4>.2 110 7 155 
-

Sharpes Weir 28.9 46 15 145 
------ -- - ----- --- .-~--

Cobbi tty Weir 10.9 24 4 42 

Mount Hunter Rivulet Weir 15.7 17 9 77 

Wallacia Weir 12.4 15 7 62 

Penrith Assimilation Zone 
Penrith Weir (u/s S'IW) 9.6 24 4 50 

Minima 

2 

5 

8 
---

3 

8 

2 
-----

2 
-------

Lower Ford (dis S'IW) 22.1 40 10 140 

Smith Street 4>.8 40 9 130 

Yarramundi 14.0 29 7 59 
----

South Creek Assimilation Zone 
North Richmond (u/s 8'1"1) 7.0 29 7 88 

- --------- --._-- - -------~---
Station 24> (dis S'IW) 56.7 110 19 4>8 

Station 180 55.1 95 4> 142 

Station 110 17 .0 38 6 96 

A more detailed explanation of observations upstream of and 
within the three assimilation zones is presented below. 

4.1.4.1 Camden Assimilation Zone - Camden to Wallacia 

The Nepean River consists of a series of ponds and riffles 
wnere depth and water velocity determine the dominant 
aquatic plants. During the study abundant growths of 
phytoplankton, free (floating) angiosperms, attached algae 
(periphyton) and attached angiosperms were observed in the 
Nepean River from Camden to Cobbitty Weir. 

6 

6 

4 

5 

10 

11 

3 
-
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Chlorophyll a concentrations at Macquarie Grove Dridge, 
upstream of the sewage-treatment works, were signifi
cantly lower (as tested non parametrically at the 1 per 
cent level of significance) than levels observ~d between 
the sewage-treatment works and Sharpes Weir. In spite of 
the intensive agricultural and increasing urban uses of 
land upstream of /1acquarie Grove bridge, which would 
act as diffuse sources of nutrients, the concentrations 
of chlorophyll a (and nutrients) at this station were 

. generally low. 

Occasional heavy growths of aquatic plants occurred upstream 
of the point source of discharge at the Cmnden sewage
treatment works. Such growths were exemplified by the 
maximum chlorophyll a concentration of 33 rg/L measured at 
Macquarie Grove bridge on 31 January 1979. Such levels are 
not uncommon in many low-flowing Australian creeks and 
rivers, especially during dry swruner periods. However, 
downstream of the sewage-treamtent works, nuisance growths 
of aquatic plants occurred (with the maximum chlorophyll a 
level being 155 pg/L) during both summer and winter condi=
tions. When Scenedesmus and Chlorella were present they 
usually dominated the phytoplankton crop. Euglena and 
Trachelomonas were usually present and sometimes dominated 
the phytoplankton crop. A listing of the aquatic plants 
observed in the study area is included in Appendix 4. 

During the study, the surface-growing angiosperm common 
duckweed (Lemna minor) was observed substantially covering 
the water surface in areas of the river between the Ccunden 
STW and Sharpes Heir, a distance of 3.1 km (Plate 1). During 
the same period, little growth of this plant was observed 
upstream of Macquarie Grove Bridge, and only partlal coverage 
was observed for reaches of the river between Sharpes Weir 
and Cobbitty Weir, a distance of 4.4 Km. 

4.1.4.2 Penrith Assimilation Zone - Penrith to Yarramundi 

Downstream of the Penrith \veir, the Nepean River forms a 
series of large ponds (maximum depth 8.0 m) and riffle 
areas. The larger of these ponds resemble, in physical 
dimensions, the Penrith Weir impoundment. 

Chlorophyll a concentrations in this zone (Table 4) were 
similar to diose observed below Camden, both in mean values 
and observed maxima. This occurred because, as explained 
above, the light available for phytoplankton growth was 
often limited by the presence of Azolla and duckweed. In 
the absence of these surface covers, chlorophyll a concen
trations of up to 140 pg/L were measured. By contrast, 
during the two years of the study the maxlmum chlorophyll a 
concentration observed in the (upstream) waters impounded 
by Penrith Weir was 50 pg/L. 
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The phytoplankton crop usually contained Hydrodictyon, 
Hyalotheca, Scenedesmus, Melosira, Euglena and pennate 
diatoms. A l~sting of the aquatic plants commonly 
observed in this zone during the study is included in 
Appendix 4. 

Common duckweed and the ferns Pacific Azolla (Azolla 
filiculoides) and Ferny Azolla (Azolla pinnata) frequently 
formed extensive surface covers from Boundary CreeK (the 
dischar'.:Je point for the Penrith STW) to Yarramundi (Plates 2 
and 3). Surface mats formed with attached algae (particu
larly Hydrodictyon) near river banks and backwaters. 
Excess~ve growths of surface-growing angiosperms were never 
observed upstream of Penrith ",reir, although these waters d~d 
support significant growths of rooted aquatic plants ~n 
shallow a rea s . 

Downstream of the outfall, as in the Camden zone, floating 
and attached plants caused much complaint during the study 
period from the public and from local 90vernment authorities. 

In the years prior to the study period, aquatic macrophytes 
usually grew in nuisance proportions in the Camden and 
Penrith zones from November to February. During late 
February and March they were usually flushed from the 
assimilation zone to downstream r~ver reg~ons, and phyto
plankton would then replace them as the dom~nant plant crop 
until the next spring and summer grow~n':1 season. During th,e 
study period, however, the macrophytes were not flushed froJll 
the river system and they dominated the plant crop of the 
river for extensive periods even under winter cond~t~oris. 
This increased their nuisance value and the extent of 
complaints. 

4.1.4.3 South Creek Assimilation Zone - North Richmond 
to Broken Bay 

This section of the river is tidal, with both freshwater and 
saline sections (section 2.6.4). Phytoplankton were the 
dominant aquatic plants, although a,!uatic angiosperms were 
found in shallow waters near the banks in freshwater sections. 
The angiosperms observed included Ri.bbon Heed (Vallisneria 
spiralis) and Water Thyme (Hydrilla venticillata), and these 
.plants generally supported abundant growths of epiphytic 
algae. 

The presence of attached aquatic plants was limited because 
the depth of the river was greater than the. depth of l~'Jht 
penetration (the euphotic zone) except near the banKs. 
Surface-growing angiosperms, common in the upper reaches, 
were not favoured in the open waters, where wind and t~des 
cause surface turbulence. Salinity also limited the growth 
of these aquatic plant types in the lower estuary. 



PLATE 1 

Surface cover of Common Duckweed (Lemna minor) in the Nepean 
River at Camden, on the ponded section formed by Sharpes Weir 

(214.7 km from Broken Bay) 

PLATE 2 

Surface cover of Duckweed, Azolla and Hydrodictyon in the Nepean 
River at Penrith, between Boundary Creek and Jacksons Lane 

161.3 - 156.3 km from Broken Bay) 



PLATE 3 

Surface cover of Duckweed, Azolla and Hydrodictyon in the Nepean 
River at Penrith, between Jacksons Lane and Yarramundi 

(156.3 - 142.0 km from Broken Bay) 

PLATE 4 

Algal bloom of Microcystis in the Hawkesbury River at Windsor 
(124.9 km from Broken Bay) 
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Large crops of phytoplankton grew within the tidal assimila
tion zone (Table 4). In waters between the South Creek 
confluence and the Colo River, mean chlorophyll a concentra
tions were typically 40 to 70 pg/L. Only downstream of 
Station 110 (downstream of the Colo River confluence) were 
maximum chlorophyll a concentrations lower than 100 pg/L 
(Table 4). . 

In the section between the South Creek confluence and 
the Colo River the river was so affected by phytoplankton 
growth that many complaints were received during the study 
period fro~ users of the river and from local government 
authorities regarding the river's appearance and, in 
some instances, the waters' taste.and odour. 

Marine diatoms (including Chaetoceros, Thalassiosira, 
Skeletonema and Rhizosolenia) dominated the phytoplankton 
assemblage from Broken Bay upstream to the Colo River 
(70 km from Broken Bay). 

Betwe.en the Colo River (70 km) and Cattai Creek (110 km) 
mixed communities of Chlorophyceae (green algae), Bacillar
iophyceae (diatoms) and Myophyceae (blue green algae) 
occurred, although the blue green algae Microcystis was 
usually dominant. 

From Cattai Creek (110 km) to Richmond (140 km) diatoms 
tended to dominate, particularly Asterionella, Cosinodiscus, 
Cyclotella and Melosira. Asterionella formed almost 
unicultures in very turbid waters after rains. Microcystis 
(Plate 4) was common and at times the dominant species. 
This often resembled streaky green dye in the water and 
usually occurred in summer when freshwater inflow was low 
and dissolved salt concentrations (measured by conductivity) 
were elevated. Of the green algae, Actinastrum, Mougeota, 
Dictyosphaerum and Pediastrum were commonly observed. 
In this region, algae from the division Euglenophyta were ~ 
also observed, including Euglena, Phacus' and Trachelomonas. 

The change in general dominance from greens/blue-greens in 
the Colo River to Cattai Creek section to diatoms in the 
Cattai Creek to Richmond section was most likely due to an 
increase in water turbulence between the two regions. 
Diatoms require high turbulence to maintain their presence 
in the euphotic zone and are therefore favoured by these 
conditions. By comparison, species of green and blue-green 
algae, which have the ability to move vertically in the 
euphotic zone, are favoured in quieter waters (Bowles 1980). 

The average depth decreased from 5.4 m in the lower Colo 
River to Cattai Creek section to 3.9 m in the upper Cattai 
Creek to Richmond section, while the average cross-sectional 
area decreased from 760 to 440 m2 . The significant 
difference between mean turbidity below Cattai Creek 
(10.2 NTU at Station 190) and mean turbidity above Cattai 
Creek (18.3 NTU at Station 220) confirmed that an increase 
in tidal turbulence occurred as one moved from the lower to 
the upper section, favouring the change from green/blue-green 
to diatom dominance. 
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The algae which were commonly observed within the estuary 
are listed in Appendix, 4. 

4.1.5 Non-Filtrable Residue 

Suspended solids or non-filtrable residue concentrations 
were elevated downstream of point sources of discharge, 
particularly downstream of the Penrith sewage-treatment 
works outfall and the South Creek confluence (Figure 13). 
Table 5 shows that there was also an increase in the mean 
loads of non-filtrable residue downstream of the major 
point sources of plant nutrients. Suspended solids in 
effluents from the point sources did not fully account for 
the increased downstream loads below the Penrith STW and 
South Creek. Part of the difference was also due to phyto
plankton, whose growth was stimulated by the plant nutrients 
added by the point sources. 

Figure 13 shows the contribution of live phytoplankton to 
the observed non-filtrable residue concentrations in the 
Hawkesbury River system, this contribution being estimated 
from the determination of chlorophyll a concentration as 1 
per cent of dry algal mass. Live phytoplankton contributed 
most to non-filtrable residue concentrations in the 80 to 
110 km section of the river during the course of the study. 
Non-filtrable residue would also have been contributed by 
dead phytoplankton from previous primary production; this 
material would readily have been kept in suspension by 
stream flow, tidal turbulence and other instream distur
bances such as sand-extraction activities. 

An indication of the total (live and dead) phytoplankton 
contribution may be obtained from volatile suspended solids 
determinations conducted on samples from Stations 150 (89.0 
km, Cumberland Reach), 220 (117.6 km, York Reach) and 240 
(122.U km, Wilberforce Reach) (Table 6). These determin
ations showed that 37 to 57 per cent of the non-filtrable 
residue was organic and readily volatilised (lowest mean 
figures were obtained for samples containing predominantly 
diatoms; see Appendix 4). Since up to 50 per cent or 
more of the mass of phytoplankton may be inorganic and 
non-volatile, with higher relative proportions occurring for 
diatoms which have silicon skeletons (Vollenweider 1974), 
the volatile suspended solids proportions of 37 to 57 per 
cent obtained in this study imply that the proportion of 
non-filtrable residue due to phytoplankton would have been 
greater than 50 per cent. 

Between 1971 and 1977, effluent-discharge controls have been 
applied progressively to sand and gravel extraction opera
tions in the Hawkesbury River system. This programme has 
been effective in reducing suspended solids or non-filtrable 
residue loads discharged to the river system from these 
sources. However, the expected improvement in river-water 
quality has not always occurred, because reduced water 
turbidity has increased light penetration of the water 
column and enabled rapid phytoplankton growth to occur. 
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Table 5 

Non-Filtrable Residue Loads fram Point Sources and Loads 
in the Hawkesbury-Nepean River 

Station/point source 
description (Distance 

fram Broken Bay) 

Macquarie Grave bridge 

Mean upstream 
load 

(kg/d) 

(217.8 km) 36.8 

camden sewage-treatment 
YoDrks (217.7 km) - I 

i 
Sharpes Weir (214.7 km) - I 
Penrith Weir (161.3 km) 400 

I 
Penri th sewage-treatment 

YoDrks (161.0 km) -
l.o.I1er Ford, Jacksons 

Lane (156.3 km) -
North Richrrond 

(138.2 km) 1763 

South Creek (123.8 km) -

Wilberforce Reach 
(122.0 km) -

Table 6 

Mean point source 
load 

(kg/d) 

12.5 

-
-

130 

-

-
893 

-

I 
I 

IUNnstream 
load 

(kg/d) 

-

43.1 

-

-

897 

-
-

6061 

Percentage of Volatile Suspended Solids in 
Non-Filtrable Residue, Upper Estuarine 

Section, Hawkesbury River 

Station % VSS General 
(Distance from No. of phytoplankton 

Broken Bay) observations Mean SD dominance 

150 (89.0 km) 7 57 15 Greens/blue 
(Cumberland greens 
Reach) 

220 (117.6 km) 7 37 6 Diatoms 
(York Reach) 

240 (120.0 km) 7 40 23 Diatoms 
(Wilberforce 
Reach) 
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Diatoms may be olive-brown in colour and may impart a 
"muddy" appearance to waters, so phytoplankton growths are 
sometimes erroneously identified as wastewaters arising from 
sandmining operations. 

There were a number of occasions during the two-year study 
period when flows in South Creek were elevated due to local 
storms but the freshwater flows entering the Hawkesbury 
River from other sources were quite low. On these occasions, 
increasing loads of non-filtrable residue discharged to the 
Hawkesbury estuary elevated non-filtrable residue concentra
tions downstream of South Creek. For example, on 7 February 
1980, 43 840 kg of non-filtrable residue was discharged to 
the Hawkesbury River by South and Eastern Creeks, resulting 
in a non-filtrable residue concentration of 116 mg/L at 
the confluence. These solids settled rapidly. 

4.1. 6 Storm Effects 

In dry weather, South and Eastern Creeks acted as temporary 
storages for the nutrient loads discharged from the sewage
treatment works at St Marys, Quakers Hills and Windsor. 
Suspended materials, either those discharged or those 
resulting from algae growing as a result of nutrient-assimi
lation processes, settled out and were retained in ~arge 
pools along these creeks under very low dissolved oxygen or 
anaerobic conditions. Nutrient loads were mostly in soluble 
forms" with most nitrogen nutrients being present as ammonia 
(section 4.2). 

Small, localised storms sometimes caused increased flows in 
South and Eastern Creeks and flushing of the pools along 
their courses. Table 7 shows the variations that occurred 
in the water quality of the Hawkesbury River upstream (at 
North Richmond) and downstream (at Station 220) of the South 
Creek junction before and after rainfall. After storm 
flushing of South Creek, BODS' NFR and nutrient concentra
tions all increased downstream of South Creek but not 
upstream. These parameters exceeded 84 percentile values 
for Station.220 (Appendix 2) in most cases. Dissolved 
oxygen concentrations in the mainstream on these occasions 
were depressed to as low as 16 per cent of saturation, due 
to the elevated biochemical oxygen demands in the river. 
Relatively smaller changes in water quality occurred 
at North Richmond as a result of these storms. 

The changes in total phosphorus concentrations after a storm 
which resulted in 44 mm of rain at Penrith (measured at 
Penrith Post Office) between 2 February 1980 and S February 
1980 (30 mm falling on 5 February) are shown in Figure 14. 
Water sampling took place on 6 February, 12 February and 25 
February 1980. Total phosphorus concentrations determined 
on 26 February were typical of dry-weather values measured 
during the overall study. Figure 14 shows there was little 
difference between the concentrations of phosphorus measured 
on 6 February and 26 Feburary for the portion of the river 
between Penrith and North Richmond. 



Table 7 

Effects of Stonn Flushing on water Q.Iality of the HawkesJ:ury River within 10 kIn of the South Creek Confluen:::e 

Date of survey(a) TOtal rainfall in 
ten days prior to 

survey (mm) 

16.1.79 Nil 
Before rain 

31.1. 79 26 
(After rain) (15 mm rain 7 days 

prior, and 5 mm 5 days 
prior) 

7.11.79 5.6 
(Before rain) (5 mm, 1 day prior) 

27.11.79 46.2 
(After rain) (38 mm 4 days prior) 

8.1.80 65.2 
(After rain) (30 mm, 1 day prior) 

6.2.80 44.1 
(After rain) (30 mm, 1 day prior) 

12.2.80 32.7 
(After rain) (30 mm, 7 days prior) 

16.4.80 Nil 
(Before rain) 

7.5.80 36.6 
(After rain) (16.2 mm 7 days 

prior, 10.2 mm 6 days 
prior, and 6.0 mm 5 
days prior) 

1. 7.80 1.4 
(Before rain) 

29.7.80 34.4 
(After rain) (10 mm 3 days prior, 

and 18 mm 4 days 
prior) 

water quality at Station 280, 
N:>rth Ridmond (m;r/L) 

Total N ~-N Total P OODs NFR. 

0.51 <0.01 0.02 2 <5 

0.45 0.01 0.03 1 7 

0.50 0.03 0.09 1 <5 

0.32 0.05 0.07 <2 6 

0.66 <0.01 0.06 <1 7 

0.86 0.03 0.04 <1 <5 

- Not Sanpled -

0.57 0.02 0.06 <1.0 7 

0.86 0.03 0.16 <1.0 10 

0.60 0.03 0.06 NA 17 

1.3 <0.02 0.09 NA 20 

(a) Rainfall - measured at Penrith Post Office 
(b) NA - N:>t analysed 

water Olality at Station 220 
(m;r/L) 

00(% Sat) 
Total N Nai-N Total P OODs NFR 0.5 m c'lepth 

1.1 0.01 0.10 2.5 15 120 

2.7 0.79 0.21 5 17 III 

3.3 1.1 0.60 5 41 100 

8.5 4.5 1.4 8 26 90 

6.5 3.1 1.2 12 21 74 

3.3 1 0.44 10 38 85 

5.0 NA(b) 0.88 NA 70 25 

2.3 0.03 0.25 3 15 139 

8.5 5.4 1.8 17 52 16 

, 

3.7 2.2 0.43 5 14 69 

6.8 5.5 0.94 10 20 119 

U1 
o 
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However, there was a large difference between phosphorus 
concentrations measured on these days at Stations 245, 240, 
230 and 220. Figure 14 shows that the rainfall caused 
total phosphorus concentrations downstream of the South 
Creek confluence to peak at 1.4 mg/L at Station 245 on 
6 February. by 12 February, the phosphorus concentration 
measured at Station 220 (0.88 mg/L) was twice the concen
tration measured at that station on 6 February, indicating 
that the high phosphorus concentrations introduced by the 
flushing of South Creek were being transported downstream. 
By 26 February, phosphorus concentrations downstream of the 
South Creek confluence were again typical of the mean values 
observed during the dry-weather study (Appendix 2). 

The changes in total nitrogen concentrations along the river 
(from Penrith Weir downstream) followed the same general 
pattern. Lesser storms would have less effect on the 
mainstream because of lesser flushing of the creeks. 

The impact of diffuse sources under varying flow conditions 
is considered further in Appendix 5. 

4.1.7 Dissolved Oxygen 

Dissolved oxygen concentrations were regularly measured in 
the estuarine section of the river, but in the non-tidal 
sections they were measured only in association with inten
sive productivity studies. 

In the assimilation zones downstream of the effluent outfalls 
there were depressed levels of dissolved oxygen in backwaters 
and pond waters overgrown with floating aquatic plants or 
above sediments. Significant covers of floating aquatic 
plants impede the reaeration of still waters and, as the 
oxygen demand of diluted wastewaters continues to be exerted, 
these waters are rapidly deoxygenated. Increased oxygen 
demands also arise from rotting aquatic vegetation. 

Dissolved oxygen concentrations in surface (0.5 m) waters 
within the estuary during the low-flow study period are 
shown in Figure 15. 

Dissolved oxygen levels: 

Varied widely in the vicinity of the South Creek 
confluence, ie, from Windsor (124.9 km) downstream 
to Station 220 (117.6 km) 

Were generally higher and varied less with increasing 
distance downstream from the South Creek confluence 

Varied little from Station 110 (68.5 km) to the mouth 
of the estuary. 

The large range of dissolved oxygen levels found in waters 
from Station 210 to Station 150 arose because these waters 
generally supported large phytoplankton crops, and high or 
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low results could be encountered depending on the crop size, 
respiration, decay and photosynthesis balance at the time 
of sampling. Between Stations 210-220 (114-118 km) and the 
South Creek confluence, low dissolved oxygen levels (minimum 
16 per cent of saturation) were caused by the oxygen demands 
of carbonaceous and nitrogeneous wastes discharged into the 
South Creek syst.em by the large sewage-treatment works 
within this catchment. This oxygen demand was greatest 
after storms (section 4.1.6), when classical dissolved 
oxygen sags developed in the mainstream, with low (less than 
20 per cent of saturation) dissolved oxygen concentrations 
occurring near Station 220. 

4.2 Tributaries 

Water-quality data for the main tributaries are summarised 
in Appendix 2. 

Mean nutrient concentrations in the Grose, Colo and MacDonald 
Rivers and Mangrove Creek were similar and low (total 
nitrogen 0.281, 0.215, 0.420 and 0.280 mg/L respectively; 
total phosphorus 0.030, 0.035, 0.030 and 0.020 mg/L respec
tively). Even though the Grose River and its tributaries 
receive effluent discharges from a number of sewage-treatment 
works (Hazelbrook, Wentworth Falls, North Katoomba and 
Blackheath), the long times of river travel between these 
sources and Yarramundi (the confluence with the Hawkesbury) 
were sufficient to ensure assimilation of the nutrient loads 
from these works. 

The waters of the Grose and Colo Rivers were usually clear, 
with mean turbidities of 2.9 and 3.7 NTU respectively. The 
waters of the MacDonald and Warragamba Rivers and Mangrove 
Creek were more turbid, with mean turbidities of 11.8, 6.4 
and 7.6 NTU respectively. This may have reflected the 
impact of agricultural activity along the MacDonald River 
and the effects of the discharge from the Warragamba village 
sewage-treatment works on the Warragamba River. The waters 
of Mangrove Creek were affected by construction activity at 
the site of the Mangrove Creek dam. 

The waters of the Warragamba River contained more variable 
concentrations of totai nitrogen and total phosphorus 
(16-84 percentiles total nitrogen 0.56-1.1 mg/L, total 
phosphorus 0.06-0.12 mg/L) than the waters of the Grose, 
Colo and MacDonald Rivers. The flow-measurement and water
quality sampling station on the Warragamba River was located 
downstream of the sewage-treatment works, and the flow of 
the river was highly variable (mean flow 21 ML/d, range zero 

.to 172 ML/d), so variable assimilation of nutrients would. 
have occurred upstream of the sampling station. 

In South, Eastern, Fitzgeralds and cattai Creeks 61, 69, 56 
and 70 per cent respectively of the mean dry-weather flows 
measured at the non-tidal sampling stations consisted of 
treated sewage effluents from treatment works located within 
the catchments of these creeks. 
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Despite the high proportion of sewage effluent in the waters 
of Cattai Creek, this creek contained, in comparison with 
the other creeks mentioned above, relatively low concentra
tions of nutrients (mean total nitrogen 1.23 mg/L, mean 
total phosphorus 0.123 mg/L), indicating a high degree bf 
assimilation (92 per cent of the mean total nitrogen and 97 
per cent of the mean total phosphorus) between the sampling 
station (Cattai Ridge Road) and the Castle Hill sewage
treatment works, a distance of 24 kilometres. 

The waters of Fitzgeralds Creek contained relatively high 
concentrations of nutrients (mean total nitrogen 3.7 mg/L, 
mean total phosphorus 1.7 mg/L), although more than 65 per 
cent of the" total nitrogen and total phosphorus loads 
discharged from the sewage-treatment works within its 
catchment were assimilated in the creek. 

The waters of South and Eastern Creeks, at Richmond Road 
and Garfield Road bridges respectively (11.5 and 8.0 km 
downstream of STWs), contained high concentrations of 
nutrients (mean total nitrogen 16.4 and 21.2 mg/L, mean 
total phosphorus 4.3 and 4.3 mg/L, respectively). Further, 
70 and 84 per cent respectively of the total nitrogen- was 
present in the ammonia form and 80 per cent of the total 
phosphorus was present as orthophosphate, so both creeks 
contained high concentrations of soluble nutrients readily 
available for plant growth. Despite this, and despite the 
average times of travel shown by dye tracer studies for 
effluents to reach the Richmond Road station (4.6 days) and 
Garfield Road station (4.3 days) from the St Marys and 
Quakers Hill sewage-treatment works (Table 8), mean 
chlorophyll a concentrations were only 14 and 11 mg/L 
respectively~ Factors such as high turbidity and the 
effects of low dissolved oxygen concentrations and high 
ammonia concentrations (Abeliovich 1980, Hart 1974, Ip et al 
1981) may have inhibited phytoplankton growth (see section 
5.1.3). 

From Figure 12, it may be seen that only 28 and 34 per cent 
of the mean total nitrogen loads and 11 and 17 per cent of 
the mean total phosphorus loads discharged from the St Marys 
and Quakers Hill STWs into South and Eastern Creeks, 
respectively, were assimilated along the creek courses 
between the works and the downstream water-quality stati~ns 
at Richmond Road and Garfield Road. For similar retention 
times in the Nepean River downstream of the Camden and 
Penrith STWs, higher proportions of the total nitrogen and 
total phosphorus loads were assimilated (section 5). For 
example, after five days' detention in the Nepean River 
downstream of the Camden STW, approximately 40 per cent of 
the total phosphorus discharged from these works had been 
assimilated. The ability of South and Eastern Creeks to 
assimilate similar proportions of increased nitrogen and 
phosphorus loads in future years is not known. 

During January 1979 to January 1981 the flows in the South 
and Eastern Creeks upstream of the discharges from the 
sewage-treatment works were small and provided little 
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dilution of treated wastes. However, groundwater seepage 
and runoff to both creeks upstream of the Richmond Road and 
Garfield Road water-quality stations provided effluent 
dilutions of approximately 30 per cent. 

The greater de~ree of nutrient assimilation in Cattai Creek 
in comparison with South and Eastern Creeks may have been 
due to increased nitrification of the Castle Hill STW 
effluent (see below) and greater effluent-retention times 
in Cattai Creek. Future increases in loads of similar
quality effluent could result in reduced assimilation of 
nutrients in Cattai Creek because they would decrease 
effluent-retention times in the creek. 

Table 8 

"Time of Travel" of Effluents in the South Creek 
System Under Mean Flows in 1980 

I Length of 
travel(b) Point sources(a) Section of creek section Time of 

watercourse (km) 

St Marys sn, St Marys STW to 
Richmond Road 11.5 
bridge 

St Marys STW Richmond Road 
bridge to the 
confluence of 5.7 
South and 
Eastern Creeks 

_. 
St. Marys, Confluence of 
Quakers Hill, South and 
Riverstone and Eastern Creeks 8.1 
Windsor STWs to Hawkesbury 

River 

Quakers Hill Quakers Hill 
ST~, STW to 8.0 

Garfield Road 

Quakers Hill Garfield Road 
and Riverstone to confluence 7.8 
STWs of South and 

Eastern Creeks 
I 

(a) Point source flows: St. Marys 
Quakers Hill 
Riverstone 
Windsor 

ADWF 
ADWF 
ADWF 
ADWF 

(1980) 
(1980) 
(1980) 
(1980) 

(days) 

4.6 

9.5 

9.6 

4.3 . 

12.4 

20.2 ML/d 
12.6 ML/d 

Nil 
1.1 ML/d 

(b) For average South Creek flow (33.1 ML/d at Richmond Road 
bridge) arid average Eastern Creek flow (18.3 ML/d at 
Garfield Road bridge). 

--

--
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South Creek and Eastern Creeks were turbid, with mean 
turbidities of 25.9 and 18.6 NTU respectively, and contained 
elevated concentrations of biodegradable organic matter 
(mean BODS 7.9 and 10.6 mg/L) and non-filtrable residue 
(mean NFR 18.6 and 13.3 mg/L). 

4.3 Algal Growth Potential 

As discussed in section 3.6, receiving water samples were 
incubated with additions of nitrogen, phosphorus and micro
nutrient solutions. Samples from all the selected sites 
were stimulated by additions of nitrogen alone or nitrogen 
and phosphorus (Table 9). Samples from Penrith Weir (161 
km) to Windsor (122 km) were also stimulated by the addition 
of micronutrient solution, showing that in bioassay tests of 
these waters full utilisation of nitrogen and phosphorus 
may not have occurred. 

The ratio of nitrogen to phosphorus required for balanced 
algal growth may vary. For Japanese lakes, Sakamoto (1966) 
found the ratio to be in the range of 9 to 17. Above this 
range, phosphorus was the nutrient limiting algal growth; 
below this range, nitrogen limited growth. In the present 
study, the bioassay results and the ratios of total nitrogen 
to total phosphorus concentrations in the river waters 
(Table 9 and Figure 16) show that (with one exception) the 
Hawkesbury-Nepean River system was nitrogen-limited or 
balanced with regard to aquatic plant growth. These results 
are not unexpected, because secondary-treated sewage effluent 
commonly has a nitrogen to phosphorus ratio of approximately 
3 to 6, and, as shown in section 4.1, these effluents 
determine dry-weather nutrient concentrations in the 
Hawkesbury-Nepean River system between Camden and the Colo 
River. In addition, brackish and marine waters such as 
those downstream of the Colo River are usually nitrogen
limited. 

When treated effluents from the major sewage-treatment works 
discharging to the river system were added in increasing 
proportions to samples of river water taken from upstream 
of the outfalls at Camden and Penrith, phytoplankton growth 
(measured as chlorophyll a and non-filtrable residue) was 
increasingly stimulated (Table 10 and Figure 17). At 1:1 
ratios of effluent to receiving water, for which toxicity 
effects were unlikely, approximate maximum standing crops of 
phytoplankton (as measured by chlorophyll a) were 4 000, 
3 500 and 3 500 pg/L for effluents from the Camden works, the 
Penrith works and the St Marys and Quakers Hill works 
respectively (Figure 17). 

Bioassays were also conducted using secondary and tertiary 
treated effluents with reduced nitrogen and phosphorus 
concentrations. The Kellyville STW, which utilises a 
Pasveer Channel, produces an effluent with a reduced nitrogen 
concentration, while more than 90 per cent of the phosphorus 



Table 9 

Phytoplankton Growth Responses After Nutrient Additions to Hawkesbury-Nepean River Samples 

Distance River water Growth response(b) (pg/L chlorophyll ~) 
fran Broken Region 

Bay Total Total 
(kIn) nitrogen Phosphorus Ratio 

(pg NIL) (pg P/L) NIP 

Hawkesbury estuary 5.5 50 30 1.7 
(saline section) 26.1 140 50 2.8 

43.5 320 40 8.0 
58.5 550 (20) (c) (27.5) (c) 
68.5 840 80 10.5 

Hawkesbury estuary 122.0 1620 290 5.6 
(freshwater section) 129.0 630 110 5.7 

Nepean River 142.0 490 190 2.6 
(Penrith region) 150.7 960 290 3.3 

156.3 1600 550 2.9 
158.3 2600 690 3.8 
161.3 160 30 5.3 

Nepean River 214.7 620 60 10.2 
(Carrden region) 216.8 3400 770 4.4 

217.8 370 (20) (c) (18.5) (c) 
--_._--

(a) C Control; no nutrient addition 
N Nitrogen addition to 2 mg NIL in final test solution 
P Phosphorus addition to 1 mg PIL in final test solution 

C(a) N(a) pta) M(a) N+p(a) N+M(a) 

3 45 14 
14 300 20 
22 200 400 
52 240 30 
60 200 68 

600 1600 210 1000 
48 66 37 78 

30 257 30 48 
38 285 20 58 

412 908 318 667 
528 990 363 576 

9 11 9 12 

83 170 100 70 
750 920 750 733 

59 218 90 70 

M Micronutrient addition (0.1 mL stock solution per 100 mL sample, as recommended by EPA (1971)) 
(b) Single sample 
(c) Phosphorus at limit of detection; thus, poor accuracy in ratio 
(d) Balanced means stimulated both by nitrogen and phosphorus 
(e) Result in doubt because of low growth response; requires dual nutrient testing as for samples 

fran saline section of estuary. 

p+M(a) 

9 
16 
80 

164 
90 

Nutrient 
stimulating 

growth 

Nitrogen 
Nitrogen 
Balanced (d) 
Phosphorus 
Balanced 

Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Ni trogen ( e ) 

Balanced 
Nitrogen 
Balanced 

U1 
0:0 
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Table 10 

Algal Bioassay Maximum Standing Crops 
, 

Non-filtrable residue 
Percentage (mg/L) 

Receiving Effluent effluent in 
Water test solution Range of 

Hean 3 samples 

Nepean River Carrden S'IW 10 87 64 - 111 
upstream of 25 174 159 - 2UO 
Camden 50 353 340 - 360 

Nepean River Penrith S'lW 5 25 16 - 32 
upstream of 10 33 21 - 41 
penrith 20 33 26 - 39 

40 73 71- 77 
60 H2 105 - 120 

Nepean River Castle Hill 20 117 92 - 152 
at Carrden S'I"v~ 40 205 168 - 252 

60 312 264 - 340 
80 307 272 - 372 

Kellyville S'lW 40 131 112 - 162 
60 191 182 - 202 

Nepean River Castle Hill 20 97 70 - 148 
at Carrden S'IW 40 179 164 - 188 

60 263 244 - 280 
80 261 180 - 308 

Castle Hill 20 102 80 - 124 
srw after 40 136 120 - 148 
phosphorus 60 127 116 - 140 
removal 80 87 70 - 100 

Table 11 

Nutrient Contents of Dilution Water and 
Effluents Used in Algal Bioassays 

Sample Total nitrogen Total phosphorus 
(fl9/L) (pg/L) 

Nepean River upstream 
of Camden 190 20 

Castle Hill STW 
effluent 22 200 9 600 

Castle Hill STW effluent 
after phosphorus removal 22 200 710 

Kellyville STW effluent 11 350 13 000 
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Relationship between Maximum Standing Crop and Percentage of 
Sewage-Treatment Works Effluent in Hawkesbury-Nepean River 
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in effluent from the Castle Hill STW was precipitated by the 
addition of lime, followed by filtration and pH adjustment 
(Table 11). Effluents with lower nutrient concentrations 
produced maximum standing crops with phytoplankton densities 
approximately 50 per cent of their controls (Table 10 and 
Figure 18). 

Thus, in waters where nutrient concentrations are determined 
by effluents from sewage-treatment works, aquatic plant 
growths should be reduced if nutrient concentrations in 
effluents are significantly reduced. 

Assuming the limiting nutrient in each bioassay involving 
effluents with reduced nutrient concentrations was fully 
utilised, the minimum nutrient requirements for phyto
plankton growth were calculated (Table 12). 

The ratio of the mean of the nitrogen percentage to the mean 
of the phosphorus percentage was 12.7:1, inside the range 
proposed by Sakamoto for balanced algal growth. 

~ 

in 

40~ 

60% 

40~ 

60% 

Table 12 

Nutrient Content of Phytoplankton Grown Under Nitrogen 
and Phosphorus Limiting Conditions (Algal Bioassays) 

STW effluent NIP ratio in ~ nutrient in dry 
test solution test solution phytoplankton 

Kellyville 0.9 3.5 nitrogen 
Kellyville 0.9 3.6 nitrogen 

(Castle Hill - P) 30.0 0.22 phosphorus 
(Castle Hill - P) 31.1 0.34 phosphorus 

Except for low effluent dilutions and for effluents where 90 
per cent of the phosphorus had been removed, the maximum 
standing crop correlated directly with percentage sewage 
effluent additions (Figures 17 and 18) and, therefore, with 
nitrogen concentrations. Changes in nitrogen concentrations 
in the effluents from the Camden, Kellyville and Castle 
Hill sewage-treatment works produced the same phytoplankton 
growth responses, but the effluents from the Penrith works 
and the St Marys and Quakers Hill works produced less phyto
plankton growth (Figure 19). The reduced response for the 
Penrith effluent may have been due to insufficient micro
nutrients for full utilisation of the nitrogen, while in the 
case of the St Marys and Quakers Hill effluent a component 
of the effluent may have been inhibiting phytoplankton growth. 
Schmoeger et al (1974) have demonstrated an inhibiting 
effect on phytoplankton growth in bioassays at 1:1 sewage 
effluent to dilution water ratios. In the algal bioassays 
in the present study, where effluent to dilution water 
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Figure 20 

Relationship between Maximum Standing Crop and Percentage 
of Effluent and Nitrified Effluent in Nepean River water 
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ratios were greater than 1:1 (Figures 17 and 18), inhibition 
was also observed. Since ammonia can have concentrations 
greater than 30 mg/L in sewage effluent and has been reported 
as inhibiting algal growth (Hart 1974, Ip et al 1981), the 
effect of elevated concentrations of ammonia in sewage 
effluent on phytoplankton growth in bioassays was examined. 

Effluent from the Quakers Hill STW was diluted with water 
sampled from the Nepean River upstream of the-Camden STW. 
Figure 20 shows that in bioassays with effluent concentra
tions of more than 30 per cent (ie, more than 11 mg/L 
ammonia), progressive inhibition of algal growth occurred. 
A portion of the same effluent sample was then aerated to 
remove ammonia, and distilled water and potassium nitrate 
were added to the sample to adjust the solution volume and 
total nitrogen concentration to their former values. Final 
ammonia concentrations were only 0.21 mg/L. Using this 
nitrified effluent and the same experimental conditions and 
techniques, inhibition did not occur until the concentration 
of effluent was greater than 70 per cent (Figure 20). At 
effluent concentrations greater than 70 per cent, components 
other than those oxidised or removed by aeration caused 
phytoplankton growth inhibition. Since the major component 
removed by aeration was ammonia, there was a broad relation
ship between ammonia concentration and inhibition, at con
centrations of 10 mg/L or more, for effluent concentrations 
of up to 70 per cent in receiving water. 

Further investigation is required, however, to determine the 
toxicity of ammonia in comparison with other toxicants 
possibly affected by the aeration process. 

As discussed in section 4.2, the dependence of nutrient 
assimilation in the Hawkesbury-Nepean River system on -
phytoplankton and attached aquatic plant growth is well 
illustrated by a comparison of the degree of assimilation 
observed in Cattai Creek and South and Eastern Creeks. 
Cattai Creek, 70 per cent of whose dry-weather flow was 
nitrified effluent from the Castle Hill sewage-treatment 
works (1.15 mg/L mean ammonia concentration), supported a 
large amount of attached aquatic plants and readily assimi
lated nutrients from the waterway, but South and Eastern 
Creeks, 60-70 per cent of whose flows were derived from the 
St Marys and Quakers Hill sewage-treatment works (20.8 
and 25.4 mg/L mean ammonia concentrations respectively), 
supported less aquatic plant growth and nutrient assimilation 
was low (Table 13) (see also section 5.1.3).· 
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Table 13 

Assimilation of Nutrients in Tributaries of the Hawkesbury River System 

Percentage Effluent Nutrient loss 
Sewage-treatment effluent in amrronia 

Tributary works dry-weather concentration NitrO;Jen Phosphorus 
p::>int source tributary flow (rng/L) (%) 

SOuth Ck St Marys 61 20.8 28 
Eastern Ck Quakers Hill 69 25.4 34 
Cattai Ck castle Hill 70 1.15 92 

Thus, from the above results and the literature, in cases 
where there is Qnly limited dilution of sewage-treatment 
works effluents, secondary effluents should be aerated or 
nitrified in order to minimise toxicity (or inhibitory) 
effects and to encourage aquatic plant growth in short 
sections of tributaries rather than in extended mainstream 
lengths. 

4.4 Primary Production 

Primary production studies are concerned with "the evaluation 
of the capacity of an ecosystem to build up, at the expense 

(%) 

11 
17 
97 

of external energy, both radiant and chemical, primary organic 
compounds of high chemical potentials for further transforma
tion and flow to higher system levels" (Vollenweider 1969). 

Photosynthesis is one 
an aquatic ecosystem. 
uptake of carbon (C14 
of oxygen. 

of the steps in primary production in 
It can be measured by the rate of 

method) or by the rate of production 

Primary production in the Hawkesbury estuary (Table 14) 
was estimated at three stations between South Creek and the 
Colo River using a "single station diurnal dissolved oxygen 
curve method" after Odum (1956) (Appendix 6). Although 
tidal water movements occurred, chlorophyll a concentrations 
were relatively constant over any tidal cycle, indicating 
that phytoplankton biomass, which determines the magnitude 
of the observed variation in dissolved oxygen, was relatively 
constant. Net daily production of oxygen (Table 14) was 
converted to a measure of the production of organic matter 
assuming a 40-60 per cent carbon content of the organic 
matter (Vollenweider 1969). This production could then be 
compared·with the net production of organic matter calculated 
from observed changes in mean non-filtrable residue concen
trations in the Hawkesbury estuary between South Creek and 
the Colo River. 
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Table 14 

Primary Prcrluction in the Hawkesbury River Estuary 

Distance fran 
Broken Bay (kIn) 

Neares t wa ter-
quali ty Station 

Date 

Gross production 
(mg °2/L.d ) 

Respiration 
(mg 02/L.d) 

Net Production 
(mg 02/L.d) 

Mean hourly chlorophyll ~ 
concentration ± standard 
deviation (pg/L) 

Gross production/ 
cnlorophyll ~ ratio 

Incident 
light (Einsteins/m2.d) 

Net production 
(mg organic matter/L.d) 

I 

I 
I 

i 

I 
I 
i 
I 

I 

117.6 116.6 

220 220 

August 1979 August 1979 

4.78 6.46 

. 
3.80 3.60 

0.98 2.86 

93 94 
±11 ±13 

0.05 0.07 

9.5 9.5 

i 
0.6-0.9 I 1.8-2.7 

105.0 

180 

March 1980 

4.21 

1.92 

2.29 

112 
±12 

0.04 

28.0 

1.4-2.2 

Between Station 220 (117.6 km, York Reach) and Station 180 
(105.0 km, Upper Crescent Reach) the mean time of travel 
was 25 days and mean total nitrogen, total phosphorus and 
non-filtrable residue concentrations decreased by 1.06, 
0.19 and 11.5 mg/L respectively. Simple dilution processes 
cannot explain these observed changes, since there were no 
maJor tributary inputs, so sedimentation processes must have 
been occurring. 

The maximum particulate nutrient contents, 17 per cent for 
nitrogen and 1.6 per cent for phosphorus, were estimated 
from the differences between mean total and soluble nutrient 
concentrations divided by the mean non-filtrable residue for 
the survey period. The minimum particulate nutrient contents, 
3.6 per cent for nitrogen and 0.28 per cent for phosphorus, 
were determined from laboratory algal bioassays' using waters 
sampled from the Nepean River, upstream of the estuary, 
under nitrogen and then phosphorus limiting conditions. The 
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nutrient contents of particles greater than these minimal 
values were considered readily, available for recycling, 
because the particles in ~aters between Station 220 and 180 
were mainly live algae (Figure 13) and, on die-off, would 
have released excess cell nutrients back into the water 
column. 

Using the minimum nutrient contents and the observed changes 
in total nitrogen and total phosphorus concentrations 
between Stations 220 and 180, the loss of organic material 
by sedimentation must have been within the range of 30 to 
68 mg/L. 

This loss must have been equal to the sum of the change in 
the non-filtrable residue concentration (11.5 mg/L during 25 
days' time of travel) and the organic material produced by 
primary production. Primary production was therefore within 
the range 0.8 to 2.3 mg/L.d of non-filtrable residue, which 
compares favourably with the range for primary production of 
non-filtrable residue calculated using the "dissolved oxygen 
diurnal curve method", 0.6 to 2.7 mg/L.d. 

The ratio of gross primary production to biomass is initially 
equal to the light intensity multiplied by a constant 
(Steemann Nielsen 1974, Yentsch 1980). As light intensity 
increases, however, saturation is reached, so that an 
increase in light does not increase production and the ratio 
remains constant. The rate of production is then controlled 
by the rate of enzyme production (Steemann Nielsen 1974). 

Gross production to biomass ratios varied little in compar
ison with light-intensity variations (Table 14), and winter 
light intensities (9.5 Einsteins/m2 .d) were therefore 
equal to or greater than the saturation light intensity. It 
therefore appears that, for most of the year, gross primary 
production in the estuary was not limited by the availability 
of light. 
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5 DEVELOPMENT OF PREDICTIVE MODELS 

In oider to explain variations in the concentrations of the 
plant nutrients nitrogen and phosphorus, relationships 
between nutrient loads and river flows were modelled for the 
three assimilation zones. In the Nepean River, individual 
nutrient loads and river flows at the time of sampling were 
modelled, but in the Hawkesbury River estuary mean nutrient 
loads and mean freshwater inflows were used. 

Figure 21 illustrates Nepean River flows measured on survey 
days at Sharpes Weir and Penrith Weir in the Camden and 
Penrith assimilation zones respectively. Long-term flow 
duration curves for the Nepean River at Wallacia and' 
Penrith are shown in Figure 22a. Except for an initial 
wet-weather period prior to December 1978, river flows 
were mostly less than 30 MLjd at Sharpes Weir and 300 
MLjd at Penrith Weir. This relatively consistent low~ 
flow period was chosen for modelling purposes and, 
unless otherwise stated, all flows and water-quality data 
referred to in this section of this report are for this 
period. The river flows at which the water samples used 
for modelling purposes were collected and their respective 
positions on the flow-duration curve are'illustrated in 
Figure 22b. River flow up to the 56th percentile at Penrith 
and the 51st percentile at Camden were modelled. Thus, even 
though water-quality data were collected under dry-weather 
conditions, the modelling is applicable to at least half of 
all the river flows observed in an average year. 

5.1 Nutrient-Assimilation Models 

5.1.1 Non-Tidal Section 

The rela~ionships observed between total phosphorus and 
total nitrogen concentrations in surveys in the Camden 
and Penrith zones (Figure 23) suggested that similar 
processes could have been involved in the assimilation of 
both nutrients. In both cases, the correlations observed 
were significantly larger than for sections of the river 
upstream of the sewage-treatment works (Appendix 5). 

Mean nutrient concentration and load data (sections 4.1.2 
and 4.1.3) showed that river concentrations and loads 
decreased downstream of sewage-treatment works. Further 
examinations of individual survey data showed that river 
flows affected observed nutrient concentrations and loads. 
Thus, as a preliminary step in formulating a suitable 
assimilation model, the nutrient loads observed at the fixed 
river sampling stations were plotted as a function of the 
inverse of river flow (which is proportional to the time of 
travel from an upstream source). Figure 24 is a typical 
example of the relationship observed between total phosphorus 
loads, in this case as measured at Sharpes Weir, 3.0 km 
downstream of the Camden STW discharge, and the inverse of 
river flow. These relationships suggested that two assimi
lation processes were occurring concurrently. Thus, the 
following nutrient assimilation model was proposed for both 
total nitrogen and total phosphorus loads: 
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Figure 21 

Daily F'low of the Nepean River at Sharpes Weir and Penrith 
Weir, 30 November 1978 - 31 August 1980 
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---- - Wollocio Weir (1930-1975) 

Penrith Weir (1961-1982) 
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FIGURE 22a 

Flow-Duration Curves for the Nepean River at 
Wallacia Weir and Penrith Weir (from MWS&DB data) 
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Flow-Duration Curves for the Nepean River and 
Sampling Events Used in the Kinetic Models 
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Relationship between Total Nitrogen and Total Phosphorus 
Loads in the Camden and Penrith Assimilation Zones 
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Figure 24 

Preliminary Examination of Relationship between Total 
Phosphorus Load and Inverse Flow, Sharpes Weir, Camden 
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w{ t) =,A. Wo e-kl t + (I - A) Woe-k 2t 

t = v/o 

( 1 ) 

( 2 ) 

(3 ) C{t) = w{t)/o 

where W{t){and C{t)) = mean instream nutrient load (kg/d) 
and concentration (mg/L) at a 
location t days' time of travel 
downstream of a discharge 

v 

o 

= constant point-source nutrient load 
(kg/d) 

= fraction of the point-source nutrient 
load destined for assimilation via a 
first-order process with a rate 
constant kl 

= rate constants for first (and second) 
process 

river volume between point source 
and location t days' time of travel 
downstream (ML) 

= river flow (ML/d). 

These equations were used to predict mean nutrient loads ann 
the deviations of individual observations from the mean were 
modelled as random errors. 

For a fixed point on the river, substitution of equation 
(2) into equation (I) gives the following equation, shown 
diagrammatically in Figure 25: 

• • • •• ( 4 ) 

loge W (approximated by two straight 

.......... / slopes I and 2) 

lines of 

Stage I 
I 

1 

(Slope)2 = -Vk
2 

1' .... 1----- Stage 2 

I 
o 

Figure 25 
Predicted Relationship between Nutrient 

Load (W) and River Flow (o) 
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This model represents the assimilation (or progressive 
removal from the water column) of nutrients downstream of 
a point source by two exponential processes (equation (4», 
each of which may be the result of a number of parallel 
processes. Such representations are common in chemical 
kinetics (Frost and Pearson 1961), and Rigler (1973) 
successfully applied a similar model to phosphorus concen
trations in lakes and suggested a physico-chemical basis for 
his model. Simmons and Cheng (1981) also successfully 
applied such a model to the assimilation of phosphorus loads 
in the Nepean River downstream of the Camden STH between 
1976 and 1979 under flow conditions that occur for 70 per 
cent of the time. 

This model can also be derived from a general one~dimensional 
conservation of mass equation for a chemical constituent 
undergoing first order assimilation (O'Connor and Thomann 
1971, Harlemann 1971, Thomann 1972) provided the following 
assumptions hold: 

(il River flow does not promote substantial longitudinal 
dispersion or turbulent mixing. This is the so
called "plug flow~ approximation (Thomann 1972). 

(ii) The river system is at a steady-state or equilibrium 
condition for a given nutrient input and river 
flow. This implies a relatively constant input 
load from the point source and a relatively constant 
river flow during the time of~ravel fro~ the point 
source to the sampling location. 

preliminary examination of the data (of which Figure 24 was 
a typical example) suggested that the above model and assump~ 
tions were generally applicable for the non-tidal section of 
the river. Exact conformity between the data and equation (4) 
was not expected, since the data contain the combined effects 
of all measurement errors and equation (4) contains the assump
tions (i) and (ii). The stochastic formulation applied to 
individual flow and nutrient-load data is described below. 

Wo , the nutrient load discharged to the river at the 
dominant upstream point source, may be treated as a constant, 
since nutrient concentrations in the river showed greater 
variability than nutrient concentrations in the effluents 
monitored. For example, at the Camden STW the ratios of the 
standard deviation to the mean for the total nitrogen and 
total phosphorus loads were 0.48 and 0.49, while downstream 
from the works at Sharpes Weir the corresponding ratios were 
1.07 and 1.14 respectively. 

The effects of varying river flows on observed nutrient 
concentrations at any location along a river downstream 
of a point source are complex. First, an increase in river 
flow will lead to increased dilution of the discharge from 
the point source, thus tending to lower instream concentra
tions (equation (3». Secondly, an increase in flow will 
reduce the time of travel of nutrient loads to the river 
location (equation (2», thus decreasing assimilation and 
tending to increase nutrient concentrations. 
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Mathematical analysis of the relationships defined by 
equations (1), (2) and (3) showed that, for flows suffic
iently low to result in the time of travel exceeding the 
time required for approximately 65 per cent of the point
source nutrient load to be assimilated, an increase in flow 
would cause an increase in mean nutrient concentrations. 
For flows sufficiently high to result in times of travel 
less than that required for 65 per cent assimilation, 
an increase in flow would cause a reduction in nutrient 
concentrations. Thus, the model predicts that, at high 
flows, dilution dominates mean instream nutrient concen
trations and, at low flows, assimilation dominates mean 
nutrient concentrations. 

It is assumed in equation (1) that the mean instream nutrient 
load, W(t), is dominated by the load discharged at an 
upstream point source. However, no assumptions were made 
about the size of the point source, WO ' or its location on 
the river. These quantities were estimated from the data 
and compared with separate measurements as a validation of 
the model and assumptions. 

Figures 24 and 25 show that the progressive assimilation of 
nutrients with time can be approximated as two distinct 
stages: an initial stage where both processes in equation 
(1) have a significant effect, and a second stage after 
virtual completion of the most rapid of the two processes. 
In each stage, the assimilation was approximated by a single 
process with a rate constant of (~kl + (1-~)k2) for stage 1 
and k2 for stage 2. Thus, each survey observation could 
be classified as undergoing stage 1 or stage 2 assimilation 
according to its location in Figure 25. For stage 1 data 
from water samples at location i, the following stochastic 
model was formulated: 

where 

e" " 1J 

= jth sample of nutrient load from location i (kg/d) 

= river volume between point source and location 
i along the river (ML) 

= jth sample of river flow at location i 
(corresponding to hij) (ML/d) 

= independent random error sampled from a normal 
distribution with zero mean and variance ~2 
which was estimated from the data. 

The model for stage 2 data at location i was formulated 
as: 

Both equations (5) and (6) have the common form: 

= intercept - (effective assimilation 
rate x volume) x (l/Qij) + eij ••••• (7) 
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Standard statistical methods (Bibby 1977) were applied to 
the measurement of Wi' and l/Qij to estimate the inter
cepts and slopes in t~e model (7). Thus, the statistical 
analysis provided estimates of (assimilation rate x river 
volume i: i = 1,2, ••. ,n). Substitution of a measured river 
volume at a point source of interest (sayan effluent 
discharge) allowed the assimilation rate to be calculated, 
and this rate then enabled the river volume to'be estimated 
at other locations. These estimates were compared with 
measured volumes to determine whether the estimated location 
of the dominant upstream source, Wo , coincided with the 
point source of interest. Estimation of the point source 
load was simple and direct from the intercept estimates of 
Wo and (1- )Wo' 

Good agreement between the estimated and measured river 
volumes and point source loads at the point of interest 
could be interpreted as indicating the adequacy of the 
model in representing: 

(i) The specified point source as dominating mean 
nutrient loads along the river 

(ii) The processes predominantly governing the assimi
lation of nutrients emanating from the dominant 
upstream point source. 

Specifically, good agreement would vindicate the earlier 
assumptions needed to justify equations (1), (2) and (3). 
Equation (2), especially, would be justified as an estimator 
of the time of travel. 

The relationships between actual nutrient load data and 
model predictions based on equations (5) and (6) are shown 
in Figures 26 to 29. Point-source nutrient loads and river 
volumes estimated from the statistical fit of the mainstream 
load data were compared using the methods described above 
with actual measurements of river volumes and STW effluent
load inputs for the Camden and Penrith zones (Tables 15 
and 16). The agreement between measurements and deductions 
based on the model is very reasonable. 

The results shown in Tables 15 and 16 indicate that in the 
Camden and Penrith assimilation zones the instream loads 
and concentrations of nutrients were governed predominantly 
by the point sources. The lesser effects of non-point 
sources are discussed in Appendix 5. 

Since the Camden and Penrith zone results covered a wide 
range of dry-weather flows, it may be concluded that the 
model provides an adequate representation of nutrient 
assimilation and, given the prevailing river flow, coul'd be 
used to predict the mean nutrient load and concentration at 
any point downstream of a point source within these assimila
tion zones. More importantly, the model can be used ,to 
predict future mean nutrient loads and concentrations in the 
river due to nutrients discharged from major existing and 
planned point sources such as sewage-treatment works. 
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Table 15 

Predicted and Measured River Volmnes Between Point Sources of Discharge 
and Sampling Stations in the camden and Penrith Assimilation Zones 

River section and 
distance upstream Predicted volume(a) Measured volume 

of river rrouth (kIn) (ML) (ML) 

camden STW (217.7) to 
o .6 kIn dONl1stream of 34 30 
SIW (216.8) 

camden STW (217.7) to 
Sharpes Weir (214.7) - 140 

camden STW (217.7) to 
Cobbitty Weir (210.3) 216 230 

Camden STW (217.7) to 
Mount Hunter Rivulet 393 426 
Weir (207.8) 

Penrith STW (161.0) to 
Upper Ford (158.3) 173 200 

Penrith STW (161.0) to 
Lo.ver Ford (156.3) (b) - 500 

Penrith STW (161.0) to 
Smith St (150.7)(C) 1 600 2500 

Penrith STW (161.0) to 
Yarramundi (142.0) (b) - 4 107 

Penrith STW (161. 0) to 
North Richmond bridge 
(138.2) 5 523 5 494 

(a) River volumes were predicted fran phosIiJ.orus data because of knONl1 
diffuse sources of nitrogen in the Camden zone. 

(b) Classification of data points within the Penrith assimilation zone was 
based on sampling location; stations at Upper Ford and Lo.ver Ford sha.ved 
stage 1 kinetics only, and stations at Smith St, Yarramundi and North 
Richmond showed predaninantly stage 2 kinetics. Thus a knONl1 volume in 
each river section was used when treating each of the two data groups. 

(c) The poor agreement of measured and predicted volumes in the Penrith STW to 
anith St zone was very likely due to sane predaninantly stage 1 data points 
at the Smith St station being classified am interpreted as stage 2 
assimilation. In addition, flows measured at Yarramundi were appliErl to 
anith St due to lack of a suitable site near Smith St for flow measurement. 
Agreement may have been linproved by using non-linear estimation techniques 
to canpute parameter estimates, but these were hardly justified for the 
available data in view of the overall goed agreanent between measured and 
predicted inputs (point source loads) and volumes based on the linear 
stochastic formulation of equation (7). 



- 85 -

Table 16 

Predicted and Measured Point Source Nutrient Loads fran camden S'IW and Penrith S'IW 

Predicted rrean Measured rrean Contributioo 
Sewage-treatment(a) nutrient load nutrient load fran upstream 

\\.Orks (kg/d) * (kg/d) sources (kg/d) 

Camden 33.4 34.3 1.3 
'Ibtal 
nitrcgen Penrith 270 226 27.2 

Camden 9.4 10.5 0.3 
'Ibtal 
phosphorus Penrith 90 84 2.7 

* Includes contributions from upstream sources. 

For the Camden and Penrith zones the rate constants for 
nutrient assimilation calculated for use in the model are 
shown in Table 17. 

Table 17 

Assimilation Rate Constants for 'Ibtal Ni trcgen and 'Ibtal Phosprorus 
in the Camden and Penrith Assimilatioo Zones 

River Section 'Ibtal nitrogen 'Ibtal phosprorus 

Fate constant (d-l ) Fate coostant (d-l ) 
(90% assimilatioo tine (d) ) (90% assimilation tine (d»* 

1st stage 2nd stage 1st stage 2nd stage 

Camden to 0.076 0.013 0.126 0.024 
Wallacia (30.0) (183) (18.2) (96.0) 

Penrith to 0.140 0.024 0.120 0.030 
North Richrrond (16.5) (96.0) (19.0) (77.0) 

* Time required for 90% assimilation of point-source load. 
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The rate constants for total phosphorus for the Camden 
and Penrith zones were very similar, indicating that the 
assimilation pathways for this nutrient could have been the 
same for both zones. 

The closeness of fit of the models for the Camden and 
Penrith zones is demonstrated by the coefficients of deter
mination shown in Table 18. These coefficients show the 
fraction of variability in observed loads accounted for by 
considering only changes in river flow. 

Table 18 

Closeness of Fit - Coefficients of Determination, 
Camden and Penrith Nutrient-Load Models 

Coefficients of d~termination 
A '1 t' sSlml a lon zone -

Total nitrogen model Totc:l phospho rus model 

Camden I 0.67 0.8 7 

Penrith 0.78 0.7 9 

The assumption in equations (5) and (6) of statistical 
independence of the data, which were collected at three
weekly time intervals, is discussed in Appendix 5. 

A typical plot of the errors between observed and fitted 
loads on normal probability paper is shown in Figure 30. 
This and similar plots showed that the data were compatible 
with the assumption of a normal distribution in the linear
statistical models used. Confidence intervals based on the 
normal distribution could be computed for predicted mean 
nutrient loads on the basis of the statistical model used. 

5.1. 2 Freshwater Tidal Section 

The freshwater tidal section of the Hawkesbury River extends 
from North Richmond to the confluence with the Colo River. 
The nutrient load entering the Hawkesbury River via South 
Creek, one kilometre downstream from Windsor, was modelled 
as a constant point-source discharge. However, assumptions 
(i) and (ii) of section 5.1.1 may not apply to the tidal 
region. Although the transport of nutrients in this region 
may be governed predominantly by the freshwater flow, the 
tidal motion results in some dispersion of the nutrients. 
The time of travel of a pollutant between two locations 
along the river will vary according to the volumes of 
freshwater inflows and the stage of the tide, although the 
following equation may be valid: 

••••• ( 8 ) 
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= mean time of travel, in days, from the point 
source to a given location along the river 
(t < 0 upstream, t > 0 downstream) 

v = mean river volume between the point source 
and the sampling location (m3 ) 

af = mean total freshwater flow (m3 /d). 

The following equations can be derived for steady-state 
nutrient concentrations along a tidal reach of river with 
uniform characteristics (Harleman 1971, O'Connor and Thomann 
1971, Thomann 1972): 

{ 
. ~ 4KEA2] exp af (1- 1+ 2) x~ 

2EA af 
x > 0 (downstream) C= 

• •••• (9) 

C= x < 0 (upstream) 

• •••• (10) 

where A = V/x • ...• (ll) 

and C 
Wo 
K 
A 
E 
x 

= 
= 
= 
= 
= 
= 

mean instream nutrient concentration (kg/m 3 ) 
point-source nutrient load (kg/d) 
first-order assimilation rate constant (d- l ) 
mean cross-sectional area of reach (m2 ) 
coefficient of longitudinal dispersion (m2/d) 
river distance downstream from point source (m). 

To justify application of the above equations to an estuary, 
the following conditions need to be satisfied: 

(i) The parameters A, E and K must be fairly uniform for 
the reach of river being investigated. 

(ii) The river flow af must remain at a steady value 

( iii) 

for sufficient time for the system to arrive at the 
equilibrium or "steady-state" value, C. 

The estuary must not be highly stratified. 

As for the non-tidal river section, exact agreement between 
equations (8)-(11) and measured data was not expected, and a 
similar approach was adopted, with deviations from predictions 
being treated as random errors. Figure 31 shows the nutrient 
distribution along the river predicted by equations (8)-(11) 
under conditions of constant freshwater flow. 
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Figure 31 

Predicted Steady-State Nutrient Distribution in 
the Freshwater Tidal Section 

Using the assumption that the dimensionless ratio P = 
KEA2/Q f 2 is significantly less than 1 (ie, that the 
transport of nutrients is predominantly governed by the 
freshwater flow rather than by longitudinal dispersion 
(O'Connor and Thomann 1971», equations (9) and (10) can be 
simplified to equations (12) and (13) respectively: 

C= exp (-KAx/Qf); x > 0 (da.vnstream) ..•.. (12) 

C= exp (Qf + KA) x; x < 0 (upstream) ..... (13) 
FA Qf 

Provided the longitudinal dispersion coefficient E is 
sufficiently small for the above assumption to hold, 
the downstream distribution of nutrients (Figure 31) is 
governed primarily by the assimilation rate K. To deter
mine initial estimates of K and Wo ' the term 4P may be 
neglected and equation (12) for downstream data simplifies 
to: 

..... (14) 
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or, using equation (8) and rearranging, 

CQf = Wo exp (- K t) ...•• ( 15 ) 

Thus, simple regression of loge (CQf) on t enabled 
estimates of K and Wo to be obtained from the slope and 
intercept respectively. Measured river volumes for the 
tidal region were used to calculate t, the time of travel, 
simplifying the statistical analysis in comparison with 
that for the non-tidal region. 

Equation (13) may also be simplified by neglecting the 
term 4P, leading to equation (16): 

exp (QfX) = Wo exp (K t); x < 0 (upstream) 
EA CQf 

Data from the upstream sampling station at Windsor were 
substituted into the right hand side of equation (16) to 
determine the value of exp (Qfx/EA), from which an 
estimate of the coefficient of longitudinal dispersion E 
could be extracted, since Qf, x and A were all measured. 

Having obtained estimates of the parameters Wo , K and E, 
the validity of the model was checked by: 

Comparing the estimated point source load (Wo ) with 
separate measurements not used in the estimation 
procedure 

Examining the agreement between the downstream data 
and the model predictions based on equation (15) 

Ensuring that the assumption about the magnitude of 
the ratio P was satisfied for the estimated K and E 
values 

.••.• ( 16 ) 

Checking that the factor l/J(l + 4P was approximately 
equal to one, as was assumed in passing from equations 
(12) and (13) to equations (15) and (16). 

The relationships between mean nutrient loads (CQf) and mean 
times of travel t for Hawkesbury River waters from the South 
Creek junction to the Colo River junction are shown in 
Figure 32, together with the lines of best fit. The derived 
rate constants and nutrient loads at the South Creek junction 
are shown in Table 19. 

Only one obvious stage of assimilation is evident in the 
data gathered for the estuary (Figure 32), with rate 
constants similar to those for stage 2 of the non-tidal 
zones. However, the data plotted are mean times of travel 
and mean nutrient loads. (That is, each sampling station is 
represented by only one point, whereas for the non-tidal 
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Relationship Between Mean Nutrient Loads and Mean Times of 
Travel, Hawkesbury River, South Creek to Colo River Junction 
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zones spot observations of loads and times of travel were 
analysed and a range of values plotted for each sampling 
station.) An initial, more rapid stage of assimilation may 
have been obscured by this averaging of data from stations 
in the tidal region, or may have been occurring predominantly 
in unsampled regions of South and Eastern Creeks. More 
detailed analysis of individual time-of-travel and load data 
for each survey (as in section 5.1.1) was not possible using 
the steady-state model (equations (8)-(11», since spot 
observations included the effects of unmeasured tidal 
variation. 

Table 19 

Kinetic Parameters for Nutrient Assimilation in the 
Freshwater Tidal Zone 

Parameter Total nitrogen Total phosphorus 

Assimilation rate 0.018 0.027 
constant (d- l ) 

Time required for 90% 
assimilation of input 131 85 
nutrient loads (d) 

Predicted mean input 898 134 
nutrient load (kg/d) 

The input nutrient loads discharged from the South Creek 
system were estimated from the measured rates of assimi
lation of nutrient loads discharged into the creek (or its 
tributaries) by the point sources of discharge at the St 
Marys, Quakers Hill and Windsor sewage-treatment works. 
Between the St Marys STW and Richmond Road bridge the 
measured rate constants for phosphorus and nitrogen assimi
lation were 0.027 d- l and 0.072 d- l respectively. 
Downstream of Richmond Road bridge, within the tidal zone of 
South Creek, the limited data available showed that measured 
rates of assimilation were similar for phosphorus but 
negligible for nitrogen. (The loads of total nitrogen 
transported by the creek downstream of its confluence with 
Eastern Creek were approximately the same as the sum of the 
mean total nitrogen loads transported by South and Eastern 
Creeks at Richmond and Garfield Road bridges respectively.) 
Possible reasons for the different rates of nitrogen assimi
lation in the two sections of South Creek and the low rates 
of phosphorus assimilation are discussed in section 5.1.3. 

Using the measured rate constant of 0.027 d- l for the assimi
lation between the St Marys STW and Richmond Road bridge of 
the total phosphorus load entering the South Creek estuary 
from the St Marys and Quakers Hill STW (139 + 79 kg/d; see 
Figure 12) and the measured time of travel (19 days) from 
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the Richmond Road bridge to the mainstream, it was calculated 
that 126 kg/d of phosphorus from these works should reach 
the Hawkesbury River. When the Windsor STW load of 4 kg/d 
was added, the total phosphorus load became 130 kg/d. (Any 
assimilation occurring in the three days' time of travel of 
effluent from the Windsor STW to the mainstream was neglected.) 

Similarly, assuming there was no assimilation of nitrogen in 
the tidal section of South Creek, the nitrogen load trans
ported to the Hawkesbury River was calculated as the sum of 
the loads transported into the South Creek estuary (534 + 
388 kg/d; Figure 12), plus the contribution from the Windsor 
STW (14.5 kg/d), giving a total of 937 kg/d. 

If the total nitrogen load had been assimilated in the tidal 
section at the same rate (0.072 d- l ) as in the creek 
section above Richmond Road bridge, only 226 kg/d would have 
reached the mainstream. 

The loads of nutrients transported by the Hawkesbury River 
from sources upstream of South Creek were estimated in the 
same way by applying measured rates of assimilation to the 
mean loads of nutrients being transported by the river at 
North Richmond (Figure 12). 

A comparison of the upstream and South Creek loads calculated 
in these ways with the input nutrient loads predicted by the 
model for the South Creek confluence is shown in Table 20. 

Table 20 

Comparison of Predicted and Measured Tributary ann 
Upstream Mean Input Nutrient Loads 

Predicted mean Mean "measured" loads Mean "measured" loads 
nutrient loads* from upstream sources from South Creek 

(kg/d) (kg/d) (kg/d) 

Total N Total P Total N Total P Total N Total 

898 134 70 6 937 130 

* Includes contributions from upstream sources. 

The agreement between predicted and measured inputs of total 
phosphorus loads is good, but the agreement for total 
nitrogen loads is only reasonable, indicating that some 
limited assimilation of nitrogen may have occurred downstream 
of the Richmond Road and Garfield Road bridges. 

Thus, in the freshwater tidal zone between North Richmond 
and the confluence with the Colo River, observed nutrient 
loads (and thus concentrations in the river) corresponded to 
nutrient loads discharged by point s9urces within the South 
Creek system. These point sources were the dominant source 
of nutrients under flow conditions up to the point at which 
large quantities of storm water runoff are carried by the 
river. 

,p 
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The model cannot be utilised, however, to predict river 
behaviour when stormwater runoff increases river flows 
significantly and introduces highly variable quantities of 
nutrients from diffuse urban and rural sources. The long
term contribution of these diffuse sources is considered in 
Appendix 5. 

Separate analysis of both total nitrogen and total phosphorus 
data using the above methods produced a value of approxi
mately 430 000 m2 /d (5 m2 /s) for the coefficient of 
longitudinal dispersion E. This leads to a value of 0.07 
for P, confirming the validity of the earlier assumption 
that P « 1, and also leads to a value of 0.9 for the term 
l/~(l + 4P), which had been equated to 1 in the derviation 
of equations (15) and (16). An independent estimate for E, 
based on the modified Taylor equation (Harleman 1971) which 
takes account of river geometry and tidal speed, yielded a 
value of 3 m2/s. The Electricity Commission of New South 
Wales (1982) has estimated 5 m2 /s for this coefficient in 
this section of the estuary. In summary, the assumptions 
used are justified to a reasonable degree, and it may be 
concluded that the transport of nutrients in the freshwater 
section of the estuary upstream of .the Colo River is advection
dominated. 

5.1. 3 Nutrient-Assimilation Pathways 

The nitrogen and phosphorus nutrients discharged in effluents 
from sewage-treatment works were predominantly in soluble 
forms. Downstream of each point sou·rce, soluble nitrogen 
«NOx + NH3) as N) and phosphorus (orthophosphate as p) concen
trations decreased and the proportions of total nitrogen and 
total phosphorus present as organic or particulate forms 
increased (ie, the soluble nutrients were incorporated into 
suspended particles). For example, in the Nepean River 
downstream of Camden, approximately 3 kg of the 6.7 kg 
of soluble reactive phosphorus discharged daily from the 
Camden sewage-treatment works was rapidly incorporated into 
suspended particles, and the remaining soluble reactive 
phosphorus was taken up by particles at a rate faster than 
total phosphorus was lost from the water column (Simmons and 
Cheng 1981). 

The modelling discussed in sections 5.1.1 and 5.1.2 indicated 
that nutrient assimilation could be explained as involving 
two stages, the first involving two distinct pathways of 
exponential assimilation and the second being dominated by 
only one of these pathways. Nitrogen and phosphorus 
assimilation at Camden and Penrith and in the estuarine zone 
correlated well with phytoplankton crop, both in this study 
(section 5.2) and in studies in the Camden area conducted by 
Simmons and Cheng (1981). 

In a laboratory study, Nepean River samples sterilised to 
kill any phytoplankton present showed only limited nutrient 
assimilation (Simmons and Cheng 1981). 
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All of these factors, together with the similarity in the 
rates of assimilation of nitrogen (0.013, 0.024 and 0.018 
d- l ) and phosphorus (0.024, 0.030 and 0.027 d- l ) for 
stage 2 in both the non-tidal and the tidal sections, 
suggest that a common assimilation pathway, involving 
the growth of phytoplankton followed by the sedimentation 
of these particles, was occurring throughout the river 
system. 

Rigler (1973) observed rate constants for phosphorus loss 
by sedimentation in two North American Lakes, Toussaint 
Lake and Linsley Pond, of 0.01 d- l and 0.02 d- l respec
tively. These estimates compare closely with the above 
stage-2 rate constants for the Hawkesbury-Nepean system. 

The faster assimilation of nutrients in stage 1 can be 
explained by postulating a second pathway involving the 
rapid filtration of organic particles and phytoplankton by 
littoral zone plants and accompanying filter feeders (eg, 
Vorticella). This pathway agrees with observations by 
Rigler (1973) and Simmons (1983) that increased loss of 
phosphorus from a waterway occurs with increased littoral 
zone dominance of the waterway. 

As mentioned above, the extent of the littoral zone in any Wj 
waterway appears to determine the rate of nutrient loss by ijl 

the first phase. Rigler (1973) measured rate constants 
for particulate phosphorus loss from the water column by 
littoral filtration as high as 3.85 d- l . Similarly, in 
two shallow streams where the entire sediment surface 
represented the littoral zone, rate constants for phosphorus 
assimilation of 9.8 d- l (Thredbo River - Cullen, pers. 
comm.) and 1.05 d- l (Nepean River at Camden - Simmons 
1983) have been observed. By contrast, in ponded sections 
of the Hawkesbury-Nepean River, where there are only fringes 
of littoral growth, the observed first-stage constants were 
approximately 0.12 d- l . 

In South and Eastern Creeks, nutrient assimilation was 
lower than expected for shallow creeks with extensive 
littoral zones. As discussed in section 4.2, phytoplankton 
densities were low, with mean and 16 and 84 percentile 
chlorophyll ~ concentrations being only 14 and 7-26 pg/L 
at Richmond Road bridge and 11 and 6-23 pg/L at Garfield 
Road bridge respectively, despite the high concentrations of 
plant nutrients in these waters. The decreased assimilation 
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rates and lower phytoplankton densities may have been caused 
by elevated ammonia and depressed dissolved oxygen concen
trations (Abeliovich 1980, Hart 1974, Ip et al 1981). As 
discussed in section 4.3, algal growth-potential studies 
conducted during this study indicated that for ratios of 
treated effluent from the Quakers Hill STW to river water of 
0.3-0.5 to 1, phytoplankton growth is adversely affected. 
Dilution ratios of this magnitude occur in South Creek. In 
the same studies, fully nitrified sewage effluent did not 
inhibit phytoplankton growth until the ratio of effluent to 
river water was greater than about 0.7 to 1. 

The rate constant for the assimilation of phosphorus in South 
Creek (0.027 d- l ) was similar to that measured by Simmons 
and Cheng (1981) for inert suspended solids uptake (0.0276 d- l ) 
and also to the sedimentation rate constants deter-
mined in the present study. It may therefore be concludeo 
that for phosphorus there was no measurable rate of assimi
lation by littoral zone filtration. This conclusion is 
supported by the fact that little growth of periphyton and 
macrophytes occurred in the shallows of the creek. By 
contrast, the higher rate of nitrogen assimilation (0.072 d- l ) 
between the St Marys STW and Richmond Road bridge, 
but not in the tidal section, may have been due to denitri
fication together with the volatilisation of ammonia in the 
non-tidal sections of the creek. 

These two assimilation pathways are not expected to alter in 
the future unless extensive sandmining in the non-tidal 
Nepean River reduces littoral zones, thus reducing the 
relative importance of stage 1 assimilation. However, such 
sandmining would also increase river volumes, and thus 
effluent detention times, which would tend to increase the 
degree of assimilation in that river section. The scope of 
the sandmining - ie, the final river profile - will thus 
determine the extent of nutrient assimilation. Low dilution 
of sewage effluents containing high concentrations of 
ammonia together with low concentrations of dissolved oxygen 
could also decrease assimilation rates, as already occurs in 
South and Eastern Creeks. 

Predictions based on existing nutrient-assimilation rates, 
such as those discussed in section 6 of this report, are 
conservative estimates. Reduced assimilation rates would 
result in greater impacts on the river than those predicted 
on the basis of current rates. 

5.1.4 Predictive Value of the Models 

The nutrient-assimilation models discussed in sections 5.1.1 
and 5.1.2 adequately represent instream nutrient levels 
under the river-flow conditions which normally prevail for 
approximately 50-60 per cent of the time. The predominantly 
low-flow period modelled was chosen in order to deduce the 
effects of point sources in the absence of significant 
effects from other sources, such as large quantities of 
stormwater runoff. 
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This period did not consist of continuous low flows, but was 
occasionally interspersed with high flows. At Penrith, for 
example, although continuous records were not available, 
flows in excess of 300 ML/d were recorded on several days 
(at least) in May, October and November 1979 and-May and 
June 1980. From 10 to 16 November 1979, for instance, daily 
flows were 722, 765, 809, 857, 873, 886 and 933 ML/d. The 
data examined contained the effects of these isolated high 
flows, and this may account for some of the variability in 
observed nutrient loads (Figures 26-29). 

Nevertheless, the models do adequately represent the average 
response of the river to the point-source input loads, and, 
as seen in sections 5.1.1 and 5.1.2, estimates of these 
loads from river water-quality data agreed well with 
measurements. 

In addition, the models have been shown to be valid for a 
wide range of hypothetical point-source (effluent) inputs, 
because the observed assimilation pathways were similar and 
operated at simlar rates even though the discharged nutrient 
loads varied by ratios of 1 to 10 to 25 from Camden to 
Penrith to South Creek. Thus, as increasing loads of 
nutrients are discharged to the river, the current path
ways of nutrient assimilation will probably continue and 
assimilation will extend into regions of the river not yet 
experiencing eutrophication problems. 

As mentioned above, should elevated ammonia and turbidity 
levels or decreased dissolved oxygen levels occur such that 
the assimilation rate constants decrease, the assimilation 
zones will be extended even beyond the predictions based on 
current assimilafion rates. 

In section 6, the models are used to predict future nutrient 
concentrations in the mainstream for expected future catch
ment population growths and to assess the effects of 
various control options on mainstream nutrient concentrations 
for dry-weather flow regimes. 

5.2 Phytoplankton Biomass Model 

One of the problems associated with eutrophication is the 
production of excessive growths of aquatic plants. It is 
desirable to be able to predict aquatic plant growth from 
a knowledge of river nutrient concentrations, which, in 
the case of the Hawkesbury-Nepean River system, can be 
calculated for a range of scenarios using the models 
discussed in section 5.1. 

Phytoplankton form the only aquatic plant group whose 
density can be readily quantified. For this reaso'n, only 
the Hawkesbury River estuary from Broken Bay to Windsor 
(124.9 km upstream), where phytoplankton were the dominant 
plant type, was amenable to biomass modelling. In other 
parts of the river system large crops of aquatic macrophytes 
and-periphyton co-dominated with phytoplankton, preventing 
the application of this model. 
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Nutrient concentrations, the depth of the waterbody, incident 
light intensity and light penetration are important factors 
which may control or limit phytoplankton biomass production. 
Aquatic plant growth is most commonly limited by the avail
ability of the nutrients nitrogen and phosphorus (Vallentyne 
1974). Either nutrient may limit growth, but phosphorus is 
normally limiting in fresh waters and nitrogen is often 
limiting in brackish and marine waters. 

A model developed by Sakamoto (1966) to estimate phyto
plankton concentrations of lakes has been found to be valid 
when phosphorus concentrations are used for calculation 
purposes when nitrogen to phosphorus ratios are greater than 
12 and when nitrogen concentrations are used when ratios are 
less than 12 (Dillon and Rigler 1974). The factor 12 is 
mid-way in the range of ratios of 9-17 which had been 
suggested by Sakamoto, from his work on Japanese freshwater 
lakes, as being required for balanced algal growth. 

In section 4.3 it was shown that for the Hawkesbury estuary 
during the two-year survey period the ratio of mean total 
nitrogen concentration to mean total phosphorus concentration 
at most stations was 12 or less (Figure 16), suggesting 
that nitrogen was the nutrient limiting plant growth and 
therefore that nitrogen concentrations were suitable for 
modelling purposes. This was confirmed in algal bioassays 
where, in samples containing up to 60 per cent effluent, the 
maximum standing crop of phytoplankton was directly propor
tional to the nitrogen concentration in nitrogen-limited 
bioassays (Figure 19). It was therefore postulated that, 
for the Hawkesbury estuary, the chlorophyll a concentration 
[Chlor aj is directly proportional to the total nitrogen 
concentration [TNj: 

[Chlor aj ()(, [TNj •..•. (14) 

The light-attenuation characteristics of the estuarine 
waters were measured during ten surveys at eight stations 
evenly spaced between Broken Bay (Station 20, 5.5 km) and 
Windsor (Station 250, 124.9 km from the heads). The 
extinction coefficients of the water column (Ewc) were 
calculated for each station. A linear relationship was 
observed in this study between the extinction coefficient of 
the water column (Ewc) and chlorophyll ~ concentrations. 
Figure 33 illustrates this relationship for the section 
of the estuary between Stations 150 and 180, where high 
concentrations of chlorophyll a were measured. The mathe
matical representation of this-relationship is: 

Ewc = Ew + Ec [Chlor aj •..•. ( 15 ) 

This equation enabled empirical calculations to be made of 
the contribution of chlorophyll a to Ewc, and also of the 
extinction coefficient due to water and its non-photosyn
thetically active components (Ew), at these and the other 
seven stations. 
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For example, for the section of the Hawkesbury estuary 
between Stations 150 and 180, 

EwC = 0.22 + 0.0098 [Chlor aj .••... ( 16 ) 

The euphotic zone depth (Ze) of a water body is defined as 
the depth to which one per cent of incident photosynthetically 
active radiation penetrqtes (Ganf lY80). It is thus a 
measure of the transparency of a water body and the depth to 
which photosynthesis occurs. Photosynthetically active 
radiation (PAR) is also absorbed by water and non-photosyn
thetic matter, and an increase in these latter components 
would reduce the light available for photosynthesis, thereby 
decreasing the euphotic zone depth. 

The euphotic zone depth can be calculated from the extinction 
coefficient (Ew) using the relationship; 

•.••. ( 17 ) 

For the above example, where Ew was 0.22 m- l , Ze was 9.1 m. 

Phytoplankton density (measured as [Chlor aj) at any 
location will be highest when all the light (PAR) available 
is utilised for phytoplankton production. Maximal utilis
ation of available nutrients in a water column will therefore 
occur for increased euphotic zone (Ze) depths. Densities 
will be less, however, if the phytoplankton are distributed 
by tidal mixing over river depths (Zm) which are greater ' 
than Ze. 

It is thus postulated that; 

[Chlor 
Ze 

· ..•. ( 18 ) aj «. -
- Zm 

From the relationships (14 ) and ( 18) ; 

[Chlor a] 
Ze 

· ...• ( 19 ) "'- [TNj Z 
mz 

or [Chlor a) = k [TN] .;- · ..•. (20) 
m 

where k is a constant, since the major factors often limiting 
or controlling phytoplankton growth have all been taken into 
account. 

During the ten surveys designed to measure light-attenuation 
characteristics between Broken Bay and 'vhndsor, nutrient and 
chlorophyll a concentrations and river depths were also 
determined. -By substituting values of [Chlor aj, [TN] 
(where TN/TP ratios were less than or equal to-12*), 
Ze and Zm into equation (20) for the eight stations, and 
by plotting [Chlor a] against [TNj Ze/Zm (Figure 34), the 
constant k could be-determined. The linearity of the data 
confirmed the postulate that k is a constant. From Figure 
34, k is equal to the slope, 0.031. 

* 20 per cent of values were outside this range. These higher 
ratios occurred mainly in the Colo confluence to Wisemans 
Ferry section of the river (Figure 16). 
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For the Nepean River at Camden between 1976-79, the same 
relation (20) between chlorophyll a and total nitrogen was 
observed by Simmons (1983), with a-similar constant of 
0.030 being measured. 

Many models, including those referred to in Table 21, have 
been developed to predict chlorophyll a concentrations from 
nutrient concentrations and waterway characteristics. The 
model developed by Schindler (1978) is typical of a large 
number of models in which the logarithm of the chlorophyll a 
concentration is proportional to the logarithm of the 
limiting nutrient concentration. Verduin (1978) has 
developed a more complex model for turbid lakes of varying 
depth. As the Schindler and Verduin models were developed 
for waters where phosphorus was the limiting nutrient, the 
formulae were corrected for nitrogen being the limiting 
nutrient, assuming a nitrogen to phosphorus ratio for balanced 
growth of 12:1. These two models, together with the SPCC 
model (equation (20)), were then used to predict mean 
chlorophyll a concentrations along the Hawkesbury estuary, 
for the two-year survey period, using the data shown in Table 
22. For this latter table, mean total nitrogen concentra
tions were those listed in Appendix 2, river depths (Zm) 
were taken from measurements and euphotic zone depths (Ze) 
were calculated from the light-attenuation data. 

The correlations between measured and predicted chlorophyll 
a concentrations (Table 21) show that the SPCC model developed 
for this study gave the most reasonable result. For 
Schindler's (1978) model, the coefficient of determination 
and the slope (which should equal one for a perfect correla
tion) improved if corrected for estuary depth (Zm) and the 
depth of the euphotic zone, (Ze) • 

The close relationship between measured and SPCC-predicted chloro
phyll a concentrations along the estuary (Figure 35) indicates 
that the proposed SPCC model is suitable for predictive purposes. 

Table 21 

Correlations Between Measured and Predicted Chlorophyll a Concentrations 
in the Hawkesbury River Estuary -

Fbnnulae used to calculate 
chlorophyll ~ concentration 

1.213 log10 [Total nitrogen] _ 0.848 
12 

[Total nitrogen] (1 _ 24Ze/Zm) 
0.3 12 

0.031 [Total nitrogen] 

Ze 
[Schindler (1978)] x 2m 

Slope 

(Schindler 1978) 0.21 

(Verduin 1978) 0.74 

(SPeC 1982) 0.92 

0.75 

Coefficient of 
determination R2 

0.29 

0.54 

0.77 

0.75 
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Table 22 

Total Nitrogen Concentration [TNJ, Depth of Euphotic 
Zone and Depth of the Hawkesbury River at Various 

Estuarine Sampling Stations 

Station Distance from lTN) Ze * Zm 
number Broken Bay (km) (pg/L) (m) (m) 

-----,_.-
20 5.5 0.145 5.4 8.0 
51 26.1 0.283 3.6 5.0 
70 43.5 0.307 4.9 8.0 
90 58.5 0.430 5.6 6.0 

110 68.5 0.501 4.8 4.0 
150 89.0 0.851 10.5 6.5 

160 96.5 1. 302 ) 5.5 
170 101. 7 1. 340 ) 5.9 
180 105.0 1. 674 ) 6.0 5.3 
190 107.9 1. 824 ) 5.4 
200 111.5 2.111 ) 4.5 

210 114.5 2.600 ( 3.7 
no 117.6 2.733 ( 3.0 
230 120.0 3.730 1.5 ( 3.9 
240 122.0 3.414 ( 3.8 
245 I 123.8 3.426 ( 4.5 
250 I 124.9 1. 586 ( 3.8 
--~---------- - ------ -'-- n_'_,'_' __ 

* The number of sampling stations between the Colo River 
(80.5 km) and Windsor (lL4.9 m upstream from Broken Bay) 
was increased during the two-year survey after completion 
of the light-attenuation studies, in order to better 
understand nutrient-assimilation processes. The value of 
Ze determined at Station 180 (105 km) was therefore 
applied to stations in the region 96.5 km to 107.9 km 
from Broken Bay, while the value determined at Station 
220 (117.6 km) was applied to stations in the region 
111.5 km to 125 km from Broken Bay. 
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6 PREDICTIONS 

6.1 population 

Medium proJected populations in local government areas 
entirely within the basin are shown in Table 23 (Department 
of Environment and Planning 197~), together with census 
data for l~81 (Australian Bureau of Statistics 1982). The 
1981 census data show that the growth in all areas was 
already greater than the proJections made in 1979, so the 
medium projections for 2001 are likely to prove conser
vative. Other outer metropolitan areas located partially 
within the basin (such as the Hills District, Blacktown and 
Hornsby) are all experiencing high growth rates. 

Table 23 

Population Projections 

Local 
government 

area 

Camden 
Penrith City 
Blue Mountains City 

. I¥ollondilly Shire 
Hawkesbury Shire 
------- ._._------

Total 

-.-.-- .. -.'------r-~-.- .. -------------------

Census ProJected populations 
data - -.--- - -----.----.--
1~81 1~81 1991 2001 

.-------
17 400 17 OOU 24 000 34 000 

110 900 95 000 106 000 113 OUO 
57 500 54 000 66 000 74 500 
20 400 16 000 17 500 18 500 
37 550 32 000 36 000 37 000 

--.-----
243 750 214 000 249 500 277 000 

---.----------".-.--._----- --------

6.2 Sewage 

The increased populations shown in Table 23 will result in 
increased effluent volumes being discharged to the Hawkesbury
Nepean River from augmented and new sewage-treatment works. 
In all, 800 000 persons are predicted to be served by such 
works, and the population equivalent loading is expected to 
be approximately 1 000 000 persons (Metropolitan Water 
Sewerage and Drainage Board, unpublished data, 1980 1 ). 
The changes in the population equivalent loadings of existing 
and new works shown in Table 24 indicate that effluent 
volumes will double by 1990 and triple by the year 2000. 

The locations of existing and proposed sewage-treatment 
works, and their proJected loads and approximate average 
daily dry-weather discharges (calculated 2 on the basis of 
240 L per equivalent person per day from the data in Table 

1. Population equivalent projection data are SUbJect to 
alterations because of changes in planning policies and 
population growths. The figures shown in Table 24 were 
the only data available to the SPCC during the develop
ment of the modelling investigations reported in this 
section. 

2. 240 L per equivalent person per day is a design figure 
used by the NSw Department of Public Works for average 
dry-weather flows. 
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Table 24 

Existing and Predicted Loadings from Sewage-Treatment Works 

Sewage-treatment 
works 

Population equivalent loading (persons) 

June 1980 j 
__ ._1 __ . ________ "_ 

i 
I 

I'Ie tropol i tan 

Berowra(a) (b) 
Camden 

, 
, , 

Castle Hill 
Cattai(a) 
Hornsby Heights 
Kellyville 
Menangle(a) 
North Richmond 

i 

I 
I 

Penrith 
Picton(a) 
Quakers.Hill 
Richmond 
Riverstone 
Round Corner(a) 
Rouse Hill(a) 
St Marys 
WarragaJUba 
West Camden 
vlest Hornsby 
Windsor 

Basel 
Hl''lAS N i r imba 
Richmond RAAF 

I 

Blue Mountains . I, 

Blacktleath 
Blaxland/Glenbrook 
Hazelbrook 
Nt Riverview 
Mt Victoria 
North Katoomba 
North Springwood 
Springwood 
South Katoomba 
Valley Heights 
Wentworth Falls 
winmalee(a) 

Nil 
3 750 
8 460 
Nil 

1 000 
2 050 
Nil 

1 700 
48 000 

Nil 
55 850 

8 750 
700 

Nil 
Nil 

85 850 
1 540 
2 300 

22 000 
8 000 
1 200 
3 200 

2 500 
9 300 
4 300 
2 800 

370 
1 700 

50 
4 200 
8 35U 

600 
3 400 
Nil 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

-------,---- ~--

1990 

Nil 
To West 
25 000 

Nil 
30 000 
To Rouse 

Nil 
6 000 

80 000 
6 000 

120 000 
8 000 

30 000 
3 000 

25 000 
170 000 

2 000 
30 000 
35 000 
17 500 

Camden 

Hill 

Not available 
Not available 

50 000 

2LiOO 

15 DUO 
To hest 
40 000 
25 000 
40 000 
To 
25 

7 
100 

15 
170 

8 
50 

8 
60 

200 
2 

60 
55 
17 

}\ouse 
000 
000 
000 
DUO 
000 
000 
000 
000 
000 
000 
000 
000 
000 
5UO 

Camden 

Hill 

Not available 
4 400 

55 000 
(Individual works projections 

not available) 

15 000 

~. _~o OO~. J 
1296 420 647 500 I ______ . ____ .J_ ___ _______ _ _________ _ Total 971 900 

----, ,._'- ---
(a) Proposed plant 

(b) At the date of publication of this report, the MWS&DB 
had indicated that these works may not proceed. 
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24), are shown schematically in Figure 36. Comparison with 
Figure 3 (section 2.5.1) indicates that, by the year 2000, 
tributaries such as South Creek, Cattai Creek and Berowra 
Creek will receive four to twenty times the volume of 
treated sewage that they now receive during dry-weather 
conditions. In the Camden-Menangle area, the volumes of 
treated sewage discharged to the river system will increase 
tenfold. 

6.3 Sewage-Effluent Dilution 

Flow data for the Nepean River at Camden and Penrith and 
simulated flow data for the Hawkesbury River (immediately 
downstream of the Cattai Creek confluence) were used to 
calculate dilutions of present and predicted future sewage 
effluent discharges. Disposal of wastewaters by pumping 
to ocean or irrigation of land would increase the preoicted 
dilutions whilst significant increases (or decreases) in 
predicted populations would also alter calculated 
dilutions. 

Table 25 shows the current and predicted future dilutions at 
Camden of sewage effluents from the works at Camden, Menangle 
and Picton. Nepean river flows at Wallacia were utilised 
in compiling this table because of the consistency and 
indicated reliability of historical records at this site. 

Table 25 

Projected Dilution of Sewage Effluents at camden, 1980 - 2000 

Percentage of time River Dilutions for specified effluent discharge 
Nepean River flOIN' flOIN' 
at Wallacia Weir (ML/d) 1980 1990 2000 
is less than or 6 100 ep 36 000 ep 100 000 ep 
equal to rate cited 1.5 ML/d 8.6 ML/d 24.0 ML/d 

90 1 700 1 133 198 70.8 .". 
80 350 233 40.7 14.6 CJ 

70 125 83.3 14.5 5.2 ... 
60 70 46.7 8.1 2.9 -
50 40 26.7 4.7 1. 7 -, 
40 20 13.3 2.3 0.8 
30 10 6.7 1.2 0.4 -. 
20 5 3.3 0.6 0.2 
10 Zero Zero Zero Zero _. 

It may be seen from Table 25 that treated sewage effluents 
from the Camden region will be diluted only 1 to 1 or less 
for approximately 30 per cent of the time by the year 1990 
and for at least 40 per cent of the time by the year 2000. 
By the year 2000, dilutions of 10 to 1 or more will occur 
only about 25 per cent of the time, ie, during high flows. 
These lower dilutions will result in decreased water quality. 
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Table 26 shows the predicted dilutions, downstream of 
Penrith Weir but upstream of the Grose River junction, of 
treated sewage effluents from the' Penrith, Glenbrook, 
Springwood, Valley Heights, Mt Riverview and Winmalee works 
(but not including effluents from the Camden works or other 
proposed upstream works) • 

Again, the dilution of sewage effluents will decrease by the 
year 2000. For example, dilutions of 10 to 1 occur for 
aproximately 55 per cent of the time now but will occur for 
only approximately 45 per cent of the time in the year 
2000. 

During low-to-medium river flow periods (less than, say, 70 
percentile flows), the tidal freshwaters immediately down
stream of the Cattai Creek confluence arise from Nepean and 
Grose River flows together with minor flows from tributaries 
such as South Creek, Redbank Creek, Rickabys Creek and 
Cattai Creek. Neglecting such minor flows, and summing 
the Nepean and Grose River flows, the dilution of treated 
sewage inflows in the Hawkesbury River under low-to-medium 
flow conditions may be calculated (Table 27). 

Table 26 

Projected Dilution of Sewage Effluents at Penrith, 1900 - 2000 

Percentage of time River Dilutions for specified effluent discharge 
Nepean River £lON £lON 
at Penrith Weir (ML/d) 1900 1990(a) 2000 (b) 
is less than or 64 900 ep 109 000 ep 152 000 ep 
equal to rate cited 15.6 ML/d 26.2 ML/d 36.5 ML/d 

90 7 630 
I 

489 291 209 
80 5 430 348 207 149 
70 1 820 117 69.5 49.9 
60 480 30.8 18.3 13.2 
50 I 201 12.9 7.7 5.5 
40 i 135 8.7 5.2 3.7 
30 i 96 6.2 3.7 2.6 
20 77 4.9 2.9 2.1 
10 46 3.0 1.8 1.3 

(a) Assuming Glenbrook S'IW contributes 10 000 ep, Mt Riverview S'IW 4 000 ep and 
Spring..o:Xl S'IW 5 000 ep. 

(b) Assuming Glenbrook S'IW contributes 15 000 ep, Mt Riverview 10 000 ep and 
Spring..o:Xl plus Valley Heights 12 000 ep. 
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Table 27 

Projected Dilution of Sewage Effluents in the Hawkesbury River 
Downstream of the Cattai Creek Cbnfluence 

Percentage of time Dilutions for specified effluent discharge 
Hawkesbury River River 
flON at the Cattai flON 1980(a) 1980(b) 2000(a) 2000 (b) 
Creek confluence (MI../d) 252 400 ep 187 500 ep 751 200 ep 599 200 ep 
is less than or 60.6 ML/d 45.0 ML/d 180 ML/d 143.8 ML/d 
equal to rate cited 

70 2 120 35.0 47.0 11.8 14.7 
60 700 11.6 15.5 3.9 4.5 
50 I 366 6.0 8.1 2.0 2.5 
40 265 4.4 5.9 1.5 1.8 
30 196 3.2 4.3 1.1 1.4 
20 157 2.6 3.5 0.9 1.1 
10 104 1.7 2.3 0.6 0.7 

(a) Predicted equivalent-population loadings fran the Penrith area (Table 26) 
and dCfNtlstream to the Cattai Creek confluence. 

(b) Predicted equivalent-population loadings fran the catchment between 
Yarramundi and the Cattai Creek O;mfluence. 

Dilutions of less than 10 to 1 will occur in the year 2000 
for up to 68 per cent of freshwater flows, and dilutions 
of less than 2 to 1 will occur for approximately half the time. 

In summary, at Camden, Penrith and downstream of Cattai 
Creek the already low dilutions of treated sewage effluents 
will decrease still further by the year 2000. The effluent 
standards currently applied to sewage-treatment works will 
therefore have to be progressively revised before the year 
2000 to prevent a deterioration of river-water quality. 

Section 6.4 considers several different strategies for 
minimising the impact of the increased volumes of effluents, 
and hence nutrient loads, that will be discharged to the 
river by the year 2000. 

6.4 Nutrients 

For predictive purposes, nutrient loads and concentrations 
in the river in the year 2000 were calculated assuming: 

Existing treatment methods 

Existing treatment methods plus phosphorus removal 

Existing treatment methods plus nitrogen removal. 
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All effluents were assumed to-be substantially nitrified. 
Should this not occur, inhibition of nutrient assimilation 
may occur in some river sections, adversely affecting 
water quality and increasing the length of the nutrient
assimilation zones. Secondary-treated sewage effluents vary 
in quality (Appendix 2), but concentrations of 30 mg/L total 
nitrogen and 10 mg/L total phosphorus were used for predic
tive purposes, together with 5 mg/L total nitrogen and 
1 mg/L total phosphorus after nitrogen and phosphorus 
removal respectively. Both of these levels may be achieved 
in modern, advanced wastewater-treatment facilities (Barth 
and Stensel 1981), and the phosphorus limit is the same as 
the limit applied for sewage-treatment works effluents in 
the Great Lakes area of the United States of America. 

The dry-weather nutrient loads carried by the" river are 
derived principally from works discharging into the river, 
either directly or indirectly via ,short tributaries which 
provide short retention times and little assimilation or via 
other tributaries such as South and Eastern Creeks where 
inhibition effects limit assimilation. The nutrient-removal 
options described above were applied for predictive purposes 
only to those works whose influence dominates a river 
section rather than to all works discharging directly or 
indirectly (via tributaries) into the river section. Thus, 
for example, they were not applied to the North Springwood 
STW or to the works discharging to the Grose River. 

A lack of water-quality, river-volume and flow information 
prevented the effects of the proposed works at Menangle and 
Picton (upstream of'Camden) being modelled. In addition, 
the State Pollution Control Commission is still carrying out 
studies of Berowra Creek and its tributaries, which will be 
reported separately. In the present study, therefore, 
modelling was applied only to predict the effects of options 
for new or augmented works within the study area in four 
zones: 

Camden and downstream environs 

Penrith and Glenbrook and downstream environs 

South Creek catchment and downstream environs 

The saline estuary from Colo River to Broken Bay 

Because major growth is not likely in the areas served by 
the sewage-treatment works which discharge into the Grose 
River, the water quality of this river should not worsen in 
the future, at least at its junction with the Nepean River. 

The beneficial effects on water quality of alternative 
methods of disposal of treated sewage effluents, such as 
the irrigation of land or diversion to an ocean outfall, 
could be modelled if required, as could the effects of other 
nutrient criteria for treated sewage effluents or alternative 
discharge locations. 
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6.4.1 Camden Assimilation Zone 

Current and projected nutrient loads in the Nepean River 
downstream of Camden are shown in Figure 37, and resultant 
concentrations in the river are summarised in Table 28 and 
Figure 38. (Only 30 percentile river-flow data ace plotted, 
as they exhibit decceases in concentrations similar to those 
applying for 50 percentile river-flow data.) 

These predictions indicate that, by comparison with current 
nutrient loads and concentrations at low flows, by the year 
2000 the nutrient loads carried by the river may increase by 
more than 10 times, and nutrient concentrations may increase 
by up to 10 times, depending on location, unless nutrient
removal facilities are installed at sewage-treatment works. 
For example, at 30 percentile flows, mean total nitrogen and 
total phosphorus concentrations at Sharpes Weir are predicted 
to be 11.7 and 2.Y mg/L, compared with the present modelled 
levels of 1.14 and 0.19 mg/L respectively. 

At 30 percentile river flows, the river section between the 
Camden STW and Mt Hunter Rivulet Weir is predicted to have 
mean total nitrogen and total phosphorus ~oncentrations in 
the year 2000 higher than those modelled at Sharpes weir for 
1979/80. As the river above Sharpes Weir was often covered 
by duckweed during the present study (section 4.1.4.1), this 
coverage may be expected, ,inlier similar flow-reg irae cond i
tions, to extend to Mt Hunter Rivulet Weir, and partial 
coverage may extend a further 22 kilometres downstream. 
Elevated phytoplankton densities may also occur when macro
phytes do not limit light penetration of the water column. 

As Table 28 shows, increased river flows (from 30 to 50 
percentile) increase downstream nutrient concentrations 
at locations such as Wallacia Weir (because of decreased 
times of travel), so the zones of nuisance aquatic plant 
growths may extend even further downstream during such 
periods. 

If nutrient (nitrogen and phosphorus) removal facilities 
were installed at the Camden ST~ by the year 2000, the 
nutrient loads discharged to and trans0Jrted by the river 
would still increase above current levels, but to lesser 
extents. Nutrient concentrations would also be slightly 
increased for low-flow periods (Table 28 and Figure 38), 
and the length of river adversely affected by aquatic plant 
growths would probably be similar to the length currently 
affected. 

Nitrogen to phosphorus (N:P) ratios between Sharpes Weir and 
Mt Hunter Rivulet Weir in the year 200U would vary fr~n 
5.3:1 to 11.1:1, with the ratios being significantly higher 
downstream. Plant growth would thus tend to be limited by 
the availability of nitrogen in upstrealn sections,· except 
when other factors such as light intensity might be limiting 
(due perhaps to shading by floating duckweed). 
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Table 28 

Predicted Mean Nutrient Concentrations in the Camden Assimilation Zone, 1979/80 and 2000 

Percentile ~an nutrient concentration (mg/L) 
river 

Nutrient Year and option fl"",(a) . Fl"",(b) D/S Sharpes Cobbitty Mt Hunter Wallacia 
(%) (ML/d) Outfall weir Weir Rivulet Weir Weir 

(217.4 krn) (214.7 krn) (210.3 krn) (207.8 krn) (181.3 krn) 

2000 30 10.0 18.0 11.7 8.8 4.8 0.57 
(24.4) 

T 2000, 30 10.0 2.95 1.9 1.4 0.78 <0.10 
0 nitrogen (24.4) 
T rerroval 
A 
L 

1979/80 30 10.0 2.92 1.1 0.62 0.38 <0.10 
N (11. 3) 
I 
T 
R 2000 57 40.0 8.1 6.7 5.9 4.5 0.73 
0 (54.4) 
G 
E 
N 2000, 57 40.0 1.3 1.0 0.96 0.73 0.12 

nitrogen (54.4) 
rerroval 

1979/80 57 40.0 0.80 0.62 0.52 0.36 <0.H'l 
(41.3) 

- ---- _L-_____ ----- .- --

Penrith 
Weir 

(161.3 krn) 

<0.10 

<0.10 

<0.10 

0.10 

0.10 

<0.10 

-

r-
r--

*" 



Table 28 (Continued) 

Percentile Mean nutrient concentration (mg/L) 
river 

Nutrient Year and option flo,v(a) Flo,v(b) D/S Sharpes Cobbitty Mt Hunter 
(%) (ML/d) OUtfall Weir Weir Rivulet Weir 

(217.4 km) (214.7 km) (210.3 km) (207.8 km) 

2000 30 10.0 5.9 2.9 1.8 0.65 
(24.4) 

T 2000, 30 10.0 0.59 0.29 0.18 0.07 
0 Phosphorus (24.4) 
T rercoval 
A 
L 

1979/80 30 10.0 0.91 0.19 0.08 0.05 
P (11.3) 
H 
0 
S 2000 57 40.0 2.7 1.9 1.6 0.99 
P (54.4) 
H 
0 
R 2000, 57 40.0 0.26 0.19 0.16 0.10 
U phosphorus (54.4) 
S rercova1 

1979/80 57 I 40.0 0.25 0.16 0.12 0.07 

- - -

. (41.3) 
If----------- - ---

(a) % of t.i.Ire river flo,v is less than or equal to irrlicated flo,v 
(b) Bracketed figure is cumulative river am S'IW flo,v after discharge fran the Camden S'IW. 

Wallacia 
Weir 

(181.3 km) 

0.02 

<0.02 

<0.02 

0.08 
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I I 
1979/80 No Nitrogen Removal 

2000 No Nitrogen Removal 

2000 Nitrogen Remove I 

Distance Upstream of Broken Bay (km) 

1979/80 No Phosphorus Removal 

2000 No Phosphorus Removal 

2000 Phosphorus Removal 

--

Distance Upstream of Broken Bay (km) 

Figure 38 

Existing and Projected Mean Nutrient Concentrations in the 
Nepean River, Downstream of the Camden sewage-Treatment 

Works, at 30 percentile Flows 
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Should only phosphorus-removal facilities be installed, mean 
total nitrogen concentrations would be greater (up to 18 mg/L 
immediately downstream of the outfall and 11.7 mg/L at 
Sharpes Weir), and N:P ratios would always be greater than 
30:1 between the outfall of the sewage-treatment works and 
Mt Hunter Rivulet Weir. Greater plant growth could occur in 
upstream sections, and would be limited by the availability 
of phosphorus. If the STW effluent were well nitrified, 
most of the total nitrogen would be present as nitrate and 
high concentrations could restrict uses of the receiving 
waters. As the nitrate might not be readily assimilated (in 
the absence of phosphorus to enable plant growth), this 
could be an additional nutrient load to the Penrith assimi
lation zone. Additional plant growth would then occur if 
nitrogen were limiting growth in that zone. 

By the year 2000, new sewage-treatment works, possibly 
without nutrient-removal facilities, will be operating at 
Menangle and Picton (Table 24 and Figure 36). If these new 
treatment works were to discharge their effluents to the 
river rather than dispose of them by land application, their 
phosphorus loads might be assimilated before reaching the 
Camden zone, despite the short river distances between these 
works and especially if phosphorus were removed from the 
effluent, but their nitrogen loads might not be completely 
assimilated. The nitrogen loads in the Camden zone would 
thus be increased and, assuming both nitrogen and phosphorus 
removal at the Camden STW, plant growth in the upstream 
(nitrogen-limited) river sections of the Camden zone might 
be encouraged. 

In summary, by the year 2000, in order to maintain water 
quality and aquatic plant growths in the Camden zone even 
at their current (in some areas unsatisfactory) levels, 
phosphorus-removal facilities will be required at the Camden 
STW. If these facilities are not constructed, aquatic plant 
(duckweed and phytoplankton) growths will increase during 
low river flows. The degree of treatment and/or method of 
disposal of treated effluents from the new sewage-treatment 
works at Menangle and Picton requires further investigation 
to ensure water quality in the Camden zone is not adversely 
affected to an even greater extent. Downstream of Camden, 
high oxidised nitrogen levels under low-flow conditions may 
be able to be tolerated, provided present and future water 
uses are not affected and provided substantial assimilation 
of oxidised nitrogen occurs in the sections of the river 
between Camden and Penrith. 

6.4.2 Penrith Assimilation Zone 

Under low-flow conditions this river stretch is presently 
dominated by discharges from the Penrith sewage-treatment 
works, other sewage-treatment works having only minor 
impacts on the quality of the receiving waters. Because of 
concern about existing river-water quality and the likely 
effects of increased nutrient loads from an augmented 
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Penrith STW, the State Pollution Control Commission has held 
discussions with Penrith City Council concerning the 
installation of nutrient-removal facilities at these works. 

By the year 2000, a new Winmalee STW will be serving 15 000 
equivalent persons and, at this stag~, it appears likely 
that much of the 18 000 equivalent persons loading increase 
in the Blue Mountains area (Table 24) will be treated at the 
lower Blue Mountains STWs (Glenbrook, Mt Riverview and 
Springwood). The projected total increase in load, of 33 000 
equivalent persons, is more than half the load of 48 000 ep 
from the Penrith STW in June 1980. Nutrient loads from 
the other sewage-treatment works will therefore increase in 
importance after nutrient-removal facilities are installed 
at the Penrith STW. 

One factor which could affect future river nutrient concen
trations is the proposed diversion of water from the Nepean 
River upstream of Penrith Weir into the proposed Penrith 
Lakes Scheme. At flows greater than 170 ML/d at Penrith 
Weir, which occur approximately 53 per cent of the time, 
water would be diverted to these lakes at rates up to 
150 ML/d, for flushing purposes and to replace evaporative 
losses from the 750 ha of lake surface. Pumping rates would 
be controlled to ensure that the river flow below the 
diversion did not fall below 170 ML/d while diversion is 
underway. Lake levels would. fluctuate, and water would not 
be pumped every day unless rive~ flows were elevated. 

The water pumped into the lakes, minus evaporative losses, 
would be returned to the river near Smith Street. The river 
section between Penrith Weir (161.3 km) and Smith Street 
(150.7.km) would thus be "short-circuited" under medium-flow 
conditions by the diverted water. It is estimated that 
evaporative losses from the lakes would average 10 ML/d 
during summer and reach a maximum of 23 ML/d during very hot 
conditions. Hence, overall, the loss of water from the 
river system would be small. Diversions not resulting in 
lake overflows, such as diversions for filling the lakes 
after a drought pe~iod, would cause greater losses over 
short periods of time. 

Final effluents from the Penrith sewage-treatment works may 
be impounded in a special-use "wildlife lake" in the future 
lakes scheme and be discharged to the river near Smith 
Street. Nutrient assimilation in this lake would further 
reduce the nutrient loads discharged to the' river. 

For predictive purposes, however, the hydrological changes 
that may be produced by the proposed Penrith Lakes Scheme 
have been ignored. In other words, existing river and 
tributary flow characteristics and effluent discharge points 
have been assumed. 
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Tributaries downstream of Penrith receive treated effluents 
from sewage-treatment works in the Penrith, Richmond and 
lower Blue Mountains area, as shown in Figure 36 and as 
described below: 

Boundary Creek 

Lapstone Creek 

Fitzgeralds Creek 

Frasers Creek 

Grose River 

Redbank Creek 

Bakers Lagoon 
(thence Cooley 
Creek) 

Rickabys Creek 

- Penrith STW 

- Mt Riverview and Glenbrook 
STWs 

- Springwood, North Springwood 
and Valley Heights STWs 

- the future Winmalee STW 

- Blackheath, North Katoomb'a, 
Wentworth Falls and Hazelbrook 
STWs 

- North Richmond STW 

- Richmond RAAF Base STW 

- Richmond STW (wet-weather 
di scharge only). 

By the year 2000, the equivalent population served by the 
Penrith STW will have doubled to 100 000 persons, and 
the combined equivalent population of the other works in 
the region will be at least 80 000 persons. The nutrient 
loads that will be discharged into the Grose River are not 
expected to increase substantially and, as now, were assumed 
for modelling purposes to be assimilated: However, the 
nutrient loads discharged to the smaller tributaries, 
Lapstone Creek, Fitzgeralds Creek, Frasers Creek, Redbank 
Creek and Rickabys Creek, were assumed not to have been 
assimilated. Assimilation in these tributaries is unlikely 
because most of them are short, because the relative effl'uent 
nutrient loads by the .year 2000 will be high and because 
the increased flows due to the discharge of the treated 
sewage to these tributaries will cause tributary retention 
times to be small. 
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The following six options were modelled for 30 and 57 
percentile river flows(a): 

Option 1: 

Option 2: 

Option 3: 

Option 4: 

Option 5: 

Option 6: 

1979/80, existing conditions 

2000, conditions due to discharges from the 
Penrith STW alone 

2000, same as option 2 but with nutrient 
removal 

2000, with contributions from all existing 
and future sewage-treatment works (Penrith, 
Mt Riverview, Glenbrook, Springwood, Valley 
Heights, Winmalee, Richmond and North 
Richmond) without nutrient removal 

2000, same as option 4 but with nutrient 
removal at Penrith STW 

2000, same as option 4 but with nutrient 
removal at all works. (b) 

Figure 39 illustrates predicted river nutrient loads during 
dry weather due to discharges from the Penrith sewage
treatment works alone for the year 2000, with and without 
nutrient removal (ie, options 2 and 3), compared with the 
1979/80 situation (option 1). In comparison with the loads 
now transported by the river, unless nutrient-removal 
facilities are installed the mean nutrient loads transported 
by the river in the year 2000 due to the Penrith STW alone 
will increase 2.7 times. By the year 2000, ignoring for the 
moment the influence of increased nutrient loads from other 
sewage-treatment works, nutrient removal at the Penrith 
STW would reduce the nutrient loads transported by the 
river, in comparison with its 1979/80 loads, 1.8 times for total 
nitrogen and 3.3 times for total phosphorus, despite the 
increased population served by the Penrith STW. 

The effects of the increased loadings from the other sewage
treatment works in the year 2000 are not shown in Figure 39, 
but were included when predictions were made of river 
nutrient concentrations (Tables 29 and 30 and Figure 40). 
Only 30 percentile river-flow data are plotted, as they 
exhibit decreases in concentrations similar to those applying 
for 57 percentile river flows. 

(a) The 57th percentile corresponds to a moderate flow of 375 
ML/d, which was within the range of the data modelled. 

(b) Does not include nutrient removal at the small North 
Springwood STW or the works discharging to the Grose 
River. 
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Tables 29 and 30 and Figure 40 indicate that, although 
Penrith STW loads will still dominate instream nutrient 
concentrations, the effects 'of the other works will become 
increasingly important by the year 2000. For instance, at 
30 percentile flows, dischdrges from the Glenbcook and Mt 
Riverv.i.ew ST,vs (via Lapstone Creek) will increa::;e mean total 
nitrogen (TN) and total phosphorus (TP) concentrations in 
the Nepean River from 4.1 and 1.4 mg/L to 5.2 and 1.8 mg/L 
respectively. At the same river flow, discharges from the 
~.inmalee STW (via Frasers Creek) will increase mean instream 
(Nepean River) TN and TP concentrations from 2.0 and 0.58 
mg/L to 2.7 and 0.83 mg/L respectively. Thus, the incre
mental addition of treated effluents teom works dowllsLr:"~,'l';1 

I)~ Penrith will increase instream nutrient concentrations 
above levels due to the penrith sewage-treatment works alone 
by up to 250 per cent, depending on the nutrient and the 
river location. 

The predicted concentrations of nutrients at the Rickabys 
Creek confluence (Tables 29 and 30) were calculated taking 
account of upstream discharges but ignoring ti,lal effects. 
However, nutrient concentrations at v,indsor will continue to 
be affected by the upstream tidal transportd t ion of nutrients 
discharged to the river via South Creek (sections 4.1.2 and 
6.4.3). 

It nutrient-removal tacilities were not installed (option 
4), or if nutrient-removal facilities were installed only at 
ti1e Penrith STli (option 5), total nitrogen and total phos
phorus concentrations would increase by the year 2000 along 
the entire stretch ot the river (rom Boundary Creek (Penrith 
Weir) to North Richmol~l, and would further elevate concentrd
tions at Windsor above the levels due to South Creek alone. 
For e'><o'll'liJ1.e, mean concentrations of TN and TP at North. 
Richmond at 30 percentile flow would be 1.1 and 0.30 mg/L 
(option 4) and 0.68 and 0.18 mg/L (option 5) respectively. 
By comparison, the mean concentrations. observed during the 
study at North Richmond were 0.68 and 0.062 mg/L respectively 
(Figure 9). Thus, even with nutrient removal at the Penrittl 
STW (option 5), phOSpJ11)Cllo; con,.;.:,ntrations would still 
increase 2.9 times. 

I-hthout nutrient-removal facilities, mean total nitrogen to 
total phosphorus ratios (TN:TP) along the river for option 4 
would generally be less than 4:1, and plant growth would 
tend to be limited by the availability of nitrogen. \Jith 
increase.] nitrogen and phosphorus concentrations from the 
Boundary Creek confluence to Windsor, th~ l,!vels of aquatic 
plant growth observed during the study period would be 
maintained or increased in areas downstream to Yarramundi, 
while the river section between Yarramundi and Windsor could 
experience increased plant growth during river flows up to 
the 60th percentile. 



Table 29 

Predicted Mean 'Ibtal Nitr03en Concentrations in the Penrith Assimilation ZOne, 1979/80 and 2000 

Mean nutrient ccncentration (mg/L) 

Percentile Year and option 1. D/S Boundary 2.Lapstone 13.Fitzgera1d 14.Frasers 15.Grose 16.Redbank 17.RickabYS 
flON Creek Creek Creek Creek River Creek Creek 

confluence (a) confluence (c) confluence (d) conf1uence(e) ccnfluence( f) confluence (g) confluence (h) 
(161.3 km)(b) (157.3 km) 

U/S D/S 

#1, 1979/80 2.1 1.3 2.2 
#2, 2000 6.0 4.1 4.1 

30 #3, 2000 1.2 0.80 0.80 
#4, 2000 6.0 4.1 5.2 
#5, 2000 1.2 0.80 2.2 
#6, 2000 1.2 0.80 0.99 

#1, 1979/80 0.59 0.52 0.77 
#2, 2000 1.9 1.7 1.7 

57 #3, 2000 0.37 0.33 0.33 
#4, 2000 1.9 1.7 2.1 
#5, 2000 0.37 0.33 0.77 
#6, 2000 0.37 0.33 0.40 

(a) Assumed well mixed immediately do.vnstream of ccnfluence 
(b) Distance upstream of Broken Bay 
(c) Between Upper Ford (158.3 km) and LONer Ford (156.3 km) 
(d) LONer Ford (156.3 km) 
(e) Smith Street (150.7 km) 
(f) Just do.vnstream ofYarramundi (142.0 km) 
(g) North Ridnnond (138.2 km) 

(156.3 km) 
U/S D/S 

1.8 2.1 
3.4 3.4 
0.67 0.67 
4.5 5.0 
1.8 2.4 
0.84 0.94 

0.73 0.84 
1.6 1.6 
0.-31 0.31 
2.0 2.2 
0.73 0.94 
0.38 0.41 

(150.7 km) (142.0 km) (138.2 km) (125.0 km) 
U/S D/S U/S D/S U/S D/S U/S D/S 

0.79 0.79 0.56 0.43 0.40 0.40 0.21 0.21 
1.5 1.5 1.1 0.72 0.62 0.62 0.35 0.35 
0.29 0.29 0.21 0.24 0.21 0.21 <0.10 <0.10 
2.0 2.7 1.7 1.1 0.89 1.1 0.55 0.93 
0.83 1.6 0.85 0.60 0.47 0.68 0.40 0.46 
0.37 0.49 0.31 0.30 0.20 0.23 0.12 0.18 

0.41 0.41 0.30 0.26 0.25 0.25 0.19 0.19 
0.78 0.78 0.59 0.47 0.45 0.45 0.35 0.35 
0.15 0.15 0.12 0.13 0.13 0.13 <0.10 <0.10 
1.1 1.4 0.88 0.69 0.62 0.71 0.52 0.68 
0.47 0.73 0.42 0.36 0.31 0.40 0.29 0.45 
0.21 0.25 0.16 0.16 0.13 0.14 0.11 0.13 

(h) Near Windsor (124.9 km). Concentrations at this station will be significantly greater than irrlicated because of upstream tidal 
transrx>rtation of nutrient loads discharged via South Creek (123.8 km). 
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Table 30 --

Predicted i"lean Total i)hosphorus Concentrations in the Pencitil A,'';'5irnilation Z01lt", 1979/:30 and 2000 

Mean nutrient concentration (luy/L) 

Percentile Year and option 1.D/S Boundary 2.L3pstone 3. ~i tzgera 1d I 4. Fras;rs I 5.Gr'ose I 6. Redba'1k 7.Rickabys 
flow Cceel<.: C["eek Creek CreeK Rlver . Creek Creek 

confluence (a) confluence (c) confluence «1) conr:ll~~::,rlce(e) confl ue nce ( f) confluence(lj) confluence ( 
(161. 3 kIn) (b) 

I ' 
(157.3 kIn) (156.3 kIn) (150.7 kIn) (142.0 km) (131).2 kIn) (125.0 krn) 

h) 

VIS DIS U/S DIS U/S DIS U/S DIS U/S DIS U/S DIS 
- -.-------. -'-. 

#1, 1979/80 0.77 0.53 0.78 1).66 0.77 0.24 0.24. 0.16 0.10 0.00 0.08 0.04 0.04 
#2, 2000 LO 1.4 1.4 1.2 1.2 0.43 0.43 (). ,/.4 I!.),II I) .16 0.16 0.07 0.07 

30 #3, 2000 0.22 0.,16 0.16 0.13 0.13 0.05 0.05 0.03 0.03 0.03 0.03 <0.02 <0.02 
#4, 2000 2.0 1.4 1.8 1.56 1.75 0.58 0.83 0.47 0.2Y 0.23 0.30 0.13 0.26 
#5, 2000 0.22 0.16 0.61 0.53 0.74 O.Ll 0.47 0.22 0.14 0.11 0.18 0.07 0.20 
#6, 2UOO 0.22 0.16 0.20 0.17 0.19 O.Db 0.09 0.05 0.04 0.03 0.04 0.02 0.03 

.. ,~,--"- -. 

#1, 1979/1)0 0.22 0.20 0.27 0.26 0.29 0.16 0.16 U.I0 0.08 !l,07 0.07 0.05 0.05 
#2, ;2000 0.61 0.55 0.55 0.52 0.52 0.29 0.29 0.18 0.14 0.13 0.13 0.09 O.W 

57 #3, 200U 0.07 0.06 0.06 0.06 0.0f) 1).03 0.03 0.02 0.02 0.02· 0.02 <0.02 <0.02 
#4, 2000 0.61 0.55 0.69 0.66 0.73 0.40 0.49 0.31 0.23 0.19 0.22 0.15 0.20 
#5, 2000 0.07 0.06 0.21 0.20 0.27 0.15 0.24 0.15 O.ll 0.09 0.12 0.D7 O.U 
#6, 2UOO 0.07 0.06 0.08 U.07 0.08 U.04 0.05 0.03 0.03 0.02 0.03 U.02 0.U2 

. --...... --~-~.- - ... 

(a) Assumed well mixed i.lnmediately downstrealll of confluence 
(b) Distance upstream oE Broken Bay 
(c) Between Upper Ford (158.3 kIn) and Lower Ford (156.3 kIn) 
(d) Lower Ford (156.3 km) 
(e) Smith Street (150.7 kIn) 
(t) Just downstream of Yarrillnundi (142.0 km) 
(g) Nortll RichifDnd (138.2 km) 
(h) Near Windsor (124.9 kIn). Concentrations at this station will be signi ficantly greater than irl(li.c,"lb-?d because of upo;tr:',"ll\ i i.dal 

transportation at nutrient loads discharged via South CLeek (123.8 kIn). 
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Tables 29 and 30 (and Figure 40, which applies for 30 
percentile flows only) indicate that, at 30 and 57 percentile 
flows, nutrient removal at ~enrith STW only (option 5) would 
not prevent nutrient concentrations being greater than the 
modelled levels for 1979/80 conditions for most areas 
downstream of Lapstone Creek. TN:TP ratios would generally 
be low (5.5:1 or less), indicating that, as with option 4 
above, nitrogen would be limiting to plant growth. Option 5 
would therefore not prevent the present problems of nuisance 
plant growth occurring under low-flow conditions, and there 
would still be a potential for nuisance growths to occur in 
the area downstream of the Grose River junction. 

If nutrient-removal facilities were installed at all works 
(option 6), nutrient concentrations would be less than for 
1979/80 conditions for both the 30 and the 57 percentile 
flows. Under these circumstances, existing areas of nuisance 
aquatic plant growth would decrease and would be unlikely to 
extend further downstream than the Grose River confluence.* 
In addition, decreased densities of aquatic plants downstream 
of Frasers Creek would be likely, even at 30 percentile 
flows. Ratios of TN:TP in river waters would still be low 
(less than 7.5:1), and plant growth would continue to be 
limited by nitrogen. These low ratios might encourage the 
growth of blue-green algae. 

If nitrogen removal were adopted only at the Penrith STW and 
phosphorus removal at all the works, TN and TP concentrations 
would be less than 2.5 and 0.23 mg/L respectively at 30 
percentile flows (1.0 and 0.09 mg/L respectively at 57 
percentile flows), and TN:TP ratios from Lapstone Creek 
downstream would be greater than 10:1. Phosphorus would be 
limiting to plant growth and nitrogen concentrations 
would not affect present uses of the water. 

In summary, nutrient-removal facilities are required at 
the major sewage-treatment works discharging into the river 
system within the Penrith assimilation zone if existing 
problems under low-flow conditions (up to 60 percentile 
flows) are not to be increased. However, within this 
zone there are opportunities for adopting less restric-
tive constraints on nitrogen concentrations in effluents 
if phosphorus is made the limiting nutrient by installing 
phosphorus-removal facilities at all sewage-treatment 
plants. If this course of action were adopted, nitrogen to 
phosphorus ratios in river waters would be high and less 
desirable algal species, such as some species of blue-green 
algae which can fix atmospheric nitrogen, would be less 
likely to grow. Nitrogen loads from the Camden assimilation 
zone would similarly not 'increase plant growth in the 
Penrith zone if the availability of phosphorus was limiting 
to plant growth. 

* Downstream-of the Grose River confluence TP and TN levels 
would be less ~han 0.04 mg/L and 0.30 mg/L respectively 
for flows up to the 57 percentile flow. Problems of 
nuisance plant growth would be unlikely under these 
conditions. 
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6.4.3 South Creek Assimilation Zone 

In the Sou ttl CreRk c~tchment, by the ye~r 20UO the Quakers 
Hi.ll; Riverstone, St HaLYs and vhndsor sewage-tLl:!at.nent 
works will serve an equivalent population of 437 5UU, 
compared with 15U 450 persons in 1980 (Table 24). Under 
dry-weather, low-flow conditions, effluents discharged fro;n 
the Q'lakers Hill and St .Marys STWs will be reta ined in the 
South Creek system prior to reaclling the nawkesbury f<)Y.· 9 
~'ld 3 days respectively, compared with their current retentio~ 
times of 26 and 24 days respectively. 

In the Cattai Cree~ catchment, the Castle Ilill and Kelly
ville STWs served an ~quivalent population oE 10 50U persons 
in 1980. By the year 2000, four sewage-treatment works 
(Castle Hill, Cattai, Rouse Hill and Round COLner) may serve 
an equivalent population of 133 000 persons. Effluents from 
these works are dnd will be conveyed to the Hawkesbury River 
via Cattai Creek. Under low-flow conditions, the nutrient 
loads dischaLged from existing works during the study period 
(':10 kg/d of total ni.trogen and 30 kg/d of toted pitr)>;phorus) 
were more than 9U per cent assimilated in Cattai Creek, with 
approximately 5 kg/d of total nitrogen and 1 kg/d of total 
phosphorus being discharged to the Hawkesbury River. (Creek 
flows in 198U, 3 km from the Hawkesbury River, were approxi
mately I ML/d greater than treated sewage-effluent flows, 
showing that only 30 per cent dilution currently occurs in 
the creek.) By the year 20UU, ~he increased development 
within this catchment will increase the nutrient loads 
rjischarged to this creek system, and reduce effluent reten
tion times in the system, by factors of twelve. Nutrient 
assimilation is therefore likely to occur at lower assimi
lation rates, similar to those in South Creek. 

For predictive purposes, the nutrient loads discharged from 
South Creek to the Hawkesbury River in the year 2000 
were calculated assuming nutrient assimilation will occur at 
the sa:!le rate as in 1980 but assuming il. ceduced creek 
n~t";i\Lion time. All Cattai Creek loads were assumed to 
reach the Hawkesbury, because of the lack of dilution in the 
creek by the year 2UOO and because of the twelvefold 
decrease in retention time. Approximate 30 and 57 percentile 
nett Ereshwater flows foc this upper freshwater section of 
the estuary were calculated by summing the relevant percentile 
flow data for tile major tributaries, the GLose and Nepean 
Rivecs, and the flows from :->'_It(i-)·, -;",1 C3.ttai Creeks, which 
were approximately the volumes of treated sewage effluent 
under such river-flow conditions. 

The following six options were modelled: 

Option 1: 1979/80 conditions 

Option 2: 2000, conditions due to South Creek catch
ment STWs without nutrient reLlloval 

Option 3: 2000, same as option 2 but with nutrient 
removal at all South Creek catchment STWs 



Option 4: 

Option 5: 

Option 6: 
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2000, with contributions from all existing 
and future sewage-treatment works in South 
and Cattai Creek catchments, without 
nutrient removal 

2000, same as option 4 but with nutrient 
removal at all South Creek catchment 
STWs 

2000, same as option 4 but with nutrient 
removal at all sewage-treatment works. 

Predicted nutrient loads and concentrations in the river are 
shown in Figures 41 and 42 and Table 31. These predictions 
show that effluent discharges to South Creek alone will 
triple the nutrient loads transported by the river in the 
year 2000 (option 2) in comparison with present loads 
(option 1) unless nutrient-removal facilities are installed. 
Nutrient removal at the South Creek catchment sewage-treatment 
works (option 3) would result in decreased nutrient loads 
transported by the river in comparison with its 1980 
loads, despite the increased population being served. 
Cattai Creek loads without nutrient removal in the year 2000 
(option 4) would increase river nutrient loads still further 
by approximately the same quantity as the loads due to South 
Creek in 1980. Unless nutrient removal occurs at the Cattai 
Creek catchment STWs (option 5) as well as the South Creek 
catchment STWs (option 6), river nutrient loads will be 
double the present loads. 

As there is only one measurable assimilation stage in this 
section of the river, and as there are only minor tributary 
inflows, nutrient loads transported by the nett freshwater 
river flow show similar trends (Figure 41) to nutrient 
concentrations along the river (Figure 42), and nutrient 
concentrations along the river to the Colo junction in the 
year 2000 will be higher than present levels unless nutrient
removal facilities are installed at sewage-treatment works. 
However, if the nutrient-control options were applied in 
both the South Creek and Cattai Creek catchments, total 
nitrogen and phosphorus concentrations in the year 2000 
would be approximately 50 and 60 per cent respectively of 
the concentrations observed during the present study under 
30 and 57 percentile flow conditions. With nutrient removal, 
the assimilation zone in the year 2000 would be reduced, but 
the other options would result in a lengthening of the zone. 

The installation of nutrient-removal facilities in one creek 
catchment and not the other would result in high concen
trations of nutrients downstream of the particular creek's 
junction with the Hawkesbury River. An investment of 
capital in one catchment but not the other would therefore 
have limited benefits. 

Nitrogen to phosphorus ratios in most sections of the 
estuary after nutrient removal at all plants (option 6) 
would be slightly lower than today, being less than 6:1, and 
nitrogen would be limiting to phytoplankton growth. However, 
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Table 31 

Predicted t--lean Nutrient Concentrations in the Upper Estuary (South Creek to Colo River) 

, 
Mean nutrient concentration (mg/L) 

utrient Percentile Year and D/S South Creek Cattai Creek V/S Colo River 
river flON option confluence confluence confluence 

(%) I (124.0 krn) V/S D/S (80.5 krn) 
i (112.5 krn) (111. 5 krn) 
! 

i 
T #1, 1979/80 3.6 2.5 2.5 0.62 
0 

I 

#2, 2000 9.1 6.9 6.9 1.7 
T 30 #3, 2000 1.5 1.2 1.2 0.30 
A #4, 2000 9.1 6.9 8.9 2.2 
L #5, 2000 1.5 1.2 3.8 0.93 

#6, 2000 

I 
1.5 1.2 1.5 0.37 -

I 
i 

N 
I I 

I 
#1, 1979/80 1.6 1.4 1.4 0.65 

T #2, 2000 4.8 4.2 4.2 2.0 
R 57 #3, 2000 0.77 0.67 0.67 0.32 
0 #4, 2000 4.8 4.2 5.4 2.6 - -

G #5, 2000 0.77 0.67 3.3 1.58 
E #6, 2000 0.77 0.67 0.87 0.42 
N 

I 

T #1, 1979/80 0.53 0.31 0.31 0.04 
0 #2, 2000 2.7 1.8 1.8 0.22 
T 30 #3, 2000 0.28 0.18 0.18 0.02 
A 

I 
#4, 2000 2.7 1.8 2.5 0.30 

L #5, 2000 0.28 0.18 1.1 0.13 
#6, 2000 0.28 0.18 0.25 0.03 

P 
H 
0 #1, 1979/80 0.23 0.18 . 0.18 0.06 
S #2, 2000 1.4 1.2 1.2 0.40 
P 57 #3, 2000 0.15 0.12 0.12 0.04 
H #4, 2000 1.4 1.2 1.6 0.53 
0 #5, 2000 0.15 0.12 1.0 0.33 
R #6, 2000 

I 
0.15 0.12 0.16 0.05 

V 
S I 

I 

I 
) 
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if a limited-efficiency nitrogen-removal ~rocess, together 
with phosphorus removal to 1 mglL, were adopted for the large 
sewage-treatment works that will exist within the South 
C~eek and Cattai Creek c~tchments, the nitro~en to phosphorus 
ratios would increase. For example, if total nitro~en were 
15 mg/L in final effluents, nitro,:}en to phosjJ~lOrus ratios 
would hI'; fligher than 15:1 (Figure 43), and phytopldnkto<1 
growth would tend to be limited by phosphorus rather than 
nitrogen concentrations. 

Without any nitrogen removal, mean total nitrogen levels in 
the river at 30 percentile flows would range up to 9 mY/L at 
3U percentile flows and reach higher l~vels .It lesser flows. 
If the nitrogen were present as nitrate, beneficial uses of 
the water could be restricted. These mean concentrations 
could be further ell';vdted iE nitrate loads were also derived 
from the Camden and Penrith as"i.'.li.l .. ltion zones. 

In summary, by the year 2000 phosphorus removal will be 
required at the sewage-treatment works discharging into 
South and Cattai Creeks if total phosphorus loads and 
concentrations in the ~iver are to be prevented from 
increasin,:} markedly. Such phosphorus-removal facilities 
would reduce phosphorus loads and concentr~tions in this 
river section in the year 2000 to levels below those 
.~.x:pe~i.(~jlt:,~d in 1979/80. Nitrogen removal to 5 mg/L total 
nitrogen in sewage effluents would similarly reduce nitro,:!en 
loads and concentrations, but would also lower the total 
nitro,:!en to total phosphorus ratio. This latter reduction 
is not desirable, as it could tend to favour the growth of 
less desirable nitrogen-fixing blue/green algae. Nitrogen 
removal to, say, 15 mg/L would result in ratios of more than 
15: 1, and phosphorus, ~ather: thal1 nitrogen as at present, 
would become the limiting nutrient between South Creek and 
the Colo River confluence. This interme,iiate level of 
nitrogen removal (approximately 50 per cent) would reSlllt in 
nitrate concentrations in river wate~s for most flows being 
sufficiently low for most intended uses (Figure 43). 

The effects of increased river nutrient concel1trations can 
be predicted using the biomass equation develope,) in section 
5.2. This equation (20) predicts that chlorophyll a concen
trations will increase as limitin':j nutrient I;oncentrations 
and euphotic zones incre~se o~ as mixing depths decrease. 
Unless nutrient-removal facilities are installed, nutrient 
concentrations will increase by the year 2000. Euphotic 
zones are unlikely to chan':je significantly in the future, 
~lthough sliyllt increases in some are.~s ~rl·l ·leereases 
in others may occur as a result of changes in areas 
impacted by instream sand mining. (v;olanski and Call is 
(1976) observed that during the temporat'y cessation of sand 
mining in summer holiday periods in the Windsor area, water 
turbidity levels decreased and algal blooms occurred.) 
Mixing depths are unlikely to change appreciably except 
where future sand extraction occurs, and for predictive 
purposes these JI~ptllS were assumed to remain at current 
known (measured) levels. 
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Predictions of mean chlorophyll a concentrations within the 
upper estuary, from Windsor to the Colo River junction, are 
shown in Figure 44 for 1979/80 conditions and for the year 
2000 under the various options for nutrient removal. All 
predicted levels are close to the approximate maximum ranges 
of chlorophyll a concentrations observed during the 1979-80 
study period in-this river section (up to 200 ~g/L). Levels 
higher than these predictions have been observed in severely 
impacted sections of the Georges River in 1982/83. The 
predictions shown in Figure 44 assume algal species composi
tions similar to those observed in the present study, and 
also assume that toxicity effects will not prevent plant 
growths in future years. Chlorophyll a concentration 
predictions have not been made for the-saline estuary, 
downstream of the Colo River junction, although chlorophyll 
a concentrations will probably increase in the estuary as a 
result of higher nutrient concentrations if nutrient
removal facilities are not installed. 

The results in Figure 44 indicate that mean chlorophyll a 
concentrations in the freshwater estuarine section are 
likely to increase markedly by the year 2000 if nutrient
removal facilities are not installed. If 20 pg/L is 
accepted as the maximum desirable level - and many would 
argue for a lower level - then the estuary is already , 
adversely affected, but it will be even more so by the year 
2000. Present levels already cause a nuisance and lead to 
public complaints, and complaints could be expected to 
increase as the effects of the increased nutrient levels, as 
shown by higher chlorophyll a concentrations, become apparent 
to residents and visitors along downstream river sections. 

Nutrient removal is predicted to result in mean chlorophyll 
a concentrations (Figure 44) down to the Colo River junction 
in the year 2000 being similar to those observed in 1979/80 
under 30 percentile flow conditions. Nitrogen control alone 
is predicted to decrease chlorophyll a concentrations more 
than phosphorus control. This prediction should be treated 
with caution, however, since it would result in low N:P 
ratios in the receiving waters and could favour a change in 
algal species to less desirable nitrogen-fixing blue/green 
algae. Should this occur, nitrogen would no longer be the 
limiting nutrient and other factors, perhaps the availability 
of phosphorus or light, would determine the quantity of 
biomass produced (ie, the mean chlorophyll a concentration 
measured). 

Other factors already tending to favour the dominance of blue/ 
green algae are increasing nutrient enrichment of the waterway 
and increasing sodium concentrations (due to effluents, 
irrigation and saline intrusion). Species of blue/green 
algae capable of nitrogen fixation are already present in 
the estuary. Possible inputs of nitrogenous compounds via 
groundwater inflows also make it difficult to effectively 
utilise nitrogen controls alone to limit algal growth. 

Phosphorus removal from treated sewage effluent could make 
phosphorus limiting for algal growth and result in chloro
phyll a concentrations in the river in the year 2000 
similar to present levels (Figure 44) . 
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In order to improve water quality over current levels, 
effluent phosphorus concentrations lower than 1 mg/L would 
be required. Such lower levels are routinely obtained at 
many modern, advanced wastewater-treatment plants, such as 
the Lower Molonglo Water-Quality Control Centre. 

Phosphorus control has several other advantages. Phosphorus 
is less mobile than nitrogen and, because it is readily 
absorbed by soils, it is rarely found in groundwaters 
unless they are seriously polluted by, for example, septic 
effluents. 

In addition to point sources such as sewage-treatment works 
and piggeries, phosphorus inputs to waterways may result 
from aerial fallout, which is usually insignificant in 
developed areas unless it is magnified by a specific incident 
such as crop dusting with superphosphate, and from rural and 
urban stormwater runoff. Runoff inputs usually occur only 
during and after irregular storm events, and most of the 
phosphorus is associated with particulate matter which 
settles, at varying rates depending on particle size, in the 
waterway. In short rivers such as the Georges River suspended 
matter may be flushed from the river system to the sea, but 
in the longer Hawkesbury-Nepean River such finely suspended 
matter is more likely to settle or be precipitated in saline 
sections of the river itself. In many upstream river 
sections the amount of phosphorus-laden sediments after 
storms may not be large, as storm conditions often result in 
elevated river-water velocities which remove sediments by 
scouring. These sediments would then be redeposited in the 
lower estuary. 

The availability to algae of phosphorus in sediments depends 
on the degree of resuspension or intimate mixing of the 
sediment with the algae (this is normally hot large in the 
Hawkesbury/Nepean River*), the form of the phosphorus 
(apatite phosphorus, for example, cannot be utilised: 
Williams et al 1980) and whether bottom river waters are 
anoxic (normally in the Hawkesbury-Nepean River they are 
not). Andersen (1982), in a study of 31 eutrophic Danish 
lakes, found that no release of phosphorus to oxygenated 
lake waters occurred if nitrate concentrations were greater 
than about 0.5 mg N/L. Much higher concentrations than 
this may occur in sections of the Hawkesbury River if 
phosphorus controls are introduced, together with limited 
nitrogen removal. 

* Between Stations 250 (124.9 km) and 200 (111.5 km), and 
in the lower estuary, the river waters are well mixed 
and incorporate particles from the sediment surface at 
the ebb and flood tidal stages. 
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In conclusion, the utilisation of phosphorus contained in 
or released from sediments is unlikely to be a major source 
of phosphorus for phytoplankton either now or in the future 
during dry-weather conditions, and the control of phosphorus 
inputs from sewage-treatment works should be effective in 
controlling and limiting total phosphorus and thus chlorophyll 
a concentrations in this river section. 

6.4.4 Saline Estuarine Zone - Colo River to Broken Bay 

The existing assimilation zone in the upper (freshwater) 
estuary extends approximately 40 km from Windsor to the 
region just downstream of the Colo River confluence, where 
nutrient concentrations approach levels regarded as back
ground (0.5 mg/L total nitrogen and 0.05 mg/L total phos
phorus). With increased freshwater river flows, this zone 
would migrate further downstream (section 5.1.1 and Table 
31). 

The results of the modelling of year-2000 loads of nutrients 
transported by the Hawkesbury River at the Colo River 
confluence have been discussed in section 6.4.3. By 
accounting for additional freshwater inflows, such as the 
Colo River, and by using the known relationship between 
cumulative river volume and river length (Appendix 7), the 
length of river required for nutrient concentrations to 
decrease to background levels via assimilative processes 
can be estimated. 

Values for the longitudinal dispersion coefficients required 
for modelling in the region downstream of the Colo River 
confluence were extracted from the interim Electricity 
Commission report (1982) concerning the modelling of salinity 
distributions in the Hawkesbury River. 

In order to account for: 

(a) the nutrient loads transported by the Hawkesbury 
River at the Colo River confluence and by the 
Colo River to the saline region downstream of the 
Colo River, and 

(b) the different cross-sectional area and longitudinal 
dispersion characteristics in this region, 

the model described in section 5.1.2 (equation (9» was 
applied. 

Table 32 shows the river lengths required for assimilation, 
in the years 1980 and 2000, to reduce total nitrogen and 
total phosphorus concentrations to background levels under 
30 and 57 percentile flow conditions. 
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Table 32 

Length of Assimilation ZOne J:O..mstream of South Creek Junction, 
1979/80 and 2000 

Length of assimilation zone to achieve 
Year/Nutrient Option Percentile background ooncentration (kIn darmstream 

flON of South Creek Junction at Windsor) 

1979/80 No nutrient rerroval 30 43 
Total nitrogen (Option 1) (just upstream of the Colo River confluenc 

1979/80 No nutreint rerroval 30 35 
Total phosphorus (Option 1) (Cumberland Reach, on station 150) 

1979/80 No nutrient rerroval 57 43 
Total nitrogen (Option 1) (just upstream of the Colo River confluenc 

1979/80 No nutrient rerroval 57 43 
Total phosphorus (Option 1) (just upstream of the Colo River confluenc 

2000 No nutrient rerroval 30 63 
Total nitrogen (Option 4) (between the MacDonald River oonfluence an 

Station 90 in Trollope Reach) 

2000 No nutrient rerroval 30 61 
Total phosphorus (Option 4) (at the MacDonald River oonfluence) 

2000 No nutrient rerroval 57 >80 
Total nitrogen (Option 4) (dONnstream of Sentry Box Reach) 

2000 No nutrient rerroval 57 >80 
Total phosphorus (Option 4) (dONnstream of Sentry Box Reach) 

2000 Nutrient removal 30 41 
Total nitrogen fran all S'lWs (at I.o.ver Portland) 

(Option 6) 

2000 Nutrient removal 30 43 
Total phosphorus fran all S'IWs (just upstream of the Colo River confluencE 

(Option 6) I 
I 

2000 Nutrient removal 57 39 
Total nitrogen fran all S'lWs (just upstream of I.o.ver Portland) 

(option 6) 

2000 Nutrient ranoval 57 43 
Total phosphorus fran all S'IWs (just upstream of the Colo River oonfluence 

(option 6) 
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By the year LUOO the assimilation zone will extend an 
additional 20-30 km along the lower or saline zone of the 
estuary unless nutrient controls at sewage-treatment works 
are implemented. The eutrophic conditions which currently 
exist upstream of the Colo River confluence will therefore 
extend, under normal river-flow conditions, downstream 
to Wisemans Ferry (62 km from Broken Bay) at least. 

Urban developments and discharges from large sewage-treatment 
works in areas downstream of Wisemans Ferry, such as 
developments and discharges in the catchment of Berowra 
Creek, may result in eutrophic conditions in waters even 
further downstream. Discharges from this area may already 
have resulted in increases in nutrient concentrations in the 
Hawkesbury River in the vicinity of stations 70 to 51 (43.5 
km and 26.1 km from Broken Bay) (section 4.1.2). 
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7 CONTROL STRATEGIES 

In average years, low dilutions of treated sewage are found 
in the Hawkesbury-Nepean River downstream of Camden, 
Penrith and South Creek for significant proportions of the 
time (section 6.3). This results in elevated nutrient 
concentrations and excessive plant growths (section 4), and 
unless control actions are taken both are expected to . 
increase by the year 2000 (section 6.4) as a result of 
increases in the catchment population. Several tributaries 
transporting the wastewaters will also deteriorate in water 
quality unless control actions are taken to nitrify the 
wastewaters and keep the nutrient loads discharged by 
sewage-treatment works at or below their present levels. 
possible control strategies for the tributaries are discussed 
below in section 7.1 and strategies for the mainstream are 
discussed in section 7.2. 

7.1 Tributaries 

Tributaries can act as no-cost, valuable sediment and 
nutrient traps if local government authorities and devel
opers resist pressures to canalise them as has happened, for 
example, in some areas of the Georges River catchment. New 
developments should therefore preserve natural creek features. 

Urban stormwater runoff contains large quantities of 
suspended solids, nutrients and oxygen-demanding substances, 
most of which are contained in the first flush of stormwater. 
Stormwater runoff studies carried out by the State Pollution 
Control Commission (SPCC 1977c) and by Cordery (1976) have 
shown that a large percentage of the nutrients contained in 
urban runoff is associated with suspended sediments anQ 
can be removed by a short period of det~ntion. The SPCC 
recommended in its report "The Quality of Sydney's Natural 
waterways in Relation to its Growth" (1977) that in the 
development of new urban areas in the .Hawkesbury and 
Georges River catchments: 

" consideration should be given to providing large 
areas adjacent to or in flood plains for use as parkland 
or golf courses. Recreational lakes should be .included 
in these areas, since these also serve as storage or 
partial treatment facilities for stormwater runoff." 

Some local government authorities a~d developers have 
adopted these proposals to improve tributary (and mainstream) 
water quality. For example, the Penrith Lakes Development 
Corporation is considering using one of its proposed lakes 
as a stormwater detention pond, and Penrith City Council 
already utilises disused quarries as settling ponds for 
stormwater from the Cranebrook area. Overall, however, few 
settling ponds or other controls have been planned for urban 
runoff in new urban areas. 

Rural, or agricultural, runoff is generally very low in dry 
weather because of the small amount of irrigation in the 
catchment and because effluents from agricultural activities 
such as piggeries are disposed of by spray irrigation onto 
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pastures. Rural runoff is thus of importance only during 
and after storm periods. At such times, suspended solids, 
nutrients and oxygen-demanding substances are carried into 
the tributaries and, depending on the degree of canalisation 
of these waterways, are wholly or partly transported to the 
mainstream. The effects are thus transitory, like the effects 
of urban runof£, being confined to periods during and after 
storm periods. Rural runoff has of course affected many 
catchment tributaries since the days of colonial settlement. 

Of greater importance are the increasing sewage-treatment 
works effluent flows and nutrient loads discharged to normally 
low-flowing tributaries. These are continuous discharges, 
in contrast to storm-induced rural and urban runoff. In 
creeks such as South, Eastern, Lapstone, Fitzgeralds, Cattai 
and Waitara Creeks (Waitara Creek is a tributary of Berowra 
Creek), creek flows during normal dry weather are already 
predominantly treated sewage effluents. Although effluents 
may appear clear and be well oxygenated at the discharge 
point, their frequently high concentrations of ammonia (up 
to 40 mg N!L) and other plant nutrients mean that they have 
significant impacts on downstream water quality. 

By the year 2000, treated effluents will make up more than 
90 per cent of the above tributary flows. Under these 
conditions, inhibition of plant growth and hence reduced 
assimilation of plant nutrients are likely to occur. Such 
effects already occur in South and Eastern Creeks. As 
discussed in section 4.3, elevated ammonia concentrations in 
works effluents may be the cause of this inhibition, although 
such high proportions of nitrified effluent can also inhibit 
algal growth. Elevated ammonia concentrations, particularly 
if combined with low concentrations of dissolved oxygen, may 
also be toxic to aqua~ic fauna. They also cause additional 
oxygen demands on the receiving waters, promoting anaerobic 
conditions in deeper tributary ponds. The inhibition of 
plant growth or nutrient assimilation in tributaries also 
results in greater nutrient loads being transported to the 
mainstream, where their presence and nuisance value are 
greater and more obvious. 

The first 'stage of improving water quality in the tributaries 
and mainstream is thus to reduce ammonia levels in effluents 
by providing nitrification facilities at sewage-treatment 
works. This would reduce oxygen demands on receiving waters 
and enable greater nutrient assimilation to occur in the 
tributaries. 

A reduction in total nitrogen and total phosphorus concen
trations in sewage-treatment works effluents could lead to 
short-term improvements in tributary water quality, but 
long-term water quality might not improve because the 
populations being served by sewage-treatment works are 
increasing and the nutrient loads being carried by the major 
tributaries will not be significantly reduced from present 
levels in the year 2000. Nitrification of the effluents, 
however, should permit a greater range of aquatic fauna to 
live in some creeks than at present and result in greater 
assimilation of the nutrient loads. In later years, decreases 



- 143 -

in effluent detention times in the tributaries, as a result 
of increases in effluent discharge volumes, will reduce the 
proportion of assimilated nutrient loads., 

For these reasons, desired nutrient concentrations in those 
sewage-treatment works effluents being discharged to the 
tributaries have been derived from considerations of 
mainstream water quality. These desired concentrations are 
discussed in detail in section 7.2 below. 

7.2 Mainstream 

In this section it is assumed that all works effluents have 
been substantially nitrified, so that possible inhibition 
effects can be neglected. 

Increased urban development, and the resultant increase in 
the volumes of treated sewage wastewaters being discharged 
directly or via tributaries· to the river, will result in a 
lengthening of the existing nutrient-assimilation zones and 
an increase in plant growths during normal dry-weather 
conditions unless nutrient-removal facilities are installed 
at sewage-treatment works or alternative effluent-disposal 
options are adopted. 

Most of tne discussion below will centre on sewage effluents 
because, for reasons similar to those discussed in section 
7.1, sporadic inputs of urban and rural runoff are minor 
contributors to the nutrient loads transported by the river 
system during dry weather. 

During wet weather, nutrients are carried into the river via 
its tributaries, but these nutrients are predominantly 
bound to particulates which settle out along the river 
course. Prior to sand-mining operations in the river, the 
upper sections of the river were not becoming progressively 
shallower, showing that these loads were continually moved 
downstream by storm and flood flows. . 

The availability of these nutrients has already been discussed 
in section 6.4.3, where it was shown that they are unlikely 
to be significant sources in the upper sections of the river 
while large nutrient loads are discharged daily to the 
river system from sewage-treatment works. (Sediments both 
absorb and release nutrients, with the equilibrium position 
depending on the nutrient concentration in the overlying 
waters. Currently, the equilibrium would favour absorption 
because the nutrient inputs from sewage-treatment works 
elevate nutrient concentrations in the river.) 

The 1947-52 CSIRO data discussed in section 4.1.2 showed 
that, except at some specific locations, nutrient concen
trations in the river were not significantly elevated 
as a result of rural activities in the catchment, again 
illustrating the limited importance of rural runoff in this 
river system. 

( 
, 
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The success of modelling (section 5) in predicting both the 
magnitude of the existing nutrient load inputs into the 
river and, indirectly, the locations of the point sources 
(from predicted river volumes) provides further vindication 
of the view that, for the current situation, the release of 
nutrients from sediments is not an important source within 
the Camden, Penrith and South Creek assimilation zones. If 
all sewage-treatment works were to cease discharging to the 
river, sediment release could become important, although 
river nutrient concentrations would be less than at present. 
In practice, however~ by the year 2000, even with nutrient 
removal at all sewage-treatment works, the nutrient loads 
discharged to the river will still be approximately the same 
as in 1979/80, so sediment nutrient release will still be 
unimportant. 

As discussed in section 7.1, better urban stormwater runoff 
quality is desirable to reduce inputs of suspended solids 
and nutrients. Although these inputs are not as important 
as the point sources in the freshwater sections downstream 
of the sewage-treatment works, they may be more significant 
in lower estuarine areas. While the study has demonstrated 
that point sources of nutrients a~e the dominant factor 
resulting in eutrophication of river waters during normal 
river flows, appropriate planning is needed to minimise 
diffuse inputs of nutrients to the river and its tributaries, 
which will become increasingly significant as the point 
sources are progressively controlled and as the urbanisation 
of the catchment increases. These problems can be expected 
to be greatest in upstream areas. 

There are a number of methods by which nutrient inputs to 
the river system from sewage-treatment works could be 
reduced. The options include: 

Ocean disposal of sewage effluents 

Irrigation o.f treated effluents onto land 

Banning or limiting the phosphate content of 
detergents 

Installing either nitrogen or phosphorus removal 
facilities 

Installing both nitrogen and phosphorus removal 
facili ties. 

Ocean disposal is unlikely to be economically feasible 
because of topographical considerations and the scattered 
locations of the existing sewage-treatment works. It is 
also undesirable for those works now discharging into 
freshwater sections of the river, because by the year 2000 
their essentially freshwater flows will amount to 180 ML/d 
(2 m3/s) and will thus increasingly help to prevent saline 
penetration along the estuary. During normal low river 
flows or droughts, such inputs are important in limiting 
saline intrusions (Prince, unpublished data) and are there
fore of considerable benefit to downstream irrigators. {It 
is not economically feasible to release water from the 
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Warragamba or Upper Nepean dams for use by irrigators during 
dry periods.) These freshwater flows' will become increasingly 
important for this purpose should major tributaries such as 
the Grose, Colo and MacDonald Rivers be impounded and 
operated similarly to the Upper Nepean dams. 

The irrigation of treated effluents may be an effective 
means of improving river water quality, and this is a 
desirable strategy for the existing smaller sewage-treatment 
works at Windsor and West Camden and for the proposed 
Menangle and Picton. works. Irrigation disposal may also be 
feasible at Riverstone, where large areas of land owned by 
the abattoir are already used for the disposal of pretreated 
abattoir waste by spray irrigation. This disposal strategy 
will require planning to ensure sufficient land is reserved 
for irrigation purposes. Farmers close to sewage-treatment 
works and farmers along tributaries carrying effluents 
should be encouraged by sewerage and water-resource authori
ties to use the effluents for irrigation purposes. Farmers 
would benefit because the supply of treated effluent would 
be reliable even during droughts and because the dissolved 
nutrients would benefit-their crops. During wet weather 
farmers would not require the effluent for irrigation, but 
this would not present problems because natural creek and 
river flows (and therefore dilution) and water turbidity 
would be greater, so nuisance aquatic plant growths should 
not occur. Before irrigation is adopted as a disposal 
practice, the suitability of the soils for this purpose 
would need to be investigated. Sewerage, water-resource and 
planning authorities should investigate and seek to remove 
any legal, planning, ownership, administrative or economic 
impediments to the promotion of irrigation. 

Banning or limiting the phosphate content of detergents 
would not be successful in overcoming current or future 
water-quality problems. Phosphorus load inputs to the 
river would be reduced by 30 per cent at most, and actual 
load reductions would be less because of delays in manu
facturing new formulations and the increasing catchment 
populations of the sewage-treatment works. 

Such reductions in phosphate loads would be unlikely to lead 
to reductions in nuisance aquatic plant growths, because 
nitrogen, rather than phosphorus, appears to be the nutrient 
limiting aquatic plant growth in the Hawkesbury/Nepean River 
and a 30 per cent reduction in phosphorus input would be 
insufficient to change this situation. Greater phosphorus 
reductions, say of 90-99 per cent, would reduce plant growths 
because phosphorus would then be the nutrient limiting aquatic 
plant growth. As Jones and Lee (1982) have commented: 

"It usually requires a fairly substantial reduction in 
the available load of the limiting nutrient to cause a 
noticeable improvement in eutrophication-related water 
quality. 

"Whilst some espouse the approach of P load reductions to 
waterbodies that 'every little bit helps', there is no 
technical justification for that approach and following 
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it will not lead to the most cost-effective, technically 
~ound, yet environmentally protective eutrophication 
control programs. Rather, it can readily lead to the 
public's spending large amounts of moneY,in the name of 
'pollution control' with little improvement in water 
quality beyond that which could be attained using a 
rational, technically defensible approach to nutrient 
load assessment and control." 

In addition, at this stage the environmental consequences of 
replacing phosphates in detergents with nitrilotriacetic 
acid (NTA) or zeolites are still uncertain. In the next few 
years, knowledge of the effects of NTA will be extended as 
a result of investigations being undertaken in Italy and 
Germany, and more information should also be available about 
zeolite detergent formulations. Biodegradation of NTA may 
be a lesser problem in Australia than in the colder northern
hemisphere countries where concern has been expressed, and 
local information on this aspect would be desirable. Should 
NTA replace phosphates in detergents and be biodegraded at 
sewage-treatment works, the resultant 4 per cent increase in 
the nitrogen load in sewage effluents could cause increased 
aquatic plant growth and thus a further deterioration in 
water quality in the river sections where growth is currently 
limited by the availability of nitrogen. 
\ 
Thus, changing detergent formulations by banning or limiting 
their phosphate content would not cause the desired improve
ments in water quality. Nutrient removal would still be 
required at the works discharging to the river. After 
phosphorus-removal facilities are installed at these works, 
however, there could be financial incentives. to limit or 
prohibit phosphates in detergents because of possible 
savings in chemicals at the treatment works. 

If nitrogen-removal facilities alone were installed at 
sewage-treatment works, so that total nitrogen concentrations 
in treated effluents were reduced to 5 mg/L or less, there 
would theoretically be a decrease in the length of the 
nutrient-assimilation zones, as nitrogen would continue to 
be the nutrient limiting plant growth. However, resultant 
low nitrogen to phosphorus ratios could encourage the growth 
of less desirable nitrogen-fixing algal species and thus still 
enable large algal growths to occur, as the availability of 
nitrogen would no longer be limiting to growth. Nitrogen 
removal alone is thus not a desirable control option. 

The installation of phosphorus-removal facilities alone 
would make phosphorus the nutrient limiting plant growth. 
Phosphorus discharge limits of 1 mg/L would result in 
phosphorus concentrations in the year 2000 being less than 
current levels downstream of Penrith. This would not 
necessarily result in year-2000 aquatic plant growths being 
below current levels, because phosphorus is now present in 
excess and it is the availability of nitrogen that currently 
limits growth. However, in the intermediate period, up to 
the year 2000, decreased plant growths would occur and the 
assimilation zones would not be as long. Nitrogen to 
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phosphorus ratios would be ~igh, so conditions would 
not be favourable for the growth of less desirable algal 
species. The presence of excess nitrogen as nitrate could 
help to keep sediments oxidised and inhibit phosphorus 
release from the sediments. 

Neither 
option. 
degrees. 

nitrogen nor phosphorus removal alone is an ideal 
Rather, both nutrients require removal to varying 

As stated above, the control of phosphorus to 1 mg/L should 
ensure plant growths downstream of Penrith are less than at 
present until the year 2000, by which time they will probably 
again reach current levels. The major existing sewage
treatment works, Penrith, St Marys and Quakers Hill, should 
be the first to be equipped for phosphorus removal. The 
installation of phosphorus removal at the smaller sewage
treatment works close to the river, such as Glenbrook, 
should follow as soon' as practicable. 

Some degree of nitrogen removal is also required if the 
freshwater section of the river downstream of Penrith is to 
continue to be used for potable purposes during low river 
flows. (Elevated nitrate levels are undesirable for babies 
less. than six months old and for specific animal-husbandry 
purposes.) A 5 mg/L limit for all works seems unduly 
restrictive, but a 15 mg/L limit, for example, would result 
in balanced growth together with a (desirable) slight excess 
of nitrate. This limit on nitrogen would be an average 
flow-weighted mean. For Cattai Creek, for example, a mean 
limit of about 15 mg/L could be achieved in the year 2000 
if the Rouse Hill and Round Corner STWs installed nitrogen
removal facilities and produced effluents of 5 mg/L total 
nitrogen and if the Castle Hill and Cattai STWs produced 
effluents of 30 mg/L total nitrogen. 

Some denitrification in the works producing nitrified 
effluents could be needed, however, to prevent problems 
of sludge carry-over due to nitrogen release in settling 
sludge in the final clarifiers. In addition, in new sewage
treatment works, economies could be gained by using the 
oxygen resources of oxidised nitrogen to reduce carbonaceous 
oxygen demands, as will occur in the augmented section of the 
Penrith sewage-treatment works and as already occurs at some 
sewage-treatment works using Pasveer channels in New South 
Wales and in advanced treatment processes such as the 
Bardenpho system (Burdick et al 1982). These and other 
options that might prove environmentally acceptable, such as 
nitrogen removal not being required under higher flow 
conditions (say greater than 60 percentile flows), could 
also be examined by the MWS&DB and the SPCC. 

Augmentation of the Penrith sewage-treatment works has been 
approved by the SPCC, under the Clean Waters Act, for a 
design effluent concentration of 5 mg/L total nitrogen. The 
possibility of extending this requirement to the older 
section of the works is being considered. Works discharging 
to or downstream of South Creek should produce effluents 
containing, as a weighted mean for all tributary works, 15 
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mg/L total nitrogen. Because of the relatively higher costs 
and extensive plant modifications needed for nitrogen removal, 
the achievement of this goal will have to be progressive. New 
plants and augmentations of existing plants should, however, 
be designed taking nitrogen-removal requirements into 
account. The response of the river to progressive nutrient 
removal and the development of removal technology will both 
be factors in determining the ultimate optimum removal 
levels for nitrogen at individual sewage-treatment works. 

In summary, to maintain river-water quality at existing 
levels by the year 2000, the disposal of treated effluents 
from the sewage-treatment works upstream of Penrith by land 
irrigation should be evaluated. Unless land irrigation also 
proves possible for works downstream of Penrith, these down
stream works should instal phosphorus and nitrogen removal 
facilities so that total phosphorus and total nitrogen concen
trations in their effluents during dry-weather conditions 
are 1 mg/L and (as a weighted mean) 15 mg/L respectively. 

Nitrification of works effluents is the first priority. 
Phosphorus removal lS the next priority, since initial 
removal of nitrogen alone could promote undesirable changes 
in al~al types. 

Greater improvements in river-water quality would require 
more stringent phosphorus control limits. The additional 
cost involved does not seem justified at this stage, but 
the need for stricter phosphorus controls should be recon
sidered after sewerage authorities have obtained nutrient
removal experience and before aquatic plant densities 
exceed current levels. 

Some degree of nitrogen removal is also desirable to enable 
balanced aquatic plant growth to occur, to control nitrate 
concentrations in waters currently used for potable supplies 
and to maintain the performance of treatment works. ' 

The responses of the river to nutrient controls will be 
monitored to decide whether further pollution-control remedies 
are necessary as catchment populations continue to increase. 

The potential economic benefits of incorporating denitri
fication for energy-recovery purposes should be considered 
for new and augmented works. 

The implementation of all the above priorities will neces
sarily be progressive. There will also need to be continual 
evaluation of the distributions of population growth, 
engineering practicalities, the responses of the river to 
changed nutrient loads and available pollution-control 
options, so as to achieve the most cost-effective expenditure 
of public funds. This evaluation will be able to be used to 
revise the above priorities in the light of experience. The 
impacts of increased instream sandmining are but one example 
of the factors which are still to be evaluated. 

Finally, planning for new urban areas should include storm
water-detention areas to upgrade runoff quality, and runoff 
should be directed, where possible, into non-canalised 
tributaries rather than directly into the mainstream. 





- 149 -

8 SUMMARY AND CONCLUSIONS 

In the Nepean and Hawkesbury Rivers between 1978 and 1981, 
instream concentrations of the plant nutrients nitrogen and 
phosphorus were markedly elevated downstream of the Camden 
STW, the Penrith STW and South Creek. (South Creek trans
ports treated sewage from the St Marys, Riverstone, Quakers 
Hill, HMAS Nirimba and Windsor STWs.) The nutrient loads 
discharged by the sewage-treatment works were significantly 
greater than those normally transported by the river and its 
tributaries, and resulted in high concentrations of ammonia 
in sections of the river and in the tributaries. 

These elevated nutrient concentrations resulted in the 
growth of surface coverings (eg, duckweed and Azolla) 
and attached (periphyton) and suspended (phytoplankton) 
aquatic plants, the degree of impact depending on proximity 
to the sewage-treatment works. These growths incorporated 
nitrogen and phosphorus into plant biomass; ie, the 
nutrients were assimilated. 

-' 

Excessive aquatic plant growths decrease the aesthetic 
appeal of waters, diminish recreational use, change· water 
quality so that river sections may be unsuitable for 
desired aquatic flora and fauna, and pose irrigation and 
potable water-treatment problems. Other deleterious effects 
on tributary and mainstream waters caused by discharges of 
sewage effluents are increased oxygen demands, ammonia 
toxicity problems and, where dilutions are low, malodours. 

During the study period, flows in the tributaries, South, 
Eastern, Fitzgeralds and Cattai Creeks, were predominantly 
treated sewage effluents. Nutrients were poorly assimilated 
in South and Eastern Creeks. 

Bioassays indicated that nitrogen was usually the nutrient 
limiting phytoplankton growth in the river and that elevated 
ammonia concentrations could be inhibiting plant growth (and 
thus nutrient assimilation) in South and Eastern Creeks. 

Using only measurements of river flows and nutrient concentra
tions as input data, a kinetic model was developed that 
enabled predictions to be made of the magnitude and location 
of dominant upstream nutrient sources. The nutrient loads 
and locations predicted in this way agreed well with 
separately measured loads and the locations of sewage
treatment works, supporting the validity of using the model 
for predictive purposes . 

. Analysis showed that nutrient concentrations were dominated 
by the point sources (sewage-treatment works) under normal 
river flows (up to 60 percentile flows) and that the contri
bution from diffuse sources (agriculture, sediment release, 
etc) was negligible under such conditions. 
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For the tidal estuary downstream of Hindsor, a second model 
was developed whereby mean phytoplankton density (as 
measured by chlorophyll a concentration) could be pred1cted 
from the LLrniting nutrient (nitrogen) concentration, the 
clarity of the water and the river depth. This model fitted 
Hawkesbury River data better than other models described in 
the literature. 

Saline intrusion is normally limited to .the reaches of the 
river downstream of the Colo River junction, although tidal 
movement is apparent as far upstream as the Grose R1ver 
junction. During low river-flow periods in 1980 and 1981, 
saline intrusion occurred more than 9 km upstre~a of the 
Colo River confluence, explainin9 the proble.rns· experienced 
at those times by irrigators with citrus crofJs. 

Population increases in northern and western Sydney w1ll 
result in a doubling of treated sewage dischar<jes to the 
Hawkesbury-Nepean River by 1990, and a trebling by 2000, 
in comparison with June 1980 loadings. Dilutions of these 
effluents will decrease considerably by the year 2000. 

These increases in population will be accompanied by 
increased recreational 'use of the river. 

By the year 2000, in order to waintain water quality and 
aquatic plant growths downstream of Camden at even their 
present (in some areas unsatisfactory) levels, phosphorus
removal facilities will be required at the l'lest Camden STI'l 
if effluent disposal to the river is to continue. If these 
facilities are not constructed, the length of river adversely 
affected by aquatic plant (duckweed and phytoplankton) 
growths during normal river flows vVlll increase. 

However, for the smaller sewage-treatment works at Hindsor 
and West Camden and the proposed Menan,:)le and P1cton worKS, 
the irrigation of treated sewage effluents 1S a desirable 
strategy as an alternative to nutrient removal at the workS. 
This strategy may also be feasible at ~hndsor and Riverstone. 
Farmers close to sewage-treatment works and farlllers along 
tributaries carrying effluents should be encouraged by 
sewerage and water-resource authorities to use the effluents 
for irrigation purposes. Planning authorities should ensure 
sufficient land is reserved for this purpose. 

Similarly, nutrient-removal facilities will be required 
at the major sewage-treatluent works discharging into the 
river between Penrith and North Richmond if existing water
quality problems are not to increase. Phosphorus SHould be 
made the nutrient limiting plant growth by installing 
phosphorus-r6uoval facilities at all major sewage-treaLuent 
works. Nitrogen removal, to 5 mg/L, has been required for 
the augmentation of the Penrith sewage-treaLuent works, and 
extension of this requirement to the total effluent from 
these works is being considered. These hleasures should 
prevent restrictions on present uses of the water during 
normal flows and discourage the growth of less desirable 
algae, which can affect the eff1ciency of potable water 
treaLuent works. 
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Similarly, by the year 2000, phosphorus removal, to 1 mg/L, 
will be required at the sewage-treatment works discharging 
into South and Cat·tai Creeks in order to prevent further 
deteriorations in water quality, as evidenced by increased 
phytoplankton densities, in the Hawkesbury estuary between 
South Creek and the Colo River junction. Limited nitrogen 
removal (to a weighted mean of 15 mg/L) will also be 
required. There should, however, be flexibility in stipu
lating the necessary degree of nitrogen removal at the 
various works. For example, it may be more economical to 
remove larger proportions of the total nitrogen at new or 
augmented sewage-treatment works and less at the other 
works. 

Ocean disposal of treated sewage effluents is not recommended 
as a strategy to reduce the nutrient loads discharged to the 
river system, because it is doubtful whether it would be 
economically feasible and because increasing effluent flows 
in the river will increasingly help to prevent saline 
intrusion during low river-flow or drought periods. 

The possible impacts of sandmining in the river on nutrient 
assimilation and saline intrusion are to be the subject of 
further studies by the State Pollution Control Commission. 

In summary, water quality in receiving waters will continue 
to deteriorate between now and the year 2000 as the population 
increases, unless remedial actions are taken. 

The first priority is the nitrification of sewage-treatment 
works effluents. This will reduce oxygen demands in the 
receiving waters and increase the extent of nutrient assimila
tion in the tributaries. 

Phosphorus removal to 1 mg/L is the next priority. This 
would make phosphorus the limiting nutrient for aquatic 
plant growth, and would decrease the extent of plant growths 
between now and the year 2000. The major existing sewage
treatment works, Penrith, St Marys and Quakers Hill, should 
be the first to be equipped for phosphorus removal. The 
installation of phosphorus removal at the smaller sewage
treatment works close to the river, such as Glenbrook, 
should follow as soon as practicable. Greater degrees of 
phosphorus removal may be necessary further into the future, 
as the works continue to expand and' as the nutrient loads 
discharged to the river again approach current levels. 

Nitrogen removal is the third priority. To enable balanced 
aquatic plant growth, to control nitrate concentrations in 
waters currently used for potable supplies and to maintain 
the performance of treatment works, some degree of nitrogen 
removal is required. Augmentation of the Penrith sewage
treatment works has been approved by the SPCC, under the 
Clean Waters Act, for a design effluent concentration of 
5 mg/L total nitrogen. The possibility of extending this 
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requirement to the older section of the works is being 
considered. Works discharging to or downstream of South 
Creek should produce effluents containing, as a weighted 
mean for all tributary works, 15 mg/L total nitrogen. 
Because of the relatively higher costs and more extensive 
plant modifications needed for nitrogen removal, the 
achievement of this goal will have to be progres~ive. New 
plants and augmentations of existing plants should, however, 
be designed taking nitrogen-removal requirements into 
account. The response of the river to progressive nutrient 
removal and the development of removal technology will both 
be factors in determining the ultimate optimum removal 
levels for nitrogen at individual sewage-treatment works. 

Future expansion of sewage-treatment works and the responses 
of the river to the above pollution-control measures will be 
studied by the State Pollution Control Commission to determine 
the need for further pollution-control remedies, such as 
greater degrees of nitrogen and/or phosphorus removal from 
sewage effluents. 
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APPENDIX 1 DISCHARGES TO THE HAWKESBURY-NEPEAN RIVER BASIN LICENSED UNDER THE 
CLEAN WATERS ACT 

Table Al.l 

Sewage-Treatment Works Operated by the 
r1=tropoli tan Water Sewerage and Drainage Board, June 1980 

Average 
Location ~ of Population dry-weather flow 

(licence no) treatment equivalent (kLjd) 

Blackheath (312) Trickling filter 2 500 600 
(2 920)* (700)* 

Canoen (490) Trickling filter, 3 750 900 
ponds, (3 750) (900) 
chlorination 

Castle Hill (267) Activated sludge, 8 460 2 030 
sand filtration, (9 600) (2 300) 
chlorination 

Glenbrook (691) Activated sludge, 9 300 2 200 
dual media filters, (10 000) (2 400) 
chlorination 

Hazelbrook (310) Trickling filter, 4 300 1 000 
chlorination (4 600) (1 100) 

Hornsby (809) Primary screening - OVerflow 
discharges only 

Hornsby Heights (961) Activated sludge, 1 000 200 
dual media filters, (3 750) (900) 
chlorination 

Kellyville (265) Pasveer, ponds, 2 050 490 
chlorination (2 100) (500) 

Mount Riverview (311) Trickling filter, 2 800 700 
chlorination (4 600) (1 100) 

Mount Victoria (308) Pasveer channel, 370 90 
chlorination, (420) (100) 
irrigation 

North Katoomba (308) Trickling filter, 1 700 400 
chlorination (1 700) (400) 

North Richmond (921) Pasveer, pooos 1 250 300 
(1 700) (400) 

North Springwood Package plant 200 50 
(690) (200) (50) 

Receiving 
waters 

Hat Hill Creek 
(a tributary of 
Grose River) 

Nepean River 

Cattai Creek 

Lapstone Creek 

Haze 1 brook Creek 
(a tributary of 
Grose River) 

Hornsby Creek 

Calna Creek 
(a tributary of 
Berowra Creek) 

Smalls Creek 

Lapstone Creek 

Fairy Cell Creek 
(a tributary of 
Coxs River) 

Katoanba Creek 
(a tributary of 
Grose River) 

Redbank Creek 

Via unnarred 
creek to Frasers 
Creek 
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(Continued) Table Al.l 

I 
Average 

Location Type of Population dry-weather flON Receiving 
(licence no) I treatment Equivalent (kL/d) waters 

Quakers Hill (268) Activated sludge, 55 850 13 400 Breakfast Creek 
dual media filters, (86 700) (20 800) 
chlorination 

Richrrond (266) Trickling filter, 8 750 2 100 80 per cent spray 
ponds, (8 350) (2 000) irrigated -
chlorination remairrler to 

Rickabys Creek 

Riverstone (1002) Lagoons, 700 160 Eastern Creek 
chlorination (2 750) (540) 

SOuth Katocrnba (307) Trickling filter 8 350 2 000 Leura Creek 
(8 350) (2 000) (a tributary of 

Coxs River) 

Springv.ood ( 313 ) Trickling filter, 4 200 1 000 Fi tzgeralds Creek 
chlorination (4 600) (1 100) 

St Marys (263) Activated sludge, 85 850 20 600 SOuth Creek 
dual media filters, (85 850) (20 600) 
chlorination 

Valley Heights (868-) Pasveer, 600 200 Valley Creek 
chlorination (1 700) (400) (a tributary of 

Fi tzgeralds Creek) 

Warragamba (418) Trickling filter, 1 540 370 Warragamba River 
chlorination (1 700) (400) 

Went~rth Falls (309) Trickling filter, 3 400 800 Blue r-buntain 
chlorination (3 750) (900) I Creek (a tributary 

I of Grose River) 
i 

West Camden (761) Activated sludge, 2 300 550 I M:ttahil Creek 
ponds, (3 750) (900) I (A large propor-
chlorination I tion of this 

I effluent is 
I disposed of by land I I 
I irrigation) 

West Hornsby (361) Activated sludge, 22 000 5 300 Waitara Creek 
dual media filters, (25 000) (6 000) (a tributary of 
chlorination Bero.vra Creek) 

* The figures in parentheses are the population Equivalents and average dry-weather flONS 
at June 1982. 
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Table A1.2 

Cbuncil-0perated Sewage-Treatment rbrks, June 1980 

I Average 
Location 'TyPe of Populatioo I dry-weather £1(1.01 Receiving 

(licence no) treatment equivalent (kLjd) waters 

Bargo (924) Ponds 420 
I 

100 Spray irrigated 
(420) (100) (Receiving waters 

Bargo River) 

Bo.vral (234) Trickling filter, 5 200 1 600 Mi ttagong Creek 
FOnds (8 300)* (2 000)* 

Goulburn (244) Trickling filter, 22 000 licensed to Irrigate:1-
. FOnds (22 000) discharge 500 Wet-weather 

kL/d ooly discharge to 
(500) Wbllondilly River 

li thg(1.ol (436) Trickling filter, 13 000 3 400 Fanners Creek 
FOnds (18 700) (4 500) (a tributary of 

Cbxs River) 

Mittagong (250) Trickling filter, 2 080 500 C1inamans Creek 
FOnds (2 080) (500) (a tributary of 

Nattai River) -

Moss Vale (261) Trickling filter, 3 400 820 Wtites Creek 
FOnds (5 000) (1 200) (a tributary of 

Wingecarribee 
River) 

Narellan (475) Ponds 1 100 250 Rileys Creek 
(1 100) (250) (a tributary of 

Nepean River) 

Penrith (693) Trickling filter, 48 000 11 500 Ibundary Creek 
FOnds, (59 0(0) (14 200) (a tributary of 
chlorination Nepean River) 

Wallerawang (672) Trickling filter, 1 300 300 Pipers Flat Creek 
FOnds (1 300) (300) (a tributary of 

Cbxs River) 

Windsor (384) Trickling filter, 8 000 1 900 South Creek 
chlorination, (12 500) (3 000) 
FOnds 

* The figures in parentheses are the FOpulatioo equivalents and average dry-weather fl(1.ols 
at June 1982. 



Table Al.3 

Other Licensed Sewage, Industrial v;aste and Miscellaneous Treat.Jrent Works (June 1982) 

Maximwn 
Licensee IDeation Type of wastes 

I Receivin:J waters I dry-weather flow I Remarks* 
(licence no) prior to treatment (kL/d) 

A A Tegel pty Ltd (974) Tahmoor Poultry processin:J waste Bargo River 104 Spray-irrigated 

A A Tegel pty Ltd (355) Cam:len I Poultry processing waste Nepean River 500 Spray-irrigated 

A A Tegel pty Ltd (1082) Cam:len I Turkey farm waste Nepean River 9 Spray-irrigated 
(Bargo Turkey 
Hatchery) 

N H Preston 
Anglers Rest Hotel (114) Brooklyn Ilbmestic sewage Hawkesbury River 12 

An:Jlican Retirement castle Hill IX:rnestic sewage Pyes Creek 250 f-' 
(JI 

Village (327) rv 

G & M Apap and Blacktown Poultry farm waste Tributary of 
G & M Velcich (635) Bungarribee Creek 100 

Bakers Marina & Yacht Co Bayview Dredging overflow Pittwater 50 
pty Ltd (1714) 

Berrima District l"leats Moss Vale I Abattoir waste Wingecarribee River I 700 I Spray-'irrigated 
pty Ltd (923) 

Tescan Pty Ltd, trading as Rouse Hill 1 IX:rnestic sewage I Second Porxls Creek I 60 
BFK Caravan Corral 
carrington (853) 

Blacktown City Council (1005)1 Blacktown 1 Swimming-t:OQl backwash Stormwater drain/ 270 
waste Breakfast Creek 



Table A1.3 (Continued) 

Licensee Location 'TYPe of wastes 
(licence no) prior to treatment 

Einerton SWirraning-pool backwash 
waste 

I Mt Druitt SWirraning-pool backwash 
I waste 
, 
I 

Riverstone SNirraning-pool backwash 
ll\aste 

i 
Berrima OVerflew fram settling 

! 
fOnds 

r.E.ldon OVerflew fram settling 
fOnds 

I Broken Bay D:Jinestic sewage 

I 
I Baulkham Hills Treated effluent from 

castle Hill S'IW 

Akuna Bay D:Jmestic sewage 

Narellan Workshop waste 

I I 
Narellan Vehicle-cleaning waste 

Tahrroor Piggery waste 

gnts pty Nattai North Bathhouse waste 

1 r.E.xirm.llT' 
Receivino waters ilry-weather flew 

(kL/d) 

Stormwater drain/ 100 
Ropes creek 

Stormwater drain/ 80 
Ropes Creek 

Stormwater drain/ 
Eastern Creek 80 

Wingecarribee River 25 000 

Stonequarry creek 

I 
2 250 

Broken Bay 57 

I 
5 000 

, 
I 

Coal am candle Creek I 90 
I 
I 

Nepean River ! 10 

Nepean River 250 

Nepean River 4 

Nattai River 10 

I 
I 
I 

ReJTlarks* 

Spray-irriqateil 

Spray-irrigated 

f-' 
0\ 
W 



Table Al.3 (Continued) 

Licensee 
(licence no) 

Location 'TYPe of wastes 
prior to treatment 

Receiving waters 
I Maximum I' 

dry-weather flow Remarks* 

W & P Day and R I Rae (930) 

Dural carapark (827) 

Electricity Commission (866) 

Electricity Commission (865) 

Electrici ty CoI11l1ission (708) 

David Funnel (1045) 

Berrima 

LUra 1 

Wallerawang 

wallerawang 

Wallerawang 

West Camden 

Piggery waste 

D:Jmestic sewage 

Oil and grit-trap waste 

Cooling water 

Ash and dust disposal 
area wastes 

Treated effluent from 
\Vest Camden S'IW 

Department of Leisure, Sport I Milson Island I Dai1estic sewage 
and 'Iburism (1087) 

Wingecarribee River 

Georges Creek 

Coxs River 

Cbxs River 

Coxs River 

Nepean River 

H:lwkesbury River 

Fat-Sel pty Ltd (1043) Terrey Hills I Waste-fat treatrnent-<M:lrksl Mccarrs Creek 
waste 

Four Lanterns caravan 
Park (508) 

Golden Rose Poultry (681) 

Goulburn City Council (119) 

Goulburn Wool Processors 
pty Ltd (205) 

Halvorsen Boats (917) 

Hornsby Shire Council (1029) 

Leppington 

Blacktown 

Goulburn 

Goulburn 

Ibbbin Head 

Galston 

D::rnestic sewage 

Poultry processing waste 

Water-treatment plant 
backwash wastes 

Wool s=ur waste 

D::rnestic sewage 

SNimrnng-pool backwash 
waste 

Kemps Creek 

Bungarribee Creek 

Mulwaree Ponds 

Mulwaree Ponds 

Gowan Creek 

Dry \\Iatercourse 
leading to Colah Creek 

(kL/d) 

45 I Spray-irriaatel 

60 

250 

10 000 

9 480 

650 Spray-irrigated 

10 Irrigated 

25 Spray-irrigated 

30 

50 

207 

144 Spray-irriqateil 

5 

14 

,... 
0\ 
oj:> 



Table AL 3 (Continued) 

Licensee Location '!YPe of wastes 
(licence no) prior to treatment 

Hornsby Shire Council (1027) Hornsby SNimming pool b3.ckwash 
waste 

Inghams Enterprises Malden Poultry farm waste 
pty Ltd (1053) 

. 
Inghams Enterprises Mangrove Poultry farm waste 
pty Ltd (1061) r-buntain 

Jenolan Caves House (849) Jenolan Caves Danestic se.vage 

La Mancha Cara Park (101) Berowra D:::mestic se.vage 

Little Wobby Sport and Broken Bay D:::mestic se.vage 
Recreation Centre (623) 

Mr & Mrs LDzancic (975) TahIroor Piggery waste 

Mangrove Mountain Fruit Mangrove Fruit processing waste 
Juices pty Ltd (962) r-buntain 

Mayfair Farms (942) Menangle Piggery waste 

Mi ttagong Engineering (372) Mittagong D:::mestic se.vage 

R I M:::Callum pty Ltd (1015) Goulburn Piggery waste 

Riker Laboratories 'Ihornleigh Pharmaceutical waste 
pty Ltd (1088) 

Receiving waters 
-

Dry watercourse 
leading to Old Mans 
Creek 

Nepean River 

Tributary of Mangrove 
Creek 

Jenolan River 

Berowra Creek 

Broken Bay 

Unnamed tributary of 
Little River 

Mangrove Creek 

Nepean River 

Sheep Wash Creek 

Mulwaree Porrls 

Carool Creek 

Maximum 
dry~eather flow 

(kL/d) 

91 

103 

180 

200 

200 

10 

8 

10 

500 

10 

10 

7 

Remarks* 

Spray-irrigated 

Spray-irrigated 

Deep.vater 
outfall 

Spray-irrigated 

Spray-irrigated 

Spray-irrigated 

Spray-irrigated 
. 

Spray-irrigated 

Spray-irrigated 

I-' 
0'1 
Ul 



Table Al. 3 (Continued) 

Licensee Location 
(licence no) 

Riverstone Meatworks (389) Riverstone 

Rugby League Country Club Narellan 
Ltd (1020) 

St John of God fbspital (167) North 
Richrrond 

Scalabrini Village (779) Austral 

South Sydney Junior Rugby Lower 
League Club Ltd (316) Portland 

State Rail Authority of Goulburn 
NSW (732) 

State Rail Authority of Lithgow 
NSW (729) 

. 
Sydney Japanese School (138) Terrey Hills 

Table Talk Poultry (663) Marsden Park 

University of Sydney Plant Castle Hill 
Breeding Institute (907) 

Wesley Central Mission (160) Arcadia 

Wingecarribee Shire Council Berrirna 
Medway Water-Treatment 
Plant (1012) 

Wirrearrla Retirement West Pennant 
Village (971) Hills 

'IYPe of wastes Receiving waters 
prior to treatment 

Abattoir waste Eastern Creek 

IX:rnestic sewage Unnamed tributary of 
South Creek 

IX:rnestic sewage Hawkesbury River 

D::mestic sewage Kenps Creek 

D::mestic sewage Hawkesbury River 

vashdown Mulwaree Porrls 

Worksrop waste Coxs River 

IX:rnestic sewage Ca.van Creek 

Poultry processing waste Eastern Creek 

IX:rnestic sewage Tributary of Castle 
Hill Creek 

IX:rnestic sewage Halls Creek 

Backwash waste Wingecarribee River 

IX:rnestic sewage Tributary of Berowra 
Creek 

I Maximum 
dry~eather flow 
I (kL/d) 

4 500 

200 

55 

30 

24 

20 

20 

40 

550 

30 

160 

221 

42 

I 

Remarks* 

. 
Spray-irrigated 

Spray-irrigated 

I-' 
0'1 
0'1 



Table Ai. 3 (Continued) 

Maximum 
Licensee Location Type of wastes Receiving waters dry-weather flow Remarks* 

(licence no) prior to treatment (kL/d) 

Wollondilly Abattoir Co-op Tahrroor Abattoir waste Unnamed tributary of 30 Spray-irrigated 
pty Ltd (940) Nepean River 

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

* Where effluent is disposed of by spray irrigation, wastes are not discharged directly to the receiving waters, but "treated 
wastes may at times enter receiving waters under wet-weather conditions. 

f-' 
0'1 
-...J 



- 168 -

Table Al.4 

Licensed Discharges from Extractive Industries, June 1982 

Licensed 
Licensee Location Receiving waters maximum flow 

(licence no) (kL/d) 

Boral Resources Pty Lowlands Hawkesbury River 200 
Ltd (839 ) 

Readymix Farley (NSW) Hornsby Fishpond Creek 10 000 
Group (376) 

Readymix Farley (NSW) Penrith Nepean River 7 500 
Group (123) 

Monier Ltd (641) Camden Nepean River 1 000 

Monier Ltd (1068) Camden Nepean River 1 200 
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Table Al.5 

licensed Discharges fran Coal-Mining cperations, June 1982 

licensee 
(licence no) 

. 

IDeation 

AIS pty Ltd wilton 
(TOwer Colliery) (928) 

AIS pty Ltd 
(TOwer Colliery) (683) Wilton 

Austen & Butta Ltd (750) Avon 

Austen & Butta Ltd (Grose Bell 
Valley Colliery)- (1092) 

Austen & Butta Ltd (Grose Bell 
Valley Colliery) (1016) 

Austen & Butta Ltd (Grose Bell 
Valley Colliery) (1017) 

Austen & Butta Ltd (Grose Bell 
Valley Colliery) (1018) 

Blue Circle Southern Cement Berrina 
(Berrina Colliery) (1032) 

Blue Circle Southern Cement Berrina 
(Berrina Colliery) (1033) 

Clarence Colliery pty Ltd Bell 
(983) 

Clintons Nattai Collieries Nattai 
pty Ltd (Nattai Bulli 
Colliery) (1067) 

Clintons Nattai Collieries 
pty Ltd (Nattai Bulli 
Colliery) (092 ) 

Clintons Nattai Collieries 
pty Ltd (Nattai Bulli 
Colliery) (742) 

Clintons Nattai Collieries 
pty Ltd (Valley No 2 
Colliery) (749) 

Clintons Transports 
pty Ltd (125) 

Nattai 

Nattai 

Central 
Burragorang 

Glenlee 

Receiving waters 

Nepean River 

Nepean River 

Nepean River 

Grose River 

Struggle Creek 

Kocmbanda Brook 

Jinky Creek 

Wingecarribee River 

Wingecarribee River 

Wollangambie Creek 

Nattai River 

Nattai River 

Nattai River 

Nattai River 

Nepean River 

licensed 
naximum flON 

(kL/d) 

80 

400 

1 400 

25 

648 

324 

972 

2.5 

9.5 

1500 

330 

50 

13 500 

2 000 

60 
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Table A1.5 (Continued) 

Licensed 
Licensee IDeation Receiving waters maximun flow 

(licence no) (kL/d) 

Clutha Developments Pty &lrragorang Nepean River 8 500 
Ltd (Brimstone No 1 
Colliery) (736) 

Clutha Developments Pty &lrragorang Nepean River 70 
Ltd (Brimstone No 1 
Colliery) (737) 

Clutha Developments Pty &lrragorang Nepean River 75 
Ltd (Brimstone No 1 
Colliery) (738) 

Clutha Developments Pty &lrragorang Nepean River 70 
Ltd (Brimstone No 2 
Colliery) (740) 

Clutha Developments Pty &lrragoran:J Nepean River 5 000 
Ltd (Brimstone No 2 , 

Colliery) (739) 

Clutha Developments Pty Lidsdale Blackm3.ns Flat 20 
Ltd (Western Main Creek 
Colliery) (598) 

Clutha Developments Pty &lrragorang Nepean River 13 000 
Ltd (oakdale Colliery) 

(734) 

Clutha Developments Pty &lrragorang Nepean River 60 
Ltd (oakdale Colliery) 

(735) 

Clutha Developments Pty Tahrroor Nepean River 2 000 
Ltd (Tahrroor Colliery) 

(684) 

Clutha Developments Pty Tahrroor Nepean River 250 
Ltd (Tahrroor Colliery) 

(682) 

Clutha Developments Pty Central Nepean River 250 
Ltd (Valley No 3 &lrragorang 
Colliery) (745) 

Coal Cliff Collieries Appin Nepean River 50 
Pty Ltd (West Cliff 
Colliery) (572) 
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Table Al. 5 ( Continued) 

Licensed 
Licensee Location Receiving waters rraximun flaN 

(licence no) (kL/d) 

Coal Cliff Collieries Appin Nepean River 50 
Pty Ltd (West Cliff 
Colliery) (573) 

Coal Cliff Collieries Appin Nepean River 3 000 
Pty Ltd (west Cliff 
Colliery) (069) 

Coal Cliff Collieries Appin Nepean River 54 
Pty Ltd (West Cliff 
Colliery) (105) 

Coal Cliff Collieries Appin Nepean River 50 
Pty Ltd (West Cliff 
Colliery) (100) 

Coal Rights Pty Ltd (coal- Narellan Wollondilly River 850 
preparation plant) (224) 

Hartley Valley Coal Lithgow Blackmans Creek 50 
Pty Ltd (781) 

Lithgow Valley Colliery LithgaN Farmers Creek 10 
Co Ltd (Henni tage 
Colliery) (753) 

Lithgow Valley Colliery Lithgow Fanners Creek 10 
Co Ltd (Hennitage 
Colliery) (754) 

Newcom Colliery Pty Ltd (870) wallerawan::J Coxs River 100 

Newcom Colliery Pty Ltd (190) wallerawang I KarBaroo Creek 3 000 

Wallerawang Collieries Lidsdale I Neubecks Creek 250 
Pty Ltd (825) i 
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APPENDIX 2 SUMMARY STATISTICS 

Table A2.1 

water Quality of the Nepean River, cam:1en to Wallacia, January 1979 - January 1981 

M:lcquarie Grove 0.6 kIn D/S 
Parameter Bridge, camden camden S'lW 

. (217.8)(a) (217.1) 
n = 28(b) n = 17 

PION 16(c) zero zero 
(MI.,fd) GM(d) 3.0 3.9 

84(e) 10.7 9.7 

BODS 16 1 2 
(mg/L) GM 1.0 3.0 

84 2 5 

NFR 16 <5 <5 
(mg/L) GM <5 5 

84 <5 7 

Nli4-N 16 0.01 0.16 
(mg/L) GM 0.028 0.449 

84 0.05 1.2 

NOx-N 16 0.01 0.16 
(mg/L) GM 0.042 0.434 

84 0.12 1.1 

TKN 16 0.22 0.93 
(mg/L) GM 0.357 1.67 

84 0.50 3.1 

Total N 16 0.30 1.26 
(mg/L) GM 0.432 2.23 

84 0.64 3.6 

Ortho-P 16 <0.02 0.16 
(mg/L) GM <0.02 0.354 

84 <0.02 0.79 

Total P 16 0.02 0.33 
(mg/L) GM 0.03 0.606 

(Median) 
84 0.06 1.2 

'furbidity 16 2.9 3.2 
(NTU) GM 4.5 5.3 

84 6.5 6.0 

-
Chlor a 16 6 7 
(pg/L) 

-
10.8 GM 26.2 

84 23 110 

(a) Distance upstream of Broken Bay (kIn) 
(b) n = number of observations 
(c) 16 = 16th percentile 

Sharpes Weir Cobbitty 
Weir 

(214.7) (210.3) 
: 

n = 26 
, 
I n = 16 , 
! , 

zero I zero 
3.8 2.0 

11.0 9.7 

2 <2 
2.5 '<2 
5 <2 

<5 <5 
6 <5 
8 <5 

0.02 0.02 
0.071 0.028 
0.22 0.06 

0.01 0.01 
0.097 0.076 
0.49 0.31 

0.49 0.42 
0.868 0.571 
1.4 0.65 

0.60 0.54 
1.09 0.760 
1.9 0.83 

0.02 <0.02 
0.064 0.02 

(Median) 
0.12 0.03 

0.06 0.05 
0.165 0.062 

0 .• 25 0.07 

3.0 1.7 
5.1 2.9 
7.8 4.0 

15 4 
28.9 10.9 
46 24 

(d) GM = Geanetric rrean, or rredian when zero flONS were rreasured. 

Mt Hunter ~'la11acia 
Rivulet Weir Weir 

(207.8) (181.3) 
n = 7 n = 13 

zero 1.0 
5.7 6.6 

22.5 34.1 

1 <1 
1.8 <1 
2 <1 

<5 <5 
5 <5 
7 <5 

0.01 0.01 
0.027 0.079 
0.05 0.03 

0.50 0.02 
0.724 0.79 
0.93 0.35 

-
0.29 0.19 
0.383 0.325 
0.42 0.36 

0.90 0.24 
1.13 0.453 
1.4 0.74 

<0.02 <0.02 
<0.02 <0.02 

<0.02 <0.02 

0.02 <0.02 
0.034 0.02 

(Median) 
0.04 0.05 

I 2.8 1.5 
I 5.1 2.5 

6.0 4.0 

9 7 
15.7 12.4 
17 15 
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Table A2.2 

Water Quality of the Nepean River, Penrith Weir to Yarramundi, January 1979 - January 1981 

Penrith Weir Upper Ford 
Parameter {near 

(161.3) (a) 
Sheen's Lane) 

(158.3) 
n = 29(b) n = 25 . 

F10N 16(c) 48.0 41.2 
(MI.,jd) G1(d) 77.8 83.5 

84(e) 128 139 

BOD5 16 1 2 
(mg/L) G1 1.8 2.6 

84 2 4 

NFR 16 <5 <5 
(mg/L) G1 <5 8 

(Median) 
84 <5 18 

NH4-N 16 0.01 0.02 
(mg/L) GM 0.020 0.227 

84 0.04 1.0 

NOx-N 16 0.0;1 0.49 
(mg/L) G1 0.039 0.759 

84 0.15 1.0 

TKN l6 0.20 0.63 
(mg/L) G1 0.285 1.26 

84 0.36 2.2 

Total N 16 0.26 1.43 
(mg/L) G1 0.355 2.09 

84 0.49 3.1 

Ortho-P 16 <0.02 0.30 
(mg/L) GM <0.02 0.546 

84 <0.02 0.79 

Total P 16 <0.02 0.47 
(mg/L) GM 0.03 0.723 

(Median) 
84 0.08 1.0 

Turbidity 16 1.4 3.6 
(NTU) G1 2.8 9.0 

84 4.8 18 

0110r a 16 4 10 
(pg/L)- G1 9.6 22.5 

84 24 45 

(a) Distance upstream of Broken Bay (kIn) 
(b) n = number of observations 
(c) 16 = 16th percentile 
(d) GM = Geanetric mean 
(e) 84 = 84th percentile 

loNer Ford Sni th Street Yarramundi 
{near (Yarramundi 

Jackson's Lane) Bridge) 
(156.3) (150.7) (142.0) 
n = 17 n = 24 n = 27 

35.0 54.0 54.3 
78.0 99.7 107.0 

138 196 196 

2 <2 <2 
2.8 <2 <2 

(Median) 
4 3 <2 

5 <5 <5 
11.5 <5 <5 

(Median) (Median) 
19 10 6 

0.12 0.02 0.02 
0.266 0.064 0.032 
0.71 0.16 0.07 

0.92 0.05 0.04 
1.29 0.333 0.192 
1.7 0.96 0.72 

0.88 0.44 0.40 
1.18 0.637 0.500 
1.4 0.95 0.66 

2.03 0.86 0.55 
2.52 1.23 1.855 
3.2 1.6 1.3 

0.35 0.07 <0.02 
0.500 0.159 0.050 

(Median) 
0.81 0.35 0.15 

0.50 0.17 0.07 
0.666 0.261 0.133 

0.81 0.43 0.22 

4.5 2.4 2.0 
11.4 5.6 4.7 
19 13 9 

10 9 7 
22.1 20.8 14.0 
40 40 29 



Table A2.3 

Water Quality of the Hawkesbury River, North Richmond to Station 190 (Swallow Rock Reach), 
January 1979 - March 1981 

Station Station Station Station Station 
Parameter 

North 
Richmond 
Bridge 

(Station 280) 
(138.2)(a) 

Windsor 
Road 

Bridge 
(Station 250) 

(124.9) 

Station 
245 240 230 220 210 200 

Flow 
(ML/d) 

BODS 
( mg/L) 

NFR 
(mg/L) 

NH4_N 
(mg/L) 

NOx-N 
(mg/L) 

TKN 
(mg/L) 

16(c) 
GM(d) 
84(e) 

16 
GM 

84 

16 
GM 
84 

16 
GM 
84 

16 
GM 
84 

16 
GH 
84 

n = 29(b) 

112 
216 
377 

<1 
2.0 

(Median) 
2 

5 
8.3 

11 

0.01 
0.025 
0.05 

0.03 
0.120 
0.52 

0.29 
0.435 
0.64 

n = 24 

109 
209 
377 

2 
2.6 

4 

5 
9.8 

16 

0.07 
0.250 
1.2 

0.19 
0.507 
1.6 

0.41 
0.948 
2.0 

(123.8) 
n = 20 

134 
255 
455 

2 
3.5 

6 

12 
17.6 
20 

0.28 
0.821 
2.7 

0.56 
0.765 
1.8 

1.1 
2.32 
4.2 

(In.O) (120.0) 
n = 26 n = 20 

146 
278 
444 

2 
3.6 

6 

14 
20.1 
32 

0.11 
0.808 
2.7 

0.60 
0.951 
1.3 

1.0 
2. 3L. 
4.1 

134 
271 
471 

3 
3.7 

5 

14 
L.2.0 
29 

0.06 
1.72 
3.1 

0.60 
1.12 
1.6 

0.93 
2.16 
4.4 

(117.6) (114.5) (111.5) 
n = 30 n = 8 n = 13 

148 
293 
471 

2 
3.7 

6 

15 
20.1 
27 

0.03 
0.420 
2.4 

0.32 
0.756 
1.6 

0.80 
1. 73 
2.8 

74.4 
241 
455 

2 
3.2 

4 

10 
12.3 
14 

0.03 
0.267 
0.85 

0.10 
0.700 
2.2 

0.Cl4 
1. 53 
2.0 

74.4 
257 
497 

2 
2.7 

3 

8 
11. 6 
16 

0.02 
0.111 
0.29 

0.01 
0.331 
2.0 

0.87 
1.27 
1.8 

Station 
190 

(107.9) 
n = 13 

74.4 
295 
605 

2 
2.5 

3 

8 
10.3 
12 

0.02 
0.030 
0.05 

. 0.01 
0.205 
1.1 

0.85 
1.16 
1.6 

I-' 
-..J 
~ 



Table A2.3 (continued) 

North Windsor 
Parameter Richmond Road 

Bridge Bridge 
(Station 280) (Station 250) 
(138.2)(a) (124.9) 

n = 29(b) n = 24 
-

Total N 16 0.43 0.67 
(mg/L) GM 0.654 1. 59 

84 1.0 4.1 

Ortho-P 16 <0.02 0.02 
(mg/L) GM 0.02 0.107 

(Median) 
84 0.03 0.60 

Total P 16 0.03 0.08 
(mg/L) GM 0.062 0.222 

84 0.09 0.73 

Turbidity 16 4.9 

I 
6.9 

(NTU) GM 8.9 11.7 
84 19 17 

Chlor a 16 7 7 -
(pg/L) GM 14.4 21.2 

84 29 '70 
-

(a) Distance upstream of Broken Bay (km) 
(b) n = number of observations 
(c) 16 = 16th percentile 

Station 
245 

(123.8) 
n = 20 

2.3 
3.43 
4.7 

0.18 
0.318 

0.64 

0.30 
0.533 
0.85 

11 
18.4 
25 

12 
29.8 
70 

Station Station Station Station 
240 230 220 210 

(122.0) (120.0) (117.6) (114.5) 
n = 26 n = 20 n = 30 n = 8 

1.6 2.3 1.4 1.3 
3.41 3.49 2.73 2.60 
5.2 5.8 4.2 3.8 

0.15 0.13 0.07 0.06 
0.328 0.300 0.187 0.149 

0.78 0.52 0.35 I 0.22 

0.25 0.26 0.19 0.19 
0.528 0.488 0.361 0.342 i 
1.0 0.90 0.61 0.80 I 

9.0 11 8.0 7.2 
18.7 22.4 18.3 

I 
14.4 

32 40 40 19 

14 18 19 15 
34.3 45.6 56.7 56.0 
95 106 110 100 

(d) GM = Geometric mean 
(e) 84 = 84th percentile 

Station 
200 

(111.5) 
n = 13 

--I-

1.4 
2.11 
3.1 

0.07 
0.146 

0.20 

0.15 
0.271 
0.33 

6.0 
13.3 
25 

10 
44.0 
79 

Stat 
19 

(107 
n = 

1. 
1. 
2. 

o. 
o. 

O. 

o. 
o. 
O. 

5. 
10. 
22 

21 
53. 
91 

ion 
o 

.9) 
13 

3 
82 
3 

03 
080 

15 

11 
190 
26 

3 
2 

o 

I, 

I-' 
-.J 
U1 



Table A2.4 

Water Quality of the Hawkesbury River, Station 180 (Upper Crescent Reach) to Station 20 (Juno Head), 
January 1979 - March 1981 

-------------------,r---------------,---------------,------------,----------,-----------r--------.--,----

Parameter 
Station 

180 
(105.0) (a) 
n = l7(b) 

Station 
170 

(101. 7) 
n = 14 

Station 
, 160 
(96.5) 
n =' 14 

Station 
150 

(89.0) 
n = .30 

Station 
110 

(68.5) 
n = 30 

Station 
90 

(58.5) 
n = 29 

Station 
70 

(43.5) 
n = 29 

Station 
51 

(26.1) 
n = 29 

Station 
20 

(5.5) 
n = 28 

Flow 
(ML/d) 

16 (c) 
GM(d) 
84(e) 

134 
300 
497 

74.4 
276 
605 

74.4 
"276 
605 

148 
298 
497 

3"27 
550 
870 

Not I Not I Not I Not 
calculated calculated Icalculated calculated 

i 

BOD5 
(mg/L) 

NFR 
(mg/L) 

NH4-N 
(mg/L) 

NOx-N 
(mg/L) 

TKN 
(mg/L) 

16 
GM 

84 

16 
GM 

84 

16 
GM 

84 

16 
GM 
84 

16 
GM 
84 

2 
2.3 

3 

5 
8.6 

11 

0.02 
0.046 

0.16 

0.01 
0.160 
1.2 

0.75 
1. 03 
1.3 

2 
2.3 

3 

5 
8.6 

10 

<0.0"2 
<0.02 

(Median) 
0.02 

0.01 
0.094 
1.2 

2 
2.4 

3 

5 
8.1 

9 

0.01 
0.017 

0.02 

0.01 j 
0.084 
1.3 

0.852 0.765 
1.2 1.0 

1 
<2 

(Median) 
2 

5 
7.5 

11 

0.01 
0.027 

0.06 

0.01 
0.088 
0.81 

1 
<2 

(Median) 
"2 

5 
6.6 

10 

0.01 
0.024 

0.04 

0.01 
0.106 
0.54 

0.38 
0.697 I' 

0.87 

0.20 
0.331 
0.50 

0ti64 0.63 

________________ -L ____________ -L_____ _ _____ ~ 

<1 
<1 

1 

<5 
5.0 

(Median) 
10 

0.01 
0.024 

0.04 

0.06 
0.1"27 
0."24 

0.13 
0.246 
0.45 

<1 
<1 

1 

5 I 
6.0 I 

7 I 
0.01 I 

0.
019

1 

0.04 I 

I 
0.07 
0.113 
0.21 

0.08 
0.134 
0.26 

<1 
<1 

1 

5 
7.6 

12 

0.01 
0.024 

0.04 

0.02 
0.058 
0.12 

0.07 
0.184 
0.40 

<1 
<1 

1 

<5 
<5 

(Median) 
5 

0.01 
0.024 

0.04 

0.01 
0.02i 
0.05 

0.06 
0.109 
o.n 

I
-..] 

'" 



Table A2.4 (continued) 

Station Station 
Parameter 180 170 

(105.0) (a) (101.7) 
n= l7(b) n = 14 

Total N 16 1.0 0.90 
(mg/L) GM 1.67 1. 34 

84 2.5 1.7 

Ortho-P 16 0.02 0.02 
(mg/L) GM 0.061 0.045 

84 0.14 0.07 

Total P 16 0.11 0.08 
(mg/L) GM 0.170 

I 
0.141 

84 0.25 0.19 

Turbidity 16 5.0 
I 4.7 , 

(NTU) GM 9.2 7.8 
84 14 8.9 

Chlor a 16 213 22 
(ug/L) 

- GM 55.1 , 45 
84 95 70 

Salinity(ppt) 16 223 2137 
Conductivity GM *417 *449 
(uS/em) 84 611 691 

_._-- - - ----- --- --

(a) Distance upstream of Broken Bay (km) 
(b) n = number of observations 
(c) 16 = 16th percentile 

Station Station Station Station 
160 150 11111 90 

(96.5) (89.0) (68.5) (58.5) 
n = 14 n = 30 n = 30 n = 7.9 

0.69 0.49 0.29 0.28 
1. 30 0.851 0.501 0.43121 
1.9 1.5 1.3 0.73 

<0.02 <0.02 <0.02 <0.02 
0.031 0.02 0.02 <0.02 

(Median) (Median) (Median) (Median) 
0.04 

0.06 
0.105 
0.14 

4.4 
6.5 
7.4 

24 
513.9 
80 

166 
*621 
1076 

0.09 I 0.04 0.02 

0.03 0.02 0.02 
0.069 0.041 0.031 
0.12 0.138 13.136 

2.8 1.5 1.4 
5.13 3.9 3.1 
8.13 7.13 5.7 

29 6 6 
50.7 17.13 11.3 

84 38 21 

187 0.1 6.1 
~689 3.7 10.9 
... 565 7.3 15.7 

(d) GM = Geometric mean 
(e) 84 = 84th percentile 

* Conductivity 

Station Station 
70 51 

(43.5) (26.1) 
n = 29 n = 29 

121.23 0.17 
121.291 0.283 
0.39 0.46 

<0.02 <0.02 
<0.02 <0.02 
(Median) (Median) 
0.02 0.02 

0.02 0.03 
121.042 0.046 
13.136 13.137 

2.0 3.2 
3.9 5.3 
6.13 9.2 

4 4 
8.1 7.3 

14 12 

16.6 23.9 
21.0 28.0 
25.9 32.1 

Station 
20 

(5.5) 
n = 28 

0.07 
0.145 
0.28 

<0.02 
<0.02 

0.02 

0.1212 
0.044 
13.137 

i.8 
3.01 
4.13 

2 
5.13 
9 

33.2 
34.0 
34.8 

-

f-' 
-...J 
-...J 



Table A2.5 

Water Quality of Tributaries of the Hawkesbury and Nepean Rivers, January 1979 - March 19H1 

Warragamba Fitzgeralds Grose South Eastern Cattai Colo /VlacOonald 
Parameter River Creek River Creek Creek Creek River River 

n = 27(a) n = 24 n = 20 n = 26 n = 20 n = 30 n = 8 n = 13 

Flow 16 (b) I 2.50 1.6 55.0 18.9 13.3 1.0 U9 1.0 
(ML/d) GM (c) . :W.7 2.7 99.2 33.1 18.3 4.4 233 19.1 

84(d) 46.6 4.6 164 56.2 24.9 9.5 371 63.0 

BODS 16 1 1 1 4 5 1 1 <1 
(mg/L) G!'<I 1.3 1.2 1.5 7.9 

I 10.6 I 1.8 1.3 1.0 
84 2 2 2 13 I 14 2 2 1 

NFR 16 5 <5 <5 7 5 5 I <5 <5 
(mg/L) GM 6.2 5 5 18.6 13.3 5.9 <5 6.6 

(Median) (Median) , (lVledian) 
84 8 9 i 8 53 26 7 <5 10 

I 
NH4-N 16 0.01 0.01 0.01 5.0 7.9 0.01 0.01 0.02 
(mg/L) GM 0.025 0.033 0.016 11. 2 17.9 0.039 0.020 0.060 

84 0.07 0.08 0.02 21.0 34.0 0.10 0.03 0.12 

NOx-N 16 0.29 0.94 0.03 0.83 0.30 0.01 0.01 0.01 
(mg/L) GM 0.386 2.94 0.102 1. 57 0.896 0.164 0.032 0.050 

84 0.53 9.2 0.24 3.3 2.1 1.6 0.09 0.14 

TKN 16 0.24 0.34 0.04 7.2 10.8 0.44 0.06 0.31 
(mg/L) GM 0.364 0.578 0.130 14.4 22.4 0.707 0.166 0.350 

84 0.62 0.9 0.32 25.0 36.0 0.95 0.33 0.40 
~-

Mangrove 
Creek 

n = 13 

10.0 
20.4 
30.0 

<1 
<1 
<1 

4 
4.8 

5 

0.02 
0.030 
0.04 

0.01 
0.090 
0.20 

0.05 
0.150 
0.25 

i-' 
-.J 
co 



Table A2.5 (continued) 

Warragamba Fitzgeralds 
Parameter River Creek 

n = 27(a) n =.24 

Total N 16(b) 0.56 1.4 
(mg!L) GM(C) 0.792 3.70 

84(d) 1.1 9.5 

Ortho-P 16 <0.02 0.60 
(mg/L) GM 0.03 1. 23 

(Median) 
~4 0.06 2.5 

Total P 16 U.06 1.3 
(mg!L) GM 0.083 1. 70 

84 0.12 2.2 

Turbidity 16 2.6 3.5 
(NTU) GM 6.4 7.3 

84 8.8 15 

Chlor a 16 5 5 
(pg/L) GM 9.7 8.3 

84 15 14 

(a) n = number of observations 
(b) 16 = 16th percentile 

Grose 
River 
n = 20 

I 
0.18 
0.281 

I 0.42 I 
I 
I 

I <0.02 
I <0.02 
I 
I (Median) 

I 
<0.02 

I <0.02 
U.03 

(Median) 
U.07 

1.4 
2.9 
4.3 

5 
5.1 
7 

South Eastern Cattai 
Creek Creek Creek 
n = 26 n = 20 n = 30 

I 
8.1 I 12.2 0.58 

16.4 , 21. 2 1. 23 
27.6 I 36.5 2.9 

I i 1.9 
I 

1.8 0.02 
3.42 3.48 I 0.056 

I 
6.0 6.7 0.20 

2.3 I 2.3 0.04 
4.29 I 4.34 0.123 I 

I 

7.1 

I 
7.0 0.54 

14.0 7.7 1.8 
25.9 18.6 4.6 
44 38 9.5 

7 6 5 
14.2 11.1 11. 7 
26 23 18 

(c) GM = Geometric mean 
(d) 84 = 84th percentile 

Colo MacDonald 
River River 
n = 8 n = 13 

0.11 0.36 
0.215 0.420 
0.41 0.51 

<0.02 <0.02 
<0.02 <0.02 

I (Median) ,( Med ian) 
I <0.02 <0.02 
I 

<0.02 0.02 
0.035 0.03 

(Median) 
0.06 0.04 

2.2 5.9 
3.7 11. 8 
4.1 26 

5 5 
6.5 6.7 

10 10 

Mangrove 
Creek 

n = 13 

0.18 
0.280 
0.41 

<0.02 
<0.02 

(Median) 
<0.02 

<0.02 
0.020 

(Median) 
0.03 

4.1 
7.6 

27.5 

4 
4.9 
6 

..... 
-.J 

'" 
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Table A2.6 

Quality of Effluents Discharged from Sewage-Treatment ~~rks in the Upp=r 
Hawkesbury Valley, July 1978 - August 1980 

(Old) Camden Penrith 
Parameter SIW S'IW 

n = 24(a) n = 18 

a:lI:Js 16(b) 8 11 
(mg/d) GM(c) 11.6 16.6 

84(d) 14 24 

NFR 16 5 10 
(rng/L) GM 9.6 17 .4 

84 22 24 

NH4-N 16 4.8 12.8 
(mg/L) GM 8.62 17.5 

84 17 .9 21.0 

NOx-N 16 4.4 0.17 
(mg/L) GM 5.44 0.81 

84 7.5 2.0 

TKN 16 10.4 17 .0 
(rng/L) GM 15.6 22.3 

84 n.o 27.4 

Total N 16 19.9 18.1 
(mg/L) GM 24.0 24.4 

84 28.3 29.4 

Ortho-P 16 6.9 6.0 
(mg/L) GM 7.52 7.73 

84 8.4 9.3 

Total P 16 7.2 7.9 
(mg/L) GM 8.19 9.53 

84 9.5 11.2 

Chlor a 16 17 20 -
(pg/L) GM 21.9 47.0 

84 30 94 

(a) n = number of observations 
(b) 16 = 16th p=rcentile 

I 
I 
I 
I 

I 
I 
I 

I 
i 

I 

I 

I 
I 

Glenbrook 
S'IW 

n = 11 

6 
10.4 
19 

5 
9.2 

14 

5.4 
11.7 
19.0 

11.1 
20.1 
36.5 

! 
9.6 I 

17 .8 
26.2 

I 
i 

30.3 
42.3 
63.2 

8.7 
10.4 
12.1 

9.4 
11.8 
13.7 

15 
23.1 
27 

Quakers Hill St Marys IVindsor 
STvv S'IW srw 

n = 22 n = 18 n = 20 

9 10 7 
19.4 22.9 12.5 
39 40 19 

8 6 14 
19.7 14.9 33.5 
30 32 64 

9.5 14.0 1.5 
25.4 20.8 5.63 
40.0 29.1 18.0 

I 
0.09 1.2 I 0.66 
0.41 2.89 1.47 
1.6 5.5 3.1 

33.0 19.3 5.0 
43.2 29.7 11.9 
65.3 43.3 21.0 

34.0 22.7 7.0 
44.7 35.0 13.7 
66.0 46.5 23.6 

3.9 3;6 1.0 
6.14 6.70 3.11 
8.15 9.5 7.9 

5.3 5.8 1.7 
7.36 7.53 4.24 
9.4 11.0 8.4 

7 8 9 
13.5 12.9 33.1 
23 19 68 

(c) GM = Geometric mean 
(d) 84 = 84th p=rcentile 

Castle Hi! 
STW 

n = 24 

3 
4.7 
7 

5 
I 

6.9 

I 
14 

I 

I 0.13 
I 1.15 

I 14.0 

4.9 
12.40 
22.0 

1.0 
3.68 

18.0 

16.5 
22.5 
26.0 

5.3 
6.12 
8.4 

6.3 
7.44 

. 9.2 

5 
8.26 

15 
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t>PENDIX 3 \VATER F1DWS AND NUTRIENT WADS 

Table A3.1 

Nepean River, January 1979 - January 1981 

FION 'Ibtal nitrogen load 'Ibtal phosfhorus load 
pcation and distance (MI...jd) (kg/d) (kg/d) 
~pstream of Broken 

Pay (kIn) 16 Geanetric 84 16 Geanetric 84 16 Geanetric 84 
perc rrean(a) perc perc rrean perc perc rrean perc 

~pean River Zero 3.0 10.7 Zero 1.3 6.2 Zero 0.29 0.60 
~cquarie Grove bridge, n = 28(b) 
puroen (217.8) 

.6 kIn dONl1Stream Zero 3.9 9.7 Zero 10.1 22.3 Zero 2.9 5.3 
Canrlen S'IW (217.1) n = 17 

harpes Weir Zero 3.8 11.0 Zero 2.3 12.9 Zero I 0.44 2.0 , 
(214.7) n = 26 , 

pbbitty Weir Zero 2.0 9.7 Zero 1.4 7.9 Zero 0.10 0.77 
(210.3) n = 16 

ount Hunter Rivulet Zero 5.7 22.5 1.1 11.9 29.7 Zero 0.19 1.6 
Weir (207.8) n = 7 I 

allacia Weir 1.0 6.6 34.1 0.34 1.8 

I 
8.8 0.03 0.13 I 0.68 

(181.3) n = 13 

enrith Weir 48.0 77.8 128 17.8 I 27.2 63.2 1.7 2.7 5.6 
(161.3) n = 29 

pper Ford (near 41.2 83.5 139 133 175 313 31. 5
1 

62.0 86.5 
Sheen's Lane) (158.3) n = 25 I 

/:Mer Ford (near 35.0 78.0 138 73.5 196 1314 24.5 51.9 99.4 
Jackson's Lane) (156.3) n = 17 

>mi th Street 54.0 99.7 196 61.4 123 250 14.1 26.0 57.6 
(150.7) n = 24 

{arramundi (Yarramundi 54.3 107 196 51.7 91.0 190 3.3 14.2 32.6 
Bridge) (142.0) In = 27 

:a) Where zero flONS or loads occur, the "geanetric rrean" value listed has been estimated 
as the rredian 

[b) n = number of observations 
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Table AJ.2 

Hawkesbury River, January 1979 - January 1981 

Flow 'lbtal nitrogen load 
Location and distance (Mild) (kg/d) 
upstream of Broken 

Bay (km) 16 Geanetric 84 16 Geometric 84 
perc mean perc perc mean perc 

Station ~80, Hawkesbury 112 
Ri ver, North Richrrond 
Bridge (138.2) 

216 377 72.8 139 ~59 
n = 29(a) 

I Station 250 109 209 377 189 348 545 
Windsor Bridge (124.9) n = 24 

I 
I 

Station 245 (just 134 255 455 3~3 887 I 1736 I , 
downstream of South n = 20 I 
Creek confluence) (123.8) 

Station 240 146 278 444 i 564 94tl 1980 
Wilberforce Reach(12~.9 n = 26 I 

Station 230 134 271 471 411 

I 
n2 2754 

York & Wilberforce n = 20 
Junction (120.0) 

Station 220 148 293 471 336 771 1819 
York Reach (117.6) ! n = 30 

Station 210 74.4 I ~41 455 
11

135 555 1133 
Canning !<each (114.5) n = 8 I 

I 
I 1209 Station 200 74.4 257 ! 497 119 509 

0.5 km downstream at In = 13 
, 

Cattai Creek (111.5) I I 

Station 190 74.4 295 
1

605 I tl5.4 52~ 1218 

II Swallow Rock Reach n = 13 
(107.9 

! 
I Station 180 134 300 497 112 502 1074 

Upper Crescent Reach n = 17 I I 
(105.0) 

I 

I 

Station 170 74.4 276 605 75.1 381 825 
Lower Crescent Reach n = 14 

(101. 7) 
, 

Station 160 74.4 276 605 62.9 370 1005 
Sackville Reach (95.5) n = 14 

Station 150 148 298 497 92.3 257 481 
Cumberland Reach(89.0) n = 30 

Station 110 327 550 870 118 304 715 
LcMer Half Moon Reach n = 30 

(68.5) 

'lbtal phosphorus 1 
(kg/d) 

16 Geometric 8 
perc mean pe 

5.0 13.3 30. 

, 

I 
16.8 45.3 101 

51.3 140 271 

81.9 150 380 

I 

I 
58.7 128 520 

I 

44.3 103 220 

I 16.4 65.8 99.1 

17.7 64.6 132 

12.7 58.4 139 

17.7 51.9 111 

10.3 40.1 103 

7.4 29.8 92.8 

6.7 20.0 47.7 

9.3 23".7 64.4 
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Table A3.3 

Hawkesbury-Nepean Rivers, January 1979 - January 1981 

Flow Total ni trQ:jen load Total phosphorus load 
)Cation and distance (ML/d) (kg/d) (kg/d) 
.pstream of Broken 

Bay (kIll) 16 Geanetric B4 16 Geometric B4 16 tric 84 
perc rean perc perc mean p::rc p::rc mean p::rc 

Sr"ragamba River 2.5 20.7 46.6 6.3 i8.5 36.0 1.0 2.2 4.0 
(0. 5 kIn downstream of n = 27(a) 

, 

jam wall) (178.9) 

~ tzgeralds Creek 1.5 2.7 i 4.0 3.3 10.0 30.7 L.8 4.8 8.3 
(50 m upstream of n = 13 
confluence with 
Nepean River) (156.7) 

rose River 55.0 99.2 164 13.6 27 .2 44.2 1.6 3.5 7.4 
(25U m upstream of n = 28 
confluence with 
Nepean River) (141.5) 

i 
buth Creek 18.9 33.1 56.2 

1

337 534 835 80.6 139 207 
(at Richrrond Road n = 35 
Bridge (137.6) 

~s tern Creek 13.3 I 18.3 24.9 201 388 799 47.7 79.4 13U 
(at Garfield Road n = 35 

II 
Bridge) (139.6) I 

C 

~attai Creek 1.0 4.4 9.5 il loU 5.3 . 16.6 0.29 0.74 1.4 
(at Cattai Ridge n = 28 
Road) (122.0) I 

~10 River 129 233 371 14.2 50.9 99.6 3.9 B.5 14.3 
(at upp::r Colo) n = 29 ! 

'lacLOnald River 1.0 19.1 63.0 0.36 8.0 32.1 0.02 0.57 2.5 
(at St Albans) n = 10 

'lang rove Creek 10.0 20.4 30.0 1.8 5.7 12.3 0.20 0.61 0.90 
(at Susan Park) n = 13 

(a) n = number of observations 
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, Table AJ.4 

Effluent Flows and Nutrient Loads Discharged from Sewage Treatrrent Works 
in the Upper Hawkesbury Valley (July 1978 - August 1980) 

Flow Tbtal nitrogen load Total phosphorus 10c 
Location and distance (ML/d) (kg/d) (kg/d) 
upstream of Broken • r 

Bay (km) 16 Geometric 84 16 <£anetric 84 16 <£anetrlc 84 
perc rrean perc perc rrean perc perc rrean per 

Carrden sn.~ 1.0 1.3 2.0 22.7 33.0 47.0 7.2 10.3 16.4 
(217.7) n = 24(a) 

Penrith S'IW 6.1 8.5 9.8 163 199 223 54.0 81.2 110 
(162.0) n = 18 

Glenbrook S'IW 1.8 2.0 2.2 57.6 76.7 88.2 16.6 22.4 26.0 
(159.3) n = 11 

St Marys S'IW 16.3 20.2 23.3 650 745 863 97.8 157 242 
(147.8) n = 18 

Quakers Hill STW 10.0 12.6 14.3 409 585 699 70.0 95.2 126 
(147.1) n = 22 

Windsor S'IW 0.70 1.1 1.60 7.0 14.5 27.0 2.7 4.4 8.4 
(125) n = 20 

Castle Hill S'IW 2.0 3.1 5.9 46.8 69.4 104 14.2 2J.7 47.8 
(136.9) n = 24 

(a) n = number of observations 
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APPENDIX 4 AQUATIC PLANT DISTRIBUTION, HAWKESBURY-NEPEAN 
RIVER, 1979 AND 1980 

Table A4.1 

Station Locations, Station Numbers 
and Distances Upstream of Broken Bay 

Station 

Macquarie Grove Bridge, 
Camden 

0.6 km DIS Camden STvi 

Station nola) 

362 

Sharpes Weir 356 

Cobbitty Weir 

Mt Hunter Rivulet Weir 

Wallacia ~'Ieir 

Warragamba River (0.5 km 
downstream of dam wall 

Penrith Weir 

Upper Ford 

Fitzgeralds Creek (50 m 
upstream of confluence 
with Nepean River) 

Lower Ford 

Smith Street 

Yarramundi 

Grose River (250 m 
upstream of confluence 
with Nepean River) 

North Richmond Bridge 

Hawkesbury River, 
windsor Road Bridge 

South Creek (Richmond 
Road bridge) 

Eastern Creek (Garfield 
Road bridge) 

Hawkesbury River, . 
at confluence of South 
Creek 

355 

354 

345 

325 

320 

310 

290 

295 

280 

250 

6 

75 

245 

Distance upstream of 
Broken Bay (km) 

217.8 

217.1 

214.7 

210.3 

207.8 

181. 3 

178.9 

161. 3 

158.3 

156.7 

156.3 

150.7 

142.0 

141. 5 

138.2 

124.9 

137.6 

139.7 

123.8 



Table A4.1 (continued) 

Station. 

Wilberforce Reach 

York and Wilberforce 
Junction 

York Reach 

Canning Reach 

Cattai Creek 
(Cattai Ridge Road) 

O.S km downstream of 
Cattai Creek 

. Swallow Rock Reach 

Upper Crescent Reach 

Lower Crescent Reach 

Sackville Reach 

Cumberland Reach 

Colo River (Upper Colo) 

Lower Half Moon Reach 

MacDonald River 
(St Albans) 

Trollope Reach 

Sentry Box Reach 

Mangrove Creek 
(Susan Park) 

O.S km upstream of Bar 
Point 

Mid-Way between Juno Head 
and Hungry Beach 
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Station no(a) 

240 

230 

:a0 

210 

10 

200 

190 

180 

170 

160 

ISO 

110 

90 

70 

Sl 

20 

Distance upstream of 
Broken Bay (km) 

122.0 

120.0 

117.6 

114. S 

122.0 

IlLS 

107.9 

10S.0 

101. 7 

96.S 

89.0 

93.9 

68.S 

8S.0 

58.S 

43.5 

52.S 

26.1 

S2.S 

(a) Reference: State Pollution Control Commission, April 
1979, Directory of Water Quality Sampling 
Stations 
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Table A4.2 

Phytoplankton Distribution, Hawkesbury-Nepean River, 14.7.79 to 19.8.80 

Genern Percentage of oi:JseIVatioos indicatej Gerera present 

Staticn nunber 20 51 70 90 IHl 130 140 150 160 171'1 180 

Total no of observatioos 12 12 l3 14 16 

CHlDROPIIYCAE 

Actinastnrn 

Ankistrodesrnus 

Asteroa=us 

Ollorella 

ClasteriqJsis 

Closteriun 

Coelaotruo 

Coemariuo 

crucigenia 

Dictyosphaeriun 

DiItorplo::lo:::cua 

Dispora 

Enallax 

EnteralOrpha 

Errerella 

Eudorina. 

Gloeocystis 

Hyalotheca 

H)dro:lictyon 

Kirchneriella 

Micractiniun 

Micrasterias 

M:ugeotia 

<Jedopll~ 

COCystis 

Pandorina 

Pediastrun 

Plarik.t08fi1aeria 

Ple<;Xbrina. 

Ftercrooaa 

ScenedeS\US 

Selenastrun 

Sphaerocystis 

Spirogyra 

Sporrly los il.l'l1 

17 

17 

8 14/7(a) 31 44 

44 

II 

21 

II 

II 

19 33 

14/7 25/6 

44 

14 13 22 

II 

25 

75 

50 

50 

25 

29 56 89 100 

14 

8 29/7 

33 

63 22 

63 22 

6 II 

II 

so 

50 

IS 10 10 12 

40/7 40 70 58 

40 70 60 67 

10 

13 

27 

40 2!J 17 

17 '" 

73/7 20 

I0 

10 

13/7 20 

10 

20 

20 17 

60 83 

10 

20 

10 

20 

33 

27/7 413/10 50 42 

20 25 

20 

13 70 '" 58 

73 

10 

40 

10 

20 '" 

I3 

13 

I3 

20 

20 

l7 

10 

90 92 

10 

30 25 

Staurastrun 

Staurcrle911us 

14/7 31 44 50 "' 

17 

75 

Tetrae::iron 

Tetraspora 

Tetrastrun 

U!othrix 

Volvox 

Total no of genera 

BACILLARIOPHYCFAE 

lIsterionella 

Bacilleria 

Biddulphia 

""''''''''~ 
COSinodiscus 

Corethron 

Cyclotella 

C)Tri:leUa 

17 

17 

25 

25 

17 

3 14 

21 

25 8 29 

17/8 7.5 38 64 

8 21/7 

II 

25 44 

13 22 

16 19 

13 11 

19 33 

56 78 

44 22 

" 

25 

75 

25 

(a) Percentage of cVscrvationa that irrlicated genera daT>inant. 

53/13 70 

20 '" 

21 

53 

93 

13 

25 

I0 

'" 

33 

25 22 

70 <]2 

Table M.2 (continued) 

DiatCIlla 

Diatcrnella 

Diploneis 

Ditylium 

Eucampia 

Fragilearia 

=-
Gyrosigna 

Hemiaulus 

Leptocylindnls 

.'1el06~ra 

Navicula 

Nitzschia 

Pinnularia 

Rhizosolenia 

Skeletonem1. 

Stauroneis 

Striatella 

Thalassi06ira 

Unidentified Pennales 

Unident~fied Centrales 

Total no of genera 

Rhizocluysis 

Tribonata 

MYXOPHYCEAI:: 

Anabaena 

Afhanoca(..>Sa 

Chrooooccus 

~lost:tlaerium 

ilintx1osft1aeria 

MensllOpedla 

Microcystls 

OScillawria 

Et);LEt-UPHYCEAE 

Euglena 

Phacus 

Trachelcrronas 

IJrndentlfied Flaye11ates 

17 

17 25 IS 14 

17 

17 

17 

25 

21 

67 25 23 36 

33 33 

16 16 

4ll 24 

7 28 

22 18 12 16 

17 17 

14 

13 

6 II 

31 22 

13 

25 22 

6 II 

25 

25 33 

18 

13 L2 

6 II 

44 33 

19 44 

10 

50 3J 30 70 42 

I0 

20302025 

12 

is 20 

75 47 

50 40 

20 10 25 

10 

20 

SO 

10 

20 

10 

30 

40 

60 

10 

3J 

33 

58/8 

56 139 100 93/13 80/20 90/30 100/25 

20 40 17 

20 

10 
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Table A4.3 

Phytoplankton Distribution, Hawkesbury-Nepean River, 14.7.79 to 19.8.80 

Percentage of observaticns indicated Gerera present 

Statioo nl.lllber 190 20a 210 220 230 240 245 25'" 255 2(;0 2Ftn 

Total no of ct;servations 11 10 17 14 

Act inas t.tun 38 47 4fl 43 

Ankistrc:desnus 

Ollorella 

Clostericpi1s 

CiosterillTl 

COelastrllTl 

CosmarillTl 

Cnicigerua 

Dictyosphaeriun 

Oispora 

Enallax 

Errerella 

Gloeoxystis 

Hyalotheca 

Hydrcdictyoo. 

Kirchneriella 

Micractiniun 

Micrasterias 

~ia 

Oedcgcni~ 

Paf'dorlna. 

Pedlastrum 

Planktosphaerla 

PlecrlQrina 

Pter(llOl'laS 

5cenedesmus 

5elenastrum 

Sphaerocystis 

St-Ordylosium 

Staurastrum 

Stauro:jesnus 

Tetraedmn 

Tetrasp:>ra 

Tetrastcun 

Ulothrix 

VOlvox 

Zygnema 

Zyg0301lium 

45 513/10 25 24 

18 13 

27 25 18 

13 

38 41 

18 18 

18 "" 25 

36 38 

18 

2. 13 18 

55 63 35 

13 17 

75 35 

<5 

~O 13 

13 

12 

l6 

lU 13 

40 17 

_1'0_"'_1 _~_o_f_g,-e_"e_'_' ____ I_' __ I_' __ "_ 10 

I:lAClUARlOPHYCEAE 

21 

10 21 

70 29 

21 

14 

50 

10 

14 

10 

15 

14 16 

14 20 

17 

14 

27 

13 

17 

17 33 

14 

14 20 33 

21 

36 n 33 

17 

17 

14 17 

17 

Ie 

Asterionella 10 13 ':4/.::3 ~U,'1U ,,1/7 14 L7lbU 33/17 

Bacillenc. l' 30 

tJiddulphia 

Olaetoceros 

Cbsincrliscus ':;lOll\! 7') ]6 60/7 tJJ 

Corethra1 

Cyclotella I' 10 :25 J5 40!lu ~':;I Jb 17 

14 

14 

TabJe M.J (oontinued) 

Diatom.) 

l.Iiatom<.:lla 

LJiploneis 

Ultylwm 

Frayllana 20 

L.yro,nglfl.3. 13 17 

l-io;lTllilUIU5 

Li!l-'tccylirdrus 

45 75 JU 70 43 14 33 50 67 

t~vicula 

Nl.tzscnia 

Plrlflularia 

Wlizosolenia 

Stauronels 

Striatella 

'l'hdlasslOSlra 

unidentitiea Pennales 3b 16 36 28 ZIJ 50 66 

Unldentl1ied Centrales 10 14 

'lotal no ot genera 

XANl'HUPlIYCEf..J:: 

Hrllzochrysls 

'l'nl>onema 20 

i~¥!i:UptjYCfAE 

10 10 

Aprldnoca.psa 27 12 17 

Chrc:ococcus 40 25 " 
~lospnaf;riu;ll 

10 

13 

'11crOCYlitls 64/10 90/30 'i0/25 65/6 80/:W 43/14 21/7 n/13 33/33 

Uscl11atona 10 

14 '4 J3 50 

10 14 

'l'rachoi:lorronas 10 21 

L:rlldenti tied HilyellatE:s 

36 

50 
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Table A4.4 

Phytoplankton Distribution, Hawkesbury-Nepean River, 14.7.79 to 19.8.80 

G.nm Percentage of d:l6ervations irdioated Genera (:resent 

staticn IUlber "" 31ll 32. 312 325 345 355 356 366 362 - 192 -

Total rD of c:i:Jservatioos 12 11 III 1. 1. 1. 13 1. 1. Table A4.4 (ccntinoed) 

C>IIDla'Ilro\E Cynt::eUa 

lIctinost=o Diatona 10 

~ III Diatarella 

~ Diploneis 

Qllorella 20 12 Ditylium 

Clootericplis 1. 12 Eocampia 

Cloateriun III 12 fragilena 20 30 

<»ela,""" 18 3. 1. G:mplunema 

""""'"'~ 25 12 Gyrosigma 17 

cruclgeni. Hemiaulus 

~un 2. Leptoc:yllrdrus 

lli>=pI==us ~losira 33 36 50 50 20 31 

"'-" Navicula " 10 

"""lo>< Nitzschia 

~ Pinnularia 

""""" .. RhiZOGOlenia 

""""'ina III SKeletonema 

Gl.oeo::y8tis Staun:neis 10 

IIyolothoca .. III Striatella 

-"""" 50 .. Synedra 25 

Ki.rd1neriella 'ltlalassiosira 

Mic:ractinilm lhidentlfied Pennales 50 55 6G .0 50 38 '" 50 

Miaasterias Iklidentified centrales 10 

~ l. 1. 'lbtal ro of genera 

""""""'~ III 
XAImlOPIIYCFAE -. ill 
Rhizochrysis 

""""'ina Triboo.ema 10 20 25 10 
Pediastrun 10 10 20 10 

Plankt06~ria MYXOPHYCEAE 

Pleodorina Anabaena 

pte"""""" Aphanocapsa 

SOOnedesm>s 27 30 " 10 LO 23 20 Cbrcoox:cus 

Selenastrlml C'.c€losphaeriLlll 

Si:Oaerocystis Q:mptDsf:haeria 

Spirogyra 10 10 MeriSlfOpedi.;l 10 12 

Sp:njylosilD 10 " 
Microcystis 20 10 10 

Staurastrum 18 '" 10 OSCillatoria 10 20 20 15 12 

5_ 
EllUNUPHYCEAE 

StigeccloniUllt 
Eu;jlena 20 20 10 38 60 

"'tra.dron 10 
Phacu, 15 '" ~trasp;Jr<l 
TrachelOlOnas '" '" 20 25 .. " 60 12 

Tetrastrum 
U1.identified Fl.;tgellates 17 10 10 25 10 23 12 

Ulothrix 

IIol~ 

Z"'~ 

Zygcgonhun 

Total 00 of genera 10 10 

BAClLU'JUClPHYCEAE 

Asterionella 

Bacilleria 10 10 lO 

Biddulphia 

""''''''''''' 
O:ls inodiscus I' 10 10 25 

Coreth<oo 

CYCloteUa 30 30 " " 
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Table A4.S 

Periphyton Distribution, Nepean River, 
1979-80 

Genera 

Chlorophyceae 

Hydrodictyon 

Mougeotia 

Oedogonium 

Spirogyra 

Stigeoclonium 

Charophyceae 

Nitella 

Chrysophyceae 

Vaucheria 

Bacillariophyceae 

Fragilaria 

-Melosira 

Myxophyceae 

Oscillatoria 

Rhodophyceae 

Compsapagon 

River section 

Camden to 
Cobbitty 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Penrith to 
Yarramundi 

+ 

+ 

+ 

+ 

+ Identified as a dominant aquatic plant in 
indicated region 
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Table A4.6 

Higher Aquatic Plant Distribution, 
Hawkesbury/Nepean River, 1979-80 

River section 

Species Camden to Penrith to 
Cobbitty Yarramundi 

A. FERNS 

Azolla filiculoides + 
(Pacific Azolla) 

Azolla pinnata + 
(Ferny Azolla) 

B. FLOWERING PLANTS 

( i) Monncotyledons 

Egeria densa + 
(Dense Waterweed) 

Hydrilla verticillata + + 
(Water Thyme) 

Lemna minor + + 
(Cornmon Duckweed) 

Lilaea scilloides + 
(Lilaea) 

Najas tenuifolia + + 
(Water Nymph) 

Potamogeton crispus + 
(Curly Pondweed) 

Potamogeton ochreatus + 
(Blunt Pondweed) 

Potamogeton tricarinatus + 
(Floating Pondweed) 

Triglochin procera + 
(Water Ribbons) 

Vallisneria spiralis + 
(Ribbon Weed) 

(ii ) Dicotyledons 

Callitriche 
. 
stagnalis + 

(Cornmon Starwort) 
Crassula helmsii + 

(Swamp Stonecrop) 
Elatine gratioloides + 

(Waterjolort) 
Ludwigia peploides + 

(Water Primrose) 
Myriophyllum brasiliense + 

(Parrot's Feather) 

+ Identified as a dominant aquatic plant in 
indicated region 

Yarramundi 
to Colo 

-

+ 

+ 
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APPENDIX 5 EFFECTS OF NON-POINT SOURCES 

Data collected by the SPCC and data supplied by the MWS&DB 
for the Nepean River at Penrith Weir upstream of the Penrith 
sewage-treatment works were examined in order to: 

A5.1 

Consider the possible effect of upstream nutrient 
loads on the validity of the point-source model 
(section 5), which was applied to data collected 
downstream of the sewage-treatment works 

Compare estimated long-term contributions from diffuse 
and point sources to nutrient loads in the Nepean and 
Hawkesbury Rivers. 

Effects of Upstream Loads 

Table 16 (section 5.1.1) lists measured nutrient loads 
from the sewage-treatment works at Penrith and Camden and 
measured instream nutrient loads in the Nepean River at 
sampling stations immediately upstream of these works. The 
contribution from upstream sources formed only a small 
percentage of the total nutrient load. 

Since the upstream loads were highly variable and considered 
to be of diffuse origin, they were accounted for in the 
statistical models discussed in section 5.1 by random error 
terms (equations (5)-(7), section 5.1.1), which were assumed 
to have been independently sampled from a normal distribution. 
Probability plots (eg, Figure 30) showed that the data were 
consistent with the assumption of a normal distribution. The 
data, which had been collected at intervals of approximately 
three weeks, were also examined to check the assumption of 
statistical independence. Equation (7) (section 5.1.1), 
which indicates a linear regression of loge (nutrient 
load) on reciprocal flow (l/Qij) for corresponding loads 
and flows, was extended to include an earlier (lagged) 
reciprocal flow (l/Qi j-i) as an independent variable in the 
regression. This produced negligible improvement in the 
goodness of fit of the models. The data therefore showed no 
evidence that a flow measured three weeks before the collec
tion of a water-quality sample provided any information on 
the time of travel of that particular sample from the point 
source, a conclusion supporting the assumption of statistical 
independence. 

The assumption that the small but highly variable instream 
nutrient loads upstream of the point sources were of diffuse 
origin was checked by examining the data collected at 
Penrith Weir for similarities with and differences from the 
data collected downstream of the Penrith STW. 

Figure A5.1 shows total nitrogen and total phosphorus loads 
at Penrith Weir plotted against the inverse of river flow. 
Unlike the data collected downstream of sewage-treatment 
works (Figures 26-29), the (upstream) Penrith Weir data are 
not indicative of an upstream point source dominating 
nutrient levels at the weir. 
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FIGURE AS.l 

Total Nitrogen and Total Phosphorus Loads and 
Inverse Flow at Penrith Weir, 1978-1981 
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Figure AS.2 shows soluble nitrogen concentrations and 
surface water temperatures at Penrith Weir, collected at 
three-weekly intervals from August 1978 to August 1980. A 
strong annual cycle, with peaks during winter, is evident in 
these data. Similar peaks were observed for total phosphorus 
and total nitrogen data and for other nutrient components, 
but the clearest relationship with temperature was found for 
soluble nitrogen concentrations. This relationship was 
nonlinear: neglecting the initial seven observations, which 
occurred during a period of very high flows at Penrith Weir, 
a fall in temperature led to a rise in soluble nitrogen 
concentrations but soluble nitrogen concentrations then fell 
before a rise in temperature occurred (Figure AS.2). 

Figure AS.2 also shows that this nonlinearity was removed by 
taking logarithms of the soluble nitrogen cioncentrations. 
Techniques of time series analysis were used to identify the 
most appropriate form of relationship between the two time 
series in Figure AS.2. A simple regression of the log 
soluble nitrogen concentrations on surface water temperatures 
was found to be the best statistical representation of this 
relationship from the class of linear transfer functions. 
The data therefore contained no evidence that past (lagged) 
observations of the concentration and temperature series 
were of any value in predicting the concentration at a given 
time, further supporting the assumption of statistical 
independence of the data collected at three-weekly time 
intervals. The coefficient of determination for the two 
series was 0.72, indicating that the simple regression on 
the temperature series had reduced the variability in the 
log concentration series by 72 per cent. 

The strength and clarity of the observed relationships between 
nutrient concentrations and water temperature, independently 
of dry-weather variations in river flow throughout the study 
period, are indicative of the predominantly diffuse sources 
of the nutrients transported over Penrith Weir. By contrast, 
nutrient concentrations downstream of Penrith Weir could be 
predicted by river-flow measurements alone. 

The first seven observations of soluble nitrogen concentra
tions (Figure AS.2) were affected by releases from Warragamba 
Dam. Four of the initial seven flows were above S 000 ML/d. 
A further regression was carred out, in which separate 
intercepts were estimated for the log concentrations during 
high and low flow periods, with a common response to temper
ature variation being retained during both periods. This 
resulted in the model presented in Figure AS.3, for which 
the coefficient of determination was 0.89, indicating that 
89 per cent of the variability in the log soluble nitrogen 
concentrations was explained by the model. This result 
shows that response to water-temperature variations was 
preserved during the releases but that a general increase 
in soluble nitrogen concentrations followed the releases 
from Warragamba Dam. Further examination of the original 
data (as distinct from the log data) showed that the best 
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Observed and Modelled Soluble Nitrogen Concentrations 
at Penrith Weir, 1978-1981 
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predictor of soluble nitrogen concentrations was the 
antilog of the model for the log concentrations, for which 
the coefficient of determination was 0.64. Since the 
temperature variation was strongly cyclic, these results 
suggest that a release from Warragamba Dam would lead to an 
increase in the soluble nitrogen concentration at Penrith 
Weir of 0.05 mg/L during summer, 0.36 mg/L during winter and 
0.13 mg/L during autumn or spring. These predictions were 
obtained by substituting mean seasonal water temperatures 
into the model plotted in Figure A5.3. 

The main conclusion from the above analysis is that the data 
collected at three-weekly intervals during the study period 
were consistent with the assumption of statistical indepen
dence used in the kinetic model (equations (5)-(7), section 
5.1.1). That model, which neglected diffuse sources, was 
found to provide an adequate representation of the processes 
governing nutrient concentrations downstream of the Penrith 
sewage-treatment works during the study period. Secondly, 
the observed relationship between surface water temperatures 
and soluble nitrogen concentrations suggests that releases 
from Warragamba Dam may have a predictable effect on the 
water quality at Penrith Weir. 

AS.2 Evaluation of Mean Total Phosphorus Load at Penrith 
Weir 

In order to take account of the high phosphorus exports 
-which occur during high flows, a relationship between river 

flow and total phosphorus concentration was determined 
(Figure AS.4). This relationship, together with information 
on the long-term frequency distribution of river flows 
(Figure 22), enabled the frequency distribution for total 
phosphorus loads to be computed. This frequency distribution 
is shown in the first and third columns of Table AS.l, which 
also shows the steps in computing the mean load. The first 
two columns show the flow-frequency distribution, which was 
obtained by analysing the Metropolitan Water Sewerage and 
Drainage Board's daily flow records for Penrith Weir from 
January 1961 to October 1982. (This frequency distribution 
is plotted in Figure 22.) The remaining columns were 
calculated in the following way: 

c· 1 = 0.02867 + 0.442586 x 10-10 x {Fi)2 

p. 
1 = F' 1 x c· 1 

M' 1 = 0.01 x {Pi + Pi-l)/2 

where C· 1 = total phosphorus concentration (mg/L) 

F' 1 = flow (ML/d) 

p. 
1 = total phosphorus load (kg/d) 

M' 1 = contribution to 
(kg/d) 

the mean total phosphorus load 

and i = line number in Table AS.l. 
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FIGURE AS.4 

Relationship Between Flow and Total Phosphorus 
Concentration at Penrith Weir, 1978-1981 

tOOOoo 



- 199 -

Table AS.l 

Cl::Jtputation of Mean Total Phosphorus load at Penrith Weir 

Total Total Cbntribution Cunulative 
Percentile F1CM Ihosphorus Iilosphorus to rrean load ccntributicn 

(MI..jd) (mg/L) (kg/d) (kg/d) to rrean load 
(kg/d) 

.01 9.8 .0287 .281 .0014 .0014 

.02 12.2 .0287 .350 .0032 .0046 

.03 19.6 .0287 .562 .0045 .0091 

.04 24.5 .0287 .703 . 0064 . 015 5 

.05 31.7 .0287 .909 .0081 .02]6 

.06 39.2 .0287 1.124 .0101 .0336 

.07 39.2 .0287 1.124 .011 2 .0449 

.OB 41. " .0287 I .193 .0116 .0565 

.09 41. " .0287 1.193 . 0119 .0684 
• I (, 46.3 .0287 1.328 .0126 .0810 
.11 51.4 .0287 1. 474 .0 139 .0949 

· i 2 53.1 .0287 1.523 .0153 .1101 

· 13 58.1 .0 287 1 .666 .0158 .1259 
.14 62.7 . 02 87 i .798 .0173 .1433 
.15 65.5 .02 67 1.878 .01B4 .1616 
· 16 7v . 2 . 0287 2.013 .0195 .1811 
· 17 73 .4 .0287 2.105 .0206 .2017 
• I B 73 .4 .0287 2.105 .0210 .2227 

• 19 74.5 .0287 2.136 .0210 .2437 
.20 77 .0 .0287 2.208 .0222 .2659 
. 21 78 .5 .028 7 2.251 .0221 .2879 
. 22 79 .6 .0287 2.283 .0227 .3106 
.23 B 1.6 .0287 2.340 .0231 .3337 
.24 83.6 . \i267 2.403 .0237 .3574 
.25 86.4 .0287 2.478 .0244 .3818 
.26 BB.8 .0287 2.546 .0249 .4067 
. 27 9(1.7 .0287 2.601 .0263 .4330 
.28 94.0 .0287 2.695 .0265 .4594 
.29 94.0 .0287 2.695 .0267 .4861 
.30 95.5 . 02 87 2.738 .0272 .5133 
.31 101.0 .0287 2.896 .0282 .5415 
.32 106.0 .0287 3.040 .0297 .5711 
.33 108.0 .0 287 3.097 .0307 .6018 
.34 112.0 .0287 3.212 .0312 .6331 
.35 115.0 .0287 3.298 .0332 .6663 
.36 1 I 7 . 0 .0287 3.355 .0329 .6992 
.37 120.0 .0287 3.441 .0340 .7332 
.38 126.0 .0287 3.613 .0353 .7684 
.39 129.0 .0287 3.699 .0366 .8050 
.40 135.0 .0287 3.871 .0379 .8428 
.41 140.0 .0287 4.015 .0394 .8823 
.42 140.0 .02B7 4.015 .0397 .9220 
.43 148.0 .0287 4.244 .0421 .9641 
.44 154.0 .0287 4.416 .0429 1.0070 
.45 162.0 .02B7 4.645 .0453 1.0523 
.46 168.0 .0287 4.BIB .0473 1.0996 
.47 171.0 .0287 4.904 .0486 I .1482 
.48 184.0 .0287 5.276 .0509 1.1991 
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Percentile 

.49 

.50 

.5, 
00 

• J.:.. 

.53 

.54 

.55 
o· 

• JO 

.57 

.58 

.59 

.60 

.61 

.62 

.63 

.64 

.65 

.66 . ., 

.0, 

.6B 

.69 

.70 

.7 ! 

.. / l 

.73 

.74 
-~ .. ,' .J 

.76 

.77 

.la 

.79 

.80 

.81 

.82 

.83 

.B4 

.85 

.86 

.87 

.88 

.89 

.90 

.91 

.92 

.93 

.94 

.95 

.96 

.97 

.98 

.99 

Flow 
(ML.jd) 

198.0 
20 I. (J 

216. 'j 
;~35.0 

2 If 7. (J 
275.0 
294.0 
318.0 
365.0 
407.0 
428.0 
4 8~' . 0 
526.0 
636.0 
734.0 
808. (I 
92! • (I 

1 1 3 oj. ,) 

1370.0 
14'jO.i) 
i 63(1. Ij 
i 820. (! 
203('. I) 
226(!.(J 
2520.0 
288('.l, 
3530.(' 
3890. C, 
43! O. ,j 
5~)90. ($ 

5370.0 
543(1 .. (, 
5530.0 
5760.0 
591(1~0 

61 I (I. Cl 

6450.0 
bB5v.0 
6850. I) 
6930.0 
7340.0 
7630.0 
8120.0 
8530.0 
9620.0 

I 1300. Ii 
14300.0 
19000.0 
27300.0 
37400.0 
68100.0 

I 'Ibtal 
p,.osphorus 

(mg/L) 

- • V.~d/ 

.0287 
• (.287 
.on! 
.0287 
.0287 
.0287 
.0287 
.0287 
. 0287 
.0287 
.0.287 
.0287 
.0287 
.1)287 
.0287 
. on? 
.0287 
.028B 
• (1288 
.0288 
• (,2&8 
• (,28;' 
• (J239 
.0290 
• (129(.1 

• (1292 
.02n 
.,j295 
.0298 
.0300 
.03('0 
.0300 
.0301 
.03'j2 
.0303 
.0305 
.0308 
.0308 
.0308 
.031 1 
.0313 
.0316 
.0319 
.0328 
.0343 
.0377 
.0447 
· ('617 
.0906 
.2339 
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'Ibtal 
p,.osphorus 

(kg/d) 

5.678 
5.764 
6. 194 
6.73S 
7 . ('83 
7.886 
8.431 
9.120 

10.468 
i I .674 
12.276 
13.769 
15.089 
1&.248 
21 .065 
23 . 193 
26.444 
32.466 
39.398 
4(1.266 
46.931 
52.455 
58.58(1 
65.316 
72.969 
83.640 

i03. 168 
1 14. i50 
i27. i 3 i 
! 5 i .791 
160.837 
162.790 
166.056 
173.624 
178.b04 
185.298 
196.828 
210.647 
2i( •• 647 
213.445 
227.974 
238.447 
256.534 
272 .064 
3i5.253 
387.885 
539.469 
848.389 

1683.323 
3387.760 

15930.546 

Contribution 
to mean load 

(kg/d) 

.054:1 

.('~)84 

.0'598 

.0641i 
,':'691 
.0748 
.0)816 
.(,878 
• (1970 
.1 I .:2~ . 

i 186 
· 1302 

1443 
.1667 
.1966 
.2213 
· 2 4~37 
.3004 
.3557 
.3983 
.4360 
.4969 
. ~.)552 
· t; i 3:3 
.6914 
.7987 
.9247 

1 .'-i&66 
I .2,)64 
I •. "5;;46 
1 .5631 
I .. 6(1.20 
I .67)'1._ 
i .68!4 
i .7..,i 1 
1 .BI?5 
1 .9! ')6 
2.0:V4 
0 1065 L. 

2.,)993 
.2.2~512 

2.:3'j88 
2.4749 
2. 6430 
2.·1366 
3.~5i5:; 

4.5904 
t· .1393 

12.91 17 
:25. i019 
96.~591~5 

! 

I 

Cumulative 
ccntributicn 
to mean load 

(kg/d) 

· :;~5j4 
I • 3 I 17 
I · ~71 5 
1 • 4 3~55 
i .5046 
1.5795 
1 .661 1 
1 .7488 
l.il458 
I .'156)' 

.2 • I,j), 7:.3 
2.2075 
2.3518 
2.5185 
2.715(' 
:;;.930.) 
:3.182,j 
3.4825 
3.8382 
4.236~j 

4 .. ~725 
,~ 

. ..1 • 1694 
1:- "-1" .J./....:."+t; 

6.3:.379 
7.0293 
?82BO 
8.?5U 
·:1.8393 
I .0457 

12.4403 
14.0035 
15.6054 
i7 • .2825 
18.9639 
2~).7251 

::2.5446 
24.4552 
?6.4926 
28.5991 
}'j.6983 
32.9496 
.33.2584 
37.7333 
4'J. :3763 
41.3128 
4.~. 8285 
~.5 I .4189 
~S8.3582 

71.2700 
Y6.3718 

1 ).~. 9633 
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From the frequency distribution derived for the total 
phosphorus loading at Penrith Weir (columns 1 and 4 of Table 
A5.1), the following information was deduced for the total 
phosphorus load transported over Penrith Weir: 

30 percentile total phosphorus load = 2.7 kg/d 

Median total phosphorus load 

Mean total phosphoLus load 

Standard deviation of total 
phosphorus load 

Skewness of total phosphorus load 

= 5.8 kg/d 

= 193 kg/d 

= 1622 kg/d 

= 9.2 

95 per cent of the total phosphorus loading was 
contributed by flows exceeding the 75 percentile 
flow 

82 per cent of the total phosphorus loading was 
contributed by flows exceeding the 90 percentile 
flow. 

The mean total phosphorus load transported over Penrith Weir 
during the study period was 2.7 kg/d. This corresponded to 
30 percentile flows, which prevailed during most of the 
study, and agrees well with the above Lesults, which were 
based on separate data. 

Although errors may be involved in developing a flow
concentration relationship, the actual relationship used is 
expected to overestimate the total phosphorus concentration 
at the high flows (above 75 percentile) that contribute 95 
percent of the long-term total phosphorus loading, since the 
high-flow data used in developing the relationship shown in 
Figure A5.4 were recorded during heavy rain in 1ge3 afteL a 
prolonged drought, when particulaLly elevated concentrations 
of total phosphorus would be expected' in the runoff. For 
example, for an instantaneous flow of 60 000 ML/d, recorded 
at the peak of the hydrograph during the drought-breaking 
rain, a sample was found to have a total phosphorus concentra
tion of 0.23 mg/L. By contrast, at a flow of 623 000 ML/& 
recorded during a wet year (1978), a total phosphoLus 
concentration of 0.12 mg/L was observed by the Metropolitan 
Water Sewerage and Drainage Board. The estimated long-term 
mean total phosphorus loading of 193 kg/d at Penrith WeiL is 
thus conservatively high. 

In comparison with this long-term mean total phosphoLus load 
computed for Penrith Weir, the phosphorus loads entering the 
Nepean River just downstream of Penrith Weir from the 
sewage-treatment works at Penrith and from those discharging 
into Lapstone and Fitzgeralds Creeks amounted to 192 kg/d in 
June 1982, and loads of 365 kg/d are projected for the year 
2000 if phosphorus removal is not implemented at the Lower 
Blue Mountains and Penrith sewage-treatment works. 
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The catchment area for Penrith Weir is 11 016 km 2 , and the 
total catchment area for the Hawkesbury River is 21 748 
km2 (Minister for Environment Control 1973, Water Conser
vation and Irrigation Commission 1973), so similar rates of 
phosphorus export for the two halves of the catchment would 
lead to a mean diffuse loading of total phosphorus in the 
Hawkesbury River of 381 kg/d. In comparison, the June 
1982 total phosphorus loading from sewage-treatment works 
discharging into the Hawkesbury-Nepean River system is 
821 kg/d, excluding the loading from the Lithgow, Wallerawang, 
South Katoomba, Mittagong, Moss Vale, Goulburn, Bowral and 
Bargo sewage-treatment works, whose discharges are impounded 
by water storages. 

From the above comparisons it is clear that the loads from 
point sources of phosphorus exceeded those from non-point 
sources in June 1982, and this difference will increase 
unless phosphorus removal is implemented. Moreover, the 
impacts of point sources, as has been demonstrated in this 
study report, are greater than those of non-point sources, 
because the point sources discharge continuously at a 
relatively constant rate, even during low flows, whereas the 
contributions from non-point sources are concentrated into 
short time periods at infrequent intervals. 



APPENDIX 6 

- 203 -

PRIMARY PRODUCTION IN THE FRESHWATER TIDAL 
ZONE OF THE HAWKESBURY RIVER 

Hourly water-column Rrofiles of dissolved oxygen concen
trations were measured and the mean concentrations of 
these profiles were used to construct the diurnal curve. 
From this curve, a curve for the rate of change of oxygen 
production was constructed, and daily gross production 
was calculated from the area enclosed by this curve and 
the line representing the rate of respiration. 

The rate of respiration was calculated from the decrease in 
oxygen concentration during the night. Daily net production 
was calculated as the difference between the daily gross 
production and daily respiration. Gaseous exchange was not 
calculated. 

/ 
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FIGURE A6.1 

Light and Primary Production in the Hawkesbury 
Estuary 117.6 km from Broken Bay, August 1979 
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FIGURE A6.2 
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Light and Primary Production in the Hawkesbury 
Estuary 116~6 km from Broken Bay, August 1979 
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FIGURE A6.3 

Light and Primary Production in the Hawkesbury 
Estuary 105.0 km from Broken Bay, March 1980 
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APPENDIX 7 
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