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ill 
I 

Foreword 

The Department of Land and Water Conservation (DLWC) commissioned Manly Hydraulics 

I 	
Laboratory (MHL), in association with The Ecology Lab Pty Ltd (TEL), to undertake a 
preliminary review of estuarine outfalls in NSW outside of the Sydney Water area. The 
review was to be based on readily available information, with any necessary more detailed 

I 	work to be undertaken later. The review provides an overview of outfall behaviour compared 
to current water quality criteria and provides a summary of literature that addresses the effect 
on the aquatic ecology of the outfalls. Assessment of outfall performance relative to original 

I
design objectives was not included within the scope of this report. 

Personnel from Manly Hydraulics Laboratory involved in the study were P Anderson, R 
' 	Cook, and S Barr. The Ecology Lab personnel involved in the study were M Lincoln Smith 

and M Green. 

I
Organisations approached for information included: 

Australian Water and Wastewater Association 

I Councils along the NSW coast 
Department of Land and Water Conservation 
Department of Public Works and Services Regional Offices 

I Environment Protection Authority 
Hunter Water 

I 	
National Parks Association of NSW Inc 
Nature Conservation Council 
Total Environment Centre. 

A similar review of ocean outfalls has been undertaken for DLWC by MHL and TEL, and 
was published in June 1997 (Report No. MHL769, PW Report No. 96023, DLWC Report 

I

No. SD RD 008). 

I 
I 
I 

I
MHL896 - 

I 



I 
I 
I Summary 

I 
The Department of Land and Water Conservation commissioned Manly Hydraulics 

I 	

Laboratory, in association with The Ecology Lab Pty Ltd, to undertake a review of estuarine 
treated sewage effluent outfalls along the NSW coast. It is intended that this review will 
provide a basis for evaluating the need for more detailed evaluation. 

I Estuarine outfalls may be defined as those which discharge treated effluent to receiving waters 

I 	

situated between the ocean and the upstream tidal limit. 

The study identified some 44 estuarine outfalls: 39 in country regions and five under the 
control of Hunter Water. Estuarine outfalls in the Sydney Water area were not included in 

I 	
this study. The types of outfalls include pipes releasing at the water's edge, through to 
specifically designed diffusers releasing at depth. Some outfalls release directly to the main 
river, while others release to creeks that drain to a river, or to a lagoon or major lake. Several 

I 	outfalls release to wetlands. 

The locations of estuarine outfalls are mapped in Figure 3.1, repeated here as Figure 51. 
Table 3.1 lists the estuarine outfalls. 

I
A description of the characteristics and effects of estuarine outfalls is presented in Section 3.3. 
Findings of the various studies have been referred to, without any critical appraisal or 
interpretation, for this preliminary study. Physicochemical characteristics of estuarine 

I
outfalls are summarised in Tables 3.2 to 3.7. 

A summary of key information is presented in Table 4.1, repeated at the end of the Summary 

I
as Table Si, listing the outfalls in geographic order from north to south. 

In general, monitoring of faecal coliform bacteria and nutrients in the receiving waters has 

I 	

been undertaken at the majority of outfalls. However, further monitoring of toxicants in the 
receiving waters and sediments will be necessary. The level of investigation for ecological 
effects was found to be low. 

Because of the level of ecological studies and the varying protocols for water quality 
monitoring, no attempt has been made at this stage to identify effects of a similar nature and 

I 	
magnitude of estuarine outfalls of a similar size, and accordingly, no outfall classification 
system has yet been adopted. 

I 

I
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I 
The majority of estuarine outfalls release effluent treated to secondary or tertiary standard, 

' 	with further treatment by either disinfection or phosphorus reduction. At least six of the 
facilities have phosphorus reduction. The main disinfection method used is maturation 
ponding, however at least three STPs employ ultraviolet irradiation. During wet weather 
some of the treatment steps may be bypassed by sewage overflow. 

Water quality effects attributed to effluent release have been noted at 18 of the releases. 
These have included increased nutrient concentrations in some cases contributing to 
phytoplankton blooms, lowered dissolved oxygen, and increased faecal coliform bacteria 

I

counts. 

The ANZECC indicative guidelines for protection of aquatic ecosystems are not met at 15 of 

I 

	

	
the release sites. The guidelines for primary contact recreation are not met at 11 of the release 
sites; however, in at least two of these cases, sources other than the effluent release are 
contributing to high faecal coliform bacteria levels. There is insufficient data to determine the 

I 

	

	extent of non-contact zones for primary contact recreation. The ANZECC guidelines for 
edible seafood are not met at 12 of the release sites. 

I 	Aquatic ecology studies specifically directed toward estuarine treated sewage effluent releases 
have been carried out at nine of the outfalls. Effects attributed to estuarine treated sewage 
effluent releases in these studies have included eutrophication, algal blooms, fish kills, 

I 

	

	decreased diversity of invertebrates and increased quantities of fresh water and high nutrient- 
tolerant plants. 

I 	There is a need for the development of a uniform methodology for assessment of the effects of 
the outfalls, to overcome the present inconsistency in monitoring approaches. Such an 

I 	
approach would: 

facilitate identification of effects of outfall discharges; 

I
. 

	

	allow comparisons among outfalls to improve predictions of effects of new or upgraded 
outfalls; and 
assist in the assessment of cumulative effects. 

I Methodologies for assessing effects of existing estuarine outfalls are presented in Section 4.4. 
The steps involved are: 

I . 	A basic assessment of effect of all estuarine outfalls on receiving waters using a database 
of existing information and some monitoring of faecal coliform bacteria in the receiving 

I 

	

	waters and nutrients in sediments. This basic assessment would provide directions for the 
next step. 

A detailed assessment of outfall sites. 

Compilation of a matrix of information on estuarine outfalls to be used to adapt a generic 

I study methodology to each additional outfall under study. 
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River Basin Outfall Nature of Study Year 
Commissioned 

Release 
Te 

ADWF 
MLiday 

Level of 
Treatment Disinfection 

Discharge 
Rate 
(Us) 

Dilution at distance 
from Release________ _ Non- 

Contact 
Zone (m) 

Ecological Attributes and Distance from Outfall (within 500 m) 

Comments Mangroves Seagrass Saltniarsh Protected 
 Bird Area 

- 
Oyster Lease 

Commercial! 
Recreational 

 Fishing  
Other 

10 m 100 m 1000 m 
Tweed BanoraPoint AEG, H,WQ 1979 shore-based 

(ebb) 
10 tertiary maturation pond 

____ 
- - - - 350mus 25Omusand 

 ds 
500musand 

 ds 
Om 

Iingscliff AEG,WQ 
_______ 

1971 shore-based 
___ _____ 

1.6 tertiary pond 55* - - - - 500musand 
on  OS 

onopposite 
shore 

SOOmds Om 

Murwillumbsh WQ* 1958 shore-based 2.4 tertiary  pond 

Fniatumration 

'iweedHeads AEG,HWQ 1967 shore-based 
(ebb) 

2.0 tertiary npond 
_____ 

52* - - - - l0Omds Omand250m 
 ds 

500musand 
 ds 

Om 

brunswick BmnswickHeads AEG,WQ 1971 shore-based (0.5) tertiary npond  - - - - - Om  300mds  450mds  
Mullumbimby AEG, WQ 1965 shore-based (0.7) tertiary maturation pond  - - - >50m SOOmds  
OceanShores AEG, H,WQ channel (0.5) tertiary maturation pond 2.5 >130 - Om Om 200mdsand 

400mus 
Om 

South Byron Bay AEG 1973 1.4 tertiary with maturation pond - - - - 
p1.  

Richmond Ballina AEG, H, WQ 1975 shore-based 2.8 tertiary maturation pond 
ultraviolet*  

32 1.5 >7 - Om 

LismoreEast WQ 1959 shore-based 5.0 tertiary with maturation pond - - - >500m 
p1  

Lismore South WQ 1932 shore-based 5.0 tertiary with maturation pond - - - >500m 
p1.  

Evans Head AEG 1971 wetland (0.7) secondary  43* - - 
Clarence Clarenza AEG, WQ 1988 shore-based 0.8 tertiary maturation pond  

Grafton North AEG, WQ 1935 shore-based 4.0 tertiary maturation pond  
Grafton South AEG, WQ 1937 shore-based 0.9 tertiary maturation pond 41 - - - - 
Junction Hill 1 1968 shore-based 0.1 tertiary maturation pond - - - - Upgrade planned or in 

progress 
Junction Hill 2 1968 shore-based 0.1 tertiary maturation pond - - - - Upgrade planned or in 

progress 
Junction Hill 3 WQ 1968 shore-based 0.2 tertiary maturation pond - - - - Upgrade planned or in 

progress 
Maclean AEG, WQ 1965 shore-based (0.7) tertiary maturation pond  - - - >500m  Om  

Bellisger Woolgoolga AES, H, WQ 1993 shore-based 1.75 tertiary with maturation pond 28 - - - > 500m 
p1.  

Om Orn to SEPP 14 wetlands 

Bellingen WQ 1994 shore-based* 0.7 tertiary chlorination 
ultraviolet  

30 20 - - - 

Mscksville AEG, I-I, WQ 1968 shore-based 1.1 tertiary maturation pond 12.1 ID x 1.25 <200m 500m ds 200m us and 
ds 

400m os Om Prawn hatchery on oslo outfall Upgrade planned or in 
progress 

Nambucca Heads AEG, WQ <1986 wetland 2.5 maturation pond  - - - - 500m 
Urunga AEG, WQ 1971 shore-based 1.0 

qtertiary 

maturation pond - - - - Om Om Om 

Macleay Frederickton AEG, AES, WQ - shore-based 0.2 maturation pord 
Kempsey South AEG, AES, S, WQ <1991 shore-based 0.9 maturation pond 
Kempsey West AEG, AES, S. WQ <1991 shore-based 1.8 maturation pond  
Smithtown/Gladstone AEG, WQ* - shore-based 0.2 tertiary maturation pond  

Hastings Port Macquarie AEG, AES, B, WQ - shore-based 9.0 tertiary with 
p4. 

maturation pond 
ultraviolet 

- - - Om 50m ds 200m ds 

Wauchope WQ - channel 1.1 tertiary maturationpond 44 20 - - Om  
Manning Hartington AEG, WQ - shore-based* 1 	(0.5) tertiary maturation pond  -  

Dawson River AEG, WQ - shore-based* 1 	5.3 tertiary maturation pond  - - - -  Om 
Taree AEG, WQ - shore-based* 2.9 tertiary maturation pond  - - - -  Om  
Wingham AEG, WQ 1988 shore-based 1.0 tertiary maturation pond - - 

ultraviolet  
- - 

Ksruah Bulahdelah  1979 shore-based 0.4 tertiary maturation pond 5 - - - -  Om  
Medowie AEG, AES, WQ - wetland 1.5 tertiary maturation pond - - - - * Upgrade planned or in 

progress 
Hester Morpeth AEG, WQ - shore-based* 9.0 secondary - - - - Upgrade planned or in 

progress 
Raymond Terrace AEG, H, WQ - wetland 2.4 secondary - - - > 500m Upgrade planned or in 

progress 
Shortland AEG, H, WQ - shore-based 3.1 secondary - - - > 500m . Om to SEPP 14 wetlands Upgrade planned or in 

progress 
Macquarie- 
Tuggerah Lakes  

West Wallsend AEG, WQ - wetland 0.6 secondary - - - - * Upgrade planned or in 
progress 

Hawkesbury Gosford/Sonsersby md. AEG - shore-based* 1.9 tertiary maturation pond  

Shoathaven Berry AEG, H, WQ - shcre-based 0.4 tertiary maturation pond - - - - 
Bomaderry AEG, AES, B. H, S, 

WQ 
1990 shore-based 2.2 tertiary maturation pond - - - Om 350mds 200mds Om 

Nowrs AEG, AES, B, H, 5, 
WQ 

1931/1989 shore-based 4.2 tertiary maturation pond - - 
. 

- Om lOOm us and 
ds 

Om Om 

Moruya Moruva AEG. WQ - shore-based 1.0 tertiary maturation pond - - - > 50 m Om Om 

AEG 	aquatic ecology general 	 * unconfirmed 	 p1. phosphorus 	C unconfirmed 	 ID initial dilution 
AES 	aquatic ecology outfall specific 	 reduction 	 - not available 
B 	bioaccumulation 
H 	hydrodynamic 
S 	sedimcnt (chemistry) 
WQ 	water quality 

* 	site uncertain 
us upstream 
ds downstream 
Os opposite shore 

Table S.! Summary of Key Information 
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I 
I 

1. Introduction 

Manly Hydraulics Laboratory, in association with The Ecology Lab Pty Ltd, was 
commissioned by the Department of Land and Water Conservation (DLWC) to undertake a 
brief review of estuarine outfalls in NSW, outside the Sydney Water area. 

There are a large number of outfalls discharging to estuarine waters in NSW, and covering a 
range of effluent flows and degrees of treatment. Various forms of physical, chemical and 
biological monitoring have been undertaken by a number of agencies to measure the 
performance or effects of these outfalls. 

Only outfalls that directly release to the estuaries or associated wetlands are included in this 

I 	review. Systems which discharge to dunes have not been included. For the purposes of this 
report an estuary is defined as the waters in the main stream and its tributary creeks from the 
ocean up to the tidal limit. This report collates and provides an overview analysis of the 
readily available monitoring data to provide a resource for future decision-making relevant to 
sewage effluent management including predicting the effect of future releases of effluent to 
coastal and estuarine waters in NSW. 

The objectives of this study were to: 

I . 	list and map locations of estuarine outfalls in NSW for country towns (outside the Sydney 
Water area); 

I
. 	summarise studies that have been carried out for estuarine outfalls; 

identify the effects of individual or group estuarine outfalls in terms of compliance with 
current water quality criteria and effects on aquatic ecology from available information; 
and 

I . 	identify estuarine biological values relevant to effluent discharge. 

In seeking to achieve these objectives, an attempt has been made to determine: 

if independent studies on outfalls have identified effects of similar nature and magnitude 

I for outfalls of similar sizes; and 
. if a classification system or framework of outfall characteristics could be developed to 

I
predict outfall performance. 

The types of ecological effects being examined in this study include changes to community 
structure (e.g. individual and species abundance), and bioaccumulation in naturally occurring 

I populations of fish and invertebrates, sediments and oysters deployed for fixed periods of 
time. 

MHL896 -1 



I 
There have been previous overviews of the effects of outfalls, but not covering all estuarine 
outfalls in NSW outside the Sydney Water area. 

This study provides a compilation and summary of available information rather than a 

I
critique. The conclusions of the original researchers are presented. 

I 	
Design criteria for estuarine outfalls are provided by various authorities. 

New South Wales Requirements 

I 	The NSW Environment Protection Authority (EPA) does not have specific receiving water 
quality criteria relevant to release of sewage effluent to estuarine waters. However, under the 
provisions of the Clean Waters Act 1970 and the Pollution Control Act 1970, any point source 

I 	discharge of pollutants to waterways must be licensed by the EPA. The conditions of the 
licence specify the water quality objectives the effluent must meet. In determining the 
effluent quality objectives the EPA determines the level of sensitivity of receiving waters 

I 	having regard to the level of protection required from effluent-borne pollutants. The two 
levels of sensitivity generally adopted by the EPA are: 

General Waters - a target which recognises the cost to small communities of achieving the 
more rigorous sensitivity level in the short term; and 

Sensitive waters - the effluent treatment level achievable with current technology 
commercially available - to be required immediately for sensitive waters, such as those 
used for potable water supplies, body contact recreation, fish/shellfish production and 
wildlife maintenance. 

The EPA effluent quality criteria are set out in Table 1.1. 

Table 1.1 NSW EPA Effluent Quality Criteria 

Parameter General Waters Sensitive Waters 

Biochemical Oxygen Demand (mg/L) 15 10 
Non-Filtrable Residue (mg/L) 20 15 
Total Nitrogen (mg/L) 15 10 
Ammonia Nitrogen (mg/L) 5 1 
Total Phosphorus (mg/L) 1 0.5 
Grease and Oil (mg/L) 10 2 
pH 6.5-8.5 6.5-8.5 
Faecal Coliforms*  (cfu/100 mL) - 200 

*Where  public health considerations apply to the receiving environment (e.g. potable water supplies, 
body contact recreation). 
Note: The above criteria are 90 percentile standards. 

I 
I 
I 
I 
I 
I 
I 
I 
II 
I 

MHL896 -2 



I 
State Fisheries has adopted a general Statewide policy: NSW Shellfish Quality Assurance 

' 	Program (NSWSQAP). Interim guidelines for disposal of sewage effluent from existing 
sewage treatment plants (STPs) discharging into estuarine waters have been formulated 
which, inter alia, state that the NSWSQAP is opposed to the construction of new STPs that 

I 	
discharge sewage effluent to estuaries. The guidelines also indicate that existing STPs that 
have potential to affect shellfish harvest areas should be upgraded to achieve the highest 
standard of effluent treatment and regular measurements should be made of dilution and 

I dispersal fields. 

The NSW Government Estuary Management Manual indicates that in the case of estuarine 

I release of sewage effluent, the outfall location should be chosen to minimise adverse effects 
on the estuary. Factors to be taken into account include the capacity of the estuary to accept 

I 

	

	

the effluent, the location of fishing grounds, fish nurseries, oyster leases, water bird feeding 
grounds and the recreational use of the estuary. Consideration should also be given to flood- 
tide storage and ebb-tide release to maximise flushing of effluent from the system. 

I National Water Quality Management Strategy Requirements 

Australian and New Zealand Environment and Conservation Council (ANZECC) has 

I produced the following relevant guidelines: 

Australian Water Quality Guidelines for Fresh and Marine Waters - November 1992 
(ANZECC 1992a); 

Draft Guidelines for Sewerage Systems - Effluent Management - August 1992 (ANZECC 

I 1992b); and 

I

. 	Draft Guidelines for Sewerage Systems - Acceptance of Trade Wastes (Industrial Wastes) 
(ANZECC 1992c). 

For the purposes of this study the first document is of most relevance. 

The ANZECC Guidelines pertinent to estuarine release relate to: 

protection of aquatic ecosystems; 

I • 	protection of human consumers of fish and other aquatic organisms; and 

I
. 	protection of recreational water quality and aesthetics. 

The guidelines for the protection of aquatic ecosystems include indicators for physico-

I
chemical parameters and toxicants. 

Nutrient levels are included within the physico-chemical parameters. The guidelines state that 

I 

	

	

it is not possible to recommend specific nitrogen and phosphorus concentrations that will 
prevent phytoplankton problems in estuarine waters and that site specific studies should be 
undertaken. The guidelines do provide a range of values above which problems have been 

I 

	

	
known to occur, but it is anticipated that these ranges would vary as a result of site specific 
studies. 
A summary of ANZECC water quality guidelines relevant to estuaries is set out in Table 1.2. 

I MHL896 -3 



Table 1.2 ANZECC Water Quality Guidelines for Estuaries 

Indicator Criteria 

Dissolved Oxygen >6 mg/L 
pH <0.2 pH unit change 
Nutrients 
Orthophosphate (PO4-P 0.005 to 0.015 mg/L 
Nitrate (NO3-N) 0.01 to 0.1 mg/L 
Ammonium (NH4-N) <0.005 mg/L 
Chlorophyll-a 0.001 to 0.01 mg/L 

Toxicants 
Arsenic (aquatic) 0.05 mg/L 
Arsenic (oysters) 0.00002 mg/L 
Beryllium (oysters) 0.0001 mg/L 
Cadmium 0.002 mg/L 
Chromium 0.050 mg/L 
Copper (aquatic) 0.005 mg/L 
Copper (tainting of fish flesh) 0.001 mg/L 
Lead 0.005 mg/L 
Mercury 0.0001 mg/L 
Nickel 0.015mg/L 
Selenium 0.070 mg/L 
Silver 0.001 mg/L 
Zinc 0.050 mg/L 
Faecal Coliforms 
Human consumption of fish and oysters 14 cfu per 100 mL 
Primary contact <150 cfu per lOOmL 
Secondary contact <1000 cfu per 100 mL 

Many of the estuarine outfalls were constructed prior to the introduction of the current 
requirements. 

The purpose of this study is to: 

review how estuarine outfall performance compares with current water quality criteria; 
identify any effects on aquatic ecology; 
identify any relationship between the above two points. 

It is not intended to evaluate how well the outfalls are performing relative to their original 
design intent. 
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F 
I 
1 	2. Methodology 

Methodology has involved the collation, synthesis and analysis of data. 

The data collation has included: 

I . 	compiling a list of outfalls; 
collating data assembled by DLWC and readily available to MHL and The Ecology Lab; 
obtaining information by telephone contact with personnel from DPWS regional offices, 

' 	local councils, Hunter Water Corporation and NSW EPA; and 
obtaining information from a questionnaire sent to relevant local councils. 

The data synthesis has included: 

preparing a list of available studies; 
summarising and tabulating key parameters which could be used to characterise the 
outfalls; and 

1
. 	summarising the monitoring methodologies or protocols used. 

The data analysis has been confined to the summary data derived for this study and has not 

I included analysis or re-analysis of the original data. 

The results of the analysis are discussed in terms of the objectives of this study. 

I The above methodology was implemented on the basis that the study was a preliminaiy one, 
The data collation phase of the work sought to obtain information that was readily available. 

I A more detailed data collation exercise could be undertaken in any later stages of work, if 
required, after data gaps have been identified. 

I 	Some information sought was not available for the study and accordingly some of the data is 
incomplete. As many references as could be found in the time available have been cited in the 
Bibliography. 

I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

3. Results 

3.1 Location of Outfalls 

This study has identified 44 estuarine outfalls in NSW outside of the Sydney Water area. Of 
them, 39 are located in country areas and five are in the area under the jurisdiction of Hunter 
Water Corporation. The locations of the estuarine outfalls are presented in Figure 3.1 and in 
more detail in Figures 3.2 to 3.16, and they are listed in Table 3.1 indicating within which 
coastal river basin they are located. They are listed from north to south. 

Table 3.1 Estuarine Outfalls (Excluding Sydney Water Area) 

River Basin STP Release Point No. of Releases 
 per River Basin No. Name 

201 Tweed River Banora Point Terranora Creek 4 
Kingscliff Tweed River 
Murwillumbah Rous River 
Tweed Heads Terranora Creek 

202 Brunswick River Brunswick Heads Simpsons Creek 4 
Mullumbimby Brunswick River 
Ocean Shores Brunswick River 
South Byron Bay Tallow Creek  

203 Richmond River Ballina North Creek Canal 4 
Lismore East Monaltrie Creek 
Lismore South Hollingsworth Creek 
Evans Head Wetland/Salty Lagoon  

204 Clarence River Clarenza Clarence River 7 
Grafton North Clarence River 
Grafton South Clarence River 
Junction Hill 1 Alumy Creek 
Junction Hill 2 Alumy Creek 
Junction Hill 3 Cans Creek 
Maclean Clarence River 

205 Bellinger River Bellingen Bellinger River 5 
Macksville Nambucca River 
Nambucca Heads Deep Creek 
Urunga Urunga Lagoon 
Woolgoolga Willis Creek  
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Table 3.1 Estuarine Outfalls (continued) 

River Basin STP Release Point No. of Releases 
 per River Basin No. Name 

206 Macleay River Frederickton Macleay River 4 
Kempsey South Gills Bridge Creek 
Kempsey West Macleay River 
Smithtown-Gladstone Macleay River  

207 Hastings River Port Macquarie Kooloonbung Creek 2 
Wauchope Hastings River  

208 Manning River Harrington Manning River 3 
Dawson River Manning River 
Taree Manning River 

(at Dawson River STP release) 

Wingham Manning River 

209 Karuah River Bulahdelah Frys Creek 2 
Medowie Moffat Swamp! 

Port Stephens  
210 Hunter River Morpeth Hunter River 3 

Raymond Terrace Windeyers Creek 
Shortland Ironbark Creek  

211 Macquarie- West Wailsend Lake Macquarie 1 
Tuggerah 
Lakes  

212 Hawkesbury Gosford-Somersby md. Brisbane Water 1 
River  

215 Shoalhaven Berry Broughton Creek 3 
River Bomaderry Shoalhaven River 

Nowra Shoalhaven River  
217 1 Moruya River 	I Moruya I Ryans Creek 1 

There is a range of different types of estuarine outfalls. Some discharge directly to a main 
river, others release to a creek that flows to a river, or to a lagoon or major lake. Several 
release to wetlands that drain to estuaries. Some outfalls consist of pipes only releasing at the 
river bank, while others have specially designed diffusers, releasing in midstream 

3.2 Scope of Studies on Outfalls 

A range of studies has been conducted on estuarine outfalls within NSW. Studies have 
investigated: 

hydrodynamic aspects and nearfield and farfield effluent plume behaviour 
water quality 
sediment quality 
various aspects of estuarine ecology. 
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I 
Studies identified in this present study are listed in the Bibliography. 

Very little information is available in NSW about the effects of estuarine outfalls on the 
aquatic ecology of the system into which they release. Two studies by Laxton (1989, 1992), 

I 	
examined this issue directly; another by Collie (1991), looked at the effect of sewage effluent 
and pulp mill releases; and studies by Holmes (1990), Sinden and Warnsbrough (1995), and 
several studies by Williams (1987), compared water quality data (particularly faecal coliform 

I counts) to guidelines for the protection of aquatic ecosystems and/or shellfish (oysters) 
consumption. Sinclair Knight Merz (1994) did an EIS for the proposed augmentation of 

I 	

Shortland Wastewater Treatment Works, which involved upgrading the capacity of the system 
and relocating the effluent outfall. Smith and Simpson (1991a and b) conducted a preliminary 
reconnaissance survey of the marine communities associated with Willis Creek and Flat Top 

I 	

Point, to assess the likely effects of augmentation of the Woolgoolga STP, from 6,500 EP to 
10,000EP (1.56ML/d to 2.4ML/d ADWF), and possibly to 16,000EP. Peter Jelliffe 
Environmental Engineering and Planning Consultants (1997) also investigated the effects of 

I

Woolgoolga STP on water quality and benthic fauna of Willis Creek. 

Smith and Simpson (1991a and b) found the intertidal assemblage of biota at Flat Top Point to 

I 	

be of considerable significance, worthy of inclusion into the Solitary Islands Marine Reserve. 
The benthic communities were considered essentially the same as other local headlands, but 
the fish community was considered relatively depauperate compared to other locations. 

I 	
Beach macrofauna were present in low densities but showed similar patterns of zonation to 
other studies of moderately protected beaches in NSW. It was concluded that the long-term 
augmentation of discharge into Willis Creek would be expected to change conditions 

I 	
markedly, with a consequent alteration to community structure, possibly including a greater 
dominance of algae at the expense of corals. 

I 	
Jelliffe (1997) assessed the effect of Woolgoolga STP on the sediments, benthic fauna and 
littoral vegetation of Willis Creek, and compared it to two reference creeks. The sediments of 
Willis Creek did not have comparably high levels of phosphorus, but did contain greater 

I 	
numbers of faecal coliforms than the reference creeks. Only two species of invertebrates were 
collected from Willis Creek compared to 10 at each of the reference creeks, and one of the 
species from Willis Creek was represented by a single animal. The remainder were a species 
of polychaete worm (Notomastus estuarius) known for its tolerance to organic enrichment and 
physical disturbance. The littoral vegetation of Willis Creek was dominated by species with a 

I

preference for nutrients and a tolerance of brackish water. 

A 'snapshot' sampling program by Laxton (1989), found that effluent released into 

I 	

Kooloonbung Creek, Port Macquarie, was not having a deleterious effect on the aquatic 
ecology of the lower Hastings River. Thirteen species of fish, three crustaceans and a turtle 
were recorded during this survey, but no details of sampling locations were provided. He 

I 	

determined that the effluent was 'the ecological basis of a food chain which contributes to the 
support of fish and bird populations'. The 1992 study recorded 14 species of fish between 
Lake Road bridge and Gordon Street bridge, and also conducted bioaccumulation studies on 

I 	
finfish (whole, as opposed to tissue samples), shellfish and sediments. Pesticide and heavy 
metal concentrations in fish and shellfish were below NHMRC recommended guidelines, 
except for dieldrin levels in eels. Heavy metal concentrations in Kooloonbung and Wrights 

I 	
Creek sediments were below EPA unacceptable levels (Patterson Britton 1992), but above 
recent overseas literature (Long et al. 1995) for copper, lead, zinc (Wrights Creek only), 
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chromium, nickel and arsenic. These results extended from upstream of the outfall 
downstream to William Street bridge. 

Collie (1991) examined sediment infauna, fish pathology and accumulation of contaminants 
in fish and invertebrates within the lower Shoalhaven River. The study was designed to be 
indicative, rather than definitive, and was based on unreplicated sampling. He concluded that 
epibenthic populations within the vicinity of various releases in the Shoalhaven River were 
indicative of oxygen-poor conditions. Further, the sediments adjacent to the nutrient-rich 
releases of Shoalhaven Starches were devoid of any animals and there were very few animals 
adjacent to the sewage releases. Several fish specimens showed obvious skin and scale 
lesions. No elevated concentrations of organochlorine compounds were detected in aquatic 
life, but levels of copper, selenium and lead were above NIHMRC (1987) guidelines in some 
samples. 

Section 3.3 outlines some of the ecological resources of each estuary that may be affected by 
sewage effluent. These resources also have an economic value, either directly through 
commercial and recreational fishing, or indirectly by providing habitat for species later 
exploited elsewhere. The resources include major habitats of the estuary, such as mangroves 
and seagrass, the flora and fauna supported by the habitat and the estimated fisheries value of 
each estuary (where applicable). The various habitats of estuaries are important areas of 
primary production, providing food and shelter for a wide range of aquatic organisms, 
including many species of commercially important finfish, crustaceans and molluscs. NSW 
Fisheries (Burchmore et al. 1993), has recognised the importance of these resources and the 
effects that sewage effluent can have on estuarine waters (e.g. oxygen depletion and nutrient 
enrichment). Whilst stating a preference for zero disposal into estuarine waters, when it is the 
only viable option NSW Fisheries consider that the following factors must be taken into 
account: assimilative capacity of the estuary; location of fishing grounds; fish nursery areas; 
oyster leases; and recreational usage areas (Burchmore et al. 1993). 

3.3 Description of Estuarine Outfall Characteristics and Effects 

Selected physico-chemical characteristics of estuarine outfalls are summarised in Tables 3.2 
to 3.7. Table 3.2 provides an overview of types of releases, presence of overflows and levels 
of treatment. Table 3.3 presents information relevant to effluent quantity and release routines 
and rates. Information on effluent quality is summarised in Table 3.4. Effluent nutrient loads 
available for some STPs are presented in Table 3.5. Tables 3.6 and 3.7 provide data on 
receiving waters quality monitoring related to treated sewage releases to estuaries and to 
wetlands respectively. 
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Table 3.2 Estuarine Outfalls - Physical Characteristics 

River Basin STP Type of OutletJ Diffuser Presence of Overflow on 
Reticulation System 

Level of 
Treatment 

Disinfection 
Method 

Tweed Banora Point Pipe - 750 mm No T MP 
Kingscliff Pipe - 450 mm No - wet weather 

bypass T MP 
Murwillumbah Pipe - 300 mm No T MP 
Tweed Heads Pipe - 525 mm No T MP 

Brunswick Brunswick Pipe - 200 mm 
Heads  

No T MP 

Mullumbimby Pipe - 300 mm Yes T MP 
Ocean Shores Pipe - 300 mm 

Ports-25mm, 

Yes 
 T MP 

South Byron Bay Culvert - 250 mm No TP..L MP 
Richmond Ballina Culvert at mean water 

level at bank - 450 mm 
No 

 T MP, UV 
Lismore East Channel to creek Wet weather TP.1. MP 
Lismore South Channel to creek Wet weather TP.L MP 
Evans Head Channel 600 mm wide 

to wetland draining to 
Salty Lagoon  

3 - Pump breakdown S 

Clarence Clarenza Pipe - 300 mm High flow structures to 
stormwater T MP 

Grafton North Pipe - 750 mm High flow structures to 
stormwater T MP 

Grafton South Pipe - 375 mm High flow structures to 
stormwater T MP 

Junction Hill 1 Trench To tertiary ponds T MP 
Junction Hill 2 Pipe - 150mm + 

channel To tertiary ponds T MP 
Junction Hill 3 Culvert - 300 mm To tertiary ponds T MP 
Maclean Pipe to drain - 300 mm  T MP 

Bellinger Woolgoolga Open pipe to channel Yes - extreme wet 
weather TPI MP 

Bellingen Pipe - 300 mm + nozzle 
diffuser NA T Ch, UV 

Macksville Pipe - 300 mm Yes T MP 
Nambucca Heads Pipe - 300 mm Yes T MP 
Urunga Pipeline + channel NA TP.L MP 

Macleay Frederickton Pipe - 200 mm No T MP 
Kempsey South Culvert/weir To paddock T MP 
Kempsey West Pipe To Macleay River T MP 
Smithtown/ 
Gladstone 

Pipe - 225 mm, below 
river level No T MP 

Hastings Port Macquarie Pipe - 750 mm Yes TP..L MP, TJV 
Wauchope Pipe - 200 mm + 

diffuser- 100 mm Yes T MP 

I 
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Table 3.2 Estuarine Outfalls - Physical Characteristics (cont' d) 

River Basin STP Type of Outleti Diffuser Presence of Overflow Level of Disinfection 
on Reticulator System Treatment Method 

Manning Harrington  T MP 
Dawson River Pipe 450 mm + single 

point diffuser on river Yes T MP 
bed  

Taree Pipe - 300 mm to 
Dawson STP Yes T MP 

Wingham Pipe - 300 mm with 
nozzle Yes T MP, UV 

Karuah Bulahdelah -  T MP 
Medowie - Under study T MP 

Hunter Morpeth Pipe Under study S - 
Raymond Constructed wetland to 
Terrace Grahamstown Drain Under study S - 
Shortland To Ironbark Creek Under study S - 

Macquarie- West Walisend To swamp and Sandy Under study 
Tuggerah Creek S - 
Lakes  
Hawkesbury Gosford- To Brisbane Water No T MP 
River Somersby md.  
Shoalhaven Berry Pipe - 150 mm Yes T MP 

Bomadeny Pipe - 450 mm to flood 
mitigation channel Yes T MP 

Nowra Pipe - 450 mm to flood 
mitigation channel Yes T MP 

Moruya Moruya Pipe - 300 mm Yes T MP 

S = 	Secondary 	 MP = Maturation pond 
T = 	Tertiary (includes disinfection) 	 Ch = 	Chlorination 
PI = Phosphorus reduction 	 UV = Ultraviolet 
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Table 3.3 Effluent Quantity 

River Basin STP 

Population ADWF Annual Discharge 
Value 

Discharge 
Routine 

ML  

Pumping 
Rate Us 

Current 
EP 

Design 
EP 

Current 
MUday 

Design 
ML/day 

Current 
ML 

Design 

Tweed Banora Point 35,000 50,000 10 12 4,413  4 hrs-ET  
Kingscliff 8,000 11,900 1.6 2.5 570  Cont. 55 
Murwillumbah* 10,0001 10,000 2.4 2.4 1,011  Cont. - 

Tweed Heads* 10,000 12,000 2.0 2.9 1,296  4 hrs-ET 52** 
Brunswick Brunswick Hds 1,900 2,400 (0.5)' 0.9  Cont.  

Mullumbimby 2,700 3,200 (0.7) 0.5  Cont.  
Ocean Shores NA 8,000 (0.5) 1.4  Cont.  
South Byron Bay 6,0001 4,900 1.4  Cont.  

Richmond Ballina NA 12,500 2.8  Cont. 32 
Lismore East* 16,000 20,000 5.0 - 1,825  Cont.  
Lismore South* 20,000 22,000 5.0 - 1,825  Cont.  
Evans Head 3,200 3,700 (0.7)  Cont. 43* 

Clarence Clarenza* 4,600 5,000 0.8 1.2 360  Cont.  
Grafton North* 14,500 16,000 4.0 5.0 1,200  Cont.  
Grafton South 4,000 6,400 0.9 1.5 320  Cont. 41 
Junction Hill 1 447 - 0.1 - - Cont.  
Junction Hill 2 330 - 0.1 - - - Cont.  
Junction Hill 3 564 - 0.2 - 36 - Cont.  
Maclean NA 3,200 (0.7) 0.8  Cont.  

Bellinger Woolgoolga - 6,000 1.75  730  Intrmit. 28 
Bellingen 1,900 4,000 0.7 1.3 440 840 Cont. 30 
Macksville 4,650 5,500 1.1 7.5 402  Intrmit. 12.1 
Nambucca 
Heads* 

9,000 10,000 2.5 913 Intrmit. 

Urunga 1,650 6,650 1.0 1.6  
Macleay Frederickton* 950 1,000 0.2 0.2 131  Intrmit.  

Kempsey South 3,500 5,4001 0.9 1.3 371 Cont.  
Kempsey West 7,000 12,0001 1.8 2.9 840  Cont.  
Smithtown/ 1,000 2,000 0.2 
Gladstone  

0.5 118 Cont. 

Hastings Port Macguarie 31,000 52,000 9.0 12.5 4,200 Cont.  
Wauchope 5,000 8,000 1.1 1.9 498 Intrmit. 44 

Manning Harrington - - (0.5) - - 

Dawson River* 12,700 15,000 5.3 3.6 1,943  
Taree 9,000 14,000 2.9 3.3 To 

Dawson 
STP  

Wingham 4,000 7,100 1.0 	1 1.4 383  

I 
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Table 3.3 Effluent Quantity (cont'd) 

River Basin STP 

Population ADWF Annual Discharge 
Value 

Discharge 
Routine 

ML  

Pumping 
Rate Us 

Current 
EP 

Design 
EP 

Current 
ML/day 

Design 
ML/day 

Current 
ML 

Design 

Karuah Buladelah 1,800 3,000 0.4 0.7  5 
Medowie 4,000 4,000 1.5 1.5 550  Cont. - 

Hunter Morpeth  9.0 9.0 2,200  Cont. - 
Raymond Tce 13,000  2.4  1,300  Cont. - 
Shortland  3.1  Cont. - 

Macquarie- 
Tuggerah 

West Wallsend 

Lakes  

0.6 Cont. - 

Hawkesbury 
__________ 

Gosford-
Somersby md.  8,000 1.9 1.9  

Shoalhaven Berry 1,800 2,000 0.4 - 153  Intrmit  
Bomaderry  12,500 2.2 - 802  Cont.  
Nowra  21,000 4.2 ________ 1,540*  Cont.  

Moruya Moruya* 2,700°  
3,700(2) 

4,000 0.9 1.0 
 1.0(2)  

174 Intrmit 

(1) permanent 

I 	(2) summer 
Cont. continuous 
Intrmit.- intermittent 
* 

J STPs at or near capacity 
** unconfirmed 
ET - ebb tide 

I
d figures in brackets based on information available to DPWS to 1991 - presented where 

no other information available for this study. 

I 

I 

I 
I 

I 

I 

I 

F--j 

I 

I 

MHL896 - 13 



J 

I 

Table 3.4 Estuarine Outfalls Effluent Quality 

Monitoring  Current Average Concentrations 
Length of Regularity Parameters FC TP TN Ch-a River Basin STP 
Data Set cfuIlOOmL mgfL mgfL ig/L 

Tweed Banora Point - - pH, 7,800 3.05 -10 3.2 
alkalinity, 
BOD, SS, 
Ch-a, NFR, 
NO3, NH3, 
TP, OP. 
Oil/Grease, 
Chlorine, FC  

Kingscliff - - pH, - 6.0 (8.2)d 29.9 
alkalinity, 
BOD, SS, 
Ch-a, NFR, 
NO3, NH3, 
TP, OP. 
Oil/Grease, 
Chlorine, FC  

Murwillumbah - pH, - 4.4 - 45.9 
alkalinity, 
BOD, SS, 
Ch-a, NFR, 
NO3, NH3, 
TP, OP, 
Oil/Grease, 
Chlorine, FC  

Tweed Heads - - pH, - 7.4 (15.0) 20.3 
alkalinity, 
BOD, SS, 
Ch-a, NFR, 
NO3, NH3, 
TP, OP. 
Oil/Grease, 
Chlorine, FC  

Brunswick Brunswick TP, TN, 4.3 14.4 
Heads NH4, NO 

and others  
Mullumbimby TP, TN, 4.3 14.4 

NH4, NO 
and others  

Ocean Shores TP, TN, 1.2 4.9 
NH4, NO 
and others 

South Byron Bay  (6.4) (18.4)  
Richmond Ballina NA  (4.9) (12.6)  

Lismore East 1994-96 weekly see text 4,500 4.5 15.5 430 
Lismore South 1994-96 weekly see text 280 2.3 17.8  
Evans Head NA  (6.6) (33.8) 
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Table 3.4 Effluent Quality (cont'd) 

Monitoring  Current Average Concentrations 
Length of Regularity Parameters FC TP TN Ch-a 'iver Basin STP 
Data Set  cfu/lOOmL mg/L mgfL igIL 

Clarence Clarenza 1994-96 3-monthly BUD, NFR, - - - - 
1/94-6/95; Oil/Grease; 
fortnightly FC 
since 6/95  

Grafton North 1994-96 monthly 1/94- BUD, NFR, - 6 16 
6/95; Oil/Grease; 
fortnightly FC 
since 6/95  

Grafton South 1994-96 monthly 1/94- BUD, NFR, - 5.5 24 
6/95; Oil/Grease; 
fortnightly 
since 6/95 FC  

Junction Hill 1 monthly NFR,BOD5, 10-230 5-260 
Oil/Grease, 
FC  

Junction Hill 2 monthly NFR,BOD5, 10-230 
Oil/Grease, 
FC  

Junction Hill 3 monthly NFR,BOD5, 10-230 
Oil/Grease, 
FC  

Maclean 1991-96 1-2 monthly NFR, BUD, (7.1) (13.1) 
Ch-a, SS  

Bellinger Woolgoolga weekly FC, TP, TN <100 <1.0 <8  
Bellingen NA 	1 150 1 	1 15  
Macksville 2-weekly FC, BUD, 97,000 (5.0) (12.1) 595 

NFR, Ch-a 
Oil/Grease,  

Nambucca Heads - 2-weekly FC, BUD, 2,200 6.6 (8.9) 210 
NFR, Ch-a 
Oil/Grease,  

Urunga NA BUD, NFR, (0.2) (4.2) 
Oil/Grease, 
pH, FC  

Macleay Frederickton 8 years monthly BUD, NFR, 34 - - - 
4 years Oil/Grease, 
1 year pH, FC  

Kempsey South 8 years fortnightly BUD, NFR, 2,101 - - - 
4 years Oil/Grease, 
1 year pH, FC  

Kempsey West 2.5 yrs weekly BUD, NFR, 26 0.3 4.5 128.5 
Oil/Grease, 
Total-P, pH, 
TKN, Ch-a, 
Ammonia, 
Nitrate, 
Nitrite, FC  

H 
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Table 3.4 Effluent Quality (cont'd) 

Monitoring  Current Average Concentrations 
Length of Regularity Parameters FC TP TN Ch-a River Basin STP 
Data Set  cfu/lOOmL mglL mgIL igfL 

Macleay Smithtownl 8 years monthly BOD, NFR, 55 - - - 
Gladstone 4 years OillGrease, 

1 year  FC, pH  

Hastings Port Macquarie weekly BUD, NFR, 1 1 7 5-300 
Ammonia, 
Nitrate, UP, 
TP, pH, FC, 
Ch-a  

Wauchope weekly BUD, NFR, 150 5 8 10- 
Ammonia, 200 
Nitrate, OP. 
TP, pH, FC, 
Ch-a  

Manning Harrington  (4.5) (7.0)  
Dawson River 1989- weekly BUD, SS, 480 5.4 5.9 - 

present NH3, 
alkalinity, 
nitrate, pH 
(since '92); 

2-monthly TKN, DRP, 
TP, nitrite, FC  

Taree 1989- fortnightly BUD, SS, 5,900 4.2 17.3 - 
present NH3, 

alkalinity, 
nitrate, pH 
(since '92); 

2-monthly TKN, DRP, 
TP, nitrite, FC  

Wingham 1989- fortnightly BUD, SS, 130 6.6 19.0 - 
present NH3, 

alkalinity, 
nitrate, pH 
(since '92); 

2-monthly TKN, DRP, 
TP, nitrite, FC  

Karuah Bulahdelah NA  
Medowie weekly BUD, NFR, - 6.5 21 180 

pH 
2-weekly Grease 
monthly TUN, TKN, 

TN, TP  

Li 
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Table 3.4 Effluent Quality (cont'd) 

Monitoring Current Average Concentrations 
River Basin STP Length of Regularity Parameters FC TP TN Ch-a 

Data Set  cfuJlOOmL mgIL mgfL jigIL 
Elunter Vlorpeth weekly BOD, NFR, pH - - - - 

aymond weekly BOD, NFR, pH - - - - 
fenace 
Shortlarid weekly BOD, NFR, pH  

vIacquarie- West Walisend weekly BOD, NFR, pH 

1'uggerah 
Lakes  
Hawkesbury Gosford- 
________ Somersby md.  11.0 4.7  
Shoalhaven Berry 1994- iionthly see text 230 5.0 

)resent 
3omaderry 1994- monthly see text 93 (3.5) 4.5 - 

)resent 
owra 1994- nonthly see text 147 (7.2) 4 - 

)resent  
\4oruya Vloruya 1987- 2-weekly BOD, NFR, 30 4.8 (5.1) - 

)resent 'Titrate, FC, 
Ajmmonia 

OilJ Grease  

d 	- 	Figures in brackets based on information available to DPWS to 1991 - presented where 
no other information available for this study. 
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Table 3.5 Estuarine Outfalls Effluent Nutrient Loads 

River Basin STP 
Current Effluent Load 

Total Phosphate 
(Tons/yr) 

Total Nitrate 
(Tons/yr) 

Tweed Banora Point (8.7) (99) 
Kingscliff (2.9) (4.3) 
Murwillumbah  
Tweed Heads (7.1) (17.1) 

Brunswick Brunswick Heads (1.3) (3.3) 
Mullumbimby (1.3) (4.5) 
Ocean Shores (1.2) (2.4) 
South Byron Bay (1.7) (4.8) 

Richmond Ballina (5.4) (13.8) 
Lismore East 
Lismore South 
Evans Head (1.7) (8.3) 

Clarence Clarenza 
Grafton North 6.6 17.2 
Grafton South 3.0 13.1 
Junction Hill 1  
Junction Hill 2  
Junction Hill 3  
Maclean (1.8) (3.3) 

Bellinger Woolgoolga (3.1) (3.9) 
Bellingen 0.5 4.0 
Macksville (1.7) (4.1) 
Nambucca Heads (6.4) (6.9) 
Urunga (0.07) 1.3 

Macleay Frederickton  
Kempsey South  
Kempsey West 
SmithtownlGladstone 

Hastings Port Macguarie (20.5) (32.6) 
Wauchope  

Manning Harrington (0.79) (1.2) 
Dawson River 
Taree 
Wingham  

Karuah Bulahdelah  
Medowie  

Hunter Morpeth  
Raymond Terrace 
Shortland  

Macquarie- 
Tuggerah 

West Wallsend 

Lakes  
Hawkesbury Gosford-Somersby hid.  
Shoalhaven Berry  

Bomaderry (3.8) (9.4) 
____________ Nowra (14.2) (25.4) 
Moruya Moruya (1.3) (1.6) 

I d - Figures in brackets based on information available to DPWS to 1991 - 
presented where no other information available for this study. 
No entry indicates data not available for this study. 

I 
I 
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Table 3.6 Estuarine Outfalls Releasing to Estuaries - 
Receiving Waters Quality Monitoring 

Sampling Sites Length of Regu- Parameters Average 
No Location River Basin STP Data Set larity  Concentration 

Tweed Banora Point FC, SS, DO, 
Kingscliff NA NA NA Monthly sal, TP, ammonia, 
Murwillumbah TKN, nitrate 
Tweed Heads 

Brunswick Brunswick 18 Simpsons Ck - May-Dec 96 2-monthly TP, TDP, DIP, TN, See text 
Heads estuary TDN, nitrite, nitrate, 

ammonium, Ch-a, 
sallcond, DO, temp, 
turb. 

2 Simpsons Ck - May-Dec 96 - monthly Oxidised nitrogen 0.002-0.6 mg/L 
catchment Ammonium 0.005-0.65 mg/L 

TN 0.17-l.56mg/L 
TP 0.03-0.72 mg/L 

Mullumbimby 19 Brunswick R. - Jan-Dec 96 2-monthly TP, TDP, DIP, TN, See text 
estuary TDN, nitrite, nitrate, 

ammonium, Ch-a, 
sallcond, DO, temp, 
turb. 

1 Brunswick R - Ian-Nov 96 2- Oxidised nitrogen 0.007-0.37 mg/L 
catchment weekly Ammonium 0.008-0.057 mg/L 

and during TN 0.135-1.77 mg/L 
ugh flows 

TP 0.0 18-0.455 mg/L  
Ocean Shores 3 Bridge, OF 18/10/90 once FC, Ch-a, turb, 

oyster lease salinity, temp  
South Byron Bay  

Richmond Ballina I North Creek 12 months weekly FC 45-800 
Canal 1989/90  

ismore East + 5 1994-96 FC, 78-304 
,ismore South Nitrate, 0.01-12.36mg/L 

Phosphate, Ammonia 0.01-0.49mgfL 
<0.01-3.52mg[L 

ivans Head - 
larenza 1994/95 - C, pH, P, N - 

Grafton North 500 samples 
Grafton South 
unction Hill I - 
unction Hill 2 - 
unction Hill 3 2 Clarence R. 2/94 - 10/96 monthly flotal Coliforms 760 

'aeca1 Coliforms 420 
arrs Creek Eotal Coliforms 710 

'aeca1 Coliforms 290 
vlaclean NA  

Bellinger Woolgoolga 3 Willis Creek 5 years+ - ?aecal coliforms Highly variable 
1996-97 N, P, Ch-a, Faecal See text 

Coliforms, cond, DO, 
_____________ _ _________  uH, temp.  
Bellingen 

___

______________  
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Table 3.6 Estuarine Outfalls Releasing to Estuaries - 
Receiving Waters Quality Monitoring (cont'd) 

Sampling Sites Length of Regu- Parameters Average 
No Location River Basin STP Data Set larity  Concentration 

3ellinger 4acksville 2 Centre of river Since 1991 monthly Nitrate, 0.5 mg/L 
200 m U/S and Nitrite, 0.0056 mg/L 
)/S of outlet ['P. 0.099 mg/L 

74. 
['emp, Salinity, DO, 
)H, Turb.  

ambucca Heads 1 )eep Creek  nonthly Nutrients (?), FC  
Urunga Jrunga Lagoon 1984-85 - see text see text 

.axton 
1990-91 - 

hang  
vlacleay Frederickton (See MHL 1997 entry for Kempsey West be ow)  

Kempsey South  (See MHL 1997 entry for Kempsey West be ow)  
Kempsey West 3 Christmas Ck 2/96 - 5/97 weekly DO 4-5.5mgJL 

Drain Mouth Temp 19.3-20.6°C 
-lOOmU/S )H 6.2-7.4 

- 100 m D/S Cond 0.3-0.47 mS/cm 
4itrate 1.2-7.1 mg/L 
itrite 0.02-0.2 1 mg/L 

FEIN 2.1-4 mg/L 
Ch-a 29.2-149 mg/L 
IFR 29-94.5 

TP 0.17-0.53 mg/L 
12 vlacleay R - 29.1.97 One off Femp, pH, sal, turb, See text 

Kempsey to 4 km(MHL 1997) over tidal DO, TP, orthoP, TN 
D/S Frederickton cycle (sed - TP) 

Smithtownl 
Gladstone 

Hastings Port Macguarie 1 see text 13 years monthly see text dependent on season 
Wauchope 4 see text 6 years monthly see text dependent on season 

Vlanning Harrington ) Manning River since 1986 2-monthly FC 25-2 10 cfuJlOO ml. 
Dawson River 4 Browns Creek since FN 0.42-0.8 1 mg/L 
faree 1 Dawson River 1992 [P 0.04-0.05 mg/L 
Vingham S tower Estuary Ch-a 2.6-4.6 mg/L 

(FC) BOD 
[DC 

mmonia 
CKN, TON, 

OP, DO, 
Salinity 
Pemp, 	Turb, 	pH, 
edox, secchi disc 

Karuah Bulahdelah 
vledowie 	11 to Nov 95 monthly  

I 
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Table 3.6 Estuarine Outfalls Releasing to Estuaries - 
Receiving Waters Quality Monitoring (cont'd) 

River  Sampling Sites Length of Regu- Para- Average Concentration 
No Location Basin STP Data Set larity meters  

Upstream Downstream 
Hunter Morpeth 2 U/s and D/S March 1992 2-weekly pH 8.14 8.14 

of STP to present Turb 33.26mgIL 31.97mg/L 
Cond 830ts/cm 858jis/cm 
Chlorides 157mg/L 184mgIL 
Ammonia 0.1mg/I. 0.11mgIL 
TKN 1.04mg/L 1.l6mg/L 
TON 0.13mg/L 0.l4mg/L 
TN 1.l7mg/L 1.30mg/L 
TP 0. l9mg/L 0.54mg/L 
N/P 13.15 6.72 
FC 301 cfuJlOOmL 659 cfuIlOOmL 
FS 155 cfuJlOOnil. 618 cfuJlOOmL 
Temp 20°C 20°C 
Ch-a 28.9mgIL 29.8mgIL 

Grahamstown Windeyers 
6.2 6.5 Raymond 2 Grahamstown pH 

Terrace Drain D/S and Turb 19.2 NTU 1 1.9NTU 
Windeyers Creek Cond 448.ts/cm 8491.ts/cm 

BOD - 5.Omg/L 
Ammonia 0.40mg/L 0.49mg!L 
TKN 1.51mg/I. 1.21mg/L 
TON 0.39mg/L 0.83mg/L 
TN 1.9mg/L 2.Omg/L 
TP 1.37mg/I. 1.11mg/L 
N/P 8.58 - 
FC 2518cfu/100mL 2718cfu/100mL 

Ch-a 20.3mg/I. 23.1mg/I. 
NFR -________ 13.6mg/L 

All 
Shortland 5 Hexham Bridge, weekly TKN 0.78-1.04mg/I. 

Tourle St, TON 0.15-0.66mg/I. 
Walsh Point, TN 0.99-1.71mg/I. 
Fullerton Cove, FC 39-355 cfu/lOOmL 
Stockton Bridge TP 0.06-0.12mg/I. 

Other than Tourle St 
Turb 6.9-26.2NTU 
TC 14-168 cfuJlOOmL 

Tourle St and Hexham 
Ch-a 4.2-7.7.tg/L 

Tourle St 
pH 8.17 
BOD 5.Omg/L 
Ammonia 0.25mgf1- 
NFR 39mg/L 
Grease 0.1 lmg/L 
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Table 3.6 Estuarine Outfalls Releasing to Estuaries - 
Receiving Waters Quality Monitoring (cont'd) 

Sampling Sites Length of Regu- Para- Average 
No Location River Basin STP Data Set larity meters Concentration 

Macquarie- West Wailsend numer Lake Macquarie 1983-1986 monthly TN, 0.5 mgfL 
Tuggerah -ous TP, 0.04 mgfL 
Lakes FC, 50 cfu/lOOmL 

DO - 

Ch-a, 4 j.tg/L 
Temp, 20.5°C 
Clarity 94% 

Hawkesbury Gosford- 
__________ Somersby md.  
Shoalhaven Berry 1 See (MHL 1995) since 1994 weekly FC 

under Nowra below 
Bomaderry 1 See (MHL 1995) since 1994 weekly FC 

under Nowra below  
Nowra 1 since 1994 weekly FC 

numer Shoalhaven River 1995 Ammonia see text 
-ous (MHL 1995) Nitrate 

OrthoP 
FC 
Ch-a 
BUD 
DO  

Moruya Moruya 3 At outlet and 50m 
U/S and D/S 

since 1987 2-weekly FC 580 to 640 

Table 3.7 Estuarine Outfalls Releasing to Wetlands - 
Receiving Waters Quality Monitoring 

Status of Plan Area Other Flows to Sites Duration Regu- Parameters 
Wetland of Wetland Wetland larity 

River Basin STP  km2  Volume  Type 

Richmond Evans Head SEPP 14 1 Runoff  NA  
Bellinger Woolgoolga SEPP 14 0.1 - - - - - - 

Nambucca SEPP 14 0.2 Fluvial + One - 1993 to monthly nitrate-0.7 
Heads estuarine Deep present nitrite-0.004 

flows creek TP-0.075 
500m FC-16 
U/S Temp- 

Salinity- 
DO- 
pH- 

___________  Turb- 

Macleay Kempsey South Not SEPP Un- 
__________  14 1 Creeks known NIL  

Hastings Port Macquarie SEPP 14 0.5 D/S of Storm- 
release water 
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Table 3.7 Estuarine Outfalls Releasing to Wetlands - 
Receiving Waters Quality Monitoring (cont' d) 

River 
Basin STP 

Status of 
Wetland 

Plan Area 
of Wetland 

 km2  

Other Flows to 
Wetland 

Sites Duration 

Volume  

Regu- 
larity 

Parameters 

Type 
Karuah Medowie Nature 1-Moffat 3/92 - monthly pH - 6.6 

Reserve 1 Runoff Swamp 11/95 NTU - 8.6 
Cond-405.ts/cm 
Ammonia-3.5mgIL 
TKN - 4.8 mg/L 
TON - 0.52 mg/L 
TN-5.3mg/L 
FC - 330 cts/lOOmL 
TP - 2.2 mg/L 
FS - 173 cts/ lOOmL 
Ch-a- 117 pg/L 

3.3.1 Tweed River Basin 

Kingscliff STP releases effluent directly into the Tweed River, about 8 km from the mouth. 
Banora Point and Tweed Heads STPs release into Terranora Creek, the major tributary of 
the Tweed, about 4.5 km from the mouth. Murwillumbah STP releases into Rous River, 
about 20 km from the confluence with the Tweed (Figure 3.2). 

I Water Quality 

SPCC (1987a) outlines water quality studies undertaken in 1984. The study indicated that in 
the lower Tweed estuary, from 1978 to 1984, average total phosphorus (TP) concentrations 
increased from 28 to 38 JigJL and average total nitrogen (TN) concentrations increased from 
140 to 330 Ig/L. In the upper estuary over the same period, TP concentrations increased from 
10 to 90 p.g/L and TN concentrations increased from 123 to 350 JigIL. In the Terranora inlet 
nutrient concentrations were similar in 1978 and 1984, however concentrations further 
upstream in Terranora Broadwater and Cobaki Broadwater approximately doubled from 1978 
to 1984. The general increase in nutrient concentrations in the Tweed estuary was attributed 
to the increase in nutrient loadings from the STPs. 

EPA (1996) collected water quality data from the Tweed, Brunswick, Richmond and Clarence 
River catchments in 1994 and 1995, and compared them to the Australian Water Quality 
Guidelines (ANZECC 1992) for seven environmental values. The values relevant to this 
report are those for the protection of aquatic ecosystems (PAE), edible seafood (ES) and 
contact recreation (primary and secondary) for which a scale of good; fair; poor and very poor 
was adopted. In terms of the protection of aquatic ecosystem guidelines, 80 percent of 
estuarine sites were ranked poor or very poor due to excess SS concentrations, low pH and 
excess nutrient levels. Downstream of the two outfalls in Terranora Creek, PAE values were 
very poor and ES values were fair. Adjacent to the Murwillumbah release (Rous River), PAE 
values were very poor. 
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Aquatic Ecology Values 

Resources that may be affected by the releases include: 

I 	. principal feeding and roosting areas used by birds protected under Australian and 
international legislation - 500 in up and downstream of the Banora Point and Tweed Heads 

I
releases, and directly opposite the Kingscliff release; 

oyster leases - directly opposite the Kingscliff release; 

I • mangroves - 500 in up and downstream of the Banora Point and Tweed Heads releases, and 
directly opposite and up and downstream of the Kingscliff release; 

I . seagrass - adjacent to, and 500 m up and downstream of the Banora Point and Tweed 

I
Heads releases, and directly opposite and downstream of the Kingscliff release; and 

commercial/recreational fishing grounds - the Banora Point, Tweed Heads and Kingscliff 

I
releases are in the midst of both types of fishing. 

West et al. (1984) mapped 3.091 km2  of mangrove, 0.331 km2  of seagrass and 0.213 km2  of 
saltmarsh within the Tweed estuary. Five species of mangrove were recorded from this 
estuary: the grey mangrove (Avicennia marina); milky mangrove (Excoecaria agallocha); 
black or large-leafed mangrove (Bruguiera gymnorhiza); river mangrove (Aegiceras 

I 	corniculatum); and red or spider mangrove (Rhizophora slylosa). The only seagrass recorded 
was Zosteraceae and saltmarsh was not separated into species for the mapping program. 
Other habitats within the estuary include mud and sandflats of the Tweed and Terranora 

I 	estuaries, which are noteworthy feeding and roosting grounds for a variety of birds that are 
protected under Australian legislation and/or international treaties, such as JAMBA (Japan-
Australia Migratory Bird Agreement, 1981), and CAMBA (China-Australia Migratory Bird 

I 	Agreement, 1988). The lower Tweed River estuary plays host to about 3% of the State's 
wader population and a significant proportion of the national population of the eastern curlew, 
whimbrel and lesser golden plovers (WBM 1991). Environmental Management et al. (1989) 

I 	found six osprey nests (one was abandoned) in the Tweed Heads region. There are thought to 
be only 39 breeding pairs of ospreys between Port Macquarie and the Queensland border 
(McEnally et al. 1992), making the Tweed region a significant area for this species. There are 

I 	twenty-four SEPP 14 wetlands along the Tweed River, and a further eighteen in the adjoining 
Cobaki and Terranora Broadwaters (Adam et al. 1984). 

I 	The combined commercial fisheries (includes all finfish, crustaceans and molluscs except 
oysters) value for the financial years 1990/91, 1991/92 and 1992/93, were $419,766, $444,948 

I 	
and $345,640, respectively. The most valuable species were prawns, mud crab, sea mullet 
and whiting. Oyster production over the same period was $122,520, $692,798 and $448,166 
(Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). The estuary is a popular 

I 	recreational fishing ground where the species targeted include bream, flathead, luderick, 
mullet (as bait), tailor, trevally, whiting, mangrove jack, moses perch and mulloway (A. 
Mann, NSW Fisheries, personal communication). 

I 
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IF 
Banora Point STP 

I Effluent is released into Terranora Creek. This STP employs an intermittent extended 
aeration activated sludge (IEAAS) treatment process with tertiary maturation ponds. The 

I 	
current average dry weather flow (ADWF) is 10 ML/day. The outlet is a 750mm diameter 
pipe discharging into the creek for four hours on the ebb tide. 

Noinformation on specific measured or predicted effluent dilutions in the receiving waters 
was available for this study. However the current practice of effluent release on the ebb tide 
has been found to be satisfactory based on assessment of tidal flushing. 

Monitoring of the effluent is undertaken regularly and parameters analysed include pH, 
alkalinity, BUD, SS, Chl-a, NFR, NO3-N, NH3-N, TP, Ortho-P, faecal coliform, oil and 
grease, and chlorine. 

Tweed Council has undertaken monitoring of the quality of receiving waters in the vicinity of 
the Banora Point outfall, however no current data was available for this study. 

I 	Kingscliff STP 

Effluent release is into the Tweed River with wet weather overflow to a flood mitigation 

I 	
channel draining to the river. The STP uses the IEAAS process with trickling filters and with 
tertiary maturation ponds. The current ADWF is 1.6 ML/day. The outlet consists of a 
450 mm diameter pipe discharging to the Tweed River at Chinderah, approximately 

' 	continuously. No information on dilutions was available for this study. 

Effluent monitoring is undertaken for the same parameters as listed for the Banora Point STP. 

1 	Murwillumbah STP 

I 	
Effluent from this STP is released into the Rous River. The STP uses the IEAAS process 
with trickling filters and tertiary ponds. The current ADWF is 2.4 ML/day. The outlet pipe is 
300 mm in diameter, and effluent release is continuous. No information on dilutions was 
available for this study. 

Effluent quality is monitored on a regular basis for the same parameters as listed for Banora 
Point STP. 

Tweed Heads STP 

Effluent release is into Terranora Creek and the STP treatment process involves trickling 
filters and tertiary maturation ponds. The current ADWF is 2 ML/day. The release is via a 
525 mm diameter pipe on the north side of Terranora Creek opposite the Banora Point STP 
outlet at Dry Dock, and occurs for four hours on the ebb tide. No specific information on 
dilutions was available for this study. (See tidal flushing comment for Banora Point STP). 

Effluent quality monitoring for the same parameters as listed for Banora Point STP is 
undertaken regularly. 
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3.3.2 Brunswick River Basin 

Four estuarine outfalls discharge into this basin. Two outfalls release effluent directly into the 
Brunswick River at Ocean Shores and Mullumbimby, 3.25 km and 10.5 km from the mouth, 
respectively. A third, Brunswick Heads, releases into Simpsons Creek, a tributary which 
joins the Brunswick about 500m from the mouth. The fourth, South Byron Bay STP 
releases into Tallow Creek (Figure 3.3). 

Water Quality 

SPCC (1987b) outlines results of a single water quality survey in December 1985. The lower 
Brunswick estuary contained nutrient concentrations of 0.58 mg/L of total nitrogen and 
0.05 mg/L of total phosphorus. Effluent releases from the Ocean Shores and Brunswick 
Heads STPs were thought to be contributing to water quality changes, however no specific 
effects were observed. Effluent release from the Mullumbimby STP was identified as causing 
poor water quality in the upper estuary, i.e. poor water clarity and a nutrient regime favouring 
algal growth. 

EPA (1996) reports levels of suspended solids, nutrients and dissolved oxygen in the estuary 
were above the guideline values for aquatic ecosystem protection. In relation to contact 
recreation criteria, Simpsons Creek had excessive bacteria levels attributed to the Brunswick 
Heads STP, and at Ocean Shores there were elevated bacteria levels and reduced clarity. 
Adjacent to the Ocean Shores release, PAE values were fair and ES values were poor while 
downstream of the Brunswick Heads release, PAE and ES values were very poor. 

Aquatic Ecology Values 

Resources that may be affected by the releases include: 

principal feeding and roosting areas used by birds protected under Australian and 
international legislation - areas surrounding the Ocean Shores release; 

oyster leases - located 200 in and 400 in downstream and upstream of the Ocean Shores 
release, respectively, and about 440 in downstream of the Brunswick Heads release; 

mangroves - surrounding the Ocean Shores and Brunswick Heads releases, and about 
500 in downstream of the Mullumbimby release; 

saltmarsh - downstream of the Brunswick Heads release; and 

prawning grounds - adjacent to and upstream of the Ocean Shores release. 

West et al. (1984) mapped 0.816km2  of mangrove, 0.018 km2  of seagrass and 0.056 km2  of 
saltmarsh within the Brunswick estuary. Five species of mangrove were recorded from this 
estuary: grey mangrove, milky mangrove, black mangrove, river mangrove and red mangrove. 
The only seagrass recorded was Zosteraceae. Saltmarsh species recorded include salt couch 
(Sporobolus virginicus); red samphire (Sarcocornia quinqueflora); and rushes, Baumea sp. 
and Juncus sp. (ARSFC 1989). Other habitats within the estuary include mud and sandflats, 
which are noteworthy feeding and roosting area used by birds protected under Australian and/ 
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I 
or international treaties. The Brunswick is thought to be the most southerly site recorded for 

I 	
the collared kingfisher, a vulnerable species under the Threatened Species Conservation Act 
(Bucher & Saenger 1989). There are eight SEPP 14 wetlands along the river, and a further six 
in adjoining estuaries (Adam et al. 1985). 

Until its closure to commercial fishing in 1987, the river was the third most productive 
commercial fishing ground between Moreton Bay and the Clarence River (ARSFC 1989). 

I Oyster production for the financial years 1990/91, 1991/92 and 1992/93 were $4,650, $13,838 
and $30,296, respectively (Pease & Scribner, 1993, 1994; Scribner & Kathuria 1996). The 
estuary is a popular recreational fishing ground where the major species targeted include 

1 	bream, flathead, luderick, mullet (as bait) and whiting (A. Mann, NSW Fisheries, personal 
communication). 

Brunswick Heads STP 

I 	
The STP effluent outlet is into Simpsons Creek via a 200 mm diameter pipe. Trickling filters 
and tertiary maturation ponds are used in the treatment process. The current ADWF is 

I 	

approximately 0.5 ML/day. 

Eyre (1997a) investigated the effects of release from the Brunswick Heads STP on nutrient 
concentrations, nutrient cycling and processing and the nutrient budget of Simpsons Creek 

I 	
during 1996. Study methods and water quality monitoring details are similar to those outlined 
below for the study documented in Eyre (1997b). It was found that nitrogen and phosphorus 
loadings to Simpsons Creek were dominated by releases from the Brunswick Heads STP. 

I 	
Nutrient concentrations in the middle estuary exceed ANZECC guidelines for protection of 
aquatic ecosystems and result in phytoplankton blooms throughout the year. During dry 
months, DO levels were low in the upper estuary, due partly to BOD loading from the STP. It 
was found that during most of the year effluent was transported upstream, with a long 
residence time due to low fresh water inflow. 

Mullumbimby STP 

I 	

Effluent is released into the Brunswick River via a 300 mm diameter pipe. The STP has 
trickling filters and tertiary maturation ponds. The current ADWF is 0.7 ML/day. 

I 	

Eyre (1 997b) investigated the contributions made by the Mullumbimby and Ocean Shores 
STPs to the estuarine nutrient budget and their influence on nutrient cycling and processes in 
the estuary. The work included water sampling along the estuary during 1996, a one- 

I 	

dimensional salt balance analysis, and a first order nutrient budget. Water samples were 
analysed for total phosphorus, total dissolved phosphorus, dissolved inorganic phosphorus, 
total nitrogen, total dissolved nitrogen, nitrite, nitrate, ammonium and chlorophyll-a. In situ 

I 	
measurements were taken for salinity/conductivity, dissolved oxygen, temperature and 
turbidity It was found that nutrient loading from the Mullumbimby STP is causing nutrient 
concentrations in the middle to upper estuary to exceed ANZECC guidelines for protection of 

I 	
aquatic ecosystems. Phytoplankton blooms occur throughout most of the year. DO levels 
adjacent to the Mullumbimby STP were low during dry months when the estuary was poorly 
flushed. 

I 
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I 
OceanShores STP 

The STP releases effluent into the Brunswick River approximately one kilometre upstream of 
the Pacific Highway bridge. The TEAAS treatment process is used with tertiary maturation 
ponds. The current ADWF is 0.5 ML/day. The outlet is a linear diffuser consisting of a 
300 mm diameter pipe with ports of 25 mm diameter. The discharge routine is understood to 
be continuous. Monitored initial dilutions are 25, based on very limited data, and predicted 
initial dilutions are in the order of 15 to 30. Dilutions of up to 130 have been predicted within 
600 metres of the outfall. 

1 	Holmes (1990) studied the characteristics of the plume dispersed from the Ocean Shores STW 
(into Brunswick River), to determine the scale of possible effects on the oyster leases near the 

I 	

outfall. It was concluded that the effluent plume would be sufficiently mixed with river water 
by the time it reached the leases to cause any adverse effect. 

Limited monitoring of the quality of the receiving waters, specifically related to the outfall, 
was undertaken in 1990 for the parameters faecal coliforms, chlorophyll-a, salinity, 
temperature, turbidity. Compliance with edible seafood guidelines has been predicted to 
occur within 600 metres of the outfall. 

Eyre (1997b) found that the Ocean Shores STP is affecting nutrient concentrations in the 

I 	
estuary, but its influence is much less than the Mullumbimby STP because it releases to a well 
flushed section of the estuary. 

I South Byron Bay STP 

Effluent from this STP is released to Tallow Creek through a 250 mm diameter pipe. The 

I 	
treatment process involves trickling filters, tertiary maturation ponds and phosphorus 
reduction. The current ADWF is 0.7 ML/day. 

West et al. (1984) mapped 0.003 km2  of saltmarsh within Tallow Creek, and this is located in 
the northern tip of the lake. Tallow Lake is bordered by two SEPP 14 wetlands (Adam et al. 
1985). The creek is not used for commercial or recreational fishing. 

3.3.3 Richmond River Basin 

Fouroutfalls discharge to the estuary of this basin. Three outfalls release effluent into 
tributaries of the river: Ballina STP releases into North Creek Canal, about 1 km upstream of 
the confluence of North Creek Canal and the Richmond River, the confluence located about 
2.5 km from the mouth; Lismore South STP releases into Hollingsworth Creek, about 3.5 km 
upstream of the confluence of Hollingsworth Creek and the Wilson River; and Lismore East 
STP releases into the Wilson River, about 40 km upstream of the confluence with the 
Richmond River. The Evans Head-Woodburn STP releases into wetlands that drain into 
Salty Lagoon (Figure 3.4). 
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Water Quality 

SPCC (1987c) outlines the results of water quality monitoring in 1983 to 1985. Water quality 
in the Richmond River upstream of Woodburn in North Creek Canal was considered to be 

$ 	
generally poor as a result of release of treated industrial and sewage effluent. Nutrient 
concentrations were high at and downstream of Lismore. North Creek Canal had elevated 
levels of soluble and total nutrient concentrations considered to be resulting from the Ballina 
STP. 

' 	EPA (1996) indicates that water in the estuary was generally unacceptable for aquatic 
ecosystem protection, primary contact recreation and edible seafood. High levels of total 
phosphorus and low nutrient ratios were the main causes for failure to meet the aquatic 

I 	ecosystem protection guidelines. Low water clarity was a problem in relation to primary 
contact recreation. Over seventy percent of samples exceeded the faecal coliform standards 
for edible seafood. In the area of the South Lismore release, PAE values were very poor. 

I Aquatic Ecology Values 

I Resources that may be affected by the releases include: 

. mangroves - in the area adjacent to and up and downstream of the Ballina release; and 

I . principal feeding and roosting areas used by birds protected under Australian and 
international legislation - Salty Lagoon and the adjacent wetland system. 

' 	 2 	 2 	 2 West et al. (1984) mapped 4.949 km of mangrove, 0.189 km of seagrass and 0.099 km of 
saltmarsh within the estuary. Four species of mangrove were recorded from this estuary: 

I 	
grey mangrove; milky mangrove; black mangrove; and river mangrove. The only species of 
seagrass recorded was Zosteraceae. The estuary supports significant waterfowl habitat, and 
the occurrence of a large stand of the milky mangrove, in North Creek, is of scientific interest 

I 	
as this is near the southern limit of its range (Bucher & Saenger 1989). The Richmond River 
is thought to provide habitat for around 1,700 waders, or 6% of the State's population, as well 
as several other protected bird species (Allen et a!, 1992). There are thirty-three SEPP 14 

I
wetlands along the river from Ballina to Woodburn (Adam et al. 1985). 

Salty Lagoon is part of the Broadwater National Park, and as such is surrounded by various 
habitats,including saltmarsh, rushlands, scierophyll forest woodlands and mallee shrublands 
(Allen et al. 1992). The lagoon provides principal feeding and roosting areas for birds 
protected under Australian legislation and/or international treaties (Allen et al. 1992; Adam 
et al. 1985). 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 

I 	1992/93 were $733,000, $937,000 and $451,000 respectively. The most valuable species 
were prawns, mud crab, sea mullet and longfin eel. Oyster production for the same period 
was $103,000, $98,000 and $13,000 (Pease & Scribner, 1993, 1994; Scribner & Kathuria 

I 	1996). There is also a prawn farm located in North Creek, about 2.5 km upstream of the 
confluence with the Richmond, which draws water from the creek (G. Davey, NSW Fisheries, 

- 	personal communication). West (1992) found that recreational fishing pressure on the 
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I 
Richmond River was the highest ever recorded for any NSW estuary, and that southern 

I 	
herring dominated the catch (herring were caught in very high numbers by only a few anglers 
to be used as bait). Bream, whiting, flathead, tailor, luderick, mulloway, mud and blue 
swimmer crabs and mullet were the target species for the majority of recreational anglers 
(West & Gordon 1994; G. Davey, NSW Fisheries, pers. comm.). 

I
Ballina STP 

Ballina STP releases effluent to North Creek Canal. It employs the IEAAS process with 
' 	tertiary maturation ponds and UV disinfection. 

The current ADWF is approximately 3 ML/day. Effluent is released from a 450 mm diameter 

I 	

pipe into North Creek Canal continuously, at a typical rate of 32 litres per second. Predicted 
initial dilution is low (1.5) and dilutions 300 m from the release have been measured at 7. 

I 	

Monitoring of the quality of the receiving waters in North Creek Canal was undertaken over 
12 months in 1989/90 for faecal coliform bacteria, with results indicating average 
concentrations ranging from 45 to 800 cfu per 100 mL. Since that time the STP has been 

I upgraded with UV disinfection. 

Lismore East STP 

Effluent is released into the Wilsons River via Monaltrie Creek. The STP has trickling filters 
and tertiary ponds and employs chemical phosphorus reduction. The current ADWF is 
5 ML/day. The effluent outlet is a channel into the creek and the effluent is released on a 
continuous basis. 

I 	
No information on measured or predicted dilutions was available for this study. Effluent 
monitoring is undertaken weekly for a large range of parameters. These include pH, TSS, 

I 	

BOD, oil and grease, TP, ortho-P, TN, TKN, ammonia, nitrate, nitrite, aluminium, 
chlorophyll-a, algal biomass and faecal coliforms. Lismore City Council is undertaking a 
program of monitoring the quality of the receiving waters in a 'Waterways Monitoring 

I 	

Programme' with some 23 sampling sites; at least five of these sites could be considered 
relevant to the Lismore STPs. The initial program operated in 1996 and 1997 with sampling 
every one to two months. Parameters being monitored are ammonia, nitrate, nitrite, 

I 	

phosphorus, total dissolved solids, conductivity, dissolved oxygen, temperature, pH and faecal 
coliforms. 

I Lismore South STP 

This STP releases effluent to Hollingsworth Creek which then enters the Wilsons River. The 

I 	
STP has trickling filters and ponds/wetlands and employs chemical phosphorus reduction. 
The current ADWF is 5 ML/day releasing into a channel flowing to the creek. 

I Effluent monitoring and receiving waters monitoring is the same as for Lismore East. 
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EvansHead STP 

Effluent is released into a wetland to the east of the STP which connects to the Salty 
Lagoon/Salty Creek system 2 km to the north-east. The creek entrance to the ocean is often 
closed but occasionally opens due to flood flow. The secondary treatment process involves 
trickling filters. 

The current ADWF is 0.7 ML/day and the release rate is understood to be of the order of 
43LIs. 

3.3.4 Clarence River Basin 

Four outfalls release effluent directly into the Clarence River: Grafton North and Grafton 

South, 
about 75 km from the mouth, Clarenza and Maclean, about 75 km and 20km from 

the mouth, respectively. Junction Hill, in the Grafton area, has two releases into Alumy 
Creek and one into Cans Creek, about 5 km from the confluence with the Clarence (Figure 
3.5). 

I
Water Quality 

SPCC (1987d) presents data from a monitoring program from 1983 to 1986. Water quality 

I 	
was generally good, however some sections had poor quality at times. Point source 
discharges including from STPs had an effect downstream from Grafton and Maclean. Under 
low flow conditions there were increases in nutrient concentrations. 	High nutrient 

I 	
concentrations also occurred during medium and high flows. The increase in algal and plant 
growth stimulated was not sufficient to generate water quality problems during low flow 
conditions. It was considered that any additional nutrient-rich releases may result in major 

I 	water quality problems through reduced clarity, depleted dissolved oxygen concentrations and 
excessive plant growth. 

I 	EPA (1996) documents that in relation to aquatic ecosystem protection the majority of sites 
were considered good or fair; the main failures in the freshwater section were due to low DO 
levels and high TN levels. In the lower estuary the majority of sites were poor or very poor, 

I 	mainly due to high suspended solids levels. Approximately 60 percent of sample sites ranked 
poor or very poor for the primary contact recreation criteria. The main failures were due to 
poor clarity and elevated levels of enterococci. Compared with other rivers studied on the 

I 	north coast, the Clarence River water quality was the best with respect to the edible seafood 
criteria, with 60 percent of the sites ranked good or fair. The main indicators causing failures 
were faecal coliforms and total coliform bacteria. 

I 
Adjacent to the North Grafton release PAE values were poor; adjacent to the Maclean release, 
PAE and ES values were both fair. 

I
Aquatic Ecology Values 

Resources that may be affected by the releases include: 

I • commercial/recreational fishing grounds - up and downstream of the Maclean release. 
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I 
West et al. (1984) mapped 5.208 km2  of mangrove, 19.072 km2  of seagrass and 1.954 km2  of 

I 	

saltmarsh within the estuary. Four species of mangrove were recorded from this estuary: 
grey, milky, black and river mangroves. Detailed maps have been prepared of the mangroves, 
seagrasses and saltmarsh that occur within the Oyster ChannellShallow Bay area (Christopher 

I 	

Miller Consultants 1983). The species of seagrass recorded include Zosteraceae; Halophila 
spp.; and Ruppia spp. Saltmarsh species recorded include: Sporobolus virginicus; Salicornia 
quinqueflora; Juncus krausii; Suaeda australis; Triglochin striata and Samolus repens 

I (ARSFC 1989). West and King (1996) reported extensive beds of Vallisneria gigantea in the 
Maclean and fringing macrophyte beds composed of Egeria densa, Halophila ovalis, Ruppia 

I 	

megacarpa and Myriophyllum spp. in the Grafton area. The Clarence River is thought to be 
the southern-most limit of the black mangrove, and the estuary is considered the third most 
important wading bird locality in NSW, providing habitat for about 3,000 wading birds (Allen 

I 	

et al. 1992), as well as many other birds that are also covered under Australian legislation 
and/or international treaties (McEnally et al. 1992). There are about seventy SEPP 14 
wetlands adjacent to, or within tributaries of, the Clarence River (Adam et al. 1985). 

I The Clarence River is the most productive (by weight and dollar value) estuarine commercial 
fishing ground in NSW, worth just under $3m in the 1992/93 financial year. This represents a 

I 	

total of 913,800 kg, or $2,855,000 of fish, molluscs (except oysters) and crustaceans, and 
509,400 kg ($117,000) of oysters. The most valuable species were prawns, sea mullet, bream, 
whiting and mud crab (Scribner & Kathuria 1996). The combined commercial fisheries value 

I 	

for the financial years 1990/91 and 1991/92 were $3,009,000 and $3,862,000 respectively. 
Oyster production for the same period was $133,000 and $25,000 (Pease & Scribner, 1993, 
1994). West and Gordon (1994) found that southern herring dominated the recreational 

I 	

fishing catch (herring were caught in very high numbers by only a few anglers to be used as 
bait), although bream, flathead, whiting, tailor, luderick and jewfish were the target species 
for the majority of recreational anglers (West & Gordon 1994; P. Wynn, NSW Fisheries, 

I personal communication). 

I
Clarenza STP 

Effluent is released continuously into the Clarence River approximately 1500 metres 
downstream of Grafton Bridge via a 300 mm diameter pipeline. The STP uses the IEAAS 

I process with tertiary maturation ponds. ADWF is of the order of 0.8 ML/day. 

I
Measured or predicted dilutions were not available for this study. 

Monitoring of effluent quality is undertaken fortnightly for BOD, NFR, oil and grease and 
faecal coliform bacteria. 

Monitoring of the receiving waters for faecal coliform, pH, phosphorus and nitrogen was 

I undertaken in 1994 and 1995, and a final report is being prepared. 

I 
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Grafton North STP 

This STP continuously releases effluent via a 750 mm diameter pipe into the Clarence River 
downstream from the main urban area of Grafton. The treatment process involves trickling 
filters and tertiary ponding. The current ADWF is 4.0 ML/day. 

Comments in relation to dilutions, monitoring of effluent quality and receiving waters 
monitoring are similar to those for the Clarenza STP. 

Grafton South STP 

Effluent is released via a 375 mm diameter pipe into the Clarence River at Grafton adjacent to 
the downstream end of Susan Island. The Conventional Activated Sludge (CAS) process of 
treatment is used with tertiary ponding, and chlorination. The ADWF is 0.9 ML/day and 
effluent is released continuously at a rate up to 41 L/s. 

Comments in relation to dilutions, monitoring of effluent and receiving waters monitoring are 
similar to those for the Clarenza STP. 

Junction Hill STP 1 

Effluent from this STP is released continuously into Alumy Creek via a trench. The STP uses 
the 1EAAS process as well as trickling filters and tertiary ponding. The current ADWF is 
0.1 ML/day. No information on dilutions is available. 

Effluent monitoring is undertaken monthly for the parameters NFR, BOD, oil and grease, and 
faecal coliform bacteria. No monitoring of receiving waters is undertaken. 

It is proposed that in the future the three existing Junction Hill STPs will be replaced with a 
single STP discharging directly to the Clarence River. 

Junction Hill STP 2 

Effluent from this STP is released continuously into Alumy Creek via a channel. Treatment is 
by the IEAAS process with trickling filters and tertiary ponding. Current ADWF is 
0.1 ML/day. 

Comments in relation to dilutions, effluent quality monitoring, and receiving waters 
monitoring are similar to those for Junction Hill STP 1. 

Junction Hill STP 3 

This STP releases effluent into Cans Creek via a 300 mm culvert type structure. The STP 
uses the IIEAAS process with trickling filters and tertiary ponding. The current ADWF is 
0.2 ML/day. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

IT] 

I 

I 

I 

I 

I 
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I 
Comments in relation to dilutions and effluent quality monitoring are similar to those for 

I 	
Junction Hill STP 1. Receiving waters monitoring is undertaken in Cans Creek and the 
Clarence River on a monthly basis since 1994 for total coliforms and faecal coliforms. 
Average and median values of faecal coliforms in Cans Creek and the Clarence River are 290 
and 60 cfu/l00 mL respectively. 

I
Maclean STP 

Effluent is released into the Clarence River at Maclean via an earth drain. Treatment is by 

I 	

trickling filters and tertiary ponds. ADWF is approximately 0.7 ML/day. No information was 
available for this study on dilutions. It is understood that effluent monitoring has been done 
on a one to two-monthly basis since 1991 although no recent data was provided for this study. 

1 	3.3.5 Bellinger River Basin 

Within the Bellinger River basin STPs release into four different estuaries: Willis Creek 

I 	(Woolgoolga STP) (Figure 3.6), Bellinger River (Bellingen STP and Urunga STP), Deep 
Creek (Nambucca Heads STP) and Nambucca River (Macksville STP) (Figure 3.7). 

I Woolgoolga STP (Willis Creek) 

I 	

The Woolgoolga STP releases into a tributary of Willis Creek, the confluence of which is 
about 1.3 km from the creek mouth. The creek runs across the beachfront and enters the 
ocean on the southern side of Flat Top Point. Willis Creek is classed as a SEPP 14 Wetland 
and the ocean waters are a marine reserve. 

The treatment is by the IEAAS process and with trickling filters, tertiary ponds, phosphorus 

I 	
reduction and ultraviolet treatment. The current ADWF is 1.8 ML/day. The effluent release is 
intermittent and the rate is 28 L/s. 

I 	
There is no direct measurement of dilution. Effluent quality is monitored weekly for 
parameters including faecal coliforms (<100 cfu/100 mL), total phosphorus (<1.0 mg/L) and 
total nitrogen (<8 mg/L). Receiving water monitoring for faecal coliforms at three sampling 

I 	
sites has been undertaken for over five years and the results have been found to be highly 
variable. 

I Resources that may be affected by the releases include: 

principal feeding and roosting areas used by birds protected under Australian and 

I international legislation - Willis Creek and the surrounding SEPP 14 wetlands; 

intertidal and beachface assemblages of biota at Flat Top Point; and 

commercial fishing grounds - the creek itself is closed to all forms of commercial fishing, 

I but Flat Top Point is commercially crayfished. 

I 
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I 
Jelliffe (1997) has investigated the effect of release of effluent from the Woolgoolga STP into 

I 	
Willis Creek. Water quality monitoring has included nitrogen, phosphorus, chlorophyll-a, 
faecal coliforms, conductivity, dissolved oxygen, pH and temperature. The creek was found 
to be nutrient rich to the point of eutrophication, with fish kills during high temperatures and 

I 	
algal blooms. Concentrations higher than ANZECC guidelines were found for DO, ammonia, 
faecal coliforms and trophic status. In terms of productivity the waters are P limited. 

I 	
Monitoring of sediments by Jelliffe (1997) indicated high levels of faecal coliforms below the 
release point in Willis Creek; and higher levels of TP and TKN than in neighbouring creeks, 

I
although TP was not high compared with other estuaries. 

The diversity of invertebrates in Willis Creek is less than in neighbouring creeks. Plant 

I 	

species tend to be those associated with elevated nutrient levels such as typha and phragmites. 
Close to the mouth are species associated with fresh water; encouraged by the low salinity, 
high nutrient surface water layer. 

I Modelling undertaken by Jelliffe indicated that if effluent release was to cease, total 
phosphorus levels would decrease significantly and there would be a significant improvement 

I 	

in the trophic status of the creek. The entrance would be closed more often and the increase in 
ambient salinity levels would cause a change in species diversity. It was concluded that if 
releases to the creek are to continue and increase, the quality of effluent should be improved 

I 	
by a reduction in phosphorus and faecal coliform bacteria. However, levels of faecal 
coliforms are likely to continue to exceed primary contact recreation levels, due to catchment 

I 	

runoff. 

Bellinger River STPs 

Two outfalls release effluent into the Bellinger River: Bellingen STP, about 25 km from the 
mouth, and Urunga STP, which releases into Urunga Lagoon, about 2 km from the mouth. 

I Water Quality of Bellinger and Kalang Rivers 

SPCC (1987e) documents results of water quality monitoring in 1983 and 1984 in the 

I Bellinger and Kalang Rivers and concluded that water quality was found to be acceptable in 
terms of oxygenation, clarity and nutrient status. High nutrient levels occurred under low 

I 	

flow conditions at some locations. Current licence conditions for the Bellingen STP were 
considered adequate to protect river water quality. However release of effluent from the 
Urunga STP to Urunga Lagoon was considered unsatisfactory. The lagoon develops poor 

I 	

water quality during dry weather periods. It was considered that effluent release should be 
redirected to the river mouth for release on the ebb tide. 

I 	
Cook (1994) undertook water quality sampling in the Bellinger and Kalang Rivers from 
September 1993 to February 1994, and to some extent this was a follow-on from the earlier 
SPCC monitoring. The study indicated that water quality was acceptable except for DO and 

I 	
pH. It concluded that no deterioration in water quality had occurred since the 1983/84 SPCC 
Study; however an increase in total phosphorus levels was detected under high flow 
conditions. Low DO levels in Urunga Lagoon were assumed to be caused by the Urunga 

I 	
STP. High levels of total nitrogen were recorded from individual samples downstream of 
both the Bellingen STP and the Urunga STP. 
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I 
Aquatic Ecology Values 

I West et al. (1984) mapped 0.847 km2  of mangrove, 0.059 km2  of seagrass and 0.029 km2  of 
saltmarsh. Mangrove species recorded from this estuary include grey and river mangroves, 

I 	

and Zosteraceae is the only seagrass reported. The lower reaches of the estuary, particularly at 
the confluence with the Kalang River, provide feeding and roosting habitat for birds protected 
under Australian legislation and/or international treaties (McEnally et al. 1992), and there are 
ten SEPP 14 wetlands along the Bellinger-Kalang River system (Adam et al. 1985). 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 

1 

	

	1992/93 were $83,000, $69,000 and $63,000, respectively. The most valuable species were 
mud crab and whiting. Oyster production for the same period was $19,000, $42,000 and 

I
$85,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). 

Bellingen STP 

I Effluent is released into the Bellinger River approximately one kilometre downstream from 
Bellingen. The original treatment was by trickling filters with disinfection by chlorination. A 

I 	

new STP commissioned in October 1994 incorporates the IEAAS process with phosphorus 
reduction and ultraviolet disinfection. The current ADWF is 0.7 ML/day with release via a 
300 mm diameter pipe with a nozzle diffuser at a dry weather rate of approximately 30 L/s. 

Predicted initial dilutions are of the order of 20. Information on effluent monitoring was not 
available for this study. General receiving waters monitoring in the Bellinger River has been 

I undertaken as discussed in the section 'Water Quality in the Bellinger and Kalang Rivers'. 

I 	
Urunga STP 

Effluent is released into Urunga Lagoon via a pipeline and channel. The treatment involves 
the IEAAS process with trickling filters, tertiary ponds and phosphorus reduction. The 

I current ADWF is 1 ML/day. No information on measured or predicted dilutions was available 
for this study. 

I Effluent monitoring data was not available for this study. 

I 	

Receiving waters monitoring has been undertaken by Laxton (1985) in 1984 to 1985 for 
temperature, salinity, DO, pH, nitrite, nitrate, orthophosphate, total phosphorus, colour, 
chlorophyll-a, suspended solids and faecal coliform bacteria. No adverse effects on lagoon 

I 	

ecology were noted. Following augmentation of the STP, Cheng (1991) undertook 
monitoring in 1990 and 1991 for temperature, DO, secchi-disk, pH, turbidity, total 
phosphorus, nitrate, ammonia, silicate, chlorophyll-a, algal counts, bacteria counts. In relation 

I

to nitrogen and phosphorus, the influence of the STP release to the lagoon was not obvious. 
Some high levels of blue-green algae were recorded in the maturation ponds. Faecal coliform 
levels were acceptable. Overall, the STP release had not caused any noted major problems. 

I 

I 
MHL896 - 36 



I 
Resources that may be affected by the release include: 

I . principal feeding and roosting areas used by birds protected under Australian and 
international legislation - areas surrounding the Urunga release; 

I
. mangroves - adjacent to the Urunga release; 

saltmarsh - upstream of the Urunga release; and 
. seagrass - up and downstream of the Urunga release. 

Nambucca Heads STP (Deep Creek) 

TheNambucca Heads STP discharges to a wetland within Nambucca State Forest and then 
enters Deep Creek, which enters the ocean north of the Nambucca River. The treatment 
involves the IEAAS process as well as trickling filters and tertiary ponds. The current ADWF 
is 2.5 ML/day with effluent being released intermittently. Direct measurements or predictions 
of dilution are not available. 

I Effluent monitoring is undertaken on a two-weekly basis for faecal coliforms, BOD, NFR, oil 
and grease and chlorophyll-a. Average concentrations of faecal coliforms and chlorophyll-a 

I 	

are 2200 cfu/lOOmL and 210 Jig/L respectively. Receiving waters monitoring is undertaken 
monthly at one site at Deep Creek, 500 metres from its entrance. Levels of nutrient 
concentrations exceed ANZECC guidelines for protection of aquatic ecosystems; faecal 

I coliform levels meet recreation standards and edible seafood guidelines. 

Resources in Deep Creek that may be affected by the releases include: 

I . principal feeding and roosting areas used by birds protected under Australian and 
international legislation - all of the southern arm, down to the creek mouth; 

. mangroves -lining more than half of the southern arm; and 

I . saltmarsh - grow along the entire fringe of the creek. 

I 	

West et al. (1985) mapped 0.008 km2  of mangrove, 0.007 km2  of seagrass and 0.604 km2  of 
saltmarsh. Grey mangrove and Zosteraceae are the only mangrove and seagrass species 
recorded from this estuary. The lower reaches of the estuary, particularly at the mouth and in 
thetwo arms of the creek, provide feeding and roosting habitat for birds protected under 
Australian legislation and/or international treaties (McEnally et al. 1992). There are seven 
SEPP 14 wetlands along the creek, including the south and north arms of the creek (Adam 
et al. 1985). 

The combined commercial fisheries value for Deep Creek for the financial year 1992/93 was 

1 $14,000. The most valuable species were mud crab and sea mullet (Scribner & Kathuria 
1996). 

I Macksville STP (Nambucca River) 

I 	

This STP releases into the Nambucca River downstream of Macksville and about 13 km from 
its mouth. The current population is approximately 4,650 EP. The STP was augmented 
recently to 5,500 EP and employs extended aeration treatment with alum dosing for 

l

phosphorus reduction. 

The current ADWF is 1.1 ML/day and effluent is released intermittently at a rate of 12 L/s. 
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I 
Effluent monitoring is undertaken every two weeks. Relatively high average values of faecal 

I 	
coliform bacteria and chlorophyll-a have been noted; 97,000 cfuIlOO mL and 595 jigfL 
respectively. Receiving waters quality monitoring is undertaken monthly, 200 metres 
upstream and downstream of the outlet point for a range of parameters. Average levels of 

I 	
nitrate exceed the ANZECC guidelines for protection of aquatic ecosystems. Levels of faecal 
coliforms meet recreation standards, but are above guidelines for edible seafood. 

I Public Works Department (1995) reports on numerical tidal modelling in re]ation to the 
augmentation proposals for Macksville sewerage. The study indicated there was no advantage 

I 	

in an ebb tide discharge and in fact diluted effluent concentrations close to the outfall would 
be higher than for continuous release due to the required increase in discharge rate. A high 
concentration effluent patch was found to extend under tides from 1.5 km upstream to 2.5 km 

I 	

downstream of the outfall site. The patch had concentrations of 80 percent of the peak values 
at the outfall site. 

I

Resources that may be affected by the releases include: 

mangroves - within 500 m of the Macksville release, on the northern side of the river; 

I
. seagrass - opposite to, and about 750 m downstream of the Macksville release; 

prawn hatchery - opposite to the Macksville release; and 
commercial/recreational fishing grounds - adjacent to, and up and downstream of the 

I

Macksville release. 

West et al. (1984) mapped 0.779km2  of mangrove, 0.224km2  of seagrass and 1.034km2  of 

I 	

saltmarsh. Mangrove species recorded from this estuary include grey and river mangroves. 
Zosteraceae is the only seagrass recorded. National counts of wading birds conducted by the 
Royal Australasian Ornithologists Union have identified the Nambucca estuary as important 

I 	
for waders (McEnally et al. 1992). The lower reaches of the estuary, particularly at the 
confluence with Warrell Creek, provide extensive feeding and roosting habitat for birds 
protected under Australian legislation andlor international treaties (McEnally et al 1992). 

I 	
There are about twenty-six SEPP 14 wetlands adjacent to, or within tributaries of, the 
Nambucca River (Adam et al. 1984). 

I 	
The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 
1992/93 were $163,000, $236,000 and $183,000, respectively. The most valuable species 
were mud crab, bream and sea mullet. Oyster production for the same period was $418,000, 

I 	
$445,000 and $880,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). There is 
also a commercial prawn hatchery on the northern side of the river, directly opposite the 

I 	

release. Water for purification is drawn from the river during the flood tide, to maximise 
water quality (TEL 1995). Recreational fishing is done throughout the estuary, with bream, 
whiting, flathead, tailor, luderick, and mud crab caught in the estuary, and mulloway caught at 
the mouth of the river (TEL 1995). 

I 

I 
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I 
3.3.6 Macleay River Basin 

Three outfalls release effluent directly into the river: Frederickton and Smithtown-
Gladstone, about 35 km and 25 km from the mouth, respectively, and Kempsey West which 

I 

	

	
releases upstream of the junction with Christmas Creek. Kempsey South releases into Gills 
Bridge Creek, a tributary of the Macleay. The Frederickton STP releases into the river during 

I
wet weather (Figure 3.8). 

Water Quality 

SPCC (19870 presents data from a monitoring program from June 1984 to June 1986. Water 
quality was found to be poor upstream from Long Reach Island. This was not reflected in all 

I 	

water quality characteristics as oxygenation and clarity were good. In terms of eutrophication 
water quality was poor with high nutrient concentrations and excessive macrophyte growth 
observed. Point source discharges have localised effects on sections of the river, particularly 

I downstream of Frederickton and the central stretch of Christmas Creek. 

MHL (1997) provides baseline data on the physical, biological and chemical status of the 
' 	Macleay River in the vicinity of Christmas Creek. The study was to provide an overview of 

conditions within the river to assist in assessing potential effects on the river of any proposed 
relocated effluent discharge. Water quality samples were collected over a tidal cycle at four 

I 	
locations on the river from Kempsey to 4 km downstream of Frederickton. Sediment samples 
were also analysed for quality. Total phosphorus, total nitrogen and orthophosphate levels 
were higher at the Christmas Creek confluence and the downstream site than at the sites 

I 	
further upstream. Total phosphorus and total nitrogen levels were within the indicative 
ANZECC guideline values for protection of riverine aquatic ecology. Faecal coliform 
bacteria levels showed no bias towards the Christmas Creek confluence and were within the 

I 	
requirements for primary contact recreation. Phosphorus levels in the sediments were 
significantly higher at the Christmas Creek confluence and the Gills Bridge Creek confluence 

' 	than at other sites. 

Aquatic Ecology Values 

West et al. (1985) mapped 5.201 km2  of mangrove, 1.097 km2  of seagrass and 3.652 km2  of 
saltmarsh. Mangrove species recorded from this estuary include grey, river and milky 
mangroves. Zosteraceae is the only seagrass recorded. The lower reaches of the estuary, 

I particularly at the confluence with Clybucca Creek and Macleay Arm, provide extensive 
feeding and roosting habitat for birds protected under Australian legislation andlor 

I 	

international treaties. There are about fifty SEPP 14 wetlands occurring in the region and also 
occur in the lower reaches of the estuary (Carter 1995a; Adam et al. 1985). The Macleay 
River is thought to represent the southern-most limit of the mangrove honeyeater, a 

I mangrove-dependent species that is rare in NSW (ARSFC 1989). 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 

I 	
1992/93 were $284,000, $350,000 and $238,000, respectively. The most valuable species 
were mud crab, sea mullet and longfin eel. Oyster production for the same period was 
$325,000, $497,000 and $413,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). 
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I 
MHL (1997) described the riparian and aquatic habitats at the sites mentioned above as well 

I 	
as reports on sampling of fish and macroinvertebrate sampling. Extensive macrophyte beds 
occur along the river banks. Macroinvertebrate assemblages were very low in taxonomic 
diversity which may be related to low salinity levels. No significant differences in the 

I 	
diversity and abundances in macroinvertebrates at the various locations were detected. The 
fish diversity was typical of coastal NSW rivers and there was no evidence that effluent 
discharge was a critical factor in structuring fish assemblages in the study area, in this 

I snapshot sampling. 

I
Frederickton STP 

This STP discharges into the Macleay River just downstream of Frederickton with a 200 mm 

I 	

pipe. Treatment is by the IEAAS process and tertiary ponds. The current ADWF is 
0.23 ML/day. Release of effluent is intermittent due to total reuse of effluent in dry weather 
for irrigating pasture at the local golf course. 

Dilution in receiving waters is not measured. Effluent quality is measured monthly for the 
parameters BOD, NFR, oil and grease, pH and faecal coliforms. 

I Kempsey South STP 

I 	
Effluent is released into Gills Bridge Creek via a concrete culvert and weir. Gills Bridge 
Creek flows into Rudders Lagoon which flows into the Macleay River at Kempsey. Rudders 
Lagoon is not classified as a SEPP14 wetland. Treatment is by the IEAAS process with 

I 	
trickling filters and tertiary ponds. ADWF is 1.3 ML/day with 20% of effluent reused in dry 
weather on the golf course. Effluent release is continuous. 

I 	
There is no direct measurement of dilution of effluent and water quality in Gills Bridge Creek 
and Rudders Lagoon is not monitored. Effluent quality is measured fortnightly for the 

I
parameters BOD, NFR, oil and grease, pH and faecal coliforms. 

Kempsey West STP 

Effluent used to be released as a continuous discharge into Christmas Creek via an open earth 
drain. The current ADWF is 2.9 ML/day. About 45% of effluent is reused during dry 
weather. Treatment is by trickling filters and tertiary ponds. Christmas Creek flows into the 
Macleay River immediately upstream of Frederickton (5 km downstream of Kempsey Road 
Bridge). Since May 1997 effluent has been piped to the Macleay River at Glenrock 

I
approximately 2 km upstream of the Christmas Creek confluence. 

There is no direct measurement of effluent dilutions. Effluent quality is measured weekly for 

I 	
the parameters BOD, NFR, oil and grease, total-P, TKN, ammonia, nitrate, nitrite, pH, 
chlorophyll-a and faecal coliforms. Water quality monitoring has been carried out for six 
months in Christmas Creek for three sites for the parameters dissolved oxygen, temperature, 

I pH, conductivity, nitrate, nitrite, TKN, chlorophyll-a, NFR, total phosphorus. 

I 
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I 	
Smithtown-Gladstone STP 

This STP releases into the Macleay River downstream of the junction of the Belmore River 
via a continuous discharge from a 225 mm pipe below water level. Current ADWF is 
0.24 ML/day. 

No direct measurement of dilution is made. Effluent quality is measured monthly for the 

I parameters BOD, NIFR, oil and grease, pH and faecal coliforms. 

I

3.3.7 Hastings River Basin 

Wauchope STP outfall releases effluent into the river about 21 km from the mouth. Port 

I 	
Macquarie STP releases into Kooloonbung Creek, a tributary which joins the Hastings about 
1 km from the mouth (Figure 3.9). 

I
Resources that may be affected by the releases include: 

mangroves - up and downstream of the Port Macquarie release; 
saltmarsh - downstream of the Port Macquarie release; and 

I • recreational fishing - about 1 km downstream of the Port Macquarie release. 

i

Water Quality 

SPCC (1987g) describes water quality based on sampling in 1984. It was considered 

I 	
acceptable with high clarity, normal oxygenation and nutrient status. Release of treated 
sewage into Yippin and Kooloonbung creeks was considered to have caused poor water 
quality in those creeks, but not in the main stream. Effects on the creeks included high 

' 	nutrient and algal concentration and poor clarity. It was considered that a better release 
location for the Port Macquarie STP would be near the river mouth. 

I 	NSW Government (1995) provides an overview of water quality data up to 1995. Monitoring 
by Laxton and Duell was undertaken in the lower Hastings River in 1993 and 1994 on a 
quarterly basis for a range of parameters. Turbidity levels in the main river have remained 

I 	low, however high values have occurred in Yippin and Kooloonbung creeks. From the data it 
was not known if the high values still prevail as the STPs have been upgraded in 1984. 

I
Aquatic Ecology Values 

West et al. (1984) mapped 2.078 km2  of mangrove, 1.141 km2  of seagrass and 0.804 km2  of 

I
saltmarsh. Mangroves and seagrasses include grey, river and milky mangroves and 
Zosteraceae. The lower reaches of the estuary, particularly the area on and around Pelican 
Island, provide extensive feeding and roosting habitat for birds protected under Australian 

I legislation andlor international treaties. The mangrove forests of Kooloonbung Creek also 
provide habitat for many waterbirds, including cormorants, ibis, pelicans, black ducks and 

I 	
birds of prey. The Hastings River estuary is considered the eighth most important estuary for 
waders and the second most important site for the whimbrel in the State (more than 1% of the 
Australian population). There are four SEPP 14 wetlands within, or adjacent to, the river, and 
includes Kooloonbung Creek (Carter 1995a; Adam et al. 1985). 
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I 
The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 

I 	
1992/93 were $393,000, $529,000 and $486,000 respectively. The most valuable species 
were prawns, sea mullet, mud crab and luderick. Oyster production for the same period was 
$849,000, $1,002,000 and $988,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 

I 	
1996). The estuary is a popular recreational fishing ground, where the major species targeted 
include bream, flathead, whiting, luderick, mulloway and sea garfish (K. Williams, NSW 

I 	

Fisheries, personal communication). 

Port Macquarie STP 

Effluent is released into Kooloonbung Creek via a 750 mm diameter pipe. The IEAAS 
treatment process is employed with tertiary ponding and chemical phosphorus reduction as 
well as UV disinfection. Upgrading of the work was undertaken in 1995. The current ADWF 
is 9 ML/day and this is released more or less on a continuous basis. 

I 	

Specific measurements or predictions of dilutions have not been made. However, extensive 
monitoring of effluent and receiving waters quality has been undertaken. Effluent monitoring 
is undertaken weekly for BOD, NFR, ammonia, nitrate, orthophosphate, total phosphorus, pH, 

I 	

faecal coliform, chlorophyll-a. Receiving water quality monitoring is undertaken monthly a 
some seven sampling sites: Lake Road Bridge, Walk Bridge, William Street Bridge, entrance 
to river, east of Lake Road, Settlement Point ferry and breakwall. Parameters monitored 

I 	
include BOD, COD, TKN, NH3, NO3, pH, temperature, NFR, DO, salinity, turbidity, 
orthophosphate, total phosphorus, chlorophyll-a, faecal coliforms and aluminium. Prior to 
STP upgrading, faecal coliform levels in Kooloonbung Creek were found to comply with 

I 	
recreational standards, while nutrient concentrations were high and large amounts of 
freshwater unicellular algae were added to the receiving waters. Since upgrading it appears 

I 	

that nutrient levels in the creek have decreased significantly. 

The Ecology Lab is currently undertaking a 12-month study looking at the effect of the Port 
Macquarie STP on the aquatic ecology of Kooloonbung Creek, with the aim of using the 
results of the study to create an ongoing monitoring program for the release. The study 
involves comparing several components of the Kooloonbung Creek system to two nearby 
reference areas, also within the lower Hastings River. The components include water quality, 

I sediment type and quality, aquatic and terrestrial flora and fauna. The results of the study 
were not available at the time of preparing this report. 

I Wauchope STP 

I 	

This STP releases into the Hastings River at Wauchope and the treatment is by the IEAAS 
process with tertiary ponding; there is no chemical dosing. Augmentation of the STP was 
undertaken in 1991, with the release site being moved from Yippin Creek to the main river via 

I 	
a 200 mm diameter pipe with a 100 mm diameter nozzle. The current ADWF is 1.1 ML/day, 
with intermittent release at a rate of 44 L/s. Predicted initial dilution is 20. 

I 	
Effluent monitoring is undertaken weekly for similar parameters to those at the Port 
Macquarie STP. Receiving waters quality monitoring is undertaken monthly at four sampling 
locations: Bains Bridge, Yippin Creek, High School and Rocks Ferry Bridge. The 

' 	parameters analysed are similar to those for the receiving waters associated with the Port 
Macquarie STP. 
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I 
3.3.8 Manning River Basin 

Three STPs release effluent directly into the river: Taree, Wingham and Dawson River. 
Taree and Dawson River STPs release from the same point, about 25 km from the estuary 
mouth. Wingham STP releases effluent about 45 km from the mouth. A fourth, Harrington, 

I releases into a swamp which joins the river about 1 km from the mouth (Figure 3.10). 

Water Quality 

SPCC (1987h) presents data from a monitoring program from 1983 to 1986. The surface 

I 	
water quality of the Manning River was found to be good in terms of clarity and suspended 
sediment during low flows but water quality at depths of over 2 m was poor as a result of 
hydraulic factors and effluent and wastewater disposal. The Manning River is a partially 

I 	
mixed waterway between Tinonee and Croki. The tidal range 3 km from the river entrance is 
50% of the ocean range while at Wingham 45 km upstream it is 70% of the ocean range due to 
resonance effects. Nutrient levels were found to be elevated adjacent and downstream of 

I 	
Taree for all flow conditions, however there was no evidence of major macrophyte or 
filamentous growth. 

GreaterTaree City Council (1994) presented results of water quality monitoring for the period 
1989-94. The best water quality was found in the upper estuary upstream and downstream of 
Wingham. The section of river adjacent to and downstream of Taree showed relatively poorer 
water quality with improvement downstream of Dumaresq Island. Improvement in water 
quality was expected following the commissioning of the Dawson STP in 1986, the cessation 

I 	

of high strength industrial discharge to the river in 1989, the augmentation of the Wingham 
STP in 1992 and the diversion of effluent from the Taree STP to the Dawson STP in March 
1994. Only moderate improvement in bottom DO was detected while nutrient concentrations 

I
along the estuary showed a significant increase 

Williams (1987), found that water quality in the vicinity of Taree and Wingham was degraded 

I 	

due to the release of effluent from the STPs. Browns Creek was considered to be so affected 
by effluent from the Taree STP that it could not support aquatic life. In 1994, effluent from 
the Taree STP was diverted to Dawson STP, which releases directly into the Manning River. 

I 	

Since 1994, Browns Creek has only received wet weather overflows, significantly reducing 
nutrient concentrations within the creek (Taree City Council, letter to MHL). 

I 	
Greater Taree City Council undertakes monitoring every two months at nine locations in the 
Manning River, four locations in Browns Creek and one location in Dawson River. 
Parameters monitored include faecal coliforms, BOD (replaced by TOC in 1996), ammonia, 
TN, TKN, TON, TP, OP, Ch-a, DO, salinity, temperature, turbidity, pH, redox potential and 

U 	secchi disc. In addition, faecal coliform bacteria are monitored at five locations in the lower 

I
estuary. 

Aquatic Ecology Values 

I Resources that may be affected by the releases include: 

principal feeding and roosting areas used by birds protected under Australian and 

1 	international legislation - areas adjacent to the Harrington release; 
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I 
oyster leases - upstream of the Harrington release; 

mangroves - upstream of the Harrington release, and up and downstream of the 

I 	
Taree/Dawson release; 

seagrass - upstream of the Harrington release and downstream of the Taree/Dawson 

I
release; 

commercial fishing - prawn trawling just outside the mouth of the river, about 1 km from 
the Harrington release; trapping, handlining, droplining and prawning adjacent to, and up 

I and downstream of the Taree/Dawson release; and 

I 
. recreational fishing - up and downstream of the Taree/Dawson release; upstream of the 

Harrington release. 

I 	West et al. (1984) mapped 3.582 km2  of mangrove, 0.329 km2  of seagrass and 0.721 km2  of 
saltmarsh. Mangrove species include grey, river and milky mangroves (the estuary is thought 
to represent the southern limit of the latter). Zosteraceae is the only seagrass recorded from 

I 	this estuary. The mouth of the river provides extensive feeding and roosting habitat for birds 
protected under Australian legislation andlor international treaties. There are also twelve 
SEPP 14 wetlands adjacent to, or within, the lower Manning (Carter 1995b; Adam et al. 

I 1985). 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 
1992/93were $409,000, $464,000 and $531,000, respectively. The most valuable species 
were prawns, sea mullet, mud crab and bream. Oyster production for the same period was 
$1,092,000, $1,430,000 and $1,174,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 
1996). The estuary is a popular and productive recreational fishing ground, where the major 
species targeted include bream, tailor, whiting, flathead, mulloway and kingfish (Bucher & 

Saenger 1989). Harrington STP 

This STP releases into the lower Manning River and employs the IEAAS process with 
clarifiers and tertiary ponding. The STP was augmented several years ago. 

Dawson River STP 

I 	Effluent is released into the Manning River downstream of Taree. Treatment is by the 
continuous extended aeration activated sludge process with tertiary ponding. Current ADWF 
is 5.3 ML/day with effluent released continuously. The STP is to be augmented in the near 

I 	future. Options for effluent reuse and sludge use on land near the STP have been investigated. 
Trees have been planted for spray irrigation. 

Effluent has been monitored every two months since 1989 for ammonia, TKN, DRP, TP, 
nitrate, nitrite and faecal coliforms. Since 1992 effluent has been monitored weekly for BOD, 
SS, ammonia, alkalinity, nitrate and pH. Current average concentrations are faecal coliforms 
480/100 niL, Total-P 5.4mg/L and Total-N 5.9mg/L. 

I 
I 
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I 

Taree STP 

The Taree STP previously released into Browns Creek, but in early 1994 was diverted to the 
Dawson River STP. The Taree plant employs trickling filters and tertiary ponds. The current 
ADWF is 2.4 ML/day. 

Effluent has been monitored every two months since 1989 for BOD, SS, ammonia, TKN, 
DRP, TP, nitrate, nitrite and faecal coliforms. Since 1992 effluent has been monitored 
fortnightly for BOD, SS, ammonia, alkalinity, nitrate and pH. Current average concentrations 
are faecal coliforms 5900/100 mL, Total-P 4.22 mg/L and Total-N 17.3 mg/L. 

Wingham STP 

This STP releases into the Manning River at Wingham. It employs the IEAAS process with 
trickling filters and tertiary ponding. The current ADWF is 1.0 ML/day. 

Effluent has been monitored every two months since 1989 for BOD, SS, ammonia, TKN, 
DRP, TP, nitrate, nitrite and faecal coliforms. Since 1992 effluent has been monitored 
fortnightly for BOD, SS, ammonia, alkalinity, nitrate and pH. Current average concentrations 
are faecal coliforms 130/100 mL, Total-P 6.6 mg/L and Total-N 19.0 mg/L. 

3.3.9 Karuah River Basin 

The Buladelah STP releases to the Myall River and the Medowie STP drains to Port 
Stephens (Figure 3.11). 

Bulahdelah STP 

The STP at Buladelah was upgraded in 1996. The previous STP used to release into the 
Myall River at Bulahdelah about 16km upstream of the confluence with Bombah Broadwater 
and about 900 m downstream of the Pacific Highway bridge at Buladelah. At that release site 
there is minimal tidal influence. The treatment involves the IEAAS process with tertiary 
pon ding. The ADWF then was 0.4 ML/day. 

The plant has been relocated north of the town to the west of the Pacific Highway and releases 
into Frys Creek. The site is about 12 ha in size and is at a sloping site at 5 to 30 m AFID. It is 
located some 6 km upstream of the Pacific Highway bridge at the Myall River at Buladelah. 
The new plant is hence not discharging directly to the estuary area. 

The new treatment plant produces effluent to the standard for Class P water as classified in the 
Clean Water Act. It has a treatment process configuration based on extended aeration, 
chemical dosing for phosphorus reduction, and chlorination and dechlorination for ammonia 
control and disinfection. 

I 
H 

I 
I 
I 
I 
I 
I 
I 
I 
I 
h 
I 
I 
I 

I 
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Aquatic Ecology Values 

Resources that may be affected by the release include commercial/recreational fishing directly 
adjacent to, and up and downstream of the release. 

Commercial fishing for bream, luderick and mullet occurs up to the Pacific Highway bridge at 
Buladelah on a seasonal basis, with a total ban between 15 May and 31 August to allow for 
the spawning migration of Australian bass. The estuary is a popular recreational fishing 
ground for Australian bass, the basis of an annual fishing competition that attracts many 
interstate visitors (B. Ryan, NSW Fisheries, personal communication). 

Medowie STP 

Effluent is released continuously into Moffat Swamp which drains to Port Stephens. The 
STP, operated by Hunter Water Corporation, is to be decommissioned in 1998 and the raw 
sewage diverted to the Raymond Terrace STP. A secondary treatment process is used with 
disinfection via maturation ponds. The current ADWF is approximately 1.5 ML/day. 

* 	The quality of the effluent is monitored weekly for BOD, NFR, pH and chlorophyll-a; every 
two weeks for grease and monthly for TON, TKN, TN and TP. Monitoring of the receiving 
waters is undertaken approximately monthly for a range of parameters at one location in 

I 	Moffat Swamp which forms part of a nature reserve. Studies of flora and fauna have 
indicated that less than 0.1% of Moffat Swamp has been affected by effluent discharge. 

Aquatic Ecology Values 

Resources that may be affected by the present release include: 

principal feeding and roosting areas used by birds protected under Australian and 
international legislation - most of the foreshore of the south-west corner; 

oyster leases - large areas of Big Swan Bay and the lower reaches of Saltwater Creek and 
Twelve Mile Creek; 

mangroves - some of the largest areas of mangroves are located in the south-west corner, 
particularly around Saltwater Creek, Twelve Mile Creek and Big Swan Bay; and 

. seagrass - within Big Swan Bay. 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 
1992/93 were $1,417,000, $1,358,000 and $1,365,000, respectively, making it the fifth most 
productive estuary in the State. The most valuable species were bream, sea mullet, sand 
whiting and luderick. Oyster production for the same period was $4,690,000, $3,882,000 and 
$3,374,000, making it about the second highest oyster producer in the State behind the Wallis 
Lakes system of —$8 m (Pease & Scribner, 1993, 1994; Scribner & Kathuria 1996). The 

I 
I 
I 
I 
I 

i 
I 
I 
I 
I 
I 
IT 
I 
I 
I 	 MHL896 -46 



I 
estuary is a very popular recreational fishing ground, where the major species targeted include 
bream,luderick, flathead, mulloway, snapper, tailor, whiting, leatherjackets, mud and blue 
swimmer crabs, eastern rock lobster, king and school prawns and oysters. Australian bass and 
estuary perch are also targeted in the Karuah and Myall Rivers (J. Sakker, NSW Fisheries, 

I
personal communication). 

The Port Stephens system supports the largest area of mangroves (grey and river) and 

I 	saltmarsh in the State, covering an area of 26.739 km2  and 12.547 km2  respectively (West et al. 
1985). There are also extensive seagrass beds in the system, covering an area of 7.833 km2, 

I 	and includes the second most extensive Zostera beds in NSW. The species recorded from this 
estuary are Zostera, Halophila spp. and Posidonia australis (West et al. 1985). The estuary 
provides extensive feeding and roosting habitat for birds protected under Australian 

I 	legislation andlor international treaties. It is the fourth most important site for waders, and the 
most significant site for the whimbrel and the eastern curlew in NSW (Carter, 1995b). The 
estuary is also an important site for the lesser golden plover and a remnant population of bush 

I 	stone curlews. There are thirty-two SEPP 14 wetlands within the Port Stephens region (Carter 
1995b; Adam et al. 1985). 

3.3.10 Hunter River Basin 

Three outfalls, operated by Hunter Water Corporation, discharge to the estuary of this basin. 
One outfall releases effluent into the river: Morpeth STP, about 40 km from the Hunter River 
mouth. Two others release into tributaries: Raymond Terrace into Windeyers Creek 2 km 
from its confluence with the Hunter, which is about 25 km from the river mouth; and 

Shortland 

STP into Ironbark Creek, 4 km from the confluence with the river which is about 
10 km from the river mouth. A proposal to release effluent from the Shortland STP into the 
South Channel of the Hunter, instead of Ironbark Creek and associated wetlands, is currently 
being assessed (Figure 3.12). 

Aquatic Ecology Values 

Resources that may be affected by the releases include: 

I
. principal feeding and roosting areas used by birds protected under Australian and 

international legislation - most of Ironbark Creek and the SEPP 14 wetland adjacent to the 
Shortland release; 

. mangroves - downstream of the Shortland release; 

. saltmarsh - downstream of the Shortland release; and 

I

. commercial/recreational fishing - downstream of the Shortland release. 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 

I 	1992/93 were $733,000, $808,000 and $865,000, respectively. The most valuable species 
were prawns, hairtail, mud crab and sea mullet. Oyster production for the same period was 
$1 18,000, $70,000 and $211,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). 

I 	The estuary supports a substantial recreational fishery, where the major species targeted 
include hairtail, flathead, bream, whiting, yellowtail, mulloway, prawns, mud and blue 
swimmer crabs, leatherjackets, flounder, tarwhine, tailor, luderick, and flat-tail mullet, with 

I 	Australian bass and estuarine perch taken in the upper reaches (D. Taylor, NSW Fisheries, 
personal communication; Bucher & Saenger 1989). 
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I 
I 	The State's second largest area of mangrove (grey and river) and saltmarsh occurs within the 

estuary, covering 15.481 km2  and 5.049 km2, respectively (West et al. 1985). Saltmarsh 
species recorded from this estuary include Sporobolus virginicus, Salicornia quinqueflora, 

I 	Suaeda australis, Triglochin striata, Juncus spp., Samolus repens and Atroplex sp. (Bucher & 
Saenger 1989). West et al. (1984) mapped 0.153 km2  of Ruppia spp. seagrass. The Hunter 
River is thought to be the most important site for waterfowl in NSW, with between 7,000 and 

1 	10,000 migratory waders visiting each year. Kooragang Island Nature Reserve is of particular 
importance as feeding and roosting habitat for many birds protected under Australian 

I 	
legislation and/or international treaties, especially for mangrove herons, mangrove gerygone, 
white-winged black terns, Palaearctic waders, black-tailed godwits, broad-billed sandpipers, 
eastern curlews and golden plovers (McEnally et al. 1989). There are about thirty SEPP 14 
wetlands within, or adjacent to, the river, including Hexham Swamp and Hexham Swamp 

I Nature Reserve, which is adjacent to the Shortland STP (Adam et al. 1985). 

I 	Sinclair Knight Merz (1994) found that Ironbark Creek and the adjacent wetlands provided 
suitable habitat for many types of birds, amphibians and reptiles, but did not include any fish 
or bats. Further, no fauna or flora surveys were done for this EIS, which relied on existing 

I 	information. There was no description of Tronbark Creek fauna or of the proposed release 
point. The EIS gave no indication of the possible effects of the current release and provided 
no baseline data against which possible changes could be made in the future. 

Morpeth STP 

I 	This STP releases secondary treated effluent continuously via a pipeline directly to the Hunter 
River at Morpeth. The current ADWF is approximately 9 ML/day. 

I 	Effluent is monitored for BOD, NFR and pH on a weekly basis, and average concentration 
values are 8 mg/L, 34 mg/L and 8.1 respectively. Monitoring of the receiving waters is 
undertaken upstream and downstream of the release site for the parameters pH, turbidity, 

I conductivity, chloride, ammonia, TKN, TON, total N, total P, NIP ratio, faecal coliforms, 
faecal streptococci, temperature and chlorophyll-a. 

Hunter Water is at present undertaking a concept design and EIS for augmentation of the 
Morpeth STP with the first stage of the new plant sized for 60,000 EP. 

Raymond Terrace STP 

I 	
Raymond Terrace STP releases secondary treated effluent via a constructed wetland to 
Grahamstown Drain which flows into Windeyers Creek and into the Hunter River 
downstream of Raymond Terrace. Effluent is released on a continuous basis. The current 

I ADWF is 2.4 

Effluent is monitored for BOD, NFR and pH each week and average readings are about 

I 	5.6 mg/L, 8 mg/L and 7.5 respectively. Effluent concentrations are monitored in the receiving 
waters in Grahamstown Drain and Windeyers Creek for similar parameters to those analysed 
for Morpeth STP. 

I 
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I 
Studies are in progress for augmentation of the Raymond Terrace STP, which is to serve a 

I 	
population of 35,000 EP including 4,000 from Medowie. As part of the investigation mixing 
and dispersion investigations on the Hunter River are being undertaken. 

Shortland STP 
Secondary treated effluent is continuously released into Ironbark Creek which flows into the 
lower Hunter River. The current ADWF is 3.1 ML/day. 

Effluent monitoring is undertaken weekly for BOD, NFR and pH with average readings in 
1995 of lOmgIL, 5.9mg/L and 6.9 respectively. Monitoring of the receiving waters is 
undertaken weekly at Hexham Bridge, Tourle Street, Walsh Point, Fullerton Cove and 
Stockton Bridge for a range of parameters as detailed in Table 3.6. 

It is proposed to augment the Shortland STP with a new Stage One, 20,000 EP plant to be 
commissioned in 1998. Effluent from the new plant will be used by BHP with excess 
disinfected effluent being released to the south arm of the Hunter River in wet periods. As 
part of the EIS for the STP augmentation a flushing study was undertaken involving both 
nearfield and farfield modelling. 

3.3.11 Lake Macquarie- Tuggerah Lakes Basin 

One STP at West Wailsend releases via a swamp and Sandy Creek to Lake Macquarie 
(Figure 3.13). 

I Water Quality 

I 	

Hunter Water has been undertaking water quality monitoring in Lake Macquarie since 1983 
on a monthly basis. The results indicate that there has been little change in water quality since 
an early study in 1953 to 1956 by the CSIRO, except for an increase in phosphorus 

I 	

concentrations observed between the 1950s and early 1980s. Phosphorus concentrations have 
remained fairly constant since 1983. Tidal exchange between the lake and ocean has helped 
maintain water quality. 

1 	When the water quality monitoring program commenced, Hunter Water operated STPs that 
released treated effluent into tributaries of Lake Macquarie. These were at Toronto, Marmong 

I 	
Point, Edgeworth and West Wailsend. There were also many properties on the western side 
of the lake that were not sewered. Over the years the volume of effluent released to the lake 
has declined through the implementation of strategies of recycling effluent and diverting 
flows to the ocean. In 1988 approximately 6,800 ML of effluent was released to Lake 
Macquarie; by 1996 this had been reduced to about 500 ML with West Wallsend the only 

I
remaining STP releasing to the lake. 

Aquatic Ecology Values 

I Resources that may be affected by the releases include: 

mangroves - within and at the mouth of Cockle Creek; 
saltmarsh - at the mouth of Cockle Creek; and 
seagrass - Cockle Bay has some areas of Halophila spp. 
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I 
The combined commercial fisheries values for the financial years 1990/91, 1991/92 and 

I 	1992/93 were $939,000, $939,000 and $1,075,000, respectively. The most valuable species 
were bream, mullet, prawns and blue swimmer crabs (Pease & Scribner 1993, 1994; Scribner 
& Kathuria 1996). The estuary is a popular recreational fishing ground, where the major 

I 	species targeted include bream, flathead, luderick, squid, blue swimmer crabs, tailor, whiting, 
tarwhine, cockles and occasionally snapper and dolphin fish (C. Martschenko, NSW Fisheries, 
personal communication). 

West et al. (1984) mapped 0.998 km2  of grey mangrove, the only mangrove species recorded 
from the lake, and 0.705 km 2  of saltmarsh. The lake has the third most extensive seagrass 
beds in NSW, covering an area of 13.391 km2, and include Zosteraceae, Posidonia australis, 
Halophila spp., and Ruppia spp. (West et al. 1984). Further, it is the largest estuarine lagoon 

L 	
in NSW and supports significant habitat for fish and birds (Bucher & Saenger 1989). The 
mouth and entrance channel to the lake provide habitat for up to 3,000 waders and other birds 
protected under Australian legislation andlor international treaties, with numbers of Pacific 

I 	golden plover and eastern curlew often exceeding 1 % of the estimated Australian population. 
The little tern has also been reported breeding at Pelican Point, and this site is now monitored 
for nesting birds (Carter 1995c). There are about twenty-five SEPP 14 wetlands located 

I within, or adjacent to the lake (Adam et al. 1985). 

West Wailsend STP 

This STP releases secondary treated effluent to a swamp which drains via Sandy Creek to 
Cockle Bay in the northern corner of the lake. The current ADWF is 0.6 ML/day. Effluent 

I 	quality is monitored weekly for BOD, NFR and pH, with average readings in 1995 of 
8.9 mg/L, 11 mg/L and 7.4 respectively. Receiving waters monitoring is undertaken 

I 	
throughout Lake Macquarie as discussed previously. 

The West Wailsend STP is planned to be decommissioned during 1997 with flows diverted to 
the Edgeworth STP for treatment and eventual release at the Belmont ocean outfall. 

3.3.12 Hawkesbury River Basin 

I 	Although the location of any release was unavailable at the time of this report, it is known that 
one outfall releases effluent into the system: GosforcllSomersby Industrial STP into 
Brisbane Water (Figure 3.14). Other releases by Sydney Water Corporation are outside the 

j 	scope of this study and not reported herein. 

I 	
Aquatic Ecology Values for Brisbane Water 

Resources that may be affected by the releases include: 

mangroves; 
saltmarsh; 

I
. seagrass - Zosteraceae and Posidonia australis beds; and 

recreational fishing. 
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I 
Oyster production for the financial years 1990/91, 1991/92 and 1992/93 were $1,664,000, 

$1,859,000
and $1,927,000, respectively (Pease & Scribner 1993, 1994; Scribner & Kathuria 

1996). The estuary is a popular recreational fishing ground, where the major species targeted 
include bream, whiting and flathead throughout the estuary, bream and mud crabs around the 
oyster leases, luderick near seawalls, and mud crabs and bream near mangroves (Carter 1994). 

West et al. (1984) mapped 1.635 km2  of mangrove, 5.49km2  of seagrass and 0.918km2  of 

I 	

saltmarsh. Mangrove species recorded for this estuary include grey and river mangroves. 
Zosteraceae, Posidonia australis and Halophila spp. of seagrass have also been recorded. The 
islands and foreshores in the Woy Woy area provide principal feeding and roosting habitat for 

I waders and other birds protected under Australian legislation and/or international treaties. 
The National Parks and Wildlife Service rates Brisbane Water as Priority 4 for wader sites in 

I 	

NSW (Carter 1994). The area usually has numbers of the eastern curlew exceeding 1% of the 
estimated Australian population, and is also an important site for the bush stone curlew and 
pied oystercatcher (Carter 1994). There are about thirty-five SEPP 14 wetlands within the 

I
Brisbane Water system (Adam et al. 1985). 

Gosford-Somersby Industrial STP 

I This STP releases into Brisbane Water. The treatment involves the IEAAS process with 
' 	tertiary ponding. 

3.3.13 Shoalhaven River Basin 

I 	

Two outfalls release effluent directly into the river: Bomaderry and Nowra, about 20 km 
from the mouth. A third, Berry STP, releases into its tributary, Broughton Creek, which joins 
the river about 12 km from the mouth (Figure 3.15). 

Water Quality 

I 	

SPCC (1991) outlines the results of water quality monitoring in the Shoalhaven in 1990 and 
makes comparisons with earlier monitoring work. Previous SPCC studies highlighted regular 
deoxygenation of the river resulting from high nutrient and BOD levels, particularly under 

I 	

low flow conditions. It was identified that significant loads of phosphorus were released from 
the paper mill, the starch factory and the STPs at Nowra and Bomaderry; however, under the 
high flows prevailing at the time of the 1990 survey, nutrient concentrations in the receiving 

I 	

waters were not elevated significantly. Under medium flow conditions the DO concentration 
of river water was reduced upstream of the releases of nutrient rich effluent. High TP 
concentrations were recorded in the lower estuary from the apparent influence of inflow of 

I 	

Broughton Creek. Relatively high concentrations of ammonia in the vicinity of Pig Island 
were attributed to releases from Nowra and Bomaderry STPs. High nitrate concentrations 

- 	were detected at the mouth of Broughton Creek. 

MHL (1995) investigated the effects of various sewage effluent releases to the river and 

I 	

included an assessment of water quality based on earlier data as well as data collected in 1995. 
Levels of ammonia generally exceeded ANZECC guidelines with highest levels between 
Nowra and Pig Island. 	Nitrate levels generally were within the guidelines, while 

I 	

orthophosphate levels were generally above them. While faecal coliform levels complied 
with recreation guidelines generally throughout the estuary levels exceeded guidelines for 
edible seafood. Chlorophyll-a levels are quite variable; long-term data suggests levels 
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generally exceed ANZECC guidelines. There is a trend for increasing heavy metal 
concentrations in the downstream direction; this trend was attributed to a number of factors. 
BOD levels were relatively low. DO levels do at times drop below ANZECC guideline 
levels, particularly in the warmer months, and especially from Nowra to downstream of 
Regatta Island. It was generally concluded that the Shoalhaven River estuary was near to or 
exceeding ANZECC guidelines for protection of aquatic ecosystems. While phosphorus 
levels were at or above ANZECC guidelines, chlorophyll-a levels were below levels 
considered to cause eutrophication. 

Aquatic Ecology Values 

Resources that may be affected by the releases include: 

principal feeding and roosting areas used by birds protected under Australian and 
international legislation - Numbaa Island, near the mouth of Broughton Creek; 

commercial/recreational fishing - prawning, hauling and meshing throughout the estuary 
and recreational bait collection on Numbaa Island; 

mangroves - lining Broughton Creek; and at the eastern and western tips of Numbaa Island; 
and 

seagrass - fringing Pig Island, just downstream of the Nowra and Bomaderry releases; and 
fringing Numbaa Island, opposite the mouth of Broughton Creek. 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 
1992/93 were $317,000, $207,000 and $448,000, respectively. The most valuable species 
were sand whiting, longfin eel, mulloway and bream. Oyster production (including the 
Crookhaven River) for the same period was $1,029,000, $796,000 and $857,000 (Pease & 
Scribner 1993, 1994; Scribner & Kathuria 1996). Oyster spat collection also occurs within 
Comerong Bay and the Shoalhaven River mouth if it is open during spatfall (Carter 1995d). 
The estuary is a popular recreational fishing ground, where the major species targeted include 
bream, flathead, whiting, luderick, tailor, leatherjacket, snapper and kingfish (Bucher & 
Saenger 1989). 

West et al. (1984) mapped 0.67 km2  of mangroves, 0.67 km2  of seagrass and 0.146km2  of 
saltmarsh. Mangrove species recorded in the estuary include grey and river mangroves, and 
the seagrasses Zosteraceae and Halophila spp. The Shoalhaven/Crookhaven estuary is the 
sixth most important area for wading birds in NSW, with maximum counts of 3,000 - 6,000 
birds (Carter 1995d). The most significant locations are Comerong Island, Lagoon and Bay, 
Old Man Island, Numbaa Island and Crookhaven Heads. The area is the State's second most 
important site for Pacific golden plovers and the third most important site for eastern curlews, 
Mongolian plovers and ruddy turnstones. Counts for these species sometimes exceed 1% of 
the estimated Australian population (Carter 1995d). There are eighteen SEPP 14 wetlands 
occurring within these river systems (Adam et al. 1985). 

I 
I 
I 
I 
I 
I 

I 
1 
I 
I 
I 
I 

I 
1 
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I 
In association with the MHL (1995) study, The Ecology Lab (1995) conducted studies on the 

I 	
aquatic ecology of the lower section of the Shoalhaven estuary. This study considered 
habitats, benthos, mobile invertebrates, fish, prawns and oysters. Bioaccumulation in fish and 
oysters were included in the analysis. It was found there had been an increase in seagrass 

I 	
beds and mangroves since 1982, but this could not be related to effluent release. The structure 
and abundance of benthos showed no evidence of environmental degradation. No effects of 
effluent release on fish, prawns or mobile invertebrates were evident. Concentrations of 

I metals in biota were generally equivalent to or lower than those recorded in earlier studies. 

I
Berry STP 

Effluent is released intermittently via a 150 mm diameter pipe into Broughton Creek which 

I 	

flows into the Shoalhaven River. The IEAAS treatment process is employed with tertiary 
ponding. The current ADWF is 0.4 ML/day. 

I 	

Effluent monitoring is undertaken monthly, and data is available since at least 1994. 
Parameters include faecal coliforms, suspended and settled solids, BOD5, DO, pH, alkalinity, 
oil and grease, colour, total nitrogen, nitrate, ammonia. Average values of faecal coliforms 

I 	
and total nitrogen are 230 cfu/100 mL and 5 mg/L respectively. Receiving waters quality 
monitoring has been undertaken weekly since 1994 for faecal coliforms in the creek at the 
release point. 

I Bomaderry STP 

I 	
The Bomaderry STP releases into the Shoalhaven River downstream of Nowra via a 450 mm 
diameter pipe into a flood mitigation channel; it employs the TEAAS process with trickling 
filters and tertiary ponding. The current ADWF is 2.2 ML/day and is released on a continuous 

$ 	
basis. 

Comments in relation to effluent and receiving waters quality monitoring are similar to those 
for the Berry STP. Average concentrations of effluent faecal coliform and total nitrogen are 
95 cfu/100 mL and 4.5 mg/L respectively. 

Nowra STP 

I 	

The Nowra STP releases via a 450 mm diameter pipe into the flood mitigation drain that flows 
to the Shoalhaven River downstream of Nowra. The treatment is by the IEAAS process as 
well as by trickling filter and tertiary ponding. The current ADWF is 4.2 ML/day and is 

I 	

released continuously. Much of the total effluent volume is recycled by local farmers in 
irrigation. 

I 	
Effluent and receiving waters quality monitoring comments are similar to those for Berry 
STP. Faecal coliform and total nitrogen effluent concentrations average about 150 
cfu/100 mL and 4 mg/L respectively. 

I 
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3.3.14 Moruya River Basin 

I 	Moruya STP outfall releases tertiary treated effluent into Ryans Creek, which flows into the 
river about 5km from the mouth (Figure 3.16). 

I Aquatic Ecology Values 

- 	Resources that may be affected by the releases include: 

oyster leases - located about 1 km downstream of the release; 

I

. mangroves - downstream of the release; 
saltmarsh - upstream of the release; 
seagrass - Zosteraceae beds up and downstream of the release; and 

I
. commercial fishing - prawning, meshing and hauling are done throughout the estuary, 

including the lower reaches of Ryans Creek. 

The combined commercial fisheries value for the financial years 1990/91, 1991/92 and 
1992/93 were $12,000, $15,000 and $8,000, respectively. The most valuable species were 
longfin eel, sea mullet, whiting and luderick. Oyster production for the same period was 
$6,000, $27,000 and $16,000 (Pease & Scribner 1993, 1994; Scribner & Kathuria 1996). The 
estuary is a popular recreational fishing ground, where the major species targeted include 
bream, whiting, flathead, tailor, mulloway, luderick, yellowtail, mullet and trevally, as well as 
mud and blue swimmer crabs. Oysters are also collected from public oyster reserves and 
Crown Land in the river (M. Tobin, NSW Fisheries, personal communication). 

West et al. (1985) mapped 0.38 km2  of mangroves (grey and river), 0.664 km2  of seagrass 
(Zosteraceae and Halophila spp.) and 0.674 km2  of saltmarsh. The mouth and entrance 

I 	

channel of the river provide habitat for waders and other birds protected under Australian 
legislation and/or international treaties, but particularly so for the sooty oystercatcher, eastern 
curlew, bar-tailed godwit, sharp-tailed sandpiper, whimbrel, grey-tailed tattler, Japanese snipe 

I 	

and black-tailed godwit (Carter 1995e). There are also seven SEPP 14 wetlands adjacent to 
the river (Adam et al. 1985; Carter 1995e). 

Moruya STP 

Moruya STP releases into Ryans Creek just upstream of its junction with the Moruya River. 
Thetreatment involves the IEAAS process with tertiary ponding. The current ADWF is 
1 ML/day released intermittently. Approximately thirty percent of the effluent is used for 
irrigation at the Moruya Golf Course. 

Effluent monitoring is undertaken every two weeks for BOD, NFR, nitrates and ammonia, and 
every three months for TP and oil and grease. Average values in 1995 were 30 cfu/100 mL 
for faecal coliforms, 4.8 mgfL for TP and 0.83 mg/L for nitrates. Receiving water quality 
monitoring is undertaken every two weeks in Ryans Creek, adjacent to the outlet and 50 
metres upstream and downstream of the outlet, for faecal coliform bacteria. Average 
concentrations are of the order of 600 cfu/100 mL, suggesting other sources in addition to the 
STP release. 

I 
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4. Discussion 

4.1 Introduction 

I 	

As noted previously, this study has not included estuarine outfalls within the area of 
responsibility of Sydney Water Corporation. 

I 	
This study has broadly identified sewage outfalls discharging effluent into estuaries along the 
NSW coast, apart from the above area. 

I 	
The information on the effects of outfalls should be treated cautiously for two reasons. First, 
the level of treatment, flow conditions and method of discharge may have changed since the 
studies were done. Second, no detailed critique has been undertaken of the validity of the 

I 	
conclusions of the various researchers reported here. Such a critique is beyond the scope of 
the present study. 

1 	4.2 Overview 

I
A summary of key information on the existing estuarine outfalls is presented in Table 4.1. 
This table will assist in comparing outfalls, identifying ecological attributes in the vicinity of 
outfalls and in identifying data gaps. 

I Excluding the Sydney and Illawarra areas (i.e. under the control of Sydney Water 
Corporation), 45 STPs were identified as releasing effluent into 15 estuaries along the NSW 

I 	
coast (Table 3.1). In total, there were 44 release points. Forty of these STPs release effluent 
treated to secondary standard with additional disinfection, and six also incorporate phosphorus 
reduction. Four release secondary treated effluent. 

Thirty-six use maturation ponds for disinfection. Ballina, Wingham and Port Macquarie STPs 
use ponds and ultraviolet light for disinfection and Bellingen uses chlorination and ultraviolet 
light. 

Based on the effluent quantity data available at the time of producing this report, the largest 

I 	
STPs were Banora Point, Port Macquarie and Morpeth, releasing 10, 9 and 9 ML/d 
respectively (ADWF). All other STPs release less than or equal to 5 ML/d. The estuaries 
receiving the greatest annual volumes of effluent were the Tweed 7,290 ML; Hunter 5,292 ML 

I (ADWF); Richmond 4,745 ML; and Hastings 4,698 ML. 

Most coastal river basins have at least one estuarine outfall. The Clarence River basin has the 
most estuarine outfalls, seven. The Bellinger River basin has five estuarine outfalls, and the 
Tweed, Brunswick, Richmond and Macleay River basins each have four estuarine outfalls. 

I 
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Water quality monitoring is undertaken in association with most of the STPs and studies 
examining effects on aquatic ecology have been undertaken for some STP releases. Most of 
these studies provide ambiguous results about the effect of sewage effluent, because they 
failed to use appropriate replication and/or sample in reference areas remote from the release 
areas (see Underwood 1995). 

4.3 Summary of Findings 

Of the 45 STPs releasing to estuaries, 34 have ADWF of 2.0 ML/d or less, eight have ADWF 
of 5.0 ML/d and three have ADWF of 10.0 ML/d or less. In annual terms, these ADWFs are 
approximately 750 ML, 1,800 ML and 3,700 ML. These volumes could be compared with the 
fresh water flow from coastal rivers to provide some context within the water cycle. On the 
north coast, a small river, the Brunswick, has an average annual discharge of 250,000 ML; a 
large river, the Clarence, has an average annual flow of 4,900,000 ML. On the south coast, 
the average annual flows of the Moruya and Shoalhaven rivers are 370,000 and 1,800,000 ML 
respectively. This information is summarised in Table 4.2. 

Table 4.2 Summary of Releases 

River Basin 
Number of Releases Average 

Annual 
Flow (ML) 

0-2 ML/d 
(:!~750 ML/yr) 

2.1-5 ML/d 
(:!~1,800 ML/yr) 

5.1-10 ML/d 
(:!3,700 ML/yr) 

Tweed 2 1 1 420,000 
Brunswick 4 - - 250,000 
Richmond 1 3 - 1,900,000 
Clarence 6 1 - 4,900,000 
Bellinger 4 1 - 1,150,000 
Macleay 4 - - 2,150,000 
Hastings 1 - 1 1,450,000 
Manning 2 1 1 2,270,000 
Karuah 2 - - 1,300,000 
Hunter - 2 1 1,700,000 
Macquarie- 1 
Tuggerah Lakes  

- - 370,000 

Hawkesbury 1 - - 3,000,000 
Shoalhaven I 	1 2 - 1,800,000 
Moruya I 	I - - 370,000 

I The majority of the STPs (29) have continuous releases, seven STPs have intermittent 
releases, two STPs have ebb tide releases, and the status of seven STP releases is unknown, 
but is likely to be continuous release. 

Of the 44 releases, five have specially designed diffusers, 17 consist of pipes, 16 are drains or 

I 

	

	culverts, and six are unknown. Five of the releases are to wetlands, while the rest are directly 
to the estuaries. 

I 
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I 
While details of effluent monitoring are not available for eight of the releases, it can be 

I 	
assumed that some effluent monitoring is undertaken at all STPs to comply with licensing 
requirements. At some 16 of the releases, monitoring of effluent does not include nutrients. 

I 	
Hydraulic or hydrodynamic studies to assess the fate of effluent plumes in the receiving 
waters have been undertaken at 11 of the releases. In addition. flushing times in relation to 
the two releases in the Brunswick River and one release in Simpsons Creek have been 

I estimated from salinity information. 

Direct estimates of effluent dilutions within the receiving waters were only available for five 
of the releases. 

Water quality monitoring in the receiving waters has been undertaken in association with 

I effluent release from at least 35 of the releases, and information was available for 33 of these. 
Receiving waters monitoring is not undertaken at two of the releases and it is unknown if it is 

I
undertaken at eight of the releases. 

Monitoring for nutrients is undertaken in the receiving waters adjacent to at least 30 of the 

I 	

releases, and monitoring for faecal coliform bacteria has been undertaken adjacent to at least 
33 releases. 

I 	

Water quality effects attributed to effluent release have been noted at 18 of the releases, and 
possibly at an additional four. Effects have included increased nutrient concentrations in 
some cases contributing to phytoplankton blooms, lowered dissolved oxygen, and increased 

I 	
faecal coliform bacteria counts. (High levels of TP in sediments was attributed to effluent 
release at two sites.) 

I 	
While this study has not established the environmental objectives for the river basin estuaries, 
it is noted that 15 of the release sites can be considered to not meet ANZECC indicative 
guidelines for protection of aquatic ecosystems, and 12 to not meet those for primary contact 

I 	
recreation. In at least two of these cases, sources other than the effluent release are 
contributing to high faecal bacteria levels. Considering the ANZECC guidelines for edible 

I 	

seafood, the water quality at 12 of the release sites is not meeting the guideline limits. 

Aquatic ecology studies, of varying detail and level of scientific rigour, specifically associated 
with sewage estuary releases have been undertaken for nine releases. Information was not 
available for this study, to confirm if specific studies had also been undertaken for another 
three releases - Morpeth, Raymond Terrace and Shortland. One of the 'specific studies' was 

I 	

only a qualitative assessment. Of the nine 'specific studies' only two have been directed at 
identifying the effects of existing estuarine outfalls. These are studies associated with the 
Woolgoolga STP and the Port Macquarie STP. 

I General studies of estuarine aquatic ecology have been undertaken for areas including 35 of 
the releases. 

I Indicators used in the specific studies have included riparian and aquatic vegetation, including 
seagrasses, invertebrates, macroinvertebrates, mobile invertebrates, fish, fish kills and 
bioaccumulation in fish and oysters. 
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I 
Effects attributed to estuarine sewage releases in the specific studies have included 

I 	eutrophication and algal blooms, fish kills, decreased diversity of invertebrates and 
macroinvertebrates, and increased abundance of fresh water, high nutrient tolerant plants. 

4.4 Outline Methodology for Assessing and Predicting Outfall Performance 

4.4.1 Introduction 

I Given the existing lack of information on effects of estuarine outfalls, and the fact that 
different estuaries respond differently to nutrient loadings, it is considered premature at this 

I 	stage to prepare a general methodology for prediction of effects from new outfalls. Rather, it 
is considered to be more productive to develop methodologies for assessing the effects of 

I 	
existing releases. Accordingly, the following discussion is confined to this latter objective. 

The effects are to be assessed in terms of the objectives: 

I • 	protection of human health - recreational use - protection of consumers of seafood 
protection of aquatic ecosystems. 

I Important management issues to be addressed are: 

I
• the extent of areas of elevated levels of faecal coliform bacteria for human health 

considerations 
nutrient loading threshold before the trophic status of the estuary changes and effects on 

I the aquatic ecosystem 
the acceptable level of change of the aquatic ecosystem. 

I 	The methodology for assessing the performance of existing estuarine releases must take into 
account the current shortcomings in information. These include: 

I . 	lack of direct measurement of dilution in receiving waters 
insufficient data to determine the extent of primary recreation non-contact zones 
small extent of receiving waters quality monitoring 

I • 	few specific ecological studies of effects of outfalls. 

I
Other constraints to be considered in the methodology are: 

the high 'natural' variability in estuarine ecosystem processes 

I
. loadings from an STP release can combine with other catchment loadings and diffuse 

throughout the estuary, rather than effect a confined area 
bioavailable nutrients can be difficult to detect in the water column from water quality 

I sampling. 

A very important factor to consider in any methodology on assessment of estuarine releases is 

I 	the flushing performance of the estuary. The flushing time controls major ecosystem 
processes, and flushing is important in determining the response to increased nutrient loading. 

I 
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I 
The review of ocean outfall performance in NSW (MHL 1997) suggested two general 

I
approaches to assessing and predicting the effects of outfalls, i.e.: 

study representative outfalls and extrapolate the results to other outfalls 

I . compare the outfalls to a matrix of information on existing outfalls and adopt a generic 
study methodology based on information gained from the comparison. 

There are problems with the first approach, as outlined in MHL (1997): 

I
. 	each site is unique and can be quite different from other sites, with differing combinations 

of factors; 
the environmental objectives and their criteria for measurement can vary over time, so that 

I
data collected for one outfall site may be inappropriate for other outfalls; 

0 the representative outfall would need to be sampled intensively to cover as many issues as 
possible, with little guarantee that other outfalls would not also require the same intensity 

I
of study. 

Due to the lack of data on estuarine outfall effects the second approach is not workable at the 

I
present time. 

It is proposed that the following general approach be considered for future release 
management: 

A basic assessment of effect of all estuarine releases. 
Detailed assessments of strategic release sites. 
From the above two steps, compile a matrix of information on releases to be used to adapt 
a generic study methodology to each additional release under study. This could include 

I adoption of generic ecological health indicators. 

4.4.2 Suggested Basic Assessment Protocol 

I Microbiological indicator monitoring (such as faecal coliform bacteria) in the receiving waters 
should be undertaken to determine the extent of any non-contact zone required for primary 

I 

	

	
contact recreation and the zone where bacterial levels exceed the requirements for edible 
seafood, where this is a consideration. 

I 	
Monitoring of nutrients in sediments would be undertaken at selected sites at and remote from 
the release site. 

The preliminary assessment could also include: 

.preliminary nutrient budget for the estuary 
preliminary estimates of flushing times 
preliminary assessment of trophic status of each estuary with an estuarine release using an 
approach such as by Vollenweider. 

I 
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I 
4.4.3 Suggested Detailed Assessment Protocol 

The detailed assessment is predominantly addressing the protection of aquatic ecosystems 
objective, as the protection of human health objective is covered in the basic assessment. 

Strategic effluent release sites are selected based on criteria such as: 

I
. those with comparatively large effluent loads in systems with comparatively small 

catchment loads 
. those with comparatively large effluent loads in systems with comparatively long flushing 

times. 

The detailed assessment would primarily be concerned with effects of nutrient loadings on 

I aquatic ecology. 

The approach would be to investigate the nature of primary production and nutrient cycling 

I processes to assess the effects of nutrient loadings on the ecosystem, such as in Eyre (1997). 

4.4.4 Suggested Generic Study Methodology 

From the above steps a matrix of information on studied releases could be compiled, as well 
as a generic study methodology formulated. The matrix of information on studied releases 

I 

	

	could then be used to guide the adaptation of the generic study methodology to each new 
release studied. 

4.5 Conclusions and Recommendations 

The information presented in this report was not readily available for compilation or 

I update. There is a need for establishment of a database of relevant information that can be 
updated regularly. The information could include that presented in Table 4.1 as well as 
data on effluent quality, receiving waters quality, sediment quality, and aquatic ecology 

I data including any identified effects of effluent release. 

There is a need for more information on faecal coliform levels in estuaries in the vicinity 

I of releases to define the extent of non-contact zones for primary contact recreation. 

I 	
3. There is a need for more data on background levels of water quality parameters to provide 

a basis for assessing effects of effluent volumes. 

Rigorous scientific data, collected with appropriate sampling protocols and in the 
knowledge of hydraulic and ecosystem processes, are required to assess the effect of 
estuarine releases. 

The need for more information about the effects of estuarine outfalls is highlighted by the 
fact that the largest estuarine outfall (Banora Point, 1OML/d) has not been studied in 

I 

	

	detail, yet some of the smallest ocean outfalls (e.g. Skennars Head, 1.9 ML/d and 
Ulladulla, 3 ML/d) have. The ocean has a much greater capacity to assimilate effluent 
than estuaries due to greater water volume and movement. Estuarine systems receive 
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I 
much greater volumes of non-point source discharge than oceans, adding to the 

I 	
cumulative pressure on these ecosystems. There is, therefore, a need to initiate studies to 
identify any potential effect of effluent release on estuaries. A good starting point would 
be to examine the types of effects identified from existing estuarine releases. Currently 

I 	
investigations are in progress at estuarine releases at Mullumbimby, Ocean Shores, 
Brunswick Heads, Woolgoolga, Port Macquarie, Nowra and Bomaderry. 

STPs that are at or near their operational capacity and those that are planned to be or are 
being upgraded provide the opportunity to gather information about the effects of current 
effluent release on aquatic ecology and possibly predict the effect of upgrading these 
releases. Assuming that if the current population of a town is within 20% of the design 
capacity of the STP, then there are currently 10 STPs that are at, or near, their maximum 

I 	

operational capacity. The STPs and rivers they discharge to are Murwillumbah and 
Tweed Heads - Tweed River; Lismore South and East - Richmond River; Clarenza and 
Grafton North - Clarence River; Nambucca Heads - Deep Creek; Frederickton - Macleay 

I
River; Dawson - Manning River; and Moruya - Moruya River. 

The following STPs are planned to be or are being upgraded: the three Junction Hill 

I STPs, Macksville, Medowie, Raymond Terrace, Shortland, Morpeth and West Wailsend. 

The following outfalls are under investigation: Woolgoolga, Port Macquarie, Nowral 
Bomaderry, Mullumbimby, Ocean Shores and Brunswick Heads. 

The general methodology for assessing effects of estuarine releases set out in Section 4.4 

I 	
provides a logical framework to direct future studies in a focused and process-based 
manner. It involves a basic assessment of all estuarine releases, followed by a detailed 
assessment of strategic releases and then the use of a generic methodology suitably 

I 

	

	
adapted using a matrix of information, to assess other releases. Methods used in current 
studies can be considered in developing the details of the detailed assessment and generic 

I
methodology. 

Information from the assessment of effluent release effects should be used as feedback to 
STP operators and in the planning of upgraded and new STPs. 

I 

I 

I 

I 

I 
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I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

arnverBasin Outfall NatureofStudy Year 
Commissioned 

Release 
Type 

ADWF 
MlJday 

Levelof 
Treatment Disinfection 

Discharge 
Rate 
(Us) 

Dilution at thslance 
 fromRelease  Non- 

Contact 

Ecolocal Abutes and Distance from Outfall (win 500 m) 

Comments Mangroves 
Zone(m)  

Seagrass Saltrnarsh Protected 
BirdArea 

OysterLease 
Commercial! 
Recreational 

 Fishing  
Other 

lOm lOOm 1000m 
tweed Bonora Point AEG, H, WQ 1979 shore-based 

(ebb) 
10 tertiary maturation pond - - - - 350m us 250m us and 

 ds 
500m us and Om 

 ds  
Kingscliff AEG, WQ 1971 shore-based 1.6 tertiary maturation pond 55* - - - - 500musand 

on OS 
onopposite 

shore 
500mds Om 

Murwillumbah WQ* 1958 shore-based 2.4 tertiary maturation pond  - - - - 
Tweed Heads AEG, H. WQ 1967 shore-based 

(ebb) 
2.0 tertiary maturation pond 52* - - - - lOOm ds Om and 250m 

 ds 
500m us and 

 ds  
Om 

Brunswick Brunswick Heads AEG, WQ 1971 shore-based (0.5) tertiary maturation pond  - - - - Om  300mds  450mds  
Mullumbimby AEG, WQ 1965 shore-based (0.7) tertiary maturation pond  - - - >50m 500mds  
Ocean Shores AEG, H, WQ channel (0.5) tertiary maturation pond 2.5 >130 - Om Om 200m ds and 

400mus 
Om 

South Byron Bay AEG 1973 1.4 tertiary with maturation pond 
P1.  

- - - - 

Richmond Ballina AEG, H, WQ 1975 shore-based 2.8 tertiary maturation pond 
ultraviolet*  

32 1.5 >7 - Om 

LismoreEast WQ 1959 shore-based 5.0 tertiary with maturation pond 
p1  

- - - >500m 

Lismore South WQ 1932 shore-based 5.0 tertiary with 
p1  

maturation pond - - - >500m 

Evans Head AEG 1971 wetland (0.7) secondary  43* - - - 
Clarence Clarenza AEG, WQ 1988 shore-based 0.8 tertiary maturation pond  - - - - 

Grafton North AEG, WQ 1935 shore-based 4.0 tertiary maturation pond  
Grafton South AEG, WQ 1937 shore-based 0.9 tertiary maturation pond 41 - - - - 
Junction Hill 1 1968 shore-based 0.1 tertiary maturation pond - - - - Upgrade planned or in 

progress 
Junction Hill 2 1968 shore-based 0.1 tertiary maturation pond - - - - Upgrade planned orjn 

progress 
Junction Hill 3 WQ 1968 shore-based 0.2 tertiary maturation pond 

___________ 
- 

_________ 
- 

________• 
- 

________ 
- 

___________ ____________ ___________ ___________ ___________ ______________ ______________ _____________________________ 
Upgrade planned or in 
progress 

Maclean AEG. WQ 1965 shore-based (0.7) tertiary maturation pond  - - - >500m  Om  
Bellinger Woolgoolga AES, H, WQ 1993 shore-based 1.75 tertiary with maturation pond 28 

p1  
- - - > 500m Om Om to SEPP 14 wetlands 

Bellingen WQ 1994 shore-based* 0.7 tertiary chlorination 
ultraviolet 

30 20 - 	- - - 

Macksville AEG, H, WQ 1968 shore-based 1.1 tertiary maturation pond 12.1 ID x 1.25 <200m . 	500m ds 200m us and 
ds 

400m os Om Prawn hatchery on os to outfall Upgrade planned or in 
 progress 

Nambucca Heads AEG, WQ <1986 wetland 2.5 tertiary maturation pond  - - - - 500m  
Urunga AEG, WQ 1971 shore-based 1.0 tertiary with maturation pond 

p4.  
- - - - Om Om Om 

Macleay Frederickton AEG, AES, WQ - shore-based 0.2 tertiary maturation pond  
Kempsey South AEG, AES, S. WQ <1991 shore-based 0.9 tertiary maturation pond  
Kempsey West AEG, AES, S, WQ <1991 shore-based 1.8 tertiary maturation pond  
Smithtown/Gladstone AEG, WQ- - shore-based 0.2 tertiary maturation pond  

Hastings Port Macquarie AEG, AES, B, WQ - shore-based 9.0 tertiary with 
p1. 

maturation pond 
ultraviolet 

- - - Om 50m ds 200m ds 

Wauchope WQ - channel 1.1 tertiary maturation pond 44 20 - - Om  
Manning Harrington AEG, WQ - shore-based* (0.5) tertiary maturation pond  -  

Dawson River AEG, WQ - shore-based* 5.3 tertiary maturation pond  - - - - Om  
Taree AEG, WQ - shore-based* 2.9 tertiary maturation pond  - - - - - Om 
Wingham AEG, WQ 1988 shore-based 1.0 tertiary maturation pond 

ultraviolet  
- - - - 

Karuah Bulahdelah  1979 shore-based 0.4 tertiary maturation pond 5 - - - - Gm  
Medowie AEG, AES, WQ - wetland 1.5 tertiary maturation pond - - - - * Upgrade planned or in 

progress 
Hunter Morpeth AEG, WQ - shorebased* 9.0 secondary - - - - Upgrade planned or in 

progress 
Raymond Terrace AEG, H, WQ - wetland 2.4 secondary - - - > 500m Upgrade planned or in 

progress 
Shortland AEG, H, WQ - shore-based 3.1 secondary - - - > 500m Om to SEPP 14 wetlands Upgrade planned or in 

progress 
Macquarie- 
Tuggersh Lakes 

West Wallsend AEG, WQ - wetland 0.6 secondary - - - - * 

I 

Upgrade planned or in 
progress 

Hawkesbury 1 Gosford/Sotnersby md. AEG - shore-based* 1.9 tertiary maturation pond  
Shoalhaven Berry AEG, H, WQ - shore-based 0.4 tertiary maturation pond - - - - 

Bomaderry AEG, AES, B, H. S. 
WQ 

1990 shore-based 2.2 tertiary maturation pond - - - Om 350mds 200mds Om 

Nowra AEG, AES, B, H, S. 
WQ 

1931/1989 shore-based 4.2 tertiary maturation pond - - - Om lOOm us and 
ds 

Om Om 

Moruya Moruya AEG, WQ - shore-based 1.0 tertiary maturation pond - - - > 50m I Om Om 

AEG 	aquatic ccotogy general 	 unconfirmed 	 p1 phosphorus 	unconfirmed 
	

ID initial dilution 	 • site uncertain 
ABS 	aquatic ecology outfall specific 	 reduction 	 - net available 	 us upstream 
B 	bioaccsmulation 	 ds downstream 
H 	hydrodvoamic 	 os Opposite shore 
S 	sediment (chemistry) 
WQ 	water quatity 

Table 4.1 Sununary of Key Information 



I 
I 
I 	5. Bibliography 

General 

I 	
Abdellatif, E.M., Au, O.M., KhaIil, I.F. and Nyonje, B.M., 1993, Effects of Sewage Disposal 
into the White Nile on the Plankton Community, Hydrobiologia, 259, 195-20. 

I 	Adam, P., Urwin, N., Weiner, P. and Sim, I., 1985, Coastal Wetlands of New South Wales, a 
survey and report prepared for and published by the Coastal Council of New South Wales. 

I 	Allen, J., Harris, J., and McEnally, J., 1992, Coastal Resource Atlas for Oil Spills from Point 
Danger to the Clarence River, EPA, NSW. 

I
Andrijanic, S., 1992, 'Bioaccumulation of organochlorines in red morwong (Cheilodactylus 
fuscus) in the Sydney region: management and implications', in Proceedings of a 
Bioaccumulation Workshop: Assessment of the Distribution, Impacts and Bioaccumulation of 

I Contaminants in Aquatic Environments (A.G. Miskiewicz, ed.), pp. 55-63., Water Board and 
Australian Marine Sciences Association Inc., Sydney. 

Australian and New Zealand Environment and Conservation Council (ANZECC), 1992a, 
Australian Water Quality Guidelines for Fresh and Marine Waters. 

I Australian and New Zealand Environment and Conservation Council (ANZECC), 1992b, 
Draft Guidelines for Sewerage Systems - Effluent Management. 

I Australian and New Zealand Environment and Conservation Council (ANZECC), 1992c, 
Draft Guidelines for Sewerage Systems - Acceptance of Trade Wastes (Industrial Wastes). 

Batley, G.E. and Hayes, J.W., 1991, 'Polyorganosiloxanes (silicones) in the aquatic 
environment of the Sydney region', Australian Journal of Marine and Freshwater Research 
42, pp.  287-293. 

Borowitzka, M.A., 1972, 'Intertidal algal species diversity and the effect of pollution' 

I
Australian Journal of Marine and Freshwater Research 23, pp.  73-84. 

I 	
Brown, V.B., Davies, S.A. and Synnot, R.N.,1990) 'Long-term monitoring of the effects of 
treated sewage effluent on the intertidal macroalgal community near Cape Schanck, Victoria, 
Australia', Botanica Marina 33, pp.  85-98. 

I Bucher, D. and Saenger, P., 1989, An inventory of Australian estuaries and enclosed marine 
waters, an overview report to the Australian Recreational and Sport Fishing Confederation. 

I Burchmore, J.J., Pollard, D.A., Middleton, M.J. and Williams, R.J., 1993, Estuarine Habitat 
Management Guidelines, New South Wales Fisheries Report 47 pp. 

I MHL896 -62 



I 

I 	Carter, S., 1994, Coastal resource atlas for oil spills in Brisbane Water, Environment 
Protection Authority, Chatswood, NSW. 

I 	Carter, S., 1995a, Coastal resource atlas for oil spills from Trial Bay to Crowdy Head, 
Environment Protection Authority, Chatswood, NSW. 

I Carter, S., 1995b, Coastal resource atlas for oil spills from Crowdy Head to Port Stephens. 
Environment Protection Authority, Chatswood, NSW. 

I Carter, S., 1995c, Coastal resource atlas for oil spills from Redhea4 Point to Cape Three 
Points, Environment Protection Authority, Chatswood, NSW. 

I Carter, S., 1995d, Coastal resource atlas for oil spills from Bass Point to Wheelers Point, 
Environment Protection Authority, Chatswood, NSW. 

I Carter, S., 1995e, Coastal resource atlas for oil spills from St Georges Head to Cape 
Dromedary, Environment Protection Authority, Chatswood, NSW. 

Christopher Miller Consultants, 1983, Marina - canal and dredging - landfIll EIS, Report 

I 	
prepared for Travers Morgan Pty Ltd. 

Doblin, M.A. and Clayton, M.N., 1995, 'Effects of secondarily treated effluent on the early 
life-history stages of two species of brown macroalgae: Hormosira banksii and Durvillaea 

I potatorum', Marine Biology, 122, pp  689-698. 

Environmental Management Pty Ltd, W.S. Rooney and Associates Pty Ltd and Glenn Holmes 
and Associates, 1989, Tweed Entrance Feasibility Phase 1 Report: Environmental 
Considerations on Cull of Options, Report prepared for NSW Public Works Department. 

I Environment Protection Authority, 1996, The Northern Rivers - A Water Quality Assessment. 

I 	
Eyre, B. 1997, Ecosystem Response to Nutrient Loading - Two Northern NSW Estuarine 
Examples, Coastal Nutrients Workshop, 30-31 October 1997. 

I 	
Fairweather, P.G., 1990, 'Sewage and the biota on seashores: assessment of impact in relation 
to natural variability', Journal of Environmental Monitoring and Assessment 14, pp.  197-2 10. 

I 	Gappa, J.L., Tablado, A. and Magaldi, N.H., 1993, 'Seasonal changes in an intertidal 
community affected by sewage pollution', Environmental Pollution 82, pp.  157-165. 

Gray, C.A., Otway, N.M., Laurenson, F.A., Miskiewicz, A.G. and Pethebridge, R.L., 1992, 
'Distribution and abundance of marine fish larvae in relation to effluent plumes from sewage 

I
outfalls and depth of water', Marine Biology 113, pp.  549-559. 

Jelliffe, P.A., 1997, Report on the Impact of the Disposal of Reclaimed Water into Willis 

I
Creek. 

MHL896 - 63 



I 
Lincoln Smith, M.P. and Mann, R.A., 1989a, Bioaccumulation in Nearshore Marine 

I 	Organisms 1 - Organochiorine Compounds and Trace Metals in Rocky Reef Animals Near the 
Malabar Ocean Outfall, State Pollution Control Commission, Sydney, NSW. 

I 	Lincoln Smith, M.P. and Mann, R.A., 1989b, Bioaccumulation in Nearshore Marine 
Organisms ii - Organochiorine Compounds in the Red Morwong, Cheilodactylus fuscus, 
Around Sydney's Three Major Sewage Ocean Outfalls, State Pollution Control Commission, 

I Sydney, 

Long, E.R., Macdonald, D.D., Smith, S.L. & Calder, F.D., 1995, 'Incidence of adverse 

I biological effects within ranges of chemical concentrations in marine and estuarine 
sediments', Environmental Management 19(1), pp. 8 1-97. 

I McEnally, J.M. and Thompson, G.B., 1989, Coastal Resource Atlas for Oil Spills in and 
Around the Port of Newcastle, State Pollution Control Commission, Sydney, NSW. 

I McEnally, J., Eskdale, I., Thompson, G. and Harris, J., 1992, Coastal Resource Atlas for Oil 
Spills from the Clarence River to Smoky Cape, Environment Protection Authority, 

I
Chatswood, NSW. 

Manly Hydraulics Laboratory and The Ecology Lab Pty Ltd, 1996, Review of Sewage Ocean 

I 	Outfall Peiformance in NSW, MHL Report 769, prepared for the Department of Land and 
Water Conservation, 63pp. 

May, V., 1985, 'Observations on algal floras close to two sewerage outlets', Cunninghamia 
1(3), pp.  385-394. 

National Health and Medical Research Council, 1987, Food Standards Code, Australian 
Government Publishing Service, Canberra. 

New South Wales Government, 1995, State of the Rivers and Estuaries Report. 

I 	
Nichols, P.D. and Espey, Q.I., 1991, 'Characterization of organic matter at the air-sea 
interface, in subsurface water, and in bottom sediments near the Malabar sewage outfall in 
Sydney's coastal region', Australian Journal of Marine and Freshwater Research. 42, pp. 

1 	327-348. 

Nowak, B., 1993, Deformities and Associated Sublethal Effects in Fish Exposed to Sewage-

I
Borne Contaminants - Literature Review, Environment Protection Authority, 41 pp. 

Pearson, T.H. and Rosenberg, R., 1978, 'Macrobenthic succession in relation to organic 

1 	enrichment and pollution of the marine environment', Oceanography and Marine Biology 
Annual Review 16, pp.  229-311. 

I Pease, B.C. and Scribner, E.A., 1993, New South Wales Commercial Fisheries Statistics 
1990/91, New South Wales Fisheries, Cronulla, NSW. 

I Pease, B.C. and Scribner, E.A., 1994, New South Wales Commercial Fisheries Statistics 
1991/92, New South Wales Fisheries, Cronulla, NSW. 

I MHL896 -64 



I 
I 	Roach, A.C., Banwell, K.A., Dasey, M.W., Gum, W.L. and Henry, G.W., 1995, Effects of I 	Sewage Oulfalls on Marine Organisms at Port Kembla and Bellambi, Illawarra Region, 

I 	

NSW, Environment Protection Authority, NSW, Sydney. 

Scanes, P.R. and Scanes, K., 1995, 'Disposal of wastes', Coastal Marine Ecology of 
Temperate Australia, Underwood, A.J. and Chapman, M.G. (ed), University of New South 

I Wales Press Ltd, Australia, pp.297-303. 

Scribner, E.A. and Kathuria, A., 1996, New South Wales Commercial Fisheries Statistics 

1 	1992/93, New South Wales Fisheries, Cronulla, NSW. 

I 	

Sinden, G. and Wansbrough, T., 1996, 'The northern rivers - a water quality assessment', 
published by Environment Protection Authority, NSW. 94 pp. 

Smith,S.D.A. and Simpson, R.D., 1991a, Preliminary Reconnaissance Survey of the Marine 
Communities Associated with Willis Creek and Flat-Top Point, Part 1, Rocky Intertidal Biota, 
prepared for the NSW Public Works Department, Coffs Harbour, 24 pp. 

Smith, S.D.A. and Simpson, R.D., 1991b, Preliminary Reconnaissance Survey of the Marine 
Communities Associated with Willis Creek and Flat-Top Point, Part 2, Beach Fauna and 

I 	
Subtidal Communities, prepared for the NSW Public Works Department, Coffs Harbour, 

30 pp. 

The Ecology Lab, 1996, Penguin Head Ocean Release Study: Marine and Intertidal Ecology, 
prepared for Manly Hydraulics Laboratory, 28 pp. 

I Underwood, A.J., 1995, 'Detection and measurement of environmental impacts', Coastal 
Marine Ecology of Temperate Australia, Underwood, A.J. and Chapman, M.G. (ed), 

I

University of New South Wales Press Ltd, Australia, pp.3  11-324. 

Vollenweider, R.A. 1976, 'Advances in Defining Critical Loading Levels for Phosphorus in 

I

Lake Eutrophication, Memo', First Ital. Idrobid. 33:53-83. 

Warwick, R.M., and Clarke, K.R., 1994, 'Relearning the ABC - taxonomic changes and 

I 	
abundance biomass relationships in disturbed benthic communities' Marine Biology 118, pp. 
739-744. 

' 	West, R. and Gordon, G.N.G., 1994, 'Commercial and recreational harvest of fish from two 
Australian coastal rivers', Australian Journal of Marine and Freshwater Research 45, 
pp. 1259-79. 

I West, R.J. and King, R.J., 1996, 'Marine, brackish, and freshwater fish communities in the 

I

vegetated and bare shallows of an Australian coastal river', Estuaries 19, pp.  31-41. 

West, R.J., Thorogood, C.A., Walford, T.R. and Williams, R.J., 1984, An estuarine inventory 
for New South Wales, Australia, Division of Fisheries, NSW Department of Agriculture, 

I Sydney, Australia. 

MHL896 - 65 



I 
Weston, D.P., 1990, 'Quantitative examination of macrobenthic community changes along an 

I
organic enrichment gradient', Marine Ecology Progress Series. 61, pp. 233-244. 

I 	
Tweed River Basin 

Holmes, N., 1990, Dispersion of sewage effluent from the Ocean Shores STW, Brunswick 
River, NSW, report prepared for Byron Shire Council by the Centre for Coastal Management, 

I Southern Cross University, iipp. 

Public Works Department, 1986, Kingscliffe Sewage Treatment Works - Outline Design 

I Concept for Effluent Disposal, Civil Engineering Division. 

I 	
Public Works Department, 1988, Banora Point Wastewater Treatment Works - Guidelines for 
Operation. 

I 	Public Works Department, Tweed Area Sewerage Augmentation - Tweed West Sewage 
Treatment Works - Outline Design Concept for Sewage Treatment and Effluent Disposal, 
Report No. SR 50. 

State Pollution Control Commission, 1987a, Northern Rivers Study No. 1 Water Quality in the 
' 	Tweed-Terranora Estuary. 

WBM Oceanics (1991). Lower Tweed River ecological studies for plan of management, 

I

report prepared for Tweed Shire Council. 

WBM Pty Ltd, 1990, Banora Point Sewage Treatment Plant Effluent Discharge Study. 

I Brunswick River Basin 

I 	
Eyre, B., 1997a, Contribution of Sewage Effluent to the Simpsons Creek Nutrient Budget, 
report by Southern Cross University, Centre for Coastal Management. 

I 	
Eyre, B., 1997b, Contribution of Sewage Effluent to the Brunswick Estuary Nutrient Budget, 
report by Southern Cross University, Centre for Coastal Management. 

I 	Holmes, N., 1990, Dispersion of Sewage Effluent from the Ocean Shores STW, Brunswick 
River, NSW, Centre for Coastal Management, University of New England, Northern Rivers. 

' 	Manly Hydraulics Laboratory, (unpub.), Ocean Shores Sewage Effluent Disposal, Manly 
Hydraulics Laboratory, (unpub.), Ocean Shores Sewage Effluent Disposal, 16 November 

I 	
1993. 

Manly Hydraulics Laboratory, 1987, Brunswick Heads Outfall Investigations, MHL Report 
486. 

- 	Manly Hydraulics Laboratory, 1989, Brunswick River Tidal Discharge, September 1983, 
MHL Report 385. 

MHL896 - 66 



I MHL896 - 67 

Public Works Department, 1988, Kingscliffe Wastewater Treatment Works - Guidelines for 
Operation. 

State Pollution Control Commission 1987b, Northern Rivers Study, Report No. 6, Water 
Quality in the Brunswick River. 

Richmond River Basin 

Manly Hydraulics Laboratory, 1990, Ballina Sewerage Augmentation - Oceanographic 
Investigation, MHL Report 588. 

Manly Hydraulics Laboratory, 1991, Ballina Sewerage Treatment Works - Dye Tests, MHL 
Report 586. 

Manly Hydraulics Laboratory, 1991, Richmond River Effluent Disposal, MHL Report 572. 

Public Works Department NSW, 1973, Lismore Sewerage - Final Investigation and Design 
Studies for Augmentation, Water Supply and Sewerage Branch Report No STI. 60. 

Public Works Department NSW, 1986, Evans Head Sewerage Augmentation Investigation, 
Civil Engineering Division Report No LI 110, for Richmond River Shire Council. 

State Pollution Control Commission, 1 987C, Northern Rivers Study No. 4, Water Quality in 
the Richmond River. 

Clarence River Basin 

Camp Scott Furphy Pty Ltd, 1987, Grafton Sewerage Augmentation - Upgrading Grafton 
Sewage Treatment Works - Concept Design Report, Grafton City Council. 

NSW Public Works, 1995, Clarence River Data Compilation Study, Manly Hydraulics 
Laboratory Report No. 662. 

Public Works Department NSW, 1984, Grafton Sewerage Augmentation - South Grafton 
Investigation Report, Grafton City Council. 

Public Works Department NSW, 1988, Clarenza Sewerage Treatment Works - Guidelines for 
Operation. 

Public Works Department NSW, 1988, Grafton Sewerage Augmentation - Upgrading Grafton 
Sewage Treatment Works - Supplementary Concept Design Report, Grafton City Council. 

Royal Military College, Duntroon, 1977, Integrated Ecology of the Clarence River Valley, 
Vol 1, Appleton & Osbom, Faculty of Military Studies. 

State Pollution Control Commission 1987d, Northern Rivers Study, Report No. 3, Water 
Quality in the Clarence River. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Bellinger River Basin 

1 	Bellingen Sewerage Effluent Disposal Advisory Committee, 1992, Bellingen Sewerage 

I 	

Augmentation - Effluent Disposal Concepts Report, Bellingen Shire Council. 

Cheng, D., 1991, Urunga Lagoon Monitoring Programme Annual Progress Report, Bellingen 

I 	

Shire Council. 

Cook, B.M., 1994, Water Quality in the Bellinger and Kalang Rivers, Thesis, University of 

I

New England. 

Jelliffe, P.A., 1997, Report on the Impact of the Disposal of Reclaimed Water into Willis 

I

Creek. 

Laxton, J. & E., 1985, Urunga Sewerage Augmentation, Preliminary Report on the Biological 

I 	

Assessment of Some Effluent Disposal Options, Manly Hydraulics Laboratory, 1955, Mid 
North Coast Rivers and Estuaries, Internal Report. 

I 	
Manly Hydraulics Laboratory, 1989, Bellingen River Upper Tidal Reaches Resources Study, 
MHL Report 525. 

I 	
Manly Hydraulics Laboratory, 1990, Nambucca River Tidal Gauging Dec 4-5 1979, MHL 
Report 457. 

New South Wales Government, 1994-95, State of the Rivers and Estuaries Report - Mid 
North Coast Catchments. 

PPK Consultants, 1992, Coffs Harbour City Council Wastewater Strategy. 

Public Works Department NSW, 1988, Nambucca Heads Sewerage - Guidelines for 

I Operation. 

I 	

Public Works Department NSW, 1992, Augmentation of Bellingen Sewage Treatment Plant - 
Preliminary Conceptual Design Report, Bellingen Shire Council. 

I 	

Public Works Department NSW, 1992, Urunga Sewage Treatment Works - Guidelines for 
Operation. 

I 	
Public Works Department NSW, 1994, Macksville Sewage Augmentation - Sewage Treatment 
Works Concept Design Report, Report No. 94134, Nambucca Council. 

I 	
Public Works Department NSW, 1994, Woolgoolga Sewage Treatment Works, Guidelines for 
Operation. 

I Public Works Department NSW, 1995, Macksville Sewerage Augmentation - Nambucca River 
Tidal Modelling, Report No. 94108. 

I RUST PPK Pty Ltd, 1994, Bowraville Effluent Reuse Strategy Study, for Public Works 
Department NSW, Nambucca Shire Council. 

I MHL896 -68 



I 
I 	RUST PPK Pty Ltd, 1995, Macksville Sewerage Augmentation - Review of Environmental 

Factors. 

I 	Sinclair Knight and Partners Pty Ltd, 1982, Woolgoolga Sewerage Investigation, Public 
Works Department NSW. 

I 	Smith S D A & Simpson R D, 1991, Preliminary Reconnaissance Survey of the Marine 
Communities Associated with Willis Creek and Flat Top Point, Part 1 Rocky Intertidal Biota, 

I

Part 2 Beach Fauna and Sublittoral Communities. 

State Pollution Control Commission 1987e, Northern Rivers Study, Report No. 2, Water 
Quality in the Bellinger and Kalang Rivers. 

The Ecology Lab (1995). Macksville sewerage augmentation: review of environmental 

I
factors. Report prepared for Rust PPK, 22 pp. 

I

Macleay River Basin 

Gutteridge Haskins and Davey Pty Ltd, 1986, Kempsey Sewerage, Augmentation of West 

I

Kempsey Sewage Plant, Concept Design Report, Public Works Department. 

Manly Hydraulics Laboratory, 1997, Monitoring of Macleay River in the Vicinity of 

I

Christmas Creek, MHL Report 853. 

Public Works Department, 1991, South Kempsey Sewage Treatment Works - Guidelines for 

I
Operation. 

Public Works Department, 1992, West Kempsey Sewage Treatment Works - Guidelines for 

1 	Operation. 

State Pollution Control Commission, 1987f, Northern Rivers Study No 8, Water Quality in the 

I
Macleay River. 

I

Hastings River Basin 

Laurie, Montgomerie and Pettit Pty Ltd, 1984, Port Mac quarie Sewerage - Effluent Disposal 

I

Strategy Study. 

Laxton J.H., & E.S., 1989, Port Macquarie Sewerage Augmentation - Lake Road Sewage 

I 	
Treatment Works, Atlas of Water Quality of Kooloonbung Creek, Lower Hastings River and 
Adjacent Coastal Waters - Water Quality Data Gathered Between 1984 and 1988, Hastings 
Municipal Council. 

I Laxton J.H., & E.S., 1989, Review of Water Quality Data and Personal Observations for 
Period 1984 to 1988 

1 
MHL896 - 69 



I 
Laxton, J.H. and E.S., 1989, Port Macquarie sewerage augmentation, Lake Road sewage 

I 	
treatment works - Review of water quality data and personal observations for period 1984 to 
1988. Report prepared for Hastings Municipal Council, 15 pp. 

I 	
Laxton, J.H. and E.S., 1992, Port Macquarie sewerage augmentation, Lake Road sewage 
treatment works - AWAITING REPORT TITLE FROM LAXTON. Report prepared for 

I 	

Patterson Britton and Partners. 

Laxton and Duell, 1994, Water Quality and Biological Monitoring of Settlement Shores, Port 

I
Macquarie, J.H. & E.S. Laxton Pty Ltd. 

Manly Hydraulics Laboratory, 1987, Port Macquarie Sewerage Augmentation - Lake Road 

I 	

Treatment Works Effluent Ouzfalls Investigation, MHL Report 478, Hastings Municipal 
Council. 

I 	

Manly Hydraulics Laboratory, 1991, Wauchope Sewerage Augmentation - Investigation into 
Disposal of Effluent and Diffuser Design, MHL Report 592. 

' 	Patterson Britton and Partners Pty Ltd (1992). Kooloonbung Creek Catchment Management 
Plan - Stage I Report. Prepared for Hastings Municipal Council, 104 pp. 

I 	
Patterson Britton Pty Ltd, 1992, Kooloonbung Creek Catchment Management Plan - Stage 1 
Report. 

I 	
Patterson Britton Pty Ltd, 1996, Data Assembly and Investigations for Estuary Processes 
Study, Hastings River, Vols 1 & 2. 

I Public Works Department NSW, 1994, Port Macquarie Sewerage 3, Augmentation of Lake 
Road Sewage Treatment Works - Concept Design Report, Report No SR183, Hastings 

I
Council. 

Public Works Department NSW, 1994, Port Macquarie Sewerage 3, Augmentation of Lake 

I
Road Sewage Treatment Works, Report No SR 167, Hastings Council. 

Public Works Department NSW, 1994, Wauchope Sewage Treatment Works - Guidelines for 

I Operation. 

Public Works Department NSW, 1996, Port Macquarie Sewerage Stage 3 - Kooloonbung 

I Creek Monitoring Brief. 

State Pollution Control Commission, 1987g, Northern Rivers Study No 5, Water Quality in 
the Hastings River. 

I
Manning River Basin 

Greater Taree City Council, 1994, Water Quality in the Manning River 1989-1994. 

I Greater Taree City Council, Diversion of Effluent from Taree Wastewater Treatment Plant. 

MHL896 - 70 



I 
Laliska A., Water Quality in the Manning River 1989-1994, GTCC October 1994. 

I Laxton J.H. & E.S., 1984, Water Quality in the Dawson and Manning River, Public Works 

I 	
Department. 

Laxton J.H. & E.S., in association with Sinclair Knight and Partners, 1982, Evaluation of the 
Effects of Effluent Discharge From the Dawson Sewage Treatment Works on the Receiving 

I Waters, Public Works Department NSW. 

I
Public Works Department NSW, 1990, Manning River Data Compilation Study. 

Public Works Department, 1988, Wingham Sewerage Augmentation of Wingham Wastewater 

I
Treatment Works - Concept Design Report, Greater Taree City Council. 

Public Works Department, 1993, Wingham Sewage Treatment Works - Guidelines for 

i

Operation. 

Sinclair Knight and Partners, 1980, Taree Sewerage Augmentation, Review of Environmental 

I Factors, Public Works Department. 

Sinclair Knight and Partners, 1981, Taree Sewerage Augmentation - Dawson River Works, 

I Effluent Disposal Options. 

Sinclair Knight and Partners, 1985, Taree Sewerage Augmentation - Review of Environmental 

I 	factors for the Proposed Manning River Effluent Outfall from Dawson Sewage Treatment, 
Public Works Department NSW and Greater Taree City Council. 

I Sinclair Knight and Partners, 1986, Taree Sewerage Augmentation - Dawson Sewage 
Treatment Works Operation Manual, Greater Taree City Council. 

I Sinclair Knight and Partners, 1988, Taree Sewerage Augmentation - Conceptual Design 
Memorandum of the Proposed Manning River Effluent Outfall Main From Dawson Sewage 

I
Treatment Works, Public Works Department NSW and Greater Taree City Council. 

State Pollution Control Commission, 1 987h, Northern Rivers Study No 7, Water Quality in 

I the Manning River. 

Williams R.E. & Wyllie S., 1987, The Retention of Pollutants and the Related Tidal 

I 	Characteristics of the Manning River, 12th Federal Convention, Australian Water and 
Wastewater Association, Adelaide 1987. 

I Williams, R., 1987, Water Quality in the Manning River. State Pollution Control 
Commission, NSW. Northern Rivers Study. 

I 

MHL896 - 71 



1 
Karuah River Basin 

Sinclair Knight Mertz, 1995, Medowie Waste Water Treatment works and Raymond Terrace 
Waste Water Treatment Works - Options for Upgrading and Effluent Discharge, Catchment 

I
Investigations for Hunter water Corporation. 

I

Hunter River Basin 

CMPS and Furphy, Strategy Study - Impacts of Morpeth Sewage Treatment Plant Effluent on 

I

Rivers. 

Manly Hydraulics Laboratory, 1996, Hunter River Data Collection, 9 October 1995, MHL 

I

Report 750. 

Sinclair Knight Merz Pty Ltd, 1994, Proposed augmentation of Shortland WWTW - 

I Environmental Impact Statement Final Draft No.2. Report prepared for Hunter Water 
Corporation, 89 pp. 

Lake Macquarie-Tuggerah Lake Basin 

I

Hawkesbury River Basin 

Shoalhaven River Basin 

I Collie, T., 1991, Environmental survey of the lower Shoalhaven River September-October 
1990. Report prepared for the NSW SPCC Water Branch, 76 pp. 

Manly Hydraulics Laboratory, 1995, Regional Effluent Management Scheme - Assessment of 

I 	

Impacts of Releasing Effluent to the Shoalhaven River, MHL Report 735. 

Public Works Department, 1994, Bombaderry Sewage Treatment Works - Guidelines for 

I 	

Operation. 

Public Works Department, 1994, Nowra Sewage Treatment Works Operational Guidelines, 

I

Shoalhaven City Council. 

State Pollution Control Commission, 1991, Environmental Survey of the Lower Shoalhaven 
' 	River, September-October 1990. 

The Ecology Lab, 1995, Shoalhaven River Effluent Release Assessment, Marine Ecological 

I
Considerations. 

Moruya River Basin 

I 
I 

MHL896 - 72 


