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Summary 

The State Pollution Control Commission has conducted extensive water quality 
surveys of several rivers in the North Coast Region of New South Wales. The 
program was developed in response to increasing concern from the public and 
government organisations that point and diffuse sources of pollution were 
having detrimental impacts on aquatic environments and fisheries resources. 

The program involved investigations of all major rivers on the North Coast 
including the Tweed, Brunswick, Richmond, Clarence, Bellinger, Kalang, 
Macleay, Hastings and Manning. The investigations commenced in November 1983 
and data were collected until April 1986. 

When compared with other northern rivers studied, water quality in the 
Richmond River above Woodburn and its tributaries Tomki Creek and North 
Canal was generally poor, the result of the discharge of treated indus trial 
and sewage effluent. 

The Richmond and its major tributary, the Wilson River, were well-mixed 
systems with salinity measured a maximum distance upstream of 40 kilometres 
at Woodburn. Dissolved oxygen concentrations were normal in the Richmond 
while elevated concentrations were observed in the Wilson River. 

Clarity was adequate in the lower estuary but deteriorated in the central 
catchment. This could be attributed to both urban and agricultural run-off 
during medium and high flow events respectively. 

Nutrient concentrations were high in both rivers adjacent to, and downstream 
of, major communities such as Lismore, Casino, Kyogle and Coraki. This 
resulted in assimilation zones downstream of these points and sometimes in 
nuisance algal growth during low flows. Noxious weed infestations were 
serious between Coraki and Woodburn. These assimilation zones can be 
attributed to current disposal strategies of both treated industrial and 
domestic wastewaters. It is recommended that the industries discharging 
wastewaters review current treatment practices and take concerted action to 
reduce organic and/or nutrient loads discharged into the river. The local 
councils and Public Works Department should also review current sewage 
treatment and effluent disposal strategies' impact on the water quality in 
the Richmond and Wilson Rivers. 

Prawn farming is "a small new industry in the Richmond, mainly located in the 
lower estuary. It should have minimal impact though proponents will need to 
satisfy the Commission that adequate dilution and/or flushing of wastewaters 
is available for receiving waters. 

The survey found that flood mitigation drains contained poor quality water 
but detected no significant influence on the main stream. These water bodies 
were also the source of significant noxious weed infestations. 

The river sediments showed no pesticides at the levels of detection, 0.05 
mg/L for organochlorines and 0.1 mg/L diuron. However lindane and aldrin 
were detected In a flood mitigation drain at levels of 0.2 and 0.3 mg/L 
respectively. 



1 INTRODUCTION 

The State Pollution Control Commission has conducted extensive water quality 
surveys of major rivers in the North Coast Region of New South Wales. The 
program was developed in response to increasing concern from the public and 
government organisations that point and diffuse sources of pollution were 
having detrimental impacts on aquatic environments and fisheries resources. 

The region offers an attractive lifestyle with ample aquatic recreational 
facili ties and in recen t times has experienced major popula tion grow tho 
Rapid expansion in the region has led, in some instances, to overloading of 
sewage facilities and increased industrial activity and urban run-off. The 
region also boasts a rapidly deVeloping tourist/holiday industry catering to 
a wide cross-section of the population. In addition to pressures from an 
expanding population, concern has been expressed about the impact of other 
land use activities such as: 

agricultural practices, in particular the use of pesticides and 
fertilisers; 

soil erosion, both from the land and river banks; 

loss of aqua tic habit a t through we tland reclama tion; and 

control and operation of drains and flood mitigation structures. 

It is the Government's and the Commission's desire to ensure water quality 
problems do not develop as a result of changing land use activities and 
where problems already exist, that communities, industries and relevant 
government organisations take appropriate action to' ameliorate them. The 
objective is to maintain acceptable standards of water quality, such as 
dissolved oxygen concentrations and clarity, and to reduce the risk of the 
development 'of eutrophic or stratified water column conditions which could 
affect the viability of wildlife, recreational and, fisheries resources. 

The study was partially funded by the Commission's resources and by the 
Commonwealth Government's Wage Pause and Community Employment (CEP) 
Programs. This is one of a series of reports summarising the investigations, 
carried out under the Northern Rivers Water Quality Study. 

The study program developed by the State Pollution Control Commission 
involved investigations of all major rivers in the North Coast Region 
including the Tweed, Brunswick, Richmond, Clarence, Bellinger, Kalang, 
MacIeay, Hastings and Manning. Figure l'details the range and extent of the 
catchment areas studied. The study commenced in November 1983 and data were 
collected until April 1986. Not all rivers were sampled over this period as 
the program has been flexible; as sufficient information was collected on a 
specific river, some surveys were discontinued and new ones started. The 
timing and number of surveys conducted were designed to reflect a wide range 
of river flow conditions. 

In addition to the ,general water quality investigations, specialist programs, 
were carried out iilto treated sewage disposal strategies for the Tweed 
Heads-Terranora area (SPCC 1985a) and work is still being undertaken in the 
Clarence. This work includes joint investigations with the Department of 
Agriculture's Divisions of Fisheries and Veterinary Research, into water 
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quality and its possible relationship with "red spot" fish disease in the 
Clarence River. Funding for the continuation ·.of this .program· involves a 
Fisheries Industry Research Account grant. 

The overall program involved a total of 242 sample locations along the nine 
rivers, some from their mouths to their headwaters, others to the tidal 
limit. Forty-four major licensed point source discharges were sampled under 
the program. This report details investigations undertaken on the Richmond 
River system. . 
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2 RICHMOND RIVER STUDY 

2.1 Objectives 

The study of the Richmond River was designed to: 

develop a database on water quality within the catchment ,based on 
specific river flow regimes; 

assess the impacts of point source discharges and de termine the adequacy 
of licence conditions; 

interpret the database in terms of land use activities and the point 
source discharges to identify any water quality problems; and 

recommend action where necessary to ensure current or potential wa ter 
quality problems are minimised. 

2.2 Program 

The study involved the collection of a serIes of databases that would enable 
present water quality characteristics to' be established. This allowed a 
review of ,current land use and effluent· disposal strategies to maintain 
satisfactory water quality throughout the system in future years. Data 
collected can be grouped into categories of: background. catchment details, 
land use activities, licensed discharges, rainfall, river flow and water 
quality characteristics. 

Collection of river water quality data was carried out from November 1983 to 
March 1985 in ten data collection surveys. The survey dates were selected to 
represent pre-determined flow regimes and were not a fixed-interval 
monitoring program. This flexibility enabled the frequency of sampling to 
cover and assess a selected range of flow conditions (see Section 3) over a 
relatively short period. To characterise water quality, an extensive network 
of sampling stations was established in the Richmond system. Table 1 shows 
the number of stations established during the study for each of the 
catchments. 

Water quality information for the Richmond River was collected at 40 
sampling locations' between the river mouth and its headwaters (Figure 2). 
Site selection was based upon land use and geographical criteril! ensuring 
all major impacisgenerated by land use activities, discharge locations and 
major tributary inflows were assessed. 

Appendix A provides a detailed description of sample site locations. These 
locations were further grouped to represent land use activities or specific 
areas of the catchment. Table 2 summarises the broad grouping of sample 
sites in relation to .adjacent land uses and 'discharge location for the 
Richmond River. 

To assist in the interpretation of later figures, Table 3 gives each 
mainstream station's location and its distance from the river mouth, while 
Table 4 provides similar inf9rmation for stations on the Wilson River and 
major tributaries. 
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Table 1 

Water Quali ty Sampling Stations Per River Catchment 

Main Trib- Indust-
Rivers Stream ,utaries STW rial Total 

Tweed 13 29 3 1 46 
Brunswick 6 3 1 0 10 
Richmond 16· 14 5 5 40 
Clarence 17 20 3 4 44 
Bellinger 14 3 1 1 19 
Kalang 4 .1 1 7 
Macleay 11 14 4 7 36 
Has tings 5 5 2 2 14 
Manning 9 14 2 2 27 

242 

Table 2. 

Land Use and Discharges Near Sampling Stations: 
Richmond River 

Land Use Sampling S ta tion 

Agricultural: 
Sugar cane 
Mixed farming/grazing 

30,40,45,50,60,80,90 
100,110,112,122,130,139,140, 
150,160,170,180,190,208,209, 
210,215,220,250,290,300,320 

Other: 
Urban 
Swamp/forest 

Discharges: 
Industrial 
Sewage 

10,20,25,205,207,229,224 
°73 

75,195,235 
23,135,185,200,227,310 
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Figure 2: Location of Sample Collection Sites 
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Table 3 

Location of Mainstream Stations: Richmond River . 

Dis t ance (km) Station No. Location 

0 10 River mouth 
7 40 Emigrant Creek downstream 

12 45 Pimlico Island downstream 
18 50 Wardell Bridge 
23 60 Broadwater downstream 
27 80 Pelican Island upstream 
40 90 Woodburn downstream 
51 110 Woodburn upstream 
58 130 Coraki downstream 
61 139 Coraki downstream 
65 150 Wilson River upstream 
78 215 Codrington 

100 220 Greenridge 
115 229 Casino downstream 
117 231 Casino downstream 
118 240 Casino 
122 244 Casino upstream 
230 290 Grevillia 
165 300 Kyogle downstream 
203 320 Wiangaree 

Table 4 

Location of Stations on Richmond River Tributaries 

Tributary Distance(km) Station No. Location 

Wilson River 68 160 Wilson River upstream 
Wilson River 84 170 Wyrallah Bridge 
Wilson River 94 180 Lismore downstream 
Wilson River 96 190 Lismore downstream 
Wilson River 100 207 Lismore 
Wilson River 109 210 Lismore upstream 
North Creek 4 20 Ballina upstream 
North Ck canal 6 25 Ballina 
Emigrant Creek 9 30 Emigrant Creek 
Hendersons Drain 30 73 Baggotville Barrage 
Swan Bay 53 112 Swan Bay 
Bungawalbin Ck 57 122 Bungawalbin Creek 
Tomki Creek 107 227 Bruxner Highway 
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Water samples were collected at each site at a depth of 0.5 metres and 
analysed at the Commission's Sydney laboratories for nutrients (ammonia 
[NHrNl, total Keldjahl nitrogen [TKNl, nitrate/nitrite [NOx-N]), filtrable 
reactive phosphorus (FRP or OP), total phosphorus (TP), non-filtrable 
residue (NFR), volatile suspended solids (VSS), turbidity, conductivity, pH 

. and chlorophyll a. The analytical me thods used are de tailed in Appendix B. 
In-field measurements included temperature, salinity/conductivity, dissolved 
oxygen, Secchi depth, light penetration (at selected locations) and depth. 
These measurements were taken at depths in the water column of 0.1, 0.5 and 
1 m, then every metre to 6 m, then every 2 m to the bottom. Samples were 
also taken at depth where significant stratification was apparent from in
field profile work. Specimeps for algal determination were collected at 
selected site locations and' examined for genus dominance. 

The raw data collected from sample locations were stored on a Hewlett 
Packard 9836 computer using notations and a format available from the 
Commission; the complete data. set excluding river profile data is also 
available from the Commission on microfiche. 
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3 CATCHMENT AND RIVER' CHARACTERISTICS 

3.1 Catchment Description 

The Richmond River has a catchment area of 6,900 km2 and comprises two major 
tributaries that rise in elevated country about 1,200 metres above sea level. 
The river rises in the McPherson Range near Mt Lindsay and the Queensland 
border, and flows in a southerly direction through Kyogle towards Casino. The 
Richmond below Casino flows in a south-easterly direction to Coraki where it 
is joined by the Wilson River, and a further five kilometres downstream by 
Bungawalbin Creek. In the final stage of its passage through the valley the 
river flows in a generally north-easterly direction, entering the South 
Pacific Ocean at Ballina. 

The area of flood plain below Coraki is estimated to be about 1,070 km2 or 15 
per cent of the total vaHey area. It is drained by a number of minor 
tributaries including Tuckean Swamp and the associated Broadwater, Empire 
Valley and Emigrant Creeks. Approximately 20.per cent of the Richmond Valley 
is rugged,. with land slopes in excess of 15 degrees. The remainder of the 
vaHey comprises approximately equal areas of undulating to steep country with 
slopes between 3 and 15 degrees and flat country with slopes less than 3 
degrees. 

The obvious geographical. diversity of this catchment provides a wide range of 
land use activities that may influence water quality. The catchment may be 
divided in to three major geographic segments for the purposes of water quality 
which are: 

the northern ·region which is typically steep, rugged and forested with 
forestry operations, the only land use likely to affect water quality;, 

the central region which comprises undulating country with low fertility 
soils and small alluvial flats and where the land is mostly cleared and 
used for grazing with some cropping in the area of alluvial flats; and 

the flood plain which has a range of land uses. (see Table 5) which may 
influence water quality. 

Table 5 

Flood Plain Land Uses and Probable Impacts on Water Quality 

Land Use 

Sugar growing 
Dairying 
Intensive cropping 
Grazing 
Urban, roads, drains 
Swamps, unproductive land 

Probable Inputs to Waterways 

Nut rien ts, pes ticides, sil t 
Nutrients 
Nu t rien ts, pes ticides, sil t 
Silt, nutrients 
Silt, nutrients, pesticides 
Colour, nutrients 

j 
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The district's land uses were historically dominated by timber-getting, in 
particular cedar. This resulted in clearance of most of the accessible 
catchment leaving low fertility soils capable of only marginal agriculture. 
The lower flood plain has supported the sugar industry, until recently the 
most important in local economic terms, although grazing of beef cattle 
utilised more extensive tracts of land throughout the catchment. 

The geography and parent geology of the catchment playa significant role in 
determining water quality. For example, both may affect and influence 
observed natural or background nutrient and suspended solids concentrations, 
particularly· the weathering characteristics of the material. Landforms, 
especially those with steep gradients, influence run-off rates and therefore 
erosion, while areas of significant elevation may increase rainfall and 
result in frequent river flushing. Freshwater· inflows generated by such 
falls will influence how long pollutants remain in the rivers. In the case 
of the Richmond this natural flushing varies, depending on the location and 
duration of rainfall within the catchment, and often results in only partial 
flushing. The unconsolidated sediments in the lower. catchment and porous 
rocks in the upper valleys result in significant groundwater inflow. 

The alluvial soils characteristically include a high clay content (75 per 
cent), a well-structured surface soil (except in poorly-drained areas) and 
parent material of predominantly basaltic origin. The major nutrie·nt 
deficiencies are nitrogen, phosphorus, sulfur and molybdenum, and soils 
require fertilisation and supplements. Textures vary from heavy loam through 
to strong self -mulching clay to heavy clay. Lighter textured soils, which 
are found predominantly on the river bank, are the most suited for cropping 
or pasture improvement. The ability of clay materials to remain in 
suspension for long periods together with the fertiliser requirement have 
the potential to· influence water quality through changes in clarity and 
nutrient status. 

3.2 Population Growth 

The major overriding factors influencing land use in the North Coast Region 
are. its rapid population growth and a relocation of the growing population 
within the catchments. The background to these demographic changes is 
provided by the Department of Environment and Planning (1984) in popUlation 
projections for the NSW North Coast Statistical Division as outlined in 
Table 6. 

Table 6· 

Population Forecasts: 
North Coast Statistical Division 

Low 
High 

1986 

363,000 
383,000 

1996 

453,000 
519,000 

2001 

497,000 
586,000 
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The Australian Bureau of Statistics (1982) statistical divisions relevant to 
this' study are the Richmond-Tweed and Mid-North Coast Divisions. Between 

. 1976 and 1981, these divisions showed average annual population growth rates 
of 4.18 and 4.12 per cent respectively, the highest rates of growth in NSW. 
At a local government area (LGA) level, these population changes give a 
clear indication that the growth within the statistical divisions is 
concentrated in coastal shires. Table 7 gives the average annual rates of 
growth for selected LGAs contiguous with the sea in the two divisions. 

Table 7 

Average Annual Population Growth Rates 
for Selected North Coast LGAs 

Statistical Division 

Richmond-Tweed 

Mid-North Coast 

LGA 

Ballina 
Byron 

Maclean 
Coffs Harbour 
Ulmarra 

% Rate of Change 

+7.18 
+6.10 

+3.08 
+6.90 
+4.99 

Source: Australian Bureau of Statistics (1982) 

The net decline of the rural sector and many inland towns together with 
migration from other parts of Australia have contributed h? population 
growth in the northern coastal zone. This proces's, coupled with the move to 
capital-intensive rather than'labour-intensive farming has resulted in a 
reduction in employment in agriculture and forestry. The net migration from 
some regions as a result of increased mechanisation is tempered by the 
availability and sale of smaller ,10, 20 or 50 ha allotments where 
subdivision of larger unprofitable holdings occurs. In this way a large low
density population may be maintained in some inland rural areas of the 
catchments. . 

The Commission and the Public Works Department agree that rapid expansion of 
the tertiary sector within this region would pose environmental problems, 
particularly with respect to water pollution. Growth has placed stress on 
the existing services, especially during the January-February peak holiday 
season. Sewage treatment works are often inadequate and poorly located, 
leading to community concern about overloading of the works and the effects 
of effluent on receiving waters. This point source domestic pollution is 
most pronounced near the urban and tourist areas. The local council and the 
Public Works Department are currently upgrading and developing new sewage 
effluent disposal strategies in conjunction. with the Commission. It should 
be noted that although some problems do exist the provision of sewerage 
schemes in country areas, if properly operated, have minimised the impact' of 
communities on adjacent waterways. 

Diffuse source pollution problems may however become a greater long-term 
problem. Extensive use of agricultural fertilisers and pesticides, 
especially along the flood plains, may become an important factor. Rural 
areas generally do not have sewerage services, and with the increasing 
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number of subdivisions, it is reasonable to expect large-scale use of septic 
systems which in some circumstances could contribute to the diffuse source 
pollution. 

3.3 Diffuse Source Pollution from Land Use Activities 

The principal land uses in the Richmond Valley are agriculture and forestry, 
with lesser areas devoted to numerous urban settlements such as Ballina, 
Wardell, Woodburn, Coraki, Lismore, Casino and Kyogle. Nutrients, pesticides 
and silt are the most likely pollutants from diffuse sources because of the 
above land uses. 

The degree to which water quality is impacted by agricultural activities 
depends on soit types, rates of fertiliser application and farm management 
practices. In urban developments, inadequate sewerage schemes and in some 
cases the lack of any structures controlling run-off will affect water 
quality. 

Fertiliser and pesticide usage in the valley IS confined to grazing and 
flood plain areas. Since the main enterprise is beef and dairy cattle 
grazing, pasture growth is the largest factor limiting production. The flood 
plain soils of the lower valley are relatively fertile and support an 
extensive sugar industry. 

Grazing pasture on the flood plain may occasionally be top-dressed with 
nitrogen at a rate of 80 kg/ha, and superphosphate (125-150 kg/ha). On the 
poorer hilly grazing country surrounding the plain, it is usually top
dressed with 250 kg/ha of superphosphate. 

Agricultural chemicals are used from August to mid-December during the sugar 
cane planting season. A wide range of chemical fertilisers is used as 
de tailed in the Clarence River report in this series. The tonnage applied in 
the Clarence Valley in 1983 when 5,051 'ha (1,633 ha of plant and 3,418 ha of 
ratoon cane) were cultivated totalled 2,600 tonnes of soluble nitrogen and 
129 tonnes of soluble phosphorus. These fertilisers are applied either by 
drill side-dressing or by the use of aerial application. hi addition, lime, 
gypsum and copper may be applied during the growing and 'planting sea'son. 
Prior to a voluntary ban on the use of the pesticide dieldrin in the 
Richmond Valley in 1985, several organochlorine compounds including aldrin, 
dieldrin and lindane were normally used in cane production. In addition 
weedicides such as, 2;4- D, gramoxone and Round Up are used tq grow the 'sugar. 

Pesticides too are used extensively for noxious plant control, 'partieularly 
in areas under the control of shire and county councils, for example in the 
flood mitiga'tion drains where water hyacinth and 'Salvinia proliferate. 

3.4 Point Source Discharges 

In the Richmond VaUey several industries and sewage treatment works (STWs) 
licensed under the Clean Waters Act 1970 discharge treated w'astewaters to 
the Richmond River and its tributaries (Table 8). The ·,information presented 
in Table 8 is based on the maximum allowable concentrations for 'each' 
discharge. 

The development of sewerage schemes in these areas has led to major 
improvements in the quality of the effluent discharge. They provide' 
effective treatment and adequate disposal of treated effluent in most cases. 
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Table 8 

Discharge Information 

Maximum 
Discharge Maximum Limits 

Discharge Receiving Volume BODS NFR 
Type Location Water (kL/day) (mg/L) (mg/L) 

STW Ballina North Ck Canal 3000 20 30 
Sugar mill Broadwater Richmond River 15 
Sugar mill Broadwater Richmond River 3 
Sugar mill 'Broadwater Richmond River 11000 
Sugar mill Broadwater Richmond River 5 
Sugar mill Broadwater Richmond River 20 
Sugar mill Broadwater Richmond River 50 
Sugar mill Broadwater Richmond River 1200 
Sugar mill Broadwater Richmond River 50000 

STW Alstonville 902 20 30 
STW Coraki Richmond River 250 20 30 

Locomotive 
depot Casino Richmond River 20 20 30 
Dairy Casino Richmond River 1100 500 200 

STW Kyogle Richmond River 1000 20 30 
STW Casino Tomki Creek 2200 20 30 
STW S. Lismore Wilson River 5000 20 30 
STW Lismore City Wilson River 3500 20 30 

Dairy Lismore Wilson River 550 30 50 
Dairy Lismore Wilson River 300 500 20 
Dairy Lismore Wilson River 200 30 50 

However there may still be a need to develop additional processes for 
locations of insufficient dilution of effluent discharge into the waterway, 
even though generally all the discharges are relatively small in volume when 
compared with the volume of the river, especially in the lower main stream. 
Discharges are widespread over the catchment, limiting potential cumulative 
effects. The exceptions are where several industries in Lismore and Casino 
discharge to relatively poorly-flushed sections of the river, removed from 
any significant tidal influence. Some of the industrial discharges are 
seasonal; for example the sugar mill at Br'oadwater only operates from June 
to December each year. 

This mill discharges a large volume of unpolluted cooling water while 
discharges of smaller volume arise from production areas. The latter could 
produce significant organic loadings if derived from, for example, wash-down 
of production areas. The impact of the ST", discharges from small remote 
communities on the main river are minimal because of the long distances 
travelled which allows assimilation to take place. Lower down the catchment 
some STW discharges have a localised impact on water quality. The major 
dairies are located at Casino and Lismore and they have the potential to 
discharge high organic loads to the river. In addition to these activities, 
prawn farming below Wardell has the potential to pollute due to the large 
discharge volume of nutrient-rich waters, albeit infrequent when the ponds 
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are drained after harvesting. Licence conditions have not yet been set for 
this new industry but guidelines are available for the location and 
operation of the ponds. 

3.5 Water Resources and River Flow 

The interpretation of water quality data is based on the consideration of 
land use activities and freshwater flow within the river during and prior to 
sampling. Water quality data have been grouped to represent five river flow 
conditions, although only "three of the conditions are to be used iri later 
discussions as flood and drought did not occur during the study period. 

The three categories of flow investigated are defined as: 

High flow - no retention: freshwater plume present at river mouth, high 
surface run-off and flow contained within banks; 

Medium flow - retention within lower flood plain area: saline influence 
in lower estuary, surface run-off; and 

Low flow - long retention within full river (particularly the estuarine 
section): saline penetration well into the estuary forming a salinity 
gradient from the mouth to the tidal limit, minimal surface run-off with 
groundwater the main source of freshwater inflow. 

Other flow conditions not investigated include drought where freshwater 
inflows are small and upper catchment flow ceases, and floods where extreme 
surface flows result in river banks being breached. 

Flow in the ca tchmen t is a direct response to preceding rainf all and Figure 
3 shows the dis tribu tion of rainfall across the ca tchmen t. The prominen t 
landforms to the north, extending from the McPherson Range to the Tweed 
Range between the Tweed and Richmond Basins, are the main source of rainfall 
0,600 mm per annum) and these drain directly to the Richmond or via its 
tributaries into the river. Coastal rainfall can also be significant in the 
lower catchment while central and southern areas have relatively low 
rainfall «1;200 mm). Rainfall intensity within the catchment is highly 
variable with most falls of high intensity and short duration. Figure 4 
provides a detailed profile of rainfall during the survey period. 

River flow follows a similar pattern to rainfall and tributary streamflow is 
highly variable. Highest run-off occurs in late summer, although significant 
flows can be found throughout the year; this variability is typical of many 
NSW coastal rivers. The historical range of river and stream flows in the 
Richmond River basin is given in Table 9. 

The extensive nature of the Richmond Valley catchment and variable rainfall 
patterns provide a range of different streamflow volumes within the system 
at anyone time. Many of these falls result in incomplete flushing to the 
ocean. This makes analysis of medium flow events difficult as in flowing 
fresh water may be from natural, urban or agricultural areas. River flow 
data for the study period as provided by the NSW Water Resources Commission 
are shown in Figure 5. 
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Figure 3: Rainfall Distribution In the Richmond Valley 
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Table 9 

Stream Flow Variability 

Flow (ML/day)1 

Stream Station Maximum Minimum Mean 

Richmond Casino 367,000 0 2,000 
Leycester Rock Valley 98,000 0 316 
Terania Blakes 66,000 0 286 
Coopers Repentance 49,000 0 269 
Goolmagar Coffee Camp 59,000 0 274 
Wilson Federal 81,000 0 152 
Wilson2 Lismore 353,000 0 1,297 

1 Flow values are based on between 18 and 22 years of records 
compiled by the NSW Water Resources Commission (1966). 

2 This is the sum of the tributaries at Rock Valley, Repentance, 
Coffee Camp and Federal. 

Salinity may be used as a measure of oceanic wa ter pene tra tion into the 
estuary and can help to indicate the -potential duration of pollutant 
retention in the river system. Figure 6 illustrates salinity data for the 
surveys at the river mouth (Station 10) and at upstream locations near 
Wardell (Station 50) and Pelican Island (Station 80), 17 and 27 km upstream 
respectively. The presence of significant salinity at these upstream 
locations (>5 parts per thousand [ppt)) indicates low freshwater inflows. 
Coupled with the previously described flow data, water quality data can be 
interpreted on the basis of retention times within the system from Figures 5 
and 6. Water quality data can therefore be grouped in terms of retention 
during the survey period as illustrated in Table 10. The flow categories in 
the table are based on an indices system taking into account tidal stage, 
flow and rainfall during the preceding three weeks plus a salinity ranking. 

As well as natural factors influencing flows, damming and irrigation have 
the potential to alter the present flow regime, particularly during periods 
of low to medium flows. Irrigation is important in the Richmond Valley 
during low flow periods with the total irrigated land area approximately 
4,500 ha. 
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Table 10 

Water Quality Subdivisions Based on River Flow 

Survey Salinity Flow 
No. Date Station 50 (ppt) Ca tegory* 

1 6 Dec 83 <1 H 
2 24 Jan 84 2.7 M 
3 27. Feb 84 4.7 M 
4 26 Mar84 <1 H 
5 11 May84 8.9 L 
6 15 Jun 84 <1 H 
7 25 Sep 84 13.6 L 
8 29 Jan 85 17.8 L 
9 27 Mar85 1.6 M 

10 8 May85 <1 H 

* H - high flow ca tegory; M - medium flow; and L - low 
flow. 
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4 WATER QUALITY IN THE RICHMOND VALLEY 

4.1 Richmond River 

The interpretation of water quality in the Richmond River and its 
tributaries is based on land use activities in the catchment as sampling 
locations can be associated with a particular use which influences water 
quality'within a sub-catchment (Section 3.3) and flows within the river 
(Figure 5). A summarised version of the data based on median values is used 
in this discussion to illustrate the range of values and concentrations of 
water constituents that have a significant bearing on mixing or 
s tra tifica tion, cla ri ty, nu trien t s ta tus, silt loads and algal grow tho 
These characteristics determine the aesthetics of the waterway and its 
suitability as a viable fisheries resource and habitat for other organisms. 
The data presented for discussion are median values for that flow event with 
ranges to highlight variability where necessary. 

Tempera ture 

Water temperature reflects prevailing climatic conditions, rIver morphology 
and geographic source of the water. It may determine the chemical state of 
other water components and influence the abundance and diversity of aquatic 
flora and fauna. Temperature in the Richmond River varies with changes in 
flow regime (see Figure 7). The exception is near Casino where the river 
flows through a series of four ponds created by artificial structures. 
Water in these ponds has temperatures up to 100 C warmer than water in the 
rest of the river. Headwaters of the river are several degrees colder. 
Seasonal and locational factors are responsible for temperatures which range 
from 170 C in winter to 290 C in summer. 

Salinity 

During the study period oceanic waters at approximately 35 ppt influenced' 
river salinity in downstream sections of the river up to 23 km from the 
mouth under low flow conditions, up to 17 km during medium flows, and wi th 
minimal saline penetration during high flow conditions. The salinity data 
presented in Figure 6 show the salinity changes during the surveys at the 
river mouth (Station 10), Wardell (Station 50, 18 km upstream) and Pelican 
Island (Station 80, 27 'km); the changes in salinity during high, medium and 
low flows are illustrated in Figure 7. The retention time of pollutants is 
greatest during low flows when relatively high salinity values were found as 
far upstream as Pelican Island. Woodburn (Station 90, 40 km) was the 
furthest upstream where' oceanic water influence was observed during the 
study with the main stream showing a gradient to this point. Under low and 
high flow conditions the main stream acted as a well-mixed system. 

Dissolved Oxygen 

The level of dissolved oxygen in water will determine the capacity of the 
waterway to support fish and other aquatic organisms; below 70 per cent 
saturation some organisms can be affected (Hart 1974) and 4 mg/L is the 
accepted concentration when this may occur. However for assessing the 
retention of pollutants in the system, saturation will .be used as it 
reflects the influence other factors (such as salinity, temperature, and 
degradation of organic matter) may have on the ability of -the waterway to 
hold oxygen. The presence of excessive algal growth tends to supersaturate 
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the water column during daylight hours and to consume oxygen at night. Some 
organic and inorganic pollutants also consume oxygen. During the study 
period dissolved oxygen concentrations (Figure 7) were observed to be mainly 
within the acceptable limits detailed above. Variations from normal (100 per 
cen t) sa tura tion condi tions were eviden t in the ca tchmen t unde r all flow 
conditions with significant variations during low flows at Casino (117 km, 
117 per cent) and Kyogle (165 km, 46 per cent). Low dissolved oxygen 
conditions were evident near Woodburn (40 km, 72 per cent) during medium 
flows and during high flows (72 per cent). Supersaturation (116 per cent) 
was found at Grevillia (230 km) during medium flow events. 

Clarity 

Transport of sediment and other suspended particles (or non-filtrable 
residue) by a river is a function of rainfall, soil type and vegetation 
cover in the catchment. Increased suspended solids loads in rivers have been 
recognised as a major human impact and they are often increased by some form 
of land use change (Olive and Walker 1982). The principal sources are urban, 
agricultural and forestry activities where areas are disturbed and adequate 
run-off control structures are not provided. Suspended particles reduce 
light penetration, smother aquatic organisms and increase siltation. 
Industrial and treated sewage effluent discharges may also result in 
significant quantities of particulate matter entering waterways. Other 
factors such as colour and natural pigments may also influence water 
clarity. 

Water clarity can influence the aesthetics of the water and may reduce the 
productivity of a water column due to reductions in light penetration 
(essential for photosynthetic organisms). Measurements of water clarity in 
the Richmond River (non-filtrable residue [NFRl, turbidity, Secchi depth and 
volatile suspended solids [VSS)) are shown in Figure 8. 

During low flow conditions, clarity as measured by Secchi depth was fair (2 
m) only in the lower estuary when oceanic waters penetrate into the river. 
Water clarity may be reduced when factors associated with estuarine 
waterways become dominant, for example the resuspension of particles by 
tidal and wind action and increased algal growth. This occurred upstream of 
Wardell (18 km) where average Secchi depths of 1 m were observed. Medium 
flow conditions represented a similar trend but with increased Secchi depths 
of 3 m at the mouth and reduced depths of 0.7 to 0.9 m from Wardell to 
Casino (117 km). Under high flow conditions Secchi depths of 0.3 to 0.4 m, 
were common upstream of Woodburn (40 km) while water clarity improved below 
Woodburn (to 1.5 m at the mouth) as the river broadened and water velocity 
decreased. . 

Suspended solid concentrations as measured by NFR are summarised in Figure 
8. Average NFR concentrations during low flow conditions were relatively 
higher in the estuarine section at 6 to 10 mg/L while in the upper catchment 
concentrations were typically between 3 and 5 mg/L. Slightly elevated 
concentrations were measured at Casino 01 mg/L) and between Woodburn (12 
mg/L) and Wardell 04 mg/L). Medium flow conditions resulted in average 
concentrations increasing to between 6 and 12 mg/L with high concentrations 
in the river at Casino (86 mg/L) and Greenridge 000 km, 27 mg/L). During 
high flow conditions elevated NFR concentrations were evident for the 
river's full length. The concentrations were variable ranging from 8 to 70 
mg/L but most were in excess of 25 mg/L. The fluctuations evident in Figure 
8 (high flow) were a result of either decreased water velocity (which 
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reduces NFR concentrations) particularly downstream of Casino (tidal limit) 
where the river deepens, and Woodburn where the river widens, or the inflow 
of a tributary containing high NFR concentrations. Major suspended solids 
inputs occurred at Goat Island (23, km, 78 mg/L), Greenridge (100 km, 72 
mg/L), Casino (47 mg/L) and Kyogle (165 km, 30 mg/L). 

During all flow conditions turbidity showed generally elevated values in the 
river section between Wardell and Kyogle (203 km). During low flows values 
of between 5 and 10 NTU were measure'd for this section. Medium flows showed 
particularly high values downstream of the junction of the Broadwater (23 
km, 13 NTU) and Bungawalbin Creek (56 km, 16 NTU), and at Greenridge (13 
NTU) and Casino (12 NTU). During high flows, high values were measured 
between Pimlico Island (12 km) and Casino where a value of 36 NTU, was 
measured. 

Vola tile suspended solids (VSS)' represen ted approxima tely 15 p~ r cen t of the 
suspended solids for all 'flow conditions except in the section near Casino 
where 33 per cent of the solids were vola tile during, medium flows implying 
high organic content possibly from plant matter, ie grass cuttings or 
flushing of weed-infested ponds. 

Nutrients 

Nutrient concentrations as measured by total nitrogen (TN) and total phosphorus 
(TP) determine the extent of eutrophication and hence the potential for excessive 
algal and macrophyte growth; Where nutrient concentrations are elevated to such a 
degree that unusually high levels of algal and' plant growth occur, that section 
of the river is known as an assimila tion zone. This zone can be characterise'd by 
increased chlorophyll a concentrations (indicating algal densities or macrophyte 
growth) and a corresponding reduction in nu t rien t concen tra tions, pa rticula rly 
TP. The reduction in nutrient concentrations occurs when the nutrients are 
incorporated into higher plant forms, when algae are consumed by higher organisms 
or are deposited to the sediments. A decrease in nutrient concentrations without 
a corresponding chlorophyll a increase may indicate losses through macrophyte 
uptake, organisms associated with macrophyte surfaces, absorption to sediments or 
dilution. Nutrient concentrations found in the Richmond River are summarised in 
Table 11 and Figure 9. 

Nutrient concentrations in the main stream during low flows ranged from '0.06 to 
1.51 mg/L TN and 0.01 to 0.21 mg/L TP. Average TN concentrations were 
particularly high (1.51 mg/L) below the junction of Bungawalbin Creek (Station 
110, 51 km). Nitrogen concentration gradually decreased with distance downstream 
of this location until- Wardell (18 km) where the influence of oceanic waters 

'resulted in low concentration' (0.06 to 0.36 mg/L). TP concentrations were 
elevated in this section of the river between 0.06 and 0.07 mg/L. Upstream, 
increases in nutrient concentrations· were evident in the river. adjacent to the 
towns of Coraki (0.82 mg/L TN, 0.08 mg/L TP), Casino (0.55 mg/L TN, 0.11 mg/L TP) 
and Kyogle (0.39 mg/L TN, 0.11 mg/L TP).· 

During medium flows nutrient concentrations were more uniform with TN varying 
from 0.23 to 1.61 mg/L. TP concentrations were high throughout the catchment with 
a range in concentrations from 0.05 to 0.17 mg/L, and a' gradual decline towards 
the coast. Very high concentrations (1.61 mg/L TN and 2.58 mg/L TP) were measured 
in the river adjacent to Casino. 
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Table 11, 

Average Nutrient Concentrations for the Richmond River 

Flow Condition 

Low Medium High 
Station Distance TN TP TN TP TN TP 

No. (km) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

10 0 0.19 0.17 0.41 0.05 0.30 0.06 
40 7 0.06 0.08 0.60 0.09 0.36 0.11 
45 12 0.24 0.06 0.44 0.09 0.59 0.15 
50 13 0.36 0.06 0.63 0.13 0.69 0.14 
60 23 0.60 0.06 0.56 0.11 0.89 0.10 
80 27 0.79 0.07 0.75 0.11 0.56 0.11 
90 40 1.15 0.07 0.48 0.11 0.87 0.19 

110 51 1.51 0.07 0.58 0.12 0.78 0.19 
130 58 0.63 0.08 0.77 0.15 0.71 0.21 
139 60 0.68 0.09 0.52 0.13 0.58 0.21 
150 65 0.82 0.08 0.62 0.16 0.51 0.25 
215 78 0.56 0.06 0.58 0.17 0.49 0.20 
220 100 0.14 0.08 0.23 0.17 0.94 0.18 
229 115 0.55 0.11 0.31 0.15 
231 117 0.52 0.04 1.61 2.58 0.40 0.18 
240 118 0.06 0.06 0.52 0.18 0.32 0.20 
244 122 0.92 0.05 0.20 0.11 0.79 0.20 
300 164 0.39 0.11 0.39 0.14 0.76 0.11 
320 203 0.17 0.21 0.70 0.11 0.21 0.10 
290 230 0.14 0.01 0.64 0.08 0.72 0.09 

High flow conditions resulted in further increased nutrient concentrations 
throughout the catchment above Wardell of 0.21 to 0.94 mg/L TN and 0.06 to 
0.25 mg/L TP, particularly near the junction with the Wilson River where TP 
concentrations peaked at 0.25 mg/L. 

The soluble nutrients, ammonia (NH3-N), nitrates/nitrites (NOx~N) and 
filtrable reactive phosphorus (OP) were generally high at many locations 
(see Figure 10). Low flow conditions resulted in elevated NH3-N 
concentrations at Goat Island (23 km, 0.12 mg/L) and at Casino (0.10 mg/L). 
NOx-N was high at Pelican Island (0.08 mg/L), downstream of Bungawalbin 
Creek (0.12 mg/L), Greenridge (0.02 mg/L), Casino (0.05 rrig/L) and Kyogle 
(0.05 mg/L). OPco'ncentrations were high in the main stream from above, 
.Bungawalbin Creek junction (51 km, 0.06 mg/L) to Kyogle and Wiangaree in the 
upper catchment (203 km, 0.20 mg/L). Major peaks in concentration were 
associated with Coraki (0.06 mg/L), Casino (0.11 mg/L), Kyogle (0.08 mg/L) 
and Wiangaree (0.20 mg/L). 

Medium flow conditions resulted in peak concentrations of NH3-N at Woodburn 
(0.3 mg/L), Casino (0.1 mg/L) and Wiangaree (0.08 mg/L). NOx-N 
concentrations ranged between 0.08, to 0.13 mg/L along the river except where 
it 'passes through Casino (0.87 mg/L). OP concentrations during medium and 
high flows were high, 0.56 to 0.95 mg/L below Coraki and 0.08 to 0.15 mg/L 
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above Coraki with a peak a t Casino (1.02 mg/L) during medium flows. 

The ratio of TN:TP is also important as an indicator of the types of algal 
species that may be present and in some situations it can indicate the 
source of the nutrients. Natural waters tend to have ratios in excess of 
15:1, while treated sewage effluent from trickling filter type plants 
typically has a ratio of 3:1 and effluent from extended aeration plants 
(where nitrogen can be low) less than this. Figure 9 shows the average 
ratios for the mainstream Richmond River for the three flow conditions. 
During low flows, natural ratios were found only between Woodburn, 
Bungawalbin Creek junction (50 km) and upstream at Casino. Under medium and 
high flows, similar trends are evident with ratios low throughout the 
catchment indicating that phosphorus, perhaps from fertilisers, is being 
carried into the waterway associated with increas-ed concentrations of 
suspended solids. 

The density of floating and suspended algal commuDitIes is shown by the 
concentrations of the algal pigment,_ chlorophyll a (Figure 9), The average 
concentrations for low flows showed significant algal communities at Pelican 
Island (19 ug/L) and between Bungawalbin Creek (14 ug/L) and Codrington (78 
km, 14 ug/L). Medium flows showed elevated pigment concentrations at Coraki 
(19 ug/L) and Greenridge (9 ug/L). Maximum concentrations of 35 and 64 ug/L 
(low and medium flows) were recorded in the main stream near Coraki. The 
euphotic zone - the depth where light intensity is 1 per cent of that at the 
surface and below which algal communities generally will not grow - measured 
duri!lg low flows was a restricted proportion of the water column (27 to 66 
per cent) and varied from 2 to 7.4 m. 

4.2 Wilson River 

The Wilson River is the major tributary of the Richmond and in some flow 
conditions river volumes can approach or exceed those in the main stream 
(Table 9). The upper catchment of the Wilson River is a complex system of 
creeks and for this reason the discussion will be confined to the river from 
upstream of Lismore down to the junction with the Richmond. For comparative 
purposes the following figures summarising water quality data include a 
Richmond River mainstream station (Station 150) which is located upstream of 
the confluence. 

Tempera ture 

The temperature range in the Wilson River (15.5 to 28.4°C) was similar to 
- that measured in the Richmond. Figure 11 illustrates the variation III 

temperature during the survey period with seasonal factors the major cause 
of changes in tempera ture. 

Conductivity 

Salinity was very low in the river during the survey period and thus 
conductivities were measured. Conductivity was lower in the Wilson River 
than the Richmond (see Figure 11) under all flow conditions. It increased 
below Lismore and at Woodburn from 105 to 220 uS/cm. 

Dissolved Oxygen 

Dissolved oxygen concentrations (see Figure 11) were above 70 per cent under 
all flow conditions. A marked increase in. average concentrations was 
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measured during low flows downstream of Lismore (115 per cent saturation), 
and this extended downstream to Wyrallali (112 per cent saturation). The 
minimum concentration measured was 72 per cent during medium flows at 
Tuckurimba (68 km). 

Clarity 

During low flows light penetration measured by Secchi depth of 1 to 1.7 m 
was found to be generally greater than in the Richmond River (Station 150, 
see Figure 12). The section of the river between Wyrallah and Lismore showed 
reduced clarity, 1.1 and 1.3 m respectively. Light penetration was reduced 
during medium and high flow conditions with major reductions downstream of 
Lismore. 

Suspended solids concentrations varied between 9 and 13.mg/L during medium 
flows downstream of Lismore. High flow conditions resulted in significant 
increases particularly near Wyrallah (49 mg/L). The organic fraction of the 
suspended material was approximately 30 per cent during low and medium flows 
and 20 per cen t during high flows. 

Turbidity during low flows was highest at Lismore (11 NTU) while downstream 
it ranged from 5 to 6 NTU. Turbidity was much greater upstream of Wyrallah 
(18 NTU) during medium flows. High flows resulted in values be tween 22 and 
44 NTU. 

Nutrients 

Total nutrient concentrations for nitrogen (TN) and phosphorus (TP) are 
presented in Table 12 and Figure 13. 

Nutrient concentrations during low flows were elevated in the river just 
below Lismore (Station 180) to 0.68 mg/L TN and 0.13 mg/L TP. This 
contrasted with the low concentrations upstream of Lismore at Woodlawn 
(Station 210) of 0.42 mg/L TN and 0.02 mg/L TP. During medium flows, TN 
concentrations were lower (0.24 to 0.56 mg/L) than during low flows although 
TP concentrations were higher (0.10 to 0.13 mg/L). High flows resulted in an 
increase in both nutrient concentrations ranging from 0.62 to 0.73 mg/L TN 
and 0.13 to 0.26 mg/L TP. 

Soluble nutrient concentrations (see Figure 14) were elevated below Lismore 
with 0.03 mg/L NHrN, 0.04 mg/L NOx-N and 0.07 mg/L OP. 

Algal densities as a· result of the nutrient stimulus were greatest 
downstream of Lismore during low flows with chlorophyll a readings of 16 
ug/L (Figure 13). The maximum concentration in the Wilson River of 23 ug/L 
was also measured downstream of Lismore. 

4.3 . Major Tributaries of the Richmond River 

The Richmond River catchment is fed by a network of tributaries which in the 
estuarine section has been severely modified by flood mitigation and 
drainage structures. The major tributary and storage areas are detailed in 
Table 4. As with the main stream these locations were regularly sampled to 
gauge the significance of their input to mainstream water quality under 
different flow conditions. 
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Table 12 

Average Nutrient Concentrations for the Wilson River 

Station 
No. 

150* 
160 
170 
180 

.190 
207 
210 

Distance 
(km) 

65 
68 
84 
94 
96 

100 
109 

Low 
TN TP 

(mg/L) (mg/L) 

0.82 0.08 
0.68 0.07 
0.44 0.06 
0.68 0.13 
0.64 0.08 
0.24 0.05 
0.42 0.02 

Flow Condi tion 

Medium High 
TN TP TN TP 

(mg/L) (mg/L) (mg/L) (mg/L) 

0.62 0.16 0.51 0.25 
0.39 0.13 0.62 0.18 
0.56 0.10 0.73 0.19 
0.35 0.10 0.69 0.21 
0.49 0.12 0.65 0.15 
0.24 0.11 0.73 0.13 
0.40 0.10 0.67 0.26 

* Richmond River 4 km upstream of the Wilson River confluence. 

The tributaries and major offstream storage areas are shown in Figures 15-18 as 
average values measured during the three flow conditions at one location on each 
water body. 

Temperature 

Water bodies in the lower catchments (Stations 20-70) did not show significant 
variations in water temperature with flow or season. Values were between 17 and 
260 C (Figure 15). The middle catchment tributaries (Stations 112-227) had a 
greater temperature variability with change in flow condition and season. Swan 
Bay (Station 112), a large shallow water body, showed the largest variation 
because of its location away from the main stream and its depth. 

Salinity 

Salinity was only measurable (Figure 15) in lower catchment -water bodies 
downstream of Wardell (18 km). Saline intrusi~n occurred in North Creek 
(Station 20) and North Creek Canal (Station 25) during all flow conditions; 
it ranged from 6 to 28 ppt. Emigrant Creek (Station 30) also was saline 
under all conditions sampled with concentrations between 1 and 17 ppt. 

Dissolved Oxygen 

Dissolved oxygen concentrations were variable ranging from 56 per cent in 
Bungawalbin Creek (Station 120) during medium flows to 112 per cent in Swan 
Bay during medium flows. During low flows oxygen saturation was between 85 
and 100 per cent with the exception of Bungawalbin Creek (65 per cent). 

Clari ty 

Suspended solids and clarity of the tributaries varies greatly as they are 
influenced by local geography and land use pressures. Light penetration, as 
measured by Secchi depth, was only fair in the tributaries with average 
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depths of 1 m dllring low flows and 0.5 m in high flows (s"ee Figure 16). In 
water bodies with large surface areas or removed from mainstream flows like 
Tuckean Broadwater (Station 70) and Swan Bay, clarity increased to 1.5 and 
1.7 m respectively. 

Suspended solids (NFR) were generally elevated during low and medium flows 
(6 to 12 mg/L) and under high flow conditions, the concentrations did not 
exceed 25 mg/L. Tomki Creek (Station 227) was the exception with 
concentrations of 34 mg/L. 

Turbidity was between 3 and 8 NTU during low" flows. Bungawalbin Creek had 
relatively high "turbidity of 46 NTU during high flows. 

The volatile organic (VSS) fraction of the suspended solids varied and 
depended on the nature of the surrounding catchment. For example, in shallow 
quiet water bodies such as Swan Bay, 60 per cent of suspended material was 
volatile during low flows but only 26 per cent in high flow conditions. 
North Creek showed a reverse trend with the volatile content increasing from" 
30 to 40 per cent indicating organic matter was being flushed into the 
system from extensive swamps to the north during high flow events. Othe"r 
locations such as Bungawalbin and Tomki Creeks had relatively larger 
proportions of silt as suspended solids (20-30 per cent volatile). 

Nutrients 

Total nutrient concentrations for nitrogen (TN) and phosphorus (TP) are 
presented in Table 13 and in Figure 17. 

All tributaries except the Tuckean Broadwater (Station 70) and to a lesser 
extent Swan Bay (Station 112) had high nutrient concentrations "particularly 
at higher flows. The Tuckean Broadwater had low concentrations even under 
high flow conditions (0.45 mg/L TN and 0.03 mg/L TP). Tomki Creek (Station 
227)" which receives treated effluent from Casino sewage treatment works had 
high concentrations under all flow conditions with TN ranging from 0.74 to 
1.38 mg/L and TP from 0.31 to 0.43 mg/L. 

Table 13 

Average Nutrient Concentrations for Richm~nd River "Tributaries 

Flow Condition 

Low Medium High 
Station TN TP TN TP TN TP 

No. (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

20 1.11 0.06 0.63 0.06 0.77 0.09 
25 0.47 0.08 1.10 0.18 0.57 0.19 
30 0.51 0.08 0.53 0.11 0.46 0.16 
70 0.37 0.03 0.54 0.07 0.45 0.03 

112 0.83 0.04 " 0.46 0.02 0.36 0.14 
120 1.73 0.05 0.65 0.04 0.69 0.11 
227 0.88 0.43 1.38 0.46 0.74 0.31 
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Soluble nutrients (see Figure 18) ammOnia (NH3-N), nitrate/nitrite (NOx-N) 
and filtrable reactive phosphorus (OP) were low in Emigrant Creek (Station 
30), the Tuckean Broadwater and Swan Bay. Significant ammonia concentrations 
were evident in North Creek (Station 20) and North Canal (Station 25) for 
all flow conditions. NOx-N concentrations were high in North Canal with 
elevated concentrations in Bungawalbin Creek (Station 120) and Tomki Creek 
while OP concentrations were high in North Canal (0.07 mg/L) and very high 
in Tomki Creek (0.25 mg/L). Keldjahl ni trogen (see Figure 18) was the 
dominant component of the high TN concentrations at Bungawalbin Creek during 
low flows and Tomki Creek during all flow conditions. The N:P ra tios of 
nutrients (Figure 17) were low «10) at North Canal, Emigrant Creek and 
Tomki Creek. Both North Canal and Tomki Creek receive treated effluent 
discharges from sewage treatment works. Significant algal pigment 
(chlorophyll a) concentrations were present in North Canal particularly 
during medium flows (average 56 mg/L). Concentrations of 8 and 16 ug/L were 
found in Emigrant Creek and Swan Bay respectively. 

4.4 Quality of Effluent Discharged to the Richmond River 

Table 14 shows effluent and treated sewage quality from major discharges III 

terms of loadings per day. 

Some discharges listed in Table 8 were not sampled as they were minor and 
discharged to creeks remote from the Richmond River main stream; it was 
considered that assimilation of these effluents would be achieved prior to 
creek wa ters joining the Richmond. 

Table 14 

Approximate Median Concentrations and Loads of Contaminants 
in Discharges to the Richmond River 

Concen t ra t ions(mg/L) Load(kg/day)l 

Discharge BOD5 NFR TN TP BOD5 NFR TN 

Ballina STW 3 27 0.7 0.53 10 81 2.1 
Broadwater mill2 32 430 2000 27000 
Coraki STW 8 16 1.0 0.2 2 4.1 0.26 
Casino dairy 90-1400 120 7.8 4.0 100-1500 130 8.6 
Casino STW3 34 68 2.0 0.82 75 150 4.43 

KY0'i!e STW 5 12 5.4 5 12 
Sout Lismore STW 10 19 4 2.2 50 94 20 
Lismore STW 20 63 8 2.9 70 220 28 
Lismore dairy 10-100 52 10 31 10-100 55 10 

Total· 2800 85 

1 This assumes maximum licensed dry weather flow. 
2 Discharges· are seasonal and occur mainly June to December. 
3 Nutrients· at Bruxner Highway; Tomki Creek. 
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5 FACTORS INFLUENCING WATER QUALITY 
IN THE RICHMOND RIVER 

Factors influencing water quality in the Richmond River catchment can be 
assessed in terms of the role of point source discharges, pollutant loads 
from land use activities, particularly agriculture, and flood mitigation and 
drainage programs. 

5.1 Point Source Discharges 

Nutrients discharged to the Richmond River and its tributaries from point 
sources are either assimilated, flushed to the ocean or adsorbed to 
sediments. A temporary reduction may also occur when nutrients are 
incorporated into aquatic plant material; these nutrients may become 
available again when the plants die and decay. Nutrients incorporated 1D 

floating and suspended algal communities have been included in total 
nutrient concentration determinations. 

For the purposes of this discussion, the impact of nutrient, organic and 
suspended' solids loads from licensed discharges has been grouped into five 
major locations within the catchment: 

Kyogle 
Casino 
Lismore 
Coraki 
Broadwater 

- sewage treatment works 
- dairy and sewage treatment works 
- dairies and sewage treatment works 
- sewage treatment works 
- sugar mill 

During high flow conditions, the impact of these discharges would be 
negligible because of the large volume of water flow available for dilution. 
During these' periods, flows ranged between 36,000 and 367,000 ML/day at 
Casino (Water Resources Commission 1966) with other factors such as 
agricultural run:-off contributing to elevated concentrations under these 
flow conditions. During lower flow conditions flows are typically less than 
97 ML/day at Casino. This situation occurs 70. per cent of the time (Water 
Resources Commission 1966) and indicates that dilution of pollutants 
discharged to this section of the river would be poor under this flow 
condition. The result is lengthy retention times and the development of poor 
water. quality. The discharges to the river near Casino and Lismore occur at 
or near the tidal limit of the Richmond and Wilson Rivers respectively. 
Therefore in these cases freshwater inflows are necessary for dilution. By 
contrast discharges near Broadwater are. in a much wider (250 m) section of 
the- river which is subjected to substantial tidal exchange. Further 
information on the contribution of these discharges to the deterioration of 
water quality is given in Sections 4.1, 4.2 and. 4.3. 

The main stream in the upper catchment had high concentrations of both total 
and soluble phosphorus near point source discharges (see Table 11, and 
Figures cj and 10). Readings included downstream 'of Wiangaree (203 km) - 0.21 
mg/L TP; Kyogle (165 km) - 0.11 mg/L TP; and Casino (117 km) - 0.11 mg/L TP. 
To a lesser extent this was also true in the lower catchment at Coraki (61 
km) with 0.09 mg/L TP. There were also increases in NH3-N concentrations 
adjacent to the discharges near Casino and Coraki, and particularly .high 
ammonia concentrations (0.11 mg/L) downstream of the Broadwater sugar mill 
(Figure 14). Elevated NOx-N concentrations (Figure 14) were found downstream 
of these discharges with the exception of Wiangaree. Nutrient ratios were 
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low ·.at these locations; coupled with the other factors above, this indicates 
that treated sewage effluents were the probable source of nutrient increases 
near Wiangaree, Kyogle and Coraki. 

At Casino, dairy wastes contained between 100 and 1,500 kg of BODS per day 
depending on production schedules in the factory and this influenced water 
quality downstream of the city. (Recent press reports have also indicated 
that raw sewage has been discharged to this section of the river.) In 
addition to the variable· organic loads, significant suspended solids loads 
are discharged from the dairy resulting in elevated concentrations in the 
river and a corresponding reduction in clarity. 

In the lower catchment the Broadwater sugar mill produces an effluent of 
highly variable strength that may contain high organic and suspended solids 
loads discharged to a broad stretch of the river (250 m wide). The dilution 
available in this section of the river is high due to tidal movement and 
exchange, thus reducing the impact of the discharge to a small but 
distinguishable increase in suspended solids. Minor reductions in dissolved 
oxygen concentration (from 95 to 86 per cent, Figure 7) were observed in the 
main stream possibly due to this discharge. 

Table 14 lis ts major discharges to the Wilson River and shows that an 
estimated 130 to 220 kg of oxygen-demanding waste, 370 kg of suspended 
solids, 58 kg of TN and 54 kg of TP were discharged near Lismore each day 
during the study period. During low flow periods (when dilution is at a 
minimum) wa ter clarity as measured by Secchi depth (Figure 12) was reduced 
from 1.6 m above Lismore to 0.5 m downstream of the city; suspended solids 
concentrations increased from 5 to 13.2 mg/L over the same section; and 
turbidity almost doubled downstream of Lismore compared with upstream (6 to 
11 NTU). Nutrient concentrations (see Figure 13) were also elevated below 
Lismore with average concentrations of 0.65 mg/L TN and 0.13 mg/L TP. The 
increase in nutrient concentrations resulted in a stimulation of algal 
growth (Figure 13) with average low flow chlorophyll a concentrations of 16 
ug/L and supersaturated surface waters (115 per cent) because of the 
increased algal activity. The tributaries North Canal and Tomki Creek showed 
a deterioration in water quality as a result of treated effluent discharges, 
evidenced by the elevated concentrations of total phosphorus, ammonia and 
nitrate/nitrites at both locations. N:P ratios were also low at North Canal 
(5) and Tomki Creek (3). 

Tomki Creek in the upper catchment receives treated effluent from the Casino 
sewage treatment works and was poorly flushed during low flows. On the other 
hand North Canal receives treated effluent from the Ballina sewage treatment 
works but its location close to the river mouth provides full tidal 
flushing. Assimilation zones which developed as a result of these discharges 
were evident and extended downstream of Kyogle, Casino, Coraki and 
Broadwater on the main stream and Lismore on the Wilson River. 

Prawn farming is a new industry in the lower Richmond River which has the 
potential to create a significant impact on water quality particularly in 
those areas not associated directly with mainstream flushing. Intermittent 
discharges from this industry are high volume, nutrient-rich wastewaters 
usually released to waterways over a short period of. 2 to 4 days. These 
wastewaters could produce large algal blooms if they are discharged to 
poorly flushed sections of the river's tributary system. Of course any 

.impact will depend on the size of the farm, that is the volume and 
concentration of wastewaters, and the frequency and timing of discharges. 

;. 
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The study has identified areas, including North and Emigrant Creeks where 
caution should be exercised in allowing wastes of this nature to be 
discharged. 

5.2 Run-Off and its Contribution to River Water Quality 

Run-off from intensive agricultural land was significant only during high 
flow events, or in localised areas during medium flows. Table 15 shows the 
relative loads of suspended solids (NFR) and nutrients in the Richmond and 
Wilson Rivers in high flow conditions. 

Table 15 

High Flow Nutrient and NFR Loads: 
Richmond and Wilson Rivers 

Mean Load(kg/day)* 

Wilson River at Station 170 
Richmond River at Station 215 

NFR 

201000 
64600 

TN 

3000 
1150 

TP 

780 
470 

• Calculated from the mean daily flows in Table 10 and 
the median concentrations in Table 14. 

Suspended solids loads mainly originate from the central catchment 
downstream of Casino. Peak concentrations of suspended solids in the main 
stream were found at Kyogle (30 mg/L), Casino to Greenridge (71 mg/L) and 
Goat Island (71 mg/L). Major reductions in concentration as shown in Figure 
8 result from changes in river morphology; the river widens below Casino 
from 30 to 60 m, then at Coraki to 130 m and again at Woodburn to 250 m, 
reducing river water velocity and allowing larger particles to settle out. 
During high flows major peak concentrations occurred in the Wilson River 
downstream of Lismore at Wyrallah (49 mg/L). The reduction in concentration 
in the Wilson as it approached the Richmond was probably the result of 
reduced water velocity due to water "back up" at the junction near Coraki. 
The high ratio between silt and organic components of the suspended solids 
indicates the major source was from erosion of either farm lands and river 
banks, or urban run-off. Bungawalbin Creek, when compared with the Richmond 
and Wilson Rivers, had a low suspended solids concentration of 13 mg/L 
during high flows but it should be remembered that much of the catchment is 
State forest. 

Minor tributaries, as discussed in Section 4.3, did not contribute 
significant suspended solids loads to the main stream during high flow 
events with the exception of Tomki Creek. This creek drains country similar 
to the main stream where high concentrations were measured below Casino and 
Greenridge. Fertiliser usage for agriculture in this area is similar to 
practices in the Clarence Valley (see the Commission's report in this series 
and Section 3.3). Nutrient concentrations were high in the system during 
high flows (0.6 to 0.94 mg/L TN, 0.09 to 0.25 mg/L TP) and medium flows (0.2 
to 0.9 mg/L TN, 0.09 to 0.17 mg/L TP). A large proportion of these nutrients 
comes from sediment and soil flushed to the river by run-off. Much of these 
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nutrients is lost to the ocean or trapped in deposited sediment. 

Considering the naturally low phosphorus concentrations in Australian soils 
and the low contribution of suspended particles from undisturbed forests, 
national parks and native unimproved pastures, it may be concluded that the 
nutrient and sediment loads delivered to the Richmond were probably the 
result of agricultural practices. 

5.3 Impact of Flood Mitigation and Drainage Practices 

As part of flood mitigation works, floodgates have been constructed at the 
mouths of most creeks emptying into the Richmond River below Casino. These 
floodgates have hinged iron doors facing the main stream and function like 
non-return valves. Their p~rpose is to prevent the intrusion of floodwaters 
from the main river into lowland creeks, thus protecting agricultural land 
from inundation. As a flood recedes, waters trapped behind the floodgates 
flows out. During periods of normal (low) river levels, the floodgates 
remain shut beC;lUse of their own weight though some outflow does occur 
between the edge of the floodgate door and the mouth of the floodgate. The 
floodgates can be opened manually by pull-wires during dry weath"er. In the" 
lower reaches of the Richmond Valley the floodgates are normally kept closed 
to prevent the intrusion of saltwater into" the sugar cane fields. 

Floodgates are an integral part of flood mitigation works; they protect 
valuable agricultural land and allow the use of less agriculturally 
productive lOW-lying areas after drainage is provided. The drainage works in 
the Richmond River have resulted in either the destruction of wetlands or 
the conversion of estuarine wetlands to freshwater wetlands. The drainage 
system" is thought to encourage run-off of agricultural chemicals into the 
river system but there was little evidence during the study to suggest the 
significance of quantities involved. The most obvious effect of floodgates 
has been the conversion of estuarine waterways and swamps to freshwater 
wetlands and agricultural farms. Floodgating of the tidal creeks has " 
diminished the fish and crustacean nursery area and may have affected the 
extent of mangroves. Soros-Longworth and McKenzie (1980) point out that the 
installation of floodgates has increased the occurrence of infestations of 
Saivinia and water hyacinth (Eichhornia crassipes) and allowed them to 
thrive in areas which were previously unsuitable for freshwater macrophyte 
growths. 

The scope of the study has not allowed a detailed investigation of water 
quality of these drains nor their impact on the main stream or tributaries 
of the Richmond. As discussed above these drains provide areas of still 
water containing nutrient-rich waters that can support serious algal aI,ld 
macrophyte growths. Macrophytes provide maintenance problems requiring 
extensive use of chemical control agents although more recently biological 
control has been introduced. The anaerobic nature of bottom sediments 
provides for the release of sediment-bound nutrients, and the water is often 
coloured with humic acids and/or depleted of dissolved oxygen. There is no 
doubt from the visual observation of this and the study in the Clarence 
River catchment that these areas promote poor water quality behind the 
floodga tes particularly during low flows. The drains however do provide a 
valuable buffer between the intensive agricultural cane growing areas and 
the Richmond River and its major tributaries during periods of medium flow. 
High flow events result in flushing of these drains to the main stream where 
dilution is sufficient to minimise development of problems. Therefore the 
significance of these structures on tributaries and to a lesser extent on 
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mainstream water quality, is felt during medium flow events when rainfall 
may only be localised creating incomplete flushing and inadequate dilution. 
It is difficult however to associate this directly with drains as the 
localised nature of rainfalls producing these flows may not influence all 
drains a t the one time. 

5.4 Urban Run-Off 

"Urban run-off" is a term used to describe stormwater draining from urban 
areas including streets, house roofs, housing and industrial premises. 
Little local data are available on its magnitude, chemistry or potential 
health hazard although the Commission is currently investigating the quality 
of urban run-off at several locations in the Sydney Region. Preliminary 
studies in Sydney have shown that urban run-off has nutrient concentrations 
(N and P) and turbidity levels of 10 to 50 per cent of those found in 
sewage. Because of concern about the pollutants contained in urban run-off, 
the Commission has established a subcommittee of the Local Government 
Liaison Committee, namely the Urban Run-Off 'Control Working Group, which is 
currently developing a manual of pollution control for urban stormwater in 
New South Wales. 

In the Richmond River region, several towns and cities are large enough for 
the quality of urban run-off to be a significant consideration, particularly 
during medium flow conditions. These settlements include Kyogle, Casino, 
Coraki, Woodburn and Lismore. The contribution of run-off from these 
communities to river water quality is detailed in Section 4 and illustrated 
in Figures 8, 9, 12 and 13. At each of the abovementioned locations, 
significant suspended solids (NFR), turbidity and nutrient concentrations 
occur downstream. Average concentrations were extremely high at Casino 
during medium flow conditions with suspended solids measured at 86 mg/L. 

5.5 Impact of Pesticides 

Pesticides are used for a variety of purposes in the Richmond Valley as 
discussed in Section 3.3. The Commission (1985b) has extensively discussed 
the issues involved in the use of agricultural chemicals especially 
pesticides. The major public concerns about pesticides are their use over 
wide areas in the sugar industry and in the control of nuisance aquatic 
plant growths in flood mitigation drains. Although the use of organochlorine 
pesticides has now ceased in the Richmond Valley, their long chemical 
activity has been of community concern and for this reason, preliminary 
investigations were conducted into the presence of residues in river 
sediments. This was considered the most likely place to detect persistent 
chemicals, especially those that may be associated with or bind to soils. 
With these agricultural soils added to river sediment, organisms that use 
them as a habitat or for feeding may suffer long-term exposure to the 
chemicals. The results of the limited number of sediment samples taken from 
the river adjacent to intensive agricultural areas are presented in Table 
16. 

The survey included soil samples from recently planted cane fields and 
adjacent drainage channels; they were a useful supplement to samples 
collected from the Clarence River catchment. They were taken after an 
extended dry period prior to planting, with a follow-up collection after 
planting and significant local rainfall. No chemicals were detected outside 
the immediate cane field areas and adjacent drains on either survey (within 
the limits of the analyses) excepting lindane and aldrin in survey 2. 
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Table 16 

Analyses of Sediment Samples for Selected Pesticides 

- Location or 
Station No. Oiuron* Aldrin* Lindane· 

Cane field NO NO NO 
Orain -NO 0.28 0.24 

45 NO NO 0.10 
75 NO NO NO 

112 NO NO 0.50 
150 NO NO NO 
160 NO NO NO 

• Units are mg/L with detection limits of 0.05 mg/L for 
organochlorines and 0.1 mg/L for diu ron. 
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6 COMPARISON OF WATER QUALITY 
WITH OTHER NSW WATERWAYS 

The assessment of water quality in the Richmond Valley in relation to other 
waterways is difficult and complex. The basic problem is that no two rivers 
have the same origin and hydrological characteristics nor are they affected 
by identical land uses. It is· however valid to discuss the causes and 
response of rivers· to pollutant loads that alter background water quality. 
For example, the causes of excessive nutrient concentrations may be similar 
but the actual concentrations that stimulate nuisance plant growth may vary 
because of a number of factors. Table 17 gives examples of the variation in 
nutrient concentrations causing nuisance aquatic plant growth in a number of 
streams. The impact of the resultant assimilation zones that may develop can 
vary from system to system and cause dissolved oxygen depletion, loss of 
clarity and excessive plant growth. 

Table 17 

Threshold Nutrient. Concentrations at Which 
Nuisance Plant Growth Has Occurred 

Water Body 

Hawkesbury-Nepean 
Peel-Harvey 
Lake Macquarie 
Murray River 
Kosciusko National Park 
Fitzroy River 

Total 
Nitrogen 
(mg/L) 

0.65 
0.15 
0.60 
0.55 
0.36 

Total 
Phosphorus 

(mg/L) 

0.055 
0.025 
0.060 
0.040 
0.040 
0.050 

* It is stressed that these are approximate thresholds only 
and these water bodies show a gradation of effects both 
with time and location. 

Source: Australian Environment Council (1986) 

Even though the threshold levels in Table 17 are only approximate and there 
was a wide range of water bodies considered, there is still a significant 
degree of uniformity in these results. It is therefore tentatively concluded 
that visual evidence of eutrophication is likely if total nitrogen 
concentration is within or exceeds the range of 0.4 to 0.6 mg/L and total 
phosphorus concentration is within or exceeds the range 0.04 to 0.06 mg/L 
(Australian Environment Council 1986).· The Commission in 1983 identified 
several assimilation zones along the Hawkesbury-Nepean River that were found 
to be associated with point source discharges of treated sewage effluents. 
Limits of 0.5 mg/L TN and 0.05 mg/L TP were recommended for the Hawkesbury
Nepean system (SPCC 1985c). Above these levels excessive algal or macrophyte 
growth adversely affect beneficial uses of the river. 

The most severe adverse effects are likely to be observed during low river 
flows because of inadequate flushing or dilution flows. The observed range 
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of nutrient concentrations and associated water quality characteristics for 
the Richmond River during low flows are summarised and compared. with. other 
NSW coastal rivers in Table 18. 

River 

Tweed 
Brunswick 
Richmond 
Wilson 
Clarence 
Bellinger 
Kalang 
Hastings 

Table 18 

Selected Water Quality Characteristics 
for Low Flows of North Coast Rivers 

TN TP . Chlorophyll 
(mg/L) (mg/L) a (ug/L) 

0.33-0.43 0.04-0.09 2 - 12 
0.45-0.8i 0.04-0.07 3 - 22 
0.30-1.30 0.06-0.21 2 - 20 
0.44-0.68 0.05-0.12 5 - 16 
0.28-0.50. 0.03...,0.07 2 - 7 
0.01-0.20 0.02-0.06 2 - 7 
0.04-0.11 0.02-0.05 2 4 
0.11-0.41 0.01-0.04 1 - 5 

NFR 
(mg/L) 

3 -.8 
2 - 14 
2 - 14 
5 -' 13 
6 ,- 16 
2 - 4 
2 5 
2 - 10 

Notes: The values above derive from the relevant Northern Rivers Water 
Quality Study report. 
A range of values is presented for each characteristic to reflect the 
wide variation in water quality throughout the systems. 

Compared with other waterways in the region the Richmond and Wilson Rivers 
generally had the poorest water quality with higher nutrient, algal and 
suspended solids concentrations; only the Clarence River had a worse average 
maximum suspended solids concentration. In comparison also with Sydney's 
waterways (SPCC 1986) the Richmond and Wilson Rivers' nutrient 
concentrations were high. Assimilation zones were present in the Richmond 
for a 27 km section of the river between Bungawalbin and Codrington, and 
downstream between Wardell and Woodburn for 22 km. The Wilson River had an 
assimilation zone below Lismore for less than 10 km. Chlorophyll a 
concentrations, although not as high as in the Hawkesbury-Nepean system, 
were significant in these sections of the rivers ranging between 20 and 30 
ug/L. During one low flow survey extensive algal growth was observed in the 
Wilson River below Lismore. 

The nutrient concentrations in the Richmond and Wilson Rivers are greater 
than threshold limits where stimulation of nuisance plant growth has 
occurred (see Table 17). Average total phosphorus concentration in all 
locations exceeded the threshold limits (see Figure 9). Nitrogen was 
possibly the factor limiting aquatic plant growth as TN in many locations 
did not exceed the threshold values, particularly in the lower estuary. In 
sections where the threshold was exceeded, algal growth was significant. 
Noxious plant growth was also significant in sections of the river upstream 
of Woodburn and particularly below Coraki and in off-stream water bodies, ie 
flood mitigation drains and areas such as Swan Bay. 

Clarity and dissolved oxygen concentrations are readily comparable between 
water bodies and desirable minimum limits have been recommended. The 
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Commission (1986) has set objectives for water quality to protect the 
beneficial use of major rivers in the Sydney Region. These minimum 
objectives are 70 per cent saturation of oxygen and water clarity of 1.2 m 
(Secchi depth) or a maximum turbidity measurement of 5 NTU. These objectives 
are generally satisfactory for both aquatic flora and fauna and for a wide 
range of recreational uses. In most instances Sydney rivers (Hacking, 
Georges and Parramatta) meet these objectives (SPCC 1986). The Richmond 
River is complex and requires discussion on a sectional basis. Dissolved 
oxygen concentrations in the river conform to the above objectives for 
Sydney rivers in mainstream sections; however, as with many waterways, there 
may be short periods when unsatisfactory conditions develop particularly 
during high run-offi; when low-oxygenated waters are transported into the 
main stream. Although the data presented in this report were average 
concentrations for particular flow regimes, it is clear that some 
tributaries have had lower dissolved oxygen concentrations. Dissolved oxygen 
concentrations have been reported - though not experienced during the study 
period - to be too low to support aquatic life near Casino and fish kills 
have resulted. Water clarity in terms of Secchi depths during low flow 
conditions was 1.0 m or greater in the upper catchment and greater than the 
average 1.2 m in the estuarine section. These values are reflected in 
turbidity and NFR measurements where the desired maximum level was exceeded 
by 1 or 2 NTUs in the 'upper catchment, but were below in the estuarine 
section. These values were comparable with the Tweed River but exceed the 
concentrations found in the Bellinger-Kalang system where turbidity rarely 
exceeds 2 NTU. 
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7 COI'lCLUSIONS 

The water quality of the Richmond Valley was found to be poor when compared 
with the other NSW North Coast rivers studied. The following is a summary of 
the water quality components of the Richmond River catchment. 

Oxygenation was good during the study period but low dissolved oxygen 
concentrations were reported as the possible cause of fish kills in late 
1986 near Casino; however this section was found to have satisfactory 
dissolved oxygen concentrations during low flows in several weirs 
adjacent to the town. The Wilson River had elevated dissolved oxygen 
concen tra tions downstream of Lismore. 

Clarity in the lower estuary exceeded the minimum objectives recommended 
while the central catchment area> including the Wilson River displayed 
poor clarity. 

Suspended solids loads, possibly because of agricultural. run-off, were 
found to originate in the central catchment below Casino and Lismore 
during high flow conditions. Peak concentrations were measured at Goat 
Island in the lower catchment and Greenridge in the upper (71 mg/L). 

Nutrient concentrations (particularly phosphorus) were high adjacent to 
the major communities of Kyogle, Casino, Lismore, Coraki and Woodburn. 
Concentrations were above threshold limits at these locations and they 
have resulted in nuisance aquatic plant growth. Nitrogen concentrations, 
however, were not high throughout the catchment and thus assimilation 
zones were present only in restricted areas below Lismore and Woodburn 
and along the river downstream of Codrington to Coraki. Major noxious 
weed infestations exist in the Coraki to Woodburn section of the river. 

/" 
Water quality in the major t-ributaries of the Richmond was variable but 
clarity was generally good. North Canal and Tomki Creek had elevated 
soluble and total nutrient concentrations asa result of discharges of 
effluent from the Ballina and Casino sewage treatment works. 

The relative influence of pollutants from point and diffuse sources in 
the Richmond River was dependent on freshwater inflows, land uses and 
location within the catchment. Point source discharges were found to 
have an impact on the river downstream of Kyogle, Casino, Lismore, 
Coraki and Broadwater. The increase in plant growth stimulated by these 
discharges was sufficient to generate water quality problems during low 
flows. Current licensing conditions do not therefore appear adequate to 
prevent some water quality deterioration because of the discharges. 
Additional loads of nutrient-rich wastes to these sections of the river 
may result in major problems through reduced clarity, depleted oxygen 
levels and excessive plant growth. 

If prawn farming is allowed to make unlicensed discharges of large 
volumes of nutrient-rich waters into North and Emigrant Creeks, or other 
minor tributaries, water quality problems may occur. The industry is 
however based In the lower estuary and should not cause problems if 
discharges are to the main stream below Wardell. 

All discharges to locations other than the main stream below Wardell 
will require the proponent to satisfy the Commission that the receiving 
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waters are able to provide adequate flushing (or dilution) to keep 
nutrient concentrations below threshold limits during discharges. 

Pollution from diffuse sources· makes a significant contribution to 
suspended solids loads in the river' between Casino and Wardell, and 
below Lismore on the Wilson River during medium aild high flow 
conditions. Intensive agricultural practices in the lower estuarine 
section of the river also contribute major sediment loads under high 
flow conditions. Urban run-off plays a significant role in river water 
quali tybelow Casino and Lismore during medium and high flow condi tions. 

Flood mitigation and drainage practices provide a buffer between 
intensive agricultural areas and the river by retaining and retarding 
run-off during low and some .higher flows. These practices however lead 
to loss of aquatic habitat and produce poor quality water during low 
flow periods behind the gates in the drains, whic·h stimulates extensive 
noxious plant infestations. These drains can influence mainstream water 
quality during medium flow events. 

The pesticides dieldrin and diu ron were not found associated with flver 
sediments at their respective detection limits, but lindane was found 
adjacent to some cane growing areas. 
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8 RECOMMENDATIONS 

The issues outlined below and which have been covered in this report have a 
significant influence on the water quality of the Richmond River Valley. The 
extent of these factors' influence on water clarity, dissolved oxygen 
concen t ra tion, nu trien t s ta tus and plan t grow th is strongly dependen t on 
rainfall and subsequent flow conditions in the river. Accompanying each of 
the identified issues below is a recommendation for action. 

Issue 

Point source discharges have caused nutrient concentrations to increase in 
the river below Casino and Lismore under low flow conditions resulting in 
significant assimilation zones. Prawn farming, a new industry in the area 
now replacing some sugar cane farms, will require licensing to prevent the 
development of excessive nutrient concentrations in receiving waters. 

Action 1 

All future discharges to the river and its tributaries between Casino, 
Lismore and Wardell should be located to allow maximum flushing; in some 
cases alternative disposal practices or treatment processes such as nutrient 
removal may be required. 

Action 2 

Any industry currently discharging high organic or nutrient loads which are 
causing problems should be required to draw up a plan of effluent 
improvement. 

Action 3 

The relevant local government body and the Public Works Department should be 
made aware of the water quality problems and take them into consideration 
when establishing sewage priorites in the region. 

Action 4 

Care should be taken when selecting and approving new sites for-prawn farms. 
Licence conditions for discharges from prawn farms may vary depending on 
loca.tion. Areas where discharge conditions should be most stringent are 
North and Emigrant Creeks. 

Issue 

Flood mitigation drains and some tributaries are influenced by agricultunil 
activities and may contain waters low in dissolved oxygen and rich in 
nutrients. These may influence mainstream water quality during medium flows 
resulting in excessive noxious weed growth. 

Action 

The local county council, the Public Works Department and the Department of 
Agriculture's Fisheries Division should develop management strategies to 
minimise retention times within these drains. 
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Issue 

Urban run-off from Casino and Lismore was identified as being significant In 

influencing water quality during medium flows. 

Action 

.Local government should develop and implement strategies where possible to 
control the quality of urban run-off using the manual currently being 
developed by the Urban Run-Off Control Working Group of the Local Government 
Liaison Committee (see Section 5.4). 

Issue 

Significant suspended solids loads were generated In the central catchment 
below Lismore and Casino. 

Action 

Agricultural practices need to be modified and soil conservation promoted. 
The Department of Agriculture and the Soil Conservation Service should be 
made aware of the Commission's concerns and encouraged to reduce .erosion. 

Issue/Action 

The Commission should draw this report to the attention of other relevant 
authorities and inter-departmental committees and carry out a follow-up 
study in five years. 
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Appendix A 

S ta tion Loca tions 

Water Quality Stations (* discharge site; @ road station) 

Station 
No. 

010 

020 

023* 

025 

030 

040 

045 

050 

060 

060.2 

070 

073 

Km 
Upstream Reference Comments 

o EMP573057 Mouth of the Richmond 

4.0 BAL557090 North Creek uls of North Creek canal 

5.0 BAL543078 Ballina Shire Council STW, discharge 
into North Creek canal VIa creek 
adjacent to Pacific Highway bridge, 
licence no. W11 021 

5.5 BAL538077 DIs approx. 500m of creek point source 

8.5 BAL489063 Emigrant Creek adjacent to submarine 
cable warning sign near blue house 

6.5 EMP513057 Byrnes Point ferry, 6.25km uls Ballina 
City and 1km dIs Emigrant Creek 
confluence 

11.5 EMP492016 500m dIs Pimlico Island adjacent to 
topless pine tree 

17.5 WAR452969 Pacific Highway bridge, Wardell, midway 
along intensive sugar cane area, sample 
100m dIs of bridge 

23.0 W AR435921 1km uls of Goat Island, dIs of 
Broadwa ter sugar mill and Tuckean 
Broadwa ter confluence, profile 1/4 
(port), 1/2 (halfway) and 3/4 
(starboard), sample port on south bank 

23.0 W AR435921 See 060 

25.0 WAR Broadwater 

29.5 WAR393940 Baggotville Barrage, Tuckean Broadwater, 
sample uls side of barrage 

24.8 W00422905 Sugar mill, Broadwater, discharges into 
flver Via 8 licensed drains; number 
samples A,B,C etc. from uls to dIs end 
of mill, licence no. W8 550,522-558 
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Water Quality Stations 

Station 
No. 

080 

090 

100 

110 

120 

122 

130 

135* 

139 

150 

160 

170 

180 

190 

Km 
Upstream Reference Comments 

27.3 W00399906 500m u/s of Pelican Island, examlntng 
sugar mill, adjacent to green marker, 
profile 1/4, 1/2 and 3/4 across river,. 
sample at 1/4 si te 

40.0 W00345845 1.5km dis of Woodburn and Rocky Mouth 
Creek confluence at the overhead lines 

44.0 W00319850 500m u/s of overhead liries at road bend 

51.0 

57.0 

56.5 

58.0 

60.0 

60.8 

67.5 

83.5 

93.5 

94.0 

96.3 

on west bank 

W00296857 10km u/s of Woodburn 

W00257884 Bungawalbin Creek bridge 

W00265888 Bungawalbin Creek 1km u/s of river 
confluence 

W00261905 2km dis of Coraki STW, u/s station for 
Bungawalbin Creek, approx. 100m u/s of 
local canal 

W00271916 Richmond Shire Council STW, Coraki 
discharge to river via drain on north 
bank, licence no. W9 792 

WAR285923 Sample u/s on bend for comparison 

WAR266959 4km u/s of Wilson River confluence on 
. Richmond, proximity to local stream 

gauge and ruins, overhead power lines 
(Casino Arm) 

WAR286968' U/s on Wilson River near old boat under 
overhead lines 

WAR288038 Wyrallah Bridge, Wilson River 

LIS262069 D/s of East Lismore STW midway between 
wind pumps on opposite banks· 

LIS266085 Lismore City Council STW drainage creek 
on southern road starting at Keen 
Street, licence no. W12040 

LIS262103 Powerboat club, approx. 2.5km dis of 
.Lismore 
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Water Quality Stations 

Station 
No. 

195' 

200' 

205 

207 

208 

209'@ 

210 

215 

220 

227'@ 

231*@ 

235*@ 

240 

242 

244@ 

246*@ 

Km 
Upstream Reference Comments 

97.5 LIS263128 Norco Co-op Ltd discharge 

97.0 LIS262120 Lismore City Council STW, Three Chain 
Road licence no. W2 042, discharge via 
Hollingsworth Creek into Wilson River 

99.0 LIS255134 Robert White Bridge, Leycester Creek 

99.5 LIS273137 Simes Bridge, uls of Lismore 

107.0 LIS287157 Overhead wires dIs of Woodlawn College 

107.5 LIS289160 Creek just dIs of Woodlawn College, 
piggery catchment 

108.5 LIS294155 Overhead power-lines 7.5km uls from 
Leycester confluence 

77.5 TAT231984 Overhead power-lines, Codrington (Casino 
Arm) 

99.8 TAT140030 Overhead power-lines, Greenridge (Casino 
Arm) 

107.0 TAT137058 Tomki Creek at Bruxner Highway, 10km 
from East Casino 

114.5 CAS080068 

117.0 CAS057069 

117.5 CAS053071 

118.0 CAS052069 

119.5 CAS035067 

121.5 CAS028072 

123.5 CAS024083 

Vicinity of McNaughtons Road, 2.5km dIs 
of Casino 

Old wooden bridge, dIs of Station 235 

Norco Co-Op Casino Dairy outfall, 
licence no. WS 366, footbridge at 
stormwater channel 

Footbridge in first weired body of water 

Second welT at Casino 

Third welT at Casino, samples where 
possible close to the weir, south end of 
Grey Street off Canterbury Street, Water 
Resources Commission gauging station 
500m dIs under bridge 

Drain from aba ttoir 
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Water Quality Stations 

Station Km 
No. Upstream Reference Comments 

300@ 164.5 ETT997273 Cedar Point Bridge, dIs of Kyogle STW 
(280 41' S, 1530 00' E) 

310*@ 179.5 ETT988319 Kyogle STW, licence no. W2 060, 
discharge 

320 202.5 Kyogle 

290 230.0 Grevillia 
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Appendix B 

Analytical Methods 

The Commission laboratory at Lidcombe is modern, automated and maintained to 
carry out routine chemical analyses on water and wastewaters. The analytical 
assays as carried out in the Northern Rivers Water Quality Study were: 

Type of Analysis 

pH 

Conductivity 

Turbidity 

Non - filtrable residue 

Vola tile suspended solids 

Nutrients: 
NHrN 
NOx-N 
FRP 
TKN 
TP 

Chlorophyll a 

BODS 

Instrumentation and Techniques Used 

Metrohm Herisav pH meter ES12 at 2S0C 

Extech digital water analyser at 2S0C 

Hach model 2100A turbidimeter; based on degree 
of light scattering 

"Standard Methods", lSth edition, 1980, pp. 
94-6 

"Standard Methods", lSth edition, 1980, pp. 
94-6 

Analysed on Technicon autoanalyser AA(R) II 
by colorimetry (method of Jirka et al. 1976) 

Commission method using Turner fluorometer 
model 10 series and SCaR-UNESCO method 1966 

"Standard Methods", lSth edition, 1980 
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Appendix C 

Land Use Activities Associated With Each Sampling Station 

Station 10: Mouth of the Richmond to the Coral Sea. This area comprises 
residential areas.' Extensive amateur fishing with occasional trawling. 

Station 20: Upstream of North Creek Canal. Sparse residential areas, 
mangroves and oyster farms. Around the foreshores natural bushland is 
intermingled with areas of swampland. 

Station 23: Ballina Shire Council STW. The area consists of recent 
residential developments which have drained swampland. The STW discharges 
into a canal which ultimately makes its way to the river. 

Station 25: Downstream of STW discharge. Residential areas predominate 
adjacent to the race track and horse stables. 

Station 26: Emigrant Creek. The foreshores of this creek are used for marine 
industry, some residential and intensive cane production. 

Station 40: Byrnes Point Ferry. Located in the Richmond River, immediately 
surrounded by mangroves and behind them sugar cane. Trawlers operate in the 
area at certain times of the year. 

Station 45: 500 m downstream of Pimlico Island. The foreshores are covered 
by mangroves and behind them swampland, some of which has been drained for 
sugar cane production. Mullet fishing in this area with nets. 

Station 50: Pacific Highway bridge, Wardell. Almost entirely cane production 
in this area with some beef cattle grazing though not on a large scale. 
Fishing is also pursued in these wa ters. 

Station 60: 1 km upstream of Goat Island. Areas of natural· bush on the 
island and the northern bank of the mainland with sugar production on the 
southern bank. 

Station 70: Tuckean Broadwater. This expanse of water is surrounded by 
na tural bushland and swamps. The area abounds with wildlife such as ducks 
and swans, and is also home for large schools of mullet which are 
commercially netted. 

Station 73: Baggotville Barrage. This barrage blocks the Broadwater from 
swampland. There is some sugar cane in the area although it is mainly 
swampland and bush. 

Station 75: Broadwater sugar mill. This mill is the regional centre for cane 
crushing in the Richmond area. The mill itself is surrounded by vast areas 
of sugar intermingled with cattle as a sideline enterprise. Small-scale 
vegetable gardening is also. undertaken. 

Station 80: 500 m upstream of Pelican Island. On both sides of the rIver 
sugarcane is mixed with small' beef cattle enterprises. 

Stations 85 and 90: Downstream of Woodburn. Both stations are In intensive 
sugar areas. 
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Stations 100 and 110: Upstream of Woodburn. Still in the sugar cane belt 
though not as intensive as downstream; farming is more mixed in this area 
with greater emphasis on beef cattle because it is affected by frosts which 
is unsuitable for cane production. 

Station 112: Swan Bay. Fauna abounds in· this· lagoon with large flocks of 
swans, ducks, egrets, spoonbills and the occasional jabaru. 

Stations 120 and 122: Bungawalbin Creek. The creek drains the ranges to the 
south of the Richmond along with vast areas of swampland. Cane growing is 
patchy in this area with most of the land used for beef cattle production 
while the catchment contains extensive State forests. 

Station 130: 2 km downstream of Coraki STW. Beef cattle grazing is the main 
enterprise. Some market gardening occurs in season with some small areas 
alloca ted to cropping of maize. 

Station 135: Richmond River Shire Council STW, Coraki. See Station 130. 

Station 139: Upstream of Coraki STW. See Station 130. 

Station 140: Disused ferry, Coraki. The small village of Coraki surrounds 
the station. Some grazing in close proximity to the town. 

Station 150: Richmond River upstream of Coraki. Mainly beef cattle grazing. 

Stations 160 and 170: Between Coraki and Lismore on the Wilson River. Beef 
cattle predominate with some dairying and cropping. 

Stations 180 and 185: Downstream of Lismore STW and discharge channel of 
Lismore STW. Grazing, light dairying and cropping. Some small industry 
including an abattoir and a sand dredging operation.· 

Station 190: Next to powerboat club. Residential and industrial outskirts of 
Lismore intermingled with grazing· on the immedia te fore shores. 

Station 195: Norco Co-Op discharge. The factory discharges thermal water 
from its condensers along with wastewaters (remnants of milk and cheese 
production) from vats, tankers etc. Sometimes milk residues can be seen 
floating on the water. Other industries in the area include sawmilling, 
garages, and general· industrial and ·commercial enterprises. 

Station 205: Robert White Bridge, Leycester Creek. Part residential, part 
grazing. This sta tion is on the outskirts of Lismore. 

Station 200: Lismore City Council STW. Discharge via Hollingsworth Creek. 
This station is virtually in the middle of Lismore surrounded by the town's 
industrial area along with residential areas. 

Station 210: 7.5· km upstream of Leycester Creek and upstream ·of Lismore. 
Grazing is the major enterprise in this vicinity. 

Station 215: Codrington, Richmond River; Virtually in the middle of the 
flood plain between Casino and Coraki, this area supports large areas of 
grazing. Some dairying is still operational. Cropping is sparse, usually 
maize. Piggeries aTe also found in the area. 
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Greenridge. See Station 215. 

Station 225: Casino STW. 'Point source to Tomki Creek to Richmond River. 

Station 230: Downstream of Casino. Grazing and more grazing. Pigs are run 
both intensively and extensively in this area. Some cropping of soybeans 
together with maize and sorghum. 

Station 207: Simes Bridge, Lismore. Urban area. 

Station 227: Road bridge, Tomki Creek. A large dairy farm operates In the 
vicinity. Otherwise grazing and'cropping are the main enterprises. 

Station 231: Old wooden bridge at Casino. The outskirts of residential 
Casino. This station was chosen to monitor the downstream effect of the 
upstream Norco discharge. 

Station 235: Norco Co-Op discharge. This thermal discharge of wastewater 
from the dairy factory passes through residential areas via an open 
drain/culvert.. 

Station 240: Footbridge at Casino. Urban area. 

Stations 242 and 244: Weirs at Casino. Urban area. 

Station 250: 5 km upstream of Casino. Grazing is the main pursuit here, 
followed by dairying and cropping. Maize and .. soybeans, pumpkins and 
vegetables are grown on the fertile fla ts. 

Station 290: Grevillia. On the upper reaches of the Richmond, this area IS 

scattered with piggeries, grazing, dairying, sawmilling and cropping of 
maize. 

Station 300: Cedar Point. Grazing predominates. 

Station 310: Kyogle STW discharge. This station is on the fringe of 
residential areas and also on the fringe of rural encroachment. Horses and 
cattle. There is some cropping of maize upstream along with growing of 
lucerne. 

Station 320: Wiangaree road bridge. Dairying and grazing in the immediate 
area with some small areas allocated to cropping and areas of the hilly 
country sown with soybeans. 
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