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ABSTRACT 

Previous studies have identified that water quality in lakes and reservoirs can be closely associated 

with the hydrologic regime of flood and drought events. Extended low flow events can change the 

driving mechanisms of water quality constituents, particularly sediment loads, due to increased 

residence times and reduction in flushing. WaterNSW is developing catchment models to supply water 

quality and quantity model for the Greater Sydney supply system.  A relationship between measured 

turbidity and measured total suspended sediment (TSS) needed to be derived, with the intention of 

using the more frequently measured turbidity converted to TSS for calibration and validation 

purposes. This converted TSS value can be used to calibrate the model, as the current dataset of 

measured TSS is insufficient for these purposes. 

The outcome from initial analysis is that there is a clear relationship between the variables in the 

study catchment, Warragamba. This method used flow duration curves and flow descriptors to 

designate flow events for analysis. When the method was tested on other catchments, however, the 

trend was less evident. As soon as turbulence is added to the flow, the relationships no longer hold. As 

a result, measured TSS is required for model calibration.  

This study highlights the importance of considering the driving mechanisms of water quality prior to 

integrating such data into model calibrations. The management of water quality over both the long 

and short term can be improved through modelling, developing understanding of channel 

morphology, sediment generation and pathways and longitudinal trends. 

 

 



 

 

INTRODUCTION 

In accordance with the Australian Drinking Water Guidelines (NHMRS & NRMMC, 2011), an 

understanding and management of risks to water quality needs to be established. An integrated tool to 

assess the respective risks and benefits to different management practices is in development to 

facilitate informed long-term decision making for catchment protection and water supply systems in 

the Greater Sydney water supply system, on both a water quality and financial basis. Models within 

the operational system will simulate the river, catchment, and reservoir processes in terms of water 

quality and quantity (Paredes-Arquiola et al., 2010). The models aim to improve the capability of 

planning catchment programs, operational decision making for supply water quality and assist in 

quantifying the benefits of protecting the water within the drinking water catchments for water supply, 

reservoir management and long-term treatment benefits. Model calibration and validation are an 

inherent component of water quality model construction, requiring the comparison of measured and 

modelled constituent data, which can present a challenge when dealing with water quality variables. 

Among the water quality variables in catchment models, turbidity within a catchment is often related 

to the concentration of Total Suspended Sediments (TSS) present within the water column. TSS is 

often associated with turbidity as these particles obstruct the passage of light through the water 

column, and thus increase turbidity (Chen et al., 2018). Turbidity is often used as a surrogate 

parameter for TSS, with site specific equations generally required to best represent different 

catchment conditions (Kayhanian et al., 2007, Miguntanna et al., 2010, Holliday et al., 2003). It has 

been proposed that geographically and topologically similar catchments can produce relationships that 

may be applicable across multiple areas, as long as the drivers for sediment inflows remain similar 

(Settle et al., 2007). The Greater Sydney Drinking Water Catchment covers a large and diverse 

geographic area (Figure 1). It was therefore determined at the commencement of the model 

development that the calibration of TSS from the catchment runoff could potentially be calibrated by 

converted turbidity values (as TSS). However, the use of turbidity as a surrogate for TSS requires the 

development of catchment specific conversion equations. This area has been understood in the 

literature, but is seldom examined from a rainfall-runoff modelling perspective.  

The present study describes the process and the challenges of this conversion process and how it will 

be implemented in the calibration process. The study is part of an internal project of WaterNSW to 

manage the reservoirs and supply systems to provide the required volumes and quality of water to 

Sydney Water, who then supply that water to consumers. For WaterNSW to meet those requirements, 

calibrating and validating catchment models is in priority. However, as one of the key environmental 

variables in catchment models, TSS is often challenging to predict. In order to understand the 

relationships among turbidity, flow quantity, and TSS, this study attempts to explore the potential 

interactions around TSS and turbidity. Understanding driving forcing behind the variation is also 

emphasised in modelling. 

 

METHODOLOGY 

Study Area 

The Greater Sydney water supply system consists of a network of 21 dams and reservoirs, from five 

catchment areas, covering 16,000 km2. For this study, Warragamba, Avon and Nepean catchments 

were selected for analysis (Figure 1). Warragamba is the largest dam in the system, located 65 km 

west of Sydney, and this dam holds approximately 80% of the water supply for Sydney. Avon is 

located 100 km south of Sydney, and is the main water supply for the Illawarra region, south of 

Sydney CBD. Avon is the second largest dam in the system, but has a small catchment area. Nepean 

is also located 100 km south of Sydney, between the Warragamba and Avon catchment areas. The 

geology of the Nepean and Avon catchments is Triassic era Hawkesbury Sandstone, whilst the 

Warragamba catchment geology is Permian and Triassic era sandstones and shales, with Narrabeen 

Group sandstone dominating the selected study sites within this catchment (GA, 2007). 

Data monitoring 

WaterNSW has a wide reaching, regular water quality monitoring program, with laboratory and field 

sample analysis results contained in a database and use by different teams. There is a high level of 



 

 

spatial and temporal data therein, which was utilised for the analysis undertaken here (WaterNSW, 

2019). The flow, TSS and turbidity samples utilised for this analysis were collected as part of 

WaterNSW’s routine monitoring program. There are specific collection and handling procedures for 

field sampling staff, and the laboratories are subjected to internal and independent QA/QC programs 

to ensure the accuracy and precision of results. Flow is automatically measured at the selected sites 

and uploaded to the hydrometric database. The sites were selected for analysis to be geographically 

representative across the model domain, and filtered for sites with a reasonable availability of 

turbidity and TSS data. Given the large model domain, three sites from the Warragamba catchment, 

two sites from Nepean and two sites from Avon were selected for analysis, based on their hierarchy 

within the model development framework. 

 

 

Figure 1. Location of study area, indicating Greater Sydney Modelling extent, and selected 

catchments. 

 

Data processing 

An R script in the R-Studio environment was utilised for the analysis. The script accessed the relevant 

databases, and downloaded flow, turbidity and TSS data for the specified site. The data is filtered to 

only contain measured data and checked for any outliers. A dataset was then created from the dates 

where data was available from all three datasets (flow, turbidity and TSS). A flow classification was 

then assigned to both flow data and TSS data according to percentiles of flow quantity, as defined for 

partial series analysis. Flow was classified as very low where the exceedance percentile was >90-

100%; low from >75-90%; medium from >25-75%; fresh >10-25% and; flood from 0-10%. The data 

was then exported into excel, where it was sorted according to the flow volumes, from smallest to 

largest flows. Regression analysis and graphing was then conducted, with the filter function used on 

the flow classifications to isolate periods of different flow conditions for analysis. 

 

 



 

 

RESULTS AND DISCUSSION 

Warragamba 

For the Nattai River at the Causeway, there is a strong and clear relationship between TSS and 

turbidity under all flow conditions (Table 1; Figure 3). Excluding the very low flows has the clear 

impact of increasing the already good r2 value of 0.78 (under all flow conditions) to a value of 0.82, 

indicating that the relationship between the variables is increased when these flows are excluded  

(Figure 3). A further restriction of ‘low’ flows (Figure 3c) increased the r2 to 0.86, which is a modest 

but clear fit to the trend.  

Table 1. Results summary table 

Wollondilly River at Jooriland (Warragamba) 

Flow data  r2 Sample size 

All data 0.90 240 

Very low removed 0.90 191 

Very low and low removed 0.90 157 

Nattai River at the Causeway (Warragamba) 

All data 0.78 177 

Very low removed 0.82 120 

Very low and low removed 0.87 92 

Kowmung River at Cedar Ford (Warragamba) 

All data 0.59 191 

Very low removed 0.67 144 

Very low and low removed 0.71 115 

Nepean River at Nepean Dam (Nepean)   

All data 0.68 131 

Very low and low removed 0.68 130 

Fresh to low removed 0.67 91 

Glenquarry Creek at Alcorns (Nepean) 

All data 0.47 91 

Very low removed 0.45 77 

Very low and low removed 0.44 71 

Avon River at Summit Tank (Avon) 

All data 0.01 103 

Very low removed 0.02 90 

Very low and low removed 0.03 68 

Flying Fox No. 3 Creek at Upper Avon (Avon) 

All data 0.22 86 

Very low removed 0.38 74 

Very low and low removed 0.50 63 

 

For the Wollondilly River at Jooriland (Table 1), the r2 value with all flow data was 0.897, with a 

slight increase to 0.898 when the very low flows were removed. Excluding the periods of low flow 



 

 

did not produce a further increase in the r2.  

For the Kowmung River at Cedar Ford site (Figure 4), a trend of increasing strength of r2 with the 

exclusion of very low and low flows can be seen, with an all data r2 of 0.59 increasing to 0.71 when 

low and very low flows were removed.  

Overall, a clear trend was evident within the Warragamba dataset, with the evident conclusion that 

modelled TSS will be an appropriate representative of turbidity (which cannot be modelled within the 

current catchment and lake modelling framework). Deriving and utilising site-specific regression 

equations to transform modelled TSS to estimated turbidity should provide a robust representative of 

turbidity within the catchment. 

 

 

Figure 2. Kowmung River at Cedar Ford 

 

 

 

 

Figure 3. Nattai River at the Causeway 

 

Nepean Catchments 



 

 

Within the Nepean River at Nepean Dam dataset, a relationship can be seen between turbidity and 

TSS, however it is weaker than that identified within the Warragamba catchments, as indicated by the 

lower all data r2 value of 0.68 (Table 1; Figure 4). At this site, there was only one low flow datapoint 

within the dataset, which had little impact on the value r2 (Figure 4). The additional removal of ‘fresh’ 

flows had a negative impact on the r2 value, bringing it down to 0.67 (there were no ‘medium’ flows 

within the dataset) (Figure 4).  

The same trend was identified at the Glenquarry Creek at Alcorns site, whereby the all data r2 value of 

0.46 was reduced to 0.43 through the removal of low and very low flow data (Table 1; Figure 5). For 

the Nepean catchments, there is less of a clear trend between TSS and turbidity, which indicates that 

modelled turbidity will not be a sufficient estimation of TSS at within this catchment, unless another 

method of estimation can be derived from the available data. 

 

Figure 4. Nepean River at Nepean Dam 

 

Figure 5. Glenquarry at Alcorns 

 

Avon Catchments 

At the Avon River at Summit Tank site the relationship between TSS and turbidity was particularly 

poor, with an all data r2 value of 0.01, indicating no relationship between the variables (Table 1; 

Figure 6). The r2 value increased somewhat as the low and very low flows were excluded from the 

analysis, however the final r2 value of 0.03 still indicates a very poor relationship between the 

variables.  



 

 

For the Flying Fox site, the all data r2 value was 0.2, which is an improvement on that of the Avon 

River at Summit Tank site, but very poor in comparison with the Nepean and Warragamba sites 

(Figure 7). When the very low and low flows were removed the r2 value values improved somewhat, 

to 0.5, however this is still not indicative of a strong relationship between the turbidity and TSS at this 

site. Overall, modelled turbidity would not be an adequate estimation of TSS at this site given the 

current calculated relationships. 

 

Figure 6. Avon at Summit Tank  

 

Figure 7. Flying Fox Creek  

 

A key requirement for successful calibration and validation of water quality models is reasonable 

quality measured data. For most analytes, this is a direct process of comparing a modelled variable 

timeseries with a measured timeseries at a gauge location. In circumstances where there are issues 

around data availability or the accuracy or the measured data record, calibration and validation of a 

model becomes inherently more difficult. TSS is one such variable, where calibration and validation 

can become a problem, as there is often limited measured TSS data available for these purposes. 

Hence, where a relationship between measured TSS and turbidity can be established, the turbidity can 

be transformed into equivalent TSS values and used for model calibration and validation (Holliday et 

al., 2003). As seen in the results presented above, these relationships are highly site specific, and 

indeed change significantly during different flow regimes. This places constraints on the use of 

turbidity as a surrogate for sediment modelling and raises questions as to when a turbidity based 

estimation for calibrating TSS model results can be applied. Ideally a focus should be made within 



 

 

water quality monitoring programs of measuring TSS in addition to turbidity, so that the measured 

TSS can be utilised in model calibration and validations. Where this is not suitable, efficient or 

effective, a site-specific equation should be established, but it should be recognised that an inherent 

uncertainty will be present in the conversion rates. 

CONCLUSIONS 

During low flow conditions for Nepean and Warragamba, TSS samples will be required, as the 

estimation does not adequately represent these flows, as indicated by improving r2 values as low and 

very low flows are removed from the dataset. Another method of estimation will be required for the 

Avon catchment, or a more robust sampling regime, as turbidity is not, using the current methods, an 

adequate estimation of TSS within the Avon catchment, as indicated by overall very poor r2 values 

and trends witihn the data. It is also evident from the data, that while the catchments may be similar in 

terms of physical location, geology and soil profiles, this is not sufficient to lead to a universal 

TSS/turbidity relationship that could be uniformly applied across the model regime, but rather that 

there will likely need to be a different estimation equation for each gauge within each at the very least, 

with the potential for even further refinement down to a tributary scale in some locations. 

Finally, the assessment done for these data sets further confirms that site specific assessment of 

turbidity conversion equations are required, due to the discrepancies identified within TSS/turbidity 

relationships in the different catchments. The underlying catchment, hydrologic and hydraulic 

response can influence the conversion equations, and needs to be considered during the development 

of these equations for integration into water quality models. 
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