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Executive summary 
Regular water quality monitoring has occurred at river sites throughout Victoria since 1975.  The number of monitoring sites 
has changed over that time due to sites being added or decommissioned.  The suite of water quality variables measured at 
each site, and the frequency of that monitoring, has also varied over time.  The Victorian Regional Water Monitoring 
Partnership (RWMP) currently collects water quality data from 314 river sites throughout Victoria, with spot measurements 
being taken at least monthly at most sites.   

Water quality is an important indicator of river health and river managers have a keen interest in monitoring changes in water 
quality and in implementing management actions to maintain or improve water quality.  The Victorian Water Act 1989 
requires long-term water resource assessments to assess changes to either the availability of surface water and 
groundwater, as well as changes to the health of waterways.  To date, there have been two studies that have analysed long-
term trends in river water quality across the state.  Trends in the available data for pH, turbidity, electrical conductivity, total 
phosphorus and total nitrogen were analysed at 280 sites across Victoria by SKM in 1998. In 2007 SKM extended that 
analysis to include data up until the end of 2005.   

This report presents the results of the third state-wide assessment of trends in water quality over the period 2005 to 2010 
against trends prior to 2005.  In addition, the report trials a tool for tracking water quality data and trends as new data are 
collected.  This tool is part of the approach outlined by the Victorian EPA (2011) in the Environmental Water Quality 
Guidelines for Victorian Riverine Estuaries. The tool uses two types of analyses, control charts and run charts, for assessing 
whether water quality measurements taken at a particular site of interest are within or outside an expected range, given 
other prevailing conditions such as flow or weather conditions.  Such assessments can assist catchment managers because 
they facilitate understanding of whether any observed change in a new water quality measurement is within expectations at 
that site. This allows problems that are outside of expectations to be identified as they arise despite the inherent variability 
and dynamic nature of the site. 

Broad trends in dissolved oxygen, pH, turbidity, electrical conductivity, total nitrogen and total phosphorus are described for 
75 Regional Water Monitoring Partnership sites that have relatively complete records for all six water quality variables dating 
back to January 1991.  These trends are based on visual inspection of time-series plots of all data collected between 
January 1991 and December 2010, and on comparisons of mean and median statistics for the period January 1991 – June 
2005 against mean and median statistics for the period July 2005 – December 2010.   

The second part of the report  presents six case studies that use control chart and run chart analyses to more 
comprehensively assess trends for dissolved oxygen, pH, turbidity, electrical conductivity, total nitrogen and total 
phosphorus. The sites used for the case studies were nominated by the relevant Catchment Management Authorities. 

The control chart and run chart analyses developed for this report were applied in a three step process.  The first step used 
multiple regression techniques to identify a combination of predictor variables that best described variation in the water 
quality variable of interest between January 1991 and June 2005 at each of the six case study sites.  Separate models were 
developed for each water quality variable at each site.  In the second step, the regression model that best described 
historical variation in each dataset was used to predict the value for that water quality variable on each sampling occasion 
between July 2005 and December 2010.  In the third step, water quality data collected between July 2005 and December 
2010 were compared against the predicted values to determine whether the trends were as expected.  Individual 
observations that differed from predicted values by more than a designated threshold (equal to 1.5 times the inter-quartile 
range recorded during the historical data period) were considered to be ‘out of control’ and warrant closer inspection.  Data 
were also compared against State environment Protection Policy (Waters of Victoria) trigger levels to determine whether 
particular water quality variables were likely to pose risks to, for example, aquatic biota.  

Run charts were used to show the number of consecutive observations that were either above or below the predicted value 
at each site.  Long runs of consecutive observations that were either all above or all below the predicted value were 
considered to indicate a deviation from historical patterns.   
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General trends across 75 sites 

The outcomes of the state-wide investigation are specific to each individual site, however some general patterns were 
observed: 

 Dissolved oxygen levels declined at many sites throughout Victoria after June 2005.  The biggest decreases were 
recorded in rivers in the western part of the state that had severely reduced flows , or were dry  for extended periods 
during the drought. 

 Electrical conductivity generally increased across Victoria after June 2005, with the greatest increases recorded at sites 
in the Werribee River, Jacksons Creek, Moorabool River, Broken River, Broken Creek and the Wimmera River. 

 pH levels either did not change or slightly increased at most sites across Victoria since June 2005.  However, the biggest 
recorded change was a large decline in pH in the Glenelg River @ Big Cord. 

 Turbidity levels in most rivers throughout Victoria generally increased after June 2005, but the increases at most sites are 
not likely to be environmentally significant.  The largest increases were recorded in the Macalister River @ Licola and the 
Avoca River @ Coonooer.  Individual instances of high turbidity were recorded at sites in several Gippsland rivers during 
or soon after large floods.   

 There have been no consistent state-wide trends for total nitrogen concentrations across Victoria since June 2005, but 
there have been some clear trends within individual river basins.  Total nitrogen concentrations generally decreased in 
the Werribee River and Broken River basins and generally increased in the Mitchell River, Thomson River, Portland and 
Glenelg River basins.  The biggest increases were recorded in the Macalister River after large floods in 2007. 

 There have been no consistent state-wide trends for total phosphorus concentrations across Victoria since June 2005, 
but there have been some clear trends within individual river basins.  Total phosphorus generally increased in the 
Corangamite, Portland and Wimmera River basins and decreased in the South Gippsland and Barwon River basins.  The 
most consistent increases were recorded at sites in the Moorabool River, Hopkins River, Avoca River and Wimmera 
River.  Very high total phosphorus concentrations were recorded during or soon after large floods at several other sites. 

Detailed observations at six selected sites 

In addition to the data analysis above, control charts were developed and analysed at the following six sites, with summary 
comments on each site provided below. 

233200 Barwon River @ Pollocksford  
 
Dissolved oxygen in the Barwon River @ Pollocksford, after June 2005, was higher and more variable than expected based 
on historical patterns.  In particular, there were many records of very high dissolved oxygen during the drought, which may 
be due to increased photosynthesis associated with increased algal growth.  pH levels at the site were higher than expected 
between July 2005 and December 2007 and were lower than expected after January 2008.  However, there was no change 
in electrical conductivity or turbidity levels compared to historical patterns.   

The most noticeable change at this site related to nutrient concentrations.  Concentrations of total nitrogen and total 
phosphorus were very high on occasions at this site in the Barwon River in the early and mid-1990s.  Much lower peaks 
were recorded after 1999 and the regression models based on the historical patterns consistently over-estimated results 
after July 2005.  Discussions with staff from Central Highlands Water and the Corangamite Catchment Management 
Authority identified the implementation of a nutrient management plan for dairy farms in the Colac region and a Biological 
Nutrient Removal (BNR) upgrade to the South Ballarat Treatment Plant as likely causes for reduced nutrient levels after 
1999.  The changed management conditions within the Barwon River catchment meant that it was not appropriate to use all 
of the historical data record to predict nutrient concentrations after June 2005.  New models were developed to describe 
variation in total nitrogen and total phosphorus concentrations between January 2000 and June 2005 and those models 
were used to predict nutrient concentrations after June 2005.  These new models demonstrated that total nitrogen levels in 
the Barwon River @ Pollocksford after June 2005 were slightly higher than expected, but there was no change in total 
phosphorus concentrations compared to the previous five year period. 
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235227 Gellibrand River @ Bunkers Hill 
 
Dissolved oxygen in the Gellibrand River at Bunkers Hill was lower than expected after June 2005, with some very low 
concentrations recorded during the worst years of the drought.  There was little change in electrical conductivity compared to 
historical patterns but turbidity levels were higher than expected.  In particular, there were several records of very high 
turbidity between 2005 and 2008.  pH levels at this site between 2005 and 2007 were higher than previously recorded, but 
pH levels after 2008 were consistent with those recorded between 1991 and 2005.   

Total nitrogen concentrations in the Gellibrand River @ Bunkers Hill were higher and more variable after June 2005 
compared to the previous 15 years.  The increase since 2005 is mainly due to more frequent very high total nutrient 
concentrations, which were recorded between 2006 and 2009.  Total phosphorus concentrations at this site were slightly 
lower after June 2005 compared to historical patterns. 

405204 Goulburn River @ Shepparton 
 
Dissolved oxygen levels in the Goulburn River @ Shepparton generally declined between 1991 and June 2005.  That 
decline was arrested in recent years and dissolved oxygen levels at the site after June 2005 were similar to those recorded 
between 2003 and 2005.  Electrical conductivity and total phosphorus concentration both declined after June 2005 
compared to historical patterns and observed results were generally lower than predicted by the models used in the control 
charts.  These declines may be partly due to increased inter-valley transfer releases from Lake Eildon to meet downstream 
demand.  Historical data shows a slow but steady increase in pH at this site between January 1991 and June 2005.  That 
trend increased after June 2005 as predicted.  Turbidity and total nitrogen concentration at this site after June 2005 were 
unchanged compared to historical patterns.   

404216 Broken River @ Goorambat 
 
Water quality in the Broken River @ Goorambat has historically been influenced by flow in the upstream reaches of the 
Broken River and outflows from Lake Mokoan.  Outflow from Lake Mokoan declined substantially towards the end of the 
drought and after the lake was decommissioned in 2010.  The full effects of decommissioning Lake Mokoan on water quality 
in the Broken River are not known and the current models used in the control charts may need to be revised as new data 
become available. 

Dissolved oxygen in the Broken River @ Goorambat generally declined between January 1991 and June 2005.  That decline 
continued as predicted after June 2005 and some very low dissolved oxygen levels were recorded during the drought that 
were outside the historical patterns observed at this site. These patterns could be worth closer examination as part of any 
future environmental drought response planning.   

Turbidity in the Broken River @ Goorambat was higher and more variable after June 2005 compared to the previous 15 
years.  Very high turbidity levels were recorded on 11 occasions between 2006 and 2009.  Those records were associated 
with high flow events, but were out of control compared to historical patterns.  The very high records occurred after the 2006 
bushfires, which burnt the upper reaches of the Broken Creek, and it is likely that ash and fine sediment that washed into the 
river continued to be mobilised during each subsequent high flow event.  The decommissioning of Lake Mokoan is also likely 
to affect turbidity levels at this site and therefore relationships between turbidity and the predictor variables highlighted in this 
report are likely to change.   

Electrical conductivity at this site increased after June 2005, with very high levels that were out of control in 2007 and 2008.  
However, the model based on historical patterns accurately predicted the decline in electrical conductivity in 2009 and 2010 
due to reduced inflows from Lake Mokoan.   

Total nitrogen concentrations in the Broken River @ Goorambat declined after June 2005 and recorded concentrations were 
generally lower than predicted.  Mean and median total phosphorus concentrations also declined after June 2005, but some 
very high total phosphorus concentrations were recorded in 2007 and 2008.  Those very high concentrations were probably 
due to ash and sediment that was washed into the river after the 2006 bushfires and, while the concentrations were higher 
than expected, they did coincide with high flow events and were not out of control compared to historical patterns.  The 
decline in total phosphorus concentrations in 2009 and 2010 was probably due to reduced outflows from Lake Mokoan. 
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415207 Wimmera River @ Eversley 
 
The Wimmera River @ Eversley ceased-to-flow for extended periods during the drought and also experienced a large flood 
in September 2009.  Both of these climatic conditions affected water quality at the site.   

Dissolved oxygen levels in the Wimmera River @ Eversley were consistently lower than predicted after 2005 and were 
frequently out of control after 2008 compared to historical patterns.  The very low dissolved oxygen levels coincided with 
very low, or cease-to-flow events during summer up until the start of 2009.  The low dissolved oxygen levels recorded after 
the September 2009 floods are possibly due to the breakdown of organic material that was washed into the river during 
those floods. 

Turbidity in the Wimmera River @ Eversley was much higher than predicted after June 2005 and was frequently out of 
control compared to historical patterns.  The very high turbidity levels recorded between 2007 and 2009 may be due to 
increased growth of planktonic algae during the drought and the high turbidity levels after 2009 are probably due to high 
sediment loads that were washed into the river during the floods. 

Electrical conductivity was much higher after June 2005 and was frequently out of control compared to historical patterns 
when the river ceased to flow.  The model used in the control chart accurately predicted electrical conductivity levels in the 
cooler months after June 2005 when the river was flowing.  This result highlights the fact that the predictive models used in 
the control charts are only likely to be reliable for describing expected water quality conditions if the underlying hydrologic 
conditions are within the range of those used historically to fit the model. 

pH increased in the Wimmera River @ Eversley between July 2005 and September 2009, but then decreased markedly.  
The highest pH levels recorded between 2005 and 2009 coincided with cease-to-flow events and may be associated with 
high photosynthesis rates from planktonic algae.  Similarly, the decrease in pH after September 2009 may be due to the 
floods flushing the algae through the system and increased carbon dioxide released as organic material washed into the 
river by the floods was broken down. 

Total nitrogen concentrations in the Wimmera River @ Eversley decreased after June 2005, but there were at least five 
occasions between 2006 and 2010 when total nitrogen concentrations were very high and out of control compared to 
historical patterns.  Total phosphorus concentrations were much higher and more variable after June 2005.  Total 
phosphorus concentration was correlated with turbidity and the very high concentrations recorded in 2009 were reasonably 
well predicted by the model even though the actual values were several times higher than the highest records from the 
historical period.   

415200 Wimmera River @ Horsham 
 
The Wimmera River site @ Horsham is located downstream of the Horsham weir pool.  It experienced very low and cease-
to-flow events during the drought and large floods in September 2009.  Stormwater run-off from Horsham possibly 
represented a higher than normal proportion of flow at this site during the drought and may have affected the ability of 
historical models to accurately predict water quality on some occasions.   

Dissolved oxygen in the Wimmera River @ Horsham was lower than predicted after June 2005.  The low levels between 
July 2005 and August 2009 are explained by the low, stable flows.  The low dissolved oxygen levels that were recorded after 
the 2009 floods may be due to the decomposition of organic material that was washed into the river during the floods. 

Turbidity in the Wimmera River @ Horsham was lower than predicted between July 2005 and March 2008, but was 
frequently higher than predicted after that time.  Several readings taken after March 2008 were very high and were out of 
control compared to historical patterns.  The high turbidity levels recorded in 2009 and 2010 are associated with sediment 
being washed into the Wimmera River during floods, but the high turbidity levels recorded during 2008 are possibly due to 
increased growth of planktonic algae. 

Electrical conductivity in the Wimmera River @ Horsham generally decreased after June 2005.  However, these patterns 
were not well explained by the model used in the control chart.  Variation in pH at this site was also not well explained by 
any of the tested predictor variables.  The very high pH levels were recorded between 2007 and 2009 may be due to high 
rates of photosynthesis by planktonic algae and the slight drop in pH after 2009 is probably due to the floods. 
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Total nitrogen concentration was more variable after June 2005 compared to historical patterns.  The frequent high 
concentrations recorded in 2006 and 2008 were much higher than predicted and were higher than most of the historical 
record. 

Total phosphorus concentrations in the Wimmera River @ Horsham increased markedly from 2007.  The highest 
concentrations were recorded in the driest years, and many of those were out of control compared to historical patterns. 
Total phosphorus concentrations decreased slightly after the 2009 floods, but did not drop back to the levels recorded 
between 2000 and 2006. 

Are control charts an effective tool for analysing water quality trends? 

Control charts are potentially an effective tool for assessing water quality trends over time and for assessing new data as 
they are collected.  However, their effectiveness is closely linked to the fit of the predictive model that they are based on.  
Models that explain a large proportion of the historical variation will more accurately predict future observations and will 
therefore provide a more sensitive test of unexpected changes to water quality. 

Variation in some of the water quality variables tested at certain sites in this project (e.g. pH at most sites and electrical 
conductivity in the Wimmera River @ Horsham) could not be reliably explained by the predictive variables that were 
available for analysis.  The control charts for those variables were not very informative and unless more reliable predictor 
variables can be identified and measured, then there is little point investing time and effort in performing detailed 
assessments for those variables at certain sites.  Given the time and effort required to develop models, it is recommended 
that detailed assessment with control charts should only be developed for selected variables at sites where a particular need 
has been identified or suspected. 

In developing the control charts it is also important to consider any significant changes to catchment management practices 
over the period of model fitting.  As the example of nutrient concentrations in the Barwon River @ Pollocksford 
demonstrates, the models used in control charts will not reliably predict future water quality conditions if they are based on 
historical data that were collected at a time when different management strategies applied.  It is critical to talk to relevant 
stakeholders to fully understand management history at each site.   

The results of this study demonstrated that water quality at any given site is very strongly influenced by local factors and 
conditions.  This means that predictive models need to be developed independently for each water quality variable at each 
site.  It also raises questions about the extent to which results and trends at individual sites can be extrapolated to other 
sites or to make general statements about conditions or trends at regional or state-wide scales.   

Conclusions and recommendations 

Control charts and run charts are potentially effective tools for assessing water quality trends over time and for assessing 
new data as they are collected.  They will allow CMAs and other interested stakeholders to immediately compare a single 
water quality result against the prediction based on prevailing conditions at the time and decide whether the result is in 
keeping with historical patterns.  Any recorded value that is very different to the predicted value, allowing for reasonable 
confidence limits, can be immediately identified and may trigger further investigation into potential causes.   

The ability to rigorously evaluate individual water quality results as they are collected may help CMAs and other relevant 
agencies detect environmental stressors when they first occur, which means they may be able to implement appropriate 
mitigation actions before too much damage is done.  Armed with these tools, CMA staff will be able to more actively review 
water quality data as they are collected and use those data in their operational management decisions, as well as in longer 
term strategic planning.  Implementing mitigation measures as soon as potential problems arise and monitoring the effect of 
those actions is likely to accelerate and improve our understanding of specific relationships between water quality, ambient 
conditions and operational activities.  Such information can be readily shared between different agencies and used in 
operational and strategic planning. 
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Surface water monitoring, including both flow and water quality parameters, represents a substantial investment by the 
Victorian Government and its agencies.  The previous two water quality trend reports highlighted long-term patterns across 
the state.  The next step will be to use the collected data to relate changes in a particular variable to other changes in the 
catchment.  Such applications will enable agencies to better assess the effectiveness of management actions and to decide 
what particular management actions are needed and when they should be implemented.  Moreover, it will highlight when 
conditions at a particular site are getting better or worse, which will allow the State Environment Protection Policy (Waters of 
Victoria) to be used more effectively.    

Control charts and run charts are tools that have the potential to significantly increase the use of water quality data 
throughout Victoria.  Most importantly, these two tools have the potential to assist CMA staff in managing their catchments 
by increasing the utility of the state-wide surface water data set collected under Victoria’s Regional Water Monitoring 
Partnerships. 
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Figure: 1-1 Control chart for turbidity (measured in NTU) in the Broken River @ Goorambat 
 

 
 
1.2.2. Run charts 

Run charts use the same models developed for control charts to predict values for a parameter of interest based on 
prevailing conditions.  While control charts primarily compare the magnitude of the difference between observed and 
predicted values, run charts plot the number of consecutive observations that are all above or all below their respective 
predicted values.  The Y-axis of run charts describes the number of consecutive observations that are either above (a 
positive value) or below (a negative value) the predicted value.  The example run chart in Figure 1-2 shows that there 
were rarely more than six consecutive turbidity observations that were above the predicted value and rarely more than 
eight consecutive turbidity observations that were less than the predicted value.  It also shows that the longest run 
occurred between June 2001 and October 2003 when 15 consecutive monthly readings were below their predicted 
value.                

If a particular water quality parameter is following a predictable pattern, we would not expect to see a long run of 
consecutive observations above the predicted value or a long run of consecutive observations below the predicted value.  
Nor would we expect to see a big difference in the length of runs above and below the predicted value.  When a 
parameter is following a predictable pattern the run chart should look like the skeleton of a fish, with relatively short runs 
above the line alternating with relatively short runs below the line.  Upper and lower limits can be specified to help 
highlight when particular runs are too long.  Run charts are particularly useful for trend analyses because they can 
highlight when observed values are consistently above or below the predicted value, and therefore may indicate the start 
of a departure from previous patterns, even if the magnitude of the difference is relatively small.   

It is interesting to note that the very high turbidity levels recorded in the Broken River @ Goorambat between October 
2006 and January 2009, (which stood out clearly in the control chart in Figure 1-1), are not very pronounced in the run 
chart because some of the very high readings are punctuated by three readings in the middle of 2007 that were below 
the predicted value (Figure 1-2).  Such contrasts between the run chart and control chart are important, and in this case 
may suggest that the very high turbidity readings are related to specific events rather than a chronic effect. 
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Figure 1-2: Run chart for Turbidity (in NTU) in the Broken River @ Goorambat  
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2. Project Stages 
The project was divided into stages so that the method of applying control charts could be appropriately tested, the effort 
required to conduct each analysis could be evaluated, and so that sites where more complex analyses should be applied 
could be selected.  It was agreed at the outset that detailed analyses would be conducted at sites that have particular 
management relevance from a water quality perspective and where the analysis would be likely to significantly improve 
understanding of water quality issues and predictive capability.   

The five project stages included:  

 Development of the method of analysis.  The method development tested a range of alternative regression models 
and applied control charts for salinity and turbidity only at two sites.  The results of those analyses were presented in 
a working document that was reviewed by the project steering committee and used to confirm a basic level of 
analysis that would be applied across a majority of Regional Water Monitoring Partnership sites that have relevant 
data and a more complex analysis that would be applied to a smaller sub-set of selected sites.  

 Selection of sites currently sampled under the Regional Water Monitoring Partnership contracts with adequate data 
series for all six selected water quality parameters: dissolved oxygen, electrical conductivity, pH, turbidity, total 
nitrogen and total phosphorus.   

 Preparation of time series plots and run charts for dissolved oxygen, electrical conductivity, pH, turbidity, total 
nitrogen and total phosphorus at 75 sites for the period from 1st January 1991 to 30th December 2010.  These plots 
and associated analyses were used to broadly describe recent trends in water quality at each site and to identify 
individual sites for further analysis.   

 Consultation by DSE with Catchment Management Authorities to identify a further subset of sites for using predictive 
models in control chart analysis from the candidate list that are of particular interest for management 
purposes.Development and application of site specific predictive models to prepare control charts and run charts to 
assess water quality trends at six selected sites.  More details about the methods used to select sites for preliminary 
trend analysis, the methods used in those analyses and the results are presented in Chapter 3 of this report.  The 
methods used for detailed assessments at six selected sites are presented in Chapter 4.  The results of detailed 
analyses at each of the six selected sites are presented in Chapters 5 to 10.  Overall conclusions and 
recommendations are presented in Chapter 11.  
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subjective measures were used to describe trends at each site and to compare the direction and magnitude of trends 
across different sites.   

As a first step, each time series plot was inspected and patterns after June 2005 were visually compared against 
temporal patterns between January 1991 and June 2005.   Plots where there was an obvious increase or decrease in the 
particular water quality parameter after June 2005 were noted.  Summary statistics were also derived for each water 
quality parameter at each site over the whole period of record, for the historical period (i.e. January 1991 – June 2005) 
and for the current period (i.e. July 2005 to December 2010) (see Table 3-1).  Nine separate statistics were derived for 
each of the 75 water quality sites.  This equates to over twelve thousand statistics, so the calculation method was 
automated to save on time and to reduce the potential for error. 

Table: 3-1 Description of the summary statistics calculated for each water quality parameter and the three time 
periods that were analysed 
 
Water quality parameter Period of analysis Statistics calculated 

Dissolved oxygen (mg/L, % 
saturation) 

Whole record  
Jan 1991 – Dec 2010 

Mean of parameter 

Electrical conductivity (µS/cm) 
Historical period 
Jan 1991 – June 2005 

Median of parameter 

pH 
Current period 
July 2005 – Dec 2010 

Standard deviation of parameter 

Turbidity (NTU)  Mean run length above the historical 
median 

Total nitrogen (mg/L)  Median run length above the 
historical median 

Total phosphorus (mg/L)  Standard deviation of the run length 
above the historical median 

  Mean run length below the historical 
median 

  Median run length below the 
historical median 

  Standard deviation of the run length 
below the historical median 

 

Each parameter was assessed by plotting the test statistic for the historical period at each site against the same test 
statistic for the current period to assess broad state-wide changes (see Figure 3-1).  The example comparing mean 
electrical conductivity levels under historical and current periods at each site shows that average electrical conductivity 
levels at most of the 75 assessed sites were either the same or slightly higher after June 2005 compared to the period 
January 1991 to June 2005 (Figure 3-1).  Differences between median and standard deviation statistics for data collected 
before and after June 2005 were compared in the same way.  These plots are useful for describing overall trends, but 
they do not clearly show which sites have the largest trends and which sites have little or no trend.  For simplicity, these 
plots have not been reproduced in the final report. 

To highlight changes in water quality at individual sites we prepared plots showing the relative change in dissolved 
oxygen, electrical conductivity, pH, turbidity, total nitrogen and total phosphorus.  For each site we calculated the change 
in the mean value for each water quality parameter between the current and historical periods (i.e. change in mean = 
mean for the current period – mean for the historical period).  We then divided the change in mean by the historical mean 
to ensure that sites with very high or very low levels for a particular water quality parameter did not bias the results.  The 
results for each water quality parameter were plotted as a bar graph, with each bar representing a separate site.  Sites 
were presented in order according to their site number to highlight any patterns within or between individual basins.  An 
example plot for electrical conductivity is shown in Figure 3-2.  That plot shows that mean electrical conductivity levels 
increased at most of the 75 sites after June 2005, although changes at most sites are unlikely to be statistically 
significant.  Moreover, it shows that the biggest increases occurred at sites 231204, 232202 and 232204 (Figure 3-2), 
where the relative change greater than 1.0 indicates that the mean value at these sites has more than doubled.   Similar 
plots were prepared to show the change in median values for each water quality parameter at each site after June 2005.  
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3.2.2. Evaluation of sites for more detailed analysis 

Sites where large changes in particular water quality parameters were considered as potential candidates for more 
detailed analyses.  Other candidate sites for further analysis included:  

1. Sites where the maximum run of consecutive values above or below the historical median after June 2005 was much 
greater than the maximum run length prior to June 2005;  and  

2. Sites where the mean value for any period was within two standard deviations from the relevant State Environment 
Protection Policy (Waters of Victoria) (SEPP (WoV)) trigger values (SEPP, 2003).  This second point highlights sites 
that are likely to get close to or exceed the SEPP trigger values for a particular parameter and therefore may be of 
concern from a management perspective.  The exact number of standard deviations between the mean and the 
SEPP trigger value is not critical for the assessment, rather the analysis aimed to identify those sites where the 
number of standard deviations between the mean and the SEPP was lowest.  
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Figure 3-3: Relative change in mean (top graph) and median (bottom graph) dissolved oxygen levels at 75 
Regional Water Monitoring Partnership sites since June 2005.  Bars show the difference in mean/median DO 
between the period July 2005 – December 2010 and the period January 1991 – June 2005 at each site, divided by 
the historical mean/median for that site.   
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Figure 3-4: Relative change in mean (top graph) and median (bottom graph) electrical conductivity levels at 75 
Regional Water Monitoring Partnership sites since June 2005.  Bars show the difference in mean/median 
electrical conductivity between the period July 2005 – December 2010 and the period January 1991 – June 2005 
at each site, divided by the historical mean/median for that site. 
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3.4.1. pH 

Mean and median pH levels at most of the 75 sites were slightly higher after June 2005 compared to the period January 
1991 to June 2005, but these differences are very small and are not likely to be environmentally significant (Figure 3-5).  
Moderate declines in pH were observed at one site and moderate increases were observed at five sites (Table 3-4).  
REallThere were no distinct patterns within or between river catchments. 

Table 3-4: Sites where greatest trends in pH were observed 
   
Site Number Site Name Strength of trend in time series plot 

231204 Werribee River @ Werribee Diversion Weir Moderate increase 
238223 Wando River @ Wando Vale Moderate increase 
238231 Glenelg River @ Big Cord Moderate decrease 
404206 Broken River @ Moorngag Moderate increase 
407203 Loddon River @ Laanecoorie Moderate increase 
415207 Wimmera River @ Eversley Moderate increase 
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Figure 3-5: Relative change in mean (top graph) and median (bottom graph) pH at 75 Regional Water Monitoring 
Partnership sites since June 2005.  Bars show the difference in mean/median pH between the period July 2005 – 
December 2010 and the period January 1991 – June 2005 at each site, divided by the historical mean/median for 
that site. 
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3.4.2. Turbidity 

Mean and median  turbidity levels were higher after June 2005 compared to the period January 1991 to June 2005 at 
most of the 75 assessed sites (Figure 3-6), but in most cases the increase is not likely to be statistically or 
environmentally significant.  Only two sites had a very noticeable and consistent increase in turbidity after June 2005 and 
the greatest change was evident in the Macalister River @ Licola (Table 3-5).  Three other sites had isolated records of 
very high turbidity, which probably related to specific flood events (Table 3-5).  Mean turbidity levels at those three sites 
were much higher after June 2005, but median turbidity levels were only slightly higher (Figure 3-6).     

Table 3-5: Sites where greatest trends in Turbidity were observed 
 
Site Number Site Name Strength of trend in time series plot 

224203 Mitchell River @ Glenaladale Several higher than normal events 
224206 Wonnongatta River @ Crooked River Several higher than normal events 
225204 Macalister River @ Glenmaggie (tail gauge) Several very high readings 

225209 Macalister River @ Licola Consistently higher readings after June 
2005 

408200 Avoca River @ Coonooer Consistently higher readings after June 
2005 
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Figure 3-6: Relative change in mean (top graph) and median (bottom graph) turbidity at 75 Regional Water 
Monitoring Partnership sites since June 2005.  Bars show the difference in mean/median turbidity between the 
period July 2005 – December 2010 and the period January 1991 – June 2005 at each site, divided by the 
historical mean/median for that site. 
 

 
 

 
  

‐2

0

2

4

6

8

10

22
12
01

22
12
10

22
42
03

22
42
06

22
42
13

22
52
04

22
52
09

22
52
10

22
62
28

22
72
00

22
72
02

22
72
31

23
02
02

23
02
05

23
12
04

23
12
13

23
12
31

23
22
02

23
22
04

23
22
10

23
32
00

23
32
14

23
32
15

23
32
18

23
42
01

23
42
03

23
52
02

23
52
03

23
52
11

23
52
24

23
52
27

23
52
37

23
62
09

23
72
00

23
72
07

23
82
02

23
82
04

23
82
06

23
82
23

23
82
28

23
82
31

40
12
03

40
12
04

40
12
11

40
12
16

40
22
03

40
22
04

40
22
05

40
22
22

40
32
05

40
32
10

40
32
17

40
32
30

40
32
41

40
42
06

40
42
07

40
42
14

40
42
16

40
52
00

40
52
03

40
52
04

40
52
05

40
52
09

40
52
14

40
52
31

40
52
64

40
62
07

40
62
13

40
72
03

40
72
15

40
72
21

40
82
00

41
52
00

41
52
01

41
52
07

Re
la
tiv

e 
ch
an
ge

 in
 m

ea
n 
tu
rb
id
ity

 s
in
ce
 Ju

ne
 2
00

5

Site number

‐1

0

1

2

3

4

5

6

7

22
12
01

22
12
10

22
42
03

22
42
06

22
42
13

22
52
04

22
52
09

22
52
10

22
62
28

22
72
00

22
72
02

22
72
31

23
02
02

23
02
05

23
12
04

23
12
13

23
12
31

23
22
02

23
22
04

23
22
10

23
32
00

23
32
14

23
32
15

23
32
18

23
42
01

23
42
03

23
52
02

23
52
03

23
52
11

23
52
24

23
52
27

23
52
37

23
62
09

23
72
00

23
72
07

23
82
02

23
82
04

23
82
06

23
82
23

23
82
28

23
82
31

40
12
03

40
12
04

40
12
11

40
12
16

40
22
03

40
22
04

40
22
05

40
22
22

40
32
05

40
32
10

40
32
17

40
32
30

40
32
41

40
42
06

40
42
07

40
42
14

40
42
16

40
52
00

40
52
03

40
52
04

40
52
05

40
52
09

40
52
14

40
52
31

40
52
64

40
62
07

40
62
13

40
72
03

40
72
15

40
72
21

40
82
00

41
52
00

41
52
01

41
52
07

Re
la
tiv

e 
ch
an
ge

 in
 m

ed
ia
n 
tu
rb
id
ity

 si
nc
e 
Ju
ne

 2
00

5

Site number



 

Victorian Water Quality Trends 1991 – 2010 

18 

3.4.3. Total nitrogen 

There was no consistent trend in total nitrogen concentrations across the state since June 2005, although there were 
some consistent patterns within individual catchments.  Total nitrogen concentrations at sites in the Werribee (basin # 
231) and Broken River (basin # 404) catchments generally decreased after June 2005, while concentrations in the 
Mitchell River (basin # 224), Thomson River (basin # 225), Portland (basin # 237) and Glenelg River (basin # 238) basins 
generally increased after June 2005 (Figure 3-7).  The biggest increases in mean concentration and in median 
concentrations respectively were recorded in the Macalister River @ Glenmaggie tail gauge and in the Macalister River 
@ Licola, after large floods in 2007 (Table 3-6).   

Table 3-6: Sites where greatest trends in total nitrogen (TN) concentration were observed   
 
Site Number Site Name Strength of trend in time series plot 

225204 Macalister River @ Glenmaggie (tail gauge) Very high TN after 2007 then tailed off 
225209 Macalister River @ Licola High after 2007 
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Figure 3-7: Relative change in mean (top graph) and median (bottom graph) total nitrogen concentration at 75 
Regional Water Monitoring Partnership sites since June 2005.  Bars show the difference in mean/median total 
nitrogen concentration between the period July 2005 – December 2010 and the period January 1991 – June 2005 
at each site, divided by the historical mean/median for that site. 
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Figure 3-8: Relative change in mean (top graph) and median (bottom graph) total phosphorus concentration at 
75 Regional Water Monitoring Partnership sites since June 2005.  Bars show the difference in mean/median total 
phosphorus concentration between the period July 2005 – December 2010 and the period January 1991 – June 
2005 at each site, divided by the historical mean/median for that site. 
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Figure 5-2: Control chart for dissolved oxygen (in mg/L) in the Barwon River @ Pollocksford 
 

 
 
Figure 5-3: Run chart for dissolved oxygen (in mg/L) in the Barwon River @ Pollocksford 
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Figure 5-4: Control chart for dissolved oxygen (in % saturation) in the Barwon River @ Pollocksford 
 

 
 
Figure 5-5: Run chart for dissolved oxygen (in % saturation) in the  Barwon River @ Pollocksford 
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5.3.2. Turbidity 

Turbidity levels in the Barwon River @ Pollocksford frequently exceeded the State Environment Protecton Policy (Waters 
of Victoria) trigger value of 10 NTU in the period between 1991 and June 2005 (Figure 5-6).  High turbidity levels were 
rarely recorded between July 2005 and December 2010 and therefore the State Environment Protection Policy (Waters 
of Victoria) objective for 75% of monthly readings to be below 10 NTU in any given twelve month period was generally 
met after July 2005 (Figure 5-6).   

Variation in turbidity levels at this site was relatively well explained (R2 = 0.58) by date, flow and electrical conductivity - 
EC (Table 5-5).  The model was a reasonably reliable predictor of turbidity after 2005 (in particular note the relatively 
accurate prediction of very high turbidity in May 2010 shown in Figure 5-6), but there were some instances of long runs 
where the recorded value was consistently higher than the predicted value (Figure 5-7).  Given all of these patterns, 
turbidity levels were considered to be within control at this site.  

Table 5-5: Best fit regression model to describe variation in turbidity in the Barwon River @ Pollocksford 
between 1991 and June 2005 
 

Parameter Model Sample Size 
Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Turbidity 
Turbidity = 165.346 –
(0.00247*Date) +  (0.0129*Flow) – 
(0.0164*EC) 

172 0.58 109% 

 
Table 5-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
Barwon River @ Pollocksford 
 
Parameter Record N Mean Median Standard Deviation 

Turbidity 
Historical 172 13.53 3.1 22.26 
Current 61 11.94 3.2 37.17 
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Figure 5-6: Control chart for turbidity (in NTU) in the Barwon River @ Pollocksford  
 

 
 
Figure 5-7: Run chart for turbidity (in NTU) in the Barwon River @ Pollocksford  
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5.3.3. Electrical conductivity 

Electrical conductivity in the Barwon River @ Pollocksford is consistently higher than the State Environment Protection 
Policy (Waters of Victoria) trigger value of 1500 µS/cm (Figure 5-8), however there has been no change in the mean, 
median or standard deviation since 2005 (Table 5-8).  The regression model that best explains historical variation in 
electrical conductivity at this site used season, water temperature and flow as predictor variables (Table 5-7).  The model 
provided a reasonably good fit (R2 = 0.43) for the period 1991 – 2005.  The model also predicted electrical conductivity 
levels after 2005 reasonably well (Figure 5-8).  Only one low value in June 2006 and one high value in late 2008 were 
out of control (Figure 5-8).  This illustrates how control charts could alert to unusual values being measured and 
potentially trigger further investigations at the time of collection, rather than at a later point in time.  

The long run of lower than expected electrical conductivity levels in late 2005 and throughout 2006 (Figure 5-9) is not 
likely to be a concern because low conductivity may be beneficial to environmental values in the system.    

Table 5-7: Best fit regression model to describe variation in electrical conductivity in the Barwon River @ 
Pollocksford between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Conductivity 
(EC) 

EC0.4 = 25.97+ (0.664*Season) – 
(0.1932*Temp) – (0.387*Flow0.4) 172 0.43 25% 

 
Table 5-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) electrical conductivity data (in 
µS/cm) recorded in the Barwon River @ Pollocksford 
 
Parameter Record N Mean Median Standard Deviation 

Conductivity 
Historical 172 1850.5 1928.5 589.1 
Current 61 1843.9 1859.8 606.3 

 
  



 

Victorian Water Quality Trends 1991 – 2010 

34 

Figure 5-8: Control chart for electrical conductivity (µS/cm) in the Barwon River @ Pollocksford 
 

 
 
Figure 5-9: Run chart for electrical conductivity (µS/cm) in the Barwon River @ Pollocksford 
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5.3.4. pH 

The pH regression model had poor goodness of fit statistics (R2 = 0.15) with flow as the only explanatory variable (Table 
5-9).  However, the standard error estimate was only 6 %, which indicates that the variability around the mean is low.  
The median and mean pH levels in the Barwon River between 2005 and 2010 are virtually the same as recorded during 
the historical period (Table 5-10), but those summary statistics do not accurately reflect conditions during that period, 
because pH is measured on a logarithmic scale and therefore small numerical changes can represent large changes in 
condition.  Moreover, the regression model does not predict quite obvious temporal patterns.  pH levels between July 
2005 and June 2007 were generally higher than average, while pH was generally lower than average  between March 
2008 and March 2010 (Figure 5-10 and Figure 5-11).  The higher pH levels recorded from 2005 to 2008 correlate with 
very high levels of dissolved oxygen (possibly even super saturated levels of dissolved oxygen), indicating reduced 
dissolved CO2 from photosynthetic production.  

Overall, pH levels at this site are within the lower and upper State Environment Protection Policy (Waters of Victoria) 
trigger values of 6.5 (25th percentile) and 8.3 (75th percentile) respectively (Figure 5-10), and therefore pH is not currently 
considered to be a variable of concern at this site.   

Given the poor fit of the regression models for describing pH in this analysis, the effort required for future assessments of 
pH in the Barwon River @ Pollocksford can be reduced to using a simple control chart based on the historical median 
and historical variation. 

Table 5-9: Best fit regression model to describe variation in pH in the Barwon River @ Pollocksford between 
1991 and June 2005 
 

Parameter Model Sample Size 
Coefficient of 
determination 
(R2) 

Standard Error 
of Estimate  
(% of mean) 

pH pH0.4 = 2.3151 – (0.00479*Flow0.4) 170 0.15 6% 
 
Table 5-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the 
Barwon River @ Pollocksford 
 
Parameter Record N Mean Median Standard Deviation 

pH 
Historical 169 7.84 7.8 0.54 
Current 61 7.84 7.9 0.55 
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Figure 5-10: Control chart for pH in the Barwon River @ Pollocksford 
 

 
 
Figure 5-11: Run chart for pH in the Barwon River @ Pollocksford 
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5.3.5. Nutrient assessments  

Our initial models for historical nutrient patterns in the Barwon River @ Pollocksford (see Table 5-11) were very 
unreliable because there were numerous records of very high levels for total nitrogen and total phosphorus that were up 
to ten times the mean of all historical records and an order of magnitude higher than the State Environment Protection 
Policy (Waters of Victoria) trigger values (Figure 5-12 and Figure 5-14).  Those very high values had high statistical 
leverage in the regression models and swamped other patterns in the data.  The complete absence of extremely high 
nutrient records after 2000, suggests a significant change in land or industrial management in the catchment.  Several 
discussions with the Corangamite Catchment Management Authority and Central Highlands Water highlighted two 
significant changes within the catchment that could have affected nutrient levels:   

1. In the late 1990s the Corangamite CMA worked with dairy farmers in the Colac region to improve nutrient 
management practices on their properties and at dairies.   

2. In the late 1990s the South Ballarat Treatment Plant, which discharges treated wastewater into the Leigh River, was 
upgraded to incorporate a Biological Nutrient Removal (BNR) process.  The South Ballarat Treatment Plant 
discharges approximately 18 ML/day of treated wastewater into the Leigh River, which is a tributary of the Barwon 
River that joins upstream of the Pollocksford monitoring site.  Reasonable flows in the Leigh River would dilute the 
wastewater and it would have little effect on nutrient levels in the Barwon River.  However, under very low flow 
conditions, discharge from the South Ballarat Treatment Plant would account for most of the flow in the lower reaches 
of the Leigh River and would contribute a significant portion of flow to the Barwon River @ Pollocksford.  The highest 
total nitrogen and total phosphorus concentrations in the Barwon River @ Pollocksford were recorded during very low 
flow conditions and therefore it is likely that discharge from the treatment plant was having an effect.  The BNR 
upgrade at the South Ballarat Treatment Plant reduced phosphorus levels in the discharged water by approximately 
80% and converted most of the nitrogen to nitrate, which is more readily processed in the environment.   

The upgrade to the South Ballarat Treatment Plant and improved nutrient management on dairy farms are likely to have 
greatly reduced nutrient levels in the Barwon River @ Pollocksford.   As a result, data collected prior to the changes are 
not likely to be a reliable predictor of future nutrient concentrations.  We therefore fitted new regression models to 
describe variation in total nitrogen and total phosphorus concentrations between January 2000 and June 2005 (see 
Sections 5.3.6 and 5.3.7) and used those models to predict nutrient concentrations from July 2005 to June 2010.  The 
new models were based on fewer data, but still explained much more of the variation (R2 = 0.33 compared to R2 = 0.21 
for total nitrogen, and R2 = 0.15 compared to R2 = 0.04 for total phosphorus)   Moreover, the updated models 
incorporated flow, which was not a significant factor in the previous models, and provided a much better prediction of 
future nutrient concentrations.    

We would not have been justified in excluding the component of the historical record that contained inconveniently high 
nutrient concentrations without understanding why those very high values occurred.  However, by doing so we were able 
to greatly improve our assessment of current nutrient conditions.  This example highlights the need to have a good 
understanding of the system being modelled or monitored so all results can be appropriately interpreted. 

Table 5-11: Best fit regression models to describe variation in total nitrogen and total phosphorus in the Barwon 
River @ Pollocksford between 1991 and June 2005 
 

Parameter Model Sample Size 
Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Total nitrogen (TN) 
TN0.4 = 6.0303 – 
(0.0000957*Date) – 
(0.0528*Temp)  

171 0.21 154% 

Total phosphorus 
(TP) 

TP0.4 = 1.6019 – 
(0.0000198*Date) + 
(0.0455*Season) – 
(0.00491*Temp) 

173 0.04 83% 
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Figure 5-12: Control chart for total nitrogen (mg/L) in the Barwon River @ Pollocksford using data from 1991 – 
2010 
 

 
 
Figure 5-13: Run chart for total nitrogen in the Barwon River @ Pollocksford using data from 1991 – 2010 
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Figure 5-14: Control chart for total phosphorus (mg/L) in the Barwon River @ Pollocksford 1991-2010 
 

 

Figure 5-15: Run chart for total phosphorus (mg/L) in the Barwon River @ Pollocksford 1991-2010 
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5.3.6. Total nitrogen 

Variation in total nitrogen between January 2000 and June 2005 was best explained by a combination of water 
temperature, date and flow (R2 = 0.33) (Table 5-12).  Flow appears to be a particularly important explanatory variable 
and as a result the predicted concentrations for total nitrogen after June 2005 were much lower and less variable than in 
the preceding five years (Figure 5-16).  The average concentration for total nitrogen recorded in the Barwon River after 
2005 was slightly lower than the average concentration recorded between January 2000 and June 2005, but there was 
little difference in the median concentration recorded during the historical and current monitoring periods (Table 5-13).  
More importantly, total nitrogen concentrations in the Barwon River @ Pollocksford after June 2005 were not as low as 
predicted by the historical model.  The discrepancy can be seen in the control chart, where most observed values are 
shown above the predicted value (Figure 5-16); and is most evident in the run chart that shows long runs of consecutive 
values above the predicted value (Figure 5-17).  Despite the large difference between modelled and recorded values, 
only five observations for total nitrogen fall above the upper limit of the model and therefore are likely to trigger further 
investigation (Figure 5-16).  Moreover, the model is reasonably good at predicting the high levels of total nitrogen that 
occurred during high flow events in the second half of 2010 (Figure 5-16).   

Total nitrogen concentrations recorded in the Barwon River @ Pollocksford since January 2000 generally are below the 
State Environment Protection Policy (Waters of Victoria) trigger value of ≤0.6 mg/L (Figure 5-16).  The predictive model 
developed during this project explains a moderate amount of the variation in total nitrogen concentration between 
January 2000 and June 2005 and appears to predict the high nutrient levels associated with higher flow events in 2010.  
However, the model underestimated total nitrogen concentrations during the worst part of the drought.  One of the main 
limitations of the model is the relatively short amount of time over which the model was developed.  It is likely that a 
longer historical record will produce a more reliable model, but it is also important to ensure that the predictive model is 
based on a period of record that experienced similar conditions to those expected during the test period.  In this case, it 
was necessary to omit all records collected before January 2000 to ensure that the model accurately reflected current 
nutrient management.  

Table 5-12: Best fit regression model to describe variation in total nitrogen in the Barwon River @ Pollocksford 
between between 2000 and 2005 
 

Parameter Model Sample Size 
Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) Post 
2000 

TN0.4 = 6.9042 - (0.0308*Temp) – 
(0.0001172*Date) + 
(0.0197*Flow0.4) 

65 0.33 128% 

 
Table 5-13: Summary statistics for historical (2000-2005) and current (2005 – 2010) total nitrogen (mg/L) data 
recorded in the Barwon River @ Pollocksford 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen 
Historical 65 0.203 0.05 0. 29 
Current 59 0.184 0.05 0.24 
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Figure 5-16: Control chart for total nitrogen (mg/L) in the Barwon River @ Pollocksford using data from 2000 – 
2010 
 

 
 
Figure 5-17: Run chart for total nitrogen in the Barwon River @ Pollocksford using data from 2000 – 2010 
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5.3.7. Total phosphorus 

Regression models did not describe the variation in total phosphorus concentrations in the Barwon River @ Pollocksford 
(see Figure 5-18) for the same reasons described for total nitrogen.  Therefore we only present results from 2000 
onwards. 

Total phosphorus concentrations in the Barwon River @ Pollocksford generally exceeded the State Environment 
Protection Policy (Waters of Victoria) trigger value of ≤0.045 mg/L for the whole period from January 2000 to June 2010 
(Figure 5-18).  Moreover none of the tested predictor variables explained the variation in total phosphorus very well.  The 
best model for data collected between January 2000 and June 2005 used water temperature, flow, rainfall in the 
preceding 72 hours, time since last rainfall event greater than 20 mm and turbidity, but it only explained 21% of the total 
variation (R2 = 0.21).  Rainfall data from the Gnarwarre (Barwon River @ Pollocksford) rainfall gauge (Site # 087162) 
were used for the analysis. Total phosphorus records collected between July 2005 and June 2010 were on average 
higher and more variable than the total phosphorus levels recorded between January 2000 and June 2005 (Table 5-15).  
In particular, there were many more records greater than 0.15 mg/L after June 2005, including three records at the start 
of 2007 that were greater than 0.30 mg/L and would be considered out of control compared to historical patterns (Figure 
5-18).  The model did however predict the very high total phosphorus concentration recorded during a high flow event in 
spring 2010 (Figure 5-18).  As described in the previous section for total nitrogen, the fit of the model for total phosphorus 
is compromised by the shorter record of suitable historical data.  The data collected between 1991 and 1999 would not 
have improved the fit of the model in this case and also would not accurately reflect nutrient management actions that 
are currently in place.  

Table 5-14: Best fit regression model to describe variation in total phosphorus in the Barwon River @ 
Pollocksford between 2000 and June 2005 
 

Parameter Model Sample Size 
Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Total 
phosphorus 
(TP) Post 
2000 

TP0.4 = 0.3209 + (0.0756*Season) + 
(0.007132*Flow0.4) + 
(0.00001955*TimeSinceRain) + 
(0.002057*Turbidity) 

51 0.36 45% 

 
Table 5-15: Summary statistics for historical (2000-2005) and current (2005 – 2010) total phosphorus data 
recorded in the Barwon River @ Pollocksford 
 
Parameter Record N Mean Median Standard Deviation 

Total Phosphorus  
Historical 51 0.109 0.11 0.06 
Current 60 0.118 0.10 0.10 
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Figure 5-18: Control chart for total phosphorus (mg/L) in the Barwon River @ Pollocksford using data from 2000 
– 2010 
 

 
Figure 5-19: Run chart for total phosphorus (mg/L) in the Barwon River @ Pollocksford using data from 2000 – 
2010 
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Figure 6-2: Control chart for dissolved oxygen (in mg/L) in the Gellibrand River @ Bunkers Hill  
 

 
 
Figure 6-3: Run chart for dissolved oxygen (in mg/L) in the Gellibrand River @ Bunkers Hill  
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Figure 6-4: Control chart for dissolved oxygen (in % saturation) in the Gellibrand River @ Bunkers Hill  
 

 
 
Figure 6-5: Run chart for dissolved oxygen (in % saturation) in the Gellibrand River @ Bunkers Hill  
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6.3.2. Turbidity 

Variation in turbidity in the Gellibrand River @ Bunkers Hill between 1991 and 2005 was well explained by a combination 
of flow, water temperature and date (Table 6-5).  Turbidity levels have generally increased since 2005 (Table 6-6) and 
there have been very long runs where the observed values were greater than the predicted values (Figure 6-7).  
Moreover there have been spikes in turbidity that are above the predicted fit and occasionally outside the upper limits of 
the model (Figure 6-6), which could be a trigger for further investigation, particularly since turbidity levels at this site also 
frequently exceed the State Environment Protection Policy (Waters of Victoria) trigger value of 5 NTU. 

Table 6-5: Best fit regression model to describe variation in turbidity in the Barwon River @ Pollocksford 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Turbidity Turbidity0.4 = 3.7343 +(0.0277*Temp) –
(0.0000601*Date) +  (0.179*Flow0.4) 173 0.71 45% 

 
Table 6-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
Gellibrand River @ Bunker Hill 
 
Parameter Record N Mean Median Standard Deviation 

Turbidity 
Historical 162 9.96 6.55 8.25 
Current 44 14.44 7.85 14.08 

 
Figure 6-6: Control chart for turbidity (in NTU) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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Figure 6-7: Run chart for turbidity (in NTU) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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6.3.3. Electrical conductivity 

Variation in electrical conductivity in the Gellibrand River @ Bunkers Hill between 1991 and 2005 was reasonably well 
explained by a combination of season, water temperature, date and flow (Table 6-7).  There has been little change in 
electrical conductivity at this site since 2005 (Table 6-8) and nearly all values are well predicted by the historical model 
(Figure 6-8).  In 2005 and 2006 there was a long run of electrical conductivity records that were higher than the model 
predicted (Figure 6-9), but all values were well below the State Environment Protection Policy (Waters of Victoria) trigger 
value of ≤500 µS/cm and are therefore not likely to be of concern.  

Table 6-7: Best fit regression model to describe variation in electrical conductivity in the Barwon River @ 
Pollocksford between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard Error of 
Estimate  
(% of mean) 

Electrical 
conductivity 
(EC) 

EC0.4 = 12.95+ (0.3825*Season) – 
(0.0595*Temp) – (0.0000535*Date) – 
(0.1202*Flow0.4) 

173 0.5 16% 

 
Table 6-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) electrical conductivity data 
recorded in the Gellibrand River @ Bunker Hill 
 
Parameter Record N Mean Median Standard Deviation 

Electrical conductivity 
Historical 173 219.57 210 48.93 
Current 63 220.92 219 45.11 

 
Figure 6-8: Control chart for electrical conductivity (in µS/cm) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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Figure 6-9: Run chart for electrical conductivity (in µS/cm) in the Gellibrand River @ Bunkers Hill 1991 – 2010. 
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6.3.4. pH 

None of the predictor variables tested in the current project explained variation in pH at this site (best model fit had an 
R2= 0.04 – see Table 6-9) and therefore the control chart presented in Figure 6-10 is no better than one based just on 
the historical median.  Average and median pH levels at this site have increased since 2005 (Table 6-10).  Most of those 
increases were between July 2005 and January 2008, and pH levels between 2008 and 2010 were relatively similar to 
those recorded prior to June 2005.  pH levels above 7.5, and well above the range recorded between 1991 and 2005, 
have been recorded four times since 2006 (Figure 6-10).  However, most records are generally within the State 
Environment Protection Policy (Waters of Victoria) trigger values of 6.4 (25th percentile lower limit) and 7.7 (75th 
percentile upper limit) (Figure 6-10 and Figure 6-11), and therefore pH is not likely to be a major concern.   

Table 6-9: Best fit regression model to describe variation in pH in the Gellibrand River @ Bunkers Hill between 
1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

pH pH = 4.9949  +( (0.0157*Temp) + 
(0.0000307Date) 165 0.04 5% 

 
Table 6-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the 
Gellibrand River @ Bunkers Hill 
 
Parameter Record N Mean Median Standard Deviation 

pH 
Historical 160 6.75 6.8 0.3435 
Current 57 6.98 6.9 0.3737 

 
Figure 6-10: Control chart for pH in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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Figure 6-11: Run chart for pH in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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6.3.5. Total nitrogen 

Variation in total nitrogen in the Gellibrand River @ Bunkers Hill between 1991 and 2005 was reasonably well explained 
by a combination of season, flow and water temperature (Table 6-11).  Total nitrogen levels since 2005 have been 
generally higher and more variable compared to the preceding 15 years (Table 6-12).  Although there are no extended 
runs where the observed values exceed the predicted value (Figure 6-13), there were 10 occasions between 2006 and 
2009 where total nitrogen levels were outside of the historical control and would warrant further investigation (Figure 
6-12).  Total nitrogen records frequently exceeded the State Environment Protection Policy (Waters of Victoria) trigger 
value of 0.350 mg/L, particularly after 2005 (Figure 6-12).   

Table 6-11: Best fit regression model to describe variation in total nitrogen in the Barwon River @ Pollocksford 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) 

TN0.4 = 0.5514 – (0.0656*Season)– 
(0.0149*Temp) +  (0.0236*Flow0.4) 169 0.5 56% 

 
Table 6-12: Summary statistics for historical (1991-2005) and current (2005 – 2010) total nitrogen data recorded 
in the Gellibrand River @ Bunker Hill 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen 
Historical 169 0.269 0.25 0.201 
Current 61 0.378 0.30 0.354 

 
Figure 6-12: Control chart for total nitrogen (in mg/L) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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Figure 6-13: Run chart for total nitrogen (in mg/L) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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6.3.6. Total phosphorus 

Variation in total phosphorus levels in the Gellibrand River @ Bunkers Hill between 1991 and 2005 was only moderately 
well explained by date, season, flow and water temperature (Table 6-13).  The regression model was not very good at 
describing moderate or very high values in the period between January 1991 and June 2005 (Figure 6-14).  Average and 
median total phosphorus levels at this site were lower after 2005, although variation remained similar (Table 6-14).  The 
lower total phosphorus records after 2005 show up well in the run chart (Figure 6-15).  However, all of the total 
phosphorus readings taken since 2005 were within control of the model and are consistent with historical records.   Total 
phosphorus concentrations at this site vary between 0.02 mg/L and 0.05 mg/L, with occasional spikes during high flow 
conditions, and are generally above the State Environment Protection Policy (Waters of Victoria) trigger value of 0.025 
mg/L. 

Table 6-13: Best fit regression model to describe variation in total phosphorus in the Barwon River @ 
Pollocksford between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total 
phosphorus (TP) 

TP0.4 = –0.1551 – (0.021*Season) + 
(0.00549*Temp) + (0.00000513*Date) + 
(0.0127*Flow0.4) 

172 0.31 53% 

 
Table 6-14: Summary statistics for historical (1991-2005) and current (2005 – 2010) total phosphorus data 
recorded in the Gellibrand River @ Bunker Hill 
 
Parameter Record N Mean Median Standard Deviation 

Total phosphorus 
Historical 172 0.041 0.04 0.025 
Current 58 0.033 0.03 0.022 

 
Figure 6-14: Control chart for total phosphorus (in mg/L) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
 

 
  

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

Ja
n-

91

Ja
n-

92

Ja
n-

93

Ja
n-

94

Ja
n-

95

Ja
n-

96

Ja
n-

97

Ja
n-

98

Ja
n-

99

Ja
n-

00

Ja
n-

01

Ja
n-

02

Ja
n-

03

Ja
n-

04

Ja
n-

05

Ja
n-

06

Ja
n-

07

Ja
n-

08

Ja
n-

09

Ja
n-

10

Historical Obs

Current Obs

Historical Fit

Current Fit

SEPP

Boxplot lower

Boxplot upper



 

Victorian Water Quality Trends 1991 – 2010 

58 

Figure 6-15: Run chart for total phosphorus (in mg/L) in the Gellibrand River @ Bunkers Hill 1991 – 2010 
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Figure 7-2: Control chart for dissolved oxygen (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
 

 
 
Figure 7-3: Run chart for dissolved oxygen (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-4: Control chart for dissolved oxygen (in % saturation) in the Goulburn River @ Shepparton 1991 – 2010 
 

 
 
Figure 7-5: Run chart for dissolved oxygen (in % saturation) in the Goulburn River @ Shepparton 1991 – 2010 
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7.3.2. Turbidity 

Variation in turbidity in the Goulburn River @ Shepparton between 1991 and 2005 was partly explained by a combination 
of flow, season and date (Table 7-5).  Turbidity levels since 2005 have been similar to historical patterns (Table 7-6) and 
the observed values match the predicted values (Figure 7-7). The observed data are within the limits of the model, 
except on one occasion (Figure 7-6).  That high observation could be a trigger for further investigation particularly since 
turbidity levels at this site frequently exceed the State Environment Protection Policy (Waters of Victoria) trigger value of 
30 NTU.  

Table 7-5: Best fit regression models to describe variation in turbidity in the Goulburn River @ Shepparton 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Turbidity Turbidity0.4 = –1.0674 – (0.4*Season) + 
(0.0000898*Date) + (0.023*Flow0.4) 162 0.22 59% 

 
Table 7-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
in the Goulburn River @ Shepparton 
 
Parameter Record N Mean Median Standard Deviation 

Turbidity 
Historical 163 32.62 27 23.780 
Current 61 33.75 28.2 21.085 

 
Figure 7-6: Control chart for turbidity (in NTU) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-7: Run chart for turbidity (in NTU) in the Goulburn River @ Shepparton 1991 – 2010 
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7.3.3. Electrical conductivity 

Variation in electrical conductivity in the Goulburn River @ Shepparton between 1991 and 2005 was moderately well 
explained by a combination of season, date and flow (Table 7-7).  Average electrical conductivity levels were lower after 
2005 compared to the historical period (Table 7-8).  This is possibly attributed to a combination of lower saline 
groundwater tables due to the drought and fresh inter-valley transfers from Lake Eildon (Pat Feehan, personal 
communication, 1/5/12). The model predicted a decline in electrical conductivity levels for the last five years, but the 
observed data were further below the modelled fit (Figure 7-9).  Electrical conductivity at this site is within the control 
limits on the control chart and is well below the State Environment Protection Policy (Waters of Victoria) trigger value of 
500 µS/cm (Figure 7-8).  It is therefore not considered a threat to aquatic ecosystems or other beneficial uses of the 
waterway.  

Table 7-7: Best fit regression models to describe variation in electrical conductivity in the Goulburn River @ 
Shepparton between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Electrical 
conductivity (EC) 

EC0.4 = 17.7729– (0.5009*Season) – 
(0.000175*Date) – (0.052*Flow0.4) 163 0.44 21% 

 
Table 7-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) electrical conductivity data 
recorded in the in the Goulburn River @ Shepparton 
 
Parameter Record N Mean Median Standard Deviation 

Electrical conductivity (µS/cm) 
Historical 163 179.83 180 48.33 
Current 61 129.07 130 31.68 

 
Figure 7-8: Control chart for electrical conductivity (in µS/cm) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-9: Run chart for electrical conductivity (in µS/cm) in the Goulburn River @ Shepparton 1991 – 2010 
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7.3.4. pH 

None of the predictor variables tested in the current project explained variation in pH at this site (best model fit had an 
R2= 0.09 – see Table 7-9) and therefore the control chart presented in Figure 7-10 is no better than one based just on 
the historical median.  pH levels at this site increased between 1991 and 2005, and that trend continued after 2005 
(Table 7-10; Figure 7-10; Figure 7-11).  The reasons for the general increase in pH may be similar to those described for 
electrical conductivity (i.e. changes to groundwater levels and inter-valley transfer flows).   pH levels at this site were 
within the model control limits and nearly all records since January 1999 lie within the lower and upper State 
Environment Protection Policy (Waters of Victoria) trigger values of 6.4 and 7.7 (Figure 7-10). For these reasons, we 
conclude that pH is not likely to be a major concern at this site.  However, it will be worth monitoring the upward trend in 
pH to ensure that conditions do not become too alkaline.  

Table 7-9: Best fit regression models to describe variation in pH in the Goulburn River @ Shepparton between 
1991 and June 2005 
  

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

pH pH0.4= 1.8712  + (0.000005799*Date) - 
(0.0005198*Flow0.4)  161 0.09 5% 

 
Table 7-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the in the 
Goulburn River @ Shepparton 
 
Parameter Record N Mean Median Standard Deviation 

pH 
Historical 161 6.83 6.9 0.3312 
Current 61 7.03 7.0 0.2434 

 
Figure 7-10: Control chart for pH (in pH units) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-11: Run chart for pH (in pH units) in the Goulburn River @ Shepparton 1991 – 2010 
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7.3.5. Total nitrogen 

Variation in total nitrogen in the Goulburn River @ Shepparton between 1996 and 2005 was reasonably well explained 
by a combination of season, water temperature, flow and time since rainfall (Table 7-11).  The explanatory variable ‘time 
since rainfall’ (i.e. time since last rain event in which more than 20 mm of rain fell) indicates that run-off from urban 
stormwater and/or irrigation drains are drivers of total nitrogen levels at this site.  Rainfall data were taken from the 
Shepparton Airport rainfall gauge operated by the Bureau of Meteorology (site 081125).  Total nitrogen levels since 2005 
have been generally lower compared to the preceding 15 years (Table 7-12).  Although there are no extended runs 
where the observed values exceed the predicted value (Figure 7-13), there were two occasions between 2006 and 2009 
where total nitrogen levels were outside of the historical control limits and would warrant further investigation (Figure 
7-12).  The total nitrogen levels are well below the State Environment Protection Policy (Waters of Victoria) trigger value 
of 0.900 mg/L.  

Table 7-11: Best fit regression models to describe variation in total nitrogen in the Goulburn River @ Shepparton 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) 

TN0.4 = 0.5998 – (0.1377*Season) – 
(0.014*Temp)  + (0.004946*Flow0.4) – 
(0.0003567*TimeSinceRain) 

92 0.57 74% 

 
Table 7-12: Summary statistics for historical (1991-2005) and current (2005 – 2010) total nitrogen data recorded 
in the in the Goulburn River @ Shepparton 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen (mg/L) 
Historical 91 0.146 0.10 0.1538 
Current 60 0.122 0.08 0.1439 

 
Figure 7-12: Control chart for total nitrogen (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-13: Run chart for total nitrogen (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
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7.3.6. Total phosphorus 

Variation in total phosphorus levels in the Goulburn River @ Shepparton between 1996 and 2005 was well explained by 
flow, turbidity and rainfall (Table 7-13).  As with the total nitrogen analysis, rainfall data were taken from the Shepparton 
Airport rainfall gauge operated by the Bureau of Meteorology (site 081125).  Average and median total phosphorus levels 
at this site were significantly lower after 2005 (Table 7-14).  The lower total phosphorus records are highlighted in the run 
chart, which shows relatively long runs of consecutive values less than the predicted value (Figure 7-15).  However, all of 
the total phosphorus readings taken since 2005 were just within the control limits of the model (Figure 7-15).  The 
observed decline in total phosphorus since 2005 in the Goulburn River @ Shepparton is attributed to the drought and 
inter-valley transfers from Lake Eildon into this reach (Pat Feehan, personal communication, 1/5/12).  Prior to 2005, total 
phosphorus levels at this site frequently exceeded the State Environment Protection Policy (Waters of Victoria) trigger 
value of 0.045mg/L, but most readings since 2006 have been below that trigger value (Figure 7-14).  To assist future 
management actions at this site, the regression model could be updated to account for the recent decline in total 
phosphorus levels. 

Table 7-13: Best fit regression models to describe variation in total phosphorus in the Goulburn River @ 
Shepparton between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total phosphorus 
(TP) 

TP0.4 = 0.1219 + (0.001254*Flow0.4) + 
(0.0528*Turbidity0.4) – (0.00003275*Rainfall) 89 0.60 37% 

 
Table 7-14: Summary statistics for historical (1991-2005) and current (2005 – 2010) total phosphorus data 
recorded in the in the Goulburn River @ Shepparton 
 
Perameter Record N Mean Median Standard Deviation 

Total phosphorus (mg/L) 
Historical 89 0.077 0.07 0.0427 
Current 59 0.044 0.04 0.033 

 
Figure 7-14: Control chart for total phosphorus (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 7-15: Run chart for total phosphorus (in mg/L) in the Goulburn River @ Shepparton 1991 – 2010 
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Figure 8-2: Control chart for dissolved oxygen (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
 

 
 
Figure 8-3: Run chart for dissolved oxygen (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
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Figure 8-4: Control chart for dissolved oxygen (in % saturation) in the Broken River @ Goorambat 1991 – 2010 
 

 
 
Figure 8-5: Run chart for dissolved oxygen (in % saturation) in the Broken River @ Goorambat 1991 – 2010 
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8.3.2. Turbidity 

Variation in turbidity in the Broken River @ Goorambat between 1991 and 2005 was very well explained by flow in the 
Broken River, flow from Lake Mokoan and electrical conductivity (Table 8-5).  Flow from Lake Mokoan was a particularly 
good predictor of high turbidity at this site.  Turbidity in Lake Mokoan (and the Winton Wetlands) can be very high due to 
the shallow depths and strong wind driven wave action and therefore any flow from Lake Mokoan \ Winton Wetlands will 
have a noticeable effect on turbidity levels in the Broken River.   

Turbidity results in the Broken River @ Goorambat were more variable after 2005 and the average and median levels 
both increased (Table 8-6).  Moreover, there were at least 11 turbidity readings taken between 2006 and 2009 that were 
very high and were out of control compared to historical data (Figure 8-6).  The very high turbidity levels may be due to 
ash and sediment that was washed into the Broken River after the December 2006 bushfires, which burned most of the 
Upper Goulburn and Broken Catchments (Pat Feehan, personal communication, 1/5/12).  Silt and sediment from 
bushfires can wash into streams and then be remobilised during subsequent high flow events until it is flushed from the 
system (Smith et al., 2011).  Although the very high turbidity records were not well predicted by the model, they were 
episodic and there were no long runs of consecutive records that were above or below the predicted value (Figure 8-7).   

Turbidity levels at this site frequently exceed the State Environment Protection Policy (Waters of Victoria) trigger level of 
≤30 NTU (Figure 8-6) and may therefore represent a threat to ecosystem values and other beneficial uses of the 
waterway.  Recent changes to the operation of Lake Mokoan, combined with the effects of drought and bushfires mean 
that turbidity levels at this site may continue to change over the next 5-10 years.  As a result, there is likely to be 
tremendous value in plotting new data onto the control chart as they are collected, rather than waiting for five years to 
analyse trends.  Turbidity monitoring at this site would be a good candidate for trialling an automated process to update 
control charts with new data as they are collected. 

Table 8-5: Best fit regression models to describe variation in turbidity in the Broken River @ Goorambat 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Turbidity Turbidity = –15.8494 + (0.005257*FlowBroken) + 
(0.2954*EC) +  (3.9635*FlowMokoan0.4) 171 0.75 36% 

 
Table 8-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
in the Broken River @ Goorambat  
 
Parameter Record N Mean Median Standard Deviation 

Turbidity (NTU) 
Historical 173 50.11 37 34.87 
Current 65 82.89 45 90.61 
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Figure 8-6: Control chart for turbidity (in NTU) in the Broken River @ Goorambat 1991 – 2010 
 

 
 
Figure 8-7: Run chart for turbidity (in NTU) in the Broken River @ Goorambat 1991 – 2010 
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8.3.3. Electrical conductivity 

Variation in electrical conductivity in the Broken River @ Goorambat between 1991 and 2005 was reasonably well 
described by a combination of water temperature, flow in the Broken River and flow from Lake Mokoan (Table 8-7).  
Electrical conductivity at this site has increased since 2005 (Table 8-8).  Particularly high levels were recorded between 
June 2007 and March 2008, which were out of control compared to historical patterns at this site (Figure 8-8).  These 
spikes in electrical conductivity may be due to evapo-concentration or groundwater intrusion during the drought, which 
intensified in this period (Pat Feehan, personal communication, 1/5/12).   Except for these spikes, electrical conductivity 
levels at this site were well below the State Environment Protection Policy (Waters of Victoria) trigger value of ≤500 
µS/cm (Figure 8-8).   

With the exception of the results in 2007 and 2008, the regression model that explained variation in the historical data, 
was reasonably good at predicting electrical conductivity at this site and there were no long runs where observed values 
were higher or lower than the predicted value (Figure 8-9).  It is interesting to note that the model successfully predicted 
a decline in electrical conductivity at the end of 2009 and in 2010, after Lake Mokoan was decommissioned (Figure 8-8).  
Continuing to plot new values against the predicted levels will show whether  the relationship between conductivity and 
the two flow parameters continues and whether the overall downward trend in conductivity, both in terms of the predicted 
values and the actual observations, continues.  

Table 8-7: Best fit regression models to describe variation in electrical conductivity in the Broken River @ 
Goorambat between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Electrical 
conductivity (EC) 

EC0.4 = 8.3748– (0.0257*Temp) – 
(0.0856*FlowBroken0.4)+  
(0.1368*FlowMokoan0.4) 

172 0.45 22% 

 
Table 8-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) electrical conductivity data 
recorded in the in the Broken River @ Goorambat 
 
Parameter Record N Mean Median Standard Deviation 

Electrical conductivity (µS/cm) 
Historical 173 178.23 160.00 96.90 
Current 61 203.63 170.96 121.52 

 
Figure 8-7: Run chart for turbidity (in NTU) in the Broken River @ Goorambat 1991 – 2010 
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Figure 8-9: Run chart for electrical conductivity (in µS/cm) in the Broken River @ Goorambat 1991 – 2010 
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8.3.4. pH 

None of the predictor variables tested in the current project explained variation in pH at this site (the best fitting model 
had an R2 value of  0.12 – see Table 8-9) and therefore the control chart presented in Figure 8-10 is no better than one 
based just on the historical median.  Average and median pH levels at this site have increased slightly since 2005 (Table 
8-10), but most records since January 1998 lie between the lower and upper State Environment Protection Policy 
(Waters of Victoria) trigger values of 6.4 and 7.7 respectively (Figure 8-10).  

Table 8-9: Best fit regression models to describe variation in pH in the Broken River @ Goorambat Turbidity 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

pH 
pH0.4= 1.8606  + (0.00000557*Date) +  
(0.000519*FlowBroken0.4) + 
(0.002288*FlowMokoan0.4) 

170 0.12 5% 

 
Table 8-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the in the 
Broken River @ Goorambat 
 
Parameter Record N Mean Median Standard Deviation 

pH 
Historical 170 6.84 6.8 0.3611 
Current 61 6.95 6.9 0.3335 

 
Figure 8-10: Control chart for pH (in pH units) in the Broken River @ Goorambat 1991 – 2010 
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Figure 8-11: Run chart for pH (in pH units) in the Broken River @ Goorambat 1991 – 2010 
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8.3.5. Total nitrogen 

Variation in total nitrogen in the Broken River @ Goorambat between 1991 and 2005 was partly explained by a 
combination of season, water temperature and flow in the Broken River (Table 8-11).  Total nitrogen levels at this site 
have generally declined since June 2005 (Table 8-12) and have often been less than predicted (Figure 8-12 and Figure 
8-13).  Higher total nitrogen levels were recorded on two or three occasions in 2007, but those observations were not out 
of control compared to historical patterns (Figure 8-12).  Moreover, total nitrogen levels at this site have mostly remained 
well below the State Environment Protection Policy (Waters of Victoria) trigger level of ≤0.900 mg/L since 1991 (Figure 
8-12). 

Table 8-11: Best fit regression models to describe variation in total nitrogen (in mg/L) in the Broken River @ 
Goorambat between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) 

TN = 0.4477 – (0.0777*Season)– (0.0118*Temp) 
+ (0.001884*FlowBroken0.4)   174 0.21 80% 

 
Table 8-12: Summary statistics for historical (1991-2005) and current (2005 – 2010) total nitrogen (in mg/L) data 
recorded in the in the Broken River @ Goorambat 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen (mg/L) 
Historical 174 0.268 0.235 0.234 
Current 56 0.167 0.130 0.145 

 
Figure 8-12: Control chart for total nitrogen (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
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Figure 8-13: Run chart for total nitrogen (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
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8.3.6. Total phosphorus 

Variation in total phosphorus in the Broken River @ Goorambat between 1991 and 2005 was moderately well explained 
by season, date, flow in the Broken River and turbidity (Table 8-13).  Turbidity can influence nutrient levels because 
nutrients can bind to soil particles and get washed into the river.  However, turbidity in the Broken River is also correlated 
with flow from Lake Mokoan, which may explain why it was highlighted as an important predictor variable in this analysis.  
Average and median total phosphorus levels at this site were slightly lower after 2005 compared to the period 1991 to 
2005 (Table 8-14).  That decline in total phosphorus may be partly due to reduced flow from Lake Mokoan towards the 
end of the drought and after decommissioning.  For the most part, total phosphorus observations after June 2005 were 
much lower than in previous years (Figure 8-14) and were nearly always lower than predicted (Figure 8-15).   

The high total phosphorus levels recorded in 2007 and 2008 (Figure 8-14) were probably due to run-off from bushfire 
affected areas (Pat Feehan, personal communication, 1/5/12).   However, it is interesting to note that the observed 
values on those occasions were much lower than predicted by the model (Figure 8-14).  The large underestimate is 
mainly due to the influence of turbidity, which was very high on those occasions and was used as a predictor variable in 
the model.  This pattern adds strength to the theory that high turbidity and nutrient levels after 2006 were due to 
sediment and ash from the bushfires in December 2006.  Sediment that is washed into the rivers will be mobilised by 
subsequent events until it is flushed from the reach, which may take several years (Smith et al., 2011).  However, 
nutrients that are bound to these sediments will be processed more rapidly and so spikes in nutrient levels will generally 
not persist as long. 

Prior to 2005, total phosphorus levels in the Broken River @ Goorambat nearly always exceeded the State Environment 
Protection Policy (Waters of Victoria) trigger level of ≤0.045mg/L (Figure 8-14).  If not for the effect of the bushfires, total 
phosphorus levels at this site since June 2005 may have stayed below the State Environment Protection Policy (Waters 
of Victoria) trigger level for most of the time.  This decline in total phosphorus concentration is likely to be due to reduced 
outflows from Lake Mokoan.  It will be interesting to see if total phosphorus levels remain low and whether the model 
used in this analysis is a reliable predictor of total phosphorus given the changed operation of Lake Mokoan.  Once more 
data have been collected it may be necessary to update the regression models to ensure they more accurately reflect the 
current operation of Lake Mokoan and the water supply system more generally.   

Table 8-13: Best fit regression models to describe variation in Total Phosphorus (in mg/L) in the Broken River @ 
Goorambat between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total phosphorus 
(TP) 

TP0.4 = -0.1061 – (0.063*Season) + 
(0.00001014*Date) – (0.005752*FlowBroken0.4) + 
(0.0009455*Turbidity) 

172 0.42 41% 

 
Table 8-14: Summary statistics for historical (1991-2005) and current (2005 – 2010) Total Phosphorus (in mg/L) 
data recorded in the in the Broken River @ Goorambat 
 
Parameter Record N Mean Median Standard Deviation 

Total phosphorus (mg/L) 
Historical 172 0.120 0.105 0.089 
Current 60 0.119 0.097 0.098 
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Figure 8-14: Control chart for total phosphorus (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
 

 
 
Figure 8-15: Run chart for total phosphorus (in mg/L) in the Broken River @ Goorambat 1991 – 2010 
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Figure 9-2: Control chart for dissolved oxygen (mg/L) in the Wimmera River @ Eversley 1991 – 2010 
 

 
 
Figure 9-3: Run chart for dissolved oxygen (mg/L) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-4: Control chart for percent saturation dissolved oxygen in the Wimmera River @ Eversley 1991 – 2010 
 

 
 
Figure 9-5: Run chart for percent saturation dissolved oxygen in the Wimmera River @ Eversley 1991 – 2010 
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9.3.2. Turbidity 

Variation in turbidity in the Wimmera River @ Eversley between 1991 and 2005 was explained reasonably well (R2= 
0.41) by a combination of flow and rainfall (Table 9-5). Rainfall data were taken from the Eversley rainfall gauge (Site # 
079014) operated by the Bureau of Meteorology.  Since 2005, average and median turbidity levels have been 
significantly higher than the historical record (Table 9-6). The model did not predict this increase and consequently the 
observed values were higher than those predicted by the model and commonly outside the model limits (Figure 9-6; 
Figure 9-7). Since 2005, turbidity levels at this site have frequency exceeded the State Environment Protection Policy 
(Waters of Victoria) trigger level of ≤10 NTU and therefore observations outside of control may be a trigger for further 
investigation at the time of the observation. High turbidity levels from mid-2007 to September 2009 were not able to be 
explained by the model, but may be due to high planktonic algal growth in the sampling pool during the worst part of the 
drought (M. Toomey, personal communication, 1/5/12).  The very high turbidity levels recorded after September 2009 
can be explained by large floods, which entrained large amounts of organic debris into the river (G. Fletcher, personal 
communication, 1/5/12).   

Table 9-5: Best fit regression models to describe variation in turbidity in the Wimmera River @ Eversley between 
1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Turbidity Turbidity = 1.5781 + (2.2216*Flow0.4) +  
(0.1277*Rainfall) 171 0.41 87% 

 
Table 9-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
in the Wimmera River @ Eversley 
 
Parameter Record N Mean Median Standard Deviation 

Turbidity (NTU) 
Historical 171 8.26 5.8 9.14 
Current 65 26.3 11.4 51.6 

 
Figure 9-6: Control chart for turbidity (in NTU) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-7: Run chart for turbidity (in NTU) in the Wimmera River @ Eversley 1991 – 2010 
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9.3.3. Electrical conductivity 

Variation in electrical conductivity in the Wimmera River @ Eversley between 1991 and 2005 was well explained by a 
combination of season, date and flow (Table 9-7).  Average electrical conductivity levels were much higher after 2005 
compared to the historical period (Table 9-8).  High electrical conductivity levels, outside of control, correlate with cease-
to-flow events in the Wimmera River during the drought. The model reliably predicted electrical conductivity levels when 
the river was flowing (i.e. in winter 2007 and from winter 2009 onwards) (Figure 9-9).  Electrical conductivity levels at this 
site nearly always exceed the State Environment Protection Policy (Waters of Victoria) trigger level of ≤500 µS/cm for the 
protection of aquatic ecosystems and other beneficial uses of the waterway (Figure 9-8). Therefore, any readings that 
are also outside of control of the model may be a trigger for further investigations.  

Table 9-7: Best fit regression models to describe variation in conductivity in the Wimmera River @ Eversley 
between 1991 and June 2005. 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Electrical 
conductivity (EC) 

EC0.4 = 26.8993  –( 2.6463 *Season) –
(0.1628*Temp) – (1.2526*Flow0.4) 170 0.69 31% 

 
Table 9-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) conductivity data recorded in 
the in the Wimmera River @ Eversley 
 
Parameter Record N Mean Median Standard Deviation 

Electrical conductivity (µS/cm) 
Historical 173 2292 2100 1246 
Current 62 3287 3344 1885 

 
Figure 9-8: Control chart for electrical conductivity (in µS/cm) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-9: Run chart for electrical conductivity (in µS/cm) in the Wimmera River @ Eversley 1991 – 2010 
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9.3.4. pH 

Variations in pH in the Wimmera River @ Eversley were partly explained (R2= 0.27) by temperature, date and flow (Table 
9-9).  The regression model predicts an increasing trend in pH, and since 2005, average and median pH levels at this 
site have increased (Table 9-10).  pH levels at this site have exceeded the upper State Environment Protection Policy 
(Waters of Victoria) trigger level of 8.3 on numerous occasions since 2005, and a few observations have been outside of 
the upper and lower model control limits (Figure 9-10; Figure 9-11).  The higher pH levels recorded from 2005 to 2009 
correlate with cease-to-flow conditions and probable high rates of photosynthesis from algal blooms and aquatic plants. 
The lower pH levels recorded since the September 2009 floods may be due to the decomposition of organic matter that 
was washed into the river by the floods.  The decomposition process will release carbon dioxide, which in turn reduces 
pH levels in the water.  Another explanation is that the floods and more consistent higher flows that have persisted since 
them, flushed accumulated algae from the monitoring site and has prevented excessive accumulation of planktonic algae 
and algal blooms.  

Table 9-9: Best fit regression models to describe variation in pH in the Wimmera River @ Eversley between 1991 
and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

pH pH = 5.5787+ (0.0101*Temp) –  
(0.00004183*Date) – (0.0616*Flow0.4) 168 0.27 5% 

 
Table 9-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the in the 
Wimmera River @ Eversley 
 
Parameter Record N Mean Median Standard Deviation 

pH 
Historical 171 7.70 7.70 0.404 
Current 62 7.96 7.95 0.600 

 
Figure 9-10: Control chart for pH in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-11: Run chart for pH in the Wimmera River @ Eversley 1991 – 2010 
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9.3.5. Total nitrogen 

Variation in total nitrogen in the Wimmera River @ Eversley between 1991 and 2005 was moderately well explained by a 
combination of water temperature, date, flow and turbidity (Table 9-11).  Average and median total nitrogen levels 
decreased since 2005, but were more variable compared to the preceding 15 years (Table 9-12).  Although there were 
no extended runs where the observed values exceed the predicted value (Figure 9-13), there were five occasions 
between 2006 and 2010 where total nitrogen levels were outside of the historical control limits and may warrant further 
investigation (Figure 9-12).  The greater scatter in the data since 2005 is potentially due to internal loading of nutrients 
after the September 2009 floods (M. Toomey, personal communication, 1/5/12).   Total nitrogen concentrations at this 
site were generally well below the State Environment Protection Policy (Waters of Victoria) trigger levels of ≤0.600 mg/L  

Table 9-11: Best fit regression models to describe variation in total nitrogen in the Wimmera River @ Eversley 
between 1991 and June 2005. 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) 

TN0.4 = 2.8151 – (0.0126*Temp) – 
(0.00004606*Date) +(0.0101*Flow0.4) + 
(0.004759*Turbidity) 

171 0.44 125% 

 
Table 9-12: Summary statistics for historical (1991-2005) and current (2005 – 2010) total nitrogen data recorded 
in the in the Wimmera River @ Eversley 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen (mg/L) 
Historical 174 0.117 0.065 0.187 
Current 62 0.078 0.010 0.230 

 
Figure 9-12: Control chart for total nitrogen (in mg/L) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-13: Run chart for total nitrogen (in mg/L) in the Wimmera River @ Eversley 1991 – 2010 
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9.3.6. Total phosphorus 

Variation in total phosphorus concentration in the Wimmera River @ Eversley between 1991 and 2005 was moderately 
well explained by date, flow, turbidity and water temperature (R2= 0.43) (Table 9-13).  Average and median total 
phosphorus concentrations at this site were higher and more variable since 2005 compared to the historical record 
(Table 9-14). This contrasts with the decline in total nitrogen concentration observed over the same period, but correlates 
with an increase in turbidity (see Sections 9.3.5 and 9.3.2).  The strong correlation with turbidity suggests that much of 
the phosphorus at this site may be bound to fine soil particles and could therefore be associated with erosion.  The 
model fits the total phosphorus data reasonably well after 2005 (see Figure 9-14 and Figure 9-15) and accurately 
predicted the spike in total phosphorus associated with the September 2009 floods (Figure 9-14).  However, there were 
still a few observations that were outside of the model controls that could trigger further investigation, especially since 
total phosphorus concentrations at this site frequently exceeded the State Environment Protection Policy (Waters of 
Victoria) trigger level of ≤0.025 mg/L (Figure 9-14).  

Table 9-13: Best fit regression models to describe variation in total phosphorus in the Wimmera River @ 
Eversley between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total phosphorus 
(TP) 

TP0.4 = –0.8004 + (0.003676*Temp) + 
(0.00001782*Date) + (0.007736*Flow0.4) + 
(0.00373*Turbidity) 

171 0.43 77% 

 
Table 9-14: Summary statistics for historical (1991-2005) and current (2005 – 2010) total phosphorus data 
recorded in the in the Wimmera River @ Eversley 
 
Parameter Record N Mean Median Standard Deviation 

Total phosphorus (mg/L) 
Historical 174 0.025 0.020 0.024 
Current 62 0.096 0.043 0.133 

 
Figure 9-14: Control chart for total phosphorus (in mg/L) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 9-15: Run chart for total phosphorus (in mg/L) in the Wimmera River @ Eversley 1991 – 2010 
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Figure 10-2: Control chart for dissolved oxygen (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
 

 
 
Figure 10-3: Run chart for dissolved oxygen (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-4: Control chart for percent saturation dissolved oxygen in the Wimmera River @ Horsham  
1991 – 2010 
 

 

Figure 10-5: Run chart for percent saturation dissolved oxygen in the Wimmera River @ Horsham 1991 – 2010 
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10.3.2. Turbidity 

Variation in turbidity in the Wimmera River @ Horsham between 1991 and 2005 was explained reasonably well (R2= 
0.51) by a combination of flow, electrical conductivity and time since the last rainfall event > 20 mm (Table 10-5).  
Rainfall data were taken from the Horsham rainfall gauge (site # 079082) operated by the Bureau of Meteorology.  The 
importance of electrical conductivity as a predictor variable suggests that increasing salinities influences the flocculation 
of suspended particles. ‘Time since rainfall’ also indicates that the first flush of stormwater from Horsham may affect 
turbidity levels at this site.  Since 2005, average and median turbidity levels have been slightly higher than the historical 
record (Table 10-6).  However, the pattern is not uniform.  Turbidity was generally lower than predicted between July 
2005 and March 2008 and then was much higher than predicted including several spikes that were above the upper 
limits of the model and are considered out of control (Figure 10-6 and Figure 10-7).  Some of these spikes coincide with 
high flow events through the upper catchment, but it is not clear what caused high turbidity levels throughout 2008.  
Turbidity levels at this site only drop below the State Environment Protection Policy (Waters of Victoria) trigger of ≤10 
NTU during low flow periods (Figure 10-6).  

Table 10-5: Best fit regression models to describe variation in turbidity in the Wimmera River @ Horsham 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Turbidity Turbidity0.4 = 7.7 + (0.0002057*Flow) – 
(0.2539*EC0.4) - (0.001301*TimeSinceRain) 170 0.51 88% 

 
Table 10-6: Summary statistics for historical (1991-2005) and current (2005 – 2010) turbidity data recorded in the 
in the Wimmera River @ Horsham 
 
Parameter Record N Mean Median Standard Deviation 

Turbidity (NTU) 
Historical 177 23.19 12.00 34.04 
Current 65 29.37 17.00 33.73 

 
Figure 10-6: Control chart for turbidity (in NTU) in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-7: Run chart for turbidity (in NTU) in the Wimmera River @ Horsham 1991 – 2010 
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10.3.3. Electrical conductivity 

Variation in electrical conductivity in the Wimmera River @ Horsham between 1991 and 2005 was poorly explained (R2= 
0.18) by the predictor variables considered in our analysis (Table 10-7).  The control chart presented in Figure 10-8 is no 
better than one based on the historical median.  Average electrical conductivity levels were significantly lower after 2005 
compared to the historical period (Table 10-8).  Since 2005, the observed data have been consistently below the model 
fit (Figure 10-9).  The lower electrical conductivity levels after June 2005 may be attributed to the high proportion of water 
sourced from Horsham town stormwater runoff during the drought (M. Toomey, personal communication, 1/5/12).  Prior 
to 2005, there were more saline flows from the upper catchment (G. Fletcher, personal communication, 1/5/12).  Most 
electrical conductivity readings taken at this site since 2005 have been below the State Environment Protection Policy 
(Waters of Victoria) trigger level of ≤1500 µS/cm (Figure 10-8).  

Table 10-7: Best fit regression models to describe variation in conductivity in the Wimmera River @ Horsham 
between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Electrical 
conductivity (EC) EC0.4 = 18.5157 – (0.2785*Flow0.4) 171 0.18 39% 

 
Table 10-8: Summary statistics for historical (1991-2005) and current (2005 – 2010) conductivity data recorded in 
the in the Wimmera River @ Horsham 
 
Parameter Record N Mean Median Standard Deviation 

Electrical conductivity (µS/cm) 
Historical 177 1333 1300 542 
Current 65 962 976 292 

 
Figure 10-8: Control chart for electrical conductivity (in µS/cm) in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-9: Run chart for electrical conductivity (in µS/cm) in the Wimmera River @ Horsham 1991 – 2010 
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10.3.4. pH 

Variations in pH in the Wimmera River @ Horsham between 1991 and 2005 was very poorly explained (R2= 0.02) by the 
predictor variables tested in this analysis (Table 10-9).  The control chart presented in Figure 10-10 is therefore no better 
than one based just on the historical median. Average and median pH levels at this site have increased slightly and 
become more variable compared to the historical record (Table 10-10).  However, nearly half of the pH readings taken 
between 2007 and 2009 were much higher than any pH levels recorded during the historic period and many exceeded 
the upper State Environment Protection Policy (Waters of Victoria) trigger level of 8.3 (Figure 10-10).  These very high 
pH records may be due to high rates of photosynthesis from increased algal growth that is likely to have occurred under 
very low flow and cease-to-flow conditions.  Lower readings since the September 2009 floods may be due to improved 
flushing of the site and/or the decomposition of organic matter that was washed into the Wimmera River during the flood. 

Table 10-9: Best fit regression models to describe variation in pH in the Wimmera River @ Horsham between 
1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

pH pH0.4= 2.209 – (0.001037*Flow0.4) 169 0.02 5% 
 

Table 10-10: Summary statistics for historical (1991-2005) and current (2005 – 2010) pH data recorded in the in 
the Wimmera River @ Horsham 
 

Parameter Record N Mean Median Standard Deviation 

pH 
Historical 175 7.21 7.20 0.38 
Current 65 7.50 7.40 0.51 

 
Figure 10-10: Control chart for pH in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-11: Run chart for pH in the Wimmera River @ Horsham 1991 – 2010 
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10.3.5. Total nitrogen 

Variation in total nitrogen in the Wimmera River @ Horsham between 1991 and 2005 was poorly explained by the 
predictor variables tested in our analysis.  The best model was based on a combination of temperature, flow and turbidity 
(Table 10-11).  Total nitrogen levels since June 2005 have been more variable compared to the preceding 15 years 
(Table 10-12).  Although there were no extended runs where the observed values exceed the predicted value (Figure 
10-13), there were fifteen occasions between 2006 and 2010 where total nitrogen levels were outside of the historical 
control (Figure 10-12).  These high values may be due to the disproportionately high contribution of stormwater run-off 
from Horsham to the river flow at this site during the drought (M. Toomey, personal communication, 1/5/12).  However, 
total nitrogen concentrations recorded at this site since January 1991 have all been well below the State Environment 
Protection Policy (Waters of Victoria) trigger level of  ≤0.900 mg/L (Figure 10-12).   

Table 10-11: Best fit regression models to describe variation in total nitrogen (in mg/L) in the Wimmera River @ 
Horsham between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total nitrogen 
(TN) 

TN0.4 = 0.2288 – (0.008671*Temp) –  
(0.0008644*Flow0.4) + (0.0502*Turbidity0.4) 167 0.23 166% 

 
Table 10-12: Summary statistics for historical (1991-2005) and current (2005 – 2010) total nitrogen (in mg/L) data 
recorded in the in the Wimmera River @ Horsham 
 
Parameter Record N Mean Median Standard Deviation 

Total nitrogen (mg/L) 
Historical 173 0.048 0.020 0.0874 
Current 62 0.073 0.020 0.1029 

 
Figure 10-12: Control chart for total nitrogen (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-13: Run chart for total nitrogen (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
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10.3.6. Total phosphorus 

Variation in total phosphorus concentration in the Wimmera River @ Horsham between 1991 and 2005 was well 
explained by flow and turbidity (R2= 0.59) (Table 10-13).  However, the average and median total phosphorus levels 
post-2005 at this site were higher and more variable compared to the historical record (Table 10-14).  The observed 
levels, particularly during 2008/09 did not match those predicted by the model (Figure 10-14).  There are also at least 
eleven data points that are above the control limits of the model that may trigger further investigations, particularly since 
most records after September 2007 exceeded the State Environment Protection Policy (Waters of Victoria) trigger level 
of ≤0.040 mg/L (Figure 10-14).  The increase in total phosphorus at this site correlates well with an increase in turbidity 
and total nitrogen and decrease in electrical conductivity that were attributed to the high proportion of water sourced from 
Horsham town stormwater runoff during the recent drought conditions (M. Toomey, personal communication, 1/5/12).   

Table 10-13: Best fit regression models to describe variation in total phosphorus (in mg/L) in the Wimmera River 
@ Horsham between 1991 and June 2005 
 

Parameter Model Sample 
Size 

Coefficient of 
determination 
(R2) 

Standard 
Error of 
Estimate  
(% of mean) 

Total phosphorus 
(TP) 

TP0.4 = 0.1317 + (0.001808*Flow0.4) + 
(0.042*Turbidity0.4)  167 0.59 50% 

 
Table 10-14: Summary statistics for historical (1991-2005) and current (2005 – 2010) total phosphorus (in mg/L) 
data recorded in the in the Wimmera River @ Horsham 
 
Parameter Record N Mean Median Standard Deviation 

Total phosphorus (mg/L) 
Historical 173 0.042 0.030 0.0319 
Current 62 0.070 0.060 0.0507 

 
Figure 10-14: Control chart for total phosphorus (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
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Figure 10-15: Run chart for total phosphorus (in mg/L) in the Wimmera River @ Horsham 1991 – 2010 
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Table 11-2: summary table showing the best fitting regression model for each water quality variable at each site and an overview of trends since 2005  
 

Site Variable Predictor variables 
Regression 
model fit to 
historical data 

Detectable 
trend since 
2005 

No. of current 
observations out 
of control 

Comment 

Barwon River 
@ Pollocksford 

Dissolved 
oxygen (mg/L) 

Date, Water 
temperature, Flow R2 = 0.37 Higher than 

predicted 
6 values above 
upper limit 

More frequent very high DO events since 2005, possibly 
due to increased algal growth and photosynthesis during 
the drought.  Dissolved 

oxygen (% sat) Date, Flow R2 = 0.10 Higher than 
predicted 

9 values above 
upper limit;  
3 values below 
lower limit 

 Turbidity 
(NTU) Date, Flow, EC R2 = 0.58 Slightly higher 

than predicted 
2 values above 
upper limit 

Electrical conductivity was included in the model because 
of the potential causal link between it and turbidity and 
because initial analyses demonstrated that it improved the 
predictive capability of the model.   

 
Electrical 
conductivity 
(µS/cm) 

Season, Water 
temperature, Flow R2 = 0.43 Slightly lower 

than predicted 
1 value above 
upper limit Little change compared to historical patterns 

 pH Flow R2 = 0.15 

Higher than 
predicted 
2005-2007;  
Lower than 
predicted 
2008-2010. 

0 values out of 
control 

Tested variables did not predict pH very well and therefore 
it is probably not worth putting extra effort into constructing 
a site-specific model for pH.  

 Total nitrogen 
(mg/L) 

Water temperature, 
Date, Flow R2 = 0.33 Higher than 

predicted 
4 values above 
upper limit 

Nutrient concentration declined markedly after 2000 due to 
catchment management works, but some very high records 
after 2005 .  TN higher than predicted after 2005, mainly 
because low flows during drought reduced magnitude of 
predicted value. 

 
Total 
phosphorus 
(mg/L) 

Water temperature, 
Flow, Rainfall, Time 
since last rain, 
Turbidity 

R2 = 0.21 Slightly higher 
than predicted 

3 values above 
upper limit 

Nutrient concentration declined markedly after 2000 due to 
catchment management works.  Model successfully 
predicted spike in TP during flood in 2010.  
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Site Variable Predictor 
variables 

Regression model 
fit to historical 
data 

Detectable trend since 
2005 

No. of current 
observations out of 
control 

Comment 

Gellibrand 
River @ 
Bunkers Hill 

Dissolved 
oxygen (mg/L) 

Season, Water 
temperature, Flow R2 = 0.65 No change 2 values below lower 

limit 
Dissolved oxygen dropped below expected 
level on several occasions during the drought, 
but levels are not likely to be a problem for 
biota  Dissolved 

oxygen (% sat) Season, Flow R2 = 0.32 Slightly lower than 
predicted 

5 values below lower 
limit 

 Turbidity (NTU) Flow, Water 
temperature, Date R2 = 0.71 Higher than predicted >10 values above 

upper limit 

Turbidity increased since 2005 and more 
frequent high turbidity records that exceeded 
the SEPP trigger values 

 
Electrical 
conductivity 
(µS/cm) 

Season, Water 
temperature, Date, 
Flow 

R2 = 0.50 
Higher than predicted 
between 2005-2007; as 
predicted after 2007. 

2 values above upper 
limit Little change from historical patterns 

 pH Water temperature, 
Date R2 = 0.04 No change  4 values above upper 

limit 

Tested variables did not predict pH very well 
and therefore it is probably not worth putting 
extra effort into constructing a site-specific 
model for pH. 

 Total nitrogen 
(mg/L) 

Season, Water 
temperature, Flow R2 = 0.50 Average levels were 

higher than expected 
10 values above 
upper limit 

TN was highest during the worst part of the 
drought. 

 
Total 
phosphorus 
(mg/L) 

Season, Water 
temperature, Date, 
Flow 

R2 = 0.31 Lower than predicted 0 values out of 
control 

TP levels frequently higher than SEPP trigger 
value, but was lower than expected based on 
historical patterns 
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Site Variable Predictor variables 
Regression 
model fit to 
historical data 

Detectable 
trend since 
2005 

No. of current 
observations out 
of control 

Comment 

Goulburn River 
@ Shepparton 

Dissolved 
oxygen (mg/L) 

Water temperature, 
Date R2 = 0.5 Higher than 

predicted 
0 values out of 
control 

The increase in dissolved oxygen at this site after 2005 
arrested a decline over the previous 5-10 years.  Change 
possibly due to freshwater releases from Lake Eildon to 
meet downstream demand.  Dissolved 

oxygen (% sat) 
Water temperature, 
Date R2 = 0.25 Higher than 

predicted 
0 values out of 
control 

 Turbidity (NTU) Season, Date, Flow R2 = 0.22 Slightly lower 
than predicted 

1 value above 
upper limit Similar to historical patterns 

 
Electrical 
conductivity 
(µS/cm) 

Season, Date, Flow R2 = 0.44 Lower than 
predicted 

0 values out of 
control 

EC is well below SEPP trigger values and is not an issue at 
this site 

 pH Date, Flow R2 = 0.09 As predicted 0 values out of 
control 

Tested variables did not predict pH very well and therefore it 
is probably not worth putting extra effort into constructing a 
site-specific model for pH.   There has been a steady 
increase in pH at this site since 1991, but values are within 
the SEPP trigger levels. 

 Total nitrogen 
(mg/L) 

Season, Water 
temperature, Flow, 
Time since last rain 

R2 = 0.57 As predicted 2 values above 
upper limit 

Similar to historical patterns and well below the SEPP trigger 
level 

 
Total 
phosphorus 
(mg/L) 

Flow, Turbidity, 
Rainfall R2 = 0.60 Lower than 

predicted 
0 values out of 
control 

Big decline in TP at this site possibly due to run-off from 
irrigation areas and increased freshwater transfers from 
Lake Eildon to meet downstream demand in other 
catchments 
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Site Variable Predictor variables 
Regression 
model fit to 
historical data 

Detectable 
trend since 
2005 

No. of current 
observations out 
of control 

Comment 

Broken River 
@ Goorambat 

Dissolved 
oxygen (mg/L) 

Water temperature, 
Date, Flow in the 
Broken, Flow from 
Mokoan 

R2 = 0.64 As predicted 
2 values above 
upper limit; 2 values 
below lower limit Continued decline as predicted, but % saturation results are 

consistently below SEPP trigger level and are a potential 
cause for concern. 

 
Dissolved 
oxygen (% 
sat) 

Water temperature, 
Date, Flow in the 
Broken, Flow from 
Mokoan 

R2 = 0.31 As predicted 
1 value above upper 
limit; 7 values below 
lower limit 

 Turbidity 
(NTU) 

Flow in the Broken, 
EC, Flow from 
Mokoan 

R2 = 0.75 Higher than 
predicted 

>10 values above 
upper limit 

Spikes in turbidity are possibly due to run-off and ash from 
the 2006 bushfires.  Changes to operation of Lake Mokoan 
has also affected turbidity patterns, and ongoing investigation 
is warranted.  This site is a good candidate for testing 
automated updates to control charts.   

 
Electrical 
conductivity 
(µS/cm) 

Water temperature, 
Flow in the Broken, 
Flow from Mokoan 

R2 = 0.45 As predicted 6 values above 
upper limit 

Spike in EC during the worst part of the drought, but there 
has been a decline since Lake Mokoan was decommissioned. 

 pH 
Date, Flow in the 
Broken, Flow from 
Mokoan 

R2 = 0.12 As predicted  0 values out of 
control 

Tested variables did not predict pH very well and therefore it 
is probably not worth putting extra effort into constructing a 
site-specific model for pH.   There has been a steady 
increase in pH at this site since 1991, but values are within 
the SEPP trigger levels. 

 Total nitrogen 
(mg/L) 

Season, Water 
temperature, Flow in 
the Broken 

R2 = 0.21 Lower than 
predicted 

0 values out of 
control 

TN was lower than expected probably due to reduced flows 
from Lake Mokoan.  The slight peak in 2007 may be due to 
sediment input after the bushfires. 

 
Total 
phosphorus 
(mg/L) 

Season, Date, Flow 
in the Broken, 
Turbidity 

R2 = 0.42 Lower than 
predicted 

2 values above 
upper limit 

General trend for lower TP, but several high spikes in 2007 
and 2008 were linked to high turbidity events and may be due 
to run-off from areas burnt in the 2006 bushfires.  Lower TP 
after that possibly due to decommissioning of Lake Mokoan. 
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Site Variable Predictor 
variables 

Regression 
model fit to 
historical data 

Detectable trend 
since 2005 

No. of current 
observations out of 
control 

Comment 

Wimmera 
River @ 
Eversley 

Dissolved 
oxygen (mg/L) 

Season, Water 
temperature, 
Date, Flow 

R2 = 0.49 Lower than predicted >10 values below 
lower limit Lowest levels associated with very low flow during the 

worst part of the drought and after the 2009 floods, 
possibly due to decomposition of organic material washed 
in during the floods.    Dissolved 

oxygen (% sat) 

Season, Water 
temperature, 
Date, Flow 

R2 = 0.24 Lower than predicted 9 values below lower 
limit 

 Turbidity 
(NTU) Flow, Rainfall R2 = 0.41 Higher than 

predicted >10 above upper limit 
Very high spikes recorded since 2007 possibly due to 
high levels of plankton growth during the drought and then 
associated with floods after September 2009. 

 
Electrical 
conductivity 
(µS/cm) 

Season, Water 
temperature, Flow R2 = 0.69 Higher than 

predicted >10 above upper limit 

Highest EC levels recorded during cease-to-flow periods.  
The model doesn’t predict these high EC records well 
because cease-to-flow events were not common during 
the historic period.   

 pH 
Water 
temperature, 
Date, Flow 

R2 = 0.27 

Higher than 
predicted 2006-08; 
Lower than predicted 
2009-10 

4 values above upper 
limit; 3 values below 
lower limit 

High pH during the drought exceeded the SEPP trigger 
levels and may be due to photosynthesis from planktonic 
algae.  Lower pH during and after floods may be due to 
breakdown of organic material washed into the river 
during events.  

 Total nitrogen 
(mg/L) 

Water 
temperature, 
Date, Flow, 
Turbidity 

R2 = 0.44 As predicted 4 values above upper 
limit 

TN was much lower after 2000 compared to previous 10 
years.  The model predicted TN after 2005 reasonably 
well. 

 
Total 
phosphorus 
(mg/L) 

Water 
temperature, 
Date, Flow, 
Turbidity 

R2 = 0.43 Higher than 
predicted 

6 values above upper 
limit 

Very high spikes in TP due to floods were reasonably well 
predicted by the model, but high TP values during the 
drought were not well predicted or explained. 
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Site Variable Predictor 
variables 

Regression 
model fit to 
historical data 

Detectable 
trend since 
2005 

No. of current 
observations out of 
control 

Comment 

Wimmera 
River @ 
Horsham 

Dissolved 
oxygen (mg/L) 

Season, Water 
temperature, 
Flow 

R2 = 0.47 Lower than 
predicted 0 values out of control Very low DO in last 2 years of drought due to very low flow 

conditions.  Low levels after Sep 2009 floods possibly due to 
breakdown of organic material washed in during the floods.  
These low levels were not well predicted by the models.   Dissolved 

oxygen (% sat) Season, Flow R2 = 0.19 Lower than 
predicted 

4 values above upper 
limit, 1 value below 
lower limit 

 Turbidity (NTU) Flow, EC, Time 
since last rain R2 = 0.51 Lower than 

predicted 
5 values above the 
upper limit 

Model overestimated turbidity during very low and no flow 
conditions.  Increase in turbidity at the end of the drought may 
be due to planktonic growth and after the 2009 floods. 

 
Electrical 
conductivity 
(µS/cm) 

Flow R2 = 0.18 Lower than 
predicted 

4 values below the 
lower limit 

EC lower than expected after 2005 possibly because there is 
less flow from upstream reaches that have high salinity, lower 
groundwater levels and the relatively high contribution of 
stormwater run-off from Horsham. 

 pH Flow R2 = 0.02 Higher than 
predicted 

>10 values above the 
upper limit 

Tested variables did not predict pH very well and therefore it is 
probably not worth putting extra effort into constructing a site-
specific model for pH.  High pH levels during cease-to-flow 
events may be due to high photosynthesis from algae. 

 Total nitrogen 
(mg/L) 

Water 
temperature, 
Flow, Turbidity 

R2 = 0.23 Higher than 
predicted 

>10 values above the 
upper limit 

Model did not predict the magnitude of high TN events very 
well 

 
Total 
phosphorus 
(mg/L) 

Flow, Turbidity R2 = 0.59 Higher than 
predicted 

>10 values above the 
upper limit 

Very high TP since 2007 may be partly due to large 
contribution of urban stormwater to flow in the Wimmera River 
during the drought. 
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