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Executive Summary 

The Wet Tropics Major Integrated Project (WTMIP) is trialling a range of water treatment systems aimed at 

repairing catchments and improving water quality entering the Great Barrier Reef (GBR) lagoon. In the GBR 

catchments, treatment systems have become one of the important tools available to managers in the effort to 

achieve water quality targets. While these systems are conceptually a great option to help improve water 

quality as well as enhancing a range of other environmental, social and economic values, they aren’t always 

the right option for every situation owing to the trade-off between their lifecycle costs and their efficacy in 

diffuse pollution load reduction. This project assessed the performance of one type of water treatment 

system, a High Efficiency Sediment (HES) basin, which was retrofitted to an existing irrigation dam on a banana 

farm in the Johnstone catchment in 2018.  

The purpose of the HES basin is to treat runoff and remove fine sediments and nutrients from the water 

passing through. The HES includes a flow-triggered chemical flocculant dosing system which is designed to 

facilitate fine sediment particles to floc or clump together, thereby settling out of suspension to the bottom of 

the basin rather than being transported downstream. To evaluate the effectiveness of the basin, a monitoring 

program was designed to measure aspects of water quality to gauge the performance of the basin from the 

inflow to the outflow locations with the expectation that successful HES basin performance would result in an 

improvement of water quality between each point.  

Two types of monitoring data were analysed to assess performance: near continuous turbidity and water flow 

and velocity data loggers located at the inflow, midpoint and outflow locations in the HES; and event-based 

grab sample measurements to assess nutrients, sediments and other water quality parameters at the inflow 

and outflow sites.  

To determine the difference between the data loggers, we statistically compared the datasets at the three 

locations. The analysis demonstrated a reduction in the turbidity data between each of the three data logger 

locations. The difference is more prevalent when there is flow through the system. This represents an 

improvement in the performance of the basin from previous years. The relationship is occasionally reversed 

when there is lower flows through the HES basin so that turbidity is slightly higher at the midflow and outflow 

location than the inflow under those conditions. The grab sample measurements for total suspended sediment 

show a similar reduction from the inflow to the outflow site.  

Analysis of the nutrient grab sample data is less clear. Nutrient levels were generally the similar at the outflow 

location than the inflow, with the exception of ammonia. This is unexpected if the HES basin was performing as 

intended. There are factors that may be contributing to the inefficiency of the basin, including backflow 

causing resuspension of materials or introducing nutrient-laden water to the outflow location, the retrofit of 

the basin in an existing location rather than purposely designed, and the location of the basin relative to the 

catchment (i.e., there are downstream tailwater influences). 

Comparison of performance 

The findings of the HES basin performance between 2020 and 2021 are summarised in the Table 2below.  

2020 findings 2021 findings 

• Logger turbidity readings suggest a reduction from 

inflow to outflow; grab sampling does not provide a 

definite relationship. 

• Logger (turbidity) and grab sampling (TSS) 

measurements show a significant reduction between 

inflow and outflow. This reduction is more 

pronounced than in 2020.  
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2020 findings 2021 findings 

• Review grab sampling process with a focus on the 

sampling procedure at the outflow location. 

• Review grab sampling procedure as outflow sampled 

prior to inflow location, which is not representative 

of flow through the HES basin. 

• Due to issues with the turbidity sensors, there was no 

difference in basin performance between high and 

low flow events 

• There was a significant difference in basin 

performance between periods of high and low 

rainfall with the difference in turbidity between 

inflow and outflow higher during periods of higher 

flow 

• There was no difference in total suspended 

sediments between inflow and outflow locations so 

sediment load reductions could not be estimated 

• The sediment load reduction between the inflow and 

outflow locations during high flow has been 

estimated at 55%, however this has been estimated 

from the grab samples and associated flow 

measurement only. A more comprehensive load 

reduction calculation should be done by modelling 

TSS for each flow reading 

• Increase in nutrient concentration from inflow to 

outflow location.  

• There is still no clear pattern of nutrient reduction 

between inflow and outflow.  

 

Summary of conclusions and recommendations 

• The reduction in turbidity as water moves through the basin suggests the basin is performing well to 

reduce sediments. This is supported by the grab sample measurements for total suspended sediment. 

This represents a significant improvement in apparent performance from previous years 

• The grab sampling program needs further investigation due to the inconsistent nutrient differences 

between the inflow and outflow locations.  

• We recommend that the HES basin be closely monitored for potential backflow through the system 

during events. Backflow may be causing resuspension of material or delivering water with increased 

nutrients in the vicinity of the outflow site.   

• It is recommended to investigate the velocity and volume sensors for the logger data as there are 

negative velocity measurements, as well as many unexpected measurements of zero flow velocity or 

volume measurements during rainfall events.  
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1 Introduction 

1.1 Overview of the High Efficiency Sediment basin  
A High Efficiency Sediment (HES) basin has been retrofitted to an existing irrigation dam on a banana farm in 
the Johnstone catchment (Figure 1). The purpose of the HES basin is to treat runoff from the farm and remove 
fine sediments from the water passing through. It does this by two mechanisms: the first is the incorporation 
of a level spreader into the structure above the settling zone which causes coarse sediments to fall out of 
suspension before entering the basin (Figure 2); the second method is through the addition of a flocculant into 
the basin to bind the fine particles and cause them to drop out of suspension, settling on the bottom of the 
basin rather than being transported downstream into the receiving waterway. 

 

Figure 1.  Catchment area of the HES basin on the banana farm in the Johnstone Basin.   

The HES basin was installed in mid-2018, retrofitted to an existing irrigation dam on the property. The 
installation involved cleaning the dam, stabilising the banks and causeways, building bunds along the sides of 
the dam, and installing a dosing station and monitoring sensors. The catchment area flows into the basin 
through an inlet point which also contains the dosing system.  Dosing occurs above certain flow rates and/or 
inflow turbidity and once dosed, passes into the stilling area of the basin where flocculation and sedimentation 
occurs.  From there, the basin drains through an outlet point but also has an additional high-flow bypass which 
operates during high-flow events. 

 

Figure 2.  High Efficiency Sediment basin design that has been retrofitted to an existing dam on the banana farm.   
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In this particular basin, sensors have been placed at the inflow, midpoint and outflow locations which 
undertake routine sampling. The sensors measure turbidity, water flow and water volume. During February 
2019, the outlet sensors were moved to reduce the influence of backflow/tailwater and the dam extension 
(Figure 3). The inflow turbidity sensor and dosing station inlet were also moved at this time.  

 

Figure 3.  The location of the sensor loggers in the HES basin before (yellow) and after (red) they were moved in February 
2019. The grab sampling locations are indicated by the blue crosses. 

In addition to the sensors in the HES basin, grab sampling was undertaken three times a day during the rainfall 
event from 29/03/2021 to 3/04/2021 (low flow event). This sampling was to assess water quality, including 
total suspended solids (TSS) and nutrients. This is done with the objective to measure potential sediment load 
reductions using a correlation between TSS and turbidity sensor readings. 

1.2 Project objectives 
The purpose of this analysis is to assess the performance of HES basin in treating and improving the water 
quality of the runoff from the farm. The analysis was designed to answer two main questions.  

1. Does the basin work (in terms of nitrate reduction, dissolved inorganic nitrogen reduction and fine 
clay particulates)? 

2. How well does the basin work (in terms of load reduction estimates)? 
3. How has the system performed over time (life of the project)? 

The project outcomes will assist with understanding the behaviour and performance of the HES basin and its 
capacity to remove pollutants from water entering the waterways within the Wet Tropics. The nature and 
landscape characteristics of banana farms lend themselves to a greater risk of sediment run off and therefore 
a greater risk of the negative effects to downstream receiving waters. The performance of the basin was 
evaluated by the characterising the difference in nutrient and sediment parameters between the inflow and 
outflow points with the expectation that successful basin performance would result in an improvement of 
water quality between each point.  
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2 Method 

Sensor logger and grab sampling data was supplied by the WTMIP team to Alluvium for the data analysis. The 
following sections outline the process used to collate and organise the data, the statistical approach and finally 
the statistical analysis.  

2.1 Data collation and cleaning 
Data was supplied for the logger and grab samples for a single event period between 29/03/2021 and 
3/04/2021. Both logger and grab sample data were separated into inflow and outflow (and midpoint for the 
logger points) to enable comparative analyses to be undertaken.  

Logger data organisation and cleaning 
The dataset taken from the near continuous data loggers required cleaning and reorganisation. The loggers 
were set to collect measurements every five minutes at the inflow, midpoint and outflow locations. However, 
the dataset included measurements that were more frequent, particularly during rainfall events suggesting an 
anomaly during recording and storing of the dataset. There were also multiple unintended duplicate entries 
throughout the dataset. These duplicates were removed, and the dataset was reduced to readings taken every 
five minutes to make it manageable for presentation and analysis. 

Grab sample data organisation and cleaning 
There were 24 grab samples taken over the duration of the event between the 29/03/2021 and 03/04/2021 at 
the inflow and outflow points of the HES basin. Grab sampling dates start from the 31/03/2021. The samples 
were analysed at the Cairns Regional Council Water & Waste Laboratory Services. Samples were collected at 
the outflow location before the inflow location which may influence the interpretation of the results.  

2.2 Statistical analysis  
The following statistical analyses of the data were conducted. Tests for normality were performed prior to the 
statistical analysis.  

Differences between inflow, midpoint and outflow logger datasets 
To assess if there were differences between the inflow, midpoint and outflow logger datasets, we conducted a 
repeated measures analysis of variance (ANOVA). An ANOVA allows us to analyse the difference between 
groups of data. The level of statistical significance is often expressed as a p-value between 0 and 1. The smaller 
the p-value, the stronger the evidence for rejecting the null hypothesis that the results are simply a 
representation of random chance. A p-value less than 0.05 (typically ≤ 0.05) is statistically significant. To test 
the difference in performance of the basin at high and low flows, we ran a 2 way repeated measures ANOVA 
(with rainfall (high and low) and sensor location (inflow and outflow) as factors). To split the data into rainfall 
categories we considered low rainfall was considered to be < 10 mm since 9 am. High rainfall included 
measurements about 10 mm since 9 am. 

We then assessed the turbidity levels where the differences were greatest. This is to provide an indication of 
the turbidity level when the HES basin experience is potentially performing at its maximum. To do this, we 
generated cumulative frequency curves for the inflow, midpoint and outflow turbidity data. The probability of 
exceedance (between 0 and 100%) was calculated for each of the sampling locations. Graphing the 
exceedance for each site shows the differences between the sites at different turbidity levels. To complement 
that analysis, we also calculated the difference between the inflow and outflow turbidity logger data as paired 
data (so analysing the inflow and outflow for a corresponding point in time) to indicate if the magnitude of an 
event impacted on the performance of the HES basin. A regression was performed on the difference in 
turbidity between the inflow and outflow sensors and the corresponding velocity and volume of flow. We 
expected there to be a significant correlation between the rainfall and turbidity difference, and velocity of flow 
and turbidity difference (i.e., as rainfall or velocity increased, the turbidity difference would increase). This was 
statistically assessed using the correlation coefficient (R2) value where a value approaching 1 indicates a strong 
relationship between the two variables.  
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To assess if any differences observed between the logger sites were impacted by the size of an event, we 
performed regressions between turbidity and water velocity and turbidity and water volume at each site. A 
linear or polynomial (3rd order) regression was applied to the plotted data points and a correlation coefficient 
(R²) value calculated. For the HES basin to be performing as intended, we expected to see a significant 
correlation at the inflow pipe (i.e., as run-off increased, turbidity at the inflow site also increased) and no 
correlation at the outflow pipe (i.e., as run-off increased, dosing would reduce turbidity). This assessment was 
not conducted at the midpoint as no velocity or volume measurements were captured at this location. 

Reductions in sediments and nutrients by the basin  
To assess if the loads of sediments and nutrients were being reduced by the basin, we analysed the difference 
in water quality as taken by the grab samples at the inflow and outflow sites. To do that, we performed paired 
t-tests using the inflow and outflow data. Separate t-tests were conducted for total suspended sediments (TSS) 
and each of the nutrient species (e.g., ammonia, nitrate, nitrite, total nitrogen (TN) and total phosphorus (TP) 
(low level). P values of <0.05 were considered significant. To estimate the reduction in loads achieved by the 
basin, we calculated the TSS load at the inflow and outflow locations by multiplying the TSS measurements by 
the 5-minute total volume at the inflow location from the continuous logger data. The 5-minute total volume 
measurements at the outflow location were not used as most of the measurements were 0.   

We analysed the relationship between TSS collected in the grab samples and the corresponding turbidity 
concentrations recorded by the loggers. We did this by performing separate regressions for the inflow and 
outflow sites between the two variables.  

We also analysed the difference in particle size distribution (PSD) of the grab samples that were taken across 
one event in March-April 2021. As the sampling dates and times of the PSD data were not included in the 
dataset, we have assumed that samples were collected in order that the results presented. The outputs from 
the PSD analysis reported the Dx (10), Dx (50) and Dx (90) results, which represent the size distribution of 10 
%, 50 % and 90 % of the particles less than the particle size listed, respectively. The Dx (50) and (90) results 
have been used in this report as these results represent the median and upper limits of particle size in the 
sample. An ANOVA was used to determine whether there was an overall difference in the Dx (50) particle size 
between in the inflow and outflow locations. We were unable to perform an accurate regression analysis for 
the Dx (50) grain size data to determine if there was a relationship between grain size over the course of the 
event as we did not have the sampling date and time. However, it is expected that suspended grain size 
decreases with the event duration as the flocculant was dispersed and sediments settle out. 

Visual representation 
Multi-panel graphs have been used to display the inflow and outflow measurements from the grab sample 
analysis. The difference between the inflow and outflow measurements for TSS and nutrients were also 
calculated and plotted on multi-panel graphs. Box and whisker plots were used to visualise the spread of the 
data for the inflow and outflow locations. This includes the minimum, first quartile (25 %), median, third 
quartile (75 %) and maximum values in the dataset, as well as highlighting outliers. This is explained in the 
caption of each graph.  

  



 

Detailed data analysis: HES Basin 

 5 

3 Results and interpretation 

3.1 Differences between inflow, midpoint and outflow logger datasets 
The following sections present and discuss the results of the analyses undertaken on the logger datasets. 
Figure 4 shows all the data points at the inflow, midpoint and outflow locations.  

 

Figure 4.  Event logger turbidity data points for the inflow, midpoint and outflow points.   

It is evident from the graph that the turbidity at the inflow site is generally higher than either the midpoint or 
outflow sites. This is confirmed by the results of the repeated measures ANOVA (p <0.05). The results indicate 
that, on average, turbidity measurements are higher at the inflow location when compared with the midpoint 
and outflow locations. However, this is not always the case. As can be seen in Figure 4, the midpoint turbidity 
is higher than the inflow during the event from around midday on 31/03/2021 to approximately midday on 
1/04/2021 which is unexpected. This suggests that something is occurring in the HES basin to increase the 
turbidity around the midpoint. It could be a result from the ongoing issues with backflow (e.g. flow pushing 
back up into the basin) but as there is no flow volume or velocity data at the midpoint, it is difficult to 
determine what may be causing this increase in turbidity. Field based observations of the water movement 
through the basin during medium levels flows might help to identify the cause. The other potential cause of 
this result could be from instrument errors or debris covering the instrument sensor.  

The difference in turbidity between the three sites is further differentiated by the cumulative frequency graph 
(Figure 5). It further demonstrates that turbidity is typically higher at the inflow site than the other two sites. 
This suggests that during event flows when turbidity is typically high, there is a reduction in turbidity as water 
moves through the basin. The graph also demonstrates that the turbidity measurements at a greater 
probability of exceedance occurs at the inflow location. This follows the expectation that turbidity decreases 
through the system.  
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Figure 5.  Cumulative frequency graph showing the probability of exceedance distribution for turbidity between 
the inflow, midpoint and outflow locations. Turbidity at the inflow site is typically greater that at the midpoint 
or outflow point.  

The variance in turbidity at each of the sites is shown by the box and whisker plots in Figure 6. There is a clear 
difference in the distribution of turbidity measurements between the inflow, midpoint and outflow locations. 
The spread of measurements between the first and third quartile (interquartile range (IQR)) of the inflow 
location is much larger compared to the midpoint and outflow. The IQR of the inflow location ranges from 23 
to 70 NTU, whereas the IQR at the midpoint and outflow locations range from 22 to 37 and 13 to 16, 
respectively. These changes in IQR demonstrate that the turbidity is decreasing through the basin. However, 
the minimum turbidity value increases at the midpoint suggesting that some process, such as resuspension, 
may be occurring to cause an increase at this point in the basin. The three locations have a high number of 
outliers, reflecting the high variability in the turbidity measurements.  
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Figure 6.  Box and whisker plot summarising the descriptive statistics of the turbidity for inflow and outflow 
locations. The lower and uppermost lines indicate the minimum and maximum values in the dataset, the box 
represents the inter quartile range (including the lower and upper values between 25 % and 75 % of the data 
and the median value), the mean value is indicated by the cross mark and the outliers are the points above the 
maximum dataset value.  

The calculated difference in turbidity between the inflow and outflow locations is shown in Figure 7. For the 
HES basin to be working efficiently at all times, we expected a positive difference in turbidity (i.e., > 1). 
Throughout most of the event duration, there is a positive difference in turbidity. However, there are two 
occasions of a noticeable negative difference in turbidity. The most obvious is during the period outlined 
previously where the midpoint turbidity is higher than the inflow. This was during the event from around 
midday on 31/03/2021 to approximately midday on 1/04/2021.  

There is no clear relationship with rainfall. The largest difference of -48.7 NTU on 1/04/2021 when rainfall was 
quite low (4.4 mm since 9 am). At the next largest recorded turbidity difference (-34.4 NTU) on 2/04/2021, the 
rainfall is higher (14 mm since 9 am).  

The results of the 2-way repeated measures ANOVA indicate that there are significant turbidity differences 
between the inflow and outflow location. The magnitude of the difference changes during periods of low and 
high rainfall periods. There was a greater difference between inflow and outflow turbidity during periods of 
high rainfall (mean difference of 103 NTU, p<0.001). The difference in turbidity was less during periods of low 
rainfall (mean difference of 16 NTU, p<0.001).  
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Figure 7. The calculated difference in turbidity (NTU) between the inflow and outflow locations in relation to 
rainfall events. Positive differences are expected to indicate successful performance of the HES basin (i.e., 
reduction of turbidity from inflow to outflow.    

The relationship between the turbidity difference and rainfall was not significant (Figure 8). The R2 value of the 
regression ins 0.0314, indicating very little correlation which suggests no significant relationship between 
performance of the basin and rainfall. This suggests that other processes are influencing the difference in 
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turbidity. These could include the length of dry period before the rainfall event which could influence the 
amount of exposed sediment in the catchment of the basin and the intensity of rainfall where lower amount of 
rainfall falling over very short periods might cause more sediment runoff than during larger but less intense 
events.  

 

Figure 8.  Linear regression analysis for the relationship of turbidity difference between the inflow and outflow locations 
and rainfall.   

To determine if velocity was related to the performance of the basin, we ran a regression of the turbidity 
difference and velocity of flow. As there were multiple readings of 0 for velocity (Figure 9), we removed these 
from the regressions and only used velocity readings greater than 0 m/s. There is a weak correlation between 
the turbidity difference and velocity of flow through the basin (R2 = 0.1013). The weak correlation suggests 
that there may be a decrease in the turbidity difference as velocity increases.  
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Figure 9.  Linear regression analysis of the turbidity difference between inflow and outflow locations and the velocity of the 
flow through the HES basin. The analysis only included velocities above 0.  

The strength of the relationship between turbidity and water velocity varied between the inflow and outflow 
locations. The polynomial (3rd order) regression graphs are shown in Figure 10. There is a moderate 
relationship between the turbidity and flow velocity at the inflow location (R2 = 0.4311). This relationship 
suggests that at the inflow location, turbidity may increase with a higher flow through this section of the HES 
basin. There is no significant relationship between turbidity and flow velocity at the outflow location (R2 = 
0.0961). This suggests that other factors (e.g. dosing) are influencing turbidity at this location in the basin. 
From these results it would be reasonable to conclude that dosing improves turbidity as water moves through 
the basin during an event. Despite this, there are still negative flow velocity measurements (although far less 
than in the previous year) which may be caused by backflow in the basin, affecting its performance.  

When considering the relationship between flow velocity and rainfall, there is no clear relationship. There is 
negative flow velocity occurring during periods of low and high rainfall. Likewise, there is high positive flow 
velocity during periods of lower rainfall. Therefore, it is likely that there are other factors influencing flow 
velocity through the HES basin, such as the intensity or location of rainfall in the basin’s catchment. The 
saturation of soil in the basin catchment might also impact the relationship between flow and rainfall.  
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Figure 10.  Turbidity-velocity 3rd order polynomial regression analyses for the inflow (top) and outflow (bottom) 
logger measurements.  

The relationship between turbidity and volume of flow (5-minute total) was also analysed and varies between 
the inflow and outflow locations. Figure 11 shows the polynomial (3rd order) regression results. There is a 
moderate relationship between turbidity and volume at the inflow location (R2 = 0.5754). This relationship 
suggests that higher volumes through the input location increase the turbidity in the basin. At the outflow 
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location there is no significant relationship between turbidity and volume of flow (R2 = 0.0261). The results 
suggest that there is a complex relationship between turbidity and flow and is likely due to a combination of 
factors including intensity of rainfall and therefore the intensity of runoff and the amount of preceding rainfall 
that would determine the amount of bare soil available for transport. It should also be noted that the volume 
measurements at the outflow location are much lower which suggests there may be an issue with the sensor 
at this site. This should be investigated further.  
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Figure 11.  Turbidity-volume 3rd order polynomial regression analyses for the inflow (top) and outflow (bottom) 
logger measurements. The lower flow volumes at the outflow were unexpected warranting further 
investigation.  

3.2 Assessment of sediment and nutrient reductions 
The following section presents and discusses the results of the analysis of the grab samples from the inflow 
and outflow sites. There were significant differences between inflow and outflow locations for three of the 
parameter values, noting that these differences could be positive or negative (i.e., the inflow could be greater 
or less than the outflow). The results of the paired t-tests are summarised in Table 1. Significant differences 
were found for total suspended sediment (TSS), ammonia and nitrate, indicating that there is a difference 
between the inflow and outflow locations.  

Table 1.  Summary of paired t-test results from the grab sample measurements between inflow and outflow 
locations. Asterix denotes statistical significance (p<0.05). 

Measurement p-value 

Total suspended 
sediment 

0.004* 

Ammonia <0.0001* 

Nitrate 0.024* 

Nitrite 0.722 

Total N 0.126 

Total phosphorus 
(low level) 

0.163 

 

The distribution of the TSS measurements is shown in the box and whisker plot (Figure 12). The results follow a 
similar distribution to what was found for the turbidity logger measurements. The minimum TSS measurement 
is 3.2 mg/L at the inflow and 6.8 mg/L at the outflow location. The IQR at the inflow location ranges between 
13.25 and 53 mg/L. The outflow location IQR ranges between 9.2 and 13.0 mg/L. The median values are 26.5 
and 11.5 mg/L at the inflow and outflow locations, respectively. The maximum TSS measurements are 65 mg/L 
at the inflow and 15 mg/L at the outflow. The distribution of these measurements suggest that the basin is 
performing as expected.  

An analysis of the sediment load between inflow and outflow based on the TSS of the grab sample and 5-
minute total volume from the logger data suggests that there is generally reduction in sediment load between 
the inflow and outflow location (Figure 15). There are two instances towards the end of the rainfall event 
where there is an increase in the sediment load at the outflow location. These are associated with a lower flow 
volume through the system and correspond to increases in turbidity at the outflow. The potential causes of 
this unexpected result have been discussed previously. The results of the load reduction analysis suggest that 
the HES basin reduced the sediment load by approximately 55% during the rainfall event, however there are 
caveats on this estimate. First, it has been calculated from only one rainfall event. Analysis of subsequent 
rainfall events of various intensities would be required to provide more accurate estimate of overall 
performance. Secondly, a more accurate load reduction calculation should be done by modelling TSS for each 
flow reading rather than just using the measured data from the grab samples. This would serve to pick up the 
substantial variation expected in sediment load between grab samples across the whole event.  

The regressions between turbidity (logger) and TSS (grab samples) at the inflow and outflow locations show 
varied relationships (R2 = 0.9496 and 0.4532, respectively). While a relationship can be difficult to establish 
given the difference between sampling methods (i.e., near continuous sensors versus grab samples) and 
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compounding factors across the HES basin, the regression results suggest that there is a clear relationship 
between turbidity and TSS at the inflow location. Typically, we can conclude that when turbidity is higher, TSS 
is also higher. The weaker relationship at the outflow suggests that with dosing, the particle size changes 
between inflow and outflow.  

The box and whisker plots of the nutrient measurements are shown in Figure 13. Ammonia (Figure 13a and 
Figure 14a) shows a significant decrease in the measurements between inflow and outflow locations. The 
mean ammonia readings are 0.20 mg/L N (inflow) and 0.03 mg/L N (outflow). There is a significant increase in 
the mean nitrate reading between the inflow to the outflow location from 0.22 mg/L N to 0.54 mg/L N (Figure 
13b). There is also an increase in the distribution of nitrite concentrations between the inflow and outflow 
locations (Figure 13c and Figure 14c). The mean nitrite concentration remains relatively stable between the 
inflow and outflow locations, however, the IQR and maximum readings increase at the outflow location.  

 

Figure 12.  Box and whisker plot for the distribution of grab sample total suspended sediment (TSS) 
measurements. 

The IQR for total nitrogen (TN) (Figure 13d and Figure 14e) showed a reduction in the concentration 
distribution between the inflow and outflow locations. However, there was an overall increase in the TN 
between the two locations as the event progresses. This is likely due to an increase in the nitrite 
concentrations between the inflow and the outflow. The mean TN increased from 0.43 mg/L to 0.58 mg/L 
between the inflow and outflow locations. The minimum TN measurement was significantly higher at the 
outflow location (0.22 mg/L compared to 0.42 mg/L).  

There was a reduction in the distribution of total phosphorus (TP) (low level) measurements, however, over 
the duration of the event, the readings increased from the inflow to the outflow location (Figure 13e and 
Figure 14f). The mean inflow TP (low level) measurement (0.08 mg/L P) is higher than the outflow 
measurement (0.05 mg/L P). The difference between the minimum measurements is significant, with 0.05 
mg/L at the inflow and 0.02 mg/L at the outflow.  

The results from the grab sampling measurements indicate that there is no clear pattern of nutrient 
concentrations from the inflow to the outflow location and across the event duration. We would expect a 
reduction in nutrients (particularly TN and TP) given the reduction of turbidity and TSS from inflow to outflow. 
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The lack of clear pattern in nutrients between inflow and outflow locations suggests that there is a process 
separate to flocculation/sedimentation that is contributing to their concentrations in the HES basin. 
Observations of the basin from field staff taking grab samples suggested that towards the end of the rainfall 
event there was algal overgrowth (noted as an “orange scum”) on top of the water. This may have impacted 
nutrients levels.  

The grab sampling results are also potentially confounded by the sampling routine in which the outflow 
location sample was collected before the inflow location. Additionally, there are other potential reasons why 
nutrient concentrations do not reduce as expected. First, the resuspension of material within the HES basin 
may be occurring at the outflow location where the negative flow velocity measurements from the logger 
suggest that backflow from the creek downstream impacts what is collected at the outflow.  

Overall, we can conclude that the HES Basin is operating as expected to reduce sediments however does not 
reduce nutrients in any clear pattern. 
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Figure 13.  Box and whisker plots for the grab sample nutrient measurements; a) ammonia, b) nitrate, c) nitrite, 
d) Total nitrogen, and e) Total Phosphorus (low level) (TP). There are significant differences between the inflow 
and outflow for total suspended sediment which is expected if the HES basin is operating as intended. The 
relationship for nutrients is not as clear with higher nitrate and nitrite at the outflow. 
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Figure 14.  Nutrient measurements from the grab samples showing the measurement differences between the inflow (solid line) and outflow (dotted line) locations; a) Total 
Suspended Solids (TSS), b) ammonia, c) nitrate, d) nitrite, e) Total Nitrogen (TN), and f) Total Phosphorus (low level) (TP). 

 

   

Figure 15.  Total suspended sediment (TSS) load reduction between inflow and outflow location. Using the difference in TSS between inflow and outflow grab samples and multiplying by the 
volume of water using flow measurements at the same time, we estimate that the basin reduced the sediment load by an average of 55% across the event. 
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Sediment particle size analysis 

Multiple grab samples were collected across a significant rainfall event from 29/03/2021 to 3/04/2021, 
however, the sample dates and times were not recorded for particle size analysis (PSA) making the 
interpretation of results difficult. Here the interpretation is based on the presumption that the samples were 
collected in numerical order from the beginning of the event. The PSA results are shown in Figure 16. The 
results vary across the duration of the event; however, the PSA results indicate that generally particle size is 
larger at the outflow location at the beginning of the event. The particle size then increases at the inflow 
location towards the end of the event. There is a very weak relationship (R2 = 0.1037) between particle size 
and event duration at the inflow location. This relationship strengthens to a moderate correlation (R2 = 0.4685) 
for the outflow location, indicating a decrease in the particle size over time. However, it would be expected 
that there would be an increase in particle size from the inflow to the outflow as the flocculant dosing works to 
coagulate the particles. These results suggest that either the flocculant dosing or flow through the HES basin 
system during events is assisting to settle out larger particle before they leave the outlet point at the beginning 
of the event but this effect diminishes towards the end of the event. However, it is important to note that this 
is an analysis of only a single event and more sampling both during and between events is required to gain a 
better understanding of the particle size relationship between the inflow and outflow locations. We suggest 
that the PSA be continued once the grab sampling program is investigated and amended as per the 
recommendations.  

 

Figure 16.  Particle size of the small 50 % fraction of the grab samples with linear regressions. There were no 
dates or times associate with the data so samples have been graphed in the order presented in the supplied 
spreadsheet. 

The Dx (90) particle size distribution across the event duration was also assessed to compare the difference 
between the inflow and outflow locations to determine whether the coagulant dosing had an effect on particle 
size (Figure 17). Aside from one reading > 500µm at the inflow location which is considered to be an anomaly, 
the distribution tends to suggest that the coagulant dosing was causing flocculation or agglomeration of the 
sediment particles. When considering the Dx (90) and the TSS results, it is likely that the particle size is 
increasing across the HES basin due to flocculation and the particles are falling out of suspension, reducing TSS.  
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Figure 17.  Particle size (Dx (90)) distribution over the event duration.  
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4 Conclusions and recommendations 

This data analysis suggests that the HES basin is effective at reducing the suspended clay particles in the 

system. The reduction in turbidity and TSS from the inflow to outflow locations indicates that the flocculant 

dosing promotes the coagulation of the sediment particles and they settle out of suspension. These results 

suggest that the HES basin has the capacity to remove sediments before they leave the system. However, the 

results also suggest that there is some resuspension or other process that occurs at the midpoint location 

which increases the turbidity measurements in relation to the outflow location (Figure 4, Figure 6).  

The turbidity concentration reductions recorded across the three sites are consistent with results from other 

runoff treatment devices that are designed for sediment storage and settling (e.g., sediment basins, ponds, 

wetlands). The performance of these systems is typically most effective at high inflow concentrations and 

decreases exponentially to a background concentration. This is consistent with the approach of the Universal 

Stormwater Treatment Model (Wong et al. 2006) which uses a k-C* first order kinetic decay approach to 

simulate treatment performance.  This approach was first developed in assessing wetland performance (Kadlec 

and Knight 1996, Kadlec and Wallace 2009). 

Overall, it appears that there is a reduction in sediment load between the inflow and outflow sites. This 

suggests that the flocculant/coagulant dosing is effective at aggregating the sediment so it falls out of 

suspension and remains in the HES basin. When considering the Dx (90) distribution from the PSA, the results 

indicate that the particle size increases between the inflow and outflow locations, which further suggests that 

the flocculant is causing the sediments to aggregate as they approach the outflow.  

The basin does not appear to be reducing nutrients in the same way. Over the duration of the event analysed, 

there was some reduction in some of the nutrient species (e.g. ammonia) between the inflow and outflow 

locations however there is no consistent pattern for all nutrients analysed. While the basin has not been 

specifically designed to reduced nutrients, it was expected that there would still be a reduction due to the 

adsorption of nutrients to sediment particles. The lack of reduction may relate to the timing of the grab 

sampling as the outflow location was sampled before the inflow location.  

The scope of the project was to analyse the existing data; we have not visited the HES basin, nor have we 

observed how the grab samples are taken from the lower part of the basin. As such we cannot provide 

detailed recommendations for the improvement of the grab sampling program. We therefore suggest that the 

WTMIP engage a suitably experienced water quality sampling expert to conduct a site-specific investigation 

during an event with the aim of recommending the best sampling regime to ensure the data collected is 

representative of the processes occurring in the basin.  

Comparison of performance between years 
The findings of the HES basin performance between 2020 and 2021 are summarised in Table 2.  

Table 2.  Summary and comparison of findings from 2020 and 2021 

2020 findings 2021 findings 

• Logger turbidity readings suggest a reduction from 

inflow to outflow; grab sampling does not provide a 

definite relationship. 

• Logger (turbidity) and grab sampling (TSS) 

measurements show a significant reduction between 

inflow and outflow. This reduction is more 

pronounced than in 2020.  
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2020 findings 2021 findings 

• Review grab sampling process with a focus on the 

sampling procedure at the outflow location. 

• Review grab sampling procedure as outflow sampled 

prior to inflow location, which is not representative 

of flow through the HES basin. 

• Due to issues with the turbidity sensors, there was no 

difference in basin performance between high and 

low flow events 

• There was a significant difference in basin 

performance between periods of high and low 

rainfall with the difference in turbidity between 

inflow and outflow higher during periods of higher 

flow 

• There was no difference in total suspended 

sediments between inflow and outflow locations so 

sediment load reductions could not be estimated 

• The sediment load reduction between the inflow and 

outflow locations during high flow has been 

estimated at 55%, however this has been estimated 

from the grab samples and associated flow 

measurement only. A more comprehensive load 

reduction calculation should be done by modelling 

TSS for each flow reading 

• Increase in nutrient concentration from inflow to 

outflow location.  

• There is still no clear pattern of nutrient reduction 

between inflow and outflow.  

 

Summary of conclusions and recommendations 

• The reduction in turbidity as water moves through the basin suggests the basin is performing well to 

reduce sediments. This is supported by the grab sample measurements for total suspended sediment. 

This represents a significant improvement in apparent performance from previous years 

• The grab sampling program needs further investigation due to the inconsistent nutrient differences 

between the inflow and outflow locations.  

• We recommend that the HES basin be closely monitored for potential backflow through the system 

during events. Backflow may be causing resuspension of material or delivering water with increased 

nutrients in the vicinity of the outflow site.   

• It is recommended to investigate the velocity and volume sensors for the logger data as there are 

negative velocity measurements, as well as many unexpected measurements of zero flow velocity or 

volume measurements during rainfall events.  
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