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Runoff Risk Assessment 

Diuron 

V2.1 Introduction 

A main theme within submissions received following publication of APVMA 2011 related to the 

applicability of the monitoring data to predict diuron concentrations in runoff water. This was 

especially the case for broadacre, dryland farming where arguments consistently related to the 

limited rainfall in the farming regions and lack of surface waters over much of the year. The focus 

of this assessment is largely on the risk to aquatic organisms from runoff. In this sense, the 

challenge is to provide a risk assessment framework consistently across the large range of use 

patterns and growing conditions where diuron may be applied.   

This volume applies the framework in a consistent manner to each use pattern for which 

information or argument was received during the public submissions phase. Where no further 

information was provided, DSEWPaC have utilised publicly available information to conduct the 

assessment to the extent possible. 

A full reference list is found in Volume 1. 

V2.1.1 The revised runoff model 

The runoff component for the refined assessment being conducted here will move to a reliance on 

modelling rather than the monitoring data due to an improved runoff model considered suitable for 

national regulatory assessments and increased use of available mapping systems to consider 

important inputs such as slopes, rainfall (including intensity frequency durations) and soil organic 

carbon in cropping regions.  A detailed description of the model is provided at Appendix 1. 

DSEWPaC has compared the model results with the latest years of monitoring data (2009-2011) 

provided by Queensland Department of Environment and Resource Management (DERM), and also 

compared results from this model with findings from literature papers, where possible, assessed in 

Volume 3. The results indicate the model can be used with confidence to predict runoff in the 

majority of cropping situations where no monitoring data exist.  

V2.1.2 Choice of Kd 

One of the more important input parameters into the model is the choice of Kd (soil/water partition 

coefficient). In the previous assessment, DSEWPaC had relied on a geometric mean Kd of 9.74 

L/kg when undertaking the initial tier of modelling.  Submissions were received questioning the use 

of this value and providing additional Kd results from some specific Australian soils. 

A detailed discussion on Kd for use in the model is provided in Appendix 3. Briefly though, the 

APVMA receives regulatory data performed to standardised guidelines, and these data are 

accompanied by full test reports allowing a full validation of the data.  In the case of diuron, there is 

a very good relationship between Kd and the amount of organic carbon in the test soil (see 

Appendix 3).  For this refined assessment, DSEWPaC is using this relationship to amend the Kd 

input into the model depending on the amount of soil organic carbon in the cropping region, which 

in turn is obtained from the Australian Soil Resource Information System (ASRIS – see Section 

2.4.3). 
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V2.1.3 Runoff Risk Assessment Framework 

The runoff risk assessment framework uses a tiered approach similar to that of US EPA (2004a). 

However, this should really be considered as more of a continuum from a point where the analysis 

is done with little data and conservative assumptions to a point where there is an extensive data set 

and fewer assumptions (ibid).   In recognition that the precise methodology outlined by US EPA 

(2004a) is only illustrative of the concept, DSEWPaC will use a modified approach as discussed 

below and outlined in Figure V2.1. This approach will however, continue to use a deterministic 

approach in its first tier with a more probabilistic approach in higher tiers. The quantitative analysis 

of uncertainty and variability can provide a more comprehensive characterisation of risk than is 

possible in the point estimate approach. 

The following methodology has been applied in refining the runoff assessment component for 

diuron. 

1. Assess with full use of the DSEWPaC model rather than reliance on monitoring data. In this 

regard, the model has been updated to include the scenarios and runoff equations from OECD 

(2000) to allow a consideration of difference in runoff with difference in rainfall. 

2. Restrict the slope in the runoff modelling to 3%.  It is accepted that a major parameter in 

determining runoff is slope.  The value of 3% has been applied during the suspension period. 

DSEWPaC considered this value in the context of GIS mapping and accepts the value is 

applicable to significant agricultural regions in Australia (see Figure V2.2 below). However, 

in many instances this slope restriction may not be practicable, so when undertaking the 

assessment information will be provided where relevant on likely slopes within a region.  

3. Information provided in submissions on actual application rates being used in various 

industries will be used in defining the use rates and application patterns, as these are often at 

the lower end of rates on currently registered diuron labels that were used in the initial 

assessment. These will be applied in the model, with the concentration in the DSEWPaC 

default receiving water body used to derive the initial risk quotient. 

Step 1 calculations 

The step 1 calculations, using the model and information described above, are taken as the initial, 

worst case scenario and predicts concentrations and risk quotients in the DSEWPaC standard water 

body.  This water body is considered to be fed entirely by the largest likely field to be 100% treated 

at the maximum rate with the pesticide of interest. The considered field size is 10 ha with drainage 

into a 1 ha surface area pond. This is similar to the US EPA standard pond scenario although the 

Australian standard pond is 15 cm deep (plus the volume of runoff water), while that in the USA 

standard scenario of 2 m deep.  As noted in US EPA (2001), this standard scenario was designed to 

predict pesticide concentrations in the standard farm pond, but has also been shown to be a good 

predictor of upper level pesticide concentrations in small but ecologically important upland streams.  

It is recognised that in a catchment in any one storm event the actual amount of area available for 

run-off is considerably less than the total area treated. Consequently, the initial modelling assumes 

that 50% of the catchment actually contributes to runoff. 

In undertaking the Step 1 calculations, a realistic daily rainfall value is required.  To accommodate 

this, use of rainfall intensity duration data from the Bureau of Meteorology (BOM) has been 

analysed to allow a distribution of maximum 1 year rainfall intensities for different agricultural 

regions or cropping zones for use in the model. In the case of larger regions, data for a range of 

towns will be obtained and the 90
th

 percentile value used in the model for the first instance. This 

value will give a 24 h rainfall event expected to occur once per annum that may result in a runoff 

event. 
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Where the risk quotient is acceptable (standard water body, 15 cm deep, 1 ha surface area), no 

further analysis will be undertaken and those uses will be considered acceptable for slopes ≤3%.   

Step 2 calculations 

The Step 2 calculations are performed to allow a better consideration of the actual probability of 

runoff events occurring in use areas.  These calculations are premised on some important factors: 

1. DSEWPaC accepts that aquatic flora has the ability to recover following exposure to diuron, 

and based on new data evaluated in this assessment algae/aquatic plants can probably recover 

from a repeated exposure. However, monitoring data and field experimental data continue to 

demonstrate that repeat exposures could actually continue for sustained periods of time.  

2. The Step 2 calculations therefore are performed on the acceptance that a runoff even may occur 

that will lead to exposure concentrations exceeding the toxicity end-point. However, the end-

point relates to algae/aquatic plant growth inhibition rather than mortality, and the acceptance 

that initial adverse effects should not be long lived. Consequently, the Step 2 calculations 

essentially consider the probability of a runoff event, and implicitly in these calculations is 

consideration of the likelihood of repeated runoff events. 

The Step 2 calculations result in the determination of a combined rainfall probability value 

(P(com)). This value has built into it the probability of rain actually falling (P(rf). The higher this 

probability, the more likely continued repeat exposure. The second component of the combined 

rainfall probability value is based on the cumulative rainfall distribution for wet days, that is, if rain 

does fall how much may be expected.  

To relate this value to an acceptance of risk, the combined rainfall probability value needs to be 

compared with a particular level of concern.  DSEWPaC has used a “1 in 10” chance to reflect a 

realistic worst case such that where P(com) is ≤10%, the runoff risk is deemed to be acceptable. 

Importantly, the rainfall value associated with this 10% trigger value is established such that the risk 

quotient (RQ) in the standard water body will not exceed 1, that is, risk is considered acceptable.  

Accordingly the risk is considered acceptable if 10% of the time that the upper level concentration 

is predicted to exceed concentration of concern (RQ > 1). In actuality the hydrology of the vast 

majority of catchments would not lead to this concentration. In most realistic circumstances either 

the amount of runoff from 10 ha will result in a water body larger than 1500 m
3
, or to support such 

a water body a larger watershed will need to be considered (US EPA 2004b). Further catchments 

should also be considered as dynamic. That is the amount of water that can be supported by a run-

off area will change with time due to prior rainfall. Although RQ may be exceeded 10% of the time 

for the defined scenario in actuality, the event is expected to be limited to isolated catchments and is 

unlikely (<< 10% chance) to occur again in that catchment.   Since the level of concern end-point is 

based on algae/aquatic plant growth rather than mortality the adverse effects should not be long 

lived. 

Appendix 5 provides a more detailed discussion on the combined rainfall probability value. 

Prior to finalising risk outcomes at Step 2, however, other factors need to be considered and these 

include: 

a. Cropping practices (for example, tillage systems) that allow a change in runoff 

scenario used in the model; 

b. A more detailed analysis of the slopes found within a particular cropping region to 

determine the ability of such cropping situations to comply with slopes of 3% or 

less; 
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c. Surface water characteristics within a particular cropping region. 

In the event mitigation arguments can be used to lower risk quotient values to acceptable levels, it is 

important to also consider important issues that could increase the overall risk, for example, factors 

described in b) and c) above and the potential for use in heavier soils, which tend to have runoff 

values underestimated by the DSEWPaC model. 

At the end of the Step 2 calculations, where the rainfall combined probability value (see Section 

V2.1.4 and Appendix 5 for discussion) remains <10% and consideration of other factors such as 

enforceability of a 3% slope restriction still allows a conclusion of acceptable risk, no further 

assessment will be undertaken. 

In terms of levels of protection, this step still is based on a deterministically derived risk quotient, 

with RQ ≤1 being considered acceptable.  However, it differs from Step 1 in terms of input. Firstly, 

Step 1 is considered the realistic worst case based on a maximum rainfall value.  Step 2 on the other 

hand considers the risk quotient in an opposite manner to Step 1 in that it determines the lowest 

rainfall at which the RQ becomes unacceptable (equals the highest rainfall at which the RQ remains 

acceptable).  Once this value has been calculated, the input data used to calculated P(com) are 

considerably more complex than that required for Step 1. While the overall level of protection 

remains the same, the methodology at Step 2 is considered more indicative of real world situations 

for the different regions being considered. 

Step 3 Calculations 

If acceptable risk can’t be concluded at the end of Step 2, the assessment needs to proceed to the 

final tier of refinement which is an in-stream analysis. 

In this regard, river flow data from gauged monitoring stations will be used to establish stream flow 

characteristics within a particular cropping region.  This approach will likely be possible for regions 

where there are sufficient monitoring stations. However, there will be many instances where this is 

not possible, for example, localised cropping industries (horticultural crops) that may be grown over 

a diverse range of geographical and climatic region, but where the actual acreage in any one region 

is sufficiently small that no stream flow monitoring data are available. 

Another situation may be where a particular use can occur over large acreage, but the range of 

geographic and climatic regions is sufficiently large that the assessment is not practicable. An 

example is use in pastures where rainfall patterns, slopes and soil types are highly diverse, so no 

one region can be considered representative.  

Where refinement to the point of an in-stream analysis is required but can’t be undertaken due to a 

lack of information, DSEWPaC has little option but to conclude the risk from runoff is 

unacceptable. 

If, after the final level of refinement with the in-stream analysis, risk quotients remain >1, the runoff 

risk is concluded to remain unacceptable. 

A worked example, including a more detailed description of the process for undertaking the in-

stream analysis is found in Appendix 2.  

This runoff risk assessment framework is depicted in the following flow diagram and further 

discussion is provided below in Section V2.1.5: 
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Figure V2.1: Flow diagram of runoff risk assessment framework 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V2.1.4 Discussion on the Combined Rainfall Probability Value 

The combined rainfall probability value (Appendix 5), in fact underpins the refinement of the 

assessment, as it considers both the likelihood of rain events and how much rain can be expected to 

fall at such a time through use of a cumulative probability curve of positive rainfall, which has been 

compiled for each town/weather station considered in the report with cumulative probability curves 

assessed by different seasons. This ensures that rainfall probability is more appropriately assessed 

during the diuron use period for particular cropping situations.  The model is used to predict the 

maximum rainfall allowed within a given scenario to result in a RQ ≤1, and the percentile of this 

rainfall on the cumulative rain probability curve is then used along with likelihood of rain to 

calculate the combined probability value.  If the latter remains below a trigger value of 10%, risk is 

effectively mitigated (still based on slope of 3% or less). A discussion about the combined rainfall 

probability value and the values calculated for use in this assessment are provided in Appendix 5. 

Step 1: Calculate runoff concentrations in 

standard water body (3% slope) 

Risk from runoff acceptable 

with slopes ≤3% 

Step 2: Do all risk mitigation arguments 

considered (rain probability <10% for RQ≤1, 

slopes, surface water, cropping practices) 

allow a conclusion of acceptable risk? 

Step 3a: Determine whether representative stream 

flow data are available for the region(s) being 

considered 

Risk from runoff is not 

acceptable 

Step 3b: Perform In-Stream Analysis 
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A 1 in 10 chance, for example, use of 90
th

 percentile data, is a general benchmark taken to represent 

a reasonable worst case in environmental risk assessments.  Use of a 90
th

 percentile (1 in 10) is 

found in international regulatory guidance material. For example, in Europe, the FOCUS surface 

water assessment methodology has as Step 2, “a limited distribution of predicted environmental 

concentrations, whose highest concentrations should be of the order of the 90
th

 percentile value of 

the realistic worst-case distributions” (Linders et al, 2003).  Also in the EU, a reasonable worst case 

for groundwater protection is defined as the 90
th

 percentile for leaching concentrations (FOCUS, 

2000). 

In this diuron assessment, the use of a 1 in 10 probability value is also used to represent a 

reasonable worst case, but in a different manner.  For this assessment, it has been selected as the 

target for affording appropriate protection. The exposure value does not simply reflect in this case 

the 90
th

 percentile of measured values. The trigger value is set at 10% (1 in 10), but is a combined 

value using discrete variables (chance of rain or not) and continuous variables (cumulative 

probability distribution of rainfall on a wet day).  Essentially, with this more probabilistic approach, 

the risk is considered acceptable if 90% of the time that the upper level concentration will remain 

below the concentration of concern (RQ ≤ 1). As discussed above, the hydrology of the vast 

majority of catchments would not lead to this concentration and although RQ >1 may be exceeded 

10% of the time for the defined scenario, in actuality the event is expected to be limited to isolated 

catchments and is unlikely (<10% chance) to occur again in that catchment.  Since the level of 

concern end-point is based on algae/aquatic plant growth rather than mortality the adverse effects 

should not be long lived. 

The percentile associated with the rain value will depend on the maximum amount of rain predicted 

by the model as being acceptable for a RQ ≤1 in the standard water body. Its position on the 

cumulative probability distribution rainfall curve will be dependent not only on the maximum 

acceptable rain value, but also the likelihood of rain falling or not. 

For example, consider rainfall of 12 mm/d is predicted by the runoff model as resulting in a risk 

quotient in the standard water body of 1.0, meaning exceeding 12 mm/d will result in a RQ>1.  The 

combined probability value is used to determine the overall probability of a rain event this size 

occurring.  As two examples, a town in a wet tropical area (Innisfail, QLD) and a town in a southern 

winter cereal growing district (Hay in NSW) are considered. 

1. Cumulative probability curves. The following two cumulative probability density curves 

show probability of rain amount (wet days only) for these two towns up to the cut off value 

of 12 mm/d for the diuron use period (winter in Hay; December to February in Innisfail): 
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What this shows is that in the much drier southern district, rainfall on a wet day of 12 mm falls on 

the 93
rd

 percentile of the cumulative distribution, that is, there is a 7% chance of exceeding 12 

mm/d. However, in the wet region, rainfall on a wet day of 12 mm falls on the 51
st
 percentile, that 

is, there is a 49% chance of exceeding this level. 

2. The second probability value used in establishing the trigger value relates to the chance of 

rain falling or not.  In Hay, the chance of rain falling during the winter months is only 

27.3%, while in Innisfail during the wet season, it is 51.6% (December to February). 

3. These probabilities are combined such that the combined rainfall probability for Hay becomes 

0.07 X 0.273 = 1.9% (does not trigger the combined probability value of 10%) while that for 

Innisfail becomes 0.49 X 0.516 = 25.3% (does trigger the combined probability value of 

10%). 

It is important to recognise that this approach still remains protective.  The modelling results are 

based on restricting a slope to 3%.  This does not, therefore, account for areas within a catchment 

where slopes are below 3%, and therefore not contributing as much to runoff.  Therefore, the 

combined probability value calculated in this approach is expected to overestimate the true 

combined rainfall runoff probability within a catchment. 

In addition, the rain value associated with the 10% combined rainfall probability value is used to 

feed into the final stage of refinement where required, and is associated with the lower bound of 

normal stream flow conditions (25
th

 percentile flow rate). 

To do this, the alternate calculation to that above is undertaken such that the combined probability 

value of 10% cannot be exceeded. With a maximum allowable rainfall is 12 mm/d, the rainfall 

likelihood of 27.3% (Hay), and the rain value associated with the 10% trigger value becomes 1-

(0.1/0.273) = 0.634.  The rain value associated with the 63.4
th

 percentile is 3.1 mm per day.  By 

contrast, in the wet region, the rain value associated with the 10% trigger value becomes 1-

(0.1/0.516) = 0.806. The rain value from the cumulative rainfall distribution curve associated with 

the 80.6
th

 percentile is 47.7 mm. 

These rain values would be used in the runoff model, meaning very low runoff would be predicted 

for the dry area compared to the wet area. 

 

V2.1.5 Discussion on outcomes of the framework 

The framework is considered to provide a suitably realistic assessment process while remaining 

protective.  Importantly, no consideration has been given to gentler slopes than 3% within the 

modelling.  Slopes <3% will contribute less to runoff, and may make up a significant component of 

catchments.  Therefore, where calculations at all steps in the framework result in RQ >1 outcomes, 

the actual number of catchments where the RQ >1 will be fewer.  This then implies that when 

algae/aquatic plants in some catchments where diuron is used are exposed to discrete and 

uncommon events, some effects may occur. The effects are likely to be transient and increased 

adverse effects are not likely due to repeated exposure. In all other catchments where diuron is used 

and found to have an acceptable risk no effects are expected at the modelled exposure levels.  This 

statement only holds for catchments where 3% or less slopes can readily be complied with.  In 

many catchments considered in this report, a high percentage of the area will have slopes exceeding 

3%. 

When applying this framework, or considering the outcomes in the following assessment, some 

aspects will undoubtedly appear counter intuitive. For example, initial risk quotients derived based 

on the 1 in 1 year rain intensity for a particular town/region may not appear to change that much 

between assessments and use patterns even though there are very different input values in terms of 
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rainfall.  Further, these initial risk quotients may be lower (and in some cases significantly lower) 

than from the more refined, in-stream analysis.  This section attempts to explain these apparent 

contradictions. 

Firstly, the framework is applied in three tiers. The first is the basic runoff calculation based on a 

single rain input and application rate, and choosing the most appropriate scenario depending on use 

pattern.  At this level, runoff assumes to enter a static and standard body of water, that increases in 

volume depending on the volume of water running off.  This level of assessment assumes a 10 ha 

catchment over which 50% of the area is not considered to contribute to runoff. Further reasoning 

behind this is described in the APVMA AgMORAG (Volume 3, Part 7 – Environment; 

http://www.apvma.gov.au/morag_ag/vol_3/part_07_environment.php#gen26)  It is demonstrated in 

Appendix 1, that at this initial tier of modelling, the receiving water concentration does not change 

very much once the daily rainfall passes a certain point.  This point differs depending on what soil 

type is being considered and what scenario is being modelled. In the example in Appendix 1 (loamy 

soil, scenario 2, 3% slope) concentrations in the standard water body did not alter much after daily 

rainfall of 45 mm.  This means, in these step 1 calculations, a relatively dry region would (assuming 

the same application rate and other input parameters) be shown to have a similar level of risk to 

very wet areas where in reality, the likelihood of rainfall is much greater. 

Therefore, this first step in the calculation process is simply to identify whether or not a potential 

risk exists.  It could certainly be the case that the same input parameters indicate a risk in one 

scenario (for example, bare, moist soil), but not in another (covered, dry soil), as may be the 

difference between pre- and post-emergent applications.  The identification of a risk (RQ >1) then 

triggers the assessment to a more refined level. 

The second step involves calculation of a combined rainfall probability value, the rainfall 

component of which still relates to risk quotients being 1 or less in the standard water body.  The 

rainfall value associated with a combined rainfall probability of 10% is also used in the third tier of 

the framework, the in-stream analysis.   

The in-stream analysis is a detailed assessment that can only be undertaken when sufficient 

information on stream flow rates in particular areas are available.  It is at this stage that a very large 

range of RQ-values can be calculated, and in many cases, can exceed those initially determined.  

The first thing to notice about the in-stream analysis is that, while the initial RQ-value is determined 

based on 50% of an area contributing to runoff, the in-stream concentration is determine based on 

the whole area contributing to runoff. All things being equal, this immediately doubles the RQ-

values. Another major factor in the potential increase in RQ-values is the distribution time for 

rainfall. As described in Appendix 2 (Step 3: In-stream analysis), while a daily rainfall value is used 

in the model, as a standard assumption, it is going to be assumed that the intensity is actually much 

higher, and the peak rain event has a duration of 1 hour for purposes of mixing with in-stream flow 

rates to predict the in-stream concentration (that is, ∆T = 3600 seconds).  The longer the time frame 

for the rainfall, the lower the in-stream concentrations due to increased overall dilution. Using a 1 h 

time frame makes the model relatively conservative.  For example, consider a stream with flow rate 

of 20 ML/d.  Assuming a rain event of 45 mm, at an application rate of 900 g ac/ha using Scenario 

1 in the model, and with 1% OC (Kd = 6.2 L/kg) and loamy soils, the model would predict an in-

stream concentration of 5 µg/L. Distribution of rainfall over longer periods proportionately reduces 

in-stream concentrations through a dilution effect. 

When undertaking an in-stream analysis, real world data have been used. There are no equivalent 

data for lentic water bodies within the agricultural use regions, so the outcomes from the in-stream 

analyses are taken as surrogates for lentic water bodies. 
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While these two factors may appear overly conservative, DSEWPaC has taken care to validate this 

in-stream extension of the model with a range of monitoring and field experimental data.  These 

validation exercises have illustrated that the model is acceptable for predicting in-stream 

concentrations, and is in fact likely to underestimate exposure where runoff from heavier soils 

occurs. 

It stands to reason that the larger a stream/river, the higher its flow rate, and the lower an in-stream 

concentration will be for the same level of runoff.  In determining stream flow rates in the following 

assessments, not all regions had appropriate data, so this level of assessment was not possible. 

Other areas had immense data, and a selection of flow rates was taken in an attempt to get a wide 

cross section of likely stream sizes.  The flow rates were separated into three levels. The 90
th

 

percentile rates were used to consider the case of stream flow above normal conditions, but using a 

higher (1 in 1 year 24 h intensity) rainfall.  These situations seldom resulted in an outcome of 

unacceptable risk because even the small streams still had sufficient flow to alleviate the risk on the 

basis of concentration. 

The other two rates (75
th

 and 25
th

 percentile flow rates) were chosen to cover the “normal” flowing 

conditions of the rivers. It was (and remains) one of DSEWPaC’s concerns that flood conditions 

will not always result in the highest in-stream concentrations, and by using flow range, this was 

demonstrated to be the case. The flow rates were associated with different rainfall levels as 

considered appropriate. Again, the combined rainfall probability value plays an important role. The 

maximum rainfall value from the cumulative probability curve required to meet the combined 

rainfall probability of 10% is associated with the lowest 25
th

 percentile stream flow rate.  Therefore, 

areas with a lower likelihood of rain (which includes the likelihood of repeat exposures), and/or 

lower rainfall on days of positive rain will have a lower rainfall value and stream flow requirements 

will be accordingly lower. This means it is more probable that in-stream concentrations will be at 

levels considered acceptable. 

V2.1.6 Information relied on in the assessment 

Apart from information provided in submissions, and any additional scientific data specific to 

diuron, there has been a reliance on several publicly available maps and data sets in undertaking this 

assessment. 

V2.1.6.1 MCAS 

The MCAS-S tool (Multi-Criteria Analysis Shell for Spatial Decision Support) is a software tool 

developed by the Australian Bureau of Agricultural and Resource Economics and Sciences that 

brings the multi-criteria analysis (MCA) process into the decision-makers' realm. It is an easy-to-

use, flexible tool that promotes:  

 insightful desktop combination and study of different types of mapped information 

 understanding of the relationships between the decision-making process and the available 

spatial data 

 interactive 'live-update' and mapping of alternative project scenarios 

GIS (geographic information systems) programming is not required, removing the usual technical 

obstacles to non-GIS users. More information, and MCAS data can be obtained from 

http://www.daff.gov.au/abares/data/mcass.  

The following maps constructed by MCAS-S provides an example of how this software has been 

applied in the refined assessment.  The base maps for rainfall (in this case, only >600 mm per 

annum) and slopes (>3%) are shown individually. These can be overlaid to readily show that 

http://www.daff.gov.au/abares/data/mcass
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regions receiving <600 mm per annum are also much more likely to be on landscapes with 3% or 

less slopes. 

Further, these maps can be considered on many different levels including by state or even down to 

river catchment.  

Figure V2.2: MCAS maps for annual rainfall (>600 mm pa) and slopes (>3%) 

 
Annual rainfall >600 mm in blue 

 
 Slopes <3%  Slopes >3% 

 

  

 
Overlaid maps of slopes >3% and rainfall >600 mm/y 

 

V2.1.6.2 Bureau of Meteorology 

V2.1.6.2.1 Rainfall Intensity Frequency Data 

Data from the Bureau of Meteorology (BOM) has been used for determining a 1 day (24 hour) 

rainfall with an average recurrence interval of 1 year (1 in 1 year rainfall intensity frequency) and to 

provide information on days of rain exceeding a certain level in different cropping zones. 

The BOM rainfall intensity frequency duration (IFD) data system has been used to determine the 1 

in 1 year rainfall intensity for use in modelling.  The IFD program is available at: 
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http://www.bom.gov.au/hydro/has/cdirswebx/cdirswebx.shtml. The system produces an intensity 

frequency duration design rainfall chart and table between 5 minutes and 72 hours in duration. 

As an example, the following IFD has been created for Perth (latitude -31.95026, longitude 

115.85258): 

Table V2.1: Rainfall Intensity Frequency Distribution Chart for Perth, Western Australia (values in mm/h) 

DURATION 1 Year 2 years 5 years 10 years 20 years 50 years 100 years 

5 min 58.9 77.9 102 120 145 181 212 

6 min 54.9 72.5 95.3 112 134 168 197 

10 min  43.9 57.7 75.0 87.4 105 130 152 

20 min 30.6 40.0 51.1 58.8 69.6 85.5 98.9 

30 min 24.3 31.6 39.9 45.7 53.8 65.7 75.6 

1 h 15.9 20.5 25.6 29.0 34.0 41.1 47.0 

2 h 10.2 13.1 16.1 18.2 21.1 25.4 28.9 

3 h 7.82 10.0 12.3 13.8 16.0 19.1 21.7 

6 h 4.97 6.35 7.72 8.62 10.0 11.8 13.4 

12 h 3.17 4.05 4.91 5.47 6.31 7.50 8.47 

24 h 2.02 2.59 3.16 3.54 4.09 4.88 5.53 

48 h 1.26 1.62 2.00 2.27 2.64 3.18 3.63 

72 h .931 1.20 1.49 1.70 1.99 2.40 2.75 

The highlighted value represents the 1 in 1 year 24 h rainfall intensity, which would be used in the 

assessment. The 1 in 1 year rainfall intensity from this table is 2.02 mm/h, which corresponds to a 

daily rainfall of 48.5 mm. 

Information on days of rain has also been obtained from the Bureau of Meteorology. Climate data 

can be obtained from www.bom.gov.au/climate/data/.  Representative towns from different areas, 

where possible, have had daily rainfall data extracted.  The volume of data can range from >100 

years to only a few years depending on the location.  Due to the volume of data, only certain 

weather stations have been considered.  These are made clear in the report and are taken to 

represent rainfall characteristics within a growing region where stated. 

V2.1.6.2.2 Daily Rainfall Data 

The Bureau of Meteorology climate information database was interrogated for determining 

cumulative probability distributions of daily rainfall used in the refinement of the risk assessment.  

For particular towns/weather stations being used within this assessment, care was taken to get 

representative rainfall data from stations with at least 25 years continuous rainfall data. While this 

was not always possible, it was generally achievable. For many towns, the available data exceeded 

100 years.  These data were sorted to different seasons. 

This method allows a quantifiable approach to the probability of rainfall.  The following map of 

BOM climate data provides a useful qualitative tool to determine likely days of rain around 

Australia and is provided below for reference: 

http://www.bom.gov.au/hydro/has/cdirswebx/cdirswebx.shtml
http://www.bom.gov.au/climate/data/


12  

Figure V2.3: Average Number of Days of Rainfall Greater than 10 mm Annually (Bureau of Meteorology) 

  

V2.1.6.3 Soil Organic Carbon Content 

Information on the soil organic carbon content used for different cropping regions has been 

obtained from the CSIRO Australian Soil Resource Information System (ASRIS). This provides 

online access to publicly available information on soil and land resources across Australia.  The 

following map is available at: www.asris.csiro.au/mapping/viewer.htm The soil organic carbon 

layer is available from “ASRIS 2001” folder. The map allows users to zoom into selected areas, 

which helps provide a better resolution for determining soil organic carbon. 

http://www.asris.csiro.au/mapping/viewer.htm
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Figure V2.4: Organic carbon in Australian Topsoil (Australian Soil Resource Information System) 

 

 

 

While at this high level, the map may appear difficult to interpret, when assessing it on-line it is 

possible to zoom to the regions of interest and get a clearer understanding of organic carbon 

contents in top soil. 

V2.1.6.4 Stream Flow Data 

There are significant surface water monitoring databases in Australia.  The State and Territory 

agencies are the main data custodians, so data for each jurisdiction varies somewhat in the type of 

data that are available and the way they are reported or available for download.  Nonetheless, 

stream flow data for Queensland, New South Wales, Victoria, Tasmania and South Australia can be 

accessed in relatively comprehensive ways, and have allowed for stream flow data to be assessed in 

terms of daily flow rates for the range of data.  Generally, where at least ten years continuous data 

are available, DSEWPaC has used the last ten years daily stream flow (ML/d, ~3650 observations) 

to characterise stream flow for the range of streams in a catchment where monitoring gauge stations 

are available. 

In Western Australia, stream flow data is available, but only appears to be so in the form of 

summary reports. There are no reports for daily flow rates, rather, they are available in terms of 

monthly averages. These data have been used where required as a guide. 
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Information on databases and data access for the different State and Territory surface water 

databases is available at: www.connectedwater.gov.au/resources/Hydrology_Data.html.  

V2.1.6.5 Australian Surface Water Characteristics 

Where appropriate as a mitigation argument, the surface water characteristics of particular growing 

areas have been considered.  These are based on the following map: 

Figure V2.5: Australian Surface Water characteristics (www.lwa.gov.au/files/products/environmental-water-

allocation/pn20579/ephemeral-streams-final-low-res.pdf) 

 

 

V2.2 Broadacre crops - Winter cereals 

This section covers current uses on wheat, barley, triticale, cereal rye and oats as described on 

labels and taking into account additional information related to these uses as provided in 

submissions. 

Use in winter cereals covers a very large range in terms of geographic and climatic conditions.  It is 

possible to refine input parameters for modelling however, based on a regional approach.  Maps for 

the winter cereals growing area were provided by Neil Clarke and Associates following a request 

from GRDC.   

http://www.connectedwater.gov.au/resources/Hydrology_Data.html
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Figure V2.6: 2011 Winter Cereals Hectares, Grouped Soil Types and Rainfall Isohyets (Neil Clark & Associates) 

 

Based on these maps, more specific agricultural regions have been identified based on Williams et 

al (2002). These regions are depicted as follows: 

Figure V2.7: Winter cereal regions as adapted from Wiliams et al (2002) 

 

Regions covering these crops and the rainfall values used in the initial runoff modelling are shown 

in the following table. Towns in each region used to generate the rainfall IFD along with the town 

coordinates and 1 in 1 year 24 h rainfall intensity are provided in Appendix 4. 
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Table V2.2: Winter Cereal Growing Regions and Maximum Rainfall for use in Runoff Modelling 

Region Main State(s) covered 1 in 1 yr 24 h Rainfall Intensity (mm/day) 

  90
th

 percentile 

36 WA 37 

37 WA 47 

41 SA; VIC 33 

42 SA 41 

7 VIC, NSW 52 

8 VIC, NSW 37 

15 NSW, QLD 61 

20, 22 QLD 73 

The results show that while all these regions tend to have annual rainfall of 600 mm or less, the 

intensity of the maximum 24 h rain event increases as latitude moves north (along the Eastern 

States). 

V2.2.1 Wheat, barley, triticale, cereal rye and oats, WA Only 

The following map (provided by Neil Clark and Associates on request of Grains Research and 

Development Corporation) shows the 2011 winter cereal cropping area in Western Australia. It is 

unclear why the areas under cropping in this figure seem much lower than those on the National 

map (Figure V2.6 above): 

Figure V2.8: 2011 Winter Cereal Hectares, Grouped Soil Types and Rainfall Isohyets 

 

V2.2.1.1 Organic Carbon in Topsoil 

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in the Western Australian wheat belt region are relatively low in organic 

carbon. For modelling purposes, a value of 1% organic carbon has been used, although large areas 
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of the wheat belt could have organic carbon less than this. A Kd of 6.2 L/Kg will be used based on 

1% OC (see Appendix 3). 

V2.2.1.2 Application rates and timing 

Two application rates, 250 g ac/ha and 500 g ac/ha are provided.  Label directions are to apply 

either as pre-plant or pre-emergent.  Therefore, it is reasonable to expect application will be to bare 

soil and likely to occur around May so soils are more likely to be of low soil moisture. This is 

confirmed by a submission received from the Department of Agriculture and Food Western 

Australia. The 90
th

 percentile maximum 24 h rainfall expected for each region has been based on an 

analysis of towns cited by Williams et al (2002) in the region (see Appendix 4). Modelling will be 

done using Scenario 2 (bare soil, low moisture). These step 1 calculations predict concentrations in 

the standard water body. 

Table V2.3: Runoff concentrations and risk quotients – Wheat, barley, triticale, cereal rye and oats, WA only. 

Region Slope <3% 
1 in 1 yr 

rain (mm/d) 

Rate (g 

ac/ha) 

L% Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

36 

Sandy soil 

37 

250 0.07 3.5 0.89 0.6 

500 0.07 7.1 1.79 1.1 

Loamy soil 
250 0.10 3.5 1.13 0.7 

500 0.10 7.1 2.26 1.4 

37 

Sandy soil 

47 

250 0.09 2.8 0.98 0.6 

500 0.09 5.6 1.96 1.3 

Loamy soil 
250 0.12 2.8 1.17 0.8 

500 0.12 5.6 2.34 1.5 

Shaded cells indicate uses where risk quotients in the standard water body exceed 1. Risk quotients 

are acceptable for this use pattern in both regions at 250 g ac/ha but are >1 at 500 g ac/ha so Step 2 

is triggered.  

V2.2.1.3 Mitigation arguments, Regions 36 and 37. 

The difference in runoff values is based on the maximum 1 in 1 year rainfall intensity, which differs 

between the regions.  However, both regions 36 and 37 have been modelled assuming 1% OC and 

the model will predict the same minimum rainfall needed to result in a diuron concentration in the 

standard receiving water body where the toxicity level of concern is exceeded.  In this case, at 500 g 

ac/ha, a minimum 17.5 mm is required for the model to predict a RQ-value of 1.0 in the standard 

body of water based on the higher runoff loamy soil. 

Days of rain data have been determined for these regions based on the towns in Appendix 4 

coinciding with the extremes of each region in terms of points of the compass. This approach was 

adopted with the view that region wide rainfall characteristics will likely fall within the range 

identified from the extremities of the region.  It should be noted that even though there may be 

towns better suited to this assessment, only towns identified in Williams et al (2002) have been used 

in the analysis. Further, it is recognised that not all towns necessarily constitute areas where cereals 

are grown (coastal Albany in particular), but are within the region and taken to represent the likely 

worst case. These have been identified, along with the days of rain statistics, as follows: 
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Table V2.4: Combined rainfall probability value based on minimum rain of 17.5 mm/d, Regions 36 and 37, Western 

Australia. 

 Town Number of years 

of rain data 

Winter P(rf)* Winter P(re)* Winter P(com)* 

Region 36      

North Mingenew 103 36.2% 8.9% 3.2% 

South Jerramungup 44 38.6% 2.5% 1.0% 

East Esperance 42.8 54.9% 6.0% 3.3% 

West Geraldton 69.5 46.3% 7.7% 3.6% 

Region 37      

North Moora 97 44.7% 6.1% 2.7% 

South Albany 105 68.3% 8.6% 5.9% 

East Cranbrook 100 51.1% 3.6% 1.8% 

West Dandaragan 52.8 45.3% 13.8% 6.3% 

* Please refer to Appendix 5 for terminology and methods of calculating. 

While application is likely to occur in May, the winter likelihood value has been used in this 

analysis as May is likely to be the wetter month of the Autumn season.  This analysis shows that for 

the north, south, east and west extremities of both regions, the combined rainfall probability value 

remains below the trigger value of 10% indicating the risk from runoff in regions 36 and 37 

following application at 500 g ac/ha is acceptable.  Slopes in these regions are highly likely to 

remain at or below 3%.  Overlaying the regions with slopes illustrates well that slopes are highly 

likely to be below 3% in both these regions. In addition, particularly within Region 36, there is very 

little surface water (see Figure V2.5).  

 

These considerations indicate the use in cereals in regions 36 and 37 is acceptable. To add further 

confidence to this conclusion, other factors can be considered. Firstly, no consideration in the 

modelling has been given to slopes gentler than 3%, and MCAS data for these regions indicates a 

very large proportion of this area will have much gentler slopes. Therefore, the contribution to 

runoff will be less than calculated here. Further, the modelling does not account for the likely 

prevalence of no-till cropping.  GRDC, in their submission to the APVMA, provided data 

demonstrating adoption of no-till cropping in Australian grain growing regions exceeds 80%.  The 

impact of no-till cropping is discussed in more detail in the section relating to pulse crops (Section 

V2.9), and has been shown to have a marked impact on increasing soil infiltration and reducing 

runoff. 

Therefore, in line with Step 2 of Figure V2.1 runoff risk is acceptable when all mitigation 

arguments have been considered, and no further refinement is considered necessary. 
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V2.2.2 Wheat, barley, triticale, and oats, WA Only 

Two application rates, 180 and 250 g ac/ha and labels specify application in combination with 

MCPA or 2,4-D.  Label directions are to apply to crop at 3-5 leaves on the main stem.  In addition, 

weeds must be in the 2-5 leaf stage.  While the label states that crop and weeds should be dry at the 

time of spraying, it can reasonably be expected that such application may occur as a blanket spray 

on moist soils due to the growing period between application and this growth stage. Further, it is 

anticipated that with crops and weeds at this growth stage, a reasonable covering of the soil will 

result.  The appropriate scenario would be for covered soil with high moisture, so Scenario 4 will be 

used. 

Table V2.5: Runoff concentrations and risk quotients – Wheat, barley, triticale and oats, WA only. 

Region Slope <3% 
1 in 1 yr 

rain (mm/d) 

Rate (g 

ac/ha) 

L% Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

36 

Sandy soil 

37 

180 0.06 2.5 0.57 0.4 

250 0.06 3.5 0.79 0.5 

Loamy soil 
180 0.14 2.5 1.02 0.6 

250 0.14 3.5 1.41 0.9 

37 

Sandy soil 

47 

180 0.08 2.01 0.63 0.4 

250 0.08 2.79 0.88 0.6 

Loamy soil 
180 0.16 2.01 0.99 0.6 

250 0.16 2.79 1.38 0.9 

Risk quotients for the standard water body are acceptable for this use pattern both regions. While 

some risk quotients in these step 1 calculations are approaching a value of 1, risk has been assessed, 

including mitigation arguments, in more detail above for higher application rates in Section 

V2.2.1.3 above and deemed acceptable. Therefore, runoff risk from this use pattern is acceptable 

also. 

V2.2.3 Wheat, barley and oats, NSW, Vic, ACT and SA Only 

The following map shows 2011 winter cereal cropping areas in SA, Vic, NSW, and some smaller 

areas in QLD (provided by Neil Clark and Associates on request of Grains Research Development 

Corporation): 
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Figure V2.9: 2011 Winter Cereals Hectares, SA, Vic, NSW/ACT, QLD; Grouped Soil Types and Rainfall Isohyets 

 

V2.2.3.1 Organic Carbon in Topsoil 

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in winter cereals growing regions in SA, Vic and NSW shows a reasonable 

variation of organic carbon in the topsoil within this large area. While there appear to be 

considerable tracts with between 1-2% OC, for modelling purposes, a value of 1% organic carbon 

has been used as there are also large areas with less than this. A Kd of 6.2 L/kg will be used based 

on 1% OC. 

V2.2.3.2 Application rates and timing 

One application rate of 450 g ac/ha is provided.  Label instructions are to apply when weeds are at 

the 2-4 leaf stage and soon after the crop is past the 2-5 leaf stage, which is normally within 6 

weeks of sowing.   

It can reasonably be expected that such application may occur on moist soils due to the growing 

period between application and this growth stage. Further, it is anticipated that with crops and 

weeds at this growth stage, a reasonable covering of the soil will result.  The ideal scenario would 

be for covered soil with high moisture. Scenario 4 will be used. Regions 41, 42, 7, 8 and 15 will be 

considered. 
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Table V2.6: Runoff concentrations and risk quotients – NSW, Vic, ACT, SA, winter cereals, post-emergent (450 g 

ac/ha) 

Region Slope <3% 
1 in 1 yr rain 

(mm/d) 
L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

41 
Sandy soil 

33 
0.05 7.15 1.32 1.0 

Loamy soil 0.13 7.15 2.53 1.6 

42 
Sandy soil 

41 
0.07 5.75 1.50 1.0 

Loamy soil 0.15 5.75 2.53 1.6 

7 
Sandy soil 

52 
0.08 4.54 1.63 1.0 

Loamy soil 0.17 4.54 2.43 1.6 

8 
Sandy soil 

37 
0.06 6.37 1.42 0.9 

Loamy soil 0.14 6.37 2.54 1.6 

15 
Sandy soil 

61 
0.10 3.87 1.65 1.1 

Loamy soil 0.19 3.87 2.31 1.5 

Shaded cells indicate uses where risk quotients in the standard water body exceed 1 and the risk 

assessment should proceed to Step 2.  

V2.2.3.3 Risk mitigation, Wheat, barley and oats, NSW, Vic, ACT and SA Only 

The difference in runoff values is based on the maximum 1 in 1 year rainfall intensity, which differs 

between the regions.  However, all regions have been modelled assuming 1% OC and the model 

will predict the same minimum rainfall needed to result in a diuron concentration in the standard 

receiving water body where the toxicity level of concern is exceeded.  In this case, at 450 g ac/ha 

using Scenario 4 in the model, a minimum 12.2 mm is required for the model to predict a RQ-value 

of 1.0 in the standard body of water based on the higher runoff loamy soil. 

Days of rain data have been determined for these regions (winter values in accordance with the 

diuron use period) based on the towns in Appendix 4 coinciding with the extremes of each region in 

terms of points of the compass.  This approach was adopted with the view that region wide rainfall 

characteristics will likely fall within the range identified from the extremities of the region.  It 

should be noted that even though there may be towns better suited to this assessment, only towns 

identified in Williams et al (2002) have been used in the analysis.  These have been identified, 

along with the days of rain statistics, as follows: 
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Table V2.7: Combined rainfall probability value(winter)  based on minimum rain of 12.2 mm/d, Regions41, 42, 7, 8 

and 15. 

 Town Number of years 

of rain data 

Winter P(rf)* Winter P(re)* Winter P(com)* 

Region 41      

North Carrieton 122 27.5% 7.2% 2.0% 

South Robe 148 64.9% 9.7% 6.3% 

East Balranald 132 25.5% 5.9% 1.5% 

West Streaky Bay 132 48.3% 7.4% 3.6% 

Region 42      

North Saddleworth 73.7 45.2% 8.4% 3.8% 

South Kingscote 118 54.8% 8.0% 4.4% 

East Angaston 121 47.6% 11.5% 5.5% 

West Port Lincoln 65 48.5% 7.5% 3.6% 

Region 7      

North Coonabarabran 133 24.9% 19.0% 4.7% 

South Camperdown 43 51.2% 14.5% 7.4% 

East Goulburn 37 46.8% 6.7% 3.1% 

West Wannon 110 53.9% 7.3% 3.9% 

Region 8      

North Hay 132 27.3% 7.0% 1.9% 

South Port Macdonnell 42 62.6% 11.8% 7.4% 

East Deniliquin 152 30.7% 7.1% 2.2% 

West Lucindale 122 52.7% 11.3% 6.0% 

Region 15      

North Chinchilla 120 12.9% 24.0% 3.1% 

South Warren 119 15.9% 18.7% 3.0% 

East Quirindi 126 23.4% 17.4% 4.1% 

West Walgett 117 15.3% 17.0% 2.6% 

* Please refer to Appendix 5 for terminology and methods of calculating. 

In Region 8, the shape of the region is such that the south and west extremities are close together, 

and both on the South Australian coast line.  While Port Macdonnell is maintained as the southern 

extremity for this region, the slightly inland town of Lucindale (~65 km north of Beachport) is used 

as the western extremity. 

In Region 15, the list of towns from Williams et al (2002) results in Warren being both the southern 

and western most point of this region.  Consequently, the town of Walgett is used as the next 

western most point to try and get a better representation of the region. 

This analysis shows that for the north, south, east and west extremities of all regions, the combined 

rainfall probability value remains below the trigger value of 10%. In addition, slopes in these 

regions are highly likely to remain at or below 3% (see Figure V2.2).  The regions are dominated by 

a combination of ephemeral and perennial surface water systems (see Fig V2.5).  However, in this 

case the combined rainfall probability values are well below the 10% trigger value unacceptable 

exposure to these surface waters is considered less probable, and no further refinement is 

considered necessary.   

To add further confidence to this outcome, other factors can be considered. Firstly, no consideration 

in the modelling has been given to slopes gentler than 3%, and MCAS data for these regions 
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indicates a large proportion of this area will have much gentler slopes. Therefore, the contribution 

to runoff will be less than calculated here. Further, the modelling does not account for the likely 

prevalence of no-till cropping.  GRDC, in their submission to the APVMA, provided data 

demonstrating adoption of no-till cropping in Australian grain growing regions exceeds 80%.  The 

impact of no-till cropping is discussed in more detail in the section relating to pulse crops (Section 

V2.9), and has been shown to have a marked impact on increasing soil infiltration and reducing 

runoff. While this application is post-emergent, the use of no-till situations remains relevant as the 

data described in Appendix 3 Section V3.2.3 relating to no-till practices show them to be more 

effective in reducing runoff and soil erosion, not just at the time of sowing crops, but over the 

growing season. 

In line with Step 2 of Figure V2.1 runoff risk in regions 41, 42, 7, 8 and 15 following application at 

450 g ac/ha in winter cereals is acceptable when all mitigation arguments have been considered, and 

no further refinement is considered necessary. 

V2.2.4 Wheat and Barley, SA Only 

This use pattern is for control of soursob with an application rate of 640 – 880 g ac/ha.  It is likely 

applicable to regions 41 and 42. Label instructions are to apply when the crop is in the 2-5 true leaf 

stage. Scenario 4 will be used with full spray coverage. 

Table V2.8: Runoff concentrations and risk quotients – Region 41, 42 winter cereals, soursob control only 

Region Slope <3% 
1 in 1 year 

rain (mm/d) 
Rate: L% 

Receiving water 

(µg/L) 

Risk 

quotient 

41 

Sandy soil 

33 

640 0.05 1.87 1.2 

  880 0.05 2.57 1.6 

Loamy soil 640 0.13 3.59 2.3 

  880 0.13 4.94 3.2 

42 

Sandy soil 

41 

640 0.07 2.14 1.4 

  880 0.07 2.94 1.9 

Loamy soil 640 0.15 3.60 2.3 

  880 0.15 4.95 3.2 

 

V2.2.4.1 Mitigation, Regions 41 and 42. 

For both regions, RQ values exceeded 2 for loam soils only.  The runoff model shows that for RQ-

values to reach this level, a daily rain event, 9 mm is needed with an application rate of 640 g ac/ha, 

and 7.6 mm at an application rate of 880 g ac/ha (loamy soils).  A more detailed assessment of 

organic carbon in topsoil for regions 41 and 42 indicates the %OC is generally higher in these areas: 
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Figure V2.10: Soil organic carbon (%) in topsoil of regions 41 and 42 

 

 

 
www.asris.csiro.au/mapping/viewer.htm  

Williams et al (2002) 

Increasing %OC in the model from 1 to 1.5% results in an increase in rainfall required to generate 

predicted diuron concentrations in receiving waters where the risk quotient exceeds 1 to 11.9 mm/d 

and 9.1 mm/d for application rates of 640 g ac/ha and 880 g ac/ha respectively. The probability of 

rainfall (P(rf) values for these towns remain the same as those in Table V2.7. 

Table V2.9: Combined rainfall probability values (winter) based on minimum rain of 11.9 mm/d and 9.1 mm/d, 

Regions 41 and 42, South Australia (winter). 

 Town 640 g/ha (11.9 mm/d) 880 g/ha (9.1 mm/d) 

Winter P(re) Winter P(com) Winter P(re) Winter P(com) 

Region 41      

North Carrieton 7.6% 2.1% 12.5% 3.4% 

South Robe 10.1% 6.6% 16.3% 10.6% 

East Balranald 6.2% 1.6% 9.9% 2.4% 

West Streaky Bay 8.7% 4.2% 12.2% 5.9% 

Region 42      

North Saddleworth 8.6% 3.9% 14.6% 6.6% 

South Kingscote 8.4% 4.6% 13.7% 7.5% 

East Angaston 12.0% 5.7% 18.4% 8.8% 

West Port Lincoln 7.9% 3.8% 13.0% 6.3% 

Taking into account the likely higher organic carbon content in top soils in Regions 41 and 42 

results in higher rainfall required to lead to an unacceptable risk when modelled for the standard 

water body. It is also worth noting that slopes in these regions are generally at or below 3% (see Fig 

V2.2) indicating compliance with slopes should be high. Further, for areas in the western sides of 

Regions 41 and 42, there is largely no surface water although the eastern parts of these regions are 

dominated by ephemeral water systems (see Fig V2.5). 

http://www.asris.csiro.au/mapping/viewer.htm
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Despite this, the 10% trigger value was exceeded for Robe in Region 41. Robe is situated in the 

southern extremity of Region 41 (see Figure V2.10).  However, when comparing this location with 

winter cereals growing areas in South Australia (Figure V2.9), it is apparent these crops are not 

actually grown in this particular area.  The other centres in Region 41 showed very low combined 

rainfall probability values. 

DSEWPaC has considered further data for this region. The town of Keith (SA) is located north of 

Robe and is considered more representative of a southern cereals growing area in Region 41.  Also, 

the Victorian town of Kaniva has been considered as being at the southern end of Region 41, but 

located further east and more likely to represent a winter cereals growing region.  The cumulative 

rainfall probability for Keith (winter months) at the highest application rate of 880 g ac/ha is 5.0%, 

well below that for Robe.  Similarly, P(com) for Kaniva is 4.9%, again well below the trigger value 

of 10%. The P(com) for both these towns, which are more appropriate for representing southern 

winter cereals growing areas in Region 41, are much more in agreement with the other P(com) 

values for the east, west and north towns in this region. The P(com) values are well below the 10% 

trigger value, suggesting that within the regions themselves, this should also be the case. 

To add further confidence to this outcome, other factors can be considered. Firstly, no consideration 

in the modelling has been given to slopes gentler than 3%, and MCAS data for these regions 

indicates a large proportion of this area will have much gentler slopes. Therefore, the contribution 

to runoff will be less than calculated here. Further, the modelling does not account for the likely 

prevalence of no-till cropping.  GRDC, in their submission to the APVMA, provided data 

demonstrating adoption of no-till cropping in Australian grain growing regions exceeds 80%.  The 

impact of no-till cropping is discussed in more detail in the section relating to pulse crops (Section 

V2.9), and has been shown to have a marked impact on increasing soil infiltration and reducing 

runoff. 

In line with Step 2 of Figure V2.1 the risk to aquatic organisms from runoff in South Australia at 

rates of 640 g ac/ha and 880 g ac/ha to control soursob is acceptable. 

V2.2.5 Wheat and barley, NSW, Vic, ACT and SA Only 

One application rate of 250 g ac/ha in combination with MCPA.  Label instructions are to apply 

when the crop is at the 3-5 leaf stage (NSW, SA only) 5 leaf stage (Vic only).  Further, weeds must 

be in the 2-5 leaf stage.  Scenario 4 will be applied with full spray coverage.  A Kd of 6.2 L/kg and 

Scenario 4 will be used in the initial modelling. 

Table V2.10: Region 41, Wheat and Barley, post emergent, 250 g ac/ha 

Region Slope <3% 
1 in 1 yr rain 

(mm/d) 
L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

41 
Sandy soil 

33 
0.05 3.97 0.73 0.5 

Loamy soil 0.13 3.97 1.4 0.9 

42 
Sandy soil 

41 
0.07 3.20 0.84 0.5 

Loamy soil 0.15 3.20 1.41 0.9 

7 
Sandy soil 

52 
0.08 2.52 0.90 0.6 

Loamy soil 0.17 2.52 1.35 0.9 

8 
Sandy soil 

37 
0.06 3.54 0.79 0.5 

Loamy soil 0.14 3.54 1.41 0.9 

15 
Sandy soil 

61 
0.10 2.15 0.92 0.6 

Loamy soil 0.19 2.15 1.28 0.8 

These initial step 1 risk quotients for the standard water body are all below 1 so risk to aquatic 

organisms from runoff at an application rate of 250 g ac/ha in these regions is acceptable. While 
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some risk quotients in these step 1 calculations are approaching a value of 1, risk has been assessed 

in more detail above for higher application rates in Section V2.2.4.1 above and deemed acceptable. 

Therefore, runoff risk from this use pattern is also acceptable. 

V2.2.6 Conclusion – Winter Cereals 

The assessment for winter cereals, based on information received in submissions has resulted in a 

conclusion of acceptable runoff risk. 

Label rates in cereals range from 180 g ac/ha to 500 g ac/ha, with the exception of control of 

soursob (640-880 g ac/ha) in South Australia.  There were several submissions indicating the main 

uses in winter cereals are at the lower end of the application rates proposed on the labels (250-300 g 

ac/ha).  It is highly desirable that labels be updated to amend maximum rates downwards where it is 

possible to reduce rates while remaining efficacious. 

While the above assessment considers application to winter cereals in Western Australia, South 

Australia, Victoria, the ACT and New South Wales, the assessment has included Region 15, which 

extends into Queensland.  The outcomes of this assessment are considered relevant also to winter 

cereals growing regions in Queensland. 

V2.3 Broadacre Crops - Summer fallow, SA Only 

One application rate of 250 g ac/ha in combination with paraquat.  Scenario 2 (bare soil, low soil 

moisture) will be used along with a Kd of 6.2 L/kg.   

Table V2.11: Region 41, 42; Summer Fallow, 250 g ac/ha 

Region Slope <3% 
1 in 1 yr rain 

(mm/d) 
L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

41 
Sandy soil 

33 
0.06 4.0 0.84 0.5 

Loamy soil 0.09 4.0 1.09 0.7 

42 
Sandy soil 

41 
0.08 3.2 0.94 0.6 

Loamy soil 0.11 3.2 1.15 0.7 

These initial step 1 risk quotients are all below 1 for the standard water body so risk to aquatic 

organisms from runoff at a low application rate of 250 g ac/ha for summer fallow use in SA is 

acceptable. 

V2.4 Broadacre Crops - Cotton 

Application rates for cotton 900 to 1800 g ac/ha with application for both pre-emergence and post-

emergence use. Labels state that diuron should not be applied more than once per crop. 

V2.4.1 Cotton Catchments 

Information on the cotton catchments has been obtained from the cotton CRC 

(www.cottoncrc.org.au/catchments/home).  

http://www.cottoncrc.org.au/catchments/home
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Table V2.12: Cotton Growing Catchments 

Catchment Catchment size Hectares grown State 

Border Rivers/Gwydir 50000 km
2
 105000 NSW 

Namoi 42000 km
2
 68800 NSW 

Lachlan 84700 km
2
 4000 NSW 

Western Catchment 230000 km
2
 10360 NSW 

Murrumbidgee 84000 km
2
 4000 NSW 

Fitzroy Basin 150000 km
2 

20700 QLD 

Condamine 24430 km
2 

53000 QLD 

QMDC
1 

102730 km
2
 105500 QLD 

1) Queensland Murray Darling Catchment – Border Rivers, Maranoa-Balonne Catchment 

The following figures illustrate the slopes (>3% in black) that may be expected in the four major 

catchments, Gwydir, Namoi, QMDC (Border Rivers) and Condamine: 

Figure V2.11: Slopes (>3% in black) in main cotton growing catchments 

Gwydir Namoi QMDC – Border Rivers Condamine 

    

 

V2.4.2 Irrigated Cotton 

The following useful information relating to current cotton practices was provided by Cotton 

Australia in their submission. The majority of diuron cotton use is on irrigation farms. The design 

and management of a cotton farm plays an important role in minimising the risk of pesticides being 

transported off the farm. The Industry BMP program addresses a suite of issues which are based on 

sound science and which are aimed at minimising the movement of pesticides in water and 

sediment (both around and off the farm). These include:  

 laser levelled fields,  

 limited furrow lengths in accordance with soil type, slope and rainfall intensity;  

 minimize erosion at culverts,  

 all channels and tail water return drains designed with sufficiently flat gradients so as to 

minimize erosion,  

 recirculate all tail water,  

 maintain capacity to and retain at least first 25 mm of rainfall run off from treated fields,  

 develop a farm storm water management plan,  

 design channels and tail drains to hold the maximum amount of storm water,  

 direct blow out points and overflow under severe storm events away from rivers, water 

courses and wetlands. 

The following map shows the average number of days with rainfall >25 mm 

(www.bom.gov.au/jsp/ncc/climate_averages/raindays/index.jsp?period=an&product=25mm). This 

illustrates that in the cotton catchments, generally fewer than 10 days per annum will result in 

rainfall exceeding 25 mm.   

http://www.bom.gov.au/jsp/ncc/climate_averages/raindays/index.jsp?period=an&product=25mm
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Figure V2.12: Map of cotton catchments and days of rain annually exceeding 25 mm. 

(http:

//www.cottoncrc.org.au/catchments/MyCatchments/Cotton_Catchments) 

 

(http://www.bom.gov.au/jsp/ncc/climate_averages/raindays/index.jsp?p

eriod=an&product=25mm) 

The previous report for diuron (APVMA, 2011) had concluded that where farms had the ability to 

retain runoff, the use of diuron could continue.  This has not changed, and use of diuron on farms 

with this ability remains supported. 

V2.4.3 Dryland (rain grown) cotton and irrigated cotton without runoff 

retention 

In their submission to the APVMA, Cotton Australia advised that the area of dryland (rain grown) 

cotton can be up to thirty percent of the planted (paddock) area in some seasons. Since the 

introduction of Roundup Ready® cottons the use of residual herbicides during the dryland cotton 

crop period is negligible. However, residual herbicides, including diuron, are very important for 

weed management in the full rotation in which a dryland cotton or other annual summer crop may 

be grown. 

Dryland cotton would typically be utilised in approximately one in every four years in rotations that 

include cotton. No information was provided regarding the extent of irrigated cotton farms that do 

not have the capacity to retain tail water although DSEWPaC understands tailwater retention 

capacity on irrigated cotton farms is the normal practice. The following assessment is intended to 

cover dryland cotton uses. It can also be used as a surrogate for irrigated farms that do not have tail 

water retention capacity. Of concern in these cases is the effect of paddock channels designed to 

slowly move waters off the paddock. While this can’t be accounted for in the model, it is likely that 

such paddocks planted to irrigated cotton will have gradients much lower than the 3% considered 

here, so this assessment will suffice as a worst case. 

http://www.bom.gov.au/jsp/ncc/climate_averages/raindays/index.jsp?period=an&product=25mm
http://www.bom.gov.au/jsp/ncc/climate_averages/raindays/index.jsp?period=an&product=25mm


 

 

29 

V2.4.3.1 Pre-emergence (no rainfall or tailwater capture) 

Instructions are to apply at planting or within 7 days of planting and prior to cotton emergence at 

rates of 900 to 1800 g ac/ha.  The use of the high rate is for soils high in clay or organic matter 

content. Planting occurs during the spring months September through November, so soil is expected 

to have a relatively high moisture content.  Assessment for pre-emergence use has been done using 

Scenario 1 (bare soil, high moisture content). 

V2.4.3.1.1 Soil organic carbon content 

Generally, the cotton catchments appear to fall in areas with organic carbon of 1-2% up to 2-5%, as 

demonstrated in the following extract of the ASRIS map for soil organic carbon content: 

Figure V2.13: Topsoil organic carbon within cotton growing catchments 

 

 
(http://www.asris.csiro.au/mapping/viewer.htm) 

In particular, the major cotton catchments Gwydir, Namoi and QMDC fall into this category.  For 

modelling purposes, the low rate will be associated with 1.5% OC and the high rate with 2.5% OC, 

resulting in Kd values of 9.0 L/kg and 14.6 L/kg respectively. 

Given the very large geographic area of the different cotton catchments, a representative maximum 

1 in 1 year rainfall of 61 mm, based on region 15 following an analysis of towns cited by Williams 

et al (2002) in the region (see Appendix 3) will be used. 

The following matrix of runoff concentrations and corresponding RQ-values is derived for loamy 

soils only in the runoff model, but adjusting Kd for soils with different levels of organic carbon: 
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Table V2.13: Runoff concentrations and risk quotients, cotton, pre-emergent application 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

1.5% OC 900 0.20 5.6 3.79 2.4 

 2.5% OC 1800 0.13 7.1 4.86 3.1 

This initial runoff assessment indicates a risk to aquatic plants based on the standard water body, so 

further refinement through an in-stream analysis will be undertaken. 

V2.4.3.2 Post-emergence (no rainfall or tailwater capture) 

Again, the higher rate is stated for use on heavier soil types with high clay/organic matter content.  

The post-emergence application should occur when cotton is at least 30 cm high, or immediately 

after the last cultivation. 

Application should occur as a directed spray to cover the area beneath cotton plants and between 

rows.  It is likely that, in this case, the full hectare does not receive spray. No information is 

available on the actual proportion of the planted hectare likely to receive application. Previous 

advice regarding band application in sugar cane was a rate of 85% of the full rate is practicable 

(APVMA, 2011) and this has been applied in the following cotton assessment (effective rates of 

765-1530 g ac/ha). In addition, the APVMA has requested modelling at a rate of 60% that of the 

broadcast application rate, and these calculations are also included.  Assessment for post-emergence 

use has been done using Scenario 4 (covered soil, high moisture content). 

The following matrix of runoff concentrations and corresponding RQ-values is derived for loamy 

soils only in the runoff model, but adjusting Kd for soils with different levels of organic carbon: 

Table V2.14: Runoff concentrations and risk quotients, cotton, post-emergent application 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) 

Risk 

quotient 

1.5% OC 900* 0.14 4.73 2.83 1.8 

2.5% OC 1800* 0.09 6.07 3.62 2.3 

1.5% OC 900** 0.14 3.34 2.00 1.3 

2.5% OC 1800** 0.09 4.28 2.56 1.6 

* Modelled rate at 85% of this value; ** Modelled at 60% of this value 

This initial runoff assessment indicates a risk to aquatic plants based on the standard water body, so 

further refinement through consideration of likelihood of rain and other arguments, and an in-stream 

analysis will be undertaken. 

V2.4.4 Combined Rainfall Probability 

The model predicts the following maximum rain requirements for runoff in the standard water body 

to remain below levels of concern (loamy soils): 

Table V2.15: Predicted maximum rainfall (mm/d) to allow acceptable risk from runoff 

 % Organic Carbon Rate (g ac/ha) Maximum daily rain (mm) 

Pre-emergence 1.5% OC 900 7.6 

2.5% OC 1800 6.9 

Post-emergence 1.5% OC 900* 10.1 

2.5% OC 1800* 8.5 

* Modelled rate at 85% of this value 
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In order to make the assessment more relevant to diuron use periods, the spring cumulative rain 

probability value has been used for pre-emergent application and the summer cumulative rain 

probability value has been used for post-emergent application. 

Table V2.16: Probability values (%) for rainfall (P(rf)) and exceedence of maximum allowable rainfall (P(re)), 

cotton growing regions. 

Catchment/

Town 

Pre-emergent (spring) Post-emergent (summer) 

 85% application rate 60% application rate 

 900 g/ha 1800 g/ha  900 g/ha 1800 g/ha  900 g/ha 1800 g/ha 

P(rf)* P(re)* P(re)* P(rf)* P(re)* P(re)* P(rf)* P(re)* P(re)* 

Gwydir          

Moree 23.8% 32.3% 34.8% 25.6% 31.0% 34.6% 25.6% 22.4% 27.9% 

Inverell 27.7% 37.3% 39.4% 31.1% 34.2% 39.4% 31.1% 23.9% 31.6% 

Tenterfield 25.5% 39.7% 42.2% 33.5% 33.2% 37.3% 33.5% 24.3% 30.8% 

Glen Innes 28.0% 39.1% 41.9% 34.4% 32.8% 37.2% 34.4% 23.2% 30.4% 

Namoi          

Walgett 14.6% 33.1% 35.5% 16.4% 33.6% 37.6% 16.4% 23.7% 31.1% 

Narrabri 16.8% 41.9% 45.1% 18.1% 41.3% 45.8% 18.1% 30.0% 38.3% 

Quirindi 22.9% 36.1% 38.9% 22.1% 35.9% 39.7% 22.1% 26.7% 33.7% 

Tamworth 28.1% 34.2% 37.0% 26.2% 29.0% 33.2% 26.2% 20.9% 28.1% 

QMDC          

Mitchell 16.9% 35.4% 38.1% 22.8% 32.5% 36.4% 22.8% 23.9% 30.4% 

Miles 18.9% 37.2% 40.1% 25.4% 34.6% 38.9% 25.4% 25.5% 32.5% 

Stanthorpe 25.7% 36.5% 39.4% 32.8% 30.6% 34.7% 32.8% 21.9% 28.3% 

St. George 15.0% 36.0% 39.5% 17.5% 38.9% 42.0% 17.5% 28.0% 36.7% 

Condamine          

Chinchilla 17.0% 43.8% 46.5% 22.4% 40.2% 44.8% 22.4% 29.9% 37.5% 

Dalby 21.6% 32.2% 36.7% 25.6% 34.5% 39.6% 25.6% 25.0% 31.9% 

Oakey 22.1% 34.7% 37.1% 26.2% 32.1% 35.1% 26.2% 25.7% 30.6% 

Warwick 21.8% 39.2% 41.8% 27.8% 33.1% 37.4% 27.8% 24.4% 31.3% 

* Refer to Appendix 5 for terminology and methods of calculation 
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Table V2.17: Combined Rainfall Probability Values (P(com)), Cotton Growing Regions 

 Pre-emergent (spring) Post-emergent (summer) 

  85% application rate 60% application rate 

 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

Gwydir       

Moree 7.7% 8.3% 7.9% 8.8% 5.7% 7.1% 

Inverell 10.3% 10.9% 10.6% 12.2% 7.4% 9.8% 

Tenterfield 10.1% 10.8% 11.1% 12.5% 8.1% 10.3% 

Glen Innes 10.9% 11.7% 11.3% 12.8% 8.0% 10.5% 

Namoi       

Walgett 4.8% 5.2% 5.5% 6.2% 3.9% 5.1% 

Narrabri 7.0% 7.6% 7.5% 8.3% 5.4% 6.9% 

Quirindi 8.3% 8.9% 7.9% 8.8% 5.9% 7.4% 

Tamworth 9.6% 10.4% 7.6% 8.7% 5.5% 7.4% 

QMDC       

Mitchell 6.0% 6.4% 7.4% 8.3% 5.4% 6.9% 

Miles 7.0% 7.6% 8.8% 9.9% 6.5% 8.3% 

Stanthorpe 9.4% 10.1% 10.0% 11.4% 7.2% 9.3% 

St. George 5.4% 5.9% 6.8% 7.3% 4.9% 6.4% 

Condamine       

Chinchilla 7.4% 7.9% 9.0% 10.0% 6.7% 8.4% 

Dalby 7.0% 7.9% 8.8% 10.1% 6.4% 8.2% 

Oakey 7.6% 8.2% 8.4% 9.2% 6.7% 8.0% 

Warwick 8.6% 9.1% 9.2% 10.4% 6.8% 8.7% 

 

The difference in P(com) values from use at 900 g ac/ha and twice this at 1800 g ac/ha are generally 

not great. While this may seem strange, it is due to the different runoff profiles for the different 

application rates.  Application at 900 g ac/ha is for “lighter” soils, so a lower %OC value has been 

used, which results in more runoff predicted than with higher %OC values – see Appendix 3. 

The P(com) value exceeds the 10% trigger value in all catchments considered.  In the Namoi 

Valley, this is only exceeded at the high rate for pre-emergent use, and in the Condamine 

Catchment, exceedences are only associated with the higher rate under post emergent application  

The DSEWPaC model is considered to underestimate runoff from heavier soils. There are also 

several instances where this 10% trigger value is being approached, and underestimation due to 

expected heavier soils (keeping the %OC value the same) means it is possible the cumulative 

probability will actually exceed the 10% trigger value. 

Given the exceedences, and a number of probabilities approaching the trigger value, and combined 

with the expectation that the runoff model under predicts for heavier soils, an in-stream analysis is 

being undertaken with respect to irrigated cotton without runoff retention capacity or dryland 

cotton.  

This will be undertaken for the four major cotton catchments, Namoi, Gwydir, QMDC and 

Condamine. However, the stream flow data are such that the QMDC and Condamine catchments 

are combined meaning three in-stream analyses have been performed. 
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V2.4.5 Cotton In-Stream Analysis 

The model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles (refer to Appendix 2 for methodology) for 

pre-emergent and post-emergent use. The rain value associated with the 25
th

 percentile will be the 

maximum rain value from the cumulative probability distribution that will result in P(com) = 10%. 

These rainfall values (mm/d) are shown in Table V2.18 below, and are dependent on the minimum 

rain requirements. 

Minimum rain requirements are provided above in Table V2.15. The probability of rainfall (P(rf)) 

values are provided above in Table V2.16.   

Table V2.18: Rainfall values (mm/d) for P(com) = 10%, cotton growing regions. Highlighted values will be the 

rainfall value used in in-stream modelling. 

Catchment/Town Pre-emergent (spring) Post emergent (summer) 

Gwydir   

Moree 5.0 7.2 

Inverell 7.8 10.8 

Tenterfield 7.6 11.4 

Glen Innes 11.0 11.3 

Namoi   

Walgett 2.0 3.8 

Narrabri 4.1 5.8 

Quirindi 5.8 7.1 

Tamworth 7.0 7.0 

QMDC   

Mitchell 3.0 6.4 

Miles 4.1 8.4 

Stanthorpe 6.9 10.2 

St. George 2.2 4.2 

Condamine   

Chinchilla 4.3 8.6 

Dalby 5.0 8.6 

Oakey 8.2 9.2 

Warwick 9.1 10.4 

For the QMDC/Condamine in-stream analysis, the higher values associated with the Condamine 

catchment will be used for the 25
th

 percentile stream flow rates. Methodology for daily rain 

requirements shown in Table V2.19 is described in Appendix 2. 
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Table V2.19: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, cotton 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   900 g ac/ha 1800 g ac/ha 

Pre-Emergent Use, modelled under Scenario 1 

Above normal 61 mm 90
th

 percentile 55 70 

Normal (high end) 30 mm 75
th

 percentile 36 46 

Normal (Gwydir) 11.0 mm 

25
th

 percentile 

15 19 

Normal (Namoi) 7.0 mm 6 8 

Normal (QMDC) 9.1 mm 11 14 

Post-Emergent Use, modelled under Scenario 4 

Above normal 61 mm 90
th

 percentile 32 42 

Normal (high end) 30 mm 75
th

 percentile 21 26 

Normal (Gwydir) 11.4 mm 

25
th

 percentile (85% rate) 

9 11 

Normal (Namoi) 7.1 mm <4.3 5 

Normal (QMDC) 10.4 mm 8 10 

Normal (Gwydir) 11.4 mm 

25
th

 percentile (60% rate) 

6.3 8 

Normal (Namoi) 7.1 mm <4.3 <4.3 

Normal (QMDC) 10.4 mm 5.6 7 

 

V2.4.5.1 River Flow data for the Gwydir Catchment 

The following waterways have been assessed for the in-stream analysis in the Gwydir Catchment.  

This is not a comprehensive list of sites where stream flow rates are available, but attempts to obtain 

flow rates for the range of river sizes for which data are available across the region.   

Table V2.20: Stream flow monitoring gauge stations considered in the Gwydir Catchment 

Site number Station name 

418002 Mehi River at Moree 

418005 Copes Creek at Kimberley 

418012 Gwydir River at Pinegrove 

418013 Gwydir River at Gravesend Road Bridge 

418017 Myall Creek at Molroy 

418025 Halls Creek at Bingara 

418049 Mallowa Creek at Regulator 

418052 Carole Creek at Near Garah 

418061 Moomin Creek at Alma Bridge (Derra Road) 

418086 Carole Creek at Midkin Crossing 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  Mean daily river flow data from 

the last 10 years have been obtained (1/1/2002 to 31/12/2011). 
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Table V2.21: Stream flow percentiles, Gwydir Catchment 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

418002 3261 89.7 1259 440 66 

418005 1887 51.7 153 47 9 

418012 3651 100 1917 583 78 

418013 3627 100 2534 910 146 

418017 2271 62.2 102 30 7 

418025 1924 52.7 8.4 7 5 

418049 1449 39.7 88 65 18 

418052 2850 80.0 365 115 16 

418061 3043 83.8 351 169 23 

418086 1593 69.8 492 198 15 

The following table identifies (shaded cells with risk quotients reported) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates for pre-emergent and post-emergent use. 
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Table V2.22: In stream risk quotients >1, Gwydir catchment 

Pre-emergent 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

418002 

      418005  

 

 

 

1.7 2.1 

418012  

 

 

   418013  

 

 

   418017  

 

1.2 1.5 2.1 2.7 

418025 6.5 8.3 5.1 6.5 3.0 3.8 

418049  

 

 

  

1.1 

418052  

 

 

  

1.2 

418061  

 

 

   418086  

 

 

 

1.0 1.3 

Post-emergent (85% application rate) 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

418002 

      418005  

 

 

 

1.0 1.2 

418012  

 

 

   418013  

 

 

   418017  

 
  

1.3 1.6 

418025 3.7 5.0 2.8 3.7 1.8 2.2 

418049  

 

 

   418052  

 

 

   418061  

 

 

   418086  

 

 

   Post-emergent (60% application rate) – Where RQ ≥1.0 at 85% rate 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

418005  

 

 

   418017  

 
   

1.2 

418025 2.7 3.5 2.1 2.7 1.3 1.6 

The highest risk was associated with site 418025, Halls Creek at Bingara, with risks at both 

application rates for 75
th

 and 50
th

 percentile stream flow also identified at Site 418017, Myall Creek 

at Molroy. The following aerial photograph shows the location of Halls Creek at Bingara, 

demonstrating the potential for cropping regions to be in close proximity of receiving waters. 
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Figure V2.14: Aerial Photograph of Monitoring Station 418025, Gwydir Catchment 

 

 

V2.4.5.2 River Flow data for the Namoi Catchment 

The following waterways have been assessed for the in-stream analysis in the Namoi Catchment.  

This is not a comprehensive list of sites where stream flow rates are available, but have attempted to 

obtain flow rates for the range of river sizes for which data are available across the region.   

Table V2.23: Stream flow monitoring gauge stations considered in the Namoi Catchment 

Site number Station name 

419001 Namoi River at Gunnedah 

419003 Narrabri Creek at Narrabri 

419032 Coxs Creek at Boggabri 

419049 Pian Creek at Waminda 

419054 Swamp Oak Creek at Limbri 

419103 Dungowan Creek at US Dongowan 

419085 Bomera Creek at Tambar-Premer Road 

419086 Bundella Creek at Bundella 

419035 Goonoo Goonoo Creek at Timbumburi 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  Mean daily river flow data from 

the last 10 years have been obtained (1/1/2002 to 31/12/2011). 
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Table V2.24: Stream flow percentiles, Namoi Catchment 

Station number n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

419001 3266 89.4 2095 834 69 

419003 3256 89.1 2287 849 50 

419032 415 11.4 1886 300 15 

419049 1321 36.2 373 132 15 

419054 1573 43.1 237 68 9 

419103 160 100 127 90 48 

419085 395 10.8 289 58 8 

419086 707 19.4 67 16 5 

419035 1497 41.0 77 32 7 

The following table identifies (shaded cells with risk quotients reported) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates for pre-emergent use. 

Table V2.25: In stream risk quotients >1, Namoi catchment  

Pre-Emergent 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

419001 

      419003  

 

 

   419032  

 

 

   419049  

 

 

   419054  

 

 

   419103  

 

 

   419085  
    

1.0 

419086  1.0 1.5 2.8 1.2 1.6 

419035  
  

1.4 
 

1.1 

Post-emergent (85% application rate) 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

419001 
      

419003 
      

419032 
      

419049 
      

419054 
      

419103 
      

419085 
      

419086 
  

1.2 1.6 
 

1.0 

419035 
      

Post-emergent (60% application rate) – Where RQ ≥1.0 at 85% rate 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

419086 
   

1.2 
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The highest risk was associated with site 419086, Bundella Creek at Bundella. The following aerial 

photograph shows the location of Bundella Creek near the monitoring station, demonstrating the 

potential for cropping regions to be in close proximity of receiving waters. 

Figure V2.15: Aerial Photograph of Monitoring Station 419086, Namoi Catchment 

 

 

V2.4.5.3 QMDC  

This region covers an area of 102,730 square kilometres stretching from the Carnarvon Ranges in 

the north, to the Queensland-New South Wales border in the south, and from Mungallala in the west 

to about 20 kilometres east of Miles. The regional boundaries include the Moonie and Border 

Rivers and their tributaries within Queensland and the Maranoa and Balonne rivers. Main towns 

include Roma, Miles, St George, Goondiwindi and Stanthorpe 

(www.cottoncrc.org.au/catchments/My_Catchments/QMDC).   

The following waterways from the Balonne-Condamine Basin have been used for the in-stream 

analysis: 

http://www.cottoncrc.org.au/catchments/My_Catchments/QMDC
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Table V2.26: Stream flow monitoring gauge stations considered in the QMDC Catchment 

Site number Station name 

422202B Dogwood Creek at Gilweir 

422204A Culgoa River at Whyenbah 

422205A Balonne-minor River at Hastings 

422206A Narran River at Dirranbandi-Hebel Road 

422210A Bungil Creek at Tabers 

422211A Briarie Creek at Woolerbilla-Hebel Road 

422220A Balonne River at Surat 

422306A Swan Creek at Swanfels 

422308C Condamine River at Chinchilla 

422313B Emu Creek at Emu Vale 

422319A Yuleba Creek at Forestry Station 

422321B Spring Creek at Killarney 

422332B Gowrie Creek at Oakey 

422338A Canal Creek at Leyburn 

422343A Charleys Creek at Chinchilla 

422347B North Condamine River at Pampas 

422350A Oakey Creek at Fairview 

422352A Hodgson Creek at Balgownie 

422401D Maranoa River at Mitchell 

422501A Wallam Creek at Cardiff 

422502A Nebine Creek at Roseleigh Crossing 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  Mean daily river flow data from 

the last 10 years have been obtained (1/1/2002 to 31/12/2011). 
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Table V2.27: Stream flow percentiles, QMDC Catchment 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

422202B 838 22.9 1410 203 18 

422204A 1627 45.5 7679 303 64 

422205A 1144 31.3 12666 2712 201 

422206A 1071 33.9 4454 600 61 

422210A 593 20.3 803 128 11 

422211A 323 12.1 17467 4043 30 

422220A 1394 56.1 20680 4387 312 

422306A 705 20.0 192 40 8 

422308C 1055 36.2 8332 801 16 

422313B 1076 29.5 175 55 9 

422319A 885 27.4 877 136 10 

422321B 2260 62.1 58 33 8 

422332B 3583 98.1 63 33 14 

422338A 365 11.3 555 121 11 

422343A 628 20.2 1532 218 22 

422347B 605 23.9 303 187 41 

422350A 992 27.2 153 55 10 

422352A 640 18.9 197 38 7 

422401D 723 21.7 3517 943 38 

422501A 551 19.2 520 123 17 

422502A 526 30.4 759 313 18 

The following table identifies (shaded cells with risk quotients reported) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates for pre-emergent use. 
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Table V2.28: In stream risk quotients >1, QMDC catchment 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

422202B 

      422204A  

 

 

   422205A  

 

 

   422206A  

 

 

   422210A  

 

 

 

1.0 1.3 

422211A  

 

 

   422220A  

 

 

   422306A  

 

 1.1 1.4 1.8 

422308C  

 

 

   422313B  

 

 

 

1.2 1.6 

422319A  

 

 

 

1.1 1.4 

422321B  1.2 1.1 1.4 1.4 1.8 

422332B  1.1 1.1 1.4 

 

1.0 

422338A  

 

 

 

1.0 1.3 

422343A  

 

 

   422347B  

 

 

   422350A  

 

 

 

1.1 1.4 

422352A  

 

 1.2 1.6 2.0 

422401D  

 

 

   422501A  

 

 

   422502A  

 

 

   Post-emergent (85% application rate) 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

422306A 
    

1.0 1.3 

422313B 
     

1.1 

422319A 
     

1.0 

422321B 
    

1.0 1.3 

422350A 
     

1.0 

422352A 
    

1.1 1.4 

Post-emergent (60% application rate) – Where RQ ≥1.0 at 85% rate 

 90
th

 %, 61 mm/d 75
th

 %, 30 mm/d 25
th

 % 

Station number 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 

422306A  

 

 

   422313B  

 
    

422319A  

 
    

422321B  

 
    

422350A  

 
    

422352A 
     

1.0 

No risk quotients, based on stream flow data in the Balonne-Condamine Basin, exceeded 1 based on 

post-emergent application modelling for the 90
th

 and 75
th

 percentile flow rates.  Streams where the 

risk quotients equalled or exceed 1.0 at the 25
th

 percentile only are shown in the above table. 
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V2.4.6 Conclusions – Cotton 

Farms that have the ability to retain runoff waters on farm can continue to use diuron at registered 

rates up to 1800 g ac/ha. 

Refinement of risk calculations through consideration of the likelihood of rain in different cotton 

catchments, including in NSW and QLD, demonstrated that use in dryland cotton could 

occasionally result in a potential risk from runoff.  However, other factors were also considered. 

Importantly, dryland cotton would typically be utilized in approximately one in every four years in 

rotations that include cotton, therefore, overall exposure to water ways through use in cotton will be 

very significantly reduced.  However, this is countered by other factors such as the model under 

predicting runoff concentrations in heavier soils expected in cotton growing districts and the 

potential for growing on slopes exceeding 3% on non-laser levelled, rain fed paddocks. 

Due to these factors and additional uncertainties arising from irrigated cotton fields where farms do 

not have the ability to retain runoff waters, an additional in-stream analysis was undertaken.  From 

this, there appear to be some risks from runoff in smaller waterways resulting from pre-emergence 

use in the Gwydir Valley and QMDC catchments. Risks were generally lower in the Namoi Valley 

due to the lower rainfall observed in this southern catchment, but still risk quotients were exceeded 

in some cases, and it is DSEWPaCs view that where, after all mitigation measures have been 

considered, that if risk quotients for runoff remain unacceptable, the use can not be supported. 

Diuron should not be used under dryland cotton growing conditions, or on irrigated cotton farms 

where these farms do not have the ability to retain runoff wa1ters.  Due to a lack of information on 

numbers and distributions of these farms, no further refinement has been undertaken.  

DSEWPaC has no information on actual reductions in coverage where application is as a directed 

spray for post emergent application, and this has been modelled at a range of 60% to 85% coverage. 

It is shown that at the lower end, the risk is largely acceptable, particularly in the Namoi and 

QMDC catchments. 

V2.5 Broadacre crops – Phalaris pastures 

Instructions for use on Phalaris cultivars Sirolan and Sirosa are very limited. Only one application 

rate (1530 g ac/ha) appears on labels.  It is expected that application would be required following 

grazing, and would be an over the top application to the whole hectare.  To predict runoff, Scenario 

4 (covered, moist soil) will be used. Phalaris pastures can be grown in a very wide range of climatic 

and geographic regions, which makes it very difficult to undertake any form of targeted risk 

assessment. To illustrate this, the some information on phalaris distribution and climatic 

requirements has been obtained by DSEWPaC.  In NSW, there are more than 1.6 million hectares 

of pasture containing phalaris, with a potential area of 3 million ha.  While major planting exist in 

the New England and Central and Southern Tablelands, there are also planting in some coastal 

districts.  In NSW, very little is sown where rainfall exceeds the 550-600 mm average annual 

isoheyet (Watson et al, 2000).  In Victoria, phalaris is second only to ryegrass as the most widely 

sown perennial grass. It is suited to a wide range of soil types and is one of the most productive and 

drought tolerant introduced perennial grasses for the 400-800 mm rainfall zone (Gamble, 2007).  

Information just for these two States shows a very wide range of rainfall conditions and climatic 

conditions (coastal to inland) could be used for growing phalaris pastures, making a targeted risk 

assessment not practical. 

Use in soils with lower organic carbon at the same application rate will result in increased diuron 

available for runoff. For example, runoff from sandy (covered, moist) soils with 1% OC at 1530 
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g/ha and using a generic assumption of 45 mm/d rain (shown in Appendix 1 to approximate 

maximum standard water body concentrations in step 1 calculations) results in a predicted standard 

receiving water body concentration of 5.32 µg/L (RRQ = 3.4).  This compares to a RRQ = 3.1 when 

the same modelling is performed using a loamy soil with 2% OC.  The following graph 

demonstrates the difference %OC makes to receiving water risk quotients (step 1 calculations): 

Figure V2.16: Impact on standard receiving water body risk quotients with increasing %OC 

 

At the application rate of 1530 g ac/ha (rainfall of 45 mm/d), risk quotients exceed 2 for all organic 

carbon levels to 2.5%.  While there are likely to be a wide range of rainfall characteristics within 

Phalaris growing regions, at this initial step it has been shown that there is little influence on the 

standard water body concentrations as rainfall increases above around 30 mm/d (see Appendix 1). 

With loamy soils (organic carbon content of 1.5%), the model predicts around 7 mm rain would be 

needed to generate diuron concentrations in the standard receiving water body at levels where the 

risk quotient exceeds 1.  

Given the expectation above that for many growing areas, initial standard water body 

concentrations would result in unacceptable RQs, higher tier risk assessment would be required as 

per the runoff risk assessment framework. However, given the large range of regions and growing 

conditions where Phalaris pastures could be grown, it is not possible to determine appropriate rain 

combined probability values, or conduct an in-stream analysis. The effect of the use of irrigation or 

the likelihood of slopes >3% is also unclear. Therefore, in the absence of further information it has 

to be concluded that risk from runoff from this use pattern is not acceptable. 

V2.5.1 Grass seed crops established, fescue, phalaris and cocksfoot 

This use pattern appeared on labels prior to the suspension period. No  submissions were received 

defending the use of diuron in these situations. 

Application rates are higher than those assessed above for phalaris pastures with rates ranging from 

1530 g ac/ha to 3000 g ac/ha. Use was registered in all states.  The likely very wide geographical, 

and hence environmental conditions that this use pattern could encompass make a more refined 

assessment very difficult. As shown for phalaris pastures above, for many growing areas, initial 

standard water body concentrations would result in unacceptable RQs and higher tier risk 

assessment would be required. However, given the large range of regions and growing conditions 

where this use pattern could occur, it is not possible to determine appropriate rain combined 

probability values, or conduct an in-stream analysis.. Therefore, in the absence of further 

information it has to be concluded that risk from runoff from this use pattern is not acceptable. 
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V2.6 Broadacre crops – Lucerne 

Instructions for application to lucerne (established for 1 year or more) is to apply when the lucerne 

has been grazed. Weeds should be very small when treated. Use only in areas where lucerne 

becomes winter dormant and use of the higher rate should be on heavier soils. Application rates 

range from 900 to 1710 g ac/ha. It is expected to be an over the top application. 

There is no guidance as to what constitutes a “heavier” soil. However, it can be assumed that 

“heavier” soils will also contain a higher level of organic carbon. 

No characterisation of areas where lucerne becomes winter dormant was provided.  This makes it 

difficult to target a risk assessment. As with phalaris pastures above, it can be assumed that lucerne 

can be grown over a wide range of geographic and climatic conditions. MacDonald et al (2003) 

report 1996 statistics from NSW illustrating at that time, around 280000 ha (64% of the total area 

sown to lucerne in Australia) was sown in NSW. Of this area, 40% (considered unusually high) was 

cut for hay with the majority produced under irrigation.  Lucerne is also sown in pasture mixtures 

with 528000 ha (in NSW) existing in 1996. 

The following table shows diuron concentrations in the standard receiving water body based on 

application to a “light” soil (assumed sandy soil with 1% OC) at 900 g ac/ha and a “heavy” soil 

(assumed loamy soil with 2% OC) using Scenario 4 (covered, moist) as it will be assumed 

application occurs following grazing and during the winter dormancy stage (<3% slope 

maintained). A single rainfall of 45 mm per day (shown in Appendix 1 to approximate maximum 

standard water body concentrations in step 1 calculations) has been used. 

Table V2.29: Concentrations and risk quotients, lucerne 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

Sandy soil, 1% OC 900 0.07 10.48 3.13 2.0 

Loamy soil, 2% OC 1710 0.09 11.2 5.36 3.4 

Given the expectation above that for many growing areas, initial standard water body 

concentrations would result in unacceptable RQs, higher tier risk assessment would be required as 

per the runoff risk assessment framework. However, given the large range of regions and growing 

conditions (including irrigated growing conditions) where lucerne could be grown, it is not possible 

to determine appropriate rain likelihood values, or conduct an in-stream analysis. The use of 

irrigation or the likelihood of slopes >3% is also unclear. Therefore, in the absence of further 

information it has to be concluded that risk from runoff from this use pattern is not acceptable at the 

currently registered use rates. 

V2.6.1 Lower Use Rates in Lucerne 

A submission provided by Roseworthy Rural Supplies (Submission 23, Volume 4) provides some 

information on lower use rates than those currently on-label.  The high end use rate in lucerne is 

covered in the above assessment. However, a low end use in mixtures is given as 250-300 g ac/ha.  

The possible tank mix partners were not identified. 

It is further advised in this submission that most use is occurring in heavy, stable soils which are 

either not worked or direct drilled.  Using 300 g ac/ha with covered and moist soils the step 1 

calculations result in a receiving water concentration of 1.04 µg/L and 0.94 µg/L respectively, 

which results in risk quotients of 0.67 and 0.60 respectively.  These demonstrate that lower use rates 

in mixture with other products, if efficacious, could be supported. 
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DSEWPaC has undertaken an analysis of P(com) values for towns associated with the extremities 

of the dryland cereal growing regions (36, 37, 41, 42, 7, 8 and 15 – see Appendix 5 for list of 

towns).  These regions have been shown to occur predominantly in areas with slopes of 3% or less, 

and be dominated by ephemeral to no surface water. 

The analysis was performed for the winter months and using an application rate of 750 g ac/ha.  

Using the model with a slope of 3%, a 1% OC for sandy soils and 2% OC for loamy soils (as per 

Table V2.29, the model predicts a maximum 23.5 mm rain for sandy soils to keep the risk quotient 

in the standard water body below the level of concern (RQ <1) while a maximum 13.1 mm rain for 

loamy soils is calculated (Scenario 4).   

Based on the 27 towns considered in this analysis, P(com) values for the sandy soil rainfall value 

ranged from 0.3-4.5%, all well below the 10% trigger value.  For loamy soils, P(com) values ranged 

from 1.2-9.9%.  All except two towns had P(com) values <9%. Two towns had P(com) values of 

9.9%, and both these (Albany and Dandaragan) were in Region 37 (south west of Western 

Australia). Albany (Region 37) is the southern most point for this region and also a relatively high 

rainfall zone.  Rainfall diminishes relatively quickly moving north in this region. For example, 

Mount Barker (~ 50 km north of Albany) has a P(rf) of 65.2% in winter, which is quite high. 

However, the probability of rain exceeding 13.1 mm/d (P(re)) is 9.7% (compared to 14.5% in 

Albany) resulting in a P(com) of 6.3%, below the 10% trigger value. 

It can be concluded from this analysis that, at least in dryland agricultural regions where slopes are 

3% or less, diuron use in lucerne up to 750 g ac/ha (which is below current label rates) will result in 

an acceptable risk from runoff. 

A further submission (Submission 41, Volume 4) refers to use in lucerne pastures at rates around 

500 g ac/ha for early broadleaf control.  This rate still results in risk quotients exceeding 1 for sandy 

soils and equalling 1 for loamy soils (higher %OC).  This particular submission was from Mr Mike 

O’Hare who farms near Beckom in New South Wales.  Beckom is around 100 km SW from 

Warren, a town that has been considered in calculating P(com) values in step 2 of the runoff risk 

assessment framework (see Figure V2.1).  Using the rainfall data for Warren, the chance of rainfall 

in winter (P(rf)) is 15.9%. At an application rate of 500 g ac/ha, the maximum allowable rainfall 

that would still result in a RQ = 1 in the standard water body is 30 mm/d.  The chance of exceeding 

this (P(re)) is only 3.8%, meaning the P(com) is <1%. Therefore, the runoff risk from this 

application rate could be supported in this area and is in agreement with the above P(com) analysis. 

V2.6.2 Lucerne Seed Production 

The APVMA received a submission from Lucerne Australia providing several arguments for 

maintaining diuron use within the lucerne seed production industry.  The information provided 

demonstrates that 90% of this production occurs within a 50 km radius of Keith, South Australia. 

Arguments essentially related to the likely environmental exposure, including: 

 Lack of natural waterways in this region; 

 Sand being the predominant soil type in the A and B soil horizons; 

 In-field application rates of around 750 g ac/ha compared with maximum label rates of 1710 

g ac/ha; 

 Most production being on border check (flood) irrigation, which is confined by banks and 

channels. On-farm retention of excess irrigation is common with tail drains becoming more 

common to re-use excess water. 
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It needs to be recognised that DSEWPaC can’t assess lower rates than those on the label – these 

need to be registered separately. However, several of these arguments are pertinent.  Importantly, in 

the previous assessment (APVMA, 2011), it was concluded that farms with the ability to retain 

runoff could continue to use diuron. This conclusion has not changed. 

With most production stated as being on border check (flood) irrigation, it is worth considering how 

this operates. The irrigation water cycle for lucerne seed production in the Keith area is described as 

the movement of pumped groundwater to the surface for irrigation of lucerne seed crops and the 

subsequent fate of this water including evaporation, crop use and drainage back into the aquifer for 

potential subsequent pumping, hence completing the cycle (RIRDC, 2007).  In fact, in this 

publication, the water balance results for the 2003-04 season from four different sites showed of the 

total volume of water pumped from the aquifer, any water not used by the crop, stored in soil 

throughout the crop production period, or lost through evaporation was returned back to the aquifer. 

In these figures, rainfall influence was incorporated into the crop water use assessment. These 

results increase confidence that groundwater used for border check irrigation will not move off site 

and into natural waterways. 

DSEWPaC has assessed rainfall in the Keith region. Based on 104 years of data, the rainfall 

probability in winter was 48.3%. The runoff model predicts a minimum 20 mm would be required 

at an application rate of 900 g ac/ha (sandy soils), while 6.7 mm would be required at 1710 g ac/ha 

to loamy soils.  The probability of exceeding these values based on positive rain days during winter 

(P(re)) is 1.0% and 17.4% respectively.  The combined rain probability value is therefore 0.5% and 

8.4% respectively, both below the 10% trigger value. While these values appear quite different to 

the P(com) for Keith when considering winter cereals (P(com) at 880 g/ha = 5.0%, Section 

V2.2.4.1), this relates to the soil types. The lower rate here is for sandy soils, which have a much 

lower runoff potential thereby requiring a much higher daily rainfall (20 mm) to result in an 

unacceptable risk in the standard water body. By comparison, in loamy soils for cereals, the 

maximum rainfall at 880 g/ha was 9.1 mm/d compared to a much lower value of 6.7 mm/d at the 

higher 1710 g/ha.  Nonetheless, Keith has sufficiently low rainfall that even this low level of rain in 

a day falls as high as the 83
rd

 percentile of the cumulative rainfall probability curve for wet days in 

winter for this location.  This is why the P(com) remains below the 10% trigger value even for an 

apparent low daily rainfall.  Further, MCAS mapping shows slopes in this region are highly 

unlikely to exceed 3%. 

In line with Step 2 of Figure V2.1, when all mitigation arguments have been considered and the 

combined rainfall probability remains <10%, it is reasonable to conclude that the risk from runoff in 

this lucerne seed production area is acceptable.  Appropriate label statements would be required 

restricting this use to the specific area, with the added restraint that, where used under irrigation, use 

can only be undertaken on farms with the ability to retain runoff. 

V2.7 Broadacre crops – Lupins (WA only) 

This section covers current uses on lupins as described on labels (single pre-emergent application 

rate of 990 g ac/ha), and taking into account information provided in submissions. 

Diuron use in lupins is in WA only.  Most production of lupins occurs in the winter/spring rain-fed 

parts of south western Western Australia. The area under production from 1998-99 to 2004-5 

ranged from 1180000 ha to 530000 ha respectively (http://www.lupins.org/lupins/). The major 

growing areas are shown in the following figure from Pulse Australia 

(http://www.pulseaus.com.au/Lupin.aspx).  

http://www.lupins.org/lupins/
http://www.pulseaus.com.au/Lupin.aspx
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Figure V2.17: Lupins growing regions in Australia (www.lupins.org) 

 

In Western Australia these are covered by Regions 36 and 37 previously considered in the winter 

cereals assessment.  

As a grain crop, lupin is most profitably grown on deep acid to neutral sands or sandy loams. Lupin 

is better adapted to these soils than most other species of grain legume. When grown on deep acid 

sands lupin will usually produce higher and more consistent yields than other species of grain 

legume (French and White, undated). Label instructions are to apply on light soils only prior to crop 

emergence.  The crop is expected to be planted mainly through May (French and White, undated), 

so modelling will be performed for sandy bare soils with low moisture content (Scenario 2). 

The following relevant information also relates for use in the WA wheat belt areas (Farmnote 

46/1992; www.agric.wa.gov.au/PC_92437.html): Duplex soils are widespread in Western Australia. 

They occupy between half to two thirds of the 19 million hectares used for agriculture in the south-

west, concentrated in the medium and higher rainfall areas. They are 'texture contrast' soils with a 

sharp boundary (10 cm thick or less) between a coarse A horizon, and a finer textured B horizon. 

Duplex soils can be divided into red, yellow, brown, dark and greyed soils on the basis of 

subsurface soil colour. This is followed by a further series of physical and chemical subdivisions 

which include surface crusting, hard setting, structure in the subsoil, the presence of a bleached 

horizon between the A and B horizons, and soil reaction trend (acid, neutral, or alkaline). 

In Western Australia, the most widespread duplex soils are described as 'sand over clay', which 

reflects the dominance of Dy (yellow) duplex soils with sand or sandy loam A horizons over 

yellowish clay loam or clay B horizons at about 30 cm depth. This can be shown on MCAS 

mapping where sands and yellow duplex soils are highlighted: 

http://www.agric.wa.gov.au/PC_92437.html
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Figure V2.18: Sands and Yellow Duplex Soils (in yellow) in Western Australia (MCAS) 

 

Therefore, it is reasonable to model for application to sandy soils. 

Runoff has been predicted based on Scenario 2 (bare soils, low moisture). 

The 90
th

 percentile maximum 24 h rainfall expected is 37 mm for Region 36 and 47 mm for Region 

37 (see Section V2.2.1.2).  Soil organic carbon of 1% (Kd = 6.2 L/kg) is used. The following matrix 

of runoff concentrations and corresponding RQ-values is derived for sandy soils and the standard 

water body, Scenario 2: 

Table V2.30: Diuron Concentrations and Risk Quotients, Lupins 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

Region 36 990 0.07 14.0 3.54 2.3 

Region 37 990 0.09 11.0 3.89 2.5 

V2.7.1 Mitigation Arguments, Lupins in WA 

At 990 g/ha, with sowing in May (drier soils) and lupins grown in lighter soils, the amount of rain 

required to produce levels of diuron in the standard water body that exceeds the toxicity level of 

concern is quite high at 15.2 mm/d. The rainfall combined probability values of exceeding 15.2 mm 

per day are provided below: 
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Table V2.31: Combined rainfall probability value based on minimum rain of 15.2 mm/d, Regions 36 and 37, Western 

Australia. 

 Town Number of years 

of rain data 

Winter P(rf) Winter P(re) Winter P(com) 

Region 36      

North Mingenew 103 36.2% 11.8% 4.3% 

South Jerramungup 44 38.6% 3.9% 1.5% 

East Esperance 42.8 54.9% 8.2% 4.5% 

West Geraldton 69.5 46.3% 9.9% 4.6% 

Region 37      

North Moora 97 44.7% 8.7% 3.9% 

South Albany 105 68.3% 11.2% 7.6% 

East Cranbrook 100 51.1% 5.3% 2.7% 

West Dandaragan 52.8 45.3% 17.7% 8.0% 

While application is likely to occur in May, the winter combined rain probability value has been 

used in this analysis as May is likely to be the wetter month of the autumn season.  This analysis 

shows that for the north, south, east and west extremities of both regions, the 10% combined rainfall 

trigger value is not exceeded, indicating the risk from runoff in regions 36 and 37 following 

application at 990 g ac/ha in sandy soils to lupins is acceptable. 

Further mitigation arguments should also be considered. The application rate in lupins is almost 

double that for winter cereals in the same region. However, risk quotients are not proportionately 

increased compared to the highest initial risk quotients for use in cereals (see Section V2.2.1). This 

is because loamy soils are not being modelled for this use, and loamy soils always predict higher 

runoff rates in the model. 

It can be seen that slopes in the growing areas (Figure V2.17) will also coincide with slopes at or 

below 3% (Figure V2.2). In fact, MCAS data for slopes in Australia indicates these areas have a 

majority of land with slopes at or below 2%, which further reduces the potential for runoff. 

The ground surface in the eastern part of the lupins growing region is dominated by no surface 

water, although in the western and southern parts of this growing area, it is dominated by ephemeral 

water systems.  However, on balance with other mitigation factors considered above and in line 

with Step 2 of Figure V2.1, when taken together are sufficient to mitigate the risk from this use in 

this area, so an in-stream analysis is not required. 

Overall, the use area for lupins growing in WA can be well characterised, which gives extra 

certainty to the conclusion that runoff risk in sandy soils in this area is acceptable. 

V2.8 Broadacre crops – Peas (WA only) 

Instructions for application to peas in WA only are for two rates of 750 g ac/ha and 1080 g ac/ha.  

Application is NOT permitted on sandy soils.  The lower rate is for pre-sowing in the low rainfall 

eastern Wheat belt and the higher rate is for use immediately after sowing in the Great Southern 

Area. These two regions are shown in the field peas map below in Section V2.9, Broadacre Crops – 

Pulses.  The area would appear to be covered by Region 36 identified in Williams et al (2002). 

The following table shows the first level of modelling for loamy soils at both application rates.  The 

90
th

 percentile 1 in 1 year rainfall intensity of 37 mm/day based on Region 36 (see Appendix 4) has 

been used with 1% organic carbon. Information from Western Australia’s Department of 

Agriculture and Food is that target sowing dates for field peas are late May (25 May) in the north 
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and range from 20 May (low rainfall) to 10 June (high rainfall) in the south 

(www.agric.wa.gov.au/PC_92112.html?s=0#Leveling). These dates suggest seasons may well have 

broken and higher soil moisture could be expected.  Modelling has been undertaken using Scenario 

1 (bare soil, moist): 

Table V2.32: Diuron concentrations and risk quotients – Peas, Western Australia 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

Region 36 750 0.20 10.6 5.21 3.3 

Region 36 1080 0.20 15.3 7.51 4.8 

Risk quotients exceed 2 from the step 1 calculations, so further refinement is required. 

V2.8.1 Mitigation Arguments, Peas in WA 

At the lower rate, the model predicts 7.2 mm rain in a day is required to generate runoff 

concentrations at levels for the risk quotient to remain ≤1, while at the higher rate, 6.5 mm in a day 

is required. 

Rainfall probability values for this region are described in Appendix 5. For assessment here, the 

value for Esperance is used for the Great Southern area. The Great Southern Area does have higher 

rainfall than the inland Eastern Wheatbelt. Further, it is more likely to be dominated by ephemeral 

surface water systems compared to the inland Eastern Wheatbelt, which is dominated by nil surface 

water as highlighted in Figure V2.5. P(rf) values for towns in this region are described above in 

Table V2.31 of Section V2.7.1 

Table V2.33: Combined rainfall probability value based on minimum rain of 7.2 mm/d, Regions 36, Western 

Australia. 

 Town 750 g ac/ha 1080 g ac/ha 

  Winter P(re) Winter P(com) Winter P(re) Winter P(com) 

Region 36      

North Mingenew 32.1% 11.6% 36.6% 13.2% 

South Jerramungup 18.1% 7.0% 22.4% 8.6% 

East Esperance 24.0% 13.2% 27.2% 14.9% 

West Geraldton 26.9% 12.5% 30.7% 14.2% 

The P(com) 10% trigger value is exceeded at both rates for the north, east and west extremities of 

this region.  This may seem to contradict earlier findings for this region where use in cereals at rates 

up to 500 g ac/ha were assessed (Section V2.2.1).  However, there are important differences in the 

modelling parameters in these two cases that result in the different outcomes. 

While the rates are somewhat different, the relatively low variation in P(com) in this case is not due 

to the use of different %OC values like it is for cotton.  It is simply a function of the maximum 

allowable rainfall predicted by the model that will result in an unacceptable risk quotient (>1) in the 

standard water body. Because application is not to sandy soils, these values are quite close (7.2 mm 

at the low rate and 6.5 mm at the high rate). 

The rate of 500 g ac/ha in winter cereals was a pre-emergent application with information provided 

relating to the timing of application and noting these were to relatively dry soils.  The situation for 

field peas is assessed with application to wet soils in the absence of information on timing of 

application.  Secondly, the case for field peas is only considering loamy soils as per label 

instructions while the model predicts significantly lower runoff to sandy soils.  This is also pertinent 

when considering the difference between this field pea outcome to that for lupins in WA in the 

previous section. 

http://www.agric.wa.gov.au/PC_92112.html?s=0#Leveling
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MCAS data indicates that much of this region will have slopes of 2% or less, which would further 

limit the runoff potential. For example, lowering the slope to 2% increases the maximum allowable 

rainfall to 7.4 mm/d (1080 g ac/ha) and 8.8 mm/d (750 g ac/ha) before an unacceptable risk is 

identified in the standard water body.  This significantly reduces the P(com), although it is still 

exceeds the 10% trigger value in several instances. 

Figure V2.5 shows that much of Region 36 will have a lack of surface water, meaning the runoff 

assessment becomes largely redundant. However, there is ephemeral water around the southern end 

of this region, which also happens to be where the highest P(com) values are found.   

This therefore, becomes a case where even within a single region, some areas could have an 

acceptable risk while in others, it is not acceptable.   

Following the runoff risk assessment framework, an in-stream analysis should be performed.  At 

this stage, there is inadequate river flow data for the potentially affected area for such an analysis to 

be undertaken, so it has to be concluded that runoff risk for this use pattern remains unacceptable.  

V2.9 Broadacre crops – Pulses 

Pulse crops listed on the Nufarm and FarmOz labels proposed for use during the suspension period 

include chickpeas, faba bean, lentils, narbon bean, field peas and vetch.  Two application methods, 

with different application rates, are listed.  These are “Incorporated by sowing (IBS) with rates of 

750-990 g ac/ha, and “Post Sowing Pre-emergent Application” (PSPE) with lower rates of 495 to 

750 g ac/ha. 

The following growing regions for different pulse crops have been obtained from Pulse Australia 

(http://www.pulseaus.com.au/index.aspx). 

Table V2.34: Growing areas of pulse crops in Australia 

Crop Map of growing areas 

Chickpeas  

http://www.pulseaus.com.au/index.aspx
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Faba beans  

Lentils  

Field Peas  

Vetch The term Vetch is used to describe many species belonging to the 

genus Vicia. Although the genus is very large and includes Faba Beans 

(Vicia faba) and Narbon Beans (Vicia narbonensis), in general usage 

the term Vetch describes a large group of prostrate or trailing species 

than have been used for fodder (hay crops) or occasionally for grain. 
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Vetches are used as a disease break crop in the rotation, grain crops, 

grain for stockfeed, hay production and for green manuring and dry 

grazing. 

Grain Vetch have been grown across the lower to mid rainfall cereal 

areas. 

All with the exception of chickpeas can be covered by winter cereal growing regions. However, 

chickpeas would appear to be covered by the analysis for the cotton growing regions. 

V2.9.1 Incorporated by sowing 

Instructions for this method are to apply to bare moist soil prior to sowing or at sowing and 

incorporate by the sowing operation.  The lower rate (750 g ac/ha) is for use on light sandy soils. 

In their submission to the APVMA, the NSW Department of Primary Industries provided a 

description of IBS. Under such a system there is no cultivation between crops, hence any seeds that 

are produced by weeds sit on the surface of the soil and crop residues are maintained. This provides 

an environment where many weed seeds become damaged by hot summer sun or predation by 

insects. 

Prior to seeding, glyphosate (and/or other knockdown herbicides) and diuron are applied to the soil.  

If weed control was adequate during the fallow, it would be expected there would be minimal 

weeds present at this time, or if there are weeds they are typically small and covered by soil thrown 

from the seeder. 

The seeder then runs over the paddock where the tyne (or disc) throws the herbicide treated soil out 

of the furrow row and into the inter row. These seeders run press wheels as the covering device 

hence no herbicide treated soil is returned back into the seed furrow. 

Essentially, this process achieves three things.  It allows the crop to germinate without herbicide to 

grow through in the plant row; concentrates a hot blanket of herbicide treated soil over the inter row 

(which will coincide where the weeds now reside); and puts a layer of soil on top of the herbicide 

treated soil of the inter row to limit any herbicide washing back into the inter row. 

DSEWPaC accepts incorporation reduces availability. No data on the efficiency of such a system to 

incorporate herbicides was provided in submission. However, DSEWPaC has obtained results of a 

trial demonstrating seeders for direct drilled crops (BGC, undated). This demonstration compared 

three direct drill seeders for wheat crop establishment, crop yield and incorporation efficiency of 

group D herbicides. The three seeders included two tyned implements and one disc implement. 

Incorporation of herbicides (trifluralin, pendimethalin) was assessed by the amount of soil throw 

between tynes/discs as the seeder moved through the stubble. The amount of soil thrown was 

assessed by spray painting two square metres of soil/stubble immediately prior to the seeder passing 

then assessing the amount of spray painted area covered along with the depth of soil cover. 

The two tyne implements, when travelling at 11 kph achieved full interow coverage (100% 

incorporation) although at slower speed (8 kph) there was some inter-row which was not covered 

with soil and incorporation ranged from 60-100%. The disc implement (45 cm spacing between 

discs) had very little soil disturbance and this was shown in the incorporation results with between 

30% (8 kph) to 50% (11 kph).  

The acceptability or otherwise of risk based on IBS should be considered further, and is done so 

based on the combined rainfall probability values for each region as reported in Appendix 5. In 
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addition, to properly consider chickpeas, data from the cotton catchments will be used for 

determining the combined rainfall probability value, and this therefore allows inclusion of summer 

rain areas. 

In undertaking this next level of modelling, it will be assumed the lower rate (750 g ac/ha) is 

applied to lighter (sandy) soils, with 1% OC (Kd = 6.2 L/Kg), while the higher rate (990 g ac/ha) 

will be applied to heavier (loamy) soils with 1.5% OC (Kd = 9 L/kg) in accordance with the 

instructions on the label. While actual organic carbon levels may be higher in some regions, the 

broad range of conditions for where pulse crops can be grown makes further refinement of this 

assumption difficult. 

Two levels of incorporation (30% and 50%) will be considered. Essentially, this lowers the surface 

rate to 525 g/ha (30% incorporation) and 375 g/ha (50% incorporation) for the low rate to sandy 

soils and 690 g/ha (30% incorporation) and 495 g ac/ha (50% incorporation).  The runoff model 

predicts that maximum acceptable daily rainfall to allow risk quotients in the standard water body to 

not exceed 1 are 13.4 mm (30% incorporation, low rate, sandy soil); 18.3 mm (50% incorporation, 

low rate, sandy soil); 8.5 mm (30% incorporation, high rate, loamy soil); and 11.8 mm (50% 

incorporation, high rate, loamy soil).  The probability of rain (P(rf)) values for towns in these 

regions are provided in Appendix 5. 

Table V2.35: Maximum P(com) values based on application rates, % soil incorporation and corresponding 

maximum allowable rainfall (mm/d) 

Region Town 30% incorporation 50% incorporation 

Sandy soil Loamy Soil Sandy soil Loamy Soil 

13.4 mm/d 8.5 mm/d 18.3 mm/d 11.8 mm/d 

36 Geraldton 5.7% 10.5% 3.4% 7.1% 

37 Albany 9.6% 18.1% 5.3% 11.7% 

41 Robe 5.3% 11.5% 2.5% 6.6% 

42 Angaston 4.6% 9.6% 2.3% 5.8% 

7 Camperdown 6.3% 12.3% 3.0% 8.0% 

8 Port Macdonnell 5.9% 13.5% 2.5% 7.9% 

15 Quirindi 3.6% 7.0% 2.7% 4.2% 

Namoi Valley Glen Innes 4.2% 6.8% 2.6% 4.8% 

Gwydir Valley Quirindi 3.6% 7.0% 2.7% 4.2% 

QMDC Stanthorpe 3.2% 5.6% 2.0% 3.8% 

Condamine Warwick 2.8% 4.6% 1.8% 3.2% 

It is apparent from the above that the runoff risk is greatly increased with poorer incorporation. This 

is particularly apparent in the southern parts of the country where winter rainfall dominates over 

summer rainfall. For the more northern regions (15 and the cotton catchments), even at 30% 

incorporation the P(com) trigger value of 10% was not triggered while for the other regions, it was 

triggered in Region 36, 37, 41, 7 and 8, and was approaching 10% in Region 42. 

When incorporation increased to 50%, the only occasion that the P(com) 10% trigger value was 

exceeded was for Region 37 based on Albany, and only for the higher application rate prescribed 

for heavier soils.  At the lower rate, P(com) values for all regions were significantly below 10%. 

Again, for the more northern regions, with 50% incorporation and the higher rate for heavier soils, 

the P(com) values were significantly below the trigger value, with all being <5%. 

Albany (Region 37) is the southern most point for this region and also a relatively high rainfall 

zone.  Rainfall diminishes relatively quickly moving north in this region. For example, Mount 

Barker (~ 50 km north of Albany) has a P(rf) of 65.2% in winter, which is quite high. However, the 

probability of rain exceeding 11.8 mm/d (P(re)) is 12.4% (compared to 17.1% in Albany) resulting 

in a P(com) of 8.1%, below the 10% trigger value. 
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Given these calculations (50% minimum incorporation), and the dominant outcome of P(com) 

being below the 10% trigger value in all regions bar Region 37, but recognising the falling rainfall 

values moving north in this region, it can be concluded that use rates in pulse crops are acceptable 

where no-till farming is practiced, and where machinery is suitable to achieve maximum 

incorporation (that is, not for use with disc ploughs). 

V2.9.2 Post sowing pre-emergent application 

Label instructions  are to apply to moist soil prior to weed or crop emergence.  The lower rate (495 

g ac/ha) is for use on light, sandy soils.  The following calculations have been conducted assuming 

1% OC (kd = 6.2 L/kg; needed to cover the very wide geographic area), and using the maximum 1 

in 1 year 24 h rain intensities identified in Section 5 for the different cereal growing regions 

(Scenario 1). For the higher rate (use in “heavier” soils, the risk quotient is based on loamy soils, 

but uses a slightly higher 1.5% OC (Kd = 9.0 L/kg). Again, while actual organic carbon levels may 

be higher in some regions, the broad range of conditions for where pulse crops can be grown makes 

further refinement of this assumption difficult. 

Table V2.36: Diuron concentrations and risk quotients, Pulse crops 

Region State 
Rainfall 

(mm) 

495 g ac/ha (sandy soil) 750 g ac/ha 

Receiving 

water (µg/L) 
Risk quotient 

Receiving 

water (µg/L) 
Risk quotient 

36 WA 37 2.79 1.8 3.75 2.4 

37 WA 47 2.77 1.8 3.53 2.3 

41 SA; VIC 33 2.75 1.8 3.81 2.4 

42 SA 41 2.80 1.8 3.68 2.4 

7 VIC, NSW 52 2.72 1.7 3.40 2.2 

8 VIC, NSW 37 2.79 1.8 3.75 2.4 

15 NSW, QLD 61 2.60 1.7 3.16 2.0 

Risk quotients at these tier 1 calculations exceed 1 and further refinement in line with the runoff 

risk assessment framework is undertaken below. 

V2.9.2.1 Mitigation arguments, pulse crops 

GRDC has provided information relating to tillage systems, noting that conservation farming has 

been widely adopted across Australia.  Information provided indicates adoption of no-till cropping 

practices in Australian grain growing regions, which as shown above is expected to cover the 

regions where pulse crops are sown, is between 80% to 90%.  Such practices can be accounted for 

in the modelling by using Scenario 4, covered and moist soils. 
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Table V2.37: Diuron concentrations and risk quotients, Pulse crops, no-till cropping 

Region State 
Rainfall 

(mm) 

495 g ac/ha (sandy soil) 750 g ac/ha 

Receiving 

water (µg/L) 
Risk quotient 

Receiving 

water (µg/L) 
Risk quotient 

36 WA 37 1.56 1.0 3.05 1.9 

37 WA 47 1.74 1.1 2.98 1.9 

41 SA; VIC 33 1.45 0.9 3.03 1.9 

42 SA 41 1.65 1.1 3.01 1.9 

7 VIC, NSW 52 1.79 1.1 2.92 1.9 

8 VIC, NSW 37 1.56 1.0 3.05 1.9 

15 NSW, QLD 61 1.82 1.2 2.77 1.8 

DSEWPaC has assessed information (Volume 3) showing the positive impact no-till cropping can 

have of reducing runoff, and this is supported in these modelling outcomes. 

The runoff model predicts with 1% OC, a minimum rainfall in Scenario 4 resulting in RQ-values 

exceeding 1 in the standard body of water is >20 mm/d (495 g ac/ha, sandy soil) and 10.2 mm/d 

(750 g ac/ha, loamy soils, 1.5% OC). 

The combined rainfall probability value of 10% is not exceeded for any region with application of 

495 g ac/ha to sandy soils. The following table shows the highest P(com) values for the different 

regions expected to be planted to pulse crops with application at 750 g ac/ha to loamy soils.  

Table V2.38: Combined rainfall probability values. 

Region Town P(rf) P(re) P(com) 

36 Geraldton 46.3% 18.9% 8.7% 

37 Albany 68.3% 21.4% 14.6% 

41 Robe 64.9% 13.7% 8.9% 

42 Angaston 47.6% 15.9% 7.6% 

7 Camperdown 51.2% 19.8% 10.1% 

8 Port Macdonnell 62.6% 16.0% 10.0% 

15 Quirindi 23.4% 22.1% 5.2% 

Gwydir Valley Glen Innes 25.3% 22.9% 5.8% 

Namoi Valley Quirindi 23.4% 22.1% 5.2% 

QMDC Stanthorpe 23.8% 19.6% 4.7% 

Condamine Warwick 17.7% 21.8% 3.9% 

With the exceptions of regions 37, 7 and 8, the P(com) trigger values remain below 10%, and for 

the more northern regions (15 and the cotton growing catchments), these are significantly below th 

10% trigger value. This is not surprising as these regions are dominated more by summer rainfall 

than winter rainfall, so the combined probability values in the winter use period would be expected 

to be lower. 

Further consideration can be given to the regions where the 10% trigger value was exceeded, noting 

this was the worst P(com) for the region based on towns assessed.   

V2.9.2.1.1 Region 37 

Towns considered to border this region were Moora (north), Albany (south), Cranbrook (east) and 

Dandaragan (west). P(rf) values for these towns are provided in Appendix 5.  Based on a maximum 

allowable rainfall of 10.2 mm/d, the P(com) for these four towns is calculated to be 7.9%, 14.6%, 

6.8% and 13.9% respectively. The 10% trigger value is exceeded quite significantly in the western 

and southern extremities of this region. This region adjoins on its western side the higher rainfall 
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zone of the south west of Western Australia (see Figure V2.7). It is apparent (see Figure V2.3) that 

rainfall diminishes rapidly moving east into this region. 

Nonetheless, the region appears to contain some quite diverse characteristics in terms of rainfall and 

it is difficult to refine the P(com) values further.  Following the runoff risk assessment framework, 

an in-stream analysis should be undertaken.  However, there are insufficient data to do this, noting 

that this region will be dominated by ephemeral surface water bodies, which can reasonably be 

expected to be more exposed during the wetter, diuron use months (see Figure V2.5). 

Based on information on pulse crops and their growing regions from Pulse Australia (see Table 

V2.34), this outcome would appear to impact primarily on faba beans, and while use at the lower 

rate of 495 g ac/ha has been shown to be acceptable, that at the higher rate can’t be supported in this 

region.  As noted above, where the lower application rate is applied to sandy soils, >20 mm rain 

would be required to result in an unacceptable risk quotient (>1) in the standard water body.  In 

Albany, the P(com) in winter based on 20 mm rainfall is 4.2%, which is well below the 10% trigger 

value.  Further, slopes in Region 37 are predominantly <3%. 

V2.9.2.1.2 Region 7 

Towns considered to border this region were Coonabarabran (north), Camperdown (south), 

Goulburn (east) and Wannon (west). P(rf) values for these towns are provided in Appendix 5.  

Based on a maximum allowable rainfall of 10.2 mm/d, the P(com) for these four towns is calculated 

to be 5.7%, 10.1%, 3.8% and 5.9% respectively. This indicates that with the exception of the 

southern extremity, within the region the 10% trigger value is unlikely to be exceeded as the west, 

east and north based towns had P(com) values well below this value. 

In Camperdown, the trigger value was only just exceeded.  Further, a comparison of this region 

with slopes (Figure V2.2) indicates that slopes will generally be 3% or less meaning that 

compliance with slopes should be readily achievable.  Further, Camperdown appears to be in a 

much higher rainfall zone.  DSEWPaC has further considered rainfall for Darlington, about 30 km 

north of Camperdown. This analysis shows a winter P(rf) value of 54.5%, which is still relatively 

high. However, the probability of exceeding 10.2 mm/d during the winter months is only 7.9%, 

compared to almost 20% just south in Camperdown.  The P(com) for Darlington is <5%.  

Therefore, it is appropriate to conclude the runoff risk from use in pulse crops, provided such 

cropping is performed under no-till situations, is acceptable in this region. 

V2.9.2.1.3 Region 8 

Towns considered to border this region were Hay (north), Port Macdonnell (south), Deniliquin 

(east) and Lucindale (west). P(rf) values for these towns are provided in Appendix 5.  Based on a 

maximum allowable rainfall of 10.2 mm/d, the P(com) for these four towns is calculated to be 

2.0%, 10.0%, 2.9% and 8.0% respectively. This indicates that with the exception of the southern 

extremity, within the region the 10% trigger value is unlikely to be exceeded as the west, east and 

north based towns had P(com) values well below this value. Even at Port Macdonnell, the 10% 

trigger value was only reached, not exceeded.   

It is apparent that cropping occurs in this region down to the coast and around Port Macdonnell. 

However, movement north will quickly lower the rainfall probabilities. For example, Mount 

Gambier, which is around 25 km north of Port Macdonnell, has a winter rain probability (P(rf)) 

higher than Port Macdonnell at 71.3%. However, the probability at this centre of actually exceeding 

10.2 mm rain on a day of precipitation during winter is 11.5%, compared with 16% at Port 

Macdonnell. This gives a P(com) of 8.2%, which is quite a bit lower than the 10% trigger value and 

helps demonstrate that within the region in general, P(com) values would be acceptable. 
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Further, a comparison of this region with slopes (Figure V2.2) indicates that slopes will generally 

be 3% or less meaning that compliance with slopes should be readily achievable. 

V2.9.2.1.4 Comparison with conventional tillage systems 

To simulate runoff under conventional tillage, scenario 1 (bare soil, moist) has been modelled. 

Using the highest application rate of 750 g ac/ha and 1.5% OC, the model predicts a maximum 

allowable rainfall of 8.1 mm/d (compared with 10.2 mm/d for no-till situations).  Based on the 

towns above in Table V2.39, the P(com) 10% trigger value is exceeded in Regions 36 (Geraldton, 

P(com) = 11.0%); 37 (Albany, P(com) = 19.4%); 41 (Robe, P(com) = 12.5%); 42 (Angaston, 

P(com) = 10.3%); 7 (Camperdown, P(com) = 13.5%); and 8 (Port Macdonnell, P(com) = 14.3%). 

These values are much higher than those determined under no-till situations (covered soils). 

These calculations show the importance of no-till practices (taken to include zero till and direct drill 

practices also) in reducing the overall runoff potential for diuron.  The above assessment shows that 

post-sowing pre-emergence diuron use in pulse crops can be supported based on acceptable runoff 

risk, but should only be applied under no-till farming practices. 

V2.10 Tree and Vine Crops 

Diuron is registered for use on apples/pears, citrus and vineyards.  Instructions issued at the time of 

suspension indicate that application is to be under trees or to vine rows as a directed band spray 

over a maximum of 50% of the area.  If a single application is made in the 12 month period, it is at 

a rate of 3600 g/ha, but when limited to 50% of the area results in an application of 1800 g ac/ha.  If 

a split application is made, each application will be at 1800 kg ac/ha, but limited to 50% of the area 

resulting in an effective application rate of 900 g ac/ha. 

Tree and vine crops are horticultural crops, and grown over much smaller areas of land than 

broadacre crops such as winter cereals, cotton or sugar cane.  Nonetheless, the variability in climatic 

and geographic growing conditions can be very large.  The difficulty in assessing for this variability 

is that, given the much smaller area, representative data on important factors such as stream flow 

data are only likely to be available for a limited number of gauge stations, if in fact any gauge 

stations exist in the growing area. 

It is may be that use within one area may be acceptable while use in another will not be.  This may 

be the case even within a single region.  Assessments for the APVMA are not site specific, and this 

type of outcome makes recommendations very difficult.  To demonstrate, for the assessment to the 

tree and vine crops, a relatively comprehensive assessment has been undertaken for apples and 

pears. Given the similarity in application instructions and rates, the methodology used in this 

assessment  should be transferrable to citrus and vineyards. This is not to say the different tree and 

vine crops are grown under the same conditions, but it is expected that all will include a diverse 

range of conditions that make targeting risk assessments somewhat difficult. 

V2.10.1 Apples and Pears 

V2.10.1.1 Application instructions for diuron to apples and pears 

The rates and instructions are applicable to all states.  Two different treatment regimes are identified 

on labels.  The first is for a single application of 4 kg/ha (3.6 kg ac/ha), or for a split application 

where 1.8 kg ac/ha is applied at both times. In all cases, application is to occur as a directed band 

spray over a maximum of 50% of the area (according to suspension instructions).  This means, 

effective application rates will be 1800 g ac/ha for a single application, or 900 g ac/ha twice a year 
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for the split application.  Where a single application is made, instructions are to apply in winter.  

Where a split application is made, instructions are to apply post harvest with a second application in 

spring.  

Further label instructions are to clear weeds prior to spraying. This is done using a knockdown 

herbicide. It is anticipated that dead weeds following this process will not be physically removed 

and that there will remain a relatively well covered vegetative layer between rows of trees (Wells, 

2012).  The runoff assessment will therefore be performed using Scenario 4 (covered, moist soil). 

V2.10.1.2 Growing regions and Characteristics 

The following assessment of growing regions and their characteristics is based on DSEWPaC 

research. No information was provided by industry in this respect. 

V2.10.1.2.1 Goulburn Valley 

The Goulburn Valley consists of a Mediterranean climate with an average annual rainfall of 490 

mm per annum with sandy loam through to clay loam soils. The topography is noted as being flat 

(information from Australian Pome Fruit Improvement Program Ltd, 

www.apfip.com.au/evaluation/sites.cfm). 

Rainfall intensity frequency distribution data are provided for several towns in this region (Region 

7, Appendix 4).  Maximum 1 year 24 h rainfalls of 39 mm (Shepparton), 35.5 mm (Echuca), 36.5 

(Kyabram) are reported. The rainfall for Shepparton will be used in the modelling. 

Highest application rates will occur in the event of a single application in winter.  With a directed 

spray at the base of trees, it is reasonable to expect a decent level of ground cover.  Scenario 4 

(covered ground, high moisture content) will be used for the runoff assessment. 

The Australian Soil Resource Information System indicates use of 1% organic carbon is appropriate 

for soils in this area (Kd = 6.2 L/kg).  

V2.10.1.2.2 Yarra Valley 

The Yarra Valley (based on Yering) consists of a cool temperate/Mediterranean climate with an 

average annual rainfall of 1000 mm per annum with sandy clay loam being predominant. The 

wettest months are September and October. The topography is noted as being moderately sloping 

hills with undulating valleys (information from Australian Pome Fruit Improvement Program Ltd, 

www.apfip.com.au/evaluation/sites.cfm). 

Rainfall intensity frequency distribution data have been obtained for the following towns in the 

Yarra Valley to estimate maximum 1 year 24 h rainfalls: 

Table V2.39: 1 in 1 year rainfall intensity for towns in the Yarra Valley 

Town Latitude Longitude Max 24 h rainfall 

(mm/d) 

Yarra Glen -37.65889 145.37250 55.9 

Healesville -37.65528 145.51444 63.6 

Warburton -37.75528 145.68750 72.5 

Based on the Warburton data, a maximum 24 h rain event of 72.5 mm will be used for the runoff 

analysis for this region. 

http://www.apfip.com.au/evaluation/sites.cfm
http://www.apfip.com.au/evaluation/sites.cfm
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Highest application rates will occur in the event of a single application in winter.  With a directed 

spray at the base of trees, it is reasonable to expect a decent level of ground cover.  Scenario 4 

(covered ground, high moisture content) will be used for the runoff assessment. 

The Australian Soil Resource Information System still indicates soils in the Yarra Valley may be 

higher in organic carbon than those in the Goulburn Valley.  For this assessment, a rate of 2% 

organic carbon (Kd = 11.8) will be used, although it appears that soils further east in this region 

may be even higher.  

The following MCAS map shows slopes >3% (in black) in the Yarra River catchment: 

Figure V2.19: Slopes >3% (in black), Yarra Valley 

 

This indicates there is a significant area of the catchment steeper than 3% slopes, particularly east to 

north east of Melbourne. 

 

V2.10.1.2.3 Queensland – Granite Belt 

The Granite Belt is an extension of the northern end of the New England Tableland. The elevation 

(~800 m) causes cool winters making the region ideally suited for the production of deciduous tree 

crops and grapes. Average rainfall is 767 mm.  Latitude ranges from -28.3333 to -29.08333 South 

and longitude ranges from 151.3333 to 152.08333 East (information, APFIP, 

http://www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain intensity for this boundary are 

as follows: 

Table V2.40: 1 in 1 year rainfall intensity for the Granite Belt 

Latitude Longitude Max 24 h rainfall (mm/d) 

-28.33333 151.33333 58.6 

-28.33333 152.08333 64.8 

-29.08333 151.33333 59.3 

-29.08333 152.08333 66.7 

A maximum 24 h rain event for 1 year of 66.7 mm will be used in the initial modelling. 

Consideration of ASRIS bounded by the coordinates from APFIP website suggests use of 1.5% OC 

(Kd = 9.0 L/kg) is appropriate for this area. 

http://www.apfip.com.au/evaluation/sites.cfm
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The potential compliance with a 3% slope in this area is questionable. The following MCAS map 

for the Border Rivers Catchment shows slopes in the catchment, with the red circle approximating 

the position of Stanthorpe in this area: 

Figure V2.20: Slope analysis around Stanthorpe (Border Rivers Catchment) 

 

MCAS map showing slopes (>3% in black) in Eastern part of 

Border Rivers Catchment. Red circle approximates Stanthorpe 

area. 

 

Eastern part of Border Rivers Catchment showing Stanthorpe 

(www.derm.qld.gov.au/wrp/pdf/border/border_map.pdf)  

V2.10.1.2.4 NSW - Batlow 

The Batlow growing region is in the southern highlands of NSW, 230 km due south west of 

Canberra (Latitude -35.51667 S; 148.1500 E). The growing season is from September to May.  

Irrigated orchards of the district are virtually drought proof. Annual rainfall exceeds 1200 mm.  

There are over 65 apple-growing business in Batlow and close to 2000 hectares of mostly apple 

orchards with orchards varying in size from around 4 ha to over 250 ha (information, APFIP, 

www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain intensity for Batlow is around 66 

mm, which will be used in modelling. 

The ASRIS map showing topsoil organic carbon content indicates soils in the Batlow region are 

high in organic carbon and for modelling purposes, a value of 2.5% OC (Kd = 14.4 L/kg) will be 

used. 

The potential for application on slopes exceeding 3% in this area is considered high (see figure 

below), so further consideration of the 900 g ac/ha rates should also be undertaken in the in-stream 

analysis. 

http://www.derm.qld.gov.au/wrp/pdf/border/border_map.pdf
http://www.apfip.com.au/evaluation/sites.cfm
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Figure V2.21: Slope analysis around Batlow (Murrumbidgee River Catchment) 

 

MCAS map showing slopes (>3% in black) in Eastern part 

of Murrumbidgee River Catchment.  The red circle 

approximates the Batlow area. 

 

Eastern part of Murrumbidgee Rivers Catchment, Batlow is south of 

Tumut. (www.environment.nsw.gov.au/ieo/murrumbidgee/maplg.htm)  

 

V2.10.1.2.5 NSW - Orange 

The Orange growing region is in located 250 km due west of Sydney (Latitude -33.2333 S; 

148.9833 E). The growing season is from September to May.  The climate consists of mild 

summers, cool autumns and cold winters with an average rainfall of 880 mm per annum distributed 

evenly through the year.  Two major soil types are structured earths of volcanic origin which are 

deep, well drained and fertile.  Less fertile shallow, stony white/grey solodic soils with clay subsoil 

are found to the north east of Orange.  Topography is noted as ranging from steep slopes around Mt. 

Conobolas to gentle undulating slopes through most of the district (information, APFIP, 

www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain intensity for Orange is around 51 

mm, which will be used in the modelling. 

The ASRIS map showing topsoil organic carbon content indicates soils in the Orange region are 

most likely to be between 1-2% OC and for modelling purposes, a value of 1.5% OC (Kd = 9.0 

L/kg) will be used. 

The potential for application on slopes exceeding 3% in this area is considered high (see figure 

below), so further consideration of the 900 g ac/ha rates should also be undertaken in the in-stream 

analysis. 

http://www.apfip.com.au/evaluation/sites.cfm
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Figure V2.22: Slope analysis around Orange (Maquarie-Bogan Rivers Catchment) 

 

MCAS map showing slopes (>3% in black) in Eastern part 

of Maquarie-Bogan River Catchment.  The red circle 

approximates the Orange area. 

 

Eastern part of Maquarie-Bogan Rivers Catchment.. 

(http://www.environment.nsw.gov.au/ieo/MacquarieBogan/maplg.htm)  

 

V2.10.1.2.6 South Australia – Adelaide Hills (Lenswood) 

The growing region in the Adelaide Hills is 35 km east of Adelaide (-34.8333 S; 138.8333 E).  

Climate is considered cool temperate to Mediterranean and average annual rainfall is 1000 mm, 

predominantly falling as winter rain over 140 days of the year. Soils are considered variable 

podsolic soils to shallow loam over clay, mostly well drained.  Topography is noted as undulating 

gentle slopes to steep hills as part of the Mt. Lofty Ranges.  The total area planted in the Adelaide 

Hills is around 2500 ha with around 150 growers (information, APFIP, 

www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain intensity for this area is around 49 

mm, which will be used in the modelling. 

The ASRIS map showing topsoil organic carbon content indicates soils in the Adelaide Hills region 

are most likely to be between 0.5-2% OC and for modelling purposes, a value of 1% OC (Kd = 6.2 

L/kg) will be used. 

V2.10.1.2.7 Western Australia – South West (Manjimup/Donnybrook) 

The growing region (based on Manjimup) is located 300 km south of Perth.  The climate is stated as 

cool temperate to Mediterranean. Average rainfall is around 1000 mm per annum and the soils are 

predominantly deep karri loams and some jarrah sand/gravel soils (information, APFIP, 

www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain intensity frequency distributions for 

Manjimup and Donnybrook have been determined as follows:   

http://www.apfip.com.au/evaluation/sites.cfm
http://www.apfip.com.au/evaluation/sites.cfm
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Table V2.41: 1 in 1 year Rainfall Intensity, Donnybrook and Manjimup, Western Australia 

Town Latitude Longitude Max 24 h rainfall 

(mm/d) 

Donnybrook -33.57194 115.82306 56 

Manjimup -34.24139 116.14111 44 

The higher maximum 24 h rainfall of 56 mm will be used in the modelling. 

The ASRIS map showing topsoil organic carbon content indicates soils in the South West WA 

region are most likely to be between 1-2% OC and for modelling purposes, a value of 1.5% OC (Kd 

= 9.0 L/kg) will be used. 

The practicability of restricting application to a 3% slope would appear acceptable in these regions.  

Donnybrook is in the Blackwood River catchment while Manjimum is in the Warren River 

catchment. The following MCAS maps for these two river catchments shows slopes >3% in black 

as follows: 

Figure V2.23: Slopes >3% (in black) in the Blackwood River and Warren River catchments 

  
Blackwood River Catchment Warren River Catchment 

 

V2.10.1.2.8 Tasmania – Huon Valley 

The growing region is located 35 km south west of Hobart with climate being noted as cool 

temperate to Mediterranean. Average annual rainfall if 750 mm with topography being noted as 

gentle slopes. Soils range from rich river flat loam near the Huon River to low pH sandy loams on 

the slopes (information, APFIP, www.apfip.com.au/evaluation/sites.cfm).  Maximum 24 h rain 

intensity frequency distributions for Hobart is 43 mm. 

The ASRIS map showing topsoil organic carbon content indicates soils in this region are most 

likely to be between 1-2% OC and for modelling purposes, a value of 1.5% OC (Kd = 9.0 L/kg) 

will be used. 

The practicability of restricting application to a 3% slope is highly questionable in the Huon Valley. 

The following MCAS map of the Huon River Catchments shows slopes >3% in black as follows: 

http://www.apfip.com.au/evaluation/sites.cfm
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Figure V2.24: Slopes >3% (in black) in the Huon Valley 

 

 

V2.10.1.3 Step 1 Calculations 

These step 1 calculations predict concentrations in the standard water body (1 ha, 15 cm deep). 

Modelling has been undertaken using Scenario 4 (covered, moist soils). All calculations have been 

performed assuming a 3% slope restriction. 
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Table V2.42: Diuron Concentrations and Risk Quotients, Pome Fruits, Standard Water Body, Step 1 calculations 

Region Slope <3% 
Rainfall 

(mm/d) / Kd 
L% 

Edge of Field 

(µg/L) 

Receiving 

water (µg/L) 

Risk 

quotient 

 
Single application – Winter (1800 g ac/ha) 

Goulburn Valley 

(VIC) 

Sandy soil 
39 mm/d / 6.2 

0.06 24.2 5.86 3.8 

Loamy soil 0.15 24.2 10.16 6.5 

Yarra Valley (VIC 
Sandy soil 72.5 mm/d / 

11.8 

0.06 7.32 3.65 2.3 

Loamy soil 0.12 7.32 4.81 3.1 

Granite Belt (QLD) 
Sandy soil 66.7 mm/d / 

9.0 

0.07 10.18 4.73 3.0 

Loamy soil 0.14 10.18 6.41 4.1 

Batlow (NSW) 
Sandy soil 

66 mm/d / 14.4 
0.05 6.68 3.08 2.0 

Loamy soil 0.09 6.68 4.18 2.7 

Orange (NSW) 
Sandy soil 

51 mm/d / 9.0 
0.06 13.32 4.67 3.0 

Loamy soil 0.12 13.32 7.04 4.5 

Lenswood (SA) 
Sandy soil 

49 mm/d / 6.2 
0.08 19.25 6.42 4.1 

Loamy soil 0.17 19.25 9.87 6.3 

Manjimup/ 

Donnybrook (WA) 

Sandy soil 
56 mm/d / 9.0 

0.06 12.13 4.73 3.0 

Loamy soil 0.13 12.13 6.85 4.4 

Huon Valley (Tas) 
Sandy soil 

43 mm/d / 9.0 
0.05 15.80 4.42 2.8 

Loamy soil 0.11 15.80 7.26 4.6 

 
Split application – Spring and Autumn (900 g ac/ha at each application) 

Goulburn Valley 

(VIC) 

Sandy soil 
39 mm/d / 6.2 

0.06 12.09 2.93 1.9 

Loamy soil 0.15 12.09 3.25 3.3 

Yarra Valley (VIC 
Sandy soil 72.5 mm/d / 

11.8 

0.06 3.66 1.83 1.5 

Loamy soil 0.12 3.66 2.41 1.2 

Granite Belt (QLD) 
Sandy soil 66.7 mm/d / 

9.0 

0.07 5.09 2.37 1.5 

Loamy soil 0.14 5.09 3.2 2.0 

Batlow (NSW) 
Sandy soil 

66 mm/d / 14.4 
0.05 3.34 1.54 1.0 

Loamy soil 0.09 3.34 2.09 1.3 

Orange (NSW) 
Sandy soil 

51 mm/d / 9.0 
0.06 6.66 2.33 1.5 

Loamy soil 0.12 6.66 3.52 2.3 

Lenswood (SA) 
Sandy soil 

49 mm/d / 6.2 
0.08 9.63 3.21 2.1 

Loamy soil 0.17 9.63 4.93 3.2 

Manjimup/ 

Donnybrook (WA) 

Sandy soil 
56 mm/d / 9.0 

0.06 6.06 2.37 1.5 

Loamy soil 0.13 6.06 3.43 2.2 

Huon Valley (Tas) 
Sandy soil 

43 mm/d / 9.0 
0.05 7.90 2.21 1.4 

Loamy soil 0.11 7.90 3.63 2.3 

In all cases, the step 1 calculations result in risk quotients exceeding 1 in the standard water body. 

Therefore, following the runoff risk assessment framework described in Section V2.1, further 

refinement is required. 

V2.10.1.4 Likelihood of runoff producing rain event 

Maximum rainfall requirements for the model to predict an acceptable risk in the standard water 

body are a function of Kd given that the application rates, slope (3%) and diuron half-life are 

remaining constant. Appendix 5 provides methodology for calculating these values, and a list of 
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rainfall probabilities (P(rf) for the towns considered in this assessment.  The following maximum 

rainfall values (associated with P(com) = 10% for each town) are predicted by the model for the 

different regions based on runoff from loamy soils: 

Table V2.43: Rain Values for 25
th

 Percentile Stream Flow, Pome Fruit Growing Regions 

Region Kd (L/Kg) Maximum acceptable rainfall (mm/d) 

  
Single application (1800 

g ac/ha) 

Split application (900 g 

ac/ha) 

Goulburn Valley (VIC) 6.2 (1.0% OC) 6.1 7.5 

Yarra Valley (VIC 11.8 (2% OC) 7.1 10.8 

Granite Belt (QLD) 9.0 (1.5% OC) 6.6 8.9 

Batlow (NSW) 14.4 (2.5% OC) 7.7 13.1 

Orange (NSW) 9.0 (1.5% OC) 6.6 8.9 

Lenswood (SA) 6.2 (1.0% OC) 6.1 7.5 

Manjimup/ Donnybrook 

(WA) 
9.0 (1.5% OC) 6.6 8.9 

Huon Valley (Tas) 9.0 (1.5% OC) 6.6 8.9 

 

Modelling has used Scenario 1 for pre-emergent application and Scenario 4 for post-emergent 

application. 
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Table V2.44: Combined Rainfall Probability Values, Pome Fruit Growing Regions 

Town Season Rate (g ac/ha) P(rf) P(re) P(com) 

Goulburn Valley 

(Shepparton) 

Winter 1800 43.7% 15.8% 6.9% 

Spring 900 28.9% 18.8% 5.4% 

Autumn 900 21.7% 20.4% 4.4% 

Goulburn Valley 

(Echuca) 

Winter 1800 40.1% 17.6% 7.1% 

Spring 900 26.8% 16.3% 4.4% 

Autumn 900 21.3% 19.8% 4.2% 

Yarra Valley (Yarra 

Glen) 

Winter 1800 53.2% 17.8% 9.5% 

Spring 900 43.4% 18.7% 8.1% 

Autumn 900 37.2% 14.5% 5.4% 

Yarra Valley 

(Warburton) 

Winter 1800 56.3% 43.5% 24.5% 

Spring 900 44.5% 35.0% 15.6% 

Autumn 900 36.6% 26.6% 9.7% 

Granite Belt (QLD -  

Stanthorpe) 

Winter 1800 23.8% 29.6% 7.1% 

Spring 900 25.7% 32.3% 8.3% 

Autumn 900 24.4% 22.4% 5.5% 

Batlow (NSW) 

Winter 1800 40.1% 50.1% 20.1% 

Spring 900 30.7% 31.8% 9.8% 

Autumn 900 23.2% 34.5% 8.0% 

Orange (NSW) 

Winter 1800 57.6% 23.1% 13.3% 

Spring 900 37.6% 26.7% 10.0% 

Autumn 900 33.0% 22.8% 7.5% 

Lenswood (SA) 

Winter 1800 64.7% 38.3% 24.8% 

Spring 900 44.6% 26.0% 11.6% 

Autumn 900 41.7% 24.9% 10.4% 

Manjimup (WA) 

Winter 1800 68.9% 41.0% 28.3% 

Spring 900 47.3% 20.6% 9.8% 

Autumn 900 39.7% 21.6% 8.6% 

Donnybrook (WA) 

Winter 1800 64.5% 41.6% 26.8% 

Spring 900 40.2% 20.5% 8.2% 

Autumn 900 30.6% 27.0% 8.3% 

Huonville (Tas) 

Winter 1800 46.9% 25.0% 11.7% 

Spring 900 47.4% 18.0% 8.5% 

Autumn 900 37.9% 15.6% 5.9% 

The Goulburn Valley is in a relatively low rainfall zone.  Rain likelihood values have been obtained 

for Shepparton and Echuca in this region, and a seasonal assessment can be undertaken.  No 

combined rainfall probability value exceeds the trigger value of 10%. However, the Goulburn 

Valley is an irrigation area. It is unclear the impact irrigation and the system of drains which may 

help remove water from the orchard will have on the off-site movement of diuron. It is clear from 

monitoring in the MIA that diuron will move off the site of application (see Section V2.10.2 

below), but it is not clear what treatments may have contributed to this runoff (cropping or direct 

application to drains).  DSEWPaC therefore considers it is appropriate to undertake an in-stream 

analysis. 
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In the Yarra Valley, rainfall data for both Warburton and Yarra Glen have been used as for both 

sites, there is <25 years data available. The combined rainfall probability value in Warburton 

exceeded the 10% trigger value meaning an in-stream analysis is required for this region. 

In the Granite Belt (QLD), 120 years rain data for Stanthorpe were analysed.  The combined 

probability rain trigger of 10% was not exceeded. However, due to the apparent high proportion of 

slopes in this area that exceed 3%, the next level of refinement (in-stream analysis) should be 

undertaken. 

In Batlow, the combined rain probability value exceeded the trigger of 10% for the single winter 

application, and was very close to this trigger (9.8%) in the split application for spring.  Given 

concern around the high percentage of slopes exceeding 3% in this region, an in-stream analysis 

will be performed for both applications. 

In Orange, the combined rain probability value exceeded the trigger of 10% for the single winter 

application, and in the split application for spring.  An in-stream analysis will be performed for both 

applications. 

In Lenswood the combined rain probability value exceeded the trigger of 10% for the single winter 

application, and in the split application for both spring and autumn.  An in-stream analysis will be 

performed for both applications. 

In the South West of Western Australia (Manjimup/Donnybrook), the combined rain probability 

value exceeded the trigger of 10% for the single winter application. The trigger value was 

approached for spring application in Manjimup (P(com) = 9.8%). Given this, an in-stream analysis 

will be performed for both applications. 

In the Huon Valley the combined rain probability value exceeded the trigger of 10% for the single 

winter application. Given the additional concern around slopes in this region, an in-stream analysis 

will be performed for both applications. 

V2.10.1.5 In-Stream Analysis 

V2.10.1.5.1 Goulburn Valley 

Information for stream monitoring sites within the Goulburn Valley has been obtained from 

Victorian Water Resources 

(www.vicwaterdata.net/vicwaterdata/data_warehouse_content.aspx?option=4).  The following sites 

have been considered: 

Sites have been selected to try and cover a range of waterways (creeks, streams and rivers), but not 

including those designated as drains. This is somewhat difficult as the Central Goulburn Irrigation 

Area includes more than 110,000 irrigated hectares and services some 2,800 irrigated holdings 

(www.water.vic.gov.au/programs/irrigation-renewal/central-goulburn) and most waterways 

identified in this growing area consist of man made irrigation drains and channels. Nonetheless, the 

following were identified for undertaking an in-stream analysis.  

http://www.vicwaterdata.net/vicwaterdata/data_warehouse_content.aspx?option=4
http://www.water.vic.gov.au/programs/irrigation-renewal/central-goulburn
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Table V2.45: Stream flow monitoring gauge stations considered in the Goulburn Valley 

Site number Station name Nearest main town 

405204 Goulburn River at Shepparton Shepparton 

405270 Goulburn River at Kialla West Shepparton 

405269 Seven Creeks at Kialla West Shepparton 

405292 Sheep Pen Creek @ Caniambo Shepparton 

406264 Millewa Creek at Northern Highway, Echuca Echuca 

406265 Campaspe River at Echuca Echuca 

409200 Murray River at Echuca Echuca 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were omitted from 

the analysis.  The most recent 10 years available monitoring data have been used. Where a full 10 

years was not available, the full data set was assessed.  The following table shows the results for 

these monitoring stations: 

Table V2.46: Stream flow percentiles, Goulburn Valley 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

405204 3645 99.8 3338 953 400 

405270 2953 99.9 7383 609 255 

405269 2399 65.37 611 210 25 

405292 324 8.9 204 82 16 

406264 16 0.4 14 9 4.6 

406265 2261 61.9 94 63 9 

409200 227 6.2 43900 35380 24260 

Using the Kd (6.2 L/kg), a 3% slope restriction, application rate, and modelling on Scenario 4 

(covered ground, high soil moisture), the model can be used to predict the minimum stream flow 

required for exposure concentrations to remain below levels of concern. The in-stream analysis will 

be performed based on the following stream conditions and corresponding flow percentiles: 

Shepparton had the highest rain values for winter and spring from this region that would result in 

the P(com) = 10%, and these are used for the 25
th

 percentile stream flow rates. 

Table V2.47: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Goulburn Valley, Loamy 

Soils 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g/ha 900 g/ha 

Above normal 39 mm 90
th

 percentile 81 40 

Normal – high 20 mm 75
th

 percentile 50 25 

Normal – low (winter) 4.8 mm 25
th

 percentile <4.3 - 

Normal – low (spring) 3.6 mm 25
th

 percentile - <4.3 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 



72  

Table V2.48: In stream risk quotients >1, Goulburn Valley 

 90
th

 %, 39 mm/d 75
th

 %, 20 mm/d 25
th

 % 

Station number 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 
1800 g/ha (4.8 

mm/d) 

900 g/ha (3.6 

mm/d) 

405204 
      

405270 
      

405269 
      

405292 
      

406264 5.8 
 

5.6 2.8 
  

406265 
      

409200 
      

The main risks were associated with site 406265 (Millewa Creek). However, the flow data for this 

site indicates it is only flowing <1% of the time, meaning that for most of the time there will not be 

exposure due to runoff. It is unclear whether this monitoring station represents part of a regulated 

water way or not.  A second site with low flow was Sheep Pen Creek and data indicate this creek 

only flows (>4.3 ML/d) less than 10% of the time. However, due to the low rainfall in this region, 

no risk was identified for this creek. 

Based on the low rainfall in this region (<500 mm p.a.), and the available data for in-stream 

analysis of exposure, the use of diuron on apples and pears in the Goulburn Valley is considered 

acceptable noting the uncertainties surrounding the stream flow data for the creek where a risk was 

identified.  

V2.10.1.5.2 Yarra Valley 

Sites have been selected to try and cover a range of waterways (creeks, streams and rivers), but not 

including those designated as drains. Unfortunately, many of the sites listed as monitoring stations 

in this region do not have data available for stream flow rates. 

Table V2.49: Stream flow monitoring gauge stations considered in the Yarra Valley 

Site number Station name 

229206 Yarra River at Yarra Glen 

229147 Yarra River at Yering Gorge 

229220 Don River at Launching Place 

229212 Yarra River at Millgrove 

229218 Watson’s Creek at Watson’s Creek 

229247 Stringybark Creek at Yering 

229215 Woori Yallock Creek at Woori Yallock 

229223 Diamond Creek at Diamond Creek 

There are many creek systems throughout this region.  Monitoring sites for the actual creeks within 

the Yarra Glen growing area are somewhat sparse, however, data from creeks within the Yarra 

catchment have been used in establishing the dataset. Unfortunately, not many sites had stream flow 

data available. 
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Table V2.50: Stream flow percentiles, Yarra Valley 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90
th
 75

th
 25

th
 

229206 171 99 520 467 228 

229147 2066 99.2 3301 1279 341 

229220 2848 77.9 31 19 8 

229212 3651 100 655 316 114 

229218 647 17.7 85 31 7 

229247 428 79.6 86 45 9 

229215 3653 100 494 253 89 

229223 2527 69.1 166 63 12 

Using the Kd (11.8 L/kg), a 3% slope restriction, application rate, and modelling on Scenario 4 

(covered ground, high soil moisture), the model can be used to predict the minimum stream flow 

required for exposure concentrations to remain below levels of concern. The in-stream analysis will 

be performed based on the following stream conditions and corresponding flow percentiles.  

Table V2.51: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Yarra Valley, Loamy Soils 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g ac/ha 900 g ac/ha 

Above normal 72.5 mm 90
th

 percentile 65 32 

Normal – high 36 mm 75
th

 percentile 43 22 

Normal – low (Winter) 16.3* mm 25
th

 percentile 23 - 

Normal – low (Spring) 15.8* mm 25
th

 percentile - 11 

* Rainfall value, Warburton (23.2 years of data) 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.52: In stream risk quotients >1, Yarra Valley, Loamy soils 

 90
th

 %, 72.5 mm/d 75
th

 %, 36 mm/d 25
th

 % 

Station number 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 
1800 g/ha 

(16.3 mm/d) 

900 g/ha (15.8 

mm/d) 

229206 

      229147  

 

 

   229220 2.1 1.0 2.3 1.2 2.9 1.4 

229212 
      

229218 
  

1.4 
 

3.3 1.6 

229247  

 

 

 

2.6 1.2 

229215  

 

 

   229223  

 

 

 

1.9 

 
In stream concentrations could be higher than the level of concern in several streams considered 

within the Yarra Valley, noting these calculations remain at a 3% slope.  

In line with the runoff risk assessment framework shown in Figure V2.1, after refining to the extent 

possible, and taking into account the range of mitigating arguments, the runoff risk following use in 

apples and pears in the Yarra Valley is unacceptable. 

This analysis shows that, despite the runoff risk being considered acceptable in one part of Victoria 

(Goulburn Valley), in another part of Victoria (Yarra Valley), this risk is not acceptable. In this 
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case, even with the top level of refinement, in-stream risk quotients remain unacceptable for both 

the single winter application and the split rate in spring and autumn. 

V2.10.1.5.3 Granite Belt 

The runoff risk assessment framework (Figure V2.1) calculates the combined rainfall probability at 

step 2, and if this is ≤10% AND all other mitigation arguments are considered acceptable (including 

the ability to comply with slopes <3%), the risk is considered acceptable.  For the Granite Belt, 

P(com) did remain <10% for both the winter and split applications (see Table V2.44). However, 

there is concern over slopes in this growing region with a significant portion expected to exceed 3% 

(see Figure V2.20). Consequently, Step 2 of the framework could not be satisfied and an in-stream 

analysis has been undertaken. 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in the Granite Belt from the QLD Government 

(http://www.nrm.qld.gov.au/watershed/index.html).  

Table V2.53: Stream flow monitoring gauge stations considered in the Granite Belt 

Site number Station name Nearest main town 

416317A Broadwater Creek at Dam Site Stanthorpe 

416319A Quart Pot Creek at Stanthorpe Stanthorpe 

416304A Quart Pot Creek at Upper Eukey (closed station) Stanthorpe 

416306A* Pike Creek at Pikedale (closed station) Stanthorpe 

* Possibly not in the Granite Belt, but included in the analysis due to a lack of monitoring stations in the immediate area. 

For the closed stations, data for the different sampling periods are reported in cubic metres per 

second.  It is not clear how many minutes/hours the sampling was undertaken for, but for simplicity 

in this assessment the results have been converted to a daily discharge (ML/d). 

The following stream flow percentiles were derived for river/creek systems around Stanthorpe: 

Table V2.54: Stream flow percentiles, Granite Belt 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90
th
 75

th
 25

th
 

416317A 485 18 182 53 7 

416319A 921 40 193 68 13 

416304A 1395 38 145 53 9 

416306A 453 35 261 86 10 

Using the Kd (9.0 L/kg), a 3% slope restriction, application rate, and modelling on Scenario 4 

(covered ground, high soil moisture), the model can be used to predict the minimum stream flow 

required for exposure concentrations to remain below levels of concern. The in-stream analysis will 

be performed based on the following stream conditions and corresponding flow percentiles:  

Table V2.55: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Granite Belt, 1800 g ac/ha 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g/ha 900 g/ha 

Above normal 66.7 mm 90
th

 percentile 80 40 

Normal - high 33 mm 75
th

 percentile 52 26 

Normal – low
1
 (winter) 3.8 mm  <4.3 - 

Normal – low
1
 (spring) 6.9 mm 25

th
 percentile - <4.3 

http://www.nrm.qld.gov.au/watershed/index.html
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1) Rain value, Stanthorpe. 

In-stream risk quotients were all <1 based on these values with a 3% slope restriction. For example, 

at the normal (high end) of river flow, the minimum flow rate for application at 1800 g ac/ha is 

calculated to be 52 ML/d.  Of the four streams considered above, the corresponding 75
th

 percentile 

flow rates exceeded this value, so risk quotients are <1. This was the case for both application rates 

at all flow rates.  Slope is important in the modelling. For example, increasing to a 5% slope at 

application increases the predicted in-stream concentrations significantly.  At 5% slope and the 75
th

 

percentile stream flow values, risk quotients would exceed 1 in all waterways considered here (RQ-

values ranging from 1.1 to 1.8).  If the normal (low) flow rate is assessed, at a 5% slope risk 

quotients will exceed 1 only in the case of a spring application, and only in the lowest flow stream 

identified in Table V2.54 (RQ = 1.1). Noting the likely difficulty in compliance with a 3% slope in 

this region (see Figure V2.20), DSEWPaC considers runoff risk in this region is unacceptable. 

V2.10.1.5.4 Batlow 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in Batlow region from the NSW Government (www.waterinfo.nsw.gov.au/ ).  

Only two monitoring stations in close proximity to Batlow were identified, namely, Tarcutta Creek 

at Westbrook (410058) and Gilmore Creek at Wybalena (410106). 

The following stream flow percentiles were derived for these two creeks: 

Table V2.56: Stream flow monitoring gauge stations considered in Batlow 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90
th
 75

th
 25

th
 

410058 3120 96 200 105 25 

410106 3122 96 199 123 23 

As illustrated in the runoff risk assessment framework in Figure V2.1, when the combined rainfall 

probability value exceeds 10%, the final level of refinement is an in-stream analysis. The first step 

(Step 3a) of this is to determine whether representative stream flow data are available, and where 

this is not the case, risk from runoff has to be concluded as unacceptable. The lack of sufficient 

monitoring stations and available stream flow data in the pome fruit growing region around Batlow 

makes it impractical to properly assess in-stream concentrations and therefore, in line with the 

runoff risk assessment framework, the risk from runoff for this use pattern in Batlow is not 

considered acceptable. 

V2.10.1.5.5 Orange 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in Orange region from the NSW Government (http://www.waterinfo.nsw.gov.au/ ).  

Only two monitoring stations with river daily flow data in close proximity to Orange were 

identified.  

Table V2.57: Stream flow monitoring gauge stations considered in Orange 

Site number Station name 

421050 Bell River at Molong 

421025 Macquarie River at Bruinbun 

http://www.waterinfo.nsw.gov.au/
http://www.waterinfo.nsw.gov.au/
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This is considered insufficient to properly assess in-stream concentrations.  As explained for Batlow 

above, the runoff risk assessment framework is such that if there are inadequate data for this step, 

the risk from runoff in the Orange region is not considered acceptable. In this case it is also unclear 

whether either gauge is actually close to the pome fruit growing area. 

V2.10.1.5.6 Lenswood 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in the Adelaide Hills region from the Lenswood monitoring site and other creek monitoring 

sites surrounding Lenswood from the South Australian Government 

(https://www.waterconnect.sa.gov.au). In addition, flow in the Onkaparinga River itself has been 

considered. 

Table V2.58: Stream flow monitoring gauge stations considered around Lenswood 

Site number Station name River Basin 

A5030507 Lenswood Creek at Lenswood Onkaparinga River 

A5030531* Juers Creek near Charleston Onkaparinga River 

A5030530* Kerber Creek near Woodside Onkaparinga River 

A5030525 Sutton Creek at Piccadilly Valley Onkaparinga River 

A5030504 Onkaparinga River at Houlgrave Onkaparinga River 

* Only a limited number of data (< 2 years) available for analysis. 

The following stream flow percentiles were derived for these four creeks: 

Table V2.59: Stream flow percentiles, Lenswood 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90
th
 75

th
 25

th
 

A5030507 888 24.3 47 23 7 

A5030531 14 1.7 11 8 6 

A5030530 11 1.4 10 9 5 

A5030525 18 0.9 12 8 5 

A5030504 3319 91 350 257 62 

Despite the average rainfall in this area being in the order of 1000 mm per annum, the tributary 

creeks for which flow data have been considered are small and not flowing (>50 L/s) for the 

majority of time.  The largest creek considered here was at Lenswood, which is where the 

apple/pear industry in South Australia is centred around.  This creek has a flow rate exceeding 4.3 

ML/d for only around a quarter of the year. 

In contrast, the Onkaparinga River is in flow over 90% of the time, although it is understood this 

river is fed with water from the Murray River to provide drinking water for Adelaide. 

Using the Kd (6.2 L/kg), a 3% slope restriction, application rate, and modelling on Scenario 4 

(covered ground, high soil moisture), the model can be used to predict the minimum stream flow 

required for exposure concentrations to remain below levels of concern. The in-stream analysis will 

be performed based on the following stream conditions and corresponding flow percentiles: 

 

 

https://www.waterconnect.sa.gov.au/


 

 

77 

Table V2.60: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Lenswood, Loamy soils 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g/ha 900 g/ha 

Above normal 49 mm 90
th

 percentile 93 47 

Normal - high 25 mm 75
th

 percentile 59 30 

Normal – low (winter)
 

16.4 mm 25
th

 percentile 42 - 

Normal – low (spring)
 

8.6 mm 25
th

 percentile - 10 

 

The following in-stream risk quotients are calculated: 

Table V2.61: In stream risk quotients >1, Lenswood, Loamy soils 

 90
th

 %, 49 mm/d 75
th

 %, 25 mm/d 25
th

 %, 

Station number 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 

A5030507 2.0 1.0 2.6 1.3 6.0 1.4 

A5030531 8.5 4.2 7.4 3.7 7.0 1.7 

A5030530 9.3 4.7 6.6 3.3 8.4 2.0 

A5030525 7.8 3.9 7.4 3.7 8.4 2.0 

A5030504  

 

 

   
These calculations indicate that the Lenswood Creek could be exposed to diuron concentrations at 

levels exceeding the level of concern based on loamy soils from runoff events at all flow rates 

considered.  At this level of in-stream assessment, risk quotients are very high, exceeding 5 for 

different streams at all flow rates, and approaching 10 at the 90
th

 percentile flow rate. 

Even at 900 g ac/ha, concentrations would exceed the level of concern in all creeks considered 

above, and would only be acceptable in the Onkaparinga River.  

Apples and pears are grown over an area of around 2500 ha near Lenswood.  The Lenswood Creek 

Catchment itself is 28.3 km
2
 (2830 ha), and essentially, the land use in the catchment is dominated 

by horticulture, primarily stone fruit trees (Banks, 2010). 

Use of diuron in apples and pears in South Australia therefore has the potential to have impacts 

within the growing region.  In line with Step 3 of the runoff risk assessment framework (Figure 

V2.1), when at this final level of refinement in-stream risk quotients remain >1, the aquatic risk 

from runoff in this area is concluded as unacceptable.  

V2.10.1.5.7 Western Australia – South West (Manjimup/Donnybrook) 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in the pome fruit growing areas of Western Australia from the WA Government 

(www.water.wa.gov.au/idelve/rms/index.jsp).  Because monitoring data for the actual areas are 

limited, additional monitoring stations in the general region have also been considered: 

http://www.water.wa.gov.au/idelve/rms/index.jsp
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Table V2.62: Stream flow monitoring gauge stations considered in South West, Western Australia 

Site number Station name 

611006 Preston River at Donnybrook 

610219 Capel River, Yates Bridge 

609058 Blackwood River, Old Nannup Caravan Park 

607007 Tone River, Bullilup 

609060 Blackwood tributary, Beenup Wetlands Outflow 

611111 Thomson Brook, Woodperry Homestead 

The reporting data relating to stream flow in the Western Australian sites differs from those in other 

states in that daily flow data are not available.  The data are generally presented as monthly mean 

discharge, which makes the type of comparison with flow rates used for other States problematic.  

Transforming a mean monthly flow rate to a daily flow rate for that month is unlikely to be well 

correlated with individual day flow rates during a whole month, so the following values should be 

treated as a guide only.  

The following stream flow percentiles were derived: 

TableV2. 63: Stream flow percentiles, South West, Western Australia 

Station number 

 

Flow rates (ML/d) for different percentiles 

% in flow 90
th
 75

th
 25

th
 

611006 64.5 654 366 22 

610219 60.0 365 168 13 

609058 83.1 3108 1237 45 

607007 55.7 451 198 25 

609060 30.4 36 29 10 

611111 36.9 96 70 17 

Using the Kd (9 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 4 (covered ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.64: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, South West Western 

Australia, Loamy soils 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g/ha 900 g/ha 

Above normal 56 mm 90
th

 percentile 73 36 

Normal - high 28 mm 75
th

 percentile 46 23 

Normal – low (winter)
1
 18.8 mm 25

th
 percentile 34 - 

Normal – low (spring)
1 

7.4 mm 25
th

 percentile - 5 

1) Based on Donnybrook rain value 
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Table V2.65: In stream risk quotients >1, South West WA, Winter application 

 90
th

 %, 56 mm/d 75
th

 %, 28 mm/d 25
th

 %  

Station number 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 

611006 

    

1.5 

 610219  

 

 

 

2.6 

 609058  

 

 

   607007  

 

 

 

1.4 

 609060 2.0 1.0 1.6 

 

3.4 

 611111  

 

 

 

2.0 

 
This analysis shows unacceptable in-stream risk with winter application rates at the low end of the 

normal flow rate for most streams considered.  The split rate application only raises a concern with 

the Blackwood tributary, and the risk quotient is 1.0 at the 90
th

 percentile flow rate.  The reason the 

split application rates are so much more acceptable than the winter rates is twofold. First, the rate is 

halved. Secondly, in this region winter is the main period for rain.  For example, in Donnybrook, 

the likelihood of rain (P(rf)) is 41.6% in winter compared with 20.5% in spring.  Further, when it 

does rain, more occurs in winter with a 90
th

 percentile positive value of 23.8 mm in winter 

compared with 14.7 mm in spring. 

As shown in Figure V2.23 it is expected compliance with a 3% slope restriction in these growing 

regions will be acceptable.  Further, while P(com) exceeded 10% in the single winter application, it 

remained <10% for the split autumn and winter applications.  Finally, the in-stream risk quotients at 

Step 3 of the runoff risk assessment framework (Figure V2.1) resulted in acceptable risk quotients 

for the spring and autumn split applications.  

The main uncertainty in this outcome relates to the initial stage (Step 3a) of the in-stream analysis 

in Figure V2.1 – availability of representative stream flow data.  As noted below Table V2.62, 

stream flow data from this region are difficult to interpret due to how they are reported. 

Consequently, inadequacy of the stream flow data does not allow a conclusion of acceptable risk for 

the spring and autumn split application use to be made with confidence. 

V2.10.1.5.8 Tasmania – Huon Valley 

Stream monitoring data have been obtained for potential receiving surface waters (creeks and 

rivers) in Huon Valley from the Tasmanian government (water.dpiwe.tas.gov.au/wist/ui).  

Table V2.66: Stream flow monitoring gauge stations considered around the Huon Valley 

Site number Station name 

119 Huon River above Frying Pan Creek 

6203 Mountain River 600 m U/S Huon River 

6202 Rileys Creek Upstream Dam (closed) 

1012 Peak Rivulet 3.5 km U/S Esperance River (closed) 

 

 

 

 

 

http://water.dpiwe.tas.gov.au/wist/ui


80  

The following stream flow percentiles were derived: 

Table V2.67: Stream flow percentiles, Huon Valley 

Station number n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90
th
 75

th
 25

th
 

119 3559 100 17073 8490 1704 

6203 1318 97 370 160 24 

6202 668 46 65 29 7 

1012 3578 100 249 114 24 

Using the Kd (9.0 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 4 (covered ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.68: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Huon Valley, 1800 g ac/ha 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   1800 g/ha 900 g/ha 

Above normal 43 mm 90
th

 percentile 62 31 

Normal - high 22 mm 75
th

 percentile 39 19 

Normal – low (winter)
1
 7.4 mm 25

th
 percentile 10 - 

Normal – low (spring)
1 

7.8 mm 25
th

 percentile - 6 

 

Table V2.69: In stream risk quotients >1, Huon Valley, Winter application 

 90
th

 %, 56 mm/d 75
th

 %, 28 mm/d 25
th

 %  

Station number 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 1800 g/ha 900 g/ha 

119 

      6203  

 

 

   6202  

 

1.3 

 

1.4 

 1012  

 

 

   
These flow rates show that there could be receiving waterways in pome fruit growing areas of 

Tasmania that may have runoff concentrations of diuron exceeding levels of concern.  Based on 

flow characteristics of Rileys Creek, runoff from loamy sands could result in such exceedences 

from both 75
th

 and 25
th

 percentile flow conditions (RRQ values of 1.3 and 1.4 respectively).  While 

other larger rivers considered in this catchment appear to be under flowing conditions most, if not 

all the time, this smaller creek is only flowing (>4.3 ML/d) 46% of the year, and this would be 

expected to then coincide with the diuron use period.  Risk quotients are acceptable at 900 g ac/ha 

where a 3% slope restriction is modelled. 

Slope is important in the modelling. For example, increasing to a 5% slope at application increases 

the predicted in-stream concentrations significantly.  At 5% slope the in-stream risk quotient for 

Riley’s creek with spring/autumn application (900 g ac/ha) at the 25
th

 percentile stream flow is 

calculated to be 1.8.  Noting the likely difficulty in compliance with a 3% slope in this region (see 

Figure V2.24), the runoff risk from application to apples and pears in this region is unacceptable. 

In addition, there appear to be many smaller river/creek systems within this pome fruit growing 

region for which no stream flow data are available. For example, around Hounville there are several 

waterways such as Blackus Creek, Coxons Creek, Rimons Creek, Calle Creek and Salters Creek. 
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Further, it is apparent that slopes are highly likely to exceed 3% in this region leading to increased 

exposure to these smaller waterways in the event of runoff. 

Applying the risk assessment framework (Figure V2.1), runoff risk is concluded as unacceptable 

from application to apples and pears in the Huon Valley.  While Step 2 P(com) calculations were 

<10% for the split spring and autumn rates (Table V2.45), the ability to comply with a 3% slope is 

highly questionable in this region (Figure V2.24).  Consequently, an in-stream (Step 3) analysis was 

required for all use rates. Given the apparent lack of representative stream flow data for this area, 

along with risk quotients still exceeding levels of concern in-stream where data are available even 

where a 3% slope is modelled, the runoff risk is concluded to be unacceptable. 

V2.10.1.6 Conclusions for Apples and Pears 

The apple and pear assessment has covered a large number of growing centres that incorporate a 

wide range of soil organic carbon and hydrologic characteristics.  Growing areas can be relatively 

dry, but found in irrigation areas, or quite wet with annual rainfall exceeding 1000 mm per annum.  

The outcomes of the assessment from different areas highlighted the variability expected with more 

intensive agricultural systems that may be found over such a wide range of growing conditions.  

Even within single states, outcomes could be widely varied with the risk assessment indicating an 

acceptable risk from runoff in one area of the State, but not acceptable in another.  Where in-stream 

analyses were undertaken, there were many uncertainties. For example, representative stream flow 

data is difficult to come by and obtaining stream monitoring gauge information in the actual 

growing region was not always possible.  While the closest gauge stations were considered, it is not 

clear how representative these will always be. 

Based on the analysis undertaken here, it appears that use in pome fruits could sometimes allow 

conclusion of an acceptable runoff risk with the split application at 900 g ac/ha provided slopes are 

restricted to 3% or less.  The practicability of this measure in many pome fruit areas is not clear, but 

would appear difficult to comply with in many cases.  In some cases, risk from runoff based on a 

single application of 1800 g ac/ha was acceptable, but more often it was not at the level the 

assessment could be refined to.  Further refinement was not possible due to insufficient (for 

example, representative stream flow) data.  

The assessment here highlights how potentially different outcomes can occur within the same State 

or region. For example, the assessment indicates in Victoria, that use in the Goulburn Valley is 

acceptable but not use in the Yarra Valley.  While in-stream assessment indicated use was 

acceptable in the Granite Belt, the issue of non-compliance with a 3% slope was concluded to be 

such that runoff risk was unacceptable.  For NSW growing regions, representative stream flow data 

were not available for Batlow and Orange, thereby resulting in a conclusion that runoff risk was 

unacceptable in these areas. A potential risk was identified in South Australia at both application 

rates and at all stream percentiles, again resulting in a conclusion of unacceptable risk. Based on the 

small number of streams in Tasmania, the assessment demonstrated there could be waterways 

exposed at levels of concern, and further, the terrain in this growing area is such that most of the 

land exceeds slopes of 3%, so again, runoff risk was concluded to be unacceptable. In Western 

Australia, it appeared that the split application rate of 900 g ac/ha in spring and autumn was 

acceptable and a 3% slope restriction appeared practical. However, confidence in this conclusion is 

reduced due to the way stream flow data are reported.  In terms of mitigation, it is apparent that the 

pome fruit growing areas are relatively small, which means that while there may be some local 

exposure in waterways, it is not likely to be significant on a wider scale. Further, this means that 

continuing exposure through repeat runoff events is less likely.  DSEWPaC has difficulty applying 

such an argument, however, as there may be other contributing agricultural industries in the same 

region where exposure can occur. 
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V2.10.2 Citrus 

In Australia, around 29,000 hectares of citrus are planted by about 2000 growers. The major 

production regions are in the Riverland, South Australia; Murray Valley, Victoria and New South 

Wales; Riverina, New South Wales and the Central Burnett region in Queensland. There are also 

additional plantings throughout Western Australia, inland and coastal New South Wales, regions in 

Queensland, as well as smaller plantings in the Northern Territory (Citrus Australia, 

citrus.worldsecuresystems.com/index.htm).  

This is a large geographical area under which citrus can be grown, and will encompass a wide range 

of different soil types and rainfall conditions. Label instructions issued at the time of the suspension 

are to apply under trees only as a directed band spray over a maximum of 50% of the area. Further, 

application can only be made under trees that are at least one year old.  Two application rates have 

been considered in the assessment, being 900 g ac/ha and 1800 g ac/ha. These are much lower than 

instructions on labels prior to the suspension. 

Initial modelling will be undertaken using Scenario 4 (covered, moist soil).  An initial rainfall needs 

to be used in the model, and as already noted, a very large range of maximum 1 in 1 year rainfall 

intensities could be found for the different citrus growing region, as could a wider range of organic 

carbon levels in soils.   

Step 1 calculations were undertaken using a daily rainfall of 45 mm, shown in Appendix 1 to 

approximately maximise the standard water body concentrations at this level. Soil organic carbon 

will be assumed to be 1.5% (Kd = 9.0 L/kg).  The following risk quotients are derived: 

Table V2.70: Diuron concentrations and risk quotients, Generic Citrus Growing Region 

Slope 3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

Sandy soil 1800 0.05 15.1 4.50 2.9 

Loamy soil 1800 0.12 15.1 7.22 4.6 

Sandy soil 900 0.05 7.55 2.25 1.4 

Loamy soil 900 0.12 7.55 3.61 2.3 

These general figures are similar to the range obtained in initial modelling with pome fruit. Due to 

the range of citrus growing areas in Australia, the same difficulties found with pome fruit 

refinement are expected, and the methodology and associated difficulties with drawing conclusions 

from the pome fruit assessment would be applicable to the situation for citrus. Further, where citrus 

is grown on sandy soils it is likely the %OC value will be lower thereby resulting in higher initial 

RQ-values. 

While citrus use rates are the same as those for pome fruits, their application differs slightly in that 

the 900 g ac/ha rate is not a split rate applied in spring and autumn, rather application can be made 

at 900 g ac/ha or 1800 g ac/ha based on a 50% band spray after cultivation in March or April. 

Applying the runoff risk assessment framework, further mitigation is required based on tier 1 

calculations.  However, given the lack of information allowing characterisation of cropping regions 

for this use, no further refinement can be made in terms of predicting likelihood of rain or obtaining 

representative stream flow data. Therefore, on the basis of the step 1 calculations it has to be 

concluded that the runoff risk for use citrus is unacceptable. 

In their submission to the APVMA, Citrus Australia provided argument to mitigate diuron off-site 

movement. Firstly, they argue that detections of diuron in the MIA are the result of application to 

irrigation channels and drains rather than from an in-crop use, and the understanding of Citrus 

Australia is that use of diuron in the MIA includes application to dry channels prior to 

https://citrus.worldsecuresystems.com/index.htm
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commencement of irrigation. Consequently, the removal of such uses should eliminate the primary 

source of surface water detections in the MIA. 

However, there is no indication in the MIA monitoring as to the actual source of the diuron in their 

detections. While it is expected some may result from application to drains, it is clear from other 

monitoring that application rates at levels used in citrus can contribute to surface water exposure.  

Diuron continues to be detected in MIA sampling.  For example, the latest Murrumbidgee Irrigation 

Limited Licence Compliance Report (MIL, 2011), diuron, which has a notification level of 1 µg/L 

and an action level of 5 µg/L, was reported from many sites in their trigger based sampling. These 

samples consist of monthly grab samples, so in no way can be used to determine peak 

concentrations, periods of exposure or average likely concentrations. Detections greater than the 

notification level were found on 10 occasions from 8 different sampling locations.  These values 

ranged from 1 µg/L to 6.83 µg/L.  The second highest monthly grab sample detection was 6.35 

µg/L.  DSEWPaC has no way of attributing these findings to actual use patterns, but they illustrate 

that in the irrigation area, diuron can move off site. The two sites with the highest reading were 

drains (Fivebough Swamp by pass drain and Gogeldrie Main Drain).  

DSEWPaC accepts that the MIA does not represent all citrus growing regions, and the variety of 

climatic and geographic conditions has been demonstrated above in this assessment.  In areas wetter 

and with higher slopes than the MIA, surface water contamination is more probable from runoff and 

the assessment has tried to account for all ranges.  DSEWPaC has provided further consideration of 

growing regions in irrigation areas below. 

The second argument provided by Citrus Australia relates to a move away from flood irrigation to 

drip and under-tree irrigation systems.  However, the runoff assessment is not so much based on 

irrigation as the occurrence (and likelihood) of rainfall events following application.  

A further argument is that the utilisation of diuron and residual herbicides in general, has become 

more a targeted use with growers relying more on the application of strategically timed knockdown 

herbicides for their primary weed control. The application of diuron is more an issue of weed 

spectrum and concerns over herbicide resistance or as a rotational option. The outcome of which is 

that the estimated frequency of use as well as the rate of application of diuron in citrus has been 

greatly reduced. This is a valuable argument and may well allow further mitigation, for example, by 

allowing a refinement in the proportion of a “catchment” (or on-farm area) likely to receive diuron 

applications and the re-application period. Unfortunately, no figures relating to this were provided 

in the submission, so further refinement based on this argument is not currently possible. 

The final argument from Citrus Australia relates to the presence of vegetated strips between rows. 

Diuron is therefore only applied as bands either side of the tree line.  The current assessment has 

accounted for that by allowing for spray over a maximum of 50% of the treated area, and modelling 

based on covered soil (taking account of the vegetated strips between tree rows).  However, the 

information provided by Citrus Australia indicates that between 65-70% of the hectare will be 

untreated, which is much more than the 50% assumed in this assessment. This is important as it 

essentially reduces by a further 33% the application rate assumed in modelling.  This would, for 

example, reduce initial RQ-values to <2 for application at 900 g ac/ha in both soil types, and for 

application in sandy soils as a single application for the season.  While the risk quotient for a single 

application still exceeds 2 for loamy soils, the associated risks are proportionately lower.   

Citrus Australia has further proposed the adoption of a 10 m vegetated buffer to water courses and 

provided literature reports supporting the use of vegetated buffer strips as a means of reducing 

runoff of pesticides.  DSEWPaC has considered the use of vegetative buffer strips in assessments in 

the past and has failed to find convincing data to include the use of such tools in its assessments to 

date (see Section V2.11.5).   
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DSEWPaC does not have sufficient information to characterise the potentially large number of 

scenarios that would require consideration for a citrus assessment.  Based on the outcomes from the 

pome fruit assessment, it is highly likely a range of results would occur with citrus in the absence of 

further mitigating arguments. 

In irrigation areas, there may be mitigating circumstances that allow continued use of diuron.  Such 

circumstances may include: 

 License conditions from water suppliers not permitting discharge of drainage waters back 

into the irrigation system where concentrations of diuron exceed notification levels. For 

example, Murrumbidgee Irrigation’s screening program has a notification level for diuron of 

1 µg/L with an action level of 5 µg/L. These are post July 2004 notification levels and were 

negotiated with Murrumbidgee Irrigation Limited to allow a phased introduction of the new 

levels and for industry to develop and refine management options for future use and 

management of diuron, so the potential problem was recognised and addressed (note, 

however, continuing detections above). 

 Landholders may have stormwater detention basins to retain stormwater runoff, and in these 

cases, the use of diuron at the proposed rates remains supported. 

V2.10.3 Vineyards 

Wine grapes are grown widely in southern Australia, including south western WA, south eastern 

SA, south eastern Queensland, and various areas in Victoria, Tasmania and NSW, with at most 

minor production in more northern areas. Vineyards occur near the coast, in river valleys and in the 

tablelands, slopes and plains, under a wide range of temperature conditions, aridity, rainfall, relative 

humidity and sunshine hours, and on slopes ranging from relatively steep to very flat. Water 

management includes rainfed areas and large area using various methods of drip, spray and flood 

irrigation (Dry and Smart, 1988; Davidson, 1992). Soil types used range widely and include soils 

with uniform texture profiles (sands, loams, no-cracking and cracking clays), gradational texture 

profiles (with free carbonates present either throughout the profile or in the subsoil only) and duplex 

soils (Northcote, 1988). Soil pH on Australian vineyards ranges from acid (pH<6.5) to alkaline 

(pH>8.0) (Northcote, 1988; Davidson, 1992). 

Grapes are also grown for drying and for table use. A total of ~10,700 ha was grown for drying in 

2003, 95% of production occurring in the Mildura Region. A total of ~10,500 ha of table grapes is 

grown by ~1200 growers, with major areas including the Riverland (SA), Sunraysia/Mid-Murray 

(Vic/NSW), Riverina, Menindee and Bourke (NSW), Stanthorpe, St George, Mundubbera and 

Rockhampton (Qld), Tea Tree/Alice Springs (NT), and Perth, Manjimup and Carnarvon (WA) . 

Australia's geographical spread of production enables fresh table grapes to be available from 

November through to May. 

The Australian Bureau of Statistics (ABS) estimated that 172,676 ha were cultivated for wine, 

drying and table grapes in Australia in 2008 (ABS, 2009). Of this amount 166,197 ha were bearing 

fruit, an increase of 3.8% on 2006-07. This represents a fall in total area of 0.6% (1,100 hectares) 

from 2007 and is the first drop recorded by the ABS in total vineyard area since 2003. SA had the 

largest area of vineyards accounting for 42.4% of the national total vineyard area, followed by 

NSW (25.2%), Vic (21.7%), WA (7.8%), Qld (1.8%) and Tas (0.9%). The area planted to grapes  

risen greatly over the past 15-20 years, before declining eg there were only 67,124 ha total (62,290 

ha bearing) in 1994/95 (ABS, 1999). In 2010, the total area of grapes had fallen to 156,632 ha 

(ABS, 2010). 
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ABS (2009) estimated 6990 vineyards were irrigated in 2008. This was 88.3% of the total number 

of vineyards in Australia (7915). The area of grapevines irrigated was 162,000 ha. The average 

usage of water in 2008 was 3.2 ML/ha. The most common watering method was drip or micro spray 

with 131,000 ha or 81% of the total hectares irrigated in this way. In NSW, 16.8% of the total area 

was irrigated by furrow or flood which remained the third most-common method of watering. 

However, this figure was reducing, from 20.7% of NSW total area in 2007 and is likely to have 

fallen further due to the shortage of irrigation water under drought conditions. 

Rates of application for vineyards are 1.8 to 3.6 kg ac/ha but with label instructions identifying 

application by band spray. Initial modelling will mirror that described above for citrus (Table 

V2.70). These general figures are similar to the range obtained in initial modelling with pome fruit. 

Due to the range of grape growing areas in Australia, the methodology and associated difficulties 

with drawing conclusions from the pome fruit assessment would be applicable to the situation for 

vineyards. 

DSEWPaC does not have sufficient information to characterise the potentially large number of 

scenarios that would require consideration for an assessment of diuron application to grapevines.  

Based on the outcomes from the pome fruit assessment, it is highly likely a range of results would 

occur with citrus in the absence of further mitigating arguments. 

In irrigation areas, there may be mitigating circumstances that allow continued use of diuron.  Such 

circumstances may include: 

 License conditions from water suppliers not permitting discharge of drainage waters back 

into the irrigation system where concentrations of diuron exceed notification levels. For 

example, Murrumbidgee Irrigation’s screening program has a notification level for diuron of 

1 µg/L with an action level of 5 µg/L. These are post July 2004 notification levels and were 

negotiated with Murrumbidgee Irrigation Limited to allow a phased introduction of the new 

levels and for industry to develop and refine management options for future use and 

management of diuron, so the potential problem was recognised and addressed. 

 Landholders may have stormwater retention basins to retain stormwater runoff, and in these 

cases, the use of diuron at the proposed rates remains supported. 

Applying the runoff risk assessment framework, further mitigation is required based on tier 1 

calculations.  However, given the lack of information allowing characterisation of cropping regions 

for this use, no further refinement can be made in terms of predicting likelihood of rain or obtaining 

representative stream flow data. Therefore, on the basis of the step 1 calculations it has to be 

concluded that the runoff risk for use vineyards is unacceptable. 

V2.11 Tropical/Subtropical crops – Sugarcane 

Label instructions for sugar cane are for both pre- and post-emergence.  For pre-emergence 

application, the maximum rate of application adopted at the time of suspension was 1.8 kg ac/ha 

and has been used in this assessment. Instructions prior to the suspension identified rates of 1.8 kg 

ac/ha to 3.6 kg ac/ha.  Soil surface must be moist at the time of application.  Therefore, Scenario 1 

will apply (bare soil; moist). 

When used as a post-emergent herbicide, there would appear to be greater control and hence a 

decreased opportunity for runoff. Suspension instructions specified application as a directed spray 

to below cane leaves. This indicates less than the whole hectare will receive a treatment.  Scenario 

(4) will be modelled (covered soil; moist). Previous advice from DuPont is that currently a band 
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rate of 85% of the full rate is practicable (APVMA, 2011) and this (1530 g/ha) will be used for the 

post-emergent band spray assessment. In addition, the APVMA has requested a band rate of 60% of 

the blanket spray rate also be modelled, and these values are included. This is based on coverage 

used in Paddock to Reef field experimental work, as described in Masters et al (2012) and reported 

in Appendix 3, page 18.  DSEWPaC has no information as to whether this rate is generally 

achievable in practice. 

In addition, labels also prescribe other rates of 250 g to 1.8 kg ac/ha.  For these rates, the label states 

that rates up to 450 g ac/ha can be blanket sprayed while higher rates should be band sprayed.  This 

situation for a range of rates will also be modelled using Scenario (4).  

Sugar is grown in several different regions in Queensland.  Information such as towns within 

different regions that have been required to enable an assessment of rainfall intensity for use in 

runoff modelling have been obtained from the Queensland Regional NRM Groups Collective 

(www.rgc.org.au).  

In the following chapter, modelling for current practices in sugar cane use a slope of 5% based on 

earlier Du Pont modelling considered in APVMA 2011 (Hoogeweg et al, 2009). A significant 

mitigation measure introduced at the time of suspension  limited slopes where diuron can be applied 

to 3% or less.  This slope has been used in refining exposure estimates. However, diagrams have 

been included for the various river basins considered in the different sugar growing regions showing 

the slopes exceeding 3% in these basins, and it is apparent that in many cases, limiting slopes to 3% 

may not be a practical measure. 

One potential mitigation method again introduced at the time of the diuron suspension has been the 

use of a spray window, such that application is not permitted between the period of 1 December and 

30 April.  The potential of this approach to mitigate exposure has not been assessed as advice 

received from the peak industry body (Canegrowers) is that such a window is not practicable 

(Kealley, 2012). Further information relating to this has been provided by Canegrowers, and is 

addressed below in Section V2.11.5. 

V2.11.1 Growing regions and characteristics 

V2.11.1.1 Wet Tropics 

The wet tropics occupy an area of the north Queensland coast from between Townsville and Tully 

to north of Cairns, as shown in an extract of Figure 1 from Brodie et al (2012) below. The red 

shading indicates sugar growing areas. 
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Figure V2.25: Sugar growing areas (in red) in the Wet Tropics (Brodie et al, 2012) 

 

V2.11.1.1.1 Slopes 

This area is characterised by very high rainfall.  The main river basins in the area include Mulgrave-

Russell, Tully, Johnstone and Herbert.  Slopes in these river basins can reasonably be expected to 

exceed 3%.  MCAS maps for the river basins demonstrate this as follows with the black area 

representing slopes in excess of 3%: 

Figure V2.26: Slopes >3% (in black) in River Catchments, Wet Tropics 

Mulgrave/Russell Tully Johnstone Herbert 

    

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in this region are relatively rich in organic carbon.  A representative value of 

2% OC will be used for this modelling resulting in a Kd of 11.8 L/kg. 
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V2.11.1.1.2 Rainfall Intensity Frequency Duration  

The following towns within the wet tropics have been used to establish the maximum 1 in 1 year 24 

h rainfall intensity frequency duration. 

Table V2.71: 1 in 1 year Rainfall Intensity (mm/h); Towns in the Wet Tropics 

Town Latitude Longitude 1 in 1 year 24 h rainfall 

intensity (mm/h) 

Newell -16.43332 145.40001 7.61 

Mossman -16.46193 145.37334 7.83 

Craiglie -16.54066 145.45370 7.08 

Kuranda -16.81666 145.63334 7.65 

Cairns -16.93971 145.76299 7.87 

Mareeba -16.99447 145.42059 4.31 

Gordonvale -17.10333 145.77842 7.13 

Kairi -17.21777 145.53917 5.32 

Yungaburra -17.27110 145.58223 5.32 

Ravenshoe -17.59999 145.48334 4.94 

Innisfail -17.53332 146.01667 8.33 

Silkwood -17.73860 146.00278 9.09 

Tully -17.93107 145.92172 10.9 

Tully Heads -18.02757 146.03844 8.49 

Cardwell -18.26666 146.01667 8.28 

Ingham -18.65202 146.14325 7.52 

Lucinda -18.59693 146.16667 8.14 

The 90
th

 percentile 1 in 1 year 24 h rainfall intensity from this data set is 8.73 mm/h (210 mm in 1 

day). This is a very high rainfall area, but it is noted that even within this relatively small region, 

rainfall intensity appears quite variable ranging from a 1 in 1 year maximum 24 h intensity of 103 

mm at Mareeba to 262 mm at Tully. The runoff model has used runoff values from look-up tables 

for two soil types with daily rainfall up to 100 mm/d, so for daily rainfall exceeding this, the model 

is extrapolating beyond the data set used in its creation.  Therefore, runoff will be calculated based 

on the 100 mm/d maximum value used in developing the model. 

V2.11.1.2 Burdekin Dry Tropics 

In the Burdekin Dry Tropics, sugar production is essentially restricted to south of Townsville near 

the coast, and predominantly within the Haughton River catchment (Australian Bureau of Statistics, 

2010).  The largest river catchment in the Burdekin Dry Tropics is the Burdekin River catchment, 

and information has been used from this catchment to supplement the assessment for this region. 

V2.11.1.2.1 Slopes 

The two river basins in the Burdekin Dry Tropics that will be analysed for this assessment are the 

Burdekin and Haughton basins.   

MCAS maps for the river basins demonstrate this as follows with the black area representing slopes 

in excess of 3%: 
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Figure V2.27: Slopes >3% (in black), river catchments, Burdekin Dry Tropics 

Burdekin Haughton 

  

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in the region of the Burdekin Dry Tropics are quite variable with tracts of 

land ranging from <1% to >5%. A representative value of 1.5% OC will be used for this modelling 

resulting in a Kd of 9.0 L/kg. 

V2.11.1.2.2 Rainfall Intensity Frequency Duration  

The following towns have been chosen to represent those closer to sugar growing areas in the 

Burdekin Dry Tropics, based on sugar areas identified in Brodie et al (2012). 

Table V2.72: 1 in 1 year Rainfall Intensity (mm/h); Towns in the Burdekin Dry Tropics 

Town Latitude Longintude 1 in 1 year 24 h rainfall 

intensity (mm/h) 

Townsville -19.26447 146.81491 5.84 

Ayr -19.56666 147.40001 5.03 

Giru -19.53304 147.07862 6.14 

Jalloonda -19.16012 146.59780 5.36 

Alice River -19.32360 146.61334 6.29 

Brandon -19.51268 147.33930 5.19 

Home Hill -19.84680 147.42130 4.75 

The 90
th

 percentile for these 1 in 1 year 24 h rainfall intensities is 6.2 mm/h, or 149 mm/d.  The 

runoff model has used runoff values from look-up tables for two soil types with daily rainfall up to 

100 mm/d, so for daily rainfall exceeding this, the model is extrapolating beyond the data set used 

in its creation.  Therefore, runoff will be calculated based on the 100 mm/d maximum value used in 

developing the model. 

V2.11.1.3 Mackay Whitsunday 

The Mackay/Whitsunday sugar region is situated around Mackay as shown in an extract of Figure 1 

from Brodie et al (2012) below. The red shading indicates sugar growing areas. 
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Figure V2.28: Sugar growing areas (in red), Mackay/Whitsunday (Brodie et al, 2012) 

 

V2.11.1.3.1 Slopes 

Two of the main river basins in this area are the O’Connell and Pioneer. Slopes in these river basins 

can reasonably be expected to exceed 3%.  MCAS maps for the river basins demonstrate this as 

follows with the black area representing slopes in excess of 3%: 

Figure V2.29: Slopes >3% (in black), River Catchments, Mackay/Whitsunday 

O’Connell Pioneer 

  

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in this region, while often relatively rich in organic carbon are variable with 

common ranges of 1% to >2%.  A representative value of 2% OC will be used for this modelling 

resulting in a Kd of 11.8 L/kg. 
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V2.11.1.3.2 Rainfall Intensity Frequency Duration  

The following towns within the wet tropics have been used to establish the maximum 1 in 1 year 24 

h rainfall intensity frequency duration. 

Table V2.73: 1 in 1 year Rainfall Intensity (mm/h); Towns in Mackay/Whitsunday 

Town Latitude Longitude 1 in 1 year 24 h rainfall 

intensity (mm/h) 

Calen -20.89999 148.76667 6.89 

Eton -21.25693 148.97945 6.38 

Finch Hatton -21.14277 148.63334 6.85 

Glenella -21.11665 149.15001 5.83 

Mackay -21.14361 149.16292 5.86 

Mirani -21.15442 148.85797 6.19 

Sarina -21.45388 149.21199 6.59 

Seaforth -19.54999 147.45001 4.94 

The 90
th

 percentile 1 in 1 year 24 h rainfall intensity from this data set is 6.47 mm/h (155 mm in 1 

day). The runoff model has used runoff values from look-up tables for two soil types with daily 

rainfall up to 100 mm/d, so for daily rainfall exceeding this, the model is extrapolating beyond the 

data set used in its creation.  Therefore, runoff will be calculated based on the 100 mm/d maximum 

value used in developing the model. 

V2.11.1.4 Burnett/Mary 

The Burnett/Mary sugar region is situated primarily around Bundaberg (QLD) with growing areas 

also found south east of Bundaberg as shown in an extract of Figure 1 from Brodie et al (2012) 

below. The red shading indicates sugar growing areas. 

Figure V2.30: Sugar growing areas (in red) in the Burnett/Mary Region (Brodie et al, 2012) 

 

V2.11.1.4.1 Slopes 

Three of the main river basins in this area are the Burnett, Mary and Burrum. Slopes in these river 

basins can reasonably be expected to exceed 3% in the Burnett River basin around Bundaberg, and 

in the Mary River Basin.  Slopes in the Burrum River basin tend to be <3%.  MCAS maps for the 

river basins demonstrate this as follows with the black area representing slopes in excess of 3%: 
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Figure V2.31: Slopes >3% (in black), River Catchments, Burnett/Mary Region 

Burnett Mary Burrum 

   

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates soils in this region are tend to range between 1-2% OC.  A representative value of 

1.5% OC will be used for this modelling resulting in a Kd of 9.0 L/kg. 

V2.11.1.4.2 Rainfall Intensity Frequency Duration  

The following towns within the wet tropics have been used to establish the maximum 1 in 1 year 24 

h rainfall intensity frequency duration. 

Table V2.74: 1 in 1 year Rainfall Intensity (mm/h); Towns in the Mary/Burnett Region 

Town Latitude Longitude 1 in 1 year 24 h rainfall 

intensity (mm/h) 

Bundaberg -24.87166 152.34528 4.23 

Childers -25.24860 152.27265 4.13 

Cordalba -25.16665 152.21667 4.06 

Elliott Heads -24.89999 152.48334 4.31 

Gin Gin -24.90834 151.85038 4.10 

Gympie -26.18943 152.65862 4.28 

Howard -25.31968 152.56154 4.17 

Maryborough -25.53991 152.69172 4.23 

Moore Park -24.71994 152.27913 4.29 

Tiaro -25.73230 152.58147 4.28 

Woodgate -25.10175 152.55469 4.31 

The 90
th

 percentile 1 in 1 year 24 h rainfall intensity from this data set is 4.31 mm/h (103 mm in 1 

day). The runoff model has used runoff values from look-up tables for two soil types with daily 

rainfall up to 100 mm/d, so for daily rainfall exceeding this, the model is extrapolating beyond the 

data set used in its creation.  Therefore, runoff will be calculated based on the 100 mm/d maximum 

value used in developing the model. 

V2.11.1.5 New South Wales 

Sugar is grown in Northern NSW, and an assessment has been undertaken for the Clarence River 

Basin, which includes areas such as Grafton and Coffs Harbour, and the Richmond River Basin, 

which includes Ballina. 



 

 

93 

V2.11.1.5.1 Slopes 

Three of the main river basins in this area are the Clarence and Richmond. Slopes in these river 

basins can reasonably be expected to exceed 3%, particularly in the Clarence River Basin.   

Figure V2.32: Slopes >3% (in black), Clarence and Richmond River Catchments, NSW. 

Clarence Richmond 

  

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates significant areas in this region tend to range between 1-2% OC with further 

significant areas being richer at 2-5% OC.  A representative value of 2% OC will be used for this 

modelling resulting in a Kd of 11.8 L/kg. 

V2.11.1.5.2 Rainfall Intensity Frequency Duration  

The following towns within the sugar growing districts of NSW have been used to establish the 

maximum 1 in 1 year 24 h rainfall intensity frequency duration. 

Table V2.75: 1 in 1 year Rainfall Intensity (mm/h); Towns in NSW Sugar Region 

Town Latitude Longitude 1 in 1 year 24 h rainfall 

intensity (mm/h) 

Ballina -28.87398 153.56237 4.89 

Lennox Head -28.79167 153.59083 4.98 

Grafton -29.69111 152.93250 3.75 

Yamba -29.43894 153.36045 4.23 

Maclean -29.45972 153.19722 4.14 

Wooli -29.86838 153.26541 4.79 

Nana Glen -30.13139 153.01194 5.12 

Dorrigo -30.32045 152.70797 6.36 

Coffs Harbour -30.31319 153.13753 5.27 

The 90
th

 percentile 1 in 1 year 24 h rainfall intensity from this data set is 5.49 mm/h (132 mm in 1 

day). The runoff model has used runoff values from look-up tables for two soil types with daily 

rainfall up to 100 mm/d, so for daily rainfall exceeding this, the model is extrapolating beyond the 

data set used in its creation.  Therefore, runoff will be calculated based on the 100 mm/d maximum 

value used in developing the model. 
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V2.11.2 Step 1 Calculations 

These step 1 calculations predict concentrations in the standard water body (1 ha, 15 cm deep). For 

pre-emergent use, given timing of application means soils are potentially moist, Scenario 1 (bare, 

moist soils) is used. For post-emergent application, Scenario 4 (covered, moist soils) is used. 

Table V2.76: Diuron concentrations and risk quotients, Sugar Cane Regions 

Region Slope <3% Rate: L% 

Edge of Field 

(µg/L) 

Receiving 

water (µg/L) 

Risk 

quotient 

  Pre-emergent use 

 Wet Tropics; 

 

Mackay/Whitsunday; 

 

New South Wales 

Sandy soil 1800, blanket 0.15 5.3 4.07 2.6 

Loamy soil 1800, blanket 0.19 5.3 4.29 2.8 

Post-emergent use (85% of full application rate) 

Sandy soil 1800, band 0.07 4.5 2.77 1.8 

Loamy soil 1800, band 0.13 4.5 3.37 2.2 

Post-emergent use (60% of full application rate) 

Sandy soil 1800, band 0.07 3.2 1.96 1.25 

Loamy soil 1800, band 0.13 3.2 2.38 1.52 

General use 

Sandy soil 250, blanket 0.07 0.74 0.45 0.29 

  450, blanket 0.07 1.33 0.82 0.52 

Loamy soil 250, blanket 0.13 0.74 0.55 0.35 

  450, blanket 0.13 1.33 0.99 0.63 

Dry Burdekin; 

 

Mary/Burnett 

Pre-emergent use 

Sandy soil 1800, blanket 0.19 6.8 5.21 3.34 

Loamy soil 1800, blanket 0.24 6.8 5.49 3.52 

Post-emergent use (85% of full application rate) 

Sandy soil 1800, band 0.09 5.77 3.55 2.27 

Loamy soil 1800, band 0.17 5.77 4.31 2.76 

Post-emergent use (60% of full application rate) 

Sandy soil 1800, band 0.09 4.08 2.50 1.61 

Loamy soil 1800, band 0.17 4.08 3.04 1.95 

General use 

Sandy soil 250, blanket 0.09 0.94 0.58 0.37 

  450, blanket 0.09 1.7 1.04 0.67 

Loamy soil 250, blanket 0.17 0.94 0.7 0.45 

  450, blanket 0.17 1.7 1.27 0.81 

For all these regions, the maximum daily rainfall used was 100 mm/d as this was the model limit 

and the 1 in 1 y 24 h for all regions exceeded this value. Consequently, initial calculations will 

result in the same values between different regions. 

The differences between the two groupings arises from differences in %OC assumed in the 

modelling, hence different Kd values.   

The rainfall intensity data is used further in the assessment for the in-stream analysis. 

This analysis indicates runoff risk from use as a blanket spray up to 450 g/ha on 3% slopes is 

acceptable.   
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Application up to 1800 g ac/ha (both pre- and post-emergence) needs further consideration, and 

further refinement is required. 

V2.11.3 Likelihood of runoff producing rain event 

Maximum rainfall requirements for the model to predict an acceptable risk in the standard water 

body are a function of Kd given that the application rates, slope (3%) and diuron half-life are 

remaining constant.  Appendix 5 provides methodology for calculating these values, and a list of 

rainfall probabilities (P(rf) for the towns considered in this assessment.  The following maximum 

rainfall values are predicted for the different regions: 

Table V2.77: Rain Values for 25
th

 Percentile Stream Flow, Sugar Cane Growing Regions 

 

Region Kd Maximum acceptable rainfall (mm/d) 

  Pre-emergence 
Post-emergence 

(85% rate) 

Post-emergence 

(60% rate) 

Wet Tropics; 

Mackay/Whitsunday; 

New South Wales 

11.8 (2% OC) 6.6 7.7 9.3 

Dry Burdekin; 

Mary/Burnett 
9.0 (1.5% OC) 6.3 7.0 8.0 

 

Modelling has used Scenario 1 for pre-emergent application and Scenario 4 for post-emergent 

application. 
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Table V2.78: Combined Rainfall Probability Values, Sugar Cane Growing Regions 

Town Application Rate Max rainfall P(rf) P(re) P(com) 

Wet Tropics 

Cairns Pre-emergent 1800  6.6 mm/d 

56.7% 

51.7% 29.3% 

 Post-emergent 1800 (85%)
 

7.7 mm/d 48.0% 27.2% 

 Post-emergent 1800 (60%) 9.3 mm/d 44.5% 25.2% 

Tully Pre-emergent 1800  6.6 mm/d 

51.5% 

68.3% 35.2% 

 Post-emergent 1800 (85%)
 

7.7 mm/d 65.2% 33.6% 

 Post-emergent 1800 (60%) 9.3 mm/d 61.4% 31.6% 

Innisfail Pre-emergent 1800  6.6 mm/d 

51.6% 

62.4% 32.2% 

 Post-emergent 1800 (85%)
 

7.7 mm/d 58.1% 30.0% 

 Post-emergent 1800 (60%) 9.3 mm/d 54.6% 28.2% 

Burdekin Dry Tropics 

Townsville Pre-emergent 1800  6.3 mm/d 

46.8% 

40.8% 19.1% 

 Post-emergent 1800
 

7.0 mm/d 38.6% 18.1% 

 Post-emergent 1800 (60%) 8.0 mm/d 36.6% 17.1% 

Ayr Pre-emergent 1800  6.3 mm/d 

31.9% 

58.5% 17.9% 

 Post-emergent 1800 (85%)
 

7.0 mm/d 56.0% 18.7% 

 Post-emergent 1800 (60%) 8.0 mm/d 53.2% 17.0% 

Mackay/Whitsunday 

Mackay Pre-emergent 1800  6.6 mm/d 

52.1% 

46.6% 24.3% 

 Post-emergent 1800 (85%)
 

7.7 mm/d 43.3% 22.6% 

 Post-emergent 1800 (60%) 9.3 mm/d 38.6% 20.1% 

Mary/Burnett 

Bundaberg Pre-emergent 1800  6.3 mm/d 

32.3% 

52.1% 16.8% 

 Post-emergent 1800 (85%)
 

7.0 mm/d 50.2% 16.2% 

 Post-emergent 1800 (60%) 8.0 mm/d 47.2% 15.3% 

New South Wales 

Grafton Pre-emergent 1800  6.6 mm/d 

46.6% 

37.3% 17.4% 

 Post-emergent 1800 (85%)
 

7.7 mm/d 34.3% 16.0% 

 Post-emergent 1800 (60%) 9.3 mm/d 30.4% 14.2% 

Coffs 

Harbour 

Pre-emergent 1800  6.6 mm/d 

47.5% 

42.5% 20.2% 

Post-emergent 1800 (85%)
 

7.7 mm/d 38.3% 18.2% 

 Post-emergent 1800 (60%) 9.3 mm/d 33.7% 16.0% 

 

For all regions, application in the wet season results in the 10% combined rainfall probability 

trigger being exceed in all cases.  An in-stream analysis is required. 

V2.11.4 In-Stream Analysis 

V2.11.4.1 Wet Tropics 

Pre-emergence rate of 1800 g ac/ha, Scenario 1. 

The maximum rain in the model development is less than half the maximum 1 in 1 year 24 h 

maximum rainfall frequency.  Therefore, the maximum daily rainfall used in the model 

development has been associated with both the 90
th

 and 75
th

 percentile river flows.  The wet season 

rain likelihood value has been used to compare in-stream concentrations with the 25
th

 percentile 

(normal-low) flow rate.  
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Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.79: Stream flow percentiles, Wet Tropics, Pre-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 81 103 

Normal – high 100 mm 75
th

 percentile 81 103 

Normal – low 55.4 mm* 25
th

 percentile 59 81 

*Wet season rain value for Tully 

V2.11.4.1.1 River Flow Data for the Wet Tropics 

The following waterways have been assessed for the in-stream analysis in the Wet Tropics Region.  

This is not a comprehensive list of sites where stream flow rates are available, but have attempted to 

obtain flow rates for the range of stream and river sizes for which data are available across the 

region.   
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Table V2.80: Stream flow monitoring gauge stations considered in the Wet Tropics 

Site number Station name River Basin 

108002A Daintree River at Bairds Daintree 

108007A Saltwater Creek at O’Donoghue Road Daintree 

108008A Whyanbeel Creek upstream Little Falls Ck. Daintree 

109001A Mossman River at Mossman  Mossman 

110020A Barron River at Bilwon Barron River 

110011B Flaggy Creek at Cattle Yards Barron River 

110104A Freshwater Creek at Redlynch Estate Barron River 

110018A Mazlin Creek at Railway Bridge Barron River 

110022A Leslie Creek at Barron Junction Barron River 

111005A Mulgrave River at the Fisheries Mulgrave-Russell 

111009A Simmonds Creek at Kamma Pine Road Mulgrave-Russell 

111010B Hills Creek at Hamilton Road Bridge Mulgrave-Russell 

111101D Russell River at Bucklands Mulgrave-Russell 

113004A Cochable Creek at Powerline Tully 

113006A Tully River at Euramo Tully 

113007A Koolmoon Creek at Ebony Road Tully 

112003A North Johnstone River at Glen Allyn Johnstone 

112002A Fisher Creek at Nerada Johnstone 

112104A Scheu Creek at Riera’s Johnstone 

112101B South Johnstone River at Upstream Central Mill Johnstone 

112102A Liverpool Creek at Upper Japoonvale Johnstone 

116014A Wild River at Silver Valley Herbert 

116013A Millstream at Archer Creek Herbert 

116008B Gowrie Creek at Abergowrie Herbert 

116006B Herbert River at Abergowrie Herbert 

116017A Stone River at Running Creek Herbert 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.   
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Table V2.81: Stream flow percentiles, Wet Tropics 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75
th
 25th 

108002A 3507 100.0 4471 1628 315 

108007A 3531 97.0 726 241 57 

108008A 3549 97.7 185 76 19 

109001A 3591 100.0 1683 895 265 

110020A 3652 100.0 1871 961 198 

110011B 3060 87.4 481 137 22 

110104A 3538 97.1 386 120 28 

110018A 3551 97.2 137 59 19 

110022A 2595 99.7 238 140 29 

111005A 3611 100.0 3498 1540 344 

111009A 2287 67.4 91 33 7 

111010B 3239 94.1 206 83 14 

111101D 3652 100.0 7624 3492 690 

113004A 3401 100.0 950 473 130 

113006A 3644 100.0 20136 10625 2787 

113007A 3016 97.6 596 273 34 

112003A 3518 100.0 1180 563 149 

112002A 3549 98.4 201 114 24 

112104A 2593 81.5 69 33 9 

112101B 3570 100.0 4310 2461 704 

112102A 3645 100.0 1137 491 120 

116014A 2732 74.9 1701 313 25 

116013A 3566 98.4 1103 397 62 

116008B 3597 98.5 832 316 54 

116006B 3652 100.0 13437 3377 450 

116017A 2007 55.6 1037 238 10 

For this assessment, the cut-off value for stream flows is 4.3 ML/d (~ 50 L/s).  This value will 

obviously impact more on smaller streams than larger ones.  Further, as shown above in this 

section, the number of days of rain required to generate runoff that will result in diuron levels of 

concern in the default receiving water body in the wet tropics will be exceeded regularly, more than 

50 days per annum in much of the region.  This is supported when the amount of time particular 

rivers and creeks are under flow conditions (>4.3 ML/d). The table above shows, based on the 10 

years of daily flow data from 1/1/2002 to 31/12/2011, the number of observations where the daily 

flow exceeded 4.3 ML/d, and based on the total number of daily flow rates available, the percent of 

the time the river/stream/creek was in flow.  It is seen that in this region, these river systems are 

flowing with few exceptions, more than 95% of the time.   

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 
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Table V2.82: In stream risk quotients >1, Wet Tropics, Pre-emergent use 

 90
th

 %, 100 mm/d 75
th

 %, 100 mm/d 25
th

 %, 55.4 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

108002A 

      108007A  

 

 

 

1.0 1.4 

108008A  

 

1.1 1.4 3.1 4.3 

109001A  

 

 

   110020A  

 

 

   110011B  

 

 

 

2.7 3.7 

110104A  

 

 

 

2.1 2.9 

110018A  

 

1.4 1.7 3.1 4.3 

110022A  

 

 

 

2.0 2.8 

111005A  

 

 

   111009A  1.1 2.4 3.1 8.4 11.6 

111010B  

 

 1.2 4.2 5.8 

111101D  

 

 

   113004A  

 

 

   113006A  

 

 

   113007A  

 

 

 

1.7 2.4 

112003A  

 

 

   112002A  

 

 

 

2.5 3.4 

112104A 1.2 1.5 2.4 3.1 6.6 9.0 

112101B  

 

 

   112102A  

 

 

   116014A  

 

 

 

2.4 3.2 

116013A  

 

 

 

1.0 1.3 

116008B  

 

 

 

1.1 1.5 

116006B  

 

 

   116017A  

 

 

 

5.9 8.1 

There is a general difficulty in this approach in that it is not clear what level of rainfall may 

correlate to stream flow. However, several things are clear. Streams in the wet tropics are under 

flow conditions for much of the year.  For this assessment, “normal flow conditions” have been 

bounded by the 75
th

 and 25
th

 percentile flow rates.  Diuron tends to be used during wetter periods, 

and particularly where surface water is dominated by ephemeral systems, these “normal” flow 

conditions would be expected during wetter periods and therefore, coincide with diuron use periods.  

In the case of the wet tropics, however, it is possible that the 25
th

 percentile flow rate is too low for 

the lower percentile of normal flow. Stream flows have been distributed based on full year flow 

data, and in this case they are associated with rainfall only in the wet season, which is much higher 

than the dry season. For example, in Innisfail, the 90
th

 percentile of the rainfall distribution (wet 

days only) in December to February is 79 mm/d.  However, in June to August, this value is 30 

mm/d.  Therefore, it is more likely (given the rivers are essentially flowing all year) that the 25
th

 

percentile flow rates occur outside the wet season. Essentially, the higher the flow rate, the lower 

the in-stream RQ-values. Nonetheless, it is clear there are waterways in this region where, even at 

the 75
th

 percentile flow rates, in-stream risk quotients exceed 1.0.  

It can be concluded that, under normal flow conditions and rainfall conditions, a potential risk to 

waterways from diuron exposure still exists. The above table illustrates that there are likely to be 

waterways in the Wet Tropics that remain susceptible to receiving levels of diuron above those of 

concern at regular intervals.  Higher flow rates are most likely to occur during the wetter months, 
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which also coincide with main time of diuron application.  Unfortunately, those rivers/creeks where 

risks are identified above are not those where diuron monitoring has been undertaken.  However, 

some recent monitoring data are available for larger rivers in this region, and these have been used 

in a validation exercise below. 

The streams where a potential risk is identified are generally under “flow” conditions (>4.3 ML/d) 

>95% of the time, which combined with consistent rainfall, indicates that such exposure levels 

could exist for extended periods of time.  Therefore, even with a 3% restriction on the slope of 

application, the runoff risk from use of diuron at 1800 g/ha as a blanket spray for pre-emergent use 

in sugar cane is unacceptable. 

 Post emergence application, Scenario 4 

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 85% and 60% of 

the maximum pre-emergent rate, and modelling on Scenario 4 (covered ground, high soil moisture), 

the model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles: 

Table V2.83: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Wet Tropics, Post-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 33 61 

Normal – high 100 mm 75
th

 percentile 33 61 

Normal – low 55.4 mm 
25

th
 percentile (85% rate) 24 48 

25
th

 percentile (60% rate 17 34 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 
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Table V2.84: In stream risk quotients >1, Wet Tropics, Post-emergent use 

 
90

th
 %, 100 mm/d 75

th
 %, 100 mm/d 

25
th

 %, 55.4 mm/d 

 85% rate 60% rate 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

108002A 

      

  

108007A  

 

 

   

  

108008A  

 

 

 

1.3 2.5  1.8 

109001A  

 

 

   

  

110020A  

 

 

   

  

110011B  

 

 

 

1.1 2.2  1.5 

110104A  

 

 

  

1.7  1.2 

110018A  

 
 

1.0 1.3 2.5  1.8 

110022A  

 
  

 

1.7  1.2 

111005A  

 
  

  

  

111009A  

 

1.0 1.9 3.4 6.9 2.4 4.8 

111010B  

 
  1.7 3.4 1.2 2.4 

111101D  

 
  

  

  

113004A  

 
  

  

  

113006A  

 
  

  

  

113007A  

 
  

 

1.4  1.0 

112003A  

 
  

  

  

112002A  

 
  1.0 2.0  1.4 

112104A  

 

1.0 1.9 2.7 5.3 1.8 3.8 

112101B  

 

 

   

  

112102A  

 

 

   

  

116014A  

 

 

 

1.0 1.9  1.4 

116013A  

 

 

   

  

116008B  

 

 

   

  

116006B  

 

 

   

  

116017A     2.4 4.8 1.7 3.4 

In the wet tropics, the dry season still has a high chance of rainfall (for example, 36.8% chance of 

rain/day during June to August based on Tully data), and rainfall can still be high (10% chance of 

exceeding 34 mm/d on the days it does rain). Therefore, as with pre-emergent use, given the almost 

continuous flow or rivers in this region, it is possible the 25
th

 percentile flow rates are more 

indicative of the dry season, and the risk quotients at this lower end may well be overestimated. 

Nonetheless, there remain unacceptable risk quotients in some waterways even at the 75
th

 percentile 

river flow rates. 

There remain a number of waterways where risk quotients exceed levels of concern, even at the 

level of refinement of an in-stream analysis.  Therefore, even with a 3% restriction on the slope of 

application, the runoff risk from use of for post-emergent use in sugar cane is unacceptable at the 

rate of 1800 g ac/ha in the treated area. 

It is noted that there are many in-stream risk quotients exceeding those from the step 1 calculations 

(Table V2.76). It is reiterated that these values can’t be directly compared, and rationale for this is 

provided in Section V2.1.1.5. 
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V2.11.4.2 Model validation for the Wet Tropics 

There are some recent monitoring data from 2010/11 (reported in Volume 3) which may be used for 

comparison purposes. They are for the more major rivers in this region (Tully, Johnstone and 

Herbert).  The Tully River at Euramo has monitoring data from 24/11/2010 to 3/4/2011 while the 

Herbert River at Ingham has monitoring data available over the period 11/8/2010 to 21/5/2011.  

Both the Tully and Herbert are large rivers.  During the wet season, daily flow rates for both these 

rivers often exceeded 30000 ML/d, hence a large number of “non-detects” (<0.01 µg/L) in the 

modelling.  Generally, the range of levels measured was in agreement with the modelled values, 

although the actual days of detections differed somewhat to the levels predicted for those days.  The 

comparison with modelled values was only conducted for the Herbert River measured values as 

flow rates in this river were generally less than those for the Tully, thereby allowing the model to 

“detect” more diuron. The following results were obtained: 

Table V2.85: Comparison of measured and modelled diuron concentrations, Herbert River, 2010/11 data 

Herbert River at Ingham n % detect min detect max 50th 90th 

Measured 31 45 0.01 0.31 0.045 0.177 

Modelled – Both soils 60 37 0.01 0.08 0.03 0.07 

The model under predicted diuron concentrations.  Actual measured levels often exceeded 0.1 µg/L, 

but the model didn’t predict any values exceeding this level.   

It is clear from other monitoring within sugar cane areas that levels in water can be found 

consistently through an extended monitoring period. For example, monitoring in Sandy Creek 

(Mackay/Whitsunday sugar region) over the 2010/11 period showed from 96 sampling times over 

the period 5/7/2010 to 29/6/2010, diuron was detected in 100% of the samples with a 50
th

 percentile 

level of 0.31 µg/L and a 90
th

 percentile level of 2.2 µg/L. This compared favourably with modelled 

results based on stream flow from the same sampling times, with a 50
th

 percentile level of 0.20 µg/L 

and a 90
th

 percentile level of 3.62 µg/L (see Section V2.11.3.4). 

Predicted values in a smaller creek have been calculated for river flows on the same day as 

monitoring was undertaken.  The creek selected was the Scheu Creek (Station number 112104).  

Calculations were performed for the same days of monitoring in the Herbert River for the 2010/11 

period. The following summarises the findings: 

Table V2.86: Modelled diuron concentrations, Scheu Creek, 2010/11 river flow rates 

Scheu Creek at Riera’s n % detect min detect max 50th 90th 

Sandy soil 30 100 0.09 14.8 1.5 8.7 

Loamy soil 30 100 0.15 23.1 2.4 13.7 

While no monitoring in the smaller systems of the wet tropics are available for comparison, other 

comparisons between modelled and monitored values in sugar areas has shown that the model 

works reasonably well for predicting ranges of water levels.  When modelling one of the smaller 

rivers in the wet tropics for which long term stream flow data are available (Scheu Creek), the 

model predicts that high levels of diuron could be present (5% slope). For the two soil types 

considered, levels exceeded the level of concern on 60% of the times modelled. 

V2.11.4.3 Dry Burdekin 

The maximum rain in the model development is 100 mm/d.  The maximum 1 in 1 year rainfall 

intensity exceeds this, so 100 mm/d for this exercise has been associated with the 90
th

 percentile 

river flow.  A rate of half the maximum 1 in 1 year 24 h rainfall intensity (75 mm) has been 
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associated with the 75
th

 percentile flow. The wet season rain value (20.8 mm for Ayr) has been used 

to compare with the 25
th

 percentile flow rates. 

Using the Kd (9.0 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.87: Stream flow percentiles, Burdekin Dry Tropics, Pre-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 103 132 

Normal – high 75 mm 75
th

 percentile 91 120 

Normal - low 20.8 mm 25
th

 percentile 33 55 

V2.11.4.3.1 River Flow Data for the Burdekin Dry Tropics 

The following waterways have been assessed for the in-stream analysis in the Burdekin Dry 

Tropics.  This is not a comprehensive list of sites where stream flow rates are available, but have 

attempted to obtain flow rates for the range of stream sizes for which data are available across the 

region.  Several sites that are now closed from the Haughton River basin have been included to 

supplement the data in that area.  

Table V2.88: Stream flow monitoring gauge stations considered in the Burdekin Dry Tropics 

Site number Station name River Basin 

120110A Burdekin River at Mt Fulstop Burdekin 

120120A Running River at Mt. Bradley Burdekin 

120216A Broken River at Old Racecourse Burdekin 

120304A Suttor River at Eaglefield Burdekin 

120305A Native Companion Creek at Violet Grove Burdekin 

120309A Mistake Creek at Twin Hills Burdekin 

120106B Basalt River at Bluff Downs Burdekin 

120302B Cape River at Taemas Burdekin 

119003A Haughton River at Powerline Haughton 

119004A Bullock Creek at Bomb Range Haughton (closed station) 

119006A Major Creek at Rocky Waterhole Haughton 

119101A Barratta Creek at Northcote Haughton 

119102A East Barratta Creek at Bruce Highway Haughton (closed station) 

119103A West Barratta Creek at Jerona Haughton (closed station) 

119104A Clay Creek at Burdekin Ag. College Haughton (closed station) 

While growing is essentially found in the Haughton River catchment, some other stream flow data 

are being considered from the wider Burdekin River catchment to allow a wider data set. Because 

runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered to be 

based on runoff events and were omitted from the analysis.   
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Table V2.89: Stream flow percentiles, Burdekin Dry Tropics 

Station 

number 

n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

120110A 3630 99 8255 1442 97 

120120A 2592 79 1295 271 27 

120216A 2680 73 304 106 14 

120304A 1086 30 3460 484 21 

120305A 961 35 1282 236 16 

120309A 1036 35 6141 1424 25 

120106B 2218 61 376 125 18 

120302B 1384 40 13374 2622 50 

119003A 3626 99 1643 259 63 

119004A 108 18 464 179 12 

119006A 1314 37 3207 612 38 

119101A 3588 98 832 114 26 

119102A 1734 100 464 169 39 

119103A 1053 61 948 89 12 

119104A 1812 92 123 43 13 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.90: In stream risk quotients >1, Burdekin Dry Tropics, Pre-emergent use 

 90
th

 %, 100 mm/d 75
th

 %, 75 mm/d 25
th

 %, 20.8 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

120110A 

      120120A  

 

 

 

1.2 2.0 

120216A  

 

 1.1 2.4 3.9 

120304A  

 

 

 

1.6 2.6 

120305A  

 

 

 

2.1 3.4 

120309A  

 

 

 

1.3 2.2 

120106B  

 

 1.0 1.8 3.1 

120302B  

 

 

  

1.1 

119003A  

 

 

   119004A  

 

 

 

2.8 4.6 

119006A  

 

 

  

1.4 

119101A  

 

 1.1 1.3 2.1 

119102A  

 

 

  

1.4 

119103A 
  

1.0 1.4 2.8 4.6 

119104A 
 

1.1 2.1 2.8 2.5 4.2 

This region is noticeably drier than the sugar growing regions to the north (wet tropics) and south 

(Mackay/Whitsunday), and is reflected in the rainfall patterns. During the three months December 

to February, the percent chance of rain in the Dry Burdekin towns considered here was <50% 

(31.9% in Ayr) compared with 56.7% in Cairns (wet tropics).  Further, the distribution of positive 

rainfall resulted in much reduced values (for example, 90
th

 percentile value of 31.8 mm/d in 

Townsville compared with 93.7 mm/d in Tully). 
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Dry season rainfall was very low in this region by comparison to wet season.  In both Townsville 

and Ayr, the dry season (taken as June to November for this assessment) the probability of rain was 

low (12.2% and 7.8% respectively) and levels of rain when it fell were low (90
th

 percentile rain 

values of 12.6 mm and 24.6 mm respectively). This is reflected in the river flow statistics where 

rivers were not flowing continuously. This may make the use of the 25
th

 percentile river flow more 

certain in the wet season for the Dry Burdekin than for the Wet Tropics as low but normal flow 

conditions will still be associated with periods of main rainfall. 

The situation in the Dry Burdekin is further confounded, however, as this canegrowing area is a 

major irrigation area in North Queensland.  There are >35000 ha of irrigated sugarcane, and the 

major proportion (some 95%) of the cane is furrow irrigated (Qureshi et al, undated). Further, there 

is monitoring data from this region (Barratta Creek), showing elevated levels of diuron are found in 

waterways in the region. 

Interestingly, higher risks (based on risk quotients) are found for waterways in the Haughton River 

catchment. This analysis illustrates that there are likely to be waterways in the Dry Burdekin that 

remain susceptible to receiving levels of diuron above those of concern at regular intervals.   

Unfortunately, those rivers/creeks where risks are identified above are not those where diuron 

monitoring has been undertaken.  One site (119101A – Barratta Creek at Northcote) does have 

monitoring data available and this has been considered below in validating the modelling approach.   

This in-stream assessment demonstrates that, even with a 3% restriction on the slope of application, 

the runoff risk following use of diuron at 1800 g/ha as a blanket spray for pre-emergent use in sugar 

cane is unacceptable.  

What is unclear in this assessment is how the residue levels detected in Barratta Creek are getting 

into the waterway.  It was shown above that this area is significantly drier than other sugar areas 

and analysis suggests the likelihood of a rainfall event producing levels of diuron exceeding the 

level of concern is relatively low (<10%). It is possible the detections in Barratta Creek are a result 

of irrigation practices, however, there is insufficient data at present to determine this.   

 Post emergence application, Scenario 4 

Using the Kd (9.0 L/kg), a 3% slope restriction, a maximum application rate of 85% and 60% the 

maximum pre-emergent use rate, and modelling on Scenario 4 (covered ground, high soil moisture), 

the model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles: 

Table V2.91: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Burdekin Dry Tropics, Post-

emergent use 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 42 78 

Normal – high 75 mm 75
th

 percentile 37 72 

Normal - low 20.8 mm 
25

th
 percentile (85% rate) 10 31 

25
th

 percentile (60% rate) 6.7 22 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 
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Table V2.92: In stream risk quotients >1, Burdekin Dry Tropics, Post-emergent use 

 
90

th
 %, 100 mm/d 75

th
 %, 75 mm/d 

25
th

 %, 20.8 mm/d 

 85% rate 60% rate 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

120110A 
      

  

120120A 
     

1.1   

120216A 
     

2.2  1.6 

120304A 
     

1.5  1.0 

120305A 
     

1.9  1.4 

120309A 
     

1.2   

120106B 
     

1.7  1.2 

120302B 
      

  

119003A 
      

  

119004A 
     

2.6  1.8 

119006A 
      

  

119101A 
     

1.2   

119102A 
      

  

119103A 
     

2.6  1.8 

119104A 
   

1.7 
 

2.4  1.7 

 

This analysis suggests following application to sugar cane at 1800 g/ha, but as a spray directed to 

below the cane leaves risk is much lower than for pre-emergent use.  Again though, it is noted there 

are detections of diuron exceeding levels of concern in waterways within the Haughton River 

catchment.  What is unclear is whether these detections have resulted from runoff based on rainfall 

or irrigation, or whether the levels were mainly found from pre-emergent application or post-

emergent application.  Despite this, the in-stream analysis shows that at least for wet season 

application in this region, there may be exceedences of the risk quotient in waterways following 

runoff.   

Based on this assessment, even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron for post-emergent application in sugar cane is unacceptable at 1800 g/ha in the 

treated area even when considering application to only 60% of the treated area.  

V2.11.4.4 Model validation for Burdekin Dry Tropics 

The modelling below has been undertaken using a 5% slope as there is currently no slope restriction 

for use of diuron on sugarcane.  Stream flow rates (ML/d) have been taken for the day sampling 

was undertaken to enable the comparison.  The following monitoring results are available for the 

Barratta Creek at Northcote from the most recent monitoring (refer to Volume 3): 

Table V2.93: Summary of 2009/10 and 2010/11 monitoring data, Barratta Creek 

Year Date range % detects Min Max 90
th

 %ile 

2009/10 29/12/2009 85 0.01 6.3 1.9 

2010/2011 15/11/2010 to 

21/1/2011 

89 0.01 15 0.26 

In 2009/10, a smaller number of samples were taken for discreet events. The one with the highest 

detections occurred from 29/12/09 to 19/1/2010.  Levels ranged from 0.98 ppb to 6.3 ppb with the 

highest level at the start of the event and declining thereafter. The average level over this period was 

2.9 ppb. 
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To compare the highest level on 19/12/2010 with the modelling approach using an in-stream 

analysis approach, the daily flow rate for the Barratta Creek is needed.  Monthly totals are available 

through QLD DERM (http://watermonitoring.derm.qld.gov.au/host.htm).   Interrogation of the data 

for flow rates at this sampling station for the 24 hour period of the 29/12/2010 showed a daily flow 

or 73.6 ML (850 L/s).   

Using a daily rainfall of 75 mm, based on the stream flow on 29/12/2009 (850 L/s), the following 

in-stream concentrations are obtained: 

Table V2.94: DSEWPaC model predicted results, single event, 29/12/2009, Barratta Creek 

Slope <5% Rate: L% 

Edge of Field 

(µg/L) In-Stream (µg/L) Risk quotient 

Sandy soil 1800 0.61 33.5 3.58 2.3 

Loamy soil 1800 0.81 33.5 4.74 3.0 

This analysis predicts in-stream concentrations of 3.6-4.7 µg/L, which is in close agreement with 

the maximum level found at that sampling day (6.3 ppb). 

The second event from the 2009/2010 monitoring at this sampling station commenced on 

25/1/2010.  The detected level of diuron was 1.1 ppb. On this day, the mean stream discharge was 

given as 135 ML/d (1560 L/s).  Using this value in the in-stream analysis component of the model 

results in the following: 

Table V2.95: DSEWPaC model predicted results, single event, 25/1/2010, Barratta Creek 

Slope <5% Rate: L% 

Edge of Field 

(µg/L) In-Stream (µg/L) Risk quotient 

Sandy soil 1800 0.61 33.5 1.95 1.2 

Loamy soil 1800 0.81 33.5 2.58 1.7 

The predicted model results (1.9-2.6 µg/L) again are in reasonable agreement with the detected 

level of 1.1 ppb, although both are overestimated in this case. 

Over the sampling period from the 2010/2011 results (6/10/2010 to 1/4/2011), Barratta Creek at 

Northcote had daily flow rates ranging from 120 ML/d to 51594 ML/d.  The model predicts water 

concentrations from 2.30 µg/L to <0.01 for these flow rates respectively.  DSEWPaC has 

undertaken an analysis of predicted concentrations obtained by the model for the entire period over 

this sampling time based on water flow rates from the days of sampling.  Runoff was predicted 

based on a rain event of 25 mm/d. The following table shows the summary of that analysis: 

Table V2.96: Comparison of measured and modelled diuron concentrations, Barratta Creek, 2010/11 data 

 

n % detect min detect max 50th 90th 

Measured 133 90 0.01 15 0.08 0.27 

Modelled – Both soils 134 96 0.01 13.4 0.06 0.31 

The model was not always in agreement with monitored results when compared with actual days. 

For example, the maximum measured result (15 µg/L) occurred on 14/10/2010. The flow rate for 

that day was 48.9 ML/d, with corresponding modelled values of around 2.7 and 4.2 µg/L. The 

maximum modelled values occurred on 6/10/2010 where the flow rate at the time of sampling was 

15.2 ML/d. However, the measured value at this time was 0.28 µg/L.  It should be remembered 

though, at this time there may not have been much in the way of diuron application for the season, 

and the detections here may have been the result of residual diuron from earlier applications. 

In general, though, the modelled results are not substantially different from those found over the 

period.  Naturally, variations are expected as the model assumes runoff based on application 

http://watermonitoring.derm.qld.gov.au/host.htm
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occurring 3 days earlier while in reality, there will be a range of times between application and 

runoff, and a range of fields and slopes contributing to runoff. 

V2.11.4.5 Mackay/Whitsunday 

The maximum rain in the model development is 100 mm/d.  The maximum 1 in 1 year rainfall 

intensity exceeds this, so 100 mm/d for this exercise has been associated with the 90
th

 percentile 

river flow.  A rate of half the maximum 1 in 1 year 24 h rainfall intensity (~75 mm) has been 

associated with the 75
th

 percentile flow. The wet season rain value (26.9 mm/d, Mackay data) is 

used for comparison with normal (low) 25
th

 percentile flow rates.  

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.97: Stream flow percentiles, Mackay/Whitsunday, Pre-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 81 103 

Normal – high 75 mm 75
th

 percentile 71 94 

Normal - low 26.9 mm 25
th

 percentile 35 51 

V2.11.4.5.1 River Flow Data for the Mackay Whitsunday region 

The following waterways have been assessed for the in-stream analysis in the Mackay/Whitsunday 

Region.  This is not a comprehensive list of sites where stream flow rates are available, but have 

attempted to obtain flow rates for the range of stream sizes for which data are available across the 

region.   

Table V2.98: Stream flow monitoring gauge stations considered, Mackay/Whitsunday 

Site number Station name River Basin 

125002C Pioneer River at Sarich’s Pioneer 

125005A Blacks Creek at Whitefords Pioneer 

125006A Finch Hatton Creek at Dam Site Pioneer 

125009A Cattle Creek at Higham’s Bridge Pioneer 

122004A Gregory River at Lower Gregory Prosperine 

122005A Prosperine River at Prosperine Prosperine 

124001B O’Connell River at Stafford’s Crossing O’Connell 

124002A St. Helens Creek at Calen O’Connell 

124003A Andromache River at Jochheims O’Connell 

124004A Jolimont Creek at Mt. Roy O’Connell 

126001A Sandy Creek at Homebush Plane 

126003A Carmila Creek at Carmilla Plane 

126007A Rocky Dam Creek at Mt. Christian Plane 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  The following analysis is 

performed for pre-emergent use (Scenario 1). 
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Table V2.99: Stream flow percentiles, Mackay/Whitsunday 

Station number n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 50th 25th 

125002C 3215 89 1139 247 80 26 

125005A 2950 81 1252 200 73 30 

125006A 3283 90 347 141 42 22 

125009A 3337 96 1131 403 162 78 

122004A 1855 51 431 105 30 12 

122005A 3221 88 243 64 28 14 

124001B 1871 83 2141 328 76 32 

124002A 3268 90 640 185 56 23 

124003A 3176 87 471 95 25 10 

124004A 1071 29 257 79 17 7 

126001A 2505 69 990 105 24 11 

126003A 1633 45 315 89 23 11 

126007A 1619 72 511 113 18 9 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.100: In stream risk quotients >1, Mackay/Whitsunday, Pre-emergent use 

 90
th

 %, 100 mm/d 75
th

 %, 75 mm/d 25
th

 %, 26.9 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

125002C 

    

1.3 2.0 

125005A  

 

 

 

1.2 1.7 

125006A  

 

 

 

1.6 2.3 

125009A  

 

 

   122004A  

 

 

 

2.9 4.3 

122005A  

 

1.1 1.5 2.5 3.6 

124001B  

 

 

 

1.1 1.6 

124002A  

 

 

 

1.5 2.2 

124003A  

 

 

 

3.5 5.1 

124004A  

 

 1.2 5.0 7.3 

126001A  

 

 

 

3.2 4.6 

126003A  

 

 1.1 3.2 4.6 

126007A  

 

 

 

3.9 5.7 

This illustrates that there are likely to be waterways in the Mackay/Whitsunday that remain 

susceptible to receiving levels of diuron above those of concern at regular intervals.  Unfortunately, 

generally those rivers/creeks where risks are identified above are not those where diuron monitoring 

has been undertaken.  However, some recent monitoring data are available for larger rivers in this 

region, and these have been used in a validation exercise below. 

This analysis indicates that even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron at 1800 g/ha as a blanket spray for pre-emergent use in sugar cane is 

unacceptable. 
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 Post emergence application, Scenario 4 

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 85% and 60% the 

maximum pre-emergent use rate, and modelling on Scenario 4 (covered ground, high soil moisture), 

the model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles: 

Table V2.101: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Mackay/Whitsunday, Post-

emergent use 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 69 87 

Normal – high 75 mm 75
th

 percentile 29 56 

Normal - low 26.9 mm 
25

th
 percentile (85% rate) 11 30 

25
th

 percentile (60% rate) 7.8 21 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.102: In stream risk quotients >1, Mackay/Whitsunday, Post-emergent use 

 
90

th
 %, 100 mm/d 75

th
 %, 75 mm/d 

25
th

 %, 26.9 mm/d 

 85% rate 60% rate 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

125002C 

     

1.2   

125005A  

 

 

  

1.0   

125006A  

 

 

  

1.4   

125009A  

 

 

   

  

122004A  

 

 

  

2.5  1.8 

122005A  

 

 

  

2.1  1.5 

124001B  

 

 

   

  

124002A  

 

 

  

1.3   

124003A  

 

 

 

1.1 3.0  2.1 

124004A  

 

 

 

1.6 4.3 1.1 3.0 

126001A  

 

 

 

1.0 2.7  1.9 

126003A  

 

 

 

1.0 2.7  1.9 

126007A  

 

 

 

1.2 3.3  2.3 

Within the “normal” flow rates of 25
th

 to 75
th

 percentiles, there remains a risk at the lower end of 

flow rates based on this analysis. 

Based on this assessment, even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron for post-emergent use in sugar cane is unacceptable at an application rate of 

1800 g ac/ha in the treated area. 

V2.11.4.6 Model validation for the Mackay/Whitsunday 

The latest (2010-2011) monitoring data available for the Pioneer River at Dumbleton Weir 

(reported in Volume 3) have been used to attempt to validate the model for this region.  The 

monitoring data available were collected over the year from 5/7/2010 to 29/6/2011.  For validation 

purposes, the modelling has been undertaken using a 5% slope as there is currently no slope 
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restriction for use of diuron on sugarcane.  Stream flow rates (ML/d) have been taken for the day 

sampling was undertaken to enable the comparison.   

Over the sampling period from the 2010/2011 results (5/7/2010 to 29/6/2011), the Pioneer River at 

Dumbleton had daily flow rates ranging from 776 ML/d to >100000 ML/d.  DSEWPaC has 

undertaken an analysis of predicted concentrations obtained by the model for the entire period over 

this sampling time based on water flow rates from the days of sampling.  Due to monitored results 

being taken over a 1 year period, a rainfall of 25 mm/d (normal flow conditions) was used in 

generating modelled values for the comparison. The following table shows the summary of that 

analysis: 

Table V2.103: Comparison of measured and modelled diuron concentrations, Pioneer River, 2010/11 data 

 

n % detect min detect max 50th 90th 

Measured 202 93 0.01 1.74 0.09 0.61 

Modelled – Both soils 176 53 0.01 0.21 0.02 0.13 

The model tended to underestimate diuron concentrations in this analysis.  The river where 

measurements were taken was relatively large in terms of runoff volumes, and the higher the runoff 

volumes the lower the in-stream predictions made through the model. 

The highest monitored result from the data set was 1.74 µg/L recorded on 30/9/2010.  In fact, seven 

measurements were taken for this day from 2.00 am through to 6:30 pm.  The average concentration 

found for 30/9/2010 was 0.92 µg/L.  The highest readings were associated with the highest flow 

rates, which in turn give the lowest concentrations in the modelling. Nonetheless, in terms of the 

range of detected and modelled values, the model is not too dissimilar to those concentrations found 

in the Pioneer River over the period of monitoring. 

A further comparison can be made with monitoring information from this region.  The 2010/2011 

data for Sandy Creek at Homebush have been compared with daily flow rates from the dates of 

sampling.  Sampling was again taken from the period 5/7/2010 to 29/6/2011.  Low flow rates were 

recorded for the sampling days throughout July (14.5-19.7 ML/d).  The overall comparison gave the 

following results: 

Table V2.104: Comparison of measured and modelled diuron concentrations, Sandy Creek, 2010/11 data 

 

n % detect min detect max 50th 90th 

Measured 96 100 0.02 5.2 0.31 2.19 

Modelled – Both soils 136 92 0.01 11.3 0.09 1.64 

Over this period, the 90
th

 percentile of measured concentrations exceeded the toxicity threshold and 

resulted in a RQ-value of 1.4.  The maximum measured level of 5.2 µg/L was found on 16 

November 2011 at 3:40 pm.  Two samples were taken on this day and diuron was at elevated levels 

on both occasions with the earlier measurement (8:20 am) showing 3.9 µg/L. The mean flow rate 

for that day was 616 ML/d, and the corresponding modelled concentrations were 0.17-0.27 µg/L.  

Five days earlier, one measurement at 8:10 am (11/11/2010) showed diuron present at 1.9 µg/L.  

Flow rates for this day were lower at 102 ML/d, and the modelled values were 1.03-1.61 µg/L. 

The highest modelled values correspond to the lowest flow rates found for the dry season in the 

month of July.  While diuron was detected at these times (0.03 µg/L), these detections are unlikely 

to have been the result of recent diuron application, hence their lower levels.  If the July 2010 

figures and June 2011 figures are omitted from the modelling data set (given the model predicts 

levels at 3 days following application), the maximum modelled concentration in Sandy Creek at 

Homebush is 1.61 µg/L.  However, the model underpredicts the general range and percentiles of 

detections over this period with maximum, 50
th

 and 90
th

 percentile values of 1.61, 0.06 and 0.34 
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µg/L respectively.  If a higher daily rainfall was used in the model during the wetter period, 

predicted levels and percentiles increase. 

V2.11.4.7 Mary/Burnett 

The maximum rain in the model development essentially equates to the maximum 1 in 1 year 24 h 

maximum rainfall frequency.  This is associated with the 90
th

 percentile river flow.  A rate of half 

this has been associated with the 75
th

 percentile flow. The wet season rain value (14.6 mm/d) based 

on Bundaberg rain data will be compared to normal (low) 25
th

 percentile flow rates.  

Using the Kd (9.0 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.105: Stream flow percentiles, Mary/Burnett Region, Pre-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 103 133 

Normal – high 50 mm 75
th

 percentile 70 98 

Normal - low 15.4 mm 25
th

 percentile 24 43 

V2.11.4.7.1 River Flow Data for the Burnett/Mary region 

The following waterways have been assessed for the in-stream analysis in the Burnett/Mary Region.  

This is not a comprehensive list of sites where stream flow rates are available, but have attempted to 

obtain flow rates for the range of stream sizes for which data are available across the region.   
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Table V2.106: Stream flow monitoring gauge stations considered in the Mary/Burnett Region 

Site number Station name River Basin 

136108A Monal Creek at Upper Monal Burnett 

136111A Splinter Creek at Dakiel  Burnett 

136101C Three Moon Creek at Abercorn Burnett 

136006A Reid Creek at Mungy Burnett 

136007A Burnett River at Figtree Creek Burnett 

136011A Degilbo Creek at Coringa Burnett 

136207A Barambah Creek at Ban Ban Burnett 

136118A Eastern Creek at Lands End Burnett 

138014A Mary River at Home Park Mary 

138903A Tinana Creek at Bauple East Mary 

138004B Munna Creek at Marodian Mary 

138003D Glastonbury Creek at Glastonbury Mary 

138009A Tinana Creek at Tagigan Road Mary 

138012C Amamoor Creek at Zacharia Mary 

137003A Elliott River at Dr Mays Crossing Burrum 

137101A Gregory River at Isis Highway Burrum 

137201A Isis River at Bruce Highway Burrum 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  The following analysis is 

performed for pre-emergent use (Scenario 1). 

Table V2.107: Stream flow percentiles, Mary/Burnett Region 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 50th 25th 

136108A 584 23 179 68 27 12 

136111A 584 25 319 59 14 7 

136101C 652 21 1635 195 51 12 

136006A 783 29 396 86 27 10 

136007A 3398 93 1839 311 46 23 

136011A 1065 29 748 165 40 13 

136207A 2328 64 669 166 28 10 

136118A 720 23 454 113 38 13 

138014A 3565 98 4749 1318 380 90 

138903A 3130 86 887 252 83 27 

138004B 1943 53 657 163 44 16 

138003D 1575 44 92 28 11 7 

138009A 2163 68 142 62 29 11 

138012C 1911 52 153 37 17 9 

137003A 2959 85 73 37 17 10 

137101A 950 26 553 111 31 11 

137201A 1146 33 407 64 19 9 
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The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.108: In stream risk quotients >1, Mary/Burnett Region, Pre-emergent use 

 90
th

 %, 100 mm/d 75
th

 %, 50 mm/d 25
th

 %, 15.4 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

136108A 
  

1.0 1.4 2.0 3.6 

136111A 
  

1.2 1.7 3.4 6.1 

136101C 
    2.0 3.6 

136006A 
   

1.1 2.4 4.3 

136007A 
    1.0 1.9 

136011A 
    1.8 3.3 

136207A 
    2.4 4.3 

136118A 
    1.8 3.3 

138014A 
    

  138903A 
    

 

1.6 

138004B 
    1.5 2.7 

138003D 1.1 1.4 2.5 3.5 3.4 6.1 

138009A 
  

1.1 1.6 2.2 3.9 

138012C 
  

1.9 2.7 2.7 4.8 

137003A 1.4 1.8 1.9 2.7 2.4 4.3 

137101A 
    2.2 3.9 

137201A 
  

1.1 1.5 2.7 4.8 

This illustrates that there are likely to be waterways in the Burnett/Mary that remain susceptible to 

receiving levels of diuron above those of concern at regular intervals.  The higher flow rates are 

those most likely to occur during the wetter months, which also coincide with current diuron 

application.   

This analysis indicates that even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron at 1800 g/ha as a blanket spray for pre-emergent use in sugar cane is 

unacceptable. 

 Post emergence application, Scenario 4 

Using the Kd (9.0 L/kg), a 3% slope restriction, maximum application rates of 85% and 60% the 

highest pre-emergence rate, and modelling on Scenario 4 (covered ground, high soil moisture), the 

model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles: 

Table V2.109: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, Mary/Burnett, Post-

emergent use 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 42 78 

Normal – high 50 mm 75
th

 percentile 28 58 

Normal - low 15.4 mm 
25

th
 percentile (85% rate) 5 24 

25
th

 percentile (60% rate) <4.3 17 
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The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.110: In stream risk quotients >1, Mary/Burnett, Post-emergent use 

 
90

th
 %, 100 mm/d 75

th
 %, 50 mm/d 

25
th

 %, 15.4 mm/d 

 85% rate 60% rate 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

136108A 

     

2.0  1.4 

136111A 
     

3.4  2.4 

136101C 
     

2.0  1.4 

136006A 
     

2.4  1.7 

136007A 
     

1.0   

136011A 
     

1.8  1.3 

136207A 
     

2.4  1.7 

136118A 
     

1.8  1.3 

138014A 
      

  

138903A 
      

  

138004B 
     

1.5  1.1 

138003D 
  

1.0 2.1 
 

3.4  2.4 

138009A 
     

2.2  1.6 

138012C 
   

1.6 
 

2.7  1.9 

137003A 
 

1.1 
 

1.6 
 

2.4  1.7 

137101A 
     

2.2  1.6 

137201A 
     

2.7  1.9 

The in-stream analysis for post-emergent use still indicates runoff risk from use in sugarcane at 

1800 g ac/ha in the treated area is unacceptable in a number of waterways. 

V2.11.4.8 New South Wales 

The maximum rain in the model development is 100 mm/d.  The maximum 1 in 1 year rainfall 

intensity exceeds this, so 100 mm/d for this exercise has been associated with the 90
th

 percentile 

river flow.  A rate of half the maximum 1 in 1 year 24 h rainfall intensity (~65 mm) has been 

associated with the 75
th

 percentile flow.  The Grafton wet season rain value (14.6 mm/d) is 

compared to the normal (low) 25
th

 percentile river flow rates.  

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.111: Stream flow percentiles, NSW Sugar Region, Pre-emergent 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 81 103 

Normal – high 65 mm 75
th

 percentile 65 88 

Normal - low 14.6 mm 25
th

 percentile 17 32 
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V2.11.4.8.1 River Flow Data for the Clarence and Richmond River Basins 

The following waterways have been assessed for the in-stream analysis in the Clarence and 

Richmond River basins.  This is not a comprehensive list of sites where stream flow rates are 

available, but have attempted to obtain flow rates for the range of stream sizes for which data are 

available across the region.   

Table V2.112: Stream flow monitoring gauge stations considered, NSW Sugar Region 

Site number Station name River Basin 

203002 Coopers Creek at Repentance Richmond 

203005 Richmond River at Wiangaree Richmond 

203012 Byron Creek at Binna Burra Richmond 

203023 Ironpot Creek at Toonumbar Richmond 

203030 Myrtle Creek at Rappville Richmond 

203034 Eden Creek at Doubtful Richmond 

203041 Shannon Brook at Yorklea Richmond 

203900 Richmond River at Kyogle Richmond 

204036 Cataract Creek at Sandy Hill Clarence 

204037 Clouds Creek at Clouds Creek Clarence 

204043 Peacock Creek at Bonalbo Clarence 

204055 Sportsmans Creek at Gurranang Siding Clarence 

204056 Dandahra Creek at Gibraltar Range Clarence 

204067 Gordon Brook at Fineflower Clarence 

204068 Orara River at Orange Grove Clarence 

204900 Clarence River at Baryulgil Clarence 

Data from the 10 year period 1//1/2002 to 31/12/2011 have been used. 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  The following information for 

individual stream monitoring sites is shown as follows: 
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Table V2.113: Stream flow percentiles, NSW Sugar Region 

Station 

number 
N 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

203002 3675 92.7 288 97 17 

203005 3642 99.7 727 278 42 

203012 3473 96.0 177 96 21 

203023 3213 88.5 142 43 15 

203030 1802 49.3 324 100 10 

203034 3599 99.1 455 146 18 

203041 2185 59.8 387 109 18 

203900 3606 98.7 872 328 45 

204036 2950 80.8 246 83 11 

204037 2250 61.6 91 42 8 

204043 808 22.1 82 30 8 

204055 1797 50.6 305 84 12 

204056 3624 99.2 437 162 36 

204067 2316 63.4 334 82 10 

204068 3649 99.9 470 212 38 

204900 3578 97.9 5434 1737 191 

Comparing these percentile flow rates with minimum flow requirements needed to have diuron 

concentrations below levels of concern, the following table identifies (shaded cells including risk 

quotients) those streams where diuron levels would exceed the level of concern using the 25
th

, 75
th

 

or 90
th

 percentile stream flows based on the minimum acceptable daily flow rates. 

Table V2.114: In stream risk quotients >1, NSW Sugar Region, Pre-emergent use 

 90
th

 %, 100 mm/d 75
th

 %, 65 mm/d 25
th

 %, 14.6 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

203002 

    

1.0 1.9 

203005  

 

 

   203012  

 

 

  

1.5 

203023  

 

1.5 2.1 1.1 2.1 

203030  

 

 

 

1.7 3.2 

203034  

 

 

  

1.8 

203041  

 

 

  

1.8 

203900  

 

 

   204036  

 

 1.1 1.5 2.9 

204037  1.1 1.6 2.1 2.1 4.0 

204043 1.0 1.3 2.2 2.9 2.1 4.0 

204055  

 

 1.1 1.4 2.7 

204056  

 

 

   204067  

 

 1.1 1.7 3.2 

204068  

 

 

   204900  

 

 

   
This illustrates that there are likely to be waterways in the NSW sugar growing regions that remain 

susceptible to receiving levels of diuron above those of concern at regular intervals.   
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This analysis indicates that even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron at 1800 g/ha as a blanket spray for pre-emergent use in sugar cane is 

unacceptable. 

 Post emergence application Scenario 4 

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 85% and 60% the 

maximum pre-emergence rate, and modelling on Scenario 4 (covered ground, high soil moisture), 

the model can be used to predict the minimum stream flow required for exposure concentrations to 

remain below levels of concern. The in-stream analysis will be performed based on the following 

stream conditions and corresponding flow percentiles: 

Table V2.115: Rainfall (mm/d), stream flow percentiles and minimum flow requirements, NSW Sugar Region, Post-

emergent use 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 33 61 

Normal – high 65 mm 75
th

 percentile 27 52 

Normal - low 14.6 mm 
25

th
 percentile (85% rate) 

<4.3 
18 

25
th

 percentile (60% rate) 13 

The following table identifies (shaded cells including risk quotients) those streams where diuron 

levels would exceed the level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on 

the minimum acceptable daily flow rates. 

Table V2.116: In stream risk quotients >1, NSW Sugar Region, Post-emergent use 

 
90

th
 %, 100 mm/d 75

th
 %, 65 mm/d 

25
th

 %, 14.6 mm/d 

 85% rate 60% rate 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

203002 

     

1.1   

203005  

 

 

   

  

203012  

 

 

   

  

203023  

 

 1.2 

 

1.2   

203030  

 

 

  

1.8  1.3 

203034  

 

 

  

1.0   

203041  

 

 

  

1.0   

203900  

 

 

   

  

204036  

 

 

  

1.6  1.2 

204037  

 

 1.2 

 

2.3  1.6 

204043  

 

 1.7 

 

2.3  1.6 

204055  

 

 

  

1.5  1.1 

204056  

 

 

   

  

204067  

 

 

  

1.8  1.3 

204068  

 

 

   

  

204900  

 

 

   

  

This analysis suggests the likelihood of exceeding levels of concern following application to sugar 

cane at 1800 g/ha, but as a spray directed to below the cane leaves  is generally much lower than for 

pre-emergent use. Nonetheless, several exceedences of the aquatic level of concern are found for 

river systems, particularly towards the lower end of the “normal” flow rate distribution.  
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This analysis indicates that even with a 3% restriction on the slope of application, the runoff risk 

from use of diuron at 1800 g/ha in the treated area as a spray for post-emergent use in sugar cane is 

unacceptable. 

V2.11.5 Lower Use Rates 

Step 1 calculations in Table V2.76 indicate that general use at 250 g ac/ha and 450 g ac/ha will 

result in an acceptable runoff risk where application is confined to slopes of 3% or less.  The above 

analysis has indicated that compliance with such slopes in many sugar growing areas may be 

difficult. 

These rates are prescribed where the products are mixed with paraquat formulations.  The runoff 

assessment has to be undertaken based on individual active constituents as their runoff potential 

depends on individual properties and they are likely to behave differently once sprayed and subject 

to degradation/sorption process over the three day period assumed to occur prior to modelling 

runoff. DSEWPaC does not consider paraquat contribute significantly with respect to runoff in the 

dissolved phase as it will bind strongly to the soil.  

However, diuron is also registered in products coformulated with hexazinone (468 g/kg diuron and 

132 g/kg hexazinone). It is noted that hexazinone, like diuron, is a very mobile PSII herbicide, and 

has been detected in monitoring programs. This active is also noted as a chemical of concern in 

Queensland’s Great Barrier Reef protection legislation.  Further, the application rates of diuron, 

while lower than the 1800 g/ha pre-emergent use rate assessed above, are still a bit higher than 

those when used in combination with paraquat with a maximum diuron rate of 560 g ac/ha 

compared to 450 g ac/ha from diuron only products when used in combination with paraquat. 

In the co-formulated products, diuron is registered for application at rates of 1400 to 1800 g ac/ha 

for both pre-and post-emergence use, and these rates are considered covered by the above 

assessment in Section V2.11.4. The lower general use rates, also to be applied with paraquat, are 

280 to 560 g ac/ha.  Step 1 calculations (diuron only) as per input parameters from Table V2.77 

would result in Q values of 0.33 (280 g ac/ha, sandy soils) to 1.0 (560 g ac/ha, loamy soils). 

Therefore, runoff risk is acceptable when mixed with paraquat. 

DSEWPaC has performed an in-stream analysis for this higher rate given the concern over potential 

to comply with the 3% slope, and the co-formulation with hexazinone.  In-stream risk quotients for 

the 90
th

 and 75
th

 percentile flow rates for all the sugar growing regions remained below 1.  

However, at the low end of the normal flow rate (25
th

 percentile), in-stream risk quotients in the wet 

tropics exceeded 1 in four of the streams analysed (RQ range from 1.3-2.6), in the 

Mackay/Whitsunday in three of the streams analysed (RQ range from 1.1-1.6) and in the 

Mary/Burnett in two of the streams analysed (RQ = 1.1 in both cases). No risk quotients exceeded 1 

at the 25
th

 percentile flow rates in the Dry Burdekin or NSW sugar growing regions. 

It is DSEWPaC’s view that, if after the full range of mitigation strategies are applied, if risk 

quotients still remain above 1 then runoff risk must be concluded to be unacceptable. In this case, 

while exceedence of 1 is only restricted to a small number of streams analysed, and only at the 

lowest flow rate assessed, because of additional uncertainties relating to slope compliance and co-

formulation with a second PSII herbicide, the runoff risk from use at 560 g ac/ha in products co-

formulated with hexazinone is considered unacceptable. 
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V2.11.6 Effect of Management Practices 

The assessment has been performed assuming conventional practices. For example, 1.5 m rows 

without specific controls on traffic.  Pre-emergent application has been assessed using a bare soil 

scenario.  It is apparent that management practices can be used to reduce the overall runoff leaving 

a site.  For example, use of a trash blanket is expected to reduce runoff from plots, and this is 

demonstrated in the data assessed in Volume 3.  In the experiments considered in that volume, the 

work undertaken by Rhode and Bush (2011) and Rhode et al (2011) was done without the use of a 

trash blanket while that in Masters et al (2012) did use a trash blanket with 90-100% coverage.  

Average runoff leaving the plots in the former two studies was around 60% (conventional 

treatment) while that from Masters et al (2012) was around 53% based on artificial rainfall, and 

averaged 56% based on natural rainfall events.  While DSEWPac can differentiate between covered 

and bare soils in the model, the differences are much greater than these data suggest.  For example, 

assuming 1.5% OC, the different in percent of water leaving the site as runoff between a bare soil 

and a covered soil is 63% and 44% respectively. While the runoff from bare soils approximates that 

found from the Rhode and Bush (2011) and Rhode et al (2011) studies from bare soils, the losses 

through covered soils are much reduced compared to the apparent efficiency in the trash blanket 

alone. 

The other management practice shown to be quite effective in reducing runoff was a move to wider 

rows with a control on traffic.  DSEWPaC has assessed the data from Rhode and Bush (2011) and 

Rhode et al (2011) from the Victoria Plains site over the two years of data.  The mean values in 

terms of runoff/rainfall for the conventional and 1.8m-CT plots were not statistically significantly 

different for the same treatments across years, so the data were pooled. 

Overall, there was a mean reduction in runoff water leaving the 1.8m-CT treatment sites compared 

to conventional management sites of 16.4%.  This is significant, and will have an overall impact of 

reducing loads of diuron entering receiving waters. There appeared to be an increased efficiency at 

reducing runoff as rainfall decreased.  DSEWPaC separated the data based on 0-50 mm, 50-100 mm 

and >100 mm rain events, and determined mean percent reductions in runoff of 17.2%, 16.9% and 

14.3% respectively.  Based on the 0-50 mm data taken over the two years of the separate studies, 

the following relationship between the runoff/rainfall ratios from the two management regimes was 

demonstrated: 

 

The runoff risk assessment for sugar cane showed through an in-stream analysis that there were 

likely to be streams with sufficiently low flow rates in all sugar areas where resulting in-stream 
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concentrations had the potential to repeatedly be above levels of concern.  A reduction in runoff 

water volume of 17.2% has the end result in reducing in-stream concentrations by the same 

proportion, so while there will be an improvement in risk quotients calculated through all scenarios 

considered above, potential risks will still be identified in many cases in all sugar growing regions 

assessed. 

V2.11.7 Discussion – sugar cane 

The assessment for sugar cane in all growing regions proceeded to a detailed in-stream analysis for 

pre-emergent and post-emergent application at a nominal rate of 1800 g ac/ha. The screening 

modelling for these situations showed RQ-values exceeded 2, which resulted in the more refined 

approach being undertaken. Additionally, the screening modelling with a maximum application rate 

of 560 g ac/ha in products co-formulated with hexazinone resulted in a RQ = 1 in the standard water 

body. 

When undertaking the in-stream analysis, risk was identified when in-stream risk quotients 

exceeded 1.  As expected, larger streams (based on daily flow rates) showed that even at 1800 g 

ac/ha, use of diuron would not result in stream levels expected to cause concern.  However, 

DSEWPaC’s concern as previously stated (APVMA, 2011) related to the smaller streams.  This 

assessment has not identified streams as primary or secondary. Rather, river flow data for the range 

of creeks, streams and rivers where monitoring gauge stations are available have been used.  Daily 

flow data for up to 10 years (3652 observations) were used to determine different flow percentiles, 

which were then in turn associated with runoff levels for different daily rainfalls. 

Generally, this analysis showed that the highest daily rainfalls (compared to 90
th

 percentile flow 

rates) rarely resulted in a risk being identified. This is not surprising as 90
th

 percentile flow rates are 

much higher, therefore dilution tends to reduce in-stream concentrations.  Risks were more often 

identified for lower rainfall and correspondingly, lower stream flow. 

In some cases, it was apparent that there were not a large number of streams in a particular growing 

region that were identified as being at risk. However, it is important to remember that the data used 

are only from gauged streams, and there can be expected to be a large number of ungauged (and 

possibly smaller) streams and creeks in these growing areas. 

 No spray window 

One potential mitigation method suggested by registrants in submissions (see submissions 13 and 

14 in Volume 4) and applied by the APVMA when diuron was suspended in November 2011 was 

the use of a no-spray window, which would see diuron not being applied between 1 December and 

30 April.  This will result in diuron not being applied in the wet season, so theoretically reduce the 

potential for runoff.  This scenario has not been taken into account in the modelling.  The peak body 

Canegrowers oppose this measure (Kealley, 2012).  

In a recent submission to the APVMA, Canegrowers again stated their position of not supporting 

the no-spray window, querying several aspects relating to the establishment of this such as what 

scientific data supported the no-use period. In support of their submission, they have provided 

additional data demonstrating how such a window can be inflexible to the seasonal conditions, the 

crop cycle of the particular year and doesn’t recognise the best management practices adopted by 

growers.  DSEWPaC was not involved with the no-spray window. The first time such a 

management tool was raised to our knowledge was by DuPont in their modelling study reported in 

APVMA (2011). At that time, DSEWPaC noted the attractiveness of the approach in terms of 

spraying outside the main periods with higher likelihood of runoff, but questioned whether such a 

measure would be practical and acceptable to industry. Consequently, we did not use this as a 

management option in our risk assessment. 
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Based on the opposition by end users to this measure placed on labels proposed for use during the 

suspension period by Nufarm and Farmoz, DSEWPaC considers it pointless to undertake any 

assessment as to the possible effectiveness of a spray window in reducing risk from runoff. 

In any event, the dry season in many of the sugar growing areas does not necessarily mean no 

rainfall.  Modelling shows that only small daily rainfall events are needed to result in diuron runoff, 

and further, smaller rain events can actually result in increased diuron concentrations due to a 

decrease in dilution.  While monitoring does show diuron tends not be detected in the dry season, it 

is not a significant diuron application season so these results can’t be used as supporting evidence 

for such an approach.  

 Comparison with recent monitoring data 

The latest monitoring data (2009/10 and 2010/11 – reported in Volume 3, Section V2.2.4) provided 

by QLD DERM have been assessed to determine whether the outcomes from this assessment are 

reasonable.  The first thing to note is the streams and rivers where monitoring was undertaken.  

While stream flow data has not always been obtained from the same monitoring stations as diuron 

measurements, the following table provides an indication of the flow rates of the creeks and rivers 

where monitoring has occurred throughout some of the sugar growing catchments as used in this 

assessment: 

Table V2.117: Flow Rate Percentiles – Queensland Rivers from 2009/10 and 2010/11 DERM Monitoring 

River/Stream/Creek 90th % flow rate 75th % flow rate 25th % flow rate 

North Johnstone River 1180 563 149 

South Johnstone River 4310 2461 704 

Tully River 20136 10625 2787 

Herbert River 13437 3377 450 

Barratta Creek 832 114 26 

Pioneer River 1139 247 26 

Sandy Creek 990 105 11 

Burnett River 1839 311 23 

From this, much lower concentrations would be expected in the Johnstone, Tully and Herbert River 

(based on normal flow rates of 25
th

 to 75
th

 percentile) than the other creeks and rivers.  Barratta and 

Sandy Creek generally have the lowest flow rates, so it is reasonable to expect higher 

concentrations (assuming monitoring is occurring in diuron use regions). 

This is supported by the monitoring.  For the 2010/11 period (see Volume 3, Section V2.2.4 for a 

more detailed discussion), diuron was largely not detected in the Burdekin and North Johnstone 

Rivers.  Despite the size of the Tully River, it was found in 90% of the 30 samples taken from 

24/11/2010 to 3/4/2011, with a maximum level of 0.27 µg/L and a mean level over this period of 

0.05 µg/L. In the Pioneer River, which has a lower 50
th

 percentile flow rate, there were positive 

detections of diuron in 93% of 202 samples taken over the period 5/7/2010 to 29/6/2011. Positive 

detections commenced on 20-9/2010 and essentially continued all the way through this monitoring 

period.  During this time, the peak concentration was 1.74 µg/L and the mean was 0.21 µg/L. 

However, the highest detections and longest periods of exposure were found in the Barratta and 

Sandy Creek sites. The following figure for the Sandy Creek detections helps highlight the concerns 

DSEWPaC has with exposure to smaller river systems. 
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Figure V2.33: Peaks and decline of diuron concentrations, Sandy Creek, 2010/11 Monitoring period 

 

This shows 4 distinct peaks, each subsequent one being lower than that before it. The first set of 

elevated levels are found between 11/11/2010 and 20/12/2010 where concentrations ranged from 

1.7-5.2 µg/L (mean 2.8 µg/L over this 9 day period). The second peak occurred on 21/12/2010 (3.7 

µg/L) and levels were >1 µg/L from here until 19/1/2011 in the 5 samples taken over this period.  

The third peak (2.11 µg/L on 31/1/2011) was associated with a series of measurements ranging 

from 0.93 to 2.11 µg/L over a 5 day period (mean 1.56 µg/L) while the last peak of 1.47 µg/L was 

measured on 7/3/2011. 

In fact, over the period 11/11/2010 to 14/3/2011 (a period of 4 months), the mean concentration was 

0.9 µg/L while the 75
th

 and 90
th

 percentile concentrations were 1.08 and 2.3 µg/L respectively. This 

is a very long period of elevated concentrations, and as shown in the sugar cane chapter of this 

assessment, there are likely many more waterways more at risk from runoff than Sandy Creek due 

to small flow volumes, and locations within cropping areas. 

DSEWPaC has given consideration also to the findings under the Paddock to Reef Program, and 

data from the 2009-2010 and 2010-2011 wet season in the Mackay/Whitsunday region were 

provided (see Volume 3, Section 3.2.2 for more detailed information).  The findings from these 

experiments further highlight DSEWPaCs concerns. Firstly, it is worth noting that the paddock 

scale runoff results showed very high edge of field levels of diuron, which based on slope, organic 

carbon content of the soil, application rate and time between application and runoff, were well 

under-predicted by the DSEWPaC model.  However, of particular note were the findings from the 

multi-farm site, where runoff was measured within a natural drain from several farm blocks, in the 

2010-11 period concentrations showed several peaks. One of around 3 µg/L was observed in mid-

November, the second of around 1 µg/L in late December and then the third of around 3 µg/L in 

late January.  This corresponds to continual peaks in concentration found in water monitoring for 

diuron, and is expected to be due to differences in application times within a catchment. It helps 

explain the concern that, even though DSEWPaC agrees diuron available for runoff from a 

particular paddock will decrease with each runoff event, there is no way of assessing for the 

probability that different areas will receive application at different times, thereby leading to the 

potential for much longer term exposure. 

 Vegetated Filter Strips 



 

 

125 

The argument for the use of vegetated filter strips as a runoff mitigation tool has been put forward 

in submissions.  Under the Queensland Government initiative on Reef Protection Package, 

comprehensive guidelines on chemical use have been prepared. DSEWPaC considered these 

previously (APVMA, 2011). This guide applies to all sugarcane properties in the Wet Tropics, 

Burdekin Dry Tropics and Mackay Whitsunday catchments regulated under the Environmental 

Protection Act 1994.  The document provides a number of mandatory requirements when using 

diuron (and some other herbicides), based on the use of a 20 m No-Spray Zone OR a 5 m effective 

vegetated treatment area (EVTA).  

For runoff, mandatory requirements for diuron use include: 

 “do not use within 20 m of all down slope water bodies, or maintain a 5 m EVTA 

(effective vegetated treated area) between of the edge of the down slope water body and any 

point where low flow runoff exits the inter-row furrow.”; 

 “do not prepare them at a place susceptible to runoff into a water body or within 20 m of a 

water body”;  

 When using diuron conduct and follow a Rainfall Runoff Risk Assessment; and 

 “do not irrigate to the point of runoff within 48 hours of application.” 

As previously noted (APVMA, 2011), DSEWPaC has not been involved with these requirements 

and is not aware of the basis for these restrictions.  The effectiveness of the Queensland initiatives 

remains to be demonstrated.  DSEWPaC has sometimes considered the use of vegetative buffer 

strips in assessments in the past, and had also considered the addition to the OECD runoff model 

used in this assessment by allowing for the inclusion of a vegetative buffer strip (described in Probst 

et al, 2005).  Regardless of the type of buffer used, DSEWPaC are not fully convinced the Probst et 

al (2005) model fully reflects the effects of vegetative buffers for all chemicals, because it is likely 

to be overly simplistic. In this regard DSEWPaC acknowledges the work of Kookana (1992), who 

found that buffer strips are theoretically able to reduce the transportation of pesticides (and other 

chemicals) by reduction in sediment loading, increased infiltration (into soil of non-treated areas), 

interception/sorption by plants and soil, transformation or degradation of the pesticide or a 

combination of these processes. However, the little experimentation that has been done on the 

effectiveness of buffer strips in reducing levels of organic pollutants entering waterways has found 

that it is difficult to define the mechanisms and to assess the effectiveness of a buffer strip (ibid). 

Further research (Sabbagh et al., 2009) subsequent to the publication of the model by Probst et al., 

(2005) has found that pesticide trapping cannot be predicted solely from the physical dimensions 

(width) of the buffer, but rather it is an empirical function of infiltration of run-off water, reduction 

in suspended sediment mass, the distribution of the pesticide between the aqueous and sediment 

phases and the clay content of the soil. 

Therefore the vegetated buffer zone component of the Probst et al (2005) model has not been 

included in the DSEWPaC model, pending further investigation into this complex matter, and use 

of vegetative buffer strips are not used for mitigation in risk assessments. 

Similarly, DSEWPaC has been provided with the ReefWise Farming Sugarcane Growing 

Environmental Risk Management Plan for farmers growing sugar on >70 hectares in the wet 

tropics. This document also provides a suite of considerations for farmers to mitigate impacts of 

runoff including laser levelling of fields, runoff retention and treatment and use of vegetated filter 

strips.  While DSEWPaC commends this approach, we are not in a position to undertake a farm 

specific risk assessment. It is reasonable to assume that not all farms are undertaking such risk 

mitigation strategies, and is therefore not necessary for us to assess to that level. 
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Other proposed risk mitigation arguments 

In addition to 3% slopes, no-spray windows and vegetated filter strips applied during the suspension 

period, some further mitigation restraints were proposed: 

1. DO NOT apply more than once a year:  

This has been taken into account in the modelling in that only a single application has been 

assumed; 

2. DO NOT apply if greater than 50 mm rain fall is expected within 3 days of application:  

This restraint has not been directly assessed. However, the runoff risk assessment framework is 

premised on the reasoning that exposed algae/aquatic plants have the ability to recover, and a 

single exposure is tolerable. Therefore, the combined probability value essentially considers the 

potential for repeated exposures, and it remains appropriate to model for rainfall values 

exceeding 50 mm in growing centres where this is shown to be realistic; 

3. DO NOT irrigate within 3 days of application:  

This mitigation measure has not been directly assessed. However, the Step 1 calculations 

undertaken in the runoff risk assessment assume rainfall occurs 3 days after application. 

V2.11.8 Conclusion – sugar cane 

The runoff risk from application rates of diuron at 250 g ac/ha and 450 g ac/ha are considered to be 

acceptable. These rates appear on labels when mixed with a second herbicide (paraquat). The rates 

are registered on product labels containing solely diuron, and in products co-formulated with 

hexazinone, solely for use in sugar cane. However, diuron is also co-formulated with hexazinone 

and application rates are higher at 280 g ac/ha and 560 g ac/ha. It was concluded that the runoff risk 

from the higher of these two rates was unacceptable. 

The runoff risk from application of diuron for pre-emergent use at 1800 g/ha (blanket spray) is 

unacceptable. 

There appears to be less risk associated with post-emergent use at 1800 g/ha. This has assumed the 

effective area treated is 85% of the hectare (1530 g/ha effectively), and that due to application being 

as a directed spray to the base of plants, there will be a reasonable degree of ground cover allowing 

the use of a different runoff scenario in the model. 

Despite this, there remain several instances in the in-stream analysis where risks to smaller creeks 

are identified. Further, the risk outcomes in this chapter have been calculated assuming it is possible 

to retain application on slopes of 3% or less. Consequently, it is concluded that use of diuron at 

1800 g ac/ha for post-emergent use is also unacceptable. 

V2.12 Tropical/Subtropical crops – Bananas 

Information on banana growing in Australia has been obtained from the Australian Banana 

Grower’s Council (www.abgc.org.au). The following diagram illustrates where sub-tropical banana 

production areas are: 

http://www.abgc.org.au/
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Figure V2.34: Sub-tropical Banana Growing Regions (Australian Banana Growers Council) 

 

In addition, the tropical area for banana production is Townsville up to Mareeba/Tablelands, and 

includes South Johnstone, Tully, Innisfail, Bartle Frere and surrounding areas (ABGC, 2012) 

The application rate for bananas is 1800 g ac/ha. This can be applied as either a broadcast 

application (1800 g/ha to the whole hectare), or as a banded spray to 50% of the area at a rate of 

3600 g/ha.   

Essentially, these growing areas have been considered in the assessment for sugar cane.  

Application rates of 1800 g/ha were unable to be supported in the sugar areas of the wet tropics 

(also the tropical banana growing region), the Burnett/Mary (surrounding Bundaberg), or the NSW 

region, which the assessment covered in the Clarence and Richmond River basins, and can be taken 

as a surrogate to include areas down to Coffs-Harbour and the Nambucca District in terms of stream 

flows and the in-stream analysis performed in the sugar cane chapter. 

Based on the very detailed sugar cane assessment, and the use rate of 1800 g ac/ha in bananas, 

runoff risk from diuron use in bananas is unacceptable. Of further concern (see Figure V2.2) are the 

prevalence of slopes exceeding 3% in this banana growing region. 

V2.12.1 Lower Use Rates in Bananas 

As with sugar cane, lower use rates of 250 to 450 g ac/ha are present on labels for use in banana 

plantations when tank mixing with paraquat.  In the sugar cane assessment, Step 1 calculations in 

Table V2.77 indicate that general use at 250 g ac/ha and 450 g ac/ha will result in an acceptable 

runoff risk where application is confined to slopes of 3% or less.   

These rates are prescribed where the products are mixed with paraquat formulations.  The runoff 

assessment has to be undertaken based on individual active constituents as their runoff potential 

depends on individual properties and they are likely to behave differently once sprayed and subject 

to degradation/sorption process over the three day period assumed to occur prior to modelling 

runoff. DSEWPaC does not consider paraquat contribute significantly with respect to runoff in the 

dissolved phase as it will bind strongly to the soil. 

As per the outcome from the sugar cane assessment, the runoff risk following application of diuron 

in bananas at rates up to 450 g ac/ha is considered acceptable provided slopes are restricted to 3% or 

less. 
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V2.13 Tropical/Subtropical crops – Tea Plantations 

There is very little available information on tea growing in Australia. Some information on 

plantation locations is available from Australian Tropical Foods 

(http://www.australiantropicalfoods.com/) and this site provides details on three tea plantations in 

North Queensland with locations in the Daintree, around Cairns and around Innisfail.   

The rate of diuron application in tea is 900 g ac/ha, or half the broadcast pre-emergent rate assessed 

for sugar cane.  Application is for pre-emergence weed control. However, label instructions are to 

NOT use in crop inter row areas, which would result in a lower per hectare rate than the label 900 

g/ha.   

Information for runoff modelling in the wet tropics is described in Section V2.11.1 of the sugar 

cane chapter. Using the reduced application rate, the following risk quotients are predicted based on 

the standard receiving water body concentration: 

The following values are calculated imposing a 3% slope restriction on application and using a 

rainfall of 100 mm/d and Kd of 11.8 recognising the richer organic carbon content in soils of this 

region. It is assumed up to 85% of the cropped area may be sprayed (actual per hectare rate of 765 g 

ac/ha) but modelling is performed using Scenario 1. These step 1 calculations predict concentrations 

in the standard water body (1 ha, 15 cm deep).  

Table V2.118: Diuron concentrations and risk quotients, Tea Plantations 

Slope <3% Rate: L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

Pre-emergent use (85% coverage) 

Sandy soil 900 g ac/ha 0.15 2.3 1.73 1.1 

Loamy soil 900 g ac/ha 0.19 2.3 1.82 1.2 

Pre-emergent use (60% coverage) 

Sandy soil 900 g ac/ha 0.15 1.6 1.22 0.78 

Loamy soil 900 g ac/ha 0.19 1.6 1.29 0.82 

Risk quotients for this application rate exceed 1 where 85% coverage is assumed. The likelihood of 

rain in the wet tropics has been previously assessed in sugar cane (Section V2.11.1). With an 

effective application rate of 765 g ac/ha, the model predicts a minimum rainfall of 9.2 mm/day. 

Based on Cairns data (P(rv) = 56.7%; P(re) = 44.7% for 9.2 mm rain event), the P(com) = 25.4%, 

which well exceeds the 10% trigger value. While the first step risk quotients at 60% coverage are 

<1, due to the high P(com) values, the in-stream analysis will still be considered for this rate. 

Tea plantations are not expected to contribute significantly to catchment areas. However, 

DSEWPaC has difficulty applying this argument, particularly in catchments where application in 

other cropping situations can not be supported. An in-stream analysis is undertaken below, based on 

the waterways identified for use in the wet tropics region in the sugar cane assessment.  Given the 

expected low overall area used for tea plantations, it is unclear as to whether any of these particular 

waterways will be exposed through application to tea plantations, but they are used to provide 

guidance on a range of water ways that could be exposed.  For more detail on rainfalls used in the 

modelling and gauging stations (rivers and stream flows), refer to Section V2.11.1.3 in the sugar 

cane chapter. 

Using the Kd (11.8 L/kg), a 3% slope restriction, a maximum application rate of 900 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

http://www.australiantropicalfoods.com/
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in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.119: Stream flow percentiles, Wet Tropics, Tea Plantations 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 34 44 

Normal – high 100 mm 75
th

 percentile 34 44 

Normal – low 33.5* mm 
25

th
 percentile (85% coverage) 17 25 

25
th

 percentile (60% coverage) 12 18 

* Rainfall value for Cairns for P(com) = 10%. 

Table V2.120: In stream risk quotients >1, Wet Tropics, Tea Plantations 

 
90

th
 %, 100 mm/d 75

th
 %, 100 mm/d 

25
th

 %, 33.5  mm/d 

 85% coverage 60% coverage 

Station number Sandy Loamy Sandy Loamy Sandy Loamy Sandy Loamy 

108002A 

      

  

108007A  

 

 

   

  

108008A  

 

 

  

1.3   

109001A  

 

 

   

  

110020A  

 

 

   

  

110011B  

 

 

  

1.2   

110104A  

 

 

   

  

110018A  

 

 

  

1.3   

110022A  

 

 

   

  

111005A  

 

 

   

  

111009A  

 

1.0 1.3 2.4 3.6 1.7 2.6 

111010B  

 

 

 

1.2 1.8  1.3 

111101D  

 

 

   

  

113004A  

 

 

   

  

113006A  

 

 

   

  

113007A  

 

 

   

  

112003A  

 

 

   

  

112002A  

 

 

  

1.1   

112104A 
  

1.0 1.3 1.9 2.8 1.3 2.0 

112101B  

 

 

   

  

112102A  

 

 

   

  

116014A  

 

 

  

1.0   

116013A  

 

 

   

  

116008B  

 

 

   

  

116006B  

 

 

   

  

116017A  

 

 

 

1.7 2.5 1.2 1.8 

This analysis indicates, based on the range of rivers with flow data, risk from an application rate of 

900 g ac/ha is generally acceptable at the higher end of the flow distribution, but many more 

streams are shown to exceed diuron levels of concern at the lower end of the “normal” flow 

conditions. It is noted that, even at 900 g ac/ha, there remain in-stream risk quotients exceeding the 

acceptable level of 1 with a highest risk quotient = 3.6 (85% coverage) and 2.6 (60% coverage).  

Reasons for such large in-stream risk quotients are discussed in Section V2.1.5.  There is little 
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doubt that tea plantations will not be a significant contributor to agriculture in a catchment. This 

allows some confidence in an assumption that waterways exposed to diuron through use in tea 

plantations are unlikely to be at levels expected to cause harm when the low expected area of tea 

plantations. Step 3a of the runoff risk assessment framework (Figure V2.1) requires a determination 

as to whether representative stream flow data are available for the region being considered. The 

above stream flow data are considered representative of the wet tropics. However, it is unclear how 

they would represent the small tea plantation areas, that is, DSEWPaC has no information as to 

which streams/rivers are more likely to be exposed.   

Given these issues and based on the above assessment, runoff risk from diuron use in tea plantations 

at 900 g ac/ha is unacceptable. 

V2.14 Tropical/Subtropical crops – Coffee 

There is very little available information on coffee production in Australia. Data from 2002 show 

the most production occurred in far north Queensland (350 ha planted) with north-eastern NSW 

accounting for 250 ha.  Other areas included the central Queensland coast (120 ha) with 20 ha in 

south eastern Queensland (RIRDC, 2003).  These areas are all expected to coincide with the 

different sugar growing regions considered in this assessment. 

While the area of land planted to coffee seems very small, DSEWPaC has difficulty allowing this as 

a mitigation argument, particularly when uses in other cropping industries in the same regions at the 

same application rates are not being supported. 

The application rate of diuron in coffee is 1755 g ac/ha (3510 g/ha with application over a 

maximum 50% of the area).  There is no indication as to when application may occur (pre- or post-

emergence), although it would appear to be post-emergence due to the band spray instruction. 

Based on the sugar cane analysis, application at this rate could not be supported. Additionally, these 

rates are higher than for tea plantations, and the above assessment has shown that risk from use in 

tea remains unacceptable in the absence of additional information.  

V2.15 Tropical/Subtropical crops – Paw Paws 

Production of paw paws (papaya) in Australia occurs in northern and central Queensland, northern 

Western Australia and the Northern. Close to 94% of Australian papaya is produced in the wet 

tropics of far north and central Queensland, with a further 5% in north Western Australia and 1–2% 

in the Northern Territory (RIRDC, undated). 

The majority of Australian growers use a double row with 2 m between plants and 4 m between the 

centres of the double rows. In areas of high humidity and high disease pressure, a single row system 

with rows 3 m apart and plants 1.8 m apart along the row is recommended. This gives an average 

density of 1,250 trees per hectare (RIRDC, undated). 

Given the concentration of production in the wet tropics, the information previously assessed for 

sugar growing in this region can be directly applied to papaya production. 

Label instructions issued at the time of suspension are to apply as a broadcast application at 1800 g 

ac/ha, or at 3600 g ac/ha, but restricted to application as a directed band spray over a maximum of 

50% of the area. This has been considered in the assessment. 
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Assessment of this rate in sugar cane resulted in unacceptable risk quotients in several waterways in 

the wet tropics where stream flow data were available.  Therefore, the same conclusions can be 

applied to papaya production and the risk from runoff from the use of diuron at these rates in paw 

paws is unacceptable.  

V2.16 Tropical/Subtropical crops – Pineapples 

The APVMA received a submission from Growcom regarding diuron use in the pineapple industry. 

Current registration for diuron in pineapples is as a pre-emergence (post plant) overall blanket spray 

at 3600 g ac/ha with a repeat spray at not less than a 2 month interval at 1750 g ac/ha. 

In their submission, Growcom observe that the residual capacity of diuron for most weed species 

under normal weather conditions is approximately 3-4 months.  They recommend that no more than 

8 L/ha ac be applied per crop and that no more than 7.2 L ac be applied before bud formation.  

However, given currently registered rates, this would appear to refer to product rather than active 

constituent.  Growcom states these rates are the maximum used in extreme situations and are not 

normal practice, with normal rates being somewhat lower. In the industry’s best management 

practice manual (BMP), rates with a 900 g/kg formulation for pre-plant, normal growth and low 

growth are provided as 4 kg ac/ha, 2 kg ac/ha and 4 kg ac/ha, so this statement does not appear 

entirely accurate. 

Several catchment areas in Queensland have been considered in the sugar cane assessment. 

However, a major catchment area for pineapples is South East Queensland. The following map was 

provided by Horticulture Australia Limited 
(www.horticulturefortomorrow.com.au/for_growers/your_catchments/south_east.asp?src=side).  

This catchment is below the Burnett/Mary catchment, which was the southern most Queensland 

catchment considered for the sugar cane assessment. 

Figure V2.35: South East Queensland Catchment (Horticulture Australia Limited) 

 

http://www.horticulturefortomorrow.com.au/for_growers/your_catchments/south_east.asp?src=side
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The BMP recommends the best slopes for pineapple production are between 2 and 6%. On slopes 

less than 2% it can be hard to achieve adequate drainage, while on slopes >6% operational and 

erosion control costs escalate. 

The Australian Soil Resource Information System (ASRIS) map showing topsoil organic carbon 

content indicates significant areas in this region tend to range between 1-2% OC.  A representative 

value of 1.5% OC will be used for this modelling resulting in a Kd of 9.0 L/kg. 

The Glasshouse Mountains area has been used for the pineapple assessment and are located in the 

Maroochy Basin. Based on the two towns of Beerwah and Beerburrum, the mean 1 in 1 year 24 h 

rainfall intensity is 120 mm. The runoff model has used runoff values from look-up tables for two 

soil types with daily rainfall up to 100 mm/d, so for daily rainfall exceeding this, the model is 

extrapolating beyond the data set used in its creation.  Therefore, runoff will be calculated based on 

the 100 mm/d maximum value used in developing the model. 

The following values are calculated imposing a 3% slope restriction on application and using a 

rainfall of 100 mm/d. These step 1 calculations predict concentrations in the standard water body (1 

ha, 15 cm deep).  

Table V2.121: Diuron concentrations and risk quotients, Pineapples, South East Queensland 

Slope <3% Rate (g ac/ha): L% 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

Pre-emergent use (Scenario 1) 

Sandy soil 4000 0.19 15.1 11.58 7.4 

Loamy soil 4000 0.24 15.1 12.19 7.8 

Normal Growth (Scenario 4) 

Sandy soil 2000 0.09 7.55 4.64 3.0 

Loamy soil 2000 0.17 7.55 5.63 3.6 

As part of their submission, Growcom provided a literature report (Yu et al 2000) assessing the 

validation of WEPP (Water Erosion Prediction Project) to predict runoff and soil loss from a 

pineapple farm on a sandy soil in subtropical Queensland. For this assessment DSEWPaC has 

significantly extended the runoff model to allow consideration of different soils and cropping 

practices.  The results of this model in terms of runoff (not diuron concentrations) have been 

compared to the information in Yu et al (2000).  In that paper, it is reported that in March 1994 

there were 7 separate runoff events in a sandy soil in SE Queensland, and the average rainfall and 

runoff were 24.7 mm and 9.5 mm respectively.  A daily rainfall of 24.7 mm in the DSEWPaC 

model predicts runoff of 5.7-8.8 mm (bare soils) and 2.2-6.0 mm (covered soils).  These results 

suggest the model is not likely to overestimate runoff from pineapple growing practices. 

Based on these risk quotients, and in-stream analysis will be performed. 

V2.16.1.1.1 Likelihood of runoff producing rain event 

The runoff model predicts for loamy soils 5.8 mm/d (4000 g ac/ha) and 6.2 mm (2000 g ac/ha) is 

required to produce unacceptable levels of diuron in the standard water body.   

Rainfall data have been obtained for Beerburrum Forest Station (65.1 years) to represent this area.   

Town Application Rate Max rainfall P(rf) P(re) P(com) 

Beerburrum Pre-emergent 4000 5.8 mm/d 46.3 46.4 21.5 

 Normal Growth 2000 6.2 mm/d  44.6 20.6 
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V2.16.1.2 In stream analysis 

There is only one stream monitoring gauge station close to the Glasshouse Mountains (Coochins 

Creek at Mawsons Road). However, a stream flow analysis has been undertaken for all gauge 

stations in the Maroochy Basin as follows: 

Table V2.122: Stream flow monitoring gauge stations considered in South East Queensland 

Site number Station name River Basin 

141001B South Maroochy River ad Kiamba Maroochy 

141003C Petrie Creek at Warana Bridge Maroochy 

141004B South Maroochy River at Yandina Maroochy 

141006A Mooloolah River at Mooloolah Maroochy 

141008A Eudlo Creek at Kiels Mountain Maroochy 

141009A North Maroochy River at Eumundi Maroochy 

141010A Coochin Creek at Mawsons Road Maroochy 

Data from the 10 year period 1//1/2002 to 31/12/2011 have been used. 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  The following information for 

individual stream monitoring sites is shown as follows: 

Table V2.123: Stream flow percentiles, South East Queensland 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

141001B 1042 28.5 478 118 12 

141003C 2945 80.6 186 52 11 

141004B 1571 43.0 525 118 13 

141006A 2242 65.7 202 52 10 

141008A 2501 68.5 218 84 13 

141009A 2265 62.0 165 39 9 

141010A 1833 92.7 216 88 16 

Using the Kd (9.0 L/kg), a 3% slope restriction, a maximum application rate of 4000 g ac/ha, and 

modelling on Scenario 1, the model can be used to predict the minimum stream flow required for 

exposure concentrations to remain below levels of concern. The in-stream analysis will be 

performed based on the following stream conditions and corresponding flow percentiles: 

Table V2.124: Stream flow percentiles, South East Queensland, Pineapples, pre-plant 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 229 292 

Normal – high 60 mm 75
th

 percentile 177 241 

Normal - low 17.8 mm 25
th

 percentile 62 107 

The normal growth situation (2000 g ac/ha, Scenario 4) results in the following minimum flow 

requirements: 
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Table V2.125: Stream flow percentiles, South East Queensland, Pineapples, Normal growth 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 100 mm 90
th

 percentile 56 103 

Normal – high 60 mm 75
th

 percentile 42 84 

Normal – low 17.8 mm 25
th

 percentile 9 36 

The following table identifies (shaded cells) those streams where diuron levels would exceed the 

level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on the minimum 

acceptable daily flow rates for pre-emergent use. 

Table V2.126: In stream risk quotients >1, South East Queensland, Pineapples, Pre-plant 

 90
th

 %, 100 mm/d 75
th

 %, 60 mm/d 25
th

 %, 16.2 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

141001B 
  

1.5 2.0 5.2 8.9 

141003C 1.2 1.6 3.4 4.6 5.6 9.7 

141004B 
  

1.5 2.0 4.8 8.2 

141006A 1.1 1.4 3.4 4.6 6.2 10.7 

141008A 1.1 1.3 2.1 2.9 4.8 8.2 

141009A 1.4 1.8 4.5 6.2 6.9 11.9 

141010A 1.1 1.3 2.0 2.7 3.9 6.7 

The following table identifies (shaded cells) those streams where diuron levels would exceed the 

level of concern using the 25
th

, 75
th

 or 90
th

 percentile stream flows based on the minimum 

acceptable daily flow rates for “Normal Growth” use at 2000 g ac/ha. 

Table V2.127: In stream risk quotients >1, South East Queensland, Pineapples, Normal growth 

 90
th

 %, 100 mm/d 75
th

 %, 60 mm/d 25
th

 %, 16.2 mm/d 

Station number Sandy Loamy Sandy Loamy Sandy Loamy 

141001B 
     3.0 

141003C 
   

1.6 
 3.3 

141004B 
     2.8 

141006A 
   

1.6 
 3.6 

141008A 
   

1.0 
 2.8 

141009A 
  

1.1 2.2 1.0 4.0 

141010A 
     2.3 

V2.16.2 Water quality testing results 

Water quality testing results of runoff from a diuron treated pineapple farm has been provided in a 

submission to the APVMA (Ms Janine Clarke, dated 3 January 2012). The data were supplied from 

a pineapple grower and consist of monitored levels of diuron in a farm dam. Diuron was applied at 

a rate of 4.54 kg/tank. It is assumed this is in terms of product, not active constituent and the actual 

product is not stated.  Application occurred on 31 October 2011 to all blocks.  Then, it appears 

additional routine application of diuron occurred to selected blocks on 2 December 2011.  A rain 

event of 29 mm occurred on 6 December (4 days after the last application) and a sample of dam 

water was taken at this time.  The concentration in the dam water was 6.8 µg/L. 

Two additional rain events (11 mm on 25 December 2011 and 73 mm on 17 January 2012) were 

recorded. A second water sample was taken on the day of last recorded rain event and diuron was 

detected at a concentration of 2.2 µg/L. 
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These data were provided along with argument that the concentration of diuron found in water 

derived from a diuron treated pineapple farm applied at below label rates (indicative of industry 

good practice) is not toxic to the fish species silver perch (Bidyanus bidyanus) and jade perch 

(Scortum barcoo). Nor is there any toxicity to phytoplankton species or zooplankton species used in 

the fish rearing system. The industry argues that this aquatic environment is an example of “the 

worst case scenario” of sensitive organisms that could be potentially affected by any type of toxin 

and that if the sensitivity to diuron contamination is not evidenced here, surely the effects on 

primary streams can’t be as bad as indicated.  Such an argument can’t be supported.  The diuron 

environmental risk assessment reports a wealth of toxicity data to several trophic levels of aquatic 

organisms. DSEWPaC has concluded that risk to fish and aquatic invertebrates is acceptable. The 

issue is with aquatic flora (algae and aquatic macrophytes), and evidence from good quality 

laboratory studies and long term higher tier studies continues to demonstrate the potential for toxic 

effects on these organisms from diuron exposure. 

As far as the measured levels in the dam water go, they are in good agreement with modelled values 

DSEWPaC obtained for the pineapples assessment.  This assessment considers off-farm exposure, 

so runoff leaving a farm and entering either a lentic water body or running stream. A farm map 

provided with the submission shows the farm dam in relatively close proximity to the treated fields. 

The step 1 calculations for the runoff risk assessment assumes a similar case with runoff entering a 

standard water body.  These worst case calculations for pineapples predict water concentrations of 

3.0-7.8 µg/L, which spans the range of the 6.8 µg/L measured here 4 days after a second 

application. 

Following a heavy rain event some 46 days after the second application, diuron was found at 2.2 

µg/L. The DSEWPaC model (using 73 mm rain as per the rain event of that day, and assuming the 

runoff event occurred 46 days after application rather than 3 days after application) predicts water 

concentrations in the standard body of around 3-6 µg/L. However, these will be an overestimation 

as they do not account for removal of the more mobile fraction of diuron during earlier runoff 

events. 

It is unclear of course whether the second measurement was a result of further runoff, or whether 

the residues were still available from the earlier event, but in any case, helps to show how elevated 

levels of diuron can be found over extended periods of time.  When a larger spatial scale is 

considered to allow for many farms, all expected to apply at different times, exposure may continue 

for even longer.  

V2.16.3 Mitigating arguments - pineapples 

One mitigating argument proposed in submissions to the APVMA was the small scale of pineapple 

production compared to other crops, hence its lower contribution to overall diuron exposure. 

Pineapples are grown on a small scale relative to other crops, mainly because only the tropical and 

subtropical regions of Queensland provide suitable (though sub-optimal) climatic conditions for 

cultivation. In Queensland, pineapples are grown (up to 40 km inland) over a 1,500 km narrow 

coastal strip along the eastern seaboard from Cairns in the north to Brisbane in the southeast. The 

most northerly plantations are at Mossman in Far North Queensland, and the most southerly are at 

Dayboro, north west of Brisbane. The majority of plantations are in Wamuran and Caboolture, 

approximately 100 km north of Brisbane (OGTR, 2008). 

The above assessment for pineapples has focussed on the southern growing region. However, 

DSEWPaC has difficulty applying a mitigation argument based on small scale production, 

particularly where there are other industries in the same catchments where diuron use at lower rates 

than those used in pineapples, and are not being supported. Given pineapples can be grown as far 
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north as the wet tropics, and the in-depth assessment for sugar can shows runoff risk from pre-

emergent application at less than half that used in pineapples is unacceptable, it follows that runoff 

risk from continued diuron use at these rates in pineapples is unacceptable. 

The pineapple industry is proactive in many areas including management of erosion and 

sedimentation, and the Pineapple Growers Handbook discusses many management techniques 

designed to control erosion and loss of sediments from sites. These can include diversion channels, 

catch drains, grassed filter strips and sediment ponds among many others. However, while these 

may help trap sediments (and remove particle bound diuron from the runoff), none of these are 

actually designed to retain water runoff on farm.   

V2.17 Miscellaneous – Asparagus 

Located 65 kms south-east of Melbourne, the Koo Wee Rup and Dalmore area of Victoria is a 

unique horticultural region, producing 93% of Australia’s asparagus (Australian Asparagus 

Council; http://asparagus.com.au/index.php/home/).  This growing region is around 65 km south 

east of Melbourne. 

ASRIS indicates the area is rich in organic matter in the topsoil at between 2-5%. A representative 

3% (Kd = 17.4 L/kg) is used in the calculations.  Based on the coordinates of Koo Wee Rup, the 1 

in 1 year 24 h rainfall intensity is 42 mm. 

Two application rates are available for asparagus, namely 1350 and 1800 g ac/ha.  Label 

instructions are to apply in established beds prior to the emergence of spikes.  It will be assumed for 

pre-emergent use that application occurs as a blanket spray. When applied post emergence, 

application may be made provided the spray is directed only to the base of stems. The following 

runoff values for the standard receiving water body have been calculated: 

Application is assumed to bare ground but moist soil (Scenario 1) with the following step 1 

calculations based on the standard water body. 

Table V2.128: Diuron concentrations and risk quotients, Asparagus 

Slope 3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

 Sandy soil 1350 0.06 6.6 2.99 1.9 

 Loamy soil 1350 0.09 6.6 2.57 2.3 

 Sandy soil 1800 0.06 8.8 3.98 2.6 

 Loamy soil 1800 0.09 8.8 4.77 3.1 

The risk quotients indicate further mitigation/refinement is required. Asparagus appears a very 

localised industry. The likelihood of rain, along with the hydrology around the towns of Koo Wee 

Rup and Dalmore has been assessed using information provided by Victorian Water Resources, and 

several monitoring sites considered to establish river flow data for an in-stream analysis.  The 

runoff model predicts for loamy soils, 8.3 mm/d rain (1350 g ac/ha) and 7.3 mm/d (1800 g ac/ha) is 

the highest rainfall that will allow an acceptable risk from runoff.   

Based on 53.6 years of rain data, the probability of rain (P(rf)) in winter is calculated to be 53.0%. 

The probability of exceeding 8.3 mm/d and 7.3 mm/d (P(re)) in winter on days of positive rainfall is 

16.6% and 20.6% respectively with corresponding combined rainfall probabilities (P(com)) of 8.9% 

and 10.9% respectively.  While the lower rate does not trigger the P(com) 10% value, use at the 

http://asparagus.com.au/index.php/home/
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higher rate does and further refinement is needed. An in-stream analysis has been undertaken on 

this small area. 

The hydrology around the towns of Koo Wee Rup and Dalmore has been assessed using 

information provided by Victorian Water Resources, and several monitoring sites considered to 

establish river flow data for an in-stream analysis.  These sites generally have archived information 

relating to stream flow and do not appear to contain current measurements.  Several sites in the area 

do not have any data associated with them. 

Table V2.129: Stream flow monitoring gauge stations considered in the Asparagus Growing Region 

Site number Station name Date range 

228208/ Lang Lang River at Lang Lang 21/12/1974 to 10/12/1981 

228209 Lang Lang River at Hamiltons Bridge 15/8/1991 to 15/8/2001 

228225 Yallock Outfall at Cora Lynn 11/9/1991 to 11/9/2001 

228228 Cardinia Creek at Cardinia 19/7/1994 to 19/7/2004 

Because runoff is the focus, where river flows were <4.3 ML/d (~50 L/s), these were not considered 

to be based on runoff events and were omitted from the analysis.  The following analysis is 

performed for pre-emergent use (Scenario 1). 

Table V2.130: Stream flow percentiles, Asparagus Growing Region 

Station 

number 
n 

 

Flow rates (ML/d) for different percentiles 

(>4.3 ML/d) % in flow 90th 75th 25th 

228208/ 2422 95.1 504 156 10 

228209 3385 92.6 395 125 12 

228225 206 5.6 1290 672 71 

228228 3328 91.1 80 33 10 

Site 228225 was only in flow (>4.3 ML/d) for 5.6% of the time, however, this may be a regulated 

water way.  Other sites (Lang Lang River and Cardinia Creek) were flowing for the majority of the 

time (>90%). 

For the in-stream analysis, the maximum 1 in 1 year 24 h rainfall intensity (42 mm). is associated 

with the 90
th

 percentile river flow and half this value (21 mm) will be associated with the 75
th

 

percentile river flow. The rain value corresponding to a P(com) = 10% is calculated to be 7.6 mm, 

which will be compared to the normal (low) 25
th

 percentile stream flow rates. 

Using the Kd (17.4 L/kg), a 3% slope restriction, a maximum application rate of 1800 g ac/ha, and 

modelling on Scenario 1 (bare ground, high soil moisture), the model can be used to predict the 

minimum stream flow required for exposure concentrations to remain below levels of concern. The 

in-stream analysis will be performed based on the following stream conditions and corresponding 

flow percentiles: 

Table V2.131: Stream flow percentiles, Asparagus Growing Region 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 42 mm 90
th

 percentile 34 48 

Normal – high 21 mm 75
th

 percentile 18 30 

Normal – low 7.6 mm 25
th

 percentile <4.5 6 

There is a concern that the DSEWPaC runoff model will underestimate runoff in heavier soils.  This 

is possibly the case for the asparagus growing areas as soils could reasonably be heavier than 
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“loamy soils” from the model.  However, the very high organic carbon in this area will result in 

significant sorption of diuron.  Further, the slopes in the Koo Wee Rup regions are much lower than 

3%. The following MCAS diagram shows slopes in the Bunyip River catchment, with the red circle 

highlighting the Koo Wee Rup growing region.  In this figure, the grey region is for slopes of only 

1% or less. 

Figure V2.36: Slopes in the Bunyip River Catchment, Victoria. Black represents slopes >1%. 

 

From the range of scenarios, flow rate requirements are all below the respective flow conditions of 

the assessed waterways taken to be representative of the asparagus growing area. For example, the 

25
th

 percentile minimum flow rate requirement is 6 ML/d for loamy soils. The 25
th

 percentile flow 

rates for the four streams considered here range from 10 to 71 ML/d with corresponding risk 

quotients ranging from 0.6 to 0.08.  In this instance, the use area can be well characterised and there 

are considered to be sufficient data to perform the highest tier of refinement. Therefore, in line with 

the runoff risk assessment framework outlined in Figure V2.1, when all mitigation and refinement 

arguments have been considered for use in asparagus and risk quotients remain <1, application at 

1800 g ac/ha is acceptable.   

Asparagus is a localised industry with >90% of the national production occurring in a single, 

relatively small, region. Further, this region is shown to have soils high in organic matter (increased 

sorption of diuron) and with low slopes which allows increased certainty in modelling exposure. 

V2.18 Miscellaneous – Desert Channels (Bore drains) 

The APVMA received submissions from AgForce Queensland for the continued use of diuron for 

control of weeds, particularly prickly acacia, along bore drain channels and turkey nest dams.  As 

advised, bore drains are man-made features that were created in the 1900’s throughout Mitchell 

Grass Downs country to provide domestic and stock water.  Water from the Great Artesian Basin 

aquifers is distributed to stock through open channels that are usually 0.3-2 m wide and 0.1-0.4 

metres deep. A turkey’s nest dam is built with earth obtained outside the structure forming a 

circular wall which is filled from flowing or pumping bores. A bore drain is generally an open earth 

channel which carries water from a bore to a particular point such as a stock trough or turkey’s nest 

dam. 

Importantly, these features are not linked to natural water ways. APVMA is advised that application 

to the drains occurs during the Queensland dry season using the following application method: 

 Water is temporarily diverted away from the channels or dam for 24 hours prior to 

application; 

 Diuron is sprayed along a one metre strip of mud at a rate of 32000 g ac/ha; 
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 The artesian water source is slowly returned to the drain or turkeys nest; 

 Water must bypass house rainwater tanks and desirable trees for 7 days after reopening the 

drain. 

In addition, exposure to diuron from this use pattern is unlikely to be chronic.  DSEWPaC sought 

additional information from AgForce Queensland (the organisation submitting data to support 

continued use of diuron in bore drain channels) relating to the frequency of diuron application to 

bore drains for prickly acacia management.  Advice in this regard was the frequency of applying 

diuron to a bore drain for dense prickly acacia management would range from a once off treatment 

to no more than once in a three to five year period. 

The situation with diuron use in bore drains is not a runoff problem, so the method of assessment 

must differ to that for cropping situations used above. Relevant information on climatic conditions 

in the Mitchell Grass Downs have been provided by AgForce.  The Mitchell Grasslands is the only 

landlocked region of the tropical savannas and the driest.  Annual rainfall averages diminish from 

600 mm in the north the <400 mm in the south. The regions hottest temperatures occur pre-wet 

season but the slightly cooler, maximum January temperatures range between 36
o
C to 39

o
C when 

cloud cover and rain are most frequent.  As advised by AgForce in their submission, it is generally 

accepted that the Queensland wet season is from December to March (also referred to as the 

monsoon season). More than 80% of rain falls over the Mitchell grass plains between December 

and March, much of which is deposited by thunderstorms accompanying the monsoons or during 

the unstable, seasonal transition periods.  It appears from the AgForce submission that diuron 

application to bore drains will be outside this period, between April and November. This is 

important to note as most waterways in this inland region are ephemeral in nature, so would only be 

likely to flow during the “wet season”.  This further limits any likely exposure from bore drain 

application to natural waterways. 

Some data have been provided on monitoring in bore drains (Jeffrey, 1990).  Three field trials were 

conducted in the Richmond area of north-west Queensland.  The first two trials were considering 

efficacy so are not considered further here. In the third trial, diuron was applied at 32 kg ac/ha to 

three bore drains of differing flow rates. All drains were emptied prior to application from the bore-

head to a 10 km mark where water samples were taken to determine diuron residue levels. Samples 

were taken at 1, 3 and 7 days after flow was reintroduced to the drains at the medium and large flow 

drains and 1, 3, 7, 12 and 26 days at the lowest flow drain.  The concentration of diuron in the water 

of the three bore drains after treatment and re-opening of the drain were found as follows: 

Table V2.132: Diuron Detections in Bore Drains based on Flow Rates and Days after Re-opening (Jeffery, 1990) 

Days after re-

opening 

Diuron concentration (mg/L) 

High (1.3 ML/d) Medium (0.66 ML/d) Low (0.12 ML/d) 

1 15.3 10.00 10.1 

3 0.11 0.45 1.63 

7 0.02 0.10 0.85 

12 - - 0.23 

26 - - 0.06 

Flow rate was measured by V notch weir board at 10 km from the bore head. It is not clear what 

length of bore drain was treated. However, the water monitoring (particularly initially) would only 

have included water travelling through the treated segment, not diluted with water from untreated 

areas.  It is observed that the highest concentrations were associated with the lowest flow rates, 

which is expected due to lower dilution. 
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These results show the benefit of not re-opening drains too soon after application.  For the medium 

and high flow rate drains, residues were minimal after 7 days.  Most bores at the head of bore drains 

now flow at 0.01 to 6 ML/d (DERM, 2011). 

Acknowledging that bore drains do not drain to natural waterways, with the possible exception of 

very heavy rain (extreme weather event), DSEWPaC supports the ongoing use of diuron at 32 kg 

ac/ha for control of prickly acacia in bore drains and turkey dams with the following restraints: 

1. Application is not made between December and April; 

2. Application is not made if heavy rain is predicted within 3 days of application; 

3. No more than one application is made in one year; 

4. Drains should not be reopened for as long as possible following treatment. 

V2.19 Miscellaneous – Gladioli, Tulips, Daffodils, Lilium and Iris 

No information was provided in support of continued use on these flower crops.  Application rates 

are 1800 g ac/ha, although a lower rate of 1350 g ac/ha is also registered in Tasmania.  Label 

instructions are to apply after planting, but no later than 4 weeks prior to bulb emergence. 

Application should be in a high volume spray, to moist bare soil before weeds emerge.  This 

suggests use of Scenario 1 in the runoff model.  While the label instructions are to not use on light 

sandy or gravelly soils, or soils low in organic matter, there is no indication of the likely organic 

carbon content of soils where application will occur. For initial modelling purposes a value of 2% 

(Kd = 11.8 L/kg) will be assumed. The following step 1 calculations to the standard water body 

(loamy soils only) have been calculated based on a daily rainfall of 45 mm/d: 

Table V2.133: Diuron concentrations and risk quotients, Flower Crops 

Slope 3% Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) Risk quotient 

Loamy soil 1350 0.13 8.8 5.04 3.23 

 Loamy soil 1800 0.13 11.8 6.72 4.31 

Applying the runoff risk assessment framework, further mitigation is required.  However, given the 

lack of information supporting this use pattern, no further refinement can be made in terms of 

predicting likelihood of rain or obtaining representative stream flow data. Therefore, on the basis of 

the step 1 calculations it has to be concluded that the runoff risk for use in the above flower crops is 

unacceptable. 

V2.20 Miscellaneous – Industrial Uses 

Diuron product labels contain instructions for use in numerous non-crop situations. These include 

irrigation channels and drainage ditches, rights of way, commercial and industrial areas, small 

areas, non-crop areas and on one label driveways, paths, drains, ditches, lanes, fence lines, car 

parks, factory sites, tennis courts. 

Macspred Australia has provided a submission to the APVMA defending diuron use in industrial 

areas, specifically for their products Macspred Dymac G Granular Herbicide (50 g/kg formulation 

coformulated with hexazinone and bromacil; product number 45441) and Macspred Kromac 

Industrial Herbicide (400 g/kg formulation coformulated with bromacil; product number 47764).   
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Macspred Australia has provided information relating to areas of use from these products.  Both 

these products are registered for use at high rates of diuron, but equally, they are sold in relatively 

small packs (1 kg and 20 kg for product number 45441 and 10 kg for product 47764). This alone 

will limit the area of use for these products. 

Product number 45441: Macspred Dymac G is a granule formulation. It is currently registered for 

use in commercial and industrial areas, rights of way and around agricultural buildings.  Maximum 

label rates are 50 kg product/ha, which corresponds to a rate of 2.5 kg ac/ha. At the maximum rate, 

one 20 kg product container would be capable of treating a 0.4 ha area. 

Macspred Australia advises that traditional use is in outback rail areas where tough weeds exist and 

aquatic environments are lacking.  DSEWPaC has considered the arguments provided for this 

product and agrees that there are likely to be uses that will not pose an undue risk to the 

environment from runoff. However, the current situations on the label do not allow this conclusion 

to be drawn. 

Product number 47764: Macspred Kromac Industrial Herbicide is a granular product, but applied 

as a spray, for the control of annual and perennial weeds in industrial weed control situations.  

These situations may include non agricultural areas such as railways, pipelines, petroleum storage 

depots, timber yards, storage areas, industrial plant sites, fence lines, road sides, bridge abutments 

and power lines.  Use rates can be very high, but the use patterns indicate that application will be 

restricted, for example, as strip spraying where required, rather than large total area application. On 

a per hectare basis, for initial weed control over “large areas”, rates of active constituent range from 

1800 g ac/ha to 8800 g ac/ha.  At the highest rate, one container has the ability to treat 0.45 ha, 

while at the lower rate, up to 2.2 ha could be treated.   

Macspred Australia advises that traditional use is in outback and remote areas where tough weeds 

exist and aquatic environments are lacking. Other uses include airports where spot long term weed 

control is required in and around landing lights and other safety structures.  Further, many industrial 

areas would be restricting water flow outside their perimeter due to licensing conditions, for 

example, with State EPAs. 

While the highest application rate of 8800 g ac/ha is much higher than agricultural rates considered 

in this assessment, DSEWPaC agrees there is merit in the argument of limited areas of application 

in this case. For example, use around building perimeters, or down fence lines, will not result in a 

significant “whole hectare” treatment.  If, for example, even 10% of a hectare is treated, the overall 

rate corresponds to 880 g ac/ha, which is below some of the agricultural broadacre rates that have 

been assessed and deemed acceptable. 

This is an old label, and in order for continued use of this product there should be significant 

amendments to the application instructions. For example, instructions should make clear that the 

product is intended for strip application around the types of structures listed for industrial weed 

control. There should be clear instructions relating to the runoff risk posed by diuron, and measures 

taken to limit this. For example, make it clear on the product label that use is acceptable in 

industrial areas where water flow outside the perimeter is controlled.  Some suggested controls can 

include: 

1. Limit application to only hand held methods (knapsack, pressurised hand sprayer or watering 

can). The label currently has instructions for fixed boom sprayers for application to “large 

areas”, although the size of these areas is not indicated. 
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2. Restrict the situations currently appearing on the label. Where application occurs in industrial 

situations where State EPA licensing conditions restrict water leaving the site, such uses 

should be considered acceptable provided appropriate label statements are added.  

3. Some uses currently on the label such as application to bridge abutments could clearly lead to 

water contamination and should be removed.  Other examples where refinement of label 

instructions may be needed could be for power lines (potentially very broad and long 

application areas) and railways where steep sides may be found. 

4. Reconsideration of the application rates: Currently rates up to 22 kg product/ha, which 

equates to 8800 g ac/ha, and justification as to why these high rates are needed should be 

provided, or the rates lowered wherever possible. 

Based on the above considerations and currently registered use patterns, DSEWPaC has to conclude 

an unacceptable risk from use of these products.  Several suggestions have been made that may 

allow certain industrial uses to continue if labels are revised accordingly with appropriate 

instructions. 
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V2.21 Appendix 1: Runoff Model used for the Assessment 

V2.21.1 Current DSEWPaC model 

DSEWPaC has established an in-house model for undertaking screening level runoff exposure 

estimates. This model is described briefly below and further described in the APVMA AgMORAG 

(Volume 3, Part 7 – Environment; 

http://www.apvma.gov.au/morag_ag/vol_3/part_07_environment.php#gen26). 

An estimation of the amount of diuron in runoff water has been calculated using a sub-model of the 

REXTOX model proposed by the OECD (Probst et al., 2005), which has been adopted as a working 

model by DSEWPaC. The model considers rainfall and runoff water, topography of the land 

(slope), degradation of the pesticide, mobility of the pesticide and buffer zones. In addition to the 

REXTOX sub-model DSEWPaC considers heterogeneity of fields, interception and retention of the 

pesticide by crops/weeds and sediment transport of the pesticide. 

The model is based on the following equations: 

 “L%runoff = (Q/P) × Crsoil_surface ×f1slope × f2bufferzone × f3foliar_application x 

heterogeneity_factor x 100 + suspended_pesticide.  (1) 

Where L% runoff is the percentage of application dose available in runoff water as dissolved 

substance, RQ is the quantity of runoff water (mm/day) and P daily precipitation (mm/day). 

Currently DSEWPaC considers a rainfall event of 100 mm with 20 mm of runoff water in its worst 

case scenario. On a hectare basis, the assumption of 100 mm rainfall with 20% running off results 

in a runoff water volume of 200 m
3
 per hectare, or 200 000 L water. 

Topography especially slope is an important consideration in assessing runoff. The model predicts 

the effect of slope according to  

f1slope = 0.02153 × slope + 0.001423 × slope
2
 for slope <20%. Where slope ≥20%; f1 = 1. (2) 

In order to take into account the many topographical situations in which a pesticide may be applied, 

DSEWPaC generally considers the worst case for two scenarios. Most cropping is expected to be 

performed on gentler slopes ≤12.5% (7º) although some crops may be grown on steeper slopes 

>12.5% - <20% (>7º - <11º). Solving equation 2 results in a value of ≤0.5 for f1slope with a slope 

of 12.5% or less, and 1.0 for a slope of 20%. Therefore, with all other factors equalling 1, f1slope 

will range from 0.5 to 1.0, and results in a prediction of 10% applied chemical in runoff from a 

12.5% slope and 20% applied chemical in runoff from a 20% slope based on equation 1. For this 

exercise (initial modelling to standard water body), f1slope will be set at 0.5. 

The 10% of the applied pesticide in runoff water is likely to be high as this value assumes all areas 

contribute to runoff.  DSEWPaC estimates that <50% of an area effectively contributes to runoff in 

most realistic circumstances (based on Dunne and Black, 1970).  Accordingly, Equation 1 is 

multiplied by 0.5 to reflect the heterogeneity of real fields.  This correction lowers the initial 

estimated amount of chemical in runoff water to 5% as a first tier approach. 

The model is further refined by considering the fate of the pesticide.  The model assumes that in a 

worst case, the runoff event occurs three days after the application of the pesticide.  The mobility of 

the pesticide is also taken into account.  The fraction of the pesticide available for runoff is related 

by the equation: 
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Crsoilsurface = e
(-3 ln2/DT50)

 X (1/(1+Kd) for three days of degradation. (3) 

For pesticides applied to crops a portion is retained (Fret) by the crop and not available for runoff 

during the event. CAS estimates that ½ of the intercepted (Fint) pesticide is retained based on 

Linders et al., (2000 citing Willis et al., 1994). The value of f3foliar_application is equal to (1-Fret), 

where Fret = Fint × 0.5. For weeds and bare soil Fret = 0 and f3foliar_application is consequently =1. 

The value of suspended_pesticide = 0 for pesticides with water solubility ≥1 mg/L. Pesticides in 

solution is the major form of transportation, with only chemicals with a water solubility of <1 mg/L 

being transported primarily by sediment (Grover 1989). This is due to the volume of runoff water 

greatly outweighing the mass of sediment transported in a runoff event (ibid & Afyuni et al 1997). 

For this modelling exercise, due to pre-emergent use of diuron, no crop interception has been 

assumed. 

The concentration of pesticide in the worst case “edge of field” runoff water may be calculated by 

considering the amount runoff water and amount of pesticide on a hectare basis.  The following 

input values, as described for equation 1 above, are as follows: 

R = 20 mm 

L = 100 mm 

Crsoil_surface = 0.09 

f1slope = 0.5 

f2bufferzone = 1 (default value) 

f3foliar_application = 1 (bare ground, pre-emergent uses) 

heterogeneity factor = 0.5 

suspended pesticide = 0. 

V2.21.1.1 Limitations of the current DSEWPaC model 

The DSEWPaC model describes an approach and many of the corresponding formulae from OECD 

(2000).  However, as pointed out by Probst et al (2005), rainfall-induced surface runoff is the most 

important source for input of matter and pesticides from arable land and is often associated with 

biological effects in the stream.  The DSEWPaC model, by defaulting to a 100 mm rain event with 

20 mm runoff, does not allow an assessment of the change that levels of rainfall will have on 

rainfall induced surface runoff.  The OECD (2000) paper addresses this issue by calculating the 

runoff amount according to look-up tables described by Lutz (1984) and Maniak (1992).  Two soil 

types (sandy soil and loamy soil) are considered under three separate scenarios being: 

Scenario 1: bare soil with high soil moisture 

Scenario 2: bare soil with low soil moisture 

Scenario 3: covered soil with low soil moisture. 

An immediate uncertainty is that there are no runoff values derived for soils heavier in nature than 

loams. The model will always predict higher runoff from loamy soils compared to sandy soils, and 

it would be expected that runoff would be higher still from soils heavier than loams, such as clays.  

In the absence of this information, DSEWPaC is reliant on the two soil types here. The model has 

been validated compared to measured values and is considered acceptable. However, it is noted that 

it tends to underestimate rather than overestimate, and this could be due to runoff monitoring data 

generally being available for tropical/subtropical areas in Queensland, where soil types may be 

heavier than the loam based soil in the runoff model. 
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Based on the lookup tables provided in OECD (2000), Annex 2, the following calculations for 

estimating runoff amounts have been derived (by DSEWPaC, not by OECD, 2000) using 

polynomial curve fitting where P = the 24 hour rainfall (mm): 

Scenario 1: Bare soils, high soil moisture 

Sandy Soil RQ = -3E-5(P
3
) + 0.0075(P

2
) + 0.0511(P)-0.7234 

 

Loamy Soil  RQ = -4E-5(P
3
) + 0.009(P

2
) + 0.1398(P)-1.0094 
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Scenario 2: Bare soils, low soil moisture 

Sandy Soil RQ = -1E-5(P
3
) + 0.0045(P

2
) - 0.0143(P)-0.0682 

 

Loamy Soil  RQ = -2E-5(P
3
) + 0.0056(P

2
) + 0.0142(P)-0.142 
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Scenario 3: Covered soils, low soil moisture 

Sandy Soil  RQ = -6E-6(P
3
) + 0.0026(P

2
) - 0.0114(P)-0.0164 

 

Loamy Soil  RQ = -9E-6(P
3
) + 0.004(P

2
) + 0.0042(P)-0.0611 

 

 

Added Scenario 4: Covered soils, high soil moisture 

Unfortunately, no scenario exists for covered soil with high soil moisture.  This is a scenario 

expected to be encountered in diuron use situations in Australia, for example, post-emergence 

application during winter.  The following scenarios for sandy and loamy soils have been derived 

based on the ratio of RQ from the look up tables between bare dry and moist soils, and applying 

these ratios to the look up results for RQ from covered dry soils. 
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Sandy Soil  RQ = -2E-5(P
3
) + 0.0046(P

2
) + 0.0175(P)-0.3277 

 

Loamy Soil  RQ = -3E-5(P
3
) + 0.0067(P

2
) + 0.0771(P)-0.5624 

 

 

V2.21.2 Rain versus runoff concentrations 

The model predicts runoff concentrations at the edge of the field.  These can then be converted to a 

receiving water body concentration based initially on the DSEWPaC standard water body (1 ha, 15 

cm deep), or as an in-stream concentration.  The following graph shows the relationship between 

the edge of field concentration and rainfall (3% slope, loamy soil, scenario 2, 1000 g ac/ha). 
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With receiving water restricted to the standard water body, lower rainfall results in higher edge of 

field concentrations due to less dilution.  As rainfall increases, this edge of field concentration 

decreases. However, the initial receiving water concentration tends to remain at a similar level. This 

is due to the increased contribution of runoff waters to the receiving water body as rainfall 

increases. The model assumes a catchment of 10 ha to a 1 ha pond. 

The lack of difference in receiving water body concentration as rain increases is important.  It 

generally means (for the scenario being considered here), that once daily rain exceeds 20 mm, there 

is little change in the predicted concentration in the receiving water body.  Essentially, this would 

mean a drier region would still be predicted to have a similar risk to a wetter region where runoff is 

assumed to occur 3 days after application. 

The following graph shows how the DSEWPaC runoff model varies predictions in the standard 

receiving water body (1 ha surface area, 15 cm deep) based on changes in daily rainfall (1.5% OC, 

application rate of 1000 g ac/ha): 
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This demonstrates peak water concentrations based on runoff from loam soils occur over the range 

of around 30-40 mm per day, while for sandy soils, this peak occurs at around 50 mm per day.  

Where inadequate data exist, or a generic region needs to be considered due to a very wide 

geographical area, step 1 calculations will be performed assuming a maximum 1 in 1 year rainfall 

intensity of 45 mm in a day. 

This apparent inconsistency is refined in the assessment through additional consideration of aspects 

such as days of rain in a cropping area during the year that may result in runoff values of concern, 

and where practicable, an in-stream analysis for different regions using stream flow data from those 

regions. 

An extension to this model includes an in-stream analysis, which is discussed in Appendix 2. 

Concentrations in-stream will depend on the runoff values from the model (in turn, based on 

rainfall), and the flow rate of the stream/river being considered.  For this assessment, river flow 

rates are based on percentiles of flow rate, and corresponding runoff values based on different levels 

of rainfall depending on the percentile being considered. It is often therefore the case that higher 

rainfall and correspondingly higher stream flows result in lower in-stream concentrations even 

though the quantity of chemical modelled to move off-site is larger. 
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V2.22 Appendix 2: Runoff Risk Assessment Framework - Example 

This appendix provides a worked example for applying the runoff risk assessment framework, and 

further information on how the in-stream analysis is undertaken. 

Scenario 1, wet area 2, dry area 

Application rate g ac/ha 1800  450 

Example crops Tropical crops Winter cereals 

Application type Pre-emergent (blanket) Post-emergent (blanket) 

Application timing Winter/wet season Winter/wet season 

Scenario for modelling 1 (bare soils, moist) 1 (bare soils, moist) 

1 in 1 year 24 h rain intensity 100 mm/d 45 mm/d 

For illustrative purposes with both scenarios, a slope of 3% and soil organic carbon of 1.5% is used. 

Step 1: Concentrations and risk quotients in the standard water body (1 ha and 15 cm deep; 

catchment = 10 ha, fraction of land to which diuron applied is 0.5). The following is determined for 

loamy soils: 

Region Rate: L% 

Edge of Field 

(µg/L) Receiving water (µg/L) 

Risk 

quotient 

Region 1 1800 0.24 6.8 5.49 3.5 

Region 2 450 0.17 3.8 2.15 1.4 

With risk quotients exceeding 1, a higher level of refinement is required to see if the risk can be 

mitigated. In the case of Region 2, this can be limited to arguments based on the likelihood of rain if 

sufficient to lower the risk. 

Step 2: Likelihood of rain 

The first factor to consider is the maximum rain requirements, based on the DSEWPaC model, to 

generate runoff with diuron at sufficient levels in the standard water body that will result in a risk 

quotient exceeding 1.0.  In this worked example, the following results are found: 

Region Rate: 

Maximum rain 

(mm/d) 

Edge of Field 

(µg/L) 

Receiving water 

(µg/L) 

Risk 

quotient 

Region 1 1800 6.3 108 1.55 1.0 

Region 2 450 11.8 14.4 1.56 1.0 

The first thing to note is the much higher edge of field concentrations. This is due to the smaller 

volume of runoff water (significantly lower rainfall than the 1 in 1 year 24 h rainfall intensity), 

thereby limited dilution.  However, when distributed into the standard water body, the receiving 

water concentrations are much lower than from Step 1 due to the comparatively higher dilution in 

this water body. 

Having predicted the maximum allowable rain in a daily event, daily rainfall statistics from 

representative sites in the cropping region are considered for the likelihood of such a rain event 

being exceeded.  This is calculated as the combined rainfall probability value (see Appendix 5 for a 

full description of this value), and considers both the probability of rain falling in the diuron use 

period, and the probability of the maximum allowable rain falling on wet days. 
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For this worked example, Innisfail (QLD) will be used as a representative town for Region 1 and 

Hay (NSW) will be used as a representative town for Region 2.  The Bureau of Meteorology data 

for days of rain shows the following information for these two towns: 

Region P(rf) 
Maximum Rain 

(mm/d) 
P(re) P(com) 

Region 1 (Innisfail) 51.6% (wet season) 6.3 63.4% 32.7% 

Region 2 (Hay) 27.3% (winter) 11.8 7.3% 2.0% 

For Innisfail, rainfall of 6.3 mm during the wet season (taken as December to February for this 

analysis) equates to the 36.6
th

 percentile on the cumulative rainfall probability curve for wet days in 

this period.  Therefore, the chance of exceeding this value is 100-36.6 = 63.4%. The combined 

chance of exceeding the maximum allowable rainfall when also accounting for the actual chance of 

a wet day in the December to February period is 32.7%, which exceeds the 10% combined 

probability value.  Consequently, an in-stream analysis would be required in this case. 

For Hay, rainfall of 11.8 mm during the winter periods equates to the 92.7
th

 percentile on the 

cumulative rainfall probability curve for wet days. Therefore, the chance of exceeding this value is 

100-92.7 = 7.3%.  The combined chance of exceeding the maximum allowable rainfall when also 

accounting for the actual chance of a wet day in the winter months is 2.0%, which does not trigger 

the 10% combined probability value. Subject to all other risk mitigation arguments being 

considered and deemed acceptable, this result would allow a conclusion of acceptable risk from 

runoff and no further assessment would be required. 

Step 3: In-stream analysis 

An in-stream analysis can only be undertaken for regions that have stream flow monitoring data 

available.  There will be many instances where this is not possible, for example, localised cropping 

industries (horticultural crops) that may be grown over a diverse range of geographical and climatic 

region, but where the actual acreage in any one region is sufficiently small that no, or insufficient, 

stream flow monitoring data are available. 

Another situation may be where a particular use can occur over large acreage, but the range of 

geographic and climatic regions is sufficiently large that the assessment is not practicable. An 

example is use in pastures where rainfall patterns, slopes and soil types are highly diverse, so no 

one region can be considered representative. 

Modelling the in-stream concentrations 

Probst (2005) describes the extension of the runoff equation (1) above to simulate the in-stream 

concentration as follows: 

Pc = L%runoff X Pa X (1/(Qstream X ∆T)) where: 

PC = simulated mean pesticide in-stream concentration (µg/L); 

L% runoff = percentage of application dose available in runoff water as dissolved substance; 

Pa = amount of pesticides applied to the simulation area (µg) 

Qstream = peak stream flow during heavy rain events (L/s); 

∆T = duration of heavy rain event. 
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This equation is used in this assessment. An important consideration however, is the duration of a 

heavy rain event.  The rainfall used for the initial runoff modelling is a maximum 1 in 1 year 24 h 

rain event. Further, the stream discharge rates obtained for calculations are in terms of discharge in 

ML/day (converted to L/s).  While the maximum 24 h 1 in 1 year rain event has been used, it is not 

expected that the rain falls at a constant rate during the whole 24 hours.  As a standard assumption, 

it is going to be assumed that the intensity is actually much higher, and the peak rain event has a 

duration of 1 hour for purposes of mixing with in-stream flow rates to predict the in-stream 

concentration (that is, ∆T = 3600 seconds).  This assumption will be applied to all scenarios where 

in-stream analyses are performed.  Where possible, model validation has been performed using 

monitoring data and has been shown to correlate relatively well with these data. 

Further, while the initial runoff to the standard water body assumes a catchment of 10 ha with as 

assumption that 50% of the area contributes to runoff, the in-stream analysis assumes direct runoff 

from the treated area to the receiving stream, so the fraction of area treated is 1.0.  This fraction has 

been used in validation exercises and shown to provide good agreement with measured values. 

Stream flow rates have been obtained from the various State environment/water authorities.  The 

way these data are presented vary between States.  Where historic data have been obtained, flow 

rates for streams have been distributed.  However, where flow rates are very low or zero, these have 

not been included in the distribution, because the primary concern here is runoff which will not 

occur under no-flow conditions.   

Determining River Flow Rates for Assessment 

Wherever possible, stream flow data have been obtained as daily flow rates (ML/d) for the last full 

10 years of available data.  Where a full 10 years data are not available, the most recent available 

data have been used.  In the case of the full data set, this would provide 3652 measures of daily flow 

rate. 

Flow rates <4.3 ML/d were discarded from the data set.  The assessment is focussing on runoff.  A 

flow rate of 4.3 ML/d corresponds to a flow rate of 50 L/s.  While this value is somewhat arbitrary, 

a cut-off is required as it is inappropriate to include very limited to no-flow days in the data set as 

they are not run-off related.  Even at 4.3 ML/d, in-stream concentrations are expected to exceed 

those predicted for the standard receiving water body. 

Following collection of the stream flow data, the 90
th

, 75
th

 and 25
th

 percentile flow rates >4.3 ML/d 

were calculated. These were then associated with different rainfall conditions.  As highlighted 

earlier, lower levels of rainfall can produce higher predicted concentrations at both edge of field and 

in the standard receiving water body due to lower dilution. 

The US Geological Survey (USGS) applies in general, the following guidance for river flows: 

• a percentile greater than 75 is considered above normal 

• a percentile between 25 and 75 is considered normal 

• a percentile less than 25 is considered below normal 

(waterdata.usgs.gov/nd/nwis/?percentile_help)  

Below normal conditions were not considered here as it is assumed stream flow following rainfall 

events leading to runoff will be at least normal to above normal (with below normal flow conditions 

found following drier spells).   

http://waterdata.usgs.gov/nd/nwis/?percentile_help
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Table V2.134: Stream condition, Daily Rain and Corresponding Stream flow percentiles for use in In-Stream 

Analysis 

Stream Condition Daily rain Stream flow percentile 

   

Above normal Maximum 1 in 1 year 24 h rainfall intensity 90
th

 percentile 

Normal (high end) 50% of maximum 1 in 1 year 24 h rainfall intensity 75
th

 percentile 

Normal (low end) Rainfall value associated with P(com) = 10% 25
th

 percentile 

The model was then used to calculate minimum daily stream flow required to result in an acceptable 

risk quotient, that is, where the exposure level in the stream remained below the ecotoxicity 

threshold of 1.56 µg/L.  Consider for example, a cropping region with a maximum 1 in 1 year 

rainfall intensity of 60 mm/d, and a rainfall value of 10 mm/d that, when combined with the 

probability of rainfall occurring would result in P(com) = 10%.  With an application rate of 1000 

g/ha, a 3% slope and Kd of 9 L/kg, and modelling pre-emergent winter/wet season application 

(Scenario 1) the following minimum stream flow requirements would be needed: 

Table V2.135: Example of Stream flow percentiles and Calculation of Minimum Flow Rates (ML/d) 

Stream Condition Daily rain Stream flow percentile Minimum flow rate (ML/d) 

   Sandy soil Loamy soil 

Above normal 60 mm 90
th

 percentile 44 60 

Normal - high 30 mm 75
th

 percentile 26 39 

Normal - low 10 mm 25
th

 percentile <4.3 6 

These flow rates can then be readily compared to the distribution of flow rates from stream data to 

predict potential risks to specific streams in the region. 
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V2.23 Appendix 3: Relationship between Kd and % organic carbon 

 

V2.23.1 Time Dependence of Kd 

Some submissions considered the Kd value used in the first tier modelling too conservative, and 

several submissions made mention of further conservativeness through not considering the potential 

for diuron sorption to increase over time following application.   In this regard, the following 

comments relating to the Kd value used in runoff modelling is made: 

In the runoff model used for risk assessment the Kd value used of 9.75 (determined in soil in 

the laboratory) is clearly too small for estimating probabilistic risk over the full growing 

season. By taking a worst case of runoff three days after application when little degradation 

has occurred and then by using a low value for the Kd, two layers of precaution are included. 

The geometric mean Kd value for distribution from soil to water used of 9.75 in the model is 

one-third of the mean 2-day value of 26.5 found for four soil types (top 25 mm) (Simpson, 

2007). Further, it has been shown in extensive research (see Silburn and Kennedy, 2007), that 

increased values in Kd exceeding 150 are common after several weeks. This is a result of 

diuron penetrating with time more deeply into soil aggregates by diffusion and becoming less 

easily extractable in runoff. Adjustment for this factor alone could reduce this runoff risk by a 

factor of 10 as a time average. 

The argument for time dependence increase in Kd is considered in this section.  First though, some 

response is considered necessary on the above comment. Firstly, the geometric mean of 9.75 L/kg 

was based on definitive studies following standardised regulatory testing and assessment protocols.  

This is in no way unreasonable and follows the Risk Assessment Manual, Chapter 4, Data 

Evaluation (EHPC, 2009).  Secondly, the geometric mean is hardly a worst case, as illustrated in the 

following sections. Thirdly, the Kd values provided in submissions as argument for increasing the 

model Kd input do not relate to adsorption values, rather they are measure of desorption. While this 

is acknowledged in some of the papers themselves, the distinction has not been made by those 

submitting the arguments, and it is an important point discussed further below. 

V2.23.2 Current situation 

In the screening assessment, a single value for Kd was used in runoff modelling. This value was the 

geometric mean from the regulatory adsorption studies provided for the review and were as follows: 

Table V2.136:Regulatory Adsorption Kd (L/kg) Study Results Previously Assessed by DSEWPaC 

Soil Type %OC pH % Sand % Silt % Clay Kd Reference 

Loam 0.81 8.2 43.2 46 10.8 14.0 Bramble et al, 1998 

Silty clay loam 1.69 7.1 10 60 30 7.90 Bramble et al, 1998 

Silt loam 4.48 4.1 20 66 14 28.0 Bramble et al, 1998 

Sandy loam 0.64 6.6 60 33 7 2.9 Priester, 1990 

Sandy loam 1.22 6.5 61 21 18 5.1 Priester, 1990 

Silt loam 2.50 5.4 2 81 17 14 Priester, 1990 

Silt loam 2.73 4.3 11 78 11 13 Priester, 1990 

The geometric mean of these results was a Kd of 9.74 L/Kg.   

V2.23.3 Relationship between initial Kd and % organic carbon 

The above results show a strong correlation between Kd and %OC in the soil as shown in the 

following graph: 
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The geometric mean Kd of 9.74 L/Kg corresponds to a geometric mean %OC of 1.65. 

In addition to the definitive results above, two additional screening results were available in the 

regulatory data set which were not used in setting the initial Kd, but can be included here to further 

test the relationship between Kd and % OC.  These values are: 

Table V2.137:Regulatory Screening Test Adsorption Kd (L/kg) Study Results Previously Assessed by DSEWPaC 

Soil Type %OC pH % Sand % Silt % Clay Kd Reference 

Sand 0.29 6.7 91.2 4 4.8 1.68 Bramble et al, 1998 

Sandy clay loam 0.47 8 46 25.6 28.4 1.70 Bramble et al, 1998 

Including them in the overall relationship gives the following: 

 

Whilst not necessarily regulatory studies, this data set can be increased by considering reported Kd 

values in the literature (EPHC, 2009).  The following is not intended to be a full literature review of 

diuron Kd values, but it does help demonstrate the relationship between initial Kd and organic 

carbon: 
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Table V2.138: Adsorption Kd (L/kg) Results From Regulatory Studies and Some Literature Sources 

%OC Kd (L/Kg) Reference 

0.29 1.68 Bramble et al, 1998 

0.47 1.70 Bramble et al, 1998 

0.81 14.00 Bramble et al, 1998 

1.69 7.90 Bramble et al, 1998 

4.48 28.00 Bramble et al, 1998 

0.64 2.9 Priester, 1990 

1.22 5.1 Priester, 1990 

2.50 14 Priester, 1990 

2.73 13 Priester, 1990 

1.28 6.75 Alister and Kogan, 2010 

14.83 78 Burns et al (2008)* 

1.25 3 Burns et al (2008)* 

0.69 4 Burns et al (2008)* 

2.40 4 Burns et al (2008)* 

2.27 14 Burns et al (2008)* 

2.36 3 Burns et al (2008)* 

2.80 15 Burns et al (2008)* 

4.64 17 Burns et al (2008)* 

44.81 190 Burns et al (2008)* 

0.8 2.2 Dousset et al 2011 
* Literature results identified in the paper. Primary references not cited here. 

The relationship is shown as follows: 

 

These data, supplemented by literature results, strongly support the high correlation between diuron 

sorption and %OC.  While there is a very high correlation when using the regulatory studies 

supplemented with literature data, the regression equation determined from analysis of supplied 

regulatory test data will be used to determine the initial Kd used in runoff modelling. This is 

because full test details are available to DSEWPaC here, while they are not readily available from 

the literature results.  The following table gives an indication of Kd values for different organic 

carbon levels: 
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Table V2.139: Calculated Kd (L/kg) based on regression equation from regulatory studies, Kd against %OC 

 

% organic carbon Kd (L/Kg) 

1.0 6.2 

1.5 9.0 

2.0 11.8 

2.5 14.4 

 

V2.23.4 Data demonstrating time dependence of Kd 

Kennedy et al (2011) provide argument from two references (Simpson, 2007 and Silburn and 

Kennedy, 2007) to support their argument for increasing Kd with residence time in the field. These 

studies, along with other references on this topic are discussed in detail in Volume 3. 

It is DSEWPaC’s view that the data provided in literature papers for this assessment to support use 

of a higher Kd do not provide a measure of adsorption Kd. They tended to be a reflection of a 

desorption Kd, which is somewhat different and would be expected to be higher than the adsorption 

Kd.  While such a property could theoretically be used in model development, it would result in a 

different set of runoff equations to those in the OECD model and are therefore not considered 

applicable to use in the current model.  Specific conclusions relating to the mobility findings in the 

individual papers are discussed in Volume 3. 
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Appendix 4 - Maximum 24 h rainfall (mm/h) for Towns In Various 

Agricultural Regions 

Region 36 – Western Wheat belt 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Bruce Rock -31.87861 118.14722 1.19 1.59 2.14 

Carnamah -29.68889 115.87861 1.40 1.85 2.44 

Coorow -29.88167 116.01722 1.36 1.79 2.38 

Corrigin -32.33028 117.87250 1.23 1.63 2.15 

Cunderdin -31.65167 117.23833 1.23 1.63 2.15 

Dalwallinu -30.27833 116.65139 1.22 1.63 2.21 

Dowerin -31.19444 117.03000 1.23 1.63 2.16 

Dumbleyung -33.31389 117.73722 1.27 1.67 2.15 

Esperance -33.86139 121.88944 1.40 1.86 2.49 

Geraldton -28.77500 114.61000 1.87 2.41 3.10 

Gnowangerup -33.93833 118.00500 1.25 1.65 2.16 

Goomalling -31.30028 116.82556 1.25 1.66 2.19 

Greenough -28.93333 114.73333 1.84 2.37 3.02 

Irwin -29.21889 115.08306 1.75 2.27 2.88 

Jerramungup -33.94055 118.94056 1.40 1.83 2.36 

Kellerberrin -31.63555 117.71722 1.16 1.54 2.09 

Kondinin -32.49611 118.26611 1.16 1.54 2.08 

Koorda -30.82500 117.47639 1.15 1.54 2.12 

Kulin -32.66944 118.15417 1.18 1.56 2.09 

Lake Grace -32.91444 118.44583 1.19 1.58 2.11 

Merredin -31.48333 118.27917 1.19 1.60 2.19 

Mingenew -21.19555 115.43944 2.03 2.91 5.06 

Morawa -21.22917 116.18417 2.06 2.92 4.92 

Mukinbudin -30.91694 118.20222 1.10 1.50 2.13 

Mullewa -28.53917 115.50806 1.36 1.80 2.46 

Narembeen -32.06667 118.39333 1.23 1.63 2.17 

Northampton -28.35000 114.63167 1.68 2.17 2.82 

Nungarin -31.18639 118.10056 1.12 1.52 2.14 

Perenjori -29.43816 116.47389 1.28 1.70 2.31 

Quairading -32.00944 117.39889 1.30 1.70 2.21 

Ravensthorpe -33.45028 119.69333 1.32 1.74 2.30 

Tammin -31.64361 117.48556 1.19 1.58 2.11 

Three Springs -29.53444 115.75778 1.45 1.91 2.51 

Trayning -31.11639 117.79278 1.11 1.51 2.11 

Westonia -31.29944 118.69472 1.18 1.60 2.22 

Wickepin -32.78250 117.50139 1.31 1.73 2.22 

Wongan – Ballidu -30.59444 116.76833 1.21 1.61 2.18 

Wyalkatchem -31.18083 117.37972 1.15 1.53 2.08 

Yilgarn -31.73417 119.24667 1.23 1.65 2.26 
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Region 37 – South West 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Albany -35.02167 117.87528 1.84 2.41 3.13 

Beverley -32.10917 116.92889 1.44 1.87 2.36 

Boddington -32.80194 116.47028 1.82 2.32 2.80 

Boyup Brook -33.83278 116.38389 1.65 2.10 2.55 

Brookton -32.36917 117.00889 1.43 1.86 2.35 

Broomehill -33.84722 117.63722 1.28 1.68 2.18 

Chittering -31.46667 116.10000 2.13 2.70 3.26 

Collie -33.36306 116.15722 2.23 2.80 3.26 

Cranbrook -34.29611 117.54778 1.36 1.79 2.31 

Cuballing -32.81972 117.17667 1.43 1.86 2.34 

Dandaragan -30.64917 115.70000 1.64 2.11 2.63 

Denmark -34.95722 117.34556 1.95 2.51 3.15 

Gingin -31.34111 115.90194 1.95 2.49 3.03 

Katanning -33.69111 117.55444 1.29 1.70 2.18 

Kojonup -33.83333 117.15000 1.41 1.83 2.29 

Moora -30.63667 115.99389 1.42 1.85 2.39 

Narrogin -32.93389 117.17556 1.43 1.86 2.34 

Northam -31.65500 116.66694 1.45 1.88 2.39 

Pingelly -32.53305 117.08056 1.43 1.85 2.35 

Tambellup -34.04139 117.63944 1.30 1.71 2.23 

Toodyay -31.55055 116.46361 1.57 2.04 2.56 

Wagin -33.30972 117.34222 1.31 1.72 2.21 

Wandering -32.67972 116.66889 1.63 2.09 2.54 

Williams -33.02917 116.87139 1.57 2.02 2.48 

Woodanilling -33.56500 117.42889 1.30 1.71 2.19 

York -31.88833 116.77222 1.49 1.93 2.42 

 

Region 41 – Mallee/Murray and Central North South Australia 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Balranald -34.64194 143.56167 1.39 1.83 2.50 

Barmera -34.23587 140.48432 1.19 1.57 2.16 

Berri -34.28722 140.59944 1.20 1.58 2.17 

Birchip (Vic) -35.98750 142.91028 1.37 1.79 2.40 

Blyth -33.83534 138.50509 1.35 1.77 2.35 

Bute -33.86944 138.01111 1.20 1.61 2.20 

Carrieton -32.41875 138.56070 1.36 1.81 2.50 

Clare -33.81651 138.64336 1.65 2.12 2.67 

Cleve -33.70444 136.49194 1.25 1.64 2.19 

Clinton -34.23333 137.91667 1.15 1.54 2.09 

Coonalpyn -35.69666 139.84860 1.27 1.65 2.11 

Crystal Brook -33.33981 138.22126 1.35 1.81 2.52 

Dimboola (Vic) -36.45917 142.02667 1.43 1.85 2.39 

Elliston -33.65014 134.92653 1.26 1.67 2.18 

Georgetown -33.36250 138.39444 1.36 1.80 2.46 

Gladstone -33.27222 138.35500 1.33 1.78 2.48 

Hallett -33.41278 138.89250 1.39 1.81 2.37 
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Town Lat Long Average recurrence interval 

Jamestown -33.19741 138.61706 1.40 1.84 2.48 

Kaniva (Vic) -36.37778 141.23861 1.37 1.78 2.33 

Karoonda -35.09453 139.92774 1.20 1.56 2.04 

Kimba -33.14055 136.41972 1.15 1.54 2.11 

Lameroo -35.30816 140.54291 1.20 1.57 2.09 

Laura -33.18611 138.30000 1.35 1.80 2.50 

Lowan Vale -36.18333 140.66667 1.31 1.73 2.25 

Loxton -34.45555 140.57194 1.18 1.55 2.12 

Mallala -34.41883 138.53112 1.20 1.60 2.14 

Mannum -34.91972 139.30222 1.14 1.51 2.04 

Meningie -35.69194 139.33583 1.29 1.66 2.10 

Mildura (Vic) -34.18444 142.16056 1.30 1.72 2.39 

Minlaton -34.77194 137.59389 1.22 1.60 2.13 

Morgan -34.03833 139.67111 1.12 1.49 2.05 

Mount Pleasant -34.78333 139.03333 1.76 2.26 2.82 

Murray Bridge -35.11944 139.27361 1.13 1.50 2.01 

Orroroo -32.73958 138.63510 1.34 1.79 2.48 

Peake -35.36826 139.97635 1.22 1.60 2.08 

Peterborough -32.97805 138.84028 1.29 1.68 2.25 

Pinnaroo -35.25639 140.89833 1.19 1.57 2.13 

Port Broughton -33.60139 137.93000 1.18 1.59 2.19 

Port Pirie -33.18750 138.00167 1.22 1.64 2.28 

Redhill -33.53750 138.22250 1.25 1.67 2.31 

Renmark -34.17194 140.74889 1.20 1.59 2.20 

Robe -37.16960 139.75718 1.44 1.85 2.24 

Robertstown -33.99111 139.07889 1.23 1.62 2.18 

Snowtown -33.78500 138.21250 1.22 1.63 2.24 

Spalding -33.50167 138.60778 1.36 1.78 2.35 

Strathalbyn -35.26083 138.88861 1.44 1.87 2.37 

Streaky Bay -32.80056 134.21111 1.21 1.60 2.15 

Swan Hill (Vic) -35.33805 143.55472 1.37 1.80 2.44 

Truro -34.41028 139.12639 1.36 1.78 2.34 

Tumby Bay -34.37667 136.10139 1.18 1.56 2.09 

Waikerie -34.18444 139.98806 1.18 1.56 2.12 

Wallaroo -33.93389 137.62694 1.19 1.58 2.15 

Walpeup (Vic) -35.13444 142.02250 1.28 1.69 2.30 

Warooka -34.99167 137.39639 1.22 1.62 2.13 

Wycheproof (Vic) -36.07889 143.22528 1.41 1.84 2.45 

Yorke Valley -34.46667 137.66667 1.23 1.64 2.17 

Yorketown -35.01667 137.61667 1.17 1.57 2.09 

 

Region 42 – Southern Coastal South Australia 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Angaston -34.50222 139.04500 1.54 1.99 2.51 

Barossa -34.65000 138.83333 1.60 2.06 2.58 

Dudley Park -34.87802 138.57835 1.48 1.94 2.49 

Gawler -34.60536 138.74288 1.33 1.74 2.29 

Gumeracha -34.82667 138.88194 2.00 2.56 3.15 
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Town Lat Long Average recurrence interval 

Happy Valley -35.07398 138.56989 1.68 2.18 2.78 

Kapunda -34.34306 138.91167 1.38 1.81 2.35 

Kingscote -35.65750 137.63694 1.32 1.74 2.25 

Light -34.53333 138.43333 1.19 1.58 2.13 

Mount Barker -35.06762 138.85119 1.84 2.36 2.90 

Noarlunga -35.18333 138.50000 1.46 1.91 2.50 

Port Elliot -35.52863 138.68003 1.33 1.75 2.25 

Goolwa -35.50472 138.78278 1.28 1.66 2.15 

Port Lincoln -34.72667 135.85528 1.31 1.71 2.20 

Riverton -34.15861 138.74556 1.41 1.84 2.41 

Saddleworth -34.08611 138.78222 1.36 1.79 2.35 

Tanunda -34.52333 138.95972 1.50 1.94 2.47 

Victor Harbor -35.55472 138.62139 1.40 1.82 2.33 

Willunga -35.27694 138.55306 1.54 2.03 2.67 

Yankalilla -35.45917 138.34833 1.56 2.03 2.59 

 

Region 7 – Central and South West Slopes and Plains 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Albury -36.08611 146.91333 1.91 2.44 3.05 

Ararat -37.28555 142.92278 1.62 2.12 2.77 

Avoca (Vic) -37.09000 143.47250 1.71 2.23 2.91 

Ballarat -37.56639 143.85333 1.84 2.41 3.16 

Ballan -37.60250 144.22500 1.90 2.49 3.27 

Bannockburn -38.04833 144.17111 1.57 2.03 2.61 

Beechworth -36.36139 146.68611 2.21 2.81 3.45 

Benalla -36.55778 145.97694 1.85 2.37 2.98 

Bendigo -36.75917 144.27889 1.74 2.24 2.87 

Berrigan -35.65805 145.80861 1.55 2.01 2.61 

Bet Bet -36.92861 143.77654 1.60 2.07 2.68 

Bland -33.99139 147.70167 1.86 2.37 2.96 

Bogan Hill -33.04386 147.76046 1.86 2.41 3.12 

Bungaree -37.56667 143.98333 1.84 2.43 3.23 

Buninyong -37.65194 143.88083 1.80 2.35 3.09 

Camperdown (Vic) -38.23167 143.14722 1.47 1.90 2.43 

Carrathool -34.40694 145.43139 1.52 1.98 2.64 

Chiltern -36.14583 146.61000 1.89 2.41 2.98 

Cobram -35.92139 145.64750 1.56 2.03 2.64 

Conargo -35.30250 145.17861 1.48 1.93 2.55 

Coolah -31.82444 149.71861 2.31 3.01 3.90 

Coolamon -34.81639 147.20000 1.73 2.23 2.80 

Coonabarabran -31.28134 149.27664 2.87 3.82 5.23 

Cootamundra -34.64305 148.02667 1.91 2.43 2.98 

Corowa -36.00000 146.38333 1.65 2.14 2.76 

Cowra -33.83474 148.68987 2.02 2.56 3.16 

Creswick -37.42667 143.89139 1.92 2.51 3.25 

Dubbo -32.25424 148.60778 2.09 2.72 3.51 

Dundas -33.80404 151.03510 3.76 4.90 6.50 

Eaglehawk -36.71778 144.24889 1.67 2.17 2.81 
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Town Lat Long Average recurrence interval 

Echuca -36.12750 144.74861 1.48 1.94 2.59 

Forbes -33.38701 148.00335 1.92 2.47 3.13 

Gilgandra -31.71254 148.65958 2.23 2.90 3.75 

Goulburn -34.75472 149.71778 2.18 2.80 3.56 

Grenville -37.79222 143.87667 1.66 2.18 2.89 

Griffith -34.28944 146.04750 1.57 2.04 2.67 

Hampden Hill -32.77021 149.48640 2.31 2.94 3.58 

Harden -34.55306 148.35778 1.89 2.42 2.98 

Huntly -36.67750 144.32056 1.60 2.08 2.72 

Jerilderie -35.36000 145.72694 1.53 1.99 2.58 

Junee -34.87139 147.58389 1.87 2.38 2.94 

Kyabram -36.31444 145.04444 1.52 1.99 2.64 

Lachlan -33.67923 145.83718 1.59 2.08 2.74 

Leeton -34.54889 146.40083 1.58 2.05 2.66 

Lexton -37.27611 143.51528 1.75 2.26 2.91 

Lockhart -35.22250 146.71778 1.65 2.13 2.71 

Loddon Vale -36.00000 143.95000 1.36 1.79 2.46 

Marong (NSW) -33.88765 146.13158 1.60 2.09 2.73 

Maryborough -37.04750 143.73528 1.61 2.08 2.70 

Mortlake (NSW) -33.84370 151.10556 3.87 5.04 6.66 

Narrandera -34.74556 146.54972 1.60 2.06 2.67 

Narromine -32.23702 148.24112 2.04 2.66 3.45 

Nathalia -36.06083 145.20361 1.52 1.99 2.63 

Numurkah -36.09222 145.44194 1.56 2.02 2.66 

Parkes -33.13222 148.15166 1.96 2.52 3.21 

Rochester -36.36361 144.69778 1.52 1.99 2.63 

Rutherglen -36.05000 146.46667 1.76 2.26 2.86 

Sebastopol (NSW) -34.54972 147.51055 1.78 2.27 2.86 

Shepparton -36.38222 145.39694 1.63 2.12 2.74 

Talbot -37.17194 143.69861 1.65 2.15 2.78 

Temora -34.44528 147.53333 1.78 2.28 2.86 

Tungamah -36.16444 145.87694 1.62 2.10 2.70 

Urana -35.32861 146.26528 1.59 2.05 2.64 

Wagga Wagga -35.11667 147.36667 1.88 2.39 2.94 

Wangaratta -36.35528 146.32611 1.84 2.36 2.95 

Wannon -37.66861 141.83750 1.49 1.93 2.41 

Wellington -32.55782 148.94550 2.14 2.75 3.50 

Wodonga -36.14167 146.88889 2.01 2.56 3.21 

Yackandandah -36.31444 146.83667 2.40 3.05 3.71 

Yarrawonga -36.01139 146.00361 1.57 2.05 2.66 

Young -34.31305 148.29555 1.90 2.43 3.00 

 

These results show a very major increase in the max 24 h IFD at locations east of 150
o
.  These 

locations are at the top NE end of region 7 and constitute a very small portion of this whole region.  

For cereal growing, they have not been included in the distribution for Region 7, and are possibly 

more in line with the lower portion of Region 15 for rainfall. 
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Region 8 – South Riverina and Wimmera 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Beachport -37.48306 140.01278 1.49 1.90 2.32 

Charlton (Vic) -36.27167 143.34944 1.49 1.94 2.56 

Cohuna -35.81139 144.21667 1.40 1.84 2.49 

Deniliquin -35.53305 144.96472 1.48 1.93 2.56 

Donald -36.37055 142.98139 1.45 1.89 2.49 

Dunmunkle -36.45667 142.73028 1.44 1.88 2.49 

Glenelg -34.98074 138.51382 1.50 1.97 2.53 

Gordon (Vic) -37.60250 144.10194 1.81 2.38 3.17 

Hay -34.51405 144.84544 1.48 1.93 2.60 

Horsham (Vic) -36.71500 142.19861 1.43 1.87 2.47 

Kerang -35.73444 143.91611 1.39 1.82 2.46 

Korong -36.35750 143.70500 1.51 1.97 2.62 

Lucindale -36.97444 140.36583 1.47 1.88 2.30 

Millicent -37.59444 140.34611 1.56 2.00 2.41 

Naracoorte -36.95528 140.73750 1.47 1.88 2.32 

Penola -37.38333 140.83333 1.52 1.95 2.40 

Port Macdonnell -38.05472 140.69806 1.55 1.97 2.37 

St Arnaud -36.61583 143.25583 1.62 2.11 2.76 

Stawell -37.05722 142.77806 1.53 2.00 2.63 

Wakool -35.46694 144.39000 1.44 1.88 2.52 

Warracknabeal -36.25305 142.39444 1.38 1.81 2.40 

 

Region 15 – Western Downs and North West Slopes and Plains 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Chinchilla -26.74165 150.62556 2.60 3.37 4.32 

Coonamble -30.95667 148.38944 2.12 2.76 3.61 

Goondiwindi -28.55199 150.30145 2.47 3.20 4.12 

Gunnedah -30.98028 150.25500 2.25 2.97 3.99 

Moree -29.46528 149.84444 2.50 3.28 4.32 

Narrabri -30.32694 149.78333 2.42 3.20 4.28 

Quirindi -31.50861 150.67639 2.33 3.03 3.89 

Tara (QLD) -27.27805 150.45983 2.48 3.23 4.17 

Walgett -30.02389 148.11750 2.04 2. 

70 

3.68 

Warren (NSW) -31.69552 147.83410 2.01 2.63 3.47 

Yallaroi -29.11556 150.48055 2.54 3.28 4.19 

 

Region 20 – Dawson/Callide 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Bauhinia -24.64888 149.29000 2.94 3.86 5.11 

Bendemeer (NSW) -30.88556 151.15167 2.34 2.99 3.73 

Duaringa -23.71665 149.66667 3.11 4.05 5.35 

Emerald -23.47603 148.15003 2.96 3.87 5.10 

Roma -26.44202 148.39585 2.46 3.21 4.24 

Taroom -25.64249 149.79584 2.82 3.65 4.71 
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Region 22 – Central Highlands, Queensland 

Town Lat Long Average recurrence interval 

   1 yr 2 yr 5 yr 

Peak Downs -22.26216 148.17737 2.99 3.93 5.25 

 



166  

V2.24 Appendix 5:  Rainfall Combined Probability Value 

DSEWPaC has previously accepted that algae/aquatic plants will recover following an exposure to 

diuron.  However, data were lacking on the potential for continuing pulse exposure to adversely 

impact aquatic floral communities.  Since the last report, data have been provided showing that a 

second pulse exposure of diuron should not lead to increased adverse effects (see Volume 3, Section 

V3.3.1). Despite this, there remains little understanding of how long term (several weeks) 

continuous exposure may impact aquatic plant communities.   

The DSEWPaC runoff model assumes a runoff event three days after application.  This assumption 

applies whether application occurs in a dry region of the country, or a wet region.  However, the 

extension of the runoff model allows much greater flexibility in input parameters.  To aid in this 

assessment, DSEWPaC has incorporated a rainfall combined probability value.  This takes account 

of two aspects: 

1. Likelihood rain will actually fall on a day.  To determine this, Bureau of Meteorology 

(BoM) data for representative weather stations have been interrogated.  The station closes to 

a particular town of interest where at least 25 years data were preferable for this particular 

assessment, but if fewer years only were available, they were relied on.  The data were 

grouped by seasons. While northern parts of Australia experience a wet and dry season 

rather than summer, autumn, winter and spring, the groupings by months still allowed these 

results to be used in the assessment.  From the seasonal data, a probability of rain falling in 

each season was determined simply as a comparison of the number of days with positive 

rainfall over the total number of days where data were available for that season.  Essentially, 

the lower the number of days of rain in a season/region, the lower the rain likelihood value 

will be. 

2. The second probability value is based on the amount of rain that falls on days of positive 

rainfall. This value (percentile) is determined from the cumulative probability curve of 

positive rain values for the particular town/weather station being assessed. 

These two independent probability values are combined to given a final probability value by which 

to assess the likelihood of rain.  While this value combines both discrete and continuous variables, it 

is considered a fair measure of the chance of unacceptable risk from runoff across regions.  If, for 

example, a particular area has a lower percentage of days of rain in a diuron use season, then the 

potential for subsequent runoff periods is diminished. This is not to say follow up runoff events will 

not happen, rather, their probability of happening is lessened.  This in turn allows a higher rainfall 

value (higher percentile on the cumulative probability curve) to be used in the rainfall combined 

probability value. 

Similarly, runoff event are dictated by the amount of rain.  It is possible for regions to have a high 

probability of a rainy day, but the actual amount of rain that may fall on such a day can be vastly 

different.  The methodology outlined here takes account of that factor.  A region with lower rainfall 

on rainy days will allow use of a higher probability of rainfall occurring on any given day within the 

rainfall combined probability value. 

This concept is not unprecedented. For example, in estimating precipitation probability values the 

US EPA takes account of both the probability of precipitation amount and the probability of a 

precipitation event as part of their wider methodology for stormwater BMP design (Clar et al, 

2004). 
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Calculation of the combined rainfall probability value 

For this assessment, the following terminology is used: 

P(com) = rainfall combined probability value; 

P(rf) = Probability of positive rainfall; 

P(re) = Probability of rain exceeding a particular value; 

P(rv) = Probability of a particular rainfall value (percentile of positive rainfall distribution) 

P(com) is the combined probability of P(rf) and P(re).  P(re) in turn needs to be calculated from 

P(rv).  Because this is centred around the probability of a particular rain value exceeding an 

allowable level, P(re) = 1 – P(rv). 

Therefore: 

P(com) = P(rf) X P(re) = P(rf) X (1-P(rv)) 

For this assessment, a P(com) trigger value of 10% is used, that is, P(com) ≥10% will result in a 

presumption of risk and further refinement is required. See Section V2.1.4 for further discussion. 

How P(re) is calculated: 

P(re) is calculated as a function of the maximum allowable rainfall. This value will not have 

changed from the previous assessment and it is the maximum rainfall (mm/d) predicted by the 

model that will still result in an acceptable RQ in the standard receiving water body.  This value is 

then compared to the distribution of positive rain values for a particular town, and the chance of this 

level being exceeded is calculated (using Excel). This value is in terms of a percentile ( = P(rv) 

from above equation). 

For example, consider the following two towns (one “wet” and one “dry”) where the model predicts 

a maximum allowable rainfall of 12 mm to still result in an acceptable risk quotient in the standard 

water body. The combined probability value is used to determine the overall probability of a rain 

event this size occurring.  As two examples, a town in a wet tropical area (Innisfail, QLD) and a 

town in a southern winter cereal growing district (Hay in NSW) are considered. 

The following two cumulative probability density curves show probability of rain amount (wet days 

only) for these two towns up to the cut off value of 12 mm/d for the diuron use period (winter in 

Hay; December to February in Innisfail): 
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Hay has the bulk of its rain in winter, and the likelihood of rain in these months (P(rf)) = 27.3%. 

Innisfail, in the QLD Wet Tropics, has a likelihood of rain in the December to February wet season 

of 51.6% on any given day.  

The percentile value for 12 mm/d on wet days in the seasons being considered, (P(rv)), is 0.93 for 

Hay and 0.51 for Innisfail.  Therefore, the percent chance of 12 mm/d being exceeded for both these 

towns is P(re) = 1-P(rv) = 0.07 for Hay and 0.49 for Innisfail. 

The P(com) is calculated as follows: 

Hay Innisfail 

P(com)  = P(rf) X P(re) P(com)  = P(rf) X P(re) 

  = 0.273 X 0.07   = 0.516 X 0.49 

  = 0.019 (1.9%)   = 0.25 (25%) 

In this case, the 10% trigger value of P(com) would not be triggered from Hay, but would be 

triggered for Innisfail. 

Calculating P(rv) for use in in-stream analysis 

When undertaking an in-stream analysis, a rainfall value is required to associate with the normal, 

low end 25
th

 percentile stream flow rates.  This value will be determined through the 10% trigger 

value (P(com), or the combined probability value) to calculate P(re), which will then be used in turn 

to calculate the percentile rainfall value (P(rv)) obtained from the distribution of positive rain values 

for the specific towns. 

For example, consider Tenterfield (summer rainfall).  The summer P(rf) = 31.1%, and P(com) will 

be 10% (trigger value).  Therefore: 

P(com) = P(rf) X P(re) 

P(re) = P(com)/P(rf) 

P(re) = 10/31.1 = 0.32 

P(rv) = 1 – P(re) = 0.68 
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Therefore, the rainfall value for use in the runoff model, which will be associated with 25
th

 

percentile river flow rates, is that corresponding to the 68
th

 percentile value of the distribution of 

positive rainfall values. 

P(rf) values 

The probability of rainfall by season is provided below for different towns considered in this 

assessment. This value is fixed based on the historic data.  However, the probability of exceeding a 

particular rainfall value will differ depending on the use situation being assessed. The following 

table provides the 90
th

 percentile rainfall values for positive rainfall for information only. 

The range of rain likelihood values (probability of a wet day in the season being considered) 

derived for this assessment are provided in the following table. Regions and identifiers for the 

towns are provided within the risk assessment itself for cross referencing purposes. 

Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

Winter cereals growing areas    

36 Mingenew  Summer 5.4 15.2 

   Autumn 15.4 5.1 

   Winter 36.2 16.4 

   Spring 16.1 10.0 

36 Jerramungup  Summer 13.8 15.0 

   Autumn 22.1 14.0 

   Winter 38.6 10.0 

   Spring 25.7 11.4 

36 Geraldton  Summer 6.7 8.5 

   Autumn 20.7 15.2 

   Winter 46.3 15.0 

   Spring 23.3 7.4 

36 Esperance  Summer 20.2 10.1 

   Autumn 35.4 11.0 

   Winter 54.9 13.4 

   Spring 39.2 10.4 

37 Moora  Summer 7.0 14.8 

   Autumn 19.3 14.6 

   Winter 44.7 14.0 

   Spring 23.1 8.9 

37 Cranbrook  Summer 12.0 11.6 

   Autumn 27.3 8.9 

   Winter 51.1 11.7 

   Spring 33.0 10.0 

37 Albany  Summer 27.9 7.6 

   Autumn 47.2 7.1 

   Winter 68.3 16.3 

   Spring 51.8 12.4 

37 Dandaragan  Summer 6.8 13.0 

   Autumn 19.7 18.9 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

   Winter 45.3 20.0 

   Spring 24.4 12.7 

41 Carrieton  Summer 9.8 20.8 

   Autumn 13.4 13.5 

   Winter 27.5 10.2 

   Spring 17.0 12.7 

41 Robe  Summer 20.6 9.3 

   Autumn 39.4 10.4 

   Winter 64.9 11.9 

   Spring 43.0 8.6 

41 Balranald  Summer 10.6 20.5 

   Autumn 14.8 15.5 

   Winter 25.5 9.0 

   Spring 18.7 13.2 

41 Streaky Bay  Summer 11.5 9.8 

   Autumn 25.2 9.1 

   Winter 48.3 10.2 

   Spring 26.9 8.0 

42 Saddleworth  Summer 14.5 14.8 

   Autumn 24.4 13.3 

   Winter 45.2 11.2 

   Spring 31.0 12.8 

42 Kingscote  Summer 13.8 10.2 

   Autumn 28.6 10.7 

   Winter 54.8 10.7 

   Spring 32.5 9.2 

42 Angaston  Summer 14.1 15.2 

   Autumn 25.6 14.7 

   Winter 47.6 13.0 

   Spring 31.2 14.5 

42 Port Lincoln  Summer 11.6 10.4 

   Autumn 25.6 9.9 

   Winter 48.5 10.4 

   Spring 28.6 9.0 

7 Coonabarabran  Summer 23.1 30.0 

   Autumn 18.6 27.8 

   Winter 24.9 19.8 

   Spring 23.3 22.1 

7 Goulburn  Summer 31.9 18.0 

   Autumn 32.4 14.4 

   Winter 46.8 8.6 

   Spring 32.9 12.3 

7 Camperdown  Summer 23.7 16.2 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

   Autumn 32.3 17.2 

   Winter 51.2 15.0 

   Spring 40.7 15.6 

7 Wannon  Summer 21.5 12.2 

   Autumn 34.9 11.2 

   Winter 53.9 10.7 

   Spring 41.8 11.7 

8 Hay  Summer 12.3 19.8 

   Autumn 15.9 16.5 

   Winter 27.3 10.0 

   Spring 19.3 13.2 

8 Port Macdonnell  Summer 22.9 11.3 

   Autumn 39.1 11.4 

   Winter 62.6 13.0 

   Spring 43.3 11.6 

8 Deniliquin  Summer 13.3 19.2 

   Autumn 18.0 16.0 

   Winter 30.7 9.7 

   Spring 23.1 12.7 

8 Glenelg  Summer 8.1 11.1 

   Autumn 16.9 13.2 

   Winter 31.6 11.4 

   Spring 19.1 11.0 

15 Chinchilla  Summer 22.4 33.5 

   Autumn 13.6 27.9 

   Winter 12.9 21.1 

   Spring 17.0 26.7 

15 Warren  Summer 14.2 31.2 

   Autumn 12.1 26.7 

   Winter 15.9 18.4 

   Spring 14.6 21.3 

15 Quirindi  Summer 22.1 28.4 

   Autumn 16.5 23.6 

   Winter 23.4 18.0 

   Spring 22.9 21.0 

Cotton Growing Catchment    

Gwydir Moree  Summer 25.6 24.8 

   Autumn 15.8 17.8 

   Winter 19.8 16.8 

   Spring 23.8 21.4 

Gwydir Inverell  Summer 31.1 27.2 

   Autumn 19.9 23.0 

   Winter 22.8 18.4 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

   Spring 27.7 22.4 

Gwydir Tenterfield  Summer 33.5 26.7 

   Autumn 26.3 19.0 

   Winter 23.4 18.0 

   Spring 25.5 23.1 

Gwydir Glen Innes  Summer 34.4 26.4 

   Autumn 24.4 19.8 

   Winter 25.3 23.3 

   Spring 28.0 22.0 

Namoi Walgett  Summer 16.4 27.5 

   Autumn 13.3 24.0 

   Winter 15.3 17.0 

   Spring 14.6 19.8 

Namoi Narrabri  Summer 18.1 22.3 

   Autumn 13.4 28.5 

   Winter 16.6 22.9 

   Spring 16.8 23.9 

Namoi Quirindi  Summer 22.1 28.4 

   Autumn 16.5 23.6 

   Winter 23.4 18.0 

   Spring 22.9 21.0 

Namoi Tamworth  Summer 26.2 23.7 

   Autumn 16.7 20.9 

   Winter 26.4 16.0 

   Spring 28.1 19.0 

QMDC Mitchell  Summer 22.8 28.2 

   Autumn 14.1 26.2 

   Winter 12.5 19.6 

   Spring 16.9 21.8 

QMDC Miles  Summer 25.4 30.0 

   Autumn 15.5 25.4 

   Winter 14.4 19.3 

   Spring 18.9 22.4 

QMDC Stanthorpe  Summer 32.8 24.2 

   Autumn 24.4 18.2 

   Winter 23.8 16.0 

   Spring 25.7 20.8 

QMDC St. George  Summer 17.5 31.7 

   Autumn 11.0 31.4 

   Winter 12.1 19.4 

   Spring 15.0 22.7 

Condamine Chinchilla  Summer 22.4 33.5 

   Autumn 13.6 27.9 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

   Winter 12.9 21.1 

   Spring 17.0 26.7 

Condamine Dalby  Summer 25.6 30.0 

   Autumn 16.2 22.2 

   Winter 15.3 16.0 

   Spring 21.6 20.2 

Condamine Oakey  Summer 26.2 32.0 

   Autumn 18.6 19.9 

   Winter 17.9 17.6 

   Spring 22.1 22.2 

Condamine Warwick  Summer 27.8 26.9 

   Autumn 18.2 22.0 

   Winter 17.7 18.2 

   Spring 21.8 22.1 

Lucerne Seed Production Region    

Keith (SA) Keith  Summer 16.0 11.9 

   Autumn 27.6 10.4 

   Winter 48.3 9.1 

   Spring 34.9 9.4 

Tree and Vine Crops (Pome Fruit Only)    

Goulburn 

Valley 

Shepparton  Summer 16.8 18.0 

  Autumn 21.7 14.0 

   Winter 43.7 8.0 

   Spring 28.9 12.1 

Goulburn 

Valley 

Echuca  Summer 14.0 18.3 

  Autumn 21.3 14.2 

   Winter 40.1 8.6 

   Spring 26.8 12.0 

Yarra Valley Yarra Glen  Summer 28.3 21.1 

  Autumn 37.2 14.2 

   Winter 53.2 9.8 

   Spring 43.4 14.6 

Yarra Valley Warburton  Summer 26.0 27.0 

  Autumn 36.6 20.6 

   Winter 56.3 22.2 

   Spring 44.5 25.0 

Yarra Valley Lilydale  Summer 26.5 19.8 

  Autumn 36.4 16.5 

   Winter 51.0 11.7 

   Spring 43.7 16.0 

Granite Belt 

(QLD) 

Stanthorpe  Summer 32.8 24.2 

  Autumn 24.4 18.2 

   Winter 23.8 16.0 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

   Spring 25.7 20.8 

Batlow (NSW) Batlow  Summer 18.9 30.6 

  Autumn 23.3 34.0 

   Winter 40.1 30.5 

   Spring 30.7 29.9 

Batlow (NSW) Orange  Summer 27.3 26.3 

  Autumn 33.0 18.0 

   Winter 57.6 15.0 

   Spring 37.6 19.6 

Le nswood 

(SA) 

Lenswood  Summer 23.0 13.7 

  Autumn 41.7 17.6 

   Winter 64.7 21.8 

   Spring 44.6 17.0 

Manjimup 

(WA) 

Manjimup  Summer 21.0 8.6 

  Autumn 39.7 16.5 

   Winter 68.9 19.6 

   Spring 47.3 14.4 

Donnybrook 

(WA) 

Donnybrook  Summer 12.1 10.2 

  Autumn 30.6 20.6 

   Winter 64.5 23.8 

   Spring 40.2 14.7 

Huonville 

(Tas) 

Huonville  Summer 33.2 13.1 

  Autumn 37.9 11.2 

   Winter 46.9 13.0 

   Spring 47.4 12.5 

Sugar/Tropical/Sub-Tropical Crops    

Wet Tropics Cairns  Dec to Feb 56.7 54.0 

   Mar to May 55.2 38.2 

   Jun to Aug 28.7 9.2 

   Sept to Nov 29.1 16.0 

Wet Tropics Tully  Dec to Feb 51.5 93.7 

   Mar to May 59.2 73.1 

   Jun to Aug 36.8 34.0 

   Sept to Nov 31.8 28.8 

Wet Tropics Innisfail  Dec to Feb 51.6 79.0 

   Mar to May 60.4 65.5 

   Jun to Aug 39.1 30.0 

   Sept to Nov 29.9 30.5 

Burdekin Dry 

Tropics 

Townsville  Dec to Feb 46.8 31.8 

  Mar to May 29.1 27.4 

   Jun to Aug 12.2 12.6 

   Sept to Nov 17.8 15.0 

Burdekin Dry Ayr  Dec to Feb 31.9 58.7 
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Region/ 

Description 

Town Years of 

data 

Season Chance of rain on 

any day (%) 

90
th

 % rain value on 

days of rain 

Tropics   Mar to May 18.9 42.1 

   Jun to Aug 7.8 24.6 

   Sept to Nov 9.6 28.2 

Mackay 

Whitsunday 

Mackay  Dec to Feb 52.1 50.0 

  Mar to May 48.2 30.0 

   Jun to Aug 27.3 13.4 

   Sept to Nov 23.0 19.5 

Mary Burnett Bundaberg  Dec to Feb 32.2 45.3 

  Mar to May 26.1 30.0 

   Jun to Aug 14.0 28.8 

   Sept to Nov 19.8 33.6 

Northern NSW Coffs Harbour  Dec to Feb 47.5 32.0 

  Mar to May 44.8 37.6 

   Jun to Aug 28.5 29.8 

   Sept to Nov 35.2 24.4 

Northern NSW Grafton  Dec to Feb 46.6 28.0 

  Mar to May 46.0 18.2 

   Jun to Aug 32.9 12.7 

   Sept to Nov 36.4 18.6 

Pineapples    

 Beereburrum  Dec to Feb 46.3 35.0 

   Mar to May 42.1 26.7 

   Jun to Aug 24.4 22.7 

   Sept to Nov 30.6 25.5 

 


