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1. Introduction 

1.1 Background 

A recommendation from the 2016 Great Barrier Reef Water Science Taskforce report was to undertake two major 
integrated projects (MIPs) in pollutant ‘hotspot’ areas. The MIPs were to test a combination of regionally tailored, co-
ordinated actions that will lead to improved management of agricultural systems in Great Barrier Reef (GBR) 
catchments (GBRWST 2016, WTMIP 2017). ‘Improved management’ applies particularly to loss of nitrogen, sediment 
and pesticides from agricultural lands, while maintaining farm productivity and profitability (Armour et al. 2017). The 
intention is that, once scaled up, the actions would lead to accelerated progress towards reef water quality targets 
(GBRWST 2016). 

The Wet Tropics MIP (WTMIP), co-ordinated by Terrain NRM, focuses on the Tully and Lower Johnstone Basins. Six 
Wet Tropics basins were considered as being of ‘equally very high’ priority for action to reduce pollution to the GBR 
(Terrain NRM 2015). Consideration of social and economic characteristics of each basin, in the context of the 
feasibility of reducing pollutant loads, identified the Johnstone and Tully-Murray basins as the ‘highest priority for 
practical targeting of investment in sugarcane practice improvement’ (Terrain NRM 2015). 

The WTMIP is community-driven, with programs designed and overseen by farmers and the community, in 
collaboration with scientists and natural resource managers. The grass-roots approach ensures industry and 
community ownership and oversight. 

Landholders have asked for water quality data that proves the nutrients, sediment and pesticides entering the GBR 
Lagoon originate from their farms and are influenced by their land practices. Specifically, they have asked for ‘direct 
farm measurement cause and effect’, ‘fine scale and real time monitoring’ and to ‘show me it’s my N reaching the 
reef’ (Armour et al. 2017). In response, the WTMIP implemented the Local Scale Monitoring program (LSM), where 
locally relevant water quality data is provided to landholders in a timeframe that enables an understanding of cause 
and effect. The local-scale data generated, coupled with relevant and targeted ‘in-time’ extension, provides the 
knowledge required for landholders to make decisions about on-farm practices that will improve GBR water quality. 

1.2 Environmental setting 

Wet Tropics Region 
The Wet Tropics is unique compared to the other GBR regions as it has the highest annual flow volume, with 33% of 
the flow to the GBR from only 5% of the GBR contributing land area (Furnas 2003). The region is characterised by 
high relief mountains located close to the coast resulting in a narrow coastal plain which has been largely developed 
for agriculture (McDonald and Weston 2004). These features, combined with high rainfall, result in rivers with large 
discharges and high streamflow velocities (DEH and DNR 1999 as cited by Terrain NRM 2015). The movement of 
pollutants is largely controlled by the volume, intensity and distribution of rainfall. The short distance between the 
headwaters and the coast means that the movement can be rapid (Furnas 2003), thereby limiting opportunities for 
attenuation of pollutants before they are transported to the GBR lagoon (Terrain NRM 2015). 

The Johnstone Basin is larger than the Tully, comprising 11% of the Wet Tropics region compared to 8% for the Tully. 
Both basins have significant areas of steep forested mountains, thus the primary land use is conservation (73% of the 
Tully Basin and 55% of the Johnstone Basin). The Tully Basin headwaters are almost exclusively forested, with 
intensive agricultural activities (predominantly sugarcane, grazing and bananas) restricted to the valley and lowland 
floodplains. The Johnstone Basin upper catchment includes a section of the undulating Atherton Tableland, which 
supports a significant proportion of the Wet Tropics grazing, dairying and cropping production. The lower reaches of 
the Johnstone consist of low sloping hills and coastal floodplains and support a range of agricultural activities, the 
dominant (by land area) being sugarcane, grazing and banana production (Australian and Queensland governments, 
2018). Further information on the Tully and Johnstone basins is provided in the ReefPlan 2050 Catchment profiles 
(Attachments 1 and 2). 
  



 
 

Page 5 of 64 

Priority pollutants 
The 2017 Scientific Consensus Statement concluded that the greatest water quality risks to the Reef are from: 

• ‘nutrients, which are an additional stress factor for many coastal coral species, promote crown-of-thorns 
starfish population outbreaks with destructive effects on mid-shelf and off-shore coral reefs, and promote 
macroalgal growth 

• fine sediments, which reduce the available light to seagrass ecosystems and inshore coral reefs 
• pesticides, which pose a toxicity risk to freshwater ecosystems and some inshore and coastal habitats’ 

(Australian & Queensland governments 2018). 

The parameters measured in the LSM program are aligned with those monitored at the end-of-catchment for the 
Great Barrier Reef Catchment Loads Monitoring Program (GBRCLMP) (Australian & Queensland governments 2019) 
and paddock monitoring undertaken for the Integrated Monitoring, Modelling and Reporting Program (P2R) (e.g. 
Tahir et al. 2019). The parameters selected are specific to each component of the LSM program and are detailed in 
Section 2. For example, it is relevant to measure urea at the paddock scale, but its rapid transformation to 
ammonium and nitrate in the environment means it has not been included in the stream monitoring parameter suite. 

Pollutant sources 
The largest sources of pollutants to the GBR are from agricultural land uses which are usually diffuse rather than 
point sources (Terrain NRM 2015). Other sources include activities and wastes associated with intensive animal 
production, manufacturing and industry, mining, rural and urban residential, transport and communication, waste 
treatment and disposal, ports/harbours and shipping. Point source contributions are relatively small compared to 
those from diffuse sources and are often regulated activities. However, it is acknowledged that point source 
contributions could be locally intense and significant over short time periods (Terrain NRM 2015). 

Rainfall is not a significant contributor to end of catchment nutrient loads. Hunter and Walton (2008) found dissolved 
nutrient concentrations in rainwater collected in the Johnstone Basin to be generally very low. From these locally 
relevant data they estimated the contribution of rainfall to the total nitrogen exports to be 0.8 to 1.8 kg/ha/yr. This 
contrasts with cane and banana contributions, which were estimated to contribute 38 ± 19 kg/ha/yr and 42 ± 21 
kg/ha/yr, respectively. 

Several studies have examined spatial and temporal trends of nutrients and suspended sediment in surface waters in 
the Tully and Johnstone Basins (Bainbridge et al. 2009, Faithful et al. 2007, Mitchell et al. 2001, 2006 & 2009 (Tully) 
and Hunter and Walton 2008 (Johnstone)). Two of these studies, also examined pesticides (Bainbridge et al. 2009 and 
Faithful et al. 2007). The findings of these local monitoring programs were generally consistent with those from 
programs conducted in other catchments feeding the GBR, as summarised by Brodie et al. (2012). 

Land use influence on surface water quality 

Distinct water quality signals from different land uses have been reported in waterways in both the Johnstone and 
Tully basins. The highest nitrogen concentrations were measured at sites downstream of sugarcane and banana 
farms, where nitrogen was predominantly in the form of nitrate (Bainbridge et al. 2009, Faithful et al. 2007, Hunter 
and Walton 2008, Mitchell et al. 2001, 2006, 2009). Where elevated concentrations of nitrogen were observed 
downstream of rainforest and grazing sites, it was primarily in the dissolved organic nitrogen (DON) form (Bainbridge 
et al. 2009, Hunter and Walton 2008), as opposed to nitrate or ammonia which constitute dissolved inorganic 
nitrogen (DIN). Ammonia was generally only elevated at sites receiving waters from unsewered residential areas 
and/or sewage treatment plants and was generally found in conjunction with elevated nitrate (Bainbridge et al. 2009, 
Faithful et al. 2007, Hunter and Walton 2008). Particulate-bound nitrogen was also highest at cane and banana sites 
and was closely related to suspended sediment and particulate phosphorus concentrations (Faithful et al. 2007). 

Further evidence of the association between agricultural activities and nitrogen run-off in the Tully Basin was 
provided by Mitchell et al. (2001). Examination of a long-term (13-year) dataset showed the increase in nitrate and 
particulate N in the basin corresponded with a doubling of the land area under sugarcane and bananas, and a 130% 
increase in the use of fertiliser nitrogen. Further work on this and subsequent datasets, found a strong positive 
relationship between the proportion of fertiliser-additive land use (mostly sugarcane and bananas) and nitrate, 
indicating that nitrate exports from the Tully Basin are largely driven by fertiliser use (Mitchell et al. 2009). 

Hunter and Walton (2008) used sub-catchment monitoring results (collected in the early to mid-1990s) to model 
fluxes (loading rates) of pollutants from different land uses. They estimated a substantial per hectare nitrate 
contribution from unsewered residential areas to the overall nitrate flux from the Johnstone Basin (1% of the land 
area was modelled to contribute 11% of the nitrate). Sugarcane was the overall dominant contributor to the 
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modelled nitrate flux due to the larger land area occupied, contributing 60% of the nitrate from 12% of the land area. 
Banana land use was estimated to contribute 15% of the nitrate from 2% of the land area. Fluxes from beef grazing 
sites were similarly low compared with those estimated from rainforest sites, whereas dairy grazing sites were 
estimated to generate approximately twice the nitrate per hectare as the grazing sites. The largest fluxes of 
sediment-bound nitrogen were from banana and sugarcane sites and were, as expected, similar to the results for 
suspended sediments. 

Particulate phosphorus patterns were closely related to those for suspended sediments (Hunter and Walton 2008). In 
the Tully basin, Bainbridge et al. (2009) reported particulate phosphorus concentrations to be consistently higher at 
sites downstream of sugarcane, grazing and urban land uses. In the Johnstone, modelled phosphorus fluxes indicated 
sugarcane and banana land uses produced 3-4 times the particulate phosphorus of rainforest. Filterable reactive (i.e. 
dissolved) phosphorus was found to be similarly low across land uses in both the Tully and Johnstone basins, except 
for grazing and urban sites in the Tully basin (Bainbridge et al. 2009, Faithful et al. 2007, Hunter and Walton 2008). 
Hunter and Walton (2008) interpret the generally low dissolved phosphorus concentrations observed to be due to 
minor inputs of phosphorus from fertilisers or livestock production and/or the ability of the strongly phosphorus-
sorbing soils to immobilise phosphorus. Faithful et al. (2007) hypothesised that the elevated dissolved phosphorus 
concentrations observed were due to pasture fertiliser applications at the grazing sites and septic influence at the 
urban site. 

Generally low suspended sediment concentrations measured in Tully Basin monitoring programs under baseflow 
conditions (i.e. ≤25 mg/L), made land use differences essentially indiscernible (Bainbridge et al. 2009, Faithful et al. 
(2007). Faithful et al. (2007) noted that, while all results were relatively low, the results for forested sub-catchment 
sites were consistently lower than for other land uses. Where elevated suspended sediment concentrations were 
reported during high-flow events by Bainbridge et al. (2009) (i.e. up to 520 mg/L), these were from sites downstream 
of sugarcane. 

Likewise, little movement of sediment was observed during baseflow conditions in the Johnstone Basin, with Hunter 
and Walton (2008) reporting median suspended sediment concentrations ≤10 mg/L at all sites. Suspended sediment 
concentrations increased dramatically during stream flow events, with multiple results over 1500 mg/L recorded on 
the rising limb and peak of a particularly high-magnitude event. Using their extensive six-year sub-catchment 
monitoring results, Hunter and Walton (2008) estimated suspended sediment fluxes from areas of sugarcane and 
bananas to be approximately 3-4 times higher than those from other land uses receiving similar rainfall. They also 
found sediment flux from grazing areas in the Johnstone Basin to be similar to those from rainforest. All 
abovementioned authors attributed the relatively low losses of sediment observed, particularly from uncultivated 
lands, to the higher level of vegetation maintained in the Wet Tropics compared to drier GBR catchments. 

Pesticide monitoring in the Tully and Johnstone sub-catchment appears to have been minimal and limited to the 
Photosystem II (PSII) herbicides. Both Bainbridge et al. (2009) and Faithful et al. (2007) detected herbicide residues 
downstream of sugarcane only. 

Pathways for pollutant transport 
Most studies assessing pollutant transport pathways from sugarcane and banana production areas in the Wet Tropics 
have focussed on nutrients and sediment. The examination of pathways for pesticide movement off paddocks 
appears to be limited to work undertaken in the early stages of the P2R program (Armour et al. 2013a) and 
information on pesticide occurrence in Wet Tropics groundwaters appears to be limited to a single study (Masters et 
al. 2014). 

Considering that most pollutants are transported to waterways in their dissolved form or suspended in water (e.g. 
sediment and sediment-bound substances), an understanding of water movement pathways is the first step to 
understanding pollutant pathways. There is strong evidence that deep drainage from Wet Tropics paddocks is a 
dominant pathway for dissolved pollutant transport compared to surface run-off. Both in terms of the greater deep 
drainage volumes as a proportion of rainfall and in the loads of dissolved pollutants reported in losses. For example, 
Prove et al. (1997), Armour et al. (2013a & b), and Rasiah et al. (2010) reported that deep drainage constituted 
between 22 to 65% of rainfall at cane and banana sites, whereas run-off constituted 6-44% of rainfall (and was, in 
most cases, below 15% of rainfall). Prove et al. (1997) found that nitrogen lost to deep drainage from cane cropping 

on well-drained Ferrosol soils was between 5-55 times that lost via surface run-off and Armour et al. (2013b) 
reported large nitrogen loads in deep drainage under bananas, indicating application rates were in excess of plant 
demand. The importance of losses to deep drainage were demonstrated in this study through the presentation of 
nitrogen in deep drainage as a percentage of total fertiliser applied, with losses to deep drainage constituting 37 and 
65% of fertiliser applied to the two different study treatments (710 and 1065 kg/ha respectively). 
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There is evidence for the lateral transport and expression of shallow groundwater in surface waters in the Wet 
Tropics. Piezometer and drain monitoring conducted by Rasiah et al. (2010) showed that nitrate which had leached 
below the root zone was exported to surface drains via base-flow discharge. Given the high nitrate concentrations 
measured in this study and that base-flow discharge of groundwaters to streams is reported to be greater than the 
surface run-off contribution in the Wet Tropics (Cook et al. 2001), Rasiah et al. (2010) concluded that shallow 
groundwater is an important pathway for movement of dissolved pollutants to surface waters. Loss to deep 
groundwater is considered less important as nitrate concentrations tend to be lower in samples taken from deeper 
bores. This may be due to adsorption of nitrate to anion exchange sites in the soil or denitrification in the soil profile 
(Rasiah et al. 2003). Masters et al. (2014) found a similar pattern in herbicide concentrations with the shallower 
bores monitored typically having more pesticides detected and at higher concentrations than in the deeper bores. 

Notwithstanding the importance of deep drainage and the lateral movement of shallow groundwaters as a pollutant 
pathway, significant loads of nutrients (especially particulate-bound nitrogen and phosphorus and sediments) are 
transported to waterways via surface run-off. Webster et al. (2012) reported run-off losses of nitrogen as 8.1 and 
9.8% of applied fertiliser in two Mossman cane plots (the former with reduced fertiliser applications). Armour et al. 
(2013a) found particulate nitrogen to be the dominant nitrogen form in surface run-off from two intensively 

monitored Tully cane paddocks. Prove et al. (1997) found the major loss pathway for phosphorus at cane, banana 
and dairy pasture sites to be via suspended sediment in the run-off and attributed this to most of the soils in the 
study area (i.e. Johnstone Basin) to be highly phosphorus-sorbing. 

Drivers of pollutant movement 
Considering the strong relationship between water movement and pollutant movement, it is logical that the timing 
and magnitude of hydrological events will greatly influence the transport of pollutants to the GBR. Armour et al. 
(2013a) identified climate, specifically the pronounced year to year variability in rainfall, as one of the dominant 
drivers affecting farming practices, grower decision-making and associated off-site water quality.  

Mitchell et al. (2001) observed some ‘fairly robust’ seasonal patterns in nitrate behaviour throughout the year, based 
on a 13 year dataset for the Tully River. They described the annual pattern as follows: ‘A first-flush peak in nitrate is 
typically seen from local surface runoff and the flushing of water bodies where high NO3-N [i.e. nitrate as nitrogen] 
has built up in the dry season. Further concentration effects, associated with flow through the soil profile, successively 
diminish through the wet season as nitrogen stocks are exhausted. The relationship between discharge and nitrate 
concentrations is made more complex by dilution effects from extensive surface runoff during very high rainfall or 
increased inputs from the upper catchment, carrying low levels of nitrate. Lower nitrate concentrations are seen in the 
dry season.’ 

Within the Johnstone Basin, Hunter and Walton (2008) found that the bulk of the modelled annual fluxes of 
pollutants were occurring during the highest 10% of daily flows (72% for total nitrogen, 84% for total phosphorus and 
90% for suspended sediment). Further, the same authors found a clear relationship between annual rainfall and 
pollutant fluxes. Suspended sediments and nutrient fluxes (in kg/ha/yr) from parts of the basin with higher 
precipitation were around 3-4 times higher than those from corresponding land uses in sub-catchments receiving 
around half the precipitation. 

High velocity, large volume flood events are known to deliver a large proportion of the annual loads of nutrients and 
sediment reaching the reef (Devlin et al. 2001). Wallace et al. (2009) estimated the annual flood contribution of 
sediment and nutrient from the Tully-Murray Basin to constitute 30-50% of the total marine load. Hunter (1997) 
estimated that 200 000 t of suspended sediment and 858 t of nitrogen was discharged from the Johnstone River 
Basin over a 4 day flood event associated with Cyclone Sadie in 1994. 

The P2R monitoring program has investigated the influence of time since fertiliser and pesticide application on 
pollutant losses in Wet Tropics banana and cane crops (Armour et al. 2013a, Masters et al. 2017a & b, Tahir et al. 
2019). The high-risk periods for nutrient loss are recognised as being during the plant phase for bananas and during 
the plant and recently harvested ratoon stages for cane. Masters et al. (2017b) refers to the mismatch between the 
availability of nitrogen and the demand for nitrogen in a newly planted or recently harvested ratoon crop, when plant 
nutrient requirements are lower. Fertiliser applications occur when the cane is planted and harvested whereas 
bananas are typically fertilised more frequently throughout the growing season (fortnightly to monthly). The P2R 
studies have consistently shown that rainfall occurring within a short period since fertiliser application will wash or 
leach nutrients from the paddock before the plant can use them. This is supported by the high concentrations of DIN 

measured in cane crops in the initial run-off events for each year (Masters et al. 2017b). For bananas, there were 
clear increases in concentrations of nitrate and ammonium in runoff events occurring within days of fertiliser 
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application with concentrations declining markedly for subsequent events occurring over the following fortnight 
(Armour et al. 2013a). Masters et al. (2017b) state that ‘Prolonging the duration between fertiliser application and 
rainfall-runoff is a critically important factor in reducing losses of nitrogen from the paddock’ while also 
acknowledging that ‘this is also challenging given the accuracy of current short to longer term weather 
forecasting’. While (Tahir et al. 2019) note that ‘fertiliser application is determined by the timing of harvest’, 
which is largely outside of the control of the grower. 

Armour et al. (2013a) found a consistent strong relationship between concentrations of herbicide in runoff from 
cane paddocks and the timing of runoff following herbicide application. Rainfall-runoff events occurring within 
two weeks of herbicide application resulted in the highest herbicide concentrations in run-off and this 
relationship was not chemical specific. 

1.3 Prioritising water quality improvement actions 

Reef 2050 Water Quality Improvement Plan 
The Reef 2050 Water Quality Improvement Plan 2017-2022 (Reef 2050 WQIP) is a prescribed action from the Reef 
2050 Long Term Sustainability Plan. The Reef 2050 WQIP’s purpose is to identify and guide management and 
monitoring approaches for improving the quality of water flowing from catchments adjacent to the Reef (Australian 
and Queensland governments 2018). 

The Reef 2050 WQIP sets out a hierarchy of targets: 

• The human dimension target (i.e. to actively engage communities and land managers) supports… 

• The land and catchment targets (e.g. that 90% of all cane and banana cropping area will be managed 
according to Best Management Practice (BMP) for water quality) which then… 

• Deliver the reduction in pollutants required to meet the end-of-catchment water quality targets (e.g. a 60% 
reduction in anthropogenic DIN across all reef catchments) which contribute to… 

• The overarching objectives (e.g. improved coral and seagrass condition) and 

• The intended outcome of the Reef 2050 WQIP, which is: 
‘Good water quality sustains the Outstanding Universal Value of the Great Barrier Reef, builds resilience, 
improves ecosystem health and benefits communities.’ (Australian and Queensland governments 2018). 

Water quality targets 
The Reef 2050 WQIP presents water quality targets at three different scales: Whole-of-reef, Regional and River basin. 
The Whole-of-reef and Regional targets for nutrients and sediment are aggregations of the targets developed for 
individual river basins. These broad-scale targets are essentially used as communication tools. 

The river basin targets for nutrients, sediment and pesticides were developed by Brodie et al. (2017). The targets for 
nutrients and sediment are presented in terms of the reduction in load required to maintain the condition of the reef 
and for pesticides, the concentrations at end-of-catchment required to protect aquatic ecosystems. 

The targets for nutrients and sediment were set using the eReefs hydrodynamic, sediment transport and 
biogeochemical model and monitoring data. Different end-of-catchment pollutant reduction scenarios were 
modelled to determine which would result in concentrations in the marine environment that met GBR water quality 

guidelines or the concentrations likely to affect a priority ecological outcome (e.g. the effects of a particular 
parameter on the light requirements for seagrass) (Brodie et al. 2017). 

The pesticide target is consistent across all river basins and requires that at least 99% of aquatic species are 
protected at the end-of-catchment (Brodie et al. 2017). The methodology for measuring and reporting progress 
towards achieving the new pesticide target is yet to be fully implemented by the Queensland Government but 
will involve using end-of-catchment monitoring data to assess the percentage of species affected by the 
combined concentrations of 22 priority pesticides known as the multi-substance Potentially Affected Fraction 
(ms-PAF) suite (Brodie et al. 2017, Smith 2018). 

Attachments 1 and 2 provide an overview of the Reef 2050 WQIP water quality targets for the Tully and Johnstone 
basins (Australian and Queensland governments 2018). DIN is identified as the priority pollutant for both the Tully 
and Johnstone basins; that is, it is classified as a high-water quality relative priority in the Reef 2050 WQIP. Fine 
sediment, particulate phosphorus and particulate nitrogen are considered of moderate priority for the Johnstone 
Basin and low priority for the Tully Basin. Pesticides are of moderate priority for the Tully Basin and low priority for 
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the Johnstone Basin. The extent of reductions required, presented in tonnes and % of overall anthropogenic 
contribution for nutrients and sediment and the percentage of species to be protected for pesticides, is also detailed 
in Attachments 1 and 2. 

Landholders engaged in the WTMIP are keen to understand their contribution to end-of-catchment pollutant 
loads/concentrations and have asked for evidence that their actions are making a difference. Water quality targets 
provide a common rationalised goal for all stakeholders concerned with reef water quality. The prioritisation of 
pollutants at the basin-scale has guided WTMIP priorities, with actions for achieving DIN reductions being the primary 
focus for the MIP Farm Services and Catchment Repair activities. Farm Services demonstrations and Catchment 
Repair proof-of-concept sites, such as bioreactors and wetlands, aim to quantify water quality improvements at the 
paddock and sub-catchment scales. End-of-catchment targets can be communicated to landholders in terms of per 
hectare reductions in losses to increase understanding of the degree of change required and the actions needed to 
achieve this change. Conversely, the reductions in anthropogenic load measured at sub-catchment and/or paddock 
scale can be upscaled, through catchment modelling, to project the likely degree of progress towards targets. 

Wet Tropics Water Quality Improvement Plan 
Another extensive body of work which has guided WTMIP activities is the Wet Tropics Water Quality Improvement 
Plan (2015-2020). This is one of six regional WQIPs developed Reef-wide prior to the release of the Reef 2050 WQIP. 
The regional plans support the Reef 2050 WQIP by providing locally relevant information and guiding local priority 
actions within catchments (Australian and Queensland governments 2018). 

The Wet Tropics WQIP (2015-2020), prepared by Terrain NRM, ‘identifies the priority water quality and ecosystem 
health issues for the region in terms of which pollutants pose the greatest risk to key assets, primary pollutant sources 
and hotspots for pollutant generation and delivery. It highlights the importance of the region in the crown of thorns 
starfish phenomenon, one of the major causes of coral mortality across the GBR. For the first time, regionally specific 
end of catchment pollutant load targets were defined to maintain the coastal and marine values of the region 
(ecologically relevant targets). The WQIP also identified catchment waterways of greatest ecological value in the 
region, and established priority areas for improving or rehabilitating the ecological function and health of these 
ecosystems. An Implementation Plan identified the priorities and actions for achieving the proposed targets in the 
most cost-effective manner’ Terrain NRM (2015). 

It was acknowledged in the Wet Tropics WQIP that extension and education programs and research and 
development to investigate innovative practices were critical to implementing the Wet Tropics WQIP over the 
following 5-10 years (Terrain NRM 2015). The WTMIP plays a significant role in the implementation of identified 
priorities in the Wet Tropics WQIP for the Johnstone and Tully Basins. 

Prioritisation of focus actions for Wet Tropics WQIP implementation, specific to progressing towards achieving the 
pollutant targets, was informed by the findings of the Water Quality Risk Assessment undertaken by Waterhouse 
(2014) (Terrain NRM 2015). Priority actions identified for the Johnstone and Tully basins have been incorporated into 
the WTMIP’s program design and annual delivery plans. 

For sugarcane these include: 

• DIN: 
o Optimisation of fertiliser (N) application to reduce N surplus and increase nitrogen use efficiency 

(rate, timing, placement) 
o Variable rate application of fertiliser to reflect block yields and soil characteristics (precision 

agriculture) 
o Encouraging adoption of whole farm management systems amongst farmers and contractors 

• Suspended sediment and particulate nutrients 
o Controlled traffic farming 
o Best practice drainage management 

• Herbicides1 
o Targeted timing of herbicide application 
o Residual use of herbicides in plant crops and ratoons 

 
1 At the time the Wet Tropics WQIP was prepared, focus on pesticides was limited to the six Photosystem II (PSII) 
herbicides. Current end-of-catchment monitoring and subsequent ecological risk assessment is now based on a suite of 22 
chemicals, a mix of herbicides and insecticides known as the ms-PAF suite. The same actions identified for the PSII 
herbicides may equally apply to the ms-PAF pesticides. 
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o Banded spray applications of herbicides and use of hooded sprayers and modified row spacing 

For bananas these include: 

• Dissolved inorganic nitrogen 
o Optimisation of fertiliser application through fertigation 
o Use of slow release fertilisers to complement fertigation 
o Use of permanent beds and block contouring 
o Liaison with extension officers and farm consultants regarding recommended nutrient application 

rates 

• Suspended sediment and particulate nutrients 
o Permanent beds, contour banks and improved maintenance of the inter-row 

• Herbicides 
o Best practice inter-row maintenance 

Other actions identified in the Wet Tropics WQIP, such as the adoption of the Smartcane BMP framework as the 
industry minimum standard for cane farming, are being implemented by WTMIP partner organisations and are, 
therefore, not a primary focus of the WTMIP and LSM program. 

The incorporation of most of the WQIP priority actions into the WTMIP appears to be a result of the collective 
knowledge and understanding of local water quality issues by the community and WTMIP consortium members, as 
opposed to a conscious cross-checking exercise. This is likely largely due to the process of developing the Wet Tropics 
WQIP in the years leading up to the start of the WTMIP. Scientific studies were commissioned as part of the Wet 
Tropics WQIP development to fill knowledge gaps and the community was consulted extensively during the planning 
process. The WTMIP was subsequently built on the extensive preceding research, planning and community 
engagement undertaken for the Wet Tropics WQIP. 

Wet Tropics Major Integrated Project design 

Design process 
The WTMIP consists of a consortium of over 40 partners who have been integral to the WTMIP design and 
implementation. More than 300 people participated in a series of meetings, events and workshops to gather and 
distil a range of ideas and determine the priority actions for the WTMIP. Forty percent of these participants were 
from industry bodies or were landholders, 20% were technical experts, 10% from community groups, 10% 
researchers, 10% government, with the remaining 10% made up of NRM and Wet Tropics partners (WTMIP 2017). 
The WTMIP Project Panel was formed from industry partners at the beginning of the design process and directed and 
oversaw the project design. At their first meeting, the initial Project Panel agreed on a range of other members to 
extend representation to a cross-section of partners (WTMIP 2017). A summary of the program design process is 
provided below: 

Consortium Inception Meeting: The Consortium Inception meeting was held to provide a project overview, timeline, 
and works program. Important details were workshopped to complete a Partners’ Agreement regarding the way the 
organisations would work together. 

Ideas workshops: Two one-day workshops (held in Mourilyan and Tully) provided the opportunity for community 
members to drive the design of the WTMIP. Everything was ‘on the table’ and over 500 water quality project ideas 
were recorded. 

Prioritisation workshop: A two-day workshop for technical experts selected by the WTMIP Project Panel. The invited 
attendees included technical experts and industry representatives. The workshop assessed concepts based on 
community support, location, feasibility, cost-effectiveness, socio-economic factors and level of innovation. Spatial 
prioritisation was also completed. 

Concept development phase: Concept champions and partners were identified to further develop ideas into program 
designs via feasibility reports. 

Solutions workshops: Two half-day workshops (held in Mourilyan and Tully) provided a WTMIP update to partners 
and the broader community. The workshops also enabled input and refinement of the Draft WTMIP Program Design.  

WTMIP activity areas 
Five thematic/activity areas were developed during the WTMIP design process, one of these being the Local Scale 
Monitoring program. The activity areas are outlined below as per WTMIP (2017): 
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Catchment Repair and Treatment Systems: Catchment repair and treatment systems are potential methods for 
reducing pollutant loads entering the GBR. The WTMIP is trialling and measuring the effectiveness and cost efficiency 
of a range of catchment repair options in the Wet Tropics. 

Farm Services: Existing extension programs do not link farm productivity, water quality, catchment repair, innovative 
financing and local scale monitoring. Tailored extension is being integrated with all WTMIP activities and other 
existing local projects, services and research. 

Local Scale Monitoring: Despite significant investment in water quality monitoring and modelling, there is a strong 
disconnect between science and farmers on the impacts and causes of reduced water quality. Farmer feedback has 
been “show me that it’s my problem and I will solve it”. 

Our Catchment Our Community: Agriculture is the primary focus for water quality action, yet it is important that the 
whole community works together to improve water quality and achieve enduring and sustainable land management 
that benefits local communities. The WTMIP is engaging with non-agricultural sectors (e.g. schools), as well as 
producing basin wide communication and engagement tools. 

Influencing: The WTMIP is working with partners, peak bodies, government and agencies to influence priority 
external factors driving reef water quality improvement. The WTMIP is exploring a range of innovative financing and 
investment opportunities including Reef Credits. 

Local Scale Monitoring program development 
The following timeline outlines the process undertaken to develop the LSM program: 

• June 2017 | ‘Farm scale’ water quality monitoring workshop convened – attended by technical experts from 
consortium partners to design the LSM approach. 

• July 2017 | ‘Farm scale’ water quality monitoring feasibility report prepared– the primary deliverable from 
the abovementioned workshop. 

• December 2017 | Pilot water quality monitoring program initiated - grab sampling, 2017-18 wet season – 
data generated was used in developing the design of the ongoing LSM. 

• February – May 2018 | Walking the Landscape sub-catchment sessions held – local knowledge essential for 
LSM site selection was gathered. 

• April 2018 | WTMIP water quality project officers recruited – Water Quality Leader and one Water Quality 
Technician. 

• August 2018 | Water Quality Technical Advisory Group (WQTAG) formally established - albeit most members 
had consistently provided advice to the WTMIP since the project design report stage and contributed to 
WTMIP feasibility reports. 

• October to December 2018 | Full Local Scale Monitoring program commenced - grab sampling  
re-commenced, in-stream and paddock sampling stations established, piezometers installed and monitored. 

• November 2018 | WTMIP Water Quality Field Technician recruited. 
• November 2019 | LSM program reviewed and rationalised – the number of routine and event stream 

monitoring sites was reduced to enable a greater focus on paddock monitoring. 

1.4 Aims and objectives 

The WTMIP three year program design document (WTMIP 2017) stated the following objective for the LSM program: 
‘To build understanding and awareness of water quality cause and effects from changing land management, provide 
decision-making tools and improve water quality knowledge and modelling across the Wet Tropics.’ 

The individual aims of the LSM program are best couched according to the key requests/questions garnered from 
landholders during the WTMIP design process. 

‘Show me it’s my nitrogen’ (…or sediment…or pesticides) 

For landholders to be fully engaged in the WTMIP, it is essential to obtain up-front acceptance of the issue and 
recognition of the need to act. Thus, the LSM program is generating data that will increase landholders’ 
understanding of: 

• pollutant loss pathways 

• the influence of land uses (particularly agricultural land uses) on downstream water quality 

• the influence of the timing of paddock activities on downstream water quality 

• the relative contributions of sub-catchments and individual farms to end-of-catchment pollutant loads 
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‘Is what I’m doing making a difference?’ 

Landholders have requested evidence that demonstrates the actions they are taking (sometimes at their cost) are 
resulting in a water quality benefit. The LSM program aims to collect baseline data that will enable improvements in 
water quality to be tracked over time at a sub-catchment scale. 

‘What else can I do?’ 

For landholders to make informed decisions about improving paddock practices, they need information on both the 
costs and benefits of changing practices. The LSM program is collecting surface run-off water quality data from the 
two intensively monitored Farm Services sites which are demonstrating comparative cane farming practices. 

1.5 Overview of approach 

The LSM program design was primarily informed by the WTMIP Farm Scale Water Quality Monitoring feasibility 
report (Armour et al. 2017). The feasibility report was prepared by a group of technical experts who collectively 
possess knowledge relating to every aspect of the LSM program. Several contributors to the report have undertaken 
extensive research in the Wet Tropics and therefore also possess knowledge of the local conditions pertinent to a 
monitoring program design. Many contributors to the feasibility report later became members of the WTMIP Water 
Quality Technical Advisory Group (WQTAG) which has been instrumental in the refinement of the LSM design. 

The final LSM program design largely remains true to that proposed in the feasibility report. This particularly applies 
to: 

• the concept of monitoring at three different spatial scales (paddock, sub-catchment and end-of-catchment)  

• reporting at three different time scales (real-time monitoring data, interpreted parcels of ‘in-time’ results 
and annual technical reporting). 

Deviations from the original feasibility report are primarily due to the need for the WTMIP implementation team to 
find the best combination of sites to achieve the aims set out above, at locations where there was the greatest 
potential for engagement and subsequent practice change. For example, it was not always possible to find a site that 
met the physical requirements of an intensively monitored paddock (e.g. soil type, topography, accessibility) on a 
participating grower’s property, that also corresponded with a cluster of engaged growers co-located within a single 
sub-catchment which had the right mix of land uses. This challenge resulted in the loss of the ‘nested’ nature of the 
proposed design. The ability to monitor the change in pollutant concentrations longitudinally within a sub-catchment, 
however, has been retained via routine stream monitoring (see below). Another divergence from the original 
proposed design was to increase the number of routine stream monitoring sites from that originally proposed, to 
incorporate all land uses of interest to participant landholders. 

Key features of the LSM program are: 

• Routine stream monitoring at sites representing all major land uses in each catchment. To demonstrate the 
influence of different land uses on water quality and gain acceptance that agricultural land is a primary 
source of the anthropogenic contribution to pollutant loads. 

• Targeted event monitoring in streams at the sub-catchment scale. To demonstrate the influence of the 
timing and magnitude of hydrological events on the movement of pollutants and to enable to calculation of 
event loads for the full range of parameters analysed in the grab-sampling program (approximately 100 
analytes). 

• High frequency ‘real-time’ monitoring of nitrate and hydrological parameters in streams at the sub-
catchment scale. To provide rapid feedback to landholders on the influence of hydrological events and 
paddock activities on water quality, thereby enabling local landholders to relate cause and effect. These 
data will also be used to calculate annual nitrate loads for the three sub-catchments instrumented with 
high-frequency in-stream monitoring equipment. The determination of pollutant loads is a critical aspect of 
the LSM program with respect to relating the current contributions of different sub-catchments to end-of-
catchment loads and for tracking improvements in water quality over the long-term. 

• High frequency ‘real-time’ monitoring of physico-chemical parameters (pH, electrical conductivity, turbidity, 
temperature and dissolved oxygen) in streams at the sub-catchment scale. To enable accurate nitrate 
monitoring (electrical conductivity must be monitored to determine which calibrations apply to the nitrate 
sensors) and to aid the interpretation of the nutrient, pesticide and sediment results (e.g. turbidity 
measurements indicate when substantial overland flow has occurred and will support the suspended 
sediment and particulate nutrient data collected). 
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• Run-off monitoring at the paddock scale. To assess the influence of different paddock practices on pollutant 
loads in paddock surface run-off. This monitoring is undertaken in conjunction with the Farm Services teams 
who are managing the agronomic and economic aspects of the demonstrations. 

• Monitoring shallow groundwater from piezometers located in different soil types. To demonstrate the 
importance of deep drainage into shallow groundwaters below the paddock as a significant pollutant loss 
pathway. 

Data and information generated by the LSM program is communicated to growers and other landholders at three 
timescales: 

• Real time nitrate and hydrological data available online on demand via CSIRO’s 1622™ app. 

• Blocks of interpreted data and information (in-time reporting) from paddock and sub-catchment sites 
communicated at intervals relevant to the hydrology and agronomic management of the sites. The primary 
delivery method for interpreted datasets is via the shed meetings conducted by WTMIP extension staff. 

• Annual data and information that has been compiled and analysed over a yearly crop cycle and reported in 
the form of an independently reviewed annual technical report. 

1.6 Purpose of this document 

This design overview document was produced to record the detail of the monitoring design, to guide the WTMIP 
implementation team and to assist with the communication of the LSM design and methodology to WTMIP 
stakeholders. The document also records the reasons for selecting particular methods/approaches and forms the 
overarching SOP for the LSM program, referring to 14 other SOPs which provide standardised procedures for the use 
and maintenance of a range of monitoring equipment. It is aligned with and supports the Quality Management 
Framework for WTMIP water quality activities (Alluvium and WTMIP 2020) and the Terrain NRM Risk Assessment for 
water quality monitoring. 
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2. Monitoring program 

2.1 Routine stream monitoring 

Sites 
Routine stream monitoring sites were selected with the aim of providing a periodic ‘snap-shot’ of land use influence 
on water quality across both basins. The selection process detailed in the LSM Implementation Action Plan 
(WTMIP 2018) included the following criteria for site selection: 

▪ Landholder participation and willingness to allow access to property and share data and results. 
▪ Sites located within a modelled DIN hotspot or found to be a source of diffuse nutrient concentrations. 
▪ Single land use (either bananas or sugarcane), urban site and native rainforest. 
▪ Site accessibility (during all conditions) and connected waterway system (Johnstone and Tully basins). 
▪ Compliance with the WTMIP water quality monitoring risk assessment (Terrain NRM 2018). 
▪ Links to other monitoring programs. 

 
There was a preference in the Johnstone Basin for sites to be positioned so that an individual landholder or industry 
could not be singled out as being responsible for the monitoring results. In the Tully Basin, agreement was obtained 
from landholders to position monitoring sites on individual farms and downstream of an individual industry. This is an 
example of the place-based nature of the WTMIP and how different approaches are required when working with 
different communities. 

An inventory of LSM monitoring sites for 2018-2019 is provided in Attachment 3 and maps of site locations for each 
basin are presented in Attachments 4 and 5. 

The catchment area boundaries for each of the stream monitoring sites was mapped (Attachments 6 and 7) so that 
catchment areas and proportions of different land uses upstream of each site could be defined (Attachment 8). A 
modelled sub-catchments layer and a digital elevation model provided by the P2R modelling team2 were used to 
identify the sub-catchments reporting to each of the WTMIP stream monitoring sites. These sub-catchments were 
then merged, and boundaries refined (by manually digitising in ArcGIS) using the local knowledge of WTMIP field and 
extension staff. Notes recorded during the ‘Walking the Landscape’3 workshops were also revisited to gain local 
knowledge on the characteristics and direction of water flow across the landscape and in lowland drains in the Tully 
Basin. 

A total of 25 sites were monitored during the October 2018 to September 2019 monitoring period (Attachment 3). 
The number and location of monitoring sites were reviewed in late 2019. Detailed project planning in Microsoft 
Project (file name: ‘WTMIP LSM workplan_2019-20_merged_full sampling’) indicated that the LSM team did not have 
the capacity to concurrently monitor all routine and event stream sites and attend to the paddock run-off sampling 
stations. As such, rationalisation of the number of sites and frequency of sampling was required. A decision was made 
at WQTAG meeting #7 (November 2019) to cease monitoring five routine stream monitoring sites. These sites are 
identified in Attachment 3, along with the reason for cessation of monitoring. 

A new site (MIP LSM J14) on the main branch of Bamboo Creek was included in the LSM program at the request of 
Johnstone extension staff. The addition of site J14 greatly increased the potential for engagement in this sub-
catchment and will provide useful information for the interpretation of results from the existing in-stream monitoring 
site (MIP LSM J6), where there has been a significant investment in monitoring equipment. The inventory of sites for 
routine stream monitoring conducted from November 2019 onwards is presented in Attachment 9 with 
corresponding maps in Attachments 10 and 11. 

 
2 Tully-Johnstone basins sub-catchment shapefile (‘Exported Catchments.shp’) and digital elevation model (‘Johnstone-Tully 
DEM.tif.ovr’) provided by Maria Askildsen, Catchment Modeller, Resource Assessment & Information, Department of 
Natural Resources, Mines and Energy, email dated 11 September 2019. 
3 Local ‘Walking the Landscape’ workshops brought together landholders at a local sub-catchment scale to enable the 
WTMIP implementation teams in each basin to gain a thorough understanding of the landscape, water flows and issues, 
and to collectively prioritise water quality improvement actions within the group. 
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Parameters 
The parameters included in routine stream monitoring are listed in Table 1 alongside the limits of reporting (LORs) for 
each laboratory-measured analyte. Dissolved nutrients operationally constitute any nitrogen and phosphorus forms 

that pass through a 0.45 m filter, as is consistent with DES (2018). Parameter selection was based on the chemicals 
included the GBR Catchment Loads Monitoring program. The routine stream monitoring suite, consisting of 16 
nutrient forms, suspended sediment and the 22 ms-PAF pesticides (plus 13 pesticide metabolites), therefore, 
encompasses all parameters presently identified as priority pollutants for GBR health. 

A further 49 pesticides are analysed by the Queensland Health and Forensic Science Services (QHFSS) Laboratory for 
the same cost as having the 22 ms-PAF pesticides (and their metabolites) analysed. The results of these analyses are 
securely stored by the WTMIP in the EnviroSys database (see Section 3 below), however, they will not be used in 
engagement with landholders or interpreted for the LSM annual technical report. The full QHFSS laboratory pesticide 
suite is provided in Attachment 12. 

Limits of reporting were set as either the lowest current attainable LOR or were similar to or below the 
concentrations typically observed at Wet Tropics rainforest sites. This enables the demonstration of land use effects 
at sites downstream of agricultural activities. 

Methods and equipment 
The sampling methods used in the WTMIP are aligned with the Queensland Monitoring and Sampling Manual 
(DES 2018). All members of the sampling team must have undertaken the training outlined in the WTMIP Quality 
Assurance Framework (Alluvium & WTMIP 2020). In cases where staff are undergoing training, at least one member 
of the sampling team should have undertaken the training. 

Nutrient, sediment and pesticides are sampled into bottles for laboratory analysis according to WTMIP SOP 002 and 
WTMIP SOP 003. 

Physico-chemical parameters are measured with a hand-held water quality meter (YSI ProDSS) according to 
WTMIP SOP 005. 

At least one upstream and one downstream photograph are taken to show site conditions at the time of sampling. 
The upstream photo is taken downstream of the sampling location, facing upstream and the downstream photo is 
taken upstream of the sampling location, facing downstream, so the sampling point is visible in each photo. Photos 
are generally taken with a mobile phone so they can be uploaded into the EnviroSys database while in the field (see 
below). However, a waterproof digital camera is included in each sampling kit for times when the weather is too wet 
for staff to use their mobile phones, in which case photos need to be manually downloaded from the camera and 
uploaded into EnviroSys on return to the office. 

Observations are made at the site to aid with later interpretation of the water quality results. Useful observations to 
record include anything that may influence water quality or be unusual for that site. Examples include: a description 
of flow and water level; water colour and clarity; presence of surface films; scum or foam; presence of rubbish, dead 
animals or wildlife; cattle or pig damage. 

All site observations recorded, including the field measured physico-chemical parameters and photographs, are 
uploaded into the EnviroSys database using a mobile field form according to WTMIP SOP 016. 
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Figure 1 Manual grab sampling. Figure 2 Measuring physico-chemical parameters 

using the hand-held water quality meter (YSI 

ProDSS). 

Sampling frequency 
Routine stream sampling was conducted monthly during the drier months and fortnightly during the wetter months 
(December 2018 to May 2019) for the October 2018 to September 2019 sampling period. Sampling frequency was 
greater during the wetter months as it was expected that water quality results would be more variable during this 
period and greater resolution in the dataset would assist with understanding the variability, thereby providing a 
better picture of water quality across land uses in the Tully and Johnstone basins. 

Examination of the results from the first year of sampling shows clear differences between land uses during both the 
wetter and drier months, and that the exclusion of data from the second sampling occasion each month did not 
change the overall land use story. Given the monthly results fulfilled the primary aim of the routine monitoring, and 
considering the need to focus efforts on the paddock run-off monitoring during the 2019 to 2020 wet season, a 
decision was made at WQTAG meeting #8 (November 2019) to conduct routine stream monitoring on a monthly 
basis throughout the year. 
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Table 1 Routine stream sampling water quality parameters and limits of reporting (LORs) 
Nutrients Sediment Pesticides (22 × ms-PAF suite and 

metabolites) 
Physico-chemical 

Name LOR (mg/L) Calculation Name LOR (mg/L) Name LOR (g/L) Name (units) Measurement range 

Dissolved inorganic nitrogen N/A NOx_N + NH3_N Total suspended solids 1 2,4-D 0.02 pH 0 - 14 

Nitrate as nitrogen (NO3_N) N/A NOx_N - NO2_N - - Ametryn 0.01 Electrical conductivity (Scm-1) 0 – 200,000 

Nitrite as nitrogen (NO2_N) 0.01 N/A - - Atrazine 0.02 Turbidity (FNU) 0 – 4,000 

Total oxidised nitrogen (NOx_N) 0.01 N/A - - Atrazine, 2-hydroxy 0.02 Dissolved oxygen (% saturation) 0 - 200 

Ammonia as nitrogen (NH3_N) 0.02 N/A - - Desethyl atrazine 0.01 Temperature (°C) -5 – 50 

Total nitrogen (TN) 0.05 N/A - - Desisopropyl atrazine 0.02 Nitrate – by optical sensor (mg/L NO3_N) 0.03 - 10 

Total dissolved nitrogen (TDN) 0.05 N/A - - Chlorpyrifos 0.02 - - 

Total suspended nitrogen N/A TN - TDN - - Chlorpyrifos oxon 0.01 - - 

Total organic nitrogen N/A TN – (NOx_N + NH3_N) - - Diuron 0.02 - - 

Dissolved organic nitrogen N/A TDN - (NOx_N + NH3_N) - - Total diuron 0.06 - - 

Total Kjeldahl nitrogen N/A TN - NOx_N - - Fipronil 0.02 - - 

Dissolved Kjeldahl nitrogen N/A TDN - NOx_N - - Fipronil desulfinyl 0.01 - - 

Orthophosphate as phosphorus (PO4_P) 0.01 N/A - - Fipronil sulfide 0.01 - - 

Total phosphorus (TP) 0.02 N/A - - Fipronil sulfone 0.01 - - 

Total dissolved phosphorus (TDP) 0.02 N/A - - Total fipronil 0.05 - - 

Total suspended phosphorus N/A TP - TDP - - Fluroxypyr 0.05 - - 

- - - - - Haloxyfop (acid) 0.02 - - 

- - - - - Hexazinone 0.01 - - 

- - - - - Imazapic 0.01 - - 

- - - - - Imidacloprid 0.02 - - 

- - - - - Imidacloprid metabolites 0.02 - - 

- - - - - Total imidacloprid 0.04 - - 

- - - - - Isoxaflutole metabolite (DKN) 0.02 - - 

- - - - - MCPA 0.01 - - 

- - - - - Metolachlor 0.01 - - 

- - - - - Metolachlor-OXA 0.05 - - 

- - - - - Metribuzin 0.02 - - 

- - - - - Metsulfuron-methyl 0.02 - - 

- - - - - Pendimethalin 0.02 - - 

- - - - - Prometryn 0.02 - - 

- - - - - Simazine 0.01 - - 

- - - - - Tebuthiuron 0.01 - - 

- - - - - Terbuthylazine 0.01 - - 

- - - - - Terbuthylazine desethyl 0.02 - - 

- - - - - Triclopyr 0.05 - - 

N/A indicates there is no LOR because the parameter is determined by calculation 
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2.2 Event stream monitoring 

Sites 
A sub-set of the routine stream monitoring sites is monitored more intensively during stream flow events to provide 
data that demonstrates the influence of the timing and magnitude of hydrological events on water quality. Paired 
sites (one upper catchment/rainforest site paired with an agricultural site further downstream) were selected, where 
possible, to demonstrate the land use influence during these events. Attachment 13 provides details of the event 
sites monitored over the October 2018 to October 2019 sampling period and from November 2019 onwards. 

Parameters 
Parameters monitored during events are consistent with those monitored during routine sampling (Table 1 above), 
except for the physico-chemical parameters, which are not measured on every sampling occasion during each event. 
The reactive nature of event monitoring and the logistical challenge of operating with more than one sampling team 
across two basins, means that the hand-held water quality meter is not always available for the event monitoring 
team. However, efforts are made to ensure physico-chemical parameters are measured on multiple occasions over 
each event. This provides a good representation of physico-chemical conditions during the event that, while is not 
the primary focus of the LSM program, assists in the interpretation of the results for the parameters of interest (i.e. 
nutrients, sediment and pesticides). 

Methods and equipment 
Events are sampled using a combination of manual grab sampling and rising stage samplers in order to capture as 
many samples as possible on the rise, peak and fall of the hydrograph (see Figure 3 and the Sampling Frequency 
section below). 

Manual grab sampling is conducted according to WTMIP SOP 002 and WTMIP SOP 003. 

Physico-chemical parameters are measured with a hand-held water quality meter (YSI ProDSS) according to 
WTMIP SOP 005. 

The rising stage samplers (Figures 3 and 4) are sampled according to WTMIP SOP 004, with the re-use of samplers 
being managed following WTMIP SOP 008. 

Site photos and observations are recorded as described in Section 2.1 and all observations recorded, including the 
field measured physico-chemical parameters and photographs, are uploaded into the EnviroSys database using a 
mobile field form according to WTMIP SOP 016. 

 

Figure 3 Dissolved inorganic nitrogen (DIN) concentrations measured during an event on Liverpool Creek. 

Green datapoints represent DIN concentrations at the upper catchment site and orange datapoints 

represent DIN at the site downstream of agricultural activities. The pale orange/salmon coloured datapoints 

are those which were collected at the lower Liverpool Creek site using the rising stage samplers. 
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Figure 4 Rising stage samplers installed at Liverpool 

Creek. One set is fully submerged and another about to 

be submerged. 

Figure 5 The rising stage samplers contained 

within the PVC cannisters fixed to the stream 

bank. The amber glass bottle is for pesticide 

sampling and the plastic bottle for nutrients and 

sediment. 

 

Sampling frequency 
The LSM program has committed to sampling a minimum of three periods of high stream flow each wet season. This 
decision was based on consideration of the information required for landholders, the analytical costs associated with 
intensive event monitoring and the human resources required to sample each event. 

Figure 3 presents the results of monitoring conducted over a high flow period in March-April 2019. Each peak within 
the monitoring period is considered a discrete event. The minimum number of samples required over an event to 
enable accurate loads calculations has been investigated by the Queensland Department of Environment and Science 
(DES) Water Quality and Investigations team. They recommend a minimum of six well distributed samples over an 
event, with at least three on the rise, one on the peak and two on the fall of the hydrograph to ensure adequate 
representativeness across the event, with an optimal number of samples per event being 10-12 (Thomson et 
al. 2012, DES & WTMIP 2018c4). The flashy nature of streams in the upper reaches of Wet Tropics sub-catchments 
makes event monitoring using manual grab sampling a quite reactive and resource-intensive activity. 

A primary reason for the rationalisation of the number of stream monitoring sites and frequency of sampling was to 
enable LSM staff to visit event monitoring sites more than once per day when monitoring future events. Likewise, 
additional rising stage samplers were deployed at downstream event monitoring sites to provide better coverage on 
the rise of the hydrograph. Any further improvement in sample coverage over events beyond what is achieved during 
the 2019-2020 wet season will require the installation of refrigerated auto-samplers at event monitoring sites. 

The above approach produces datasets that are useful for the determination of pollutant loads for individual events. 
Annual loads for sub-catchments can only effectively be generated using in-stream autosamplers. It is intended that 
in-stream autosamplers be deployed at the three in-stream monitoring sites should the WTMIP be extended beyond 
June 2021. 

2.3 High frequency in-stream monitoring 

Sites 
Three WTMIP sites have been equipped with instruments for high frequency ‘real-time’ in-stream monitoring: two 
sites in the Tully Basin at Sandy Creek (MIP LSM T8) and Banyan Creek at Mission Beach Road (MIP LSM T11); and one 

 
4 There is conflicting advice in Thomson et al. 2012 and DES & WTMIP 2018c which was clarified with Ryan Turner (Principal 
Scientist, Water Quality and Investigations, Environmental Monitoring and Assessment Science, Queensland Department of 
Environment and Science) at the WQTAG meeting #8, 6 November 2019, to come up with the event sampling regime 
provided here. 
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in the Johnstone Basin at Bamboo Creek at the golf course (MIP LSM J6). Refer to Attachment 3 for site details and 
Attachments 4 and 5 for maps showing site locations. 

Sites located lower in sub-catchments were selected so the monitoring data and pollutant loads calculated were 
representative of the majority of the sub-catchment. The selection of sub-catchments was based on: 

• DIN hotspot mapping (i.e. only sites where the potential for DIN generation had been modelled as 
‘moderate’ to ‘high’ were considered). 

• The potential for a high level of engagement with local landholders. 

• Connectivity with other LSM sites, to allow longitudinal monitoring of the primary waterway. 

Parameters 
Nitrate (as nitrogen), pH, electrical conductivity (Scm-1), dissolved oxygen (% saturation), turbidity (FNU) and 
temperature (°C) are measured using sensors located bankside in flow-through cells. 

Stream level (m) is measured at the two freshwater sites (Sandy and Banyan creeks in Tully) and both stream level 
(m) and velocity are measured at the tidal site on Bamboo Creek. These parameters are used to calculate stream flow 
(discharge) (see Sampling methods and equipment below). 

Meteorological parameters include air temperature (°C), barometric pressure (bar), relative humidity (%), and wind 
speed (m/s) and rainfall (mm). 

Sampling methods and equipment 
All monitoring equipment is held in a raised stainless-steel cabinet located on the creek bank above the 1 in 20-year 
flood zone (confirmed by local knowledge) (Figures 6 to 8). The TriOS OPUS nitrate sensors and EXO2 ‘shorty’ multi-
parameter sondes are housed in flow-through cells inside the cabinet to avoid the risk of them being damaged or 
washed downstream during high flow events (Figure 8). Stream level is measured using an Amazon Bubbler (Figure 7) 
at the two freshwater sites (Tully Basin) and a SonTek SL-1500 flow meter (side looker) at the Johnstone Basin tidal 
site measures both stream level and velocity. Gauge boards are installed at the Banyan and Sandy creek sites so that 
stream height can be recorded manually should the Amazon Bubblers malfunction. No gauge boards were installed at 
Bamboo Creek as the stream levels observed even during high flow conditions in the first year of LSM monitoring 
were within the tidal range and contained to the main stream channel. The banks to the stream channel are vertical 
and the waterway inhabited by crocodiles, so it was considered unsafe to install gauge boards as per the Terrain NRM 
Risk Assessment for Water Quality Monitoring. The meteorological parameters are measured using a Maximet 
GMX500 compact weather station and a WaterLOG H-3401 tipping bucket rain gauge (Figure 6). 

Detailed information on the monitoring equipment, including procedures for their operation and maintenance is 
provided in WTMIP SOP 010 for the TriOS OPUS, WTMIP SOP 011 for the EXO2, WTMIP SOP 012 for the hydrological 
equipment and WTMIP SOP 013 for the weather station and tipping rain gauge. 

Sampling frequency 
Nitrate and physico-chemical measurements are recorded at half-hourly intervals and hydrological and 
meteorological measurements at five minute intervals. 

Nitrate sensor validation 
The WTMIP Farm Scale Water Quality Monitoring feasibility report (Armour et al. 2017) acknowledged that real-time 
nitrate sensors are ‘relatively unproven’. This contrasts with sensors for physico-chemical parameters, such as 
electrical conductivity, pH and turbidity, which have been used in water quality monitoring for decades and are 
generally considered reliable, provided routine calibration and maintenance is undertaken. It was, therefore, 
necessary to implement a nitrate senor validation program to compare the result measured by the nitrate sensor to a 
laboratory result for a comparative sample. Nitrate sensor validation sampling involves taking a sample directly from 
the inlet stream to the nitrate sensor within two minutes of the sensor recording a nitrate measurement. The sample 
is sent to the laboratory for analysis and the results compared to the measurement recorded from the nitrate sensor 
deployed in-stream. 

Detailed methodology for the nitrate sensor validation program, including the criteria for assessing the results, is 
provided in WTMIP SOP 010. A summary of in-stream nitrate sensor performance over the first eight months post-
deployment is reported by WTMIP (2019a). The sensors generally perform well under freshwater conditions, after 
initial issues with biofouling were resolved early in the monitoring program. The performance of the sensor at 
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Bamboo Creek is yet to be optimised for brackish conditions despite extensive support being provided by the 
manufacturer (TriOS). Fortunately, the stream runs fresh most of the year at the WTMIP Bamboo Creek site. 

 
 

 

Figure 7 Inside the upper cabinet containing the 

Amazon Bubbler (top left) with desiccant module 

(on door), batteries (bottom) and datalogger (top 

right) 

 

Figure 6 In-stream monitoring station at Sandy Creek 

with weather station, tipping rain gauge and solar 

panels 

Figure 8 Inside the lower cabinet containing the 

EXO2 (centre) and the TriOS OPUS (right) 

 

2.4 Paddock run-off monitoring 

Sites 
Paddock run-off sampling is conducted at two Farm Services demonstration sites in the Johnstone and Tully basins. 
Attachment 14 provides site details, including the aims of the demonstrations. Maps showing site locations are 
provided in Attachments 15 and 16. 

Parameters 
Parameters analysed in paddock run-off are the same as those monitored in WTMIP stream monitoring (see 
Section 2.1 and Table 1), except that urea is also measured in paddock run-off samples. Nitrogenous fertiliser is 
predominantly applied to crops in the form of urea, which is highly mobile and has been shown to make up a 
substantial proportion of the nitrogen transported from paddocks during run-off events (Davis et al. 2016). Urea 
transforms to ammonium within a timeframe of days (Vlek and Craswell 1979, Yadav et al. 1987); therefore, the 
inclusion of urea in the paddock run-off monitoring suite was considered a useful indicator of recent fertilisation. 
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Although it is likely that some nitrogen remains in the form of urea in receiving waterways, it is not expected to be a 
dominant nitrogen form and it is accounted for as a component of the organic nitrogen measured in LSM stream 
monitoring. 

Nutrients and total suspended solids are analysed for all paddock run-off events sampled. Fewer events are sampled 
for pesticides due to the need to use glass jars for pesticide sampling (pesticides bind to plastics, so the accepted 
practice for pesticide analysis is to sample into glass (WTMIP SOP 003)). The ISCO Avalanche carousels purchased for 
the WTMIP contain either 14 x 950 mL plastic bottles or 12 x 330 mL glass jars (Figures 15 and 16). The lower overall 
capacity in the glass jar carousel makes composite sampling logistically challenging because the glass bottle carousel 
needs to be changed out more frequently than the plastic bottle carousel. The risk of running out of capacity before 
the end of a run-off event is therefore much greater when collecting into glass. Given that nitrogen loss is the focus 
of both Farm Services intensively monitored paddocks, the plastic bottle carousel is used in most cases. The LSM 
team may target run-off events occurring soon after pesticide applications; however, this option will not be pursued 
until the WTMIP team is satisfied with the data collected for nitrogen. 

Sampling methods and equipment 
The use of refrigerated autosamplers for the collection of paddock run-off for nutrient, sediment and pesticide 
analysis is described in detail in WTMIP SOP 007 and a brief overview is provided below. 

Each paddock treatment plot is equipped with a flume and autosampler (Figures 9 to 14). Run-off is directed into the 
flume via plastic bunting (Figures 9, 11 and 14). A pressure transducer located in the flume stilling well measures 
water level at five minute intervals during a run-off event or sooner if there is a two millimetre rise in water level 
and/or an event sample taken (Figures 11 and 13). The volume of water moving through the flume is automatically 
calculated based on the flume dimensions, and the autosampler (Figure 12) is programmed to take samples 
throughout the run-off event at pre-determined flow intervals. Flow interval (in millimetres of volumetric depth 
across a known catchment area) is set according to whether a brief or extended rainfall event is expected. Sub-
samples (150 mL) are composited into the sample bottles so that one sample for the entire event is sent to the 
laboratory. See Sampling regime section below for further information on the decision to undertake flow-based 
composite sampling over time-based discrete sampling. 

Flume catchment areas were determined either by drone elevation mapping or differential Geographical Positioning 
System (GPS) methods and included in the autosampler programming to set the flow intervals for sampling. 

Pressure transducers are not designed for dry deployment as the tip of the transducer needs to be constantly 
submerged. Should the pressure transducers dry out, inaccurate water levels will be recorded due to the formation 
of an air bubble in the transducer tip. A dripper system has been installed at each sampling station to continuously 
top up the stilling well. Paddock sampling stations are checked routinely to ensure that the pressure transducers 
remain submerged, the programmed water level offsets are accurate, and the flumes are clean. 

Time-lapse cameras are set up to photograph the flume every 15 minutes and provide time-stamped images showing 
when water is moving through the flumes. These images have proved extremely useful in investigating false 
autosampler triggerings and determining whether autosamplers should have triggered during periods of high rainfall. 
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Figure 9 Sampling station located at the Innisfail 

site. 

Figure 10 Sampling stations at the Tully 

demonstration site. Note the difference in cane 

appearance between the two treatments: industry 

standard (left) and MIP treatment (right). 

  

  

Figure 11 Platform and flume setup Figure 12 Equipment housed in the platform 

enclosure 
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Figure 13 Pressure transducer depth logger (photo 

from Campbell Scientific Australia product 

information data sheet) 

Figure 14 Autosampler intake hose located in the 

base of the flume 

  

 
 

Figure 15 Autosampler carousel containing 14 × 

950 mL plastic sample bottles used for nutrient and 

TSS sampling. 

Figure 16 Sample bottle carousel containing 12 × 

330 mL glass sample jars used for pesticide 

sampling. 
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Sampling regime 
The determination of accurate load estimates at the paddock scale requires paddock run-off to be sampled in a 
manner that allows the calculation of event mean concentrations (EMCs). Time- and flow-based discrete sampling, 
and flow-based composite sampling, are all acceptable methods for generating EMCs (Harmel et al. 2006). The most 
appropriate paddock sampling regime for the WTMIP LSM program was discussed with the WQTAG (meetings #5 and 
#6) and it was decided to undertake time-based discrete sampling, with the primary reasons being: 

• It was thought there was a need to understand the run-off characteristics of each of the demonstration plots 
in order to set appropriate flow-based intervals for each event, and this information was not yet available. 

• Time-based sampling appeared simpler to manage in practice (i.e. a time interval would be set, and it would 
be known when the sampler would reach capacity. Further, mid-event changes to the intervals could be 
dealt with easily during EMC calculations). 

• Information on run-off constituent behaviour within an event would also be collected. 

Subsequently, a review of the literature on paddock run-off water quality sampling was completed, based on a 
recommendation from the Land & Water Science team at the Department of Natural Resources, Mines and Energy 
(DNRME). The WTMIP LSM team decided, in consultation with the WQTAG, to undertake flow-based composite 
sampling for the 2019-2020 wet season5. The key reasons were: 

• There is a recommended range of flow-intervals (three to six mm volumetric depth) for sampling at the 
‘edge-of-field’ and small catchment scales (achieving <10% cumulative error for estimated vs actual loads; 
Harmel & King 2005). The flow-interval within this range can be adjusted depending on whether a brief or 
extended event is expected, or according to the degree of expected variability in constituent concentrations 
during an event. These intervals have worked well for the DNRME team at their Paddock to Reef (P2R) 
Silkwood trial site. 

• As flow-based sampling regimes take more frequent samples during periods of high flow, the resulting EMC 
theoretically provides a better estimate of concentrations occurring over the hydrograph.   

• The ISCO Avalanche autosamplers used in the WTMIP are configured with carousels containing 14 x 950 mL 
sample bottles, providing capacity to composite up to 88 x 150 mL pulses over a single event. This would 
easily cover a long-duration, high-rainfall event. In contrast, discrete sampling would be limited to 14 
samples before the carousel requires changing out. Discrete sampling was thought likely to pose logistical 
challenges when the WTMIP team is undertaking stream and paddock monitoring concurrently during the 
wet season. 

• The analytical costs of discrete sampling would restrict the number of events sampled and the number of 
samples taken within events. Composite sampling alleviates budget constraints and allows the LSM team to 
focus on capturing any events that inform or support the demonstration. 

• The collection and submission of individual discrete samples and the subsequent post-processing of the data 
will take a large investment of staff time. The WTMIP and the P2R teams do not need information on 
constituent behaviour during events6 so this investment was not considered warranted. 

Sampling frequency 
Sampling frequency is determined by the frequency of paddock run-off events. The LSM team aims to sample all run-
off events at each demonstration site over the course of each wet season for nutrients and TSS. This enables the 
calculation of annual loads from each treatment plot for these parameters. Specific run-off events occurring soon 
after pesticide application may be targeted for pesticide sampling, dependent on program requirements (see 
Parameters section above). 

The LSM team is notified remotely when the autosamplers are collecting run-off and samples are retrieved from the 
autosamplers within 24 hours of the end of a run-off event, according to the procedures outlined in MIP SOP 007. 
The exception being where there are extenuating circumstances, such as unsafe conditions, restricted access 
(flooded roads) or lack of resources, in which case they are collected as soon as it is safe and possible to do so. 

 
5 Documented in an email from Alicia Buckle, WTMIP Water Quality Leader, dated 9 July 2019 
6 Email from Dr Mark Silburn, P2R Reef Project Leader, DNRME, dated 9 July 2019 
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2.5 Shallow groundwater monitoring 

Sites 
The intention of the piezometer monitoring is to demonstrate nutrient and pesticide movement, i.e. losses below the 
crop root-zone and into shallow groundwaters. In the Tully Basin, the piezometers were co-located on two blocks 
used for Farm Services demonstrations, while in the Johnstone, four piezometer locations were selected to represent 
a broad range of the commonly encountered soil types across the basin. See Attachment 14 for more information on 
demonstration intent and Attachments 15 and 16 for maps showing piezometer locations. Soil scientists from 
DNRME were contracted to describe soil types and soil hydraulic properties at prospective sites, and make 
recommendations on the positioning of piezometers (DNRME 2019a&b). The location of the piezometers on 
paddocks was also influenced by the need for all-weather accessibility to the site for sampling and maintenance, as 
well as to minimise impacts on farming operations. 

Two monitoring blocks were established in the Tully Basin at Syndicate Road and Leichhardt Road. ‘The selection of 
the monitoring blocks was based on the existing 1:50,000 scale soil mapping of the Tully to Cardwell district 
undertaken by Murtha (1986) and Cannon, Smith and Murtha (1992). This mapping had identified the blocks comprise 
soil types representative of major soils supporting sugarcane farming that have been targeted for water quality 
monitoring by the WTMIP.’ DNRME (2019a) 

‘The four piezometers installed on the Syndicate Road block were located to target soils exhibiting extremes in soil 
hydrologic characteristics. The rationale behind the location of these piezometers is to assess nitrogen 
movement/losses between two very different types of soil that are common across the coastal alluvial floodplains of 
the Wet Tropics. Placing two piezometers on each unit, but at a distance apart, allows for replication within each unit 
and to pick up any variances arising due to internal and external factors. Piezometers 1 and 2 are located on the 
boundary of the Coom and Hewitt mapping units, that is they are on very deep poorly drained clay soils, where a very 
high seasonal water table is likely to be encountered but where accessibility is not likely to be impeded due to flooding 
or boggy conditions. Piezometers 3 and 4 are found on what has been mapped as the Liverpool Grey variant soil, it is a 
soil formed on a prior stream comprising a shallow to moderately deep loamy to clayey soil overlying coarse sands 
and gravels.’ DNRME (2019a) 

‘At the Leichhardt Road site four piezometers were located along southern headland with the intention of representing 
the Lugger soil type. These are numbered P5-P8, with two located on either side of the central drain to cover two 
fertiliser management treatments that is intended for this block. The location of each is shown on the attached soil 
map for the block (see Appendix 3). Runoff monitoring fluming was also installed on either side of the central drain 
toward the southern boundary to be used for each management treatment. Piezometers 5 and 6 were installed in the 
immediate downstream shadow of each flume, and piezometers 7 and 8 are found approximately 50 m away from 
each flume and will act as replicates. The rationale for this monitoring is to determine the effect of different 
management treatments on the fate of nitrogen. All four piezometers are located on what has been mapped as the 
Bulgun soil type, however piezometer 8 is on what has been considered the heavier variant of this soil type and is 
adjacent to an area of what appears to be heavier clay (Hewitt soil).’ DNRME (2019a) 

Piezometers were installed at four sites in the Johnstone Basin at Bamboo Creek, Zahra Creek, Flynn Road and 
Liverpool Creek. ‘Their selection was based on existing 1:50 000 scale soil mapping across the Innisfail sugarcane 
growing districts that was undertaken by Murtha (1986). The mapping indicated the study areas comprise soil types 
representative of major soils supporting sugarcane production farming across the Basin.’ ‘The soil survey guided the 
installation of piezometers on the monitoring sites. Eight piezometers were installed, two at each locality’ (DNRME 
2019b). 
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Parameters 
The eight dissolved nutrient forms included in the WTMIP shallow groundwater monitoring are listed in Table 2. 

Dissolved nutrients operationally constitute the nitrogen and phosphorus forms that pass through a 0.45 m filter, as 
is consistent with DES (2018). 

Table 2 Nutrients included in WTMIP shallow groundwater monitoring 

Nutrient Limit of reporting (mg/L) Calculation 

Dissolved inorganic nitrogen N/A NOx_N + NH3_N 

Nitrate as nitrogen (NO3_N) N/A NOx_N - NO2_N 

Nitrite as nitrogen (NO2_N) 0.01 N/A 

Total oxidised nitrogen (NOx_N) 0.01 N/A 

Ammonia as nitrogen (NH3_N) 0.02 N/A 

Total dissolved nitrogen (TDN) 0.05 N/A 

Dissolved organic nitrogen N/A TDN - (NOx_N + NH3_N) 

Orthophosphate as phosphorus (PO4_P) 0.01 N/A 

N/A indicates no LOR because the analyte is calculated. Calculation presented in final column. 

The Tully Farm Services team have recently included pesticides in their shallow groundwater parameter suite in 
response to a request from growers on the movement of pesticides via deep drainage. The pesticides monitored are 
the same as those listed in Section 2.1 and Table 1 for routine stream monitoring 

Sampling methods and equipment 
Soil surveys undertaken to determine the piezometer locations relied on a combination of Electromagnetic Induction 
(EMI) survey and conventional soil survey sampling and description methods (DNRME 2019b). ‘The Electrical 
Conductivity (EC) of the soil measured by the EMI meter is influenced by properties such as soil texture and clay 
mineralogy, moisture content, and soil chemistry. As these properties correlate to changes in soil type or soil 
morphology, the EMI data enables the soils to be reliably mapped at an intensive paddock scale. Combined with 
traditional soil survey observations of the soil profile across each block, this data enables the delineation of soil type 
and important characteristics such as the soil’s hydrological properties.’ DNRME (2019b) 

The 16 shallow groundwater monitoring piezometers were installed across both basins in December 2018. ‘The 
piezometers were constructed following the minimum requirements for temporary shallow monitoring bores as set 
out by NUDLC (2012). All piezometers were installed to ground level rather than the usual practice of having an 
exposed part of the upper casing above ground. This was done to avoid impacting on farming operations, allowing 
vehicles to traverse across the site without damaging the piezometers. All were located on headlands or at the end of 
a plant row where cultivation or other ground disturbance can be avoided during the life of the monitoring project.’ 
(DNRME 2019a&b). 

‘Bore holes were drilled with a trailer mounted Gemco rotary drill rig, cutting a 100mm diameter hole to the required 
depth (≤6 m). Piezometers were constructed from 50 mm diameter PN12 PVC-U pipe, slotted from about -1m through 
to the bottom of the piping. Each were sleeved with a geofabric filter sock to prevent fine soil material from entering 
the pipe once in place. After placement in the hole, the space between the pipe and the wall of the bore hole was back 
filled with clean coarse river sand to about -0.5 m depth. Each piezometer is capped to prevent small animals and 
extraneous material falling down the pipe. A 500 mm long x 120 mm diameter x 5 mm wall section of PVC piping was 
embedded into the upper 0.5 m of soil around the piezometer tube to act as a protective casing. The soil around this 
casing was excavated to diameter of about 0.3-0.4 m from the casing and then backfilled with rapid-set cement to 
ground level to reinforce this protection, and to act as a grout to prevent surface runoff from infiltrating into the sides 
of the bore hole. A painted and numbered steel plough disc was then placed over each piezometer to act as a site 
indicator and provide additional protective cover from vehicle operations.’ DNRME (2019b). 

Details of individual piezometer locations (i.e. GPS co-ordinates), depths and codes used for water quality sample 
submission are provided in Attachment 14. 

Piezometer sampling for water quality analysis is conducted according to WTMIP SOP 006, which conforms with 
guidance on groundwater sampling provided in DES (2018) and Sundaram et al. (2009). Sampling requires the use of 
a submersible pump and hose (Figure 17) and involves purging piezometers by pumping until dry, or at least three 
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time the volume of the piezometer, before taking a sample following the methods in WTMIP SOP 002 for nutrient 
sampling and WTMIP SOP 003 for pesticide sampling (Figure 18). When collecting samples for pesticide analysis, the 
plastic pump hose is replaced with a Teflon hose to avoid the loss of pesticides by adsorption to plastics. 

  

Figure 17 Equipment used to sample 

shallow groundwater from piezometers. A 

submersible pump and hose, 12V battery 

and graduated bucket to measure purge 

volume. 

Figure 18 Purging water from a piezometer before allowing it 

to recharge and taking a sample. 

 

Sampling frequency 
Piezometer sampling has been conducted on a fortnightly basis at the Tully Basin sites since December 2018. 
Fortnightly piezometer sampling commenced in the Johnstone Basin in January 2019 and continued until April 2019 
when a decision was made to pause sampling over the dry season when leaching from paddocks was expected to be 
minimal. Fortnightly sampling re-commenced after cane harvest and subsequent fertiliser application in September 
2019 and will continue throughout the 2019-2020 wet season. 
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3. Data management 
The LSM, Farm Services and Catchment Repair activity areas of the WTMIP are producing considerable volumes of 
water quality data over a short timeframe. The success of the WTMIP is dependent on maintaining high quality and 
readily accessible datasets. Further, it is recognised that the utility of the data being generated by the WTMIP 
extends well beyond this project. A data management system has, therefore, been developed to ensure that data are 
stored securely and are readily accessible for analysis, interpretation and presentation to WTMIP stakeholders. The 
processes and procedures developed for WTMIP data management, including those related to quality assurance and 
quality control, are described in detail in WTMIP SOP 016. 

Central to the management of WTMIP data is the use of a specialised Environmental Data Management System 
(EDMS) called EnviroSys (SRA Information Technology). EnviroSys is the primary interface for WTMIP staff accessing 
data and allows for simple compilation of datasets from any combination of location, date, time, data type, etc. It has 
automated graphing and reporting functionality (for routinely conducted analyses) and is being configured to 
undertake automated quality control checking, sampling scheduling and equipment maintenance programs.  

An intermediate data storage system, known as eagle.io receives data from all telemetered data sources, such as the 
in-stream monitoring stations and the paddock run-off sampling stations. eagle.io is a web-based platform that stores 
and displays data but, more importantly, it is the interface through which water quality staff remotely adjust 
sampling programs and settings. Data is automatically transferred from eagle.io to EnviroSys. 

Unfortunately, eagle.io does not back up data older than six months so, prior to the implementation of EnviroSys, the 
WTMIP commissioned Terrain NRM’s information technology service provider Future Computers to develop a script 
for routinely transferring all WTMIP data stored on eagle.io to Terrain NRM’s central file storage and sharing system, 
SharePoint. All raw data files received from Cairns Regional Council Laboratory Services (CRC Laboratory) are also 
backed up on SharePoint. The ongoing use of SharePoint as a secondary (or tertiary) data storage repository is an 
important safety net for occasions when EnviroSys or eagle.io may not be functional. It also provides another level of 
data security should a decision be made not to use EnviroSys or eagle.io in the future. 

The types of data being generated by the LSM program and the storage location for each are provided in Table 3. 

Table 3. Details of data generated from the Local Scale Monitoring program 

Monitoring type Data source Data type Storage location 

Routine stream monitoring CRC Laboratory Discrete grab sample EnviroSys 
SharePoint 

Event stream monitoring CRC Laboratory Discrete grab sample EnviroSys 
SharePoint 

High frequency in-stream monitoring Monitoring station 
dataloggers 

Time-series eagle.io 
EnviroSys 
SharePoint 

Paddock run-off monitoring Monitoring station 
dataloggers 

CRC Laboratory 

Time-series 
 

Composite grab sample 

eagle.io 
EnviroSys 
SharePoint 

Shallow groundwater monitoring CRC Laboratory Discrete grab sample EnviroSys 
SharePoint 
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4. Service providers 

4.1 Cairns Regional Council Laboratory Services 

About 
Cairns Regional Council Laboratory Services (CRC Laboratory) is a National Association of Testing Authorities (NATA) 
accredited laboratory providing a range of chemistry and microbiology testing services for public and private 
customers across Far North Queensland. 

Services provided to the WTMIP 
CRC Laboratory is the primary provider of analytical services to the WTMIP and undertakes all the water quality 
testing for the LSM program. Where CRC Laboratory does not undertake the analyses in-house, it sub-contracts to 
another laboratory. This greatly streamlines processes for WTMIP staff as all requests for analyses and ordering of 
pre-labelled bottle packs is via a single contact. Further, the sample documentation issued, including electronic 
results files, incorporates all requested analyses in a common format that is automatically transferred to the WTMIP 
EnviroSys database. 

Reason for engagement 
NATA accreditation was an essential pre-requisite in selecting an analytical service provider for the WTMIP. The 
national accreditation program involves extensive laboratory auditing and testing and therefore provides assurance 
around the quality of data generated. 

CRC Laboratory was known to supply personal service and sound technical advice and was generally regarded by 
clients as being highly efficient and providing good quality results. CRC Laboratory has a good relationship with sub-
contracting laboratories (Queensland Health Forensic and Scientific Services (QHFSS) and Australian Laboratory 
Services (ALS)) which extends the suite of analytes on offer to cover WTMIP requirements (pesticide analyses are 
conducted by QHFSS and dissolved organic carbon by ALS). 

CRC Laboratory supplies pre-labelled sample bottles, batched for each site and each sampling run, thereby reducing 
the chances of field staff recording erroneous sample details. Customised electronic Chain of Custody (eCoC) forms 
are generated for each new ‘project’7 saving staff time transcribing site and bottle details and reducing human error. 
These are key points of differences between CRC Laboratory and its competitors. 

The proximity of CRC Laboratory to the Terrain NRM’s Cairns office greatly simplifies sample logistics, with most 
other service providers located in Townsville or Brisbane. A side benefit of having an analytical laboratory nearby is 
the ability to source bulk laboratory grade waters (reverse osmosis and MilliQ water) for washing monitoring 
equipment. CRC Laboratory also supplies laboratory-verified standard solutions, including nitrate standards, for 
testing equipment used for nitrate field measurement and nutrient spike samples for grab sampling quality control. 

Key contacts 
Name: Melissa Aalbers 

Position: Senior Scientist (Chemistry) 

Melissa is the WTMIP’s primary contact at the CRC Laboratory. She assists with both technical and logistical enquiries. 
All requests for new projects, amendments to existing projects, orders for laboratory-grade water and results queries 
should go through Melissa. 

Contact number: via reception – 07 4044 8344 

Email: M.Aalbers@cairns.qld.gov.au and laboratory@cairns.qld.gov.au 

 

Name: Rob Lale 

Position: Laboratory Information Management System (LIMS) Administrator 

 
7 Every batch of samples sent to CRC Laboratory is submitted under a unique project number. 

mailto:M.Aalbers@cairns.qld.gov.au
mailto:laboratory@cairns.qld.gov.au
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Rob manages all enquiries relating to data management and reporting, or if Melissa is unavailable. 

Contact number: via reception – 07 4044 8344 

Email: r.lale@cairns.qld.gov.au and laboratory@cairns.qld.gov.au 

 

Name: Martina Mitchell 

Position: Reception/Sample receipt 

Martina deals with all enquiries related to sample receipt and whether ordered bottle packs and water supplies are 
ready for collection. 

Contact number: 07 4044 8344 

Email: laboratory@cairns.qld.gov.au 

 

Name: Sankara Walden 

Position: Reception/Invoicing 

Sankara handles all enquiries related to accounts and invoicing. 

Contact number: 07 4044 8344 

Email: laboratory@cairns.qld.gov.au 

 

4.2 Xylem 

About Xylem 
Xylem Analytics Australia (Xylem) was established in 2008 to support the growth of the YSI Inc. and SonTek customer 
base in Australasia. Xylem specialises in water technology used in public utility, residential and commercial building 
services, industrial and agricultural settings. The company has teams of staff across broad applications in 150 
countries. 

Services provided to the WTMIP 
Xylem is the primary provider for servicing, repairs and technical assistance for all in-stream monitoring stations 
including hydrological monitoring. Xylem also services and repairs WTMIP hand-held multi-parameter meters (YSI 
ProDSS) and is the WTMIP’s main supplier of calibration standards. Xylem is able to respond rapidly to requests and 
has highly skilled technicians and hydrographers on hand who can travel to remote and regional sites to conduct 
required works. Xylem has good working relationships with other service providers and government agencies which 
has proved useful when working with relatively new technologies, such as installing and troubleshooting TriOS nitrate 
sensors. 

Reason for engagement 
Xylem is highly regarded as one of the best water technology service providers. Xylem staff have good relationships 
with other service providers (TriOS and HyQuest) and government agencies (DNRME, DES, and the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO)) enables Xylem tap into a broad range of expertise to find the 
best water monitoring applications and solutions in a range of environments. 

As a large service provider Xylem can provide experienced technicians and hydrographers on location with relatively 
short notice. Xylem also has an experienced servicing and repair team in Brisbane which is supported by a catalogue 
of loan units to fill gaps when instruments are required to be sent to Brisbane for inspection/repair. 

Key contacts 
Name: Josh Roberson 

Position: Systems Engineer 

mailto:r.lale@cairns.qld.gov.au
mailto:laboratory@cairns.qld.gov.au
mailto:laboratory@cairns.qld.gov.au
mailto:laboratory@cairns.qld.gov.au
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Managed the installation and maintenance of the WTMIP in-stream equipment. First port-of-call for troubleshooting 
and technical advice 

Contact number: 0499 461 966 

Email: Joshua.Roberson@xyleminc.com 

 

Name: Lindsay Shaw 

Position: Service Manager 

Assists with instrument calibration and repair 

Contact number: 0499 550 822 

Email: Lindsay.Shaw@Xyleminc.com 

 

Name: Daniel Wagenaar 

Position: Senior Hydrologist 

Handles hydrological measurements, stream hydrological surveys, develops stream stage versus discharge rating 
tables and pollutant load calculation 

Contact number: 0436 412 799 

Email: Daniel.Wagenaar@xyleminc.com 

 

Name: Josh Soutar 

Position: Application Manager – Surface Water and Coastal 

Manages equipment application enquiries (suitability and cost), organisation of technical field staff to location. 

Contact number: 0439 762 552 

Email: Josh.Soutar@xyleminc.com 

 

Name: Carolina Cespedes 

Position: Internal Sales & Administration Officer 

Responsible for ordering consumables and processing purchase orders 

Contact number: 07 3908 4001 

Email: Carolina.Cespedes@xyleminc.com 

 

4.3 TriOS 

About TriOS 
TriOS is a well-established producer of high-quality optical metrology. The company manufactures and supplies 
radiometers, photometers, fluorometers and various other sensors and has an excellent reputation for supplying 
high-quality precision probes for water quality monitoring of drinking water, wastewater and other various industrial 
applications. https://www.trios.de/en/index.php 

Services provided to the WTMIP 
TriOS has provided the WTMIP with high quality optical nitrate sensors (TriOS OPUS and TriOS NICO). TriOS has a 
network of highly skilled technical staff to provide support (remotely) from the manufacturing base in Germany. 

mailto:Joshua.Roberson@xyleminc.com
mailto:Lindsay.Shaw@Xyleminc.com
mailto:Daniel.Wagenaar@xyleminc.com
mailto:Josh.Soutar@xyleminc.com
mailto:Carolina.Cespedes@xyleminc.com
https://www.trios.de/en/index.php
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Reason for Engagement 
TriOS optical nitrate sensors are widely regarded as the best optical nitrate sensors currently on the market. TriOS 
sensors are used by DES and CSIRO and both agencies strongly recommended their use in marine and freshwater 
environments. 

TriOS have a large team of staff who provide technical advice to customers around the globe. The quality of advice is 
exceptional, as is the rapid response time given the extended distance between WTMIP and TriOS localities.  

Key contacts 
Name: Annemarie Köppen 

Position: Technical Support Officer 

Assists with technical questions, support and troubleshooting. 

Contact number: +49 (0)4402 69670-32 

Email: koeppen@trios.de 

 

Name: Eike Breitbarth 

Position: Director – REZO Limited, HyQuest Solutions, Kisters 

REZO is the distributor of TriOS sensors in Australia and New Zealand. Eike has an excellent technical understanding 
of TriOS sensors and is available to provide technical support to the WTMIP team during business hours. He works 
closely with Annemarie in Germany to ensure support is co-ordinated and consistent. REZO supplied the WTMIP with 
a loan OPUS when the Bamboo Creek OPUS was sent to Germany for repair, thereby limiting the downtime in nitrate 
measurements for the Bamboo Creek sub-catchment. 

Contact number: +64-21-02545977 

Email: eike@rezo.co.nz 

 

4.4 Campbell Scientific Australia 

About Campbell Scientific Australia 
Campbell Scientific Australia (CSA) provides environmental data acquisition solutions, specialising in rugged, low-
power systems for long-term, stand-along monitoring and control. CSA is based in Australia and South East Asia and 
works in a variety of applications related to weather, water, energy, gas flux and turbulence, infrastructure, and soil. 
CSA’s Australian office is in Townsville. 

Services provided to the WTMIP 
CSA is the primary service providers for the WTMIP paddock run-off monitoring stations. CSA manufactures the 
depth sensors used on-paddock to calculate surface water flow and their data-loggers are used in all WTMIP LSM 
telemetered monitoring stations. 

CSA have dedicated staff to provide technical remote support and advice when required. 

Reason for engagement 
The proximity of CSA to the Tully and Johnstone Basins (Townsville) provides a rapid turnaround time for repairs and 
maintenance, a key advantage for the WTMIP team. 

CSA have experienced technicians who are available to provide technical support and advice to clients. CSA often run 
workshops on the use, maintenance and troubleshooting techniques required for proper installation and operation of 
CSA equipment. 

Key contact 
Name: Gavin Hewitt 

Position: Sales and Support Manager 

mailto:koeppen@trios.de
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Can assist with: Programming, technical advice and equipment repair. 

Contact number: 07 4401 7700 

Email: helpdesk@campbellsci.com.au 

 

4.5 Specialised Data Services 

About 
Specialised Data Services (SDS) was established in 2012 and specialises in automated monitoring, data collection, 
control systems and telecommunications. SDS provides an option for organizations to contract short-term high-level 
technical expertise to assist with product development, system integration, transfer of technical skills or delivery of a 
project. SDS is owned and operated by Simon Leeds. 

Services provided to the WTMIP 
Simon has assisted in the programming of the ISCO autosamplers at the paddock run-off monitoring sites and 
eagle.io dashboard and data display settings. SDS adjusted the program coding originally provided by CSA, as the 
monitoring program transitioned from time-based composite sampling to flow-based composite sampling. SDS also 
assisted with the creation of dashboards and paddock run-off monitoring configurations on eagle.io. SDS continues to 
provide technical programming and coding support on request. 

Reason for engagement 
The proximity of SDS to the Tully and Johnstone basins provides a rapid turnaround time for technical support 
requests. SDS is also available for day trips to site when needed.  

Simon Leeds has worked extensively in the water monitoring field and has a strong background in programming, 
eagle.io, equipment maintenance and repair, and a variety of water monitoring installations. Simon works closely 
with CSA and is familiar with the CSA equipment used at the WTMIP monitoring stations. Simon is highly regarded by 
industry and WTMIP staff have found him to be highly skilled at communicating technical concepts. 

Key contact 
Name: Simon Leeds 

Position: Owner and operator 

Skilled in programming and coding, eagle.io alterations, configurations and troubleshooting. 

Contact number: 0459 755 553 

Email: simon@sdservices.com.au 

 

4.6 SRA Information Technology 

About 
SRA Information Technology (SRA) is a specialist software company providing quality business software solutions and 
environmental data management systems. The EDMS, EnviroSys, has been developed to save time, reduce cost, 
mitigate risk and improve performance for customers collecting environmental data. 

Services provided to the WTMIP 
EnviroSys is the primary interface for WTMIP staff to access data and allows for simple compilation of datasets from 
any combinations of location, date, time, data type etc. It has automated graphing and reporting functionality (for 
routinely conducted analyses) and is being configured to undertake automated quality control checking, sampling 
scheduling and equipment maintenance programs.  

mailto:helpdesk@campbellsci.com.au
mailto:simon@sdservices.com.au
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Reason for engagement 
A formal procurement process was undertaken to select the most suitable EDMS for the WTMIP. The reasons for 
choosing SRA over its competitors are detailed in a business case prepared for Terrain NRM’s senior management 
(WTMIP 2019b). The primary reasons for contracting SRA were: 

• EnviroSys is an off-the-shelf, ready-to-use product that was designed to manage all types of data generated 
by the WTMIP. 

• The product was developed more than 20 years ago and had since been undergoing continual improvement 
based on client feedback. 

• The user interface was streamlined, intuitive and simple to use and mobile field forms were in development. 

• EnviroSys could integrate with eagle.io. 

• SRA staff presented themselves as professional, competent and responsive to WTMIP needs. 

• Other long-term users of EnviroSys included Federal and State governments, large mining companies and 
water utilities. 

Key contacts 
If experiencing an issue with EnviroSys, in the first instance contact the WTMIP Water Quality Leader, Alicia Buckle or 
the WTMIP Catchment Repair Officer Suzette Argent. The contact details below are provided for situations when an 
urgent solution is required and Alicia and Suzette are unavailable. 

 

Name: Service Desk 

To raise a ticket with SRA Support: 

Email: terrain_support@sra.com.au 

Web portal: https://sra-it.atlassian.net/servicedesk/customer/portal/5 

Phone: 08 8215 9050 for P1 and P2 

 

Name: Daniel Woodcock 

Position: Project Director - EnviroSys 

Can assist with requests that cannot be managed through the SRA Support Service Desk or tasks outstanding from 
the implementation phase. 

Contact number: 0410 633 512 

Email: Daniel.Woodcock@sra.com.au 

  

https://sra-it.atlassian.net/servicedesk/customer/portal/5
mailto:Daniel.Woodcock@sra.com.au
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5. Reporting 

5.1 ‘Real-time’ results 

WTMIP ‘real-time’ nitrate and hydrological data will be made available to growers via the CSIRO 1622 application 

(app) (https://1622.farm/). A screen shot showing how WTMIP data is displayed on 1622™ is presented in Figure 19 

and data management procedures for the provision of WTMIP data to CSIRO for 1622™ are detailed in WTMIP SOP 

016. WTMIP ‘real-time’ nitrate data is fed into the app from eagle.io. The 1622™ app applies a filter to exclude data 

that appears erroneous (see below). The filters can be overly aggressive and occasionally filter out true results; 

therefore, it is necessary for the LSM team to routinely compare the results presented on 1622™ with that on 

eagle.io. Data filters will be refined as the dataset grows and there is a better understanding of nitrate behaviour at 

the WTMIP in-stream monitoring sites. 

Maria Vilas from the CSIRO Digiscapes team provided the following information on the filter applied to nitrate data 
imported into 1622™ (email dated 12 February 2020):  

“The most common problems with nitrate data that we encountered were (1) the presence of negative values, and (2) 
unrealistically rapid change in nitrate concentrations. Negative values were removed by the data filter. Changes in 
nitrate concentrations that exceeded the 98% quantile for a specific location were also considered unrealistic for the 
environments being monitored and removed. In addition to data issues, we identified problems with the sensors 
related to the need for inspection and maintenance of the sensors. These problems can be recognized through 
reference variables (related to light intensity), which are implemented by the sensor manufacturers and indicate that 
the quality of the measurement is compromised. In our data set, we removed nitrate values when the sensor reference 
variables were below or above the thresholds defined by the sensor manufacturers.” 

A strategy for rolling out the app to WTMIP growers will be established with the Farm Services team. 

 

Figure 19 Screen shot from the 1622™ app showing WTMIP nitrate data for the Banyan Creek in-stream 

monitoring site 

 

5.2 ‘In-time’ results 

The timing of shed meetings and the materials presented to landholders involved in the WTMIP is determined by the 
Farm Services team’s engagement strategy and preceding monitoring activities. Shed meetings are held during 

https://1622.farm/
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relatively quiet periods in the grower’s year in order to maximise attendance (outside of the harvest period) 
(Figure 20). LSM staff are in frequent contact with WTMIP Basin Co-ordinators and extension staff. This two-way 
communication allows water quality staff to determine the information extension staff wish to present to 
landholders, and extension staff to be aware of recent findings from the LSM program. Water quality data can then 
be summarised and analysed on demand, according to landholders’ needs. 

The main criticism of previous scientific presentations to growers was that the materials presented are too data 
dense (e.g. results for multiple parameters are presented on one graph) and abstract (e.g. box and whisker plots are 
difficult to interpret without very careful explanation). This may be a symptom of water quality results being 
presented infrequently (only once a year or less) and the ensuing need to put a lot of information into one 
presentation. Unfortunately, this has resulted in landholders ‘switching off’ during presentations and a lack of true 
engagement and understanding of water quality issues. Taking this insight from extension staff into account, the 
following aspects are relevant for communicating with landholders: 

• Don’t use PowerPoint! The lighting in farm sheds does not support this means of communication and it is 
better to sit down with growers and discuss results as opposed to the lecture-style presentations. All 
materials must therefore be suitable for presentation on A0 sized posters or a combination of posters and 
handouts, using large bold fonts, large datapoints, and strong colours, for example. 

• Content should be limited to one water quality parameter per graph (or one statistic per graph for multiple 
parameters), where possible, to avoid overwhelming the audience with information. 

• Ensure the local relevance of the results is obvious, such as using locally known site names. 

• Use colour wisely to group common sites (e.g. rainforest sites always presented in green) or heat gradients 
to show increasing numbers of detections/exceedances. 

• Be mindful of scale. Use a consistent scale across graphs where possible or take the time during presentation 
to point out differences in scale. 

Examples of LSM results presented to landholders at shed meetings are provided in Figures 21 to 23. 

A common set of ‘all-of-basin’ results is prepared and presented to all attendees at shed meetings with individual 
graphs prepared for different sub-catchments. The sub-catchment graphs include data from upper catchment and 
reference sites and the urban and grazing sites to allow a comparison of different land uses. All-of-basin results are 
also prepared for Tully Basin landholders should they wish to put the results from their own sub-catchments into the 
context of the whole basin. 

 

Figure 20 WTMIP water quality results being shared with landholders at a Johnstone Basin shed meeting 
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Figure 21 Routine stream monitoring results showing DIN concentrations across sites in the Johnstone 

Basin and presented to landholders at the November 2019 shed meetings. 

 

Figure 22 Routine monitoring results showing pesticide detections across sites in the Johnstone Basin and 

presented to landholders at the November 2019 shed meetings. 
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Figure 23 Event monitoring data for DIN from a paired rainforest and cane site in the Tully Basin, presented 

to landholders at the May 2019 shed meetings 

 

5.3 Annual reporting 

An annual technical report is prepared for each year of local scale monitoring. The report presents: 

• detailed monitoring methodology 

• summarised and interpreted monitoring results 

• reflections on lessons-learnt, and 

• recommendations for further program development. 

The reporting period for the annual technical report is from October to September the following year. This period 
aligns well with seasonal patterns and agricultural activities in that it commences at the start of the annual cane crop 
cycle and covers the entire following wet season. 

Preparation of a detailed technical report takes time and needs to be balanced between time-critical monitoring, 
data management and landholder engagement activities. A report due date of 11 months following the end of each 
reporting period (i.e. end August each year) has been set in the WTMIP Deed of Variation. 

A draft report structure was approved by the Office of Great Barrier Reef but will be refined during the preparation of 
the report from the first year of LSM monitoring (October 2018 to September 2019). 
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Attachment 2: Johnstone Catchment Water Quality Targets 
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Attachment 3: Details of stream sites monitored October 2018 to October 2019 

Site 
Location 

Site name GPS 
Coordinate 

Waterway Primary 
upstream 
land use 

Ecosystem 
Condition 

Sample 
Type 

Equipment Parameters Comments Decision to 
continue/cease 
monitoring 

Reason for cessation of monitoring 

Tully                       

MIP_LSM_T1 Tully Gorge -17.772518, 
145.650995 

Tully River Upper catchment 
and rainforest 

High ecological 
value 

Real-time & 
Manual 

TriOS OPUS nitrate 
sensor & manual 
sampling gear 

Total suspended 
solids, nutrients, 
pesticides 

TriOS OPUS installed and 
maintained by DES WQI 
team. 

Cease monitoring DES managed site. TriOS OPUS installed at Tully Gorge to provide real-time 
data and to allow comparison of loads at upper and end-of-catchment. DES 
offered MIP access to grab sampling data for nutrients, TSS and pesticides 
alleviating the need for the MIP monitoring 

MIP_LSM_T2 Tully Valley 
Rainforest 

-17.830657, 
145.721150 

Unknown Rainforest Un-mapped but 
likely high 
ecological value 

Manual Manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T3 Tully Valley 
Bananas 

-17.842862, 
145.717516 

Unknown Banana Un-mapped but 
should be 
slightly or 
moderately 
disturbed 

Manual Manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T4 Tully Gorge 
Road grazing 

-17.866150, 
145.753410 

Unknown Grazing Un-mapped but 
likely slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Sampling commenced in 
February 2019. Delay in 
obtaining landholder 
permission, then questions 
regarding suitability of site. 
Alternative suitable 
grazing site could not be 
found. 

Cease monitoring 
from Feb 2020 

Demonstrating the influence of grazing on water quality is of lower priority in 
the Tully Basin. Grazing is considered a minor contributor to DIN loads and, 
while grazing land is a modelled source of fine sediment for Tully, the 
reduction of fine sediment loads is a low water quality relative priority in this 
basin. Extension staff are satisfied with the data from the previous season 
from a grower engagement perspective. Maria Askildsen, P2R Catchment 
Modeller, has advised that as much data as possible be provided for sites 
located within sub-catchments of interest (i.e. reporting regions for the finer-
scale sub-catchment model). Site T4 is not within the Sandy Creek, Banyan 
Creek or Bolinda Estate sub-catchments that constitute the key sub-
catchment modelling reporting regions for the Tully Basin. 

MIP_LSM_T5 Syndicate 
rainforest 

-17.953210, 
145.913450 

Unknown Rainforest Un-mapped but 
likely slightly 
disturbed 

Manual Manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T6 Upper Syndicate 
drain 

-17.961325, 
145.909956 

Syndicate 
Drain 

Cane Unmapped but 
likely moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T7 Lower Syndicate 
drain 

-17.966988, 
145.906451 

Syndicate 
Drain 

Cane Unmapped but 
likely moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Cease monitoring There is already a high density of sites along the Syndicate Drain and Sandy 
Creek. Initial intention for this site was to show an improvement in water 
quality downstream of an engaged grower, however, cane drains from 
several properties report to this site so it is unlikely to perform its original 
function. Further, this site becomes waterlogged and was inaccessible on at 
least two occasions during the 2018-19 wet season. Maria Askildsen, P2R 
Catchment Modeller, advised that this site is not needed for calibration of the 
sub-catchment model. Paddock modeller, Brendan Power, has also 
confirmed this site is not useful from his perspective. 

MIP_LSM_T8 Sandy Creek -17.986670, 
145.909300 

Sandy Creek Cane Un-mapped but 
likely moderately 
disturbed 

Real-time & 
Manual 

TriOS OPUS nitrate 
sensor; EXO2 multi 
parameter sonde - 
nitrate, DO, pH, 
temperature, turbidity; 
Amazon Bubbler stream 
height; weather station; 
manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T9 O'Kane's 
rainforest 

-17.874080, 
145.992369 

Unknown Rainforest Slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T10 Banyan Creek, 
Telegraph Road 

-17.893549, 
145.984970 

Unknown Cane Slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T11 Banyan Creek, 
Mission Beach 
Road 

-17.912610, 
145.955880 

Banyan 
Creek 

Mixed land use Slightly 
disturbed 

Real-time & 
Manual 

TriOS OPUS nitrate 
sensor; EXO2 multi 
parameter sonde - 
nitrate, DO, pH, 
temperature, turbidity; 
Amazon Bubbler stream 
height; weather station; 
manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_T12 Banyan Creek, 
Dean Road 

-17.948092, 
145.931477 

Banyan 
Creek 

Mixed land use, 
including urban 

Slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   
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Site 
Location 

Site name GPS 
Coordinate 

Waterway Primary 
upstream 
land use 

Ecosystem 
Condition 

Sample 
Type 

Equipment Parameters Comments Decision to 
continue/cease 
monitoring 

Reason for cessation of monitoring 

Johnstone                       

MIP_LSM_J1 Buckleys Creek -17.755151, 
146.058336 

Buckleys 
Creek 

Cane Un-mapped but 
either slightly or 
moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

 
Continue monitoring   

MIP_LSM_J2 Liverpool Creek 
Japoonvale 

-17.723640, 
145.933440 

Liverpool 
Creek 

Mixed land use Slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Cease monitoring This site was originally intended to be the upper catchment site for Liverpool 
Creek. Value declined since the introduction of the upper Liverpool Creek 
site J11. Liverpool Creek is a sub-catchment of interest for sub-catchment 
model reporting as there is the potential for generation of modelled pollutant 
loads. Maria Askildsen, P2R Catchment Modeller, advises that as much data 
as possible be collected for reporting regions/sub-catchments of interest. 
While it would be great to continue monitoring J2, given that only two sites 
were ever intended for Liverpool Creek, and the need for program 
rationalisation, it is proposed that monitoring cease at J2 for the 2019-20 wet 
season. 

MIP_LSM_J3 Lower Liverpool 
Creek 

-17.713892, 
146.042365 

Liverpool 
Creek 

Mixed land use Slightly 
disturbed 

Manual Manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J4 Moresby River -17.619130, 
146.037479 

Moresby 
River 

Mixed land use, 
including 
substantial 
banana 

Moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J5 Sweeney Creek -17.526046, 
146.024365 

Sweeney 
Creek 

Urban Moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J6 Bamboo Creek 
at Golf Course 

-17.532610, 
146.019160 

Bamboo 
Creek 

Mixed land use, 
dominated by 
cane 

Moderately 
disturbed 

Real-time & 
Manual 

TriOS OPUS nitrate 
sensor; EXO2 multi 
parameter sonde - 
nitrate, DO, pH, 
temperature, turbidity; 
stream height and flow 
meter; weather station; 
manual sampling gear. 

Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J7 Bamboo Creek, 
Lawrence Road 

-17.535400, 
145.998924 

Bamboo 
Creek 

Mixed land use, 
dominated by 
cane 

Moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J8 Upper Bamboo 
Creek 

-17.538339, 
145.971390 

Bamboo 
Creek 

Rural residential, 
natural and 
quarry 

Moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Cease monitoring This site was useful during the 2018-19 wet season to show a gradient of 
pollution down the northern branch of Bamboo Creek. However, the results 
from sampling over 2018-19 suggest that the site is influenced by human 
activities (rural residential, and potentially, the quarry) so is not considered to 
be of great value as an upper catchment reference site going forward. Maria 
Askildsen, P2R Catchment Modeller, advises that further monitoring of this 
site is not necessary for calibration of the sub-catchment model. 

MIP_LSM_J9 Berner Creek -17.559833, 
145.891690 

Berner 
Creek 

Grazing but with 
some banana and 
cane 

Unmapped but 
likely moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Site was identified as a 
grazing site despite some 
cane and banana in the 
catchment. Replaced by 
Fishers Creek site (J12) 
where catchment is 
dominated by grazing, in 
February 2019. 

Already ceased 
monitoring 

  

MIP_LSM_J10 Henrietta Creek -17.603932, 
145.762072 

Henrietta 
Creek 

Rainforest High ecological 
value 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  Continue monitoring   

MIP_LSM_J11 Upper Liverpool 
Creek 

-17.712666, 
145.875481 

Liverpool 
Creek 

Upper 
Catchment, 
dominated by 
rainforest 

Slightly 
disturbed 

Manual Manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

Catchment dominated by 
rainforest, with one 
grazing and one cane 
property upstream of site. 

Continue monitoring Sought permission from landholder to relocate this site approximately 1.4 km 
upstream to avoid potential influence of grazing and cane paddocks. 
However, grower was concerned about headland damage during the wetter 
months so no change will be made. 

MIP_LSM_J12 Fishers Creek -17.569473, 
145.896961 

Fishers 
Creek 

Grazing Moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Site added in February 
2019 to replace Berner 
Creek grazing site. 

Continue monitoring   

MIP_LSM_J13 North Johnstone 
River 

-17.558179, 
145.831612 

North 
Johnstone 
River 

Mixed land use 
(Atherton 
Tableland) and 
rainforest 

Slightly 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Site added in February 
2019 when MIP team were 
advised of a locally known 
walking track to the North 
Johnstone River.  

Continue monitoring   

 



 
 

Page 49 of 64 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment 4: Location map for stream sites monitored in the 

Tully Basin 2018-19 
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Attachment 5: Location map for stream sites monitored in the 

Johnstone Basin 2018-19 
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Attachment 6: Catchment areas for Tully Basin stream monitoring 

sites 
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Attachment 7: Catchment areas for Johnstone Basin stream 

monitoring sites 
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Attachment 8: Land use statistics for stream monitoring sites 

Tully Basin 

Site code Site name Catchment 
area (ha) 

Bananas Conservation Grazing Forested Grazing Open Horticulture Other Sugarcane Urban Water 

ha % ha % ha % ha % ha % ha % ha % ha % ha % 

MIP_LSM_T1 Tully Gorge 48203 0 0 46195 96 441 0.91 21 0.045 0 0 4.2 0.0087 0 0 0 0 1541 3.2 

MIP_LSM_T2 Tully Valley Rainforest 108 0 0 108 100.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MIP_LSM_T3 Tully Valley Bananas 287 52 18 231 81 1.2 0.43 0 0 0 0 2.1 0.74 0 0 0 0 0 0 

MIP_LSM_T4 Tully Gorge Road grazing 181 0 0 139 77 24 13 18 10 0 0 0 0 0 0 0 0 0 0 

MIP_LSM_T5 Syndicate rainforest 19 0 0 12 61 5.4 28 0 0 0 0 0 0 0 0 1.9 10 0 0 

MIP_LSM_T6 Upper Syndicate drain 107 0 0 22 20 40 37 8.7 8.1 0.18 0.17 2.9 2.7 9.7 9.1 11 11 13 12 

MIP_LSM_T7 Lower Syndicate drain 182 0 0 22 12 47 26 11 6.2 0.18 0.10 2.9 1.6 75 41 11 6.3 13 7.0 

MIP_LSM_T8 Sandy Creek 1352 0 0 300 22 145 11 57 4.2 3.0 0.22 7.1 0.52 776 57 36 2.7 28 2.1 

MIP_LSM_T9 O'Kane's rainforest 37 0 0 31 85 3.4 9.2 0.55 1.5 0 0 0 0 1.29 4 0.34 0.9 0 0 

MIP_LSM_T10 Lower O'Kane's 826 20 2.4 324 39 50 6.0 63 7.6 19 2.3 0 0 308 37 42 5.1 0 0 

MIP_LSM_T11 Banyan Creek, Mission Beach 
Road 

6551 48 0.73 2737 42 185 2.8 267 4.1 55 0.84 41 0.62 2591 40 432 6.6 196 3.0 

MIP_LSM_T12 Banyan Creek, Dean Road 13275 48 0.36 7878 59 210 1.6 459 3.5 55 0.42 211 1.6 3453 26 764 5.8 196 1.5 

 

Johnstone Basin 

Site code Site name Catchment 
area (ha) 

Bananas Conservation Dairy Dryland 
Cropping 

Forestry Grazing 
Forested 

Grazing Open Horticulture Irrigated 
Cropping 

Other Sugarcane Urban Water 

ha % ha % ha % ha % ha % ha % ha % ha % ha % ha % ha % ha % ha % 

MIP_LSM_J1 Buckleys Creek 411 16 4 0 0 0 0 0 0 0 0 0 0 0.96 0.23 1.3 0.32 0 0 0 0 392 95 0 0 0 0 

MIP_LSM_J2 Liverpool Creek Japoonvale 11159 59 0.53 9841 88 0 0 0 0 0 0 362 3.2 321 2.9 3.7 0.033 11 0.10 1.4 0.012 407 3.6 154 1.4 0 0 

MIP_LSM_J3 Lower Liverpool Creek 27862 300 1.1 21809 78 0 0 0 0 0 0 828 3.0 1584 5.7 43 0.15 25 0.089 103 0.37 2826 10 272 0.98 71 0.26 

MIP_LSM_J4 Moresby River 530 231 44 0 0 0 0 0 0 0 0 0 0 17 3.3 5.3 0.99 0 0 4.3 0.81 225 42 37 7.0 10 1.9 

MIP_LSM_J5 Sweeney Creek 14 0 0 0.81 5.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.0 34.8 0 0 8.6 60 0 0 

MIP_LSM_J6 Bamboo Creek at Golf 
Course 

3497 191 5.5 164 4.7 0 0 0 0 59 1.7 205 5.8 765 22 45 1.3 0 0 189 5.4 1573 45 263 7.5 43 1.2 

MIP_LSM_J7 Bamboo Creek, Lawrence 
Road 

403 7.0 1.7 66 16 0 0 0 0 3.8 1.0 46 11 100 25 13 3.1 0 0 59 15 95 24 15 3.6 0 0 

MIP_LSM_J8 Upper Bamboo Creek 59 0 0 35 59 0 0 0 0 2.0 3.4 8.5 14 2.0 3.4 2.0 3.4 0 0 1.9 3.1 0 0 7.7 13 0 0 

MIP_LSM_J10 Henrietta Creek 1931 0 0 1931 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MIP_SM_J11 Upper Liverpool Creek 3572 0 0 3517 98 0 0 0 0 0 0 36 1.0 6.5 0.18 0 0 0 0 0 0 11 0.30 1.2 0.032 0 0 

MIP_LSM_J12 Fishers Creek 1323 8.7 0.65 171 13 0 0 51 3.9 0 0 832 63 224 17 0 0 0 0 0.47 0.036 3.1 0.23 33 2.5 0 0 

MIP_LSM_J13 North Johnstone River 74809 0 0 38345 51 3729 5.0 499 0.67 23 0.030 21586 29 7860 11 68 0.092 5.7 0.0077 183 0.24 0 0 2116 2.8 393 0.52 

MIP_LSM_J14 Bamboo Creek, main branch 1492 103 6.9 22 1.5 55 3.7 0 0 0 0 147 9.8 499 33 33 2.2 0 0 8.0 0.53 497 33 129 8.6 0 0 
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Attachment 9: Details of stream sites monitored November 2019 onwards 

Site 
Location 

Site name Latitude & 
longitude 

Waterway Primary 
upstream land 
use 

Ecosystem 
Condition 

Sample 
Type 

Equipment Parameters Comments 

Tully                   

MIP_LSM_T2 Tully Valley 
Rainforest 

-17.830657, 
145.721150 

Unknown Rainforest Un-mapped but likely 
high ecological value 

Manual Manual sampling gear, rising stage samplers Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T3 Tully Valley 
Bananas 

-17.842862, 
145.717516 

Unknown Banana Un-mapped but 
should be slightly or 
moderately disturbed 

Manual Manual sampling gear, rising stage samplers Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T5 Syndicate 
rainforest 

-17.953210, 
145.913450 

Unknown Rainforest Un-mapped but likely 
slightly disturbed 

Manual Manual sampling gear, rising stage samplers Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T6 Upper Syndicate 
drain 

-17.961325, 
145.909956 

Syndicate 
Drain 

Cane Unmapped but likely 
moderately disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T8 Sandy Creek -17.986670, 
145.909300 

Sandy Creek Cane Un-mapped but likely 
moderately disturbed 

Real-time & 
Manual 

TriOS OPUS nitrate sensor; EXO2 multi 
parameter sonde - nitrate, DO, pH, 
temperature, turbidity; Amazon Bubbler stream 
height; weather station; manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T9 O'Kane's 
rainforest 

-17.874080, 
145.992369 

Unknown Rainforest Slightly disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T10 Banyan Creek, 
Telegraph Road 

-17.893549, 
145.984970 

Unknown Cane Slightly disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T11 Banyan Creek, 
Mission Beach 
Road 

-17.912610, 
145.955880 

Banyan Creek Mixed land use Slightly disturbed Real-time & 
Manual 

TriOS OPUS nitrate sensor; EXO2 multi 
parameter sonde - nitrate, DO, pH, 
temperature, turbidity; Amazon Bubbler stream 
height; weather station; manual sampling gear, 
rising stage samplers 

Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_T12 Banyan Creek, 
Dean Road 

-17.948092, 
145.931477 

Banyan Creek Mixed land use, 
including urban 

Slightly disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

Johnstone                   

MIP_LSM_J1 Buckleys Creek -17.755151, 
146.058336 

Buckleys 
Creek 

Cane Un-mapped but either 
slightly or moderately 
disturbed 

Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

 

MIP_LSM_J3 Lower Liverpool 
Creek 

-17.713892, 
146.042365 

Liverpool 
Creek 

Mixed land use Slightly disturbed Manual Manual sampling gear, rising stage samplers Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J4 Moresby River -17.619130, 
146.037479 

Moresby River Mixed land use, 
including 
substantial banana 

Moderately disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J5 Sweeney Creek -17.526046, 
146.024365 

Sweeney 
Creek 

Urban Moderately disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J6 Bamboo Creek 
at Golf Course 

-17.532610, 
146.019160 

Bamboo Creek Mixed land use, 
dominated by cane 

Moderately disturbed Real-time & 
Manual 

TriOS OPUS nitrate sensor; EXO2 multi 
parameter sonde - nitrate, DO, pH, 
temperature, turbidity; stream height and flow 
meter; weather station; manual sampling gear 

Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J7 Bamboo Creek, 
Lawrence Road 

-17.535400, 
145.998924 

Bamboo Creek Mixed land use, 
dominated by cane 

Moderately disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J10 Henrietta Creek -17.603932, 
145.762072 

Henrietta 
Creek 

Rainforest High ecological value Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

  

MIP_LSM_J11 Upper Liverpool 
Creek 

-17.712666, 
145.875481 

Liverpool 
Creek 

Upper Catchment, 
dominated by 
rainforest 

Slightly disturbed Manual Manual sampling gear, rising stage samplers Total suspended 
solids, nutrients, 
pesticides 

Catchment dominated by rainforest, with one grazing and one cane property upstream of site. 

MIP_LSM_J12 Fishers Creek -17.569473, 
145.896961 

Fishers Creek Grazing Moderately disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Site added in February 2019 to replace Berner Creek grazing site. 

MIP_LSM_J13 North Johnstone 
River 

-17.558179, 
145.831612 

North 
Johnstone 
River 

Mixed land use 
(tablelands) and 
rainforest 

Slightly disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

Site added in February 2019 when MIP team were advised of a locally known walking track to 
the North Johnstone River. 

MIP_LSM_J14 Bamboo Creek, 
main branch 

-17.548843, 
146.004333 

Bamboo Creek 
(main branch) 

Mixed land use Moderately disturbed Manual Manual sampling gear Total suspended 
solids, nutrients, 
pesticides 

The addition of this site means that both creek branches reporting to site J6 will be monitored 
(the northern branch of Bamboo Creek is monitored at site J7). This may assist with 
interpretation of results from Site J6, where there is a significant investment in equipment. This 
site also provides the opportunity to engage with growers in a large proportion of the Bamboo 
Creek catchment that was not monitored previously. 
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Attachment 10: Location map for stream sites monitored in the 

Tully Basin November 2019 onwards 
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Attachment 11: Location map for stream sites monitored in the 

Johnstone Basin November 2019 onwards 
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Attachment 12: Full list of pesticides reported to the WTMIP by 

the Queensland Forensic and Scientific Services Laboratory 

2,4-DP (Dichlorprop) Imidacloprid urea (metabolites) 

3,4-Dichloroaniline Ioxynil 

Acetamiprid Isoxaflutole metabolite (DKN) 

Acifluorfen MCPA 

Ametryn MCPB 

Amicarbazone Mecoprop 

Asulam Mesosulfuron methyl 

Atrazine Methoxyfenozide 

Atrazine, 2-hydroxy Metolachlor 

Bromacil Metolachlor-OXA 

Bromoxynil Metribuzin 

Chlorpyrifos Metsulfuron methyl 

Chlorpyrifos oxon Molinate 

Clomazone Napropamide 

Clothianidin N-Desmethyl acetamiprid 

Cyanazine Pendimethalin 

Dalapon (2,2-DPA)  Picloram  

DCPMU Prometryn 

DCPU Propachlor 

Desethyl atrazine Propazin-2-hydroxy 

Desisopropyl atrazine Propoxur 

Diazinon Sethoxydim 

Dicamba  Simazine 

Dinotefuran Sulfosulfuron 

Diuron Tebuthiuron 

Ethametsulfuron methyl Terbuthylazine 

Ethoxysulfuron Terbuthylazine desethyl 

Fipronil Terbutryn 

Fipronil desulfinyl Thiacloprid 

Fipronil sulfide Thiamethoxam 

Fipronil sulfone Total acetamiprid 

Flamprop-methyl Total diuron 

Fluazifop (acid) Total fipronil 

Fluometuron Total imidacloprid 

Fluroxypyr Triclopyr 

Flusilazole Trifloxysulfuron 

Flutriafol Trinexapac (acid) 

Halosulfuron methyl 2,4-D 

Haloxyfop (acid) 2,4-DB 

Hexazinone 2,4,5-T 

Imazapic  

Imazapyr  

Imazethapyr  

Imidacloprid  
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Attachment 13: Sites monitored during stream flow events 

 

Event sites monitored October 2018 to April 2019 

Tully Basin Johnstone Basin 

Cane Banana Mixed but cane 

dominated 
Mixed land use Mixed but cane dominated Banana dominated 

Sandy Creek rainforest 

(T5) 
Tully River rainforest (T2) No reference site Upper Liverpool Creek 

(J11) 
Upper Bamboo Creek (J8) No reference site 

Sandy Creek (T8) Banana Farm (T3) Banyan Creek (T11) Lower Liverpool Creek (J3) Bamboo Creek @ golf course 

(J6) 
Moresby River (J4) 

 

Event sites monitored November 2019 onwards 

Tully Basin Johnstone Basin 

Cane Banana Mixed land use Banana dominated 

Sandy Creek rainforest (T5) Tully River rainforest (T2) Upper Liverpool Ck (J11) No reference site 

Sandy Creek (T8) Banana Farm (T3) Lower Liverpool Ck (J3) Moresby River (J4) 
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Attachment 14: Details of paddock monitoring sites (run-off and shallow groundwater) in the Tully and Johnstone Basins 

Paddock run-off 

Site code and 
name 

Type Demonstration 
area (ha) 

Focus of demonstration/practice change Equipment 

Tully     

MIP_FS_T2 

 

Cane 
demonstration 
site 

  

Nitrogen Loss 
Pathway and  
Improved Land 
Practice 

8.3 ha in total 

 

T2A 
5 ha Industry 
standard 

 

T2B 
3.3 ha 

WTMIP demo 
practices  

Located in Tully Basin. This paired demonstration site compares industry standard practice (BMP-accredited) with demonstration practice aimed at long-term improved soil 
health as key to more efficient use of fertiliser. The hypothesis is that by building stable soil carbon, it will result in more nitrogen being held in an organic slow release form, 
leading to less loss and less applied fertiliser being required. This demonstration is focussed on “best of the best” whole farm management starting with rebuilding a robust 
soil ecosystem. 
Practices include: 

• Constraint mapping 

• Mixed species fallow cropping 

• Zonal tillage 

• Permanent beds 

• Controlled traffic/GPS 

• Wider rows (1.9m) 
The site is monitored for soil health improvements and crop yield/sugar content. 
Cost-benefit analysis at end of harvest (2020). 
It is also intensively monitored for runoff (flumes) and groundwater (piezometers) quality. 

Two run-off sampling 
stations equipped with 
flumes and ISCO 
autosamplers. Weather 
station. Datalogger and 
telemetry system. 
See table below for 
piezometer details. 

Johnstone     

MIP_FS_J1 
 
Cane Fallow 
practice 
demonstration 
site   
   

Improved Land 
Practice 

7.2 ha 
Approx. 1.8 ha each 
treatment  

Located in Johnstone Basin. This is an intensively monitored demonstration site comparing three different fallow management practices: 

• Plough out/replant, 

• sprayed out fallow, and 

• legume fallow. 
This demonstration site aims to quantify the water quality implications of different fallow management practices.  Supporting these data will be a comprehensive economic 
analysis, productivity analysis and reef credits case study. 
Working closely with partners in the Johnstone, the WTMIP is also compiling extension resources to support growers to undertake effective fallow, but also to make best 
management decisions about how a successful fallow can result in improved soil health and reduced fertiliser application in subsequent years.   
The demonstration site will provide a locally relevant, practical example of this practice. Recent research undertaken by Behaviour Innovation uncovered barriers to adoption 
as confusion, lack of confidence, cash flow issues and uncertainty around long term gains.   

Three run-off sampling 
stations equipped with 
flumes and ISCO 
autosamplers. Weather 
station. Datalogger and 
telemetry system. 
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Shallow groundwater (piezometers) 

Site code Site name  Location (latitude & 
longitude) 

Piezometer 
cap number 
(DNRME 
report code) 

Depth (m) Soil typea Reason for inclusion in monitoring programb 

Tully             

MIP_FS_T1_P1 Syndicate Road  -17.9644703576, 145.910448845 3 3.76 Liverpool grey variant Monitor nutrient losses in sandy soil (paleo channel), to influence practice change. Prior stream shallow to deep loam to clayey soil, overlying coarse sands 
and gravels 

MIP_FS_T1_P2 Syndicate Road  -17.9643642881, 145.909002893 1 5.57 Hewitt Monitor nutrient losses from heavy clay (Thorpe). Influence practice change. Very deep poorly drained clay soils; high seasonal water table 

MIP_FS_T1_P3 Syndicate Road  -17.9671924238, 145.907440265 2 3.97 Boundary of Hewitt & Coom Monitor nutrient losses in heavy clay soils. Very deep poorly drained clay soils; high seasonal water table 

MIP_FS_T1_P4 Syndicate Road  -17.9673250969, 145.908749183 4 3.45 Liverpool grey variant Monitor nutrient losses from sandy soil (paleo channel), to influence practice change. Prior stream shallow to deep loam to clayey soil, overlying coarse sands 
and gravels 

MIP_FS_T2_P1 Leichardt Road  -18.0004241919, 145.8175342 5 5.5 Lugger Associated with intensively monitored FS-LSM site; flumes with autosamplers. Sandy gravelly loam. 

MIP_FS_T2_P2 Leichardt Road  -18.0005662562, 145.817963487 8 4.1 Lugger Associated with intensively monitored FS-LSM site; flumes with autosamplers. Sandy gravelly loam. 

MIP_FS_T2_P3 Leichardt Road  -18.0003315713, 145.817201739 6 3.95 Lugger Associated with intensively monitored FS-LSM site; flumes with autosamplers. Sandy gravelly loam. 

MIP_FS_T2_P4 Leichardt Road  -18.0002193303, 145.816858417 7 4.05 Lugger Associated with intensively monitored FS-LSM site; flumes with autosamplers. Sandy gravelly loam. 

Johnstone       
 

    

MIP_FS_J2_P1 Flynn Road  -17.6032652594, 146.044108242 1 4.65 Coom  Demonstrating N loss via sub-surface pathway in different soil types. Coom soils are poorly drained and of alluvial origin. They are categorised as soil 
management group D2 in ‘Dry’ years and W4 in ‘Wet’ years. 

MIP_FS_J2_P2 Flynn Road  -17.6034084301, 146.04534474 2 Not reported Mundoo Demonstrating N loss via sub-surface pathway in different soil types. Mundoo soils are of basaltic origin. They are categorised as soil management group D3 
in ‘Dry’ years and W2 in ‘Wet’ years. 

MIP_FS_J3_P1 Zahra Creek  -17.5404376858, 145.997265556 1 Not reported Bicton Demonstrating N loss via sub-surface pathway in different soil types. Bicton soil series are of metamorphic origin. They are categorised as soil management 
group D3 in ‘Dry’ years and W1 in ‘Wet’ years (pers. comm. D Telford, Innisfail Smartcane BMP Facilitator, email dated 22 July 2020). 

MIP_FS_J3_P2 Zahra Creek  -17.5407125375, 145.996709458 2 6.00 Pin Gin Demonstrating N loss via sub-surface pathway in different soil types. Pin Gin soils are of basaltic origin. They are categorised as soil management group D4 in 
‘Dry’ years and W1 in ‘Wet’ years. 

MIP_FS_J4_P1 Bamboo Creek  -17.5324171944, 146.015062013 2 6.00 Innisfail Demonstrating N loss via sub-surface pathway in different soil types. Innisfail soils are well drained and of alluvial origin. They are categorised as soil 
management group D2 in ‘Dry’ and W2 ‘Wet’ years. 

MIP_FS_J4_P2 Bamboo Creek  -17.5316166596, 146.016488948 1 5.46 Innisfail Demonstrating N loss via sub-surface pathway in different soil types. Innisfail soils are well drained and of alluvial origin. They are categorised as soil 
management group D2 in ‘Dry’ and W2 ‘Wet’ years. 

MIP_FS_J5_P1 Liverpool Creek  -17.7226258647, 146.030615726 2 5.55 Coom Demonstrating N loss via sub-surface pathway in different soil types. Coom soils are poorly drained and of alluvial origin. They are categorised as soil 
management group D2 in ‘Dry’ years and W4 in ‘Wet’ years. 

MIP_FS_J5_P2 Liverpool Creek  -17.722559437, 146.027348795 1 4.4 Liverpool Demonstrating N loss via sub-surface pathway in different soil types. Liverpool soils are well drained and of alluvial origin. They are categorised as soil 
management group D3 in ‘Dry’ years and group W2 in ‘Wet’ years. 

MIP_CR_BR01_B1 Johnstone Bioreactor 01  -17.62639, 146.04970 9 (JCU report 
code) 

- Brosnan Demonstrating N loss via sub-surface pathway in different soil types. Existing bioreactor piezometer monitored by Catchment Repair team. Brosnan soils are 
well drained and were formed on beach ridges. They are categorised as group D5 in ‘Dry’ years and W1 in ‘Wet’ years. 

MIP_CR_BR01_B5 Johnstone Bioreactor 02  -17.62652, 146.04970 3 (JCU report 
code) 

- Brosnan Demonstrating N loss via sub-surface pathway in different soil types. Existing bioreactor piezometer monitored by Catchment Repair team. Brosnan soils are 
well drained and were formed on beach ridges. They are categorised as group D5 in ‘Dry’ years and W1 in ‘Wet’ years. 

a Soil types at WTMIP piezometer sites were described by DNRME (2019a) and DNRME (2019b). 

b Unless referenced otherwise, soil management groups for ‘Wet’ and ‘Dry’ years were taken from Skocaj et al. (2019). Groupings are based on ‘position in the landscape, N-mineralisation potential, soil water-holding capacity in both wet and dry years, propensity to waterlog in wet years and presence of a water table in wet years. In dry years, 
waterlogging and the presence of a water table do not impact crop growth to the same extent as moisture availability, and, hence, in dry years, it is more important to categorise soils based on water-holding capacity.’ 
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Attachment 15: Location map for Tully Basin paddock monitoring 

sites (run-off and shallow groundwater) 
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Attachment 16: Location map for Johnstone Basin paddock 

monitoring sites (run-off and shallow groundwater) 
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Glossary 
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