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INTRODUCTION  
 
Ord River Irrigation Area (ORIA) Stage 1:  
The ORIA is situated within the Ord catchment surrounding the town of Kununurra. It includes 
around 14,000 hectares of developed land irrigated by water supplied from Lake Argyle (see 
Appendix 1). The combined value of horticulture crops grown in the ORIA in the past decade has 
been estimated at over $547 million. In the 2003 wet and 2004 dry season the value of crops was 
$47 million. The biggest contributors were cucurbits ($23.9 million) and sugar ($16.4 million). 
Other crops included hay, chickpeas hybrid seeds and irrigated pasture. 
 
The irrigation delivery system was built in the early 1960’s and largely completed with the 
building of the Ord Dam and the filling of Lake Argyle in 1972. The system was designed around 
a furrow irrigation system gravity fed from Lake Kununurra built in 1963 to maintain a ‘head’ for 
water delivery. This system of irrigation was considered at the time as ideal based on the flat 
topography and predominantly heavy clay soils.  
 
The current annual average water allocation to ORIA Stage 1 area in 2005 is 335 gigalitres. 
Water is delivered to farms through a series of channels to supply points situated on the 
boundaries of property blocks. Water is sub-divided on the properties through a further series of 
channels that deliver water directly to crops through siphons. On almost all blocks the water flow 
down the furrow exceeds its lateral movement across the soil surface and into the profile. As a 
consequence there can be a flow of water off farm prior to adequate soil moisture levels being 
achieved. Excess irrigation water is removed from the system through a series of interlinked 
drainage systems that re-enter the river at points along its course. 
 
This type of irrigation system carries an inherent risk of moving off farm potential pollutants 
such as pesticides and nutrients. There have been a number of ‘fish deaths’ within the drainage 
and river systems of which some have been attributed to pesticides being present.    
 
Water quality monitoring: 
As a result of the 1997 fish kill in the Dunham River a water quality monitoring program was 
established in April 1998. The intent of the program was to monitor levels of pesticides and 
nutrients present in the water of the supply channels, drains and the river. The program known as 
the North West Monitoring Program 1 is jointly operated by the Ord Irrigation Cooperative (OIC) 
and the Department of Environment (DoE). 
 
The program monitored a total of 3 supply points, 18 drainage sites and 13 river locations. This 
however was reduced to 1 supply point, 5 drainage points and 4 river locations in November 
2004. In April 2004 the range of pesticides monitored was significantly expanded to include 
‘high risk’ chemicals currently used but not included in the program. The selection of ‘high risk’ 
chemicals came from work carried out in the Ord Land and Water (OLW) Project – Minimising 
the off-site impacts of pesticides in the ORIA.  
 
In addition to pesticides and nutrients, monitoring also includes salinity, total suspended solids 
(sediment), water depth and physical parameters such as pH, dissolved oxygen, temperature and 
conductivity. 
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Nutrients: 
In the seven years since water sampling commenced nutrient concentrations in the lower Ord 
River have been relatively constant. Nutrient concentrations, namely nitrogen and phosphorous, 
generally increase between the upstream (un-affected by irrigation) to the downstream sites 
(affected by irrigation).  This is expected as the irrigation and sewerage waste water treatment 
outfalls enter the river, adding nutrient enriched water. 
 
The Australian and New Zealand Guidelines for Fresh and Marine Water Quality 2002 
(ANZECC) provide trigger values for nutrients in tropical Australian highland and lowland river 
systems.  This area includes northern Queensland, the Northern Territory and north-west Western 
Australia. The ANZECC guidelines acknowledge that if locally relevant guidelines have been 
developed, they should be used in preference. 
 
A comparison of ANZECC guidelines and the average values of nitrogen and phosphorous from 
the upstream sites of the Ord River, unaffected by irrigation (Figure 1) shows that the nutrient 
concentrations are approaching and in some cases exceeding the ANZECC guidelines.  This 
identifies a need to develop locally relevant water quality targets. 
 

 
Figure 1 – Average concentrations of Nutrients from Ord river sampling compared to ANZECC Guideline trigger levels 

 
Total N – Total Nitrogen 
NOx – Oxides of Nitrogen  
NH4+ – Ammonium 
Total P – Total Phosphorus 
FRP – Filterable Reactive Phosphate 
 
Pesticides: 
Pesticides are analysed from water samples collected each month from both river and drainage 
channel sites. Only two chemicals are regularly detected each year, those being atrazine and 
endosulfan. The majority of detections have occurred in the drainage channels. 
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Trends in atrazine concentrations and frequency of detections have varied since 1998 when 
sampling commenced.  The frequency and concentrations generally increase between 2001 and 
2002, and then decreased in 2003 – 2004. 
 
Endosulfan concentrations and frequency of detections have reduced since sampling commenced 
in 1998, this is presented in Figure 2. However a single incident of endosulfan movement off 
farm in August of 2004 resulted in a fish kill in the Dunham River. This was dealt with through 
the Ord Catchment Reference Group and as a consequence a review of the local code of conduct 
for endosulfan use was held in February of 2005. This resulted in some modifications to the code 
and strategies developed to ensure the code is regularly publicised.  
 

 
 
    Figure 2 – Total endosulfan concentrations in water samples from drainage and river sites in the Ord region. 
 
Water Use Improvement Program (WUIP): 
The OIC is responsible for the diversion of water from Lake Kununurra for irrigation and its 
distribution to OIC shareholders. Water at the Ivanhoe Plain diversion is also diverted and 
distributed on behalf of the Water Corporation for the M1 private channel pumpers.  
 
The OIC is required to obtain a Surface Water License under Section 5c of the Rights in Water 
Irrigation Act 1914 from the DoE. The Surface Water License contains conditions that require 
the OIC to complete an Operating Strategy for the diversion, distribution and management of 
water supplied through the irrigation system.  This Operating Strategy explains how the OIC will 
implement the terms and conditions of their surface water license.  Specifically, the Operating 
Strategy identifies water management targets, performance monitoring requirements and 
reporting responsibilities.   
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In addition, the Surface Water License contains conditions that require the OIC to develop and 
implement a WUIP that identifies strategies and actions which describe how the OIC will achieve 
the improved water management targets identified in the Operating Strategy.  
 
The primary purpose of the WUIP is to provide direction for the OIC to work toward achieving 
their Surface Water License responsibilities. Secondary to this, the WUIP is an opportunity to 
consolidate all actions currently being implemented in the Stage 1 Channel System Supply Area 
of the Ord River and in doing so identify further possibilities for collaboration with agency and 
community organisations. The WUIP also provides an investment framework which identifies the 
indicative financial costs of achieving improved water management in the ORIA.  
 
The four key intended outcomes of the WUIP include –  

 Improved water use efficiency of the irrigation delivery system. 
 Improved water use efficiency of irrigation on-farm.  
 Improved quality of irrigation drainage water. 
 Improved management of groundwater across the irrigation area.  

 
Ord Land and Water Management Plan 2000 (OLWMP): 
This plan is the outcome of a four year community process that developed a series of goals to 
address a wide range of environmental issues. The goals addressed include–   

 The sustainability of the irrigation area through a ‘Land’ component.  
 Healthy river systems through a ‘Water’ component. 
 Sustainable native ecosystems through a ‘Conservation’ component 
 An environmentally responsible community through a ‘Town’ component.    

 
With the release of the OLWMP came a commitment from the irrigation industry and the 
community to protect, maintain and manage water within the Ord Catchment. Goals from the 
Plan that specifically address this intent are- 

 To improve irrigation management to achieve 65% average annual water use 
efficiency on all irrigation farms within five years. 

 To improve irrigation infrastructure and management to achieve a water delivery 
efficiency of 75% within five years. 

 To reduce the load of chemical contamination in tailwater by 40% within five years. 
 To reduce the load of nutrient contamination in tailwater by 40% within five years. 
 To reduce sediment loads in tailwater by 40% within five years. 
 Reduce ground water levels to below two metres from the surface across the whole 

irrigation area within five years while preventing any new areas from rising above that 
level. 

 Hold the quality of ground water at or above the high quality present in 2000. 
 Reduce the off farm exports of chemicals nutrients and soil into the Dunham River 

during the dry season by 50% within 5 years. 
 
 
 
 



Wetlands project report: July 2005 
_____________________________________________________________________________________________________________________ 

9 

PROJECT: MONITORING ARTIFICIAL WETLANDS IN THE ORIA 
 
As a means to meet water quality goals within the OLWMP and WUIP this project built on 
earlier work that had identified an existing artificial wetland within the ORIA that could be 
assessed as a ‘filtering system’ to remove contaminants from irrigation drainage water prior to its 
re-entry into the Ord River. OLW monitored the movement of pesticides, nutrients and silt over a 
growing season and the ensuing wet season through the wetland situated on the Department of 
Agriculture Western Australia (DAWA) Frank Wise Research Centre.  
 
Information from this project will be used to see if further investigations into the use of artificial 
wetlands as a management tool to reduce the impact of contaminants in irrigation drainage water 
on the Lower Ord River are warranted.  
 
The wetland selected is 15.5 hectares in size and drains approximately 450 hectares of land that 
grows a variety of crops including sugar cane, tree crops, maize, cotton and melons. A total of 
four drains transfer water from the farm area into the wetland, one outlet transfers the water from 
the wetland into the Ord River.  

The wetland initially started as a creek line for rain and later tailwater to re-enter the river, 
however due to the particular flat nature of the topography and the associated difficulties 
encountered in maintaining it as a drain it gradually grew to its present size when regular 
irrigation began. The aquatic plant cumbungi (typha) makes up the main body of the vegetative 
material within the wetland, other plants such as parra grass can also be found within the system. 
Trees are absent except for around the perimeter and comprise of locally found natives such as 
paperbark as well as weeds such as leucaena and neem.  
 
Maintenance is limited to digging out silt and weed spraying around the single outlet to facilitate 
drainage. Due to water permanently remaining within the system any further mechanical 
maintenance would be difficult, so has not being attempted for the past fifteen years.   
 
Currently the system is used and maintained solely as a means to return tailwater back to the river 
rather than as a nutrient and pesticide stripper.        
 
Objectives: 
The objectives of the project were to support the long-term sustainability of irrigated agriculture 
in the Ord by assessing the suitability of a wetland to act as a filtering system for irrigation 
tailwater re-entering the river. The major aims of the project were to –  

 To test the ability of the selected wetland to remove contaminants from tail water by 
carrying out monthly sampling of nutrients, pesticides and suspended solids in 
irrigation tailwater entering and exiting the wetland system. 

 Determine the level of maintenance currently used to keep water flowing through the 
system. 

 Based on the results of the sampling and information gathered determine what 
direction any further work should take with respect to artificial wetlands used locally 
as pesticide and nutrient strippers. 
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Sampling:  
The wetland was sampled a total of eight times during a 12 month period. In all cases the single 
outlet was sampled along with one of the four drains running into it. The drain selected on the 
day was determined by what was been irrigated at the time. The water was sampled for the 
following –  

 Organophosphate pesticides  
 Organochlorine pesticides 
 Atrazine 
 Ammonia 
 Conductivity 
 Filterable Reactive Phosphate 
 Sulfate 
 Nitrogen 
 Phosphorus 
 Total Soluble Solids 
 Pendimethalin (April 2005 Only) 

 
Water samples were refrigerated, packed in ice and air transported to Algal Laboratories in Perth 
within three days of the samples taken. 
 
Monitoring consisted of measuring water concentration levels only and no attempt was made to 
measure contaminant loads moving into and out of the wetland. This was based on the high costs 
associated with the extended monitoring to measure load and it was considered that much of this 
work had been already carried out in other regions. It was expected that concentration levels 
alone would be able to provide the necessary information to determine if the wetland was 
operating as a pollutant stripper. 
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FINDINGS   
 
Pesticides: 
Only two pesticides, atrazine and pendimethalin were detected entering or leaving the system 
during the sampling period. The standard testing covered atrazine, organophosphates and 
organochlorine pesticides. Of those only atrazine was used with any regularity on the cropped 
area. A dedicated test for pendimethalin was done when it was expected to be found in the 
tailwater of a cotton crop.  
 
Atrazine: Was recorded only twice entering the wetland from maize and sugarcane crops but 
regularly exiting the wetland. This study assumes that atrazine did regularly enter the system as 
there were a large number of hectares of sugarcane and maize crops growing at the time in the 
drainage catchment. As sampling was restricted to a single drain once a month most of the flows 
into the wetland would not have been recorded. Based on the available data it appears that 
concentration levels of atrazine entering the system are significantly higher to levels leaving the 
system but what is not known from the data is if the wetland plays a part in reducing total loads 
of atrazine that pass through the system. Due to the solubility of atrazine it was not expected that 
the system would act as a total barrier to the chemical.  
 
The highest concentration level of atrazine sampled was in August and came from a planting of 
maize that had just been sprayed prior to irrigation. Maize should be irrigated immediately after 
an application of atrazine to ensure the efficacy of the herbicide. The September registration of 
atrazine came from a sugar crop that had the chemical applied earlier in the season. 
 

 
Levels of atrazine entering and leaving the wetland 
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Pendimethalin: Only one test was done for this chemical to coincide with a program of irrigating 
cotton bays that had just been sprayed with the chemical. Samples showed concentration levels of 
pendimethalin at 16µg/L entering the wetland but no detectable levels exiting the system. As with 
atrazine, crops using pendimethalin should be irrigated immediately after application to ensure 
the efficacy of the herbicide. It is unknown if pendimethalin would have been detected exiting the 
system with a more intensive sampling program.    
 
Nutrients:     
Nitrogen: was tested for as –  

 Total Nitrogen. 
 Total Kjeldahl Nitrogen 
 Total Oxidised Nitrogen.  

The average concentration levels of Total Nitrogen exiting the system was 46% lower when 
compared to the levels entering the system. The lower levels of Nitrogen entering the system 
came from fully grown sugar and a newly planted tree crop whilst the annual crops such as chick 
peas and maize delivered higher concentration levels into the system. 
 
It was noted that concentration levels tended to elevate towards the latter part of the growing 
season. 

 
Phosphorus: Was tested for as –   

 Total Phosphorus  
 Filterable Reactive Phosphate.  

The average concentration levels of Total Phosphorus exiting the system was 68% lower when 
compared to the level of Total Phosphorus entering the system. Trends in concentration levels 
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tended to follow the Total Nitrogen levels including the marked increase in levels towards the 
latter part of the growing season. 

 
Total Soluble Solids (TSS): 
The average concentration levels of TSS exiting the system was 78% lower when compared to 
levels of TSS entering the system. Levels entering the system were largely dependant on the type 
of crop grown, the growth stage of the crop and the speed of the water as it ran off the paddock 
and into the drains. 
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CONCLUSIONS 
 
Pesticides:  
From interpreting the data collected it can be concluded that the concentration levels of the water 
soluble pesticide atrazine within the tailwater exiting the wetlands were reduced when compared 
with concentration levels of the water entering the system. However this does not necessarily 
mean that loads exiting the system were reduced compared to loads entering the system. This 
scenario would likely be indicative of any other highly soluble pesticides used depending on their 
level of solubility.   
 
To have a greater chance of reducing pesticide loads further it would be beneficial to utilise other 
strategies, perhaps on farm, to work in conjunction with a wetland system.   
 
Only one sample collected had any detectable levels of pesticides that are transported mainly by 
attaching themselves to soil particles. Pendimethalin was recorded entering the system off a bay 
of cotton being irrigated but there was no detectable levels recorded leaving the system in the 
corresponding sample. It is unknown if pendimethalin would have been detected exiting the 
system with a more intensive sampling program.      
 
Although the information is limited is likely that the system would have the capability to remove 
significant loads of pesticides attached to soil particles. This is based on the monitoring data 
showing a fourfold reduction in total soluble solids exiting the system over what entered. As the 
soil particles dropped out of suspension within the wetland the chemicals attached would also 
settle out and remained trapped within the sediment.  
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Nutrients:  
The data shows a reduction of the average concentration levels of the nutrients phosphorus (62%) 
and nitrogen (46%) in the tailwater as it exited the wetlands compared to concentration levels of 
the water entering the system. From this it can be concluded that the system is effective at 
removing nutrients from tail water. 
 
Levels of both phosphorus and nitrogen tended to increase during the warmer months. This 
appears to be particularly evident at the system’s outlet where levels appear to be less liable to 
fluctuate. A visual observation taken at the time of the October and February sampling noted 
tannin stained water running from the outlet indicating that there could be some decomposition of 
vegetative matter within the system. However it is unclear if this process had any effect on the 
levels of nutrient levels in the samples taken.  
 
Silt:  
The data shows a 78% reduction in the average concentration levels of TSS in water exiting the 
wetlands compared with the concentration levels of the water entering the system. From this it 
can be concluded that the system is particularly effective at removing soluble solids from tail 
water as it runs through the system.  
 
Depending on the levels of soluble solids entering the system, the accumulation of those solids 
over time and the trapped nutrients and pesticides not broken down or utilised by the vegetation 
may give rise to some ongoing maintenance issues that would need to be dealt with.  
 
Historically maintenance on this system has been restricted to keeping the inlets and outlet clear 
of vegetation by the spraying of herbicide and removing some of the silt by mechanical means. 
No large scale cleanout of the system has occurred in the past 15 years of its operation, the 
system copes with large rainfall events during the wet season with very little evidence of erosion. 
From a visual perspective the structure of the system appears to be extremely stable an able to 
cope with flood events without any significant loss of soil or vegetation.    
 
Summary:  
This project provides a snapshot of an artificial wetland within the ORIA operating as a filter trap 
for removing silt, nutrients and pesticides from irrigation tailwater. Conclusions reached based on 
the data collected are that wetlands are capable of trapping significant amounts of agricultural 
waste normally associated with the usual flow rates of tailwater running off farm. These 
conclusions are consistent with a much more detailed study¹ done in Queensland in 2000  No 
sampling was done under the high flow regimes associated with large rainfall events of the wet 
season due to the inaccessibility of the sampling points during rain.     
 
 
Recommendations:  
Opportunities exist for the placement of wetlands below the existing drainage system within the 
ORIA. However further work needs to be done focusing on the following issues –  
 

 Ideal size and placement of wetlands within the ORIA. 
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 An assessment of the amount of upkeep required to keep them operating effectively, 
the associated costs and identify who would be capable of doing the work. 

 Their ability to maintain their storage capabilities in high rainfall events typical of the 
wet season.    

 
The recommendation from this project would be that a feasibility study is done to address the 
above issues and from there consideration be given to the development of a trail site to gain 
further information as funding becomes available. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
¹ Nutrient Control in Irrigation Drainage Systems Using Artificial Wetlands June 2000: Heather Hunter Department of Natural 
Resources. 
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ORIA MAP 


