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Overview 
 
The aim of this document is to provide guidance on the maintenance requirements for treatment systems 
installed under the Wet Tropics Major Integrated Projects’ catchment repair strand.  
 
This report examines the costs associated with these treatment systems, investigates landholder 
expectations and their anticipated responsibilities regarding system maintenance, while also identifying 
accountability and support for treatment systems beyond the life of the project to ensure they continue to 
achieve water quality outcomes. 
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1 Introduction  
Over the last 50 years, there has been a loss of floodplain hydrologic function across the Tully and Johnstone River 

catchments. Coupled with increased agriculture fertiliser use and urban development, the ability of the catchments 

to intercept, capture, and process dissolved inorganic nitrogen (DIN), pesticides and sediment is limited.  As stated in 

the synthesis report and recent relevant Great Barrier Reef (GBR) water quality documentation, practice change 

alone will not provide the needed improvement to water quality discharging into the Great Barrier Reef. As such, the 

implementation of system repair technologies is required to increase the ability of the landscape to process and 

remove DIN, pesticides, and sediment from agricultural runoff. 

While there are existing wetlands within the Tully and Johnstone River catchments, their ability to improve water 

quality is largely unknown due to a limited understanding of their hydrologic connection to key polluted streams or 

the ability of the systems to provide the appropriate physical, biological, and chemical pathways for pollutant 

reduction.  Additionally, agricultural runoff commonly enters rivers via the most efficient hydraulic route, bypassing 

many riparian zones and potential wetland areas (e.g., marginal low-lying farmland) which could process catchment 

pollutants. 

A shallow groundwater aquifer occurs in certain areas of the lower end of the Tully and Johnstone River catchments, 

likely transporting DIN (predominantly nitrate) into vegetated drains, creeks, and rivers from urban and agricultural 

catchments.  The occurrence of high DIN within a relatively contained aquifer creates unique opportunities for the 

design and placement of dedicated ‘treatment’ systems (wetlands and bioreactors) across the landscape.  

2 Purpose of catchment repair in the Wet Tropics Major Integrated Project 
Catchment repair within the Tully and Johnstone River catchments has the potential to significantly reduce the load 

of DIN and sediment entering the GBR lagoon.  However, the efficacy of catchment repair technologies within the 

wet tropics is largely unknown and thus the scale at which to implement these technologies to achieve the desired 

water quality reduction over time is also unknown, as are their maintenance requirements. 

The WTMIP (Wet Tropics Major Integrated Project) team scouted the Tully and Johnstone River catchments for 

appropriate farm sites in which to implement a range of system repair technologies.  From many site visits, 14 sites 

were investigated for the incorporation of treatment system technologies: constructed wetlands, landscape 

wetlands, bioreactors, high efficiency sediment (HES) basins and vegetated drains. The assessment criteria and 

weighted decision support matrix below helped to shortlist potential sites for further investigation by technical 

specialists objectively, clearly and transparently. 

Site characteristics Bioreactor Constructed wetland Landscape wetland 

Scale (size of system) Small – maybe 10-20m 
long and 1m wide 

Medium - 0.3-1.5ha Large - 5ha + 

Construction time frame Days to 1 week 1 - 3 months 1-2 months 

Soil Sandy / sandy loam 
topsoil of >1m depth with 
clay sub soil 

Clay loam topsoil, with 
clay subsoil  

Clay loam topsoil, with 
clay subsoil  

Position on farm Located at the end of 
cane rows (wall), along a 
headland.  Run 
perpendicular to the fall 
of the land 

Or 

Lower part of farm in 
unproductive area that is 
adjoining existing 
drainage lines 

Or 

Lower part of a 
catchment on an 
unproductive area that 
has been abandoned for 
cane production 
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Site characteristics Bioreactor Constructed wetland Landscape wetland 

Located within or 
adjacent to a drain (bed)  

Possibility of converting 
an existing drain via 
benching and widening 

(because of high water 
table 

Groundwater characteristics Moderately high water 
table during wet season 

Moderately high water 
table during wet season, 
but less important as 
water will be directed 
into and out of the 
system 

High water table during 
wet season, possibly 
expressing at the surface 
for a large part of the 
season 

Existing site vegetation 
characteristics 

Not relevant Not relevant Site should show signs of 
vegetation adapted to 
water ponding. 

 
 

Weighted importance rank x score = total category score 

  
  

Weighted importance rank, 5 - 1 (more important 5 to less important 1) 

2 2 3 5 2 5 5 2 

Score 
Capital 

cost 
($,000) 

Ongoing 
cost 

($,000 
PA) 

Likelihood of 
intercepting 

high DIN 
water 

Suitable soil 
conditions  

Suitable 
hydrology 

(groundwater 
or drain) 

Impact on 
native 

vegetation  

# Approvals 
required by 

govt 
authorities  

Willing 
landholder or 

land 
manager 

4 <$10 <$10 Very likely 
Very 
likely 

Very likely None 0 

Very willing, 
in-kind 
support 
offered 

3 
$10-
$50 

$10 -
$40 

Likely Likely Likely 
Indirect 
unlikely 

1 Very willing 

2 
$50-
150 

$40-60 Unsure Unsure Unsure 
Indirect 

likely 
2 Willing 

1 >$150 >$60 Not likely Not likely Not likely Direct >3 
Moderately 

willing 
         

 

3 Summary of recommended continued maintenance (including regular 
surveillance)  

This document sets out the treatment system legacy detailing the activities associated with surveillance and 

maintaining treatment systems in the wet tropics for the projected life of the treatment system. 

Appropriate surveillance, maintenance (and some water monitoring) will ensure the efficient function of 
intervention systems for the duration for their life. The information gathered through this process will also aid in the 
design of future projects. The tables below indicate approximate costs based on current schedules and reflect 
assumptions about the highest need to understand function of proof-of-concepts systems over time. Details of 
treatment system types and sites are found from Section 4 onwards. 

3.1 Maintenance scenarios 
Landholders with treatment systems installed on their land signed agreements with the WTMIP (through Terrain 
NRM) outlining the ongoing responsibilities of both parties. In essence, the landholders are bound to take over basic 
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maintenance activities such as slashing and weed control; WTMIP will provide maintenance schedules and training, 
where applicable. 
 
Where ongoing funds are limited, WTMIP recommends that a minimum of a broad selection of sites continue to be 
maintained for a period of five years: at least one bioreactor, one landscape and one constructed wetland, and two 
vegetated drains (Scenario 3). This would give adequate time for the systems to “bed down” over seasonal 
variations. However, their efficacy cannot be assessed without an ongoing monitoring program and decisions made 
about which analytes are most useful. Indicative lab and associated costs can be found in Appendix C. It should also 
be noted that, although the HES basin is included in Scenario 1, it is not part of the current schedule, due to ongoing 
issues with its function and the high cost of chemical flocculant. We may agree with the landholder to return it to its 
original function as a detention basin. 
 
Tables 1-3 below outline potential scenarios for ongoing surveillance and maintenance. The tables show 
approximate costs for routine surveillance, monitoring and maintenance based on the current frequency then scaled 
back from there. Sites are surveyed on monthly or fortnightly frequency depending on seasonal and site conditions.  

 
Maintenance scenarios have been designed to include a minimum of one intervention type/design, based on the 
following assumptions: Tables one to three represent wet season surveillance, monitoring and maintenance 
(Fortnightly or monthly monitoring) at the WTMIP’s current frequency. Appendix C Projected surveillance, 
monitoring and maintenance covers this in more detail. Laboratory cost cover existing schedule for monthly or 
fortnightly sampling for a twelve-month period, as mentioned earlier this is seasonally and site dependent. 
 All figures represent AU dollars. 
 

3.1.1 Scenario 1: All current WTMIP sites 
Period (years) Lab Surveillance (Monitoring Incl) Maintenance (yearly) Total ($) 

1 76,040 73,160 17,827 167,027 
5 Annual total x 5 835,137 

10 Annual total x 10 1,670,274 
Table 1 Scenario 1: Full site list based on WTMIP’s current monitoring schedule. Eleven sites: five bioreactors, three wetlands, three vegetated 
drains and one HES basin. 

3.1.2 Scenario 2: Eight sites 
Period (years) Lab Surveillance (Monitoring Incl) Maintenance (yearly) Total ($) 

1 60,537 39,780 5,362 105,679 

5 Annual total x 5 528,394 
10 Annual total x 10 1,056,788 

Table 2 Scenario 2: Reduced site list based on WTMIP’s current maintenance schedule. Eight sites: three bioreactors, three wetlands and two 
vegetated drains. 

3.1.3 Scenario 3: Five sites 
Period (years) Lab Surveillance (Monitoring Incl) Maintenance (yearly) Total ($) 
1 37,941 22,320 3,872 64,133 

5 Annual total x 5 320,664 

10 Annual total x 10 641,327 
Table 3 Scenario 3: Limited site list, based on WTMIP’s current schedule: one bioreactor, two wetlands and two vegetated drains. 
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4 Treatment systems in the WTMIP 
4.1 Summary of treatment systems 

Identification 
code 

System type Basin 

MIP-CR-BR01 Bioreactor wall Johnstone 

MIP-CR-BR03 Offline bioreactor bed Tully 
MIP-CR-BR03 In-drain bioreactor bed Tully 

MIP-CR-BR04 Offline bioreactor bed Tully 

MIP-CR-BR05 Inline drain bioreactor Johnstone 
MIP-CR-BR06 Inline drain bioreactor Tully 

MIP-CR-BR07 Drainage ditch bioreactor Johnstone 

MIP-CR-LW01 Landscape wetland Tully 

MIP-CR-CW01 Embellished wetland Johnstone 
MIP-CR-CW02 Constructed wetland Johnstone 

MIP-CR-CW03 Constructed wetland Tully 

MIP-VD-01 Vegetated drain Johnstone 

MIP-VD-02 Vegetated drain Johnstone 

MIP-VD-15 Site 15 vegetated drain Johnstone 

MIP-CR-HES01 High efficiency sediment basin Johnstone 

Riparian Vegetated riparian zones Johnstone 
Table 4 Summary of Catchment Repair treatment systems 

(See also Appendix A site summary for design details and specifications). 
 

4.2 Bioreactors  
The WTMIP installed seven bioreactors in the Johnstone and Tully catchments. A bioreactor is a covered pit or 
channel filled with high-carbon material (typically, woodchip) and includes an inlet that diverts flow from 

groundwater or surface water into the system, and an outlet to release the water. With considerable input from 
landholders, the WTMIP designed a range of bioreactors: walls, in-line, offline and beds constructed above or below 
the invert of drains.  
 
Bioreactor infrastructure includes: 

• Piezometers 

• Inlet and outlet manifolds 

• Inlet rock pits 

• Outlet rock ramps 

• Telemetric equipment (rain gauging) 

• Electric fences 

• Headlands 

4.3 Wetlands 
Three wetland systems were implemented across the Johnstone and Tully catchments by the WTMIP: a landscape 
wetland, a constructed wetland, and an ‘embellished’ wetland. 
 
Landscape wetlands are typically placed where there may have been a natural wetland, with a bund to reinstate its 
function as close as possible to the inherent natural processes. Constructed wetlands are similarly placed in a 
naturally boggy area but are constructed to include the desired features that will enhance pollutant treatment. They 
include inlets and outlets. In some cases, a specific inlet is not present; for example, at CW02 the system is 
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groundwater-fed. The so-called ‘embellished’ wetland was created by enhancing a naturally waterlogged area with 
features that would allow it to function as a denitrifying zone. 
 
The design of each system is crucial to encourage the recruitment of natural vegetation, promote hydrological 
function and promote or enhance denitrifying processes.  
 
   

 
 

 
 
Graphics from Dr Sue Pillens used in extension with farmers and community 
 
All WTMIP wetlands include some or all the following infrastructure: 

• Inlet and outlet features (such as culverts, weirs, retention bunds, pipes) 

• Telemetric equipment (rain gauging, physical chemistry) 

• Fish passageway 

• Piezometers 

• Electric fences 

• Headlands 

4.4 Vegetated Drains 
The Johnstone and Tully catchments’ farm drainage system is extensive, covering many hundreds of kilometres. 
These systems, if properly managed, are showing potential to remove pollutants from water. The WTMIP set up and 
studied three drain sites in the Johnstone catchment. The studies included a comparative vegetated versus 
unvegetated system and an in-drain wetland. Vegetated drains are simply culverts in the agricultural landscape. The 
WTMIP study sites were modified for a specific outcome (pollutant reduction focussing on DIN reduction), and may 
contain some of the following features:  

• Inlet and outlets (culverts)  

• Weirs or retention bunds 

• Piezometers or bores 

• Telemetric equipment (rain gauging) 

• Electric fences 

• Headlands 
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4.5 High Efficiency Sediment (HES) Basin 
HES basins are engineered to capture sediment and associated nutrients and pesticides from agricultural water 
before it enters the receiving waters. Flocculant chemical (alum) is added to the water to encourage fine sediment 
particles to aggregate and settle out on the bottom of the basin.  
 
HES infrastructure requiring checking and maintenance is as follows: 

• Inlet and outlets (culverts) 

• Dosing station for flocculant  

• Weirs or retention bunds 

• Piezometers or bores 

• Telemetric equipment (real-time turbidity, velocity, and depth data) 

• Headlands 

4.6 Vegetated Riparian Zones 

Riparian zones occupy land adjacent to a stream or creek. Once vegetated, they act as buffer zones aimed at 
preventing erosion and bank subsidence and filtering sediment. Vegetated riparian zones also shade waterways, 
keeping water cool and improving habitat for aquatic life. 
 
The WTMIP has planted two riparian sites in the Johnstone catchment and monitored them for plant establishment 
rate and, where possible, nitrogen sequestration rates. There is no associated site infrastructure for WTMIP 
vegetated riparian sites. 

5 Key operational risks and associated maintenance activities 
 
Each intervention system comes with risks and maintenance; they are examined here for each intervention type 
(bioreactors, wetlands, vegetated drains and vegetated riparian zones). 
 
The largest operational risks identified by the WTMIP for all systems are ongoing landholder engagement and site 
monitoring. Without willing landholders participating in project site selection, implementation, monitoring and 
maintenance, the project may ultimately fail. There is significant risk of landholders disengaging from the project if 
relationships are not maintained or managed well. 
 
The WTMIP has implemented landholder agreements with participating landholders, outlining the level of 
stewardship expected and the individual responsibilities assigned to the landholder (See also Appendix C).  
Landholder responsibilities relate primarily to vegetation slashing and weed management as per maintenance plans 
documented for each site, as well as maintenance of sites after the WTMIP ends. 
 
Local knowledge is a key contributor to successful placement of treatment systems in the landscape. Desktop studies 
can help identify issues such as acid sulphate soils, mapped waterways, or the need for fish passageways, but 
landholder consultation in workshops such as Walking the Landscape contributes invaluable local knowledge about 
flood and land management history, for example. 
 
Severe weather conditions play a significant role in the wet tropics. Cyclones or excessively large rainfall totals can 
destroy treatment systems and associated infrastructure and impact the community. In such cases, the community 
can suffer significant financial loss and endure psychological burdens, as seen from previous weather events in the 
catchments. 
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5.1 Bioreactors 

5.1.1 Key operational risks 
Design and planning issues have been highlighted during the construction of bioreactors, such as the installation of a 
bioreactor at a mapped waterway requiring approval from state government.  
 
The financial burden of site monitoring and maintenance after the project is finished needs to be investigated, as, in 
time, landholders will be required to replace the carbon sources in the bioreactor and desilt structures. Correct 
maintenance and monitoring of the bioreactor will aid in identifying potential issues such as hydrological 
conductivity or the release of pollutants into the adjacent environment if the system becomes toxic (e.g., anoxic 
water, excess ammonia production). 
 
Feral animals have presented a risk to treatment systems. For example, feral pigs damaged a settling pond upstream 
of the bioreactor during the construction phase, triggering a management response. 
 

5.1.2 Maintenance activities 
(See also Appendices B and D) 

5.1.2.1 Routine 
Routine maintenance of a bioreactor is low and manageable by the landholder. WTMIP bioreactors are in large pits 
located below ground; inlet and outlet structures make up the visible infrastructure. Frequent inspections of 
structures are required to assess system function and remove excessive sediment build up. Headland management is 
critical to maintain access for monitoring activities, identifying slumping, and preventing pest vegetation entering 
structures.  
 

5.1.2.2 Technical 
The most involved maintenance for bioreactors is also the most infrequent. Based on decomposition rates in other 
parts of the world, replacing the woodchip carbon source should occur every 10 years, although the woodchip 
decomposition rate for hard and soft wood is still not fully understood in the wet tropics landscape. The removal of 
sediment from bioreactors is dictated by their design and the frequency of removal is yet unknown. Hard-to-access 
structures may need a vacuum excavator while simpler systems can use mobile plant machinery such as excavators. 
Management techniques are outlined in Appendix C. 
 

5.2 Wetlands  

5.2.1 Key operational risks  
The major operational risk is the continued monitoring of these sites to ensure that system integrity, and hence DIN 
reduction, is maintained. The cost to build a landscape or constructed wetland is significant and most landholders 
are not able to undertake such projects alone. 
 
Consideration needs to be made during the planning process for permits and approvals. The process to acquire 
permit approvals can be lengthy and costly.  
 
A significant cost attributed to constructed wetlands is vegetating the site. Conditions need to be ideal for fresh 
plant stock to take hold in a new environment. There are uncontrollable environmental factors to consider when 
planting, as wildlife can move in and destroy planted stock in a matter of days (as ducks did at the WTMIP 
constructed wetland). Conversely, the tropical environment and extant seedbank in some systems may result in very 
rapid vegetation cover in some cases. 
 
Regular monitoring and vegetation maintenance will ensure excessive vegetation does not choke the system, making 
the conditions within the system unfavourable for its purpose and impact its health and water quality.   
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The WTMIP landscape wetland suffered erosion on the levee bank during the first weather event after construction. 
This was due to a design flaw (since rectified) and highlighted the need for contingency plans when trialling new 
technology in the wet tropics. 
 

5.2.2 Maintenance activities - routine 
(See also Appendices B, C and D)  
Wetland monitoring and maintenance is similar for both constructed and landscape systems. Hydrological 
conductivity is imperative to maintaining system function and health. This can be achieved through vegetation 
management in the wetland and on its perimeter or buffer zone. Healthy recruitment of native vegetation on the 
perimeter of the wetland will aid in the control of pest plant species. Regular vegetation inspection, along with 
headland maintenance, helps to manage pest vegetation and create safe routes to inspect and monitor the wetlands 
and identify any erosion around the perimeter of the wetland. 
 
Sediment removal from settling ponds, inlet and outlet structures needs to be managed on a routine basis or after 
weather events. 
  

5.3 HES Basin 

5.3.1 Key operational risks 
The largest operational risk for high efficiency sediment basins is the cost of aluminium sulphate (alum) flocculant 
used to dose inflowing water and drop the sediment from the water column.  
 
For future projects, significant planning should be undertaken to identify points of weakness in surface water 
retention infrastructure to reduce water entering the system beyond the dosing station, creating erosion and 
sediment introduction or resuspension. WTMIP staff observed that more than 100 litres of product were used in 
little over an hour during a significant rainfall event, although the volume of product dosed during this period would 
not have been sufficient to treat the flow of water entering the system due to the large amounts of surface water 
entering the system beyond the inlet. 
 
Should HES basins be considered a viable treatment system in the wet tropics, investment from stakeholders to 
subsidise landholders with the purchase of flocculant may be required, as this expense is too large for the landholder 
to take on independently (see Section 8, Table 5 for cost of a 1000 litres of flocculant).  
 
Insects, attracted to warm, dry conditions in the dosing station, interfere with equipment. If insects are left 
unchecked, they can damage loggers, modems, and controls, all contributing to significant financial losses and 
reduction in the efficiency of the system. 
 

5.3.2 Maintenance activities - routine  
(See also Appendices B, C and D) 
HES basins require frequent maintenance, as their main purpose is to remove sediment from the water column to 
the HES basin floor. Regular monitoring must be conducted to check the dosing station function and the water 
quality. The HES basin dosing station is critical to the system’s performance, so routine inspections for evidence of 
insect activity, for pump function and device malfunction are required. 
 
Routine vegetation management is required to control its growth near or around the equipment, inlets, and outlets. 
Headland maintenance is important to maintain site access and allow early recognition of erosion. Annual 
inspections and reinstatement of perimeter bunds need to be conducted as this is crucial in reducing surface water 
entering the system beyond the dosing station. 
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5.4 Vegetated Drains 

5.4.1 Key operational risks  
Operational risk for vegetated drains is low, as they are managed individually by landholders as part of regular farm 
maintenance. 
 
If installing a drain with the intention of implementing a management plan, a key concern is feral pigs as they can 
cause serious erosion and loss of vegetation resulting in the loss of productive land. 
 

5.4.2 Maintenance activities - routine 
(See also Appendices B, C and D) 
Drain maintenance includes regular headland maintenance such as slashing and herbicide application. This is carried 
out on a routine basis and landholders usually have a farm-specific maintenance schedule that includes drain 
management. 
 
Landholders commonly clean vegetation and silt from vegetated drains during the fallow in the adjacent paddock or 
generally on a biennial basis to improve hydrological performance of the area that increases flow and reduces the 

water table in their paddocks. 
 
Vegetated drains are managed by landholders as they see fit, unless otherwise mapped as a waterway of significance 
(fish passage, etc). Best practice for drain management will encourage the system’s denitrifying abilities. The 
development of a code of practice or similar that outlines ways to encourage denitrification and promote drainage is 
strongly recommended for these systems; however, due to lack of conclusive data at this stage, it is beyond the 
scope of the WTMIP.  
 
The WTMIP Farm Services and Catchment Repair teams have collaborated to develop extension material pertinent 
to general drain management (see also Appendix B); however, these materials stop short of firm recommendations 
until there is more supporting data. 

 

5.5 Vegetated Riparian Zones 

5.5.1 Key operational risks 
(See also Appendix E) 
Landholder engagement remains the key operational risk. However, the WTMIP riparian zones have required 
frequent monitoring to report on vegetation uptake, die back and invasive species during the sites’ establishment.  
 
The planting schedule needs to be coordinated to match anticipated weather conditions to avoid losing planted 
stock due to dry conditions and/or flood. 
 

5.5.2 Maintenance activities - routine 
Regular, periodic maintenance of constructed or revegetated riparian zones is required. 
 
The WTMIP trials took place during a drier than normal season, requiring additional watering of planted stock and 
assessment of vegetation, and associated management activities. The WTMIP encountered some die back on sites, 
which have since been replanted. Planting activities should be scheduled to avoid unnecessary watering and the 
replanting of stock. 

6 Maintenance activities 2019-2021 
A breakdown of costs associated with monitoring, vegetation management and infrastructure installation can be 
found in Section 8, Table 5. 



 
 

10 
 

6.1 Bioreactors 
Maintenance activities at bioreactor sites between 2019 and 2021 consisted of routine site monitoring. System-
specific sample routines evaluated system performance and function. Landholders assisted with routine slashing and 
herbicide application. The WTMIP engaged a project partner to undertake site-specific maintenance of BR06 to 
manage vegetation interfering with infrastructure. This activity has since become a WTMIP staff responsibility. 
General site maintenance is covered under the WTMIP landholder agreement (see also Appendix C). 
 

6.2 Wetlands 
All wetland systems have been routinely monitored to evaluate their function. The greatest maintenance activity 
required after construction was at the landscape wetland. As indicated in Section 3.2.1, the initial design for the 
levee wall failed at LW01. This was rectified through design and construction changes to the weir wall and is now 
functioning as intended.  
 
Vegetation management of headlands and the surrounding area has been undertaken at the wetland sites at the 
landholders’ expense. This is an agreed condition under the WTMIP landholder agreements. Vegetation 

management has been conducted to control weeds invading the wetland (see Section 8, Table 5, for details). 
 

6.3 HES basin  
The HES basin has required significant maintenance during the first stages of its life as a treatment system. An 
annual site maintenance check covered system performance and data loggers and calibrated the sensor. The 
landholder is responsible for monitoring and ordering flocculant to dose the HES basin. The HES basin requires 
annual perimeter bund maintenance and slashing of surrounding vegetation groundcover every six months. All 
activities at this site incur significant financial burden. No sediment removal from the HES basin has been performed 
during the WTMIP, although the second round of analysis (20-21) may recommend removing sediment. 
 

6.4 Vegetated drains  
Routine monitoring to assess system performance has been conducted at vegetated drain sites. An electric fence 
was installed at one drain to prevent feral pig damage. Issues with the weir sealing product required attention, 
resulting in reinforcing one of the weirs with a dam liner. 
 
Vegetated drains are generally low maintenance and low cost, as most drain maintenance falls under the 
landholder’s routine practices (e.g., slashing and herbicide application). General maintenance activities are covered 
under the WTMIP landholder agreement.  
 

6.5 Vegetated riparian zones 
Vegetated riparian zones require management in their establishment stage, including watering and weed 
management. In general, the maintenance activities undertaken at the vegetated riparian site are low. Landholders 
have the capacity to incorporate riparian management into their whole of farm vegetation management practices. 
The WTMIP site suffered plant losses due to the unseasonably dry conditions, resulting in further planting, increased 
watering and monitoring of the site, in addition to chemical application to control weeds. 

7 Key maintenance lessons learnt  
7.1 Bioreactors 

The Queensland Government bioreactor guidelines (2020) state the following:  

“Bioreactors are expected have a 10 to 12-year lifespan in the wet tropics (Schipper et al., 2010). The life of the 

system is heavily dependent on the carbon source and its rate of decomposition. To date, no long-term studies have 

been carried out in the wet tropics to establish carbon source decomposition. The decomposition rate of the 
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bioreactor’s carbon source will not diminish evenly. It will depend on the saturation of the system throughout the 

year. More frequent occurrences of saturation and drying will see the carbon source diminish more quickly, rather 

than longer periods of saturation which will help the substrate retain its carbon content and prolong the life of the 

treatment system. When the carbon source is decomposing there is the potential for fine particles to become 

dislodged and affect the system’s hydrological conductivity, potentially blocking flow. It is recommended that, at the 

end of the project system life (10-12 years), the carbon source be replaced, and the system structures and features be 

cleaned of sediment and vegetation.” 

The WTMIP bioreactor trial could see the expected system life span reduced due to the harsh environmental 

conditions experienced in this part of Australia. A study was established at the WTMIP bioreactor wall site to 

investigate this process in the wet tropics but due to time and budget constraints it is expected the WTMIP will not 

report on the results of this study. A published paper on the efficacy of bioreactors in both MIPs is planned that 

could investigate the longevity of bioreactors under different conditions.  

During the WTMIP the following site-specific lessons were documented for bioreactors, which may influence future 
decisions about where to put effort into maintenance: 
 

• BR02 (offline) Requires better erosion prevention around structures (manifolds). Rock bed the area or 

position structures further back from the headland crest where possible. 

• BR04 (inline) Slumping during establishment. Ensure sufficient bunding beyond the outlet to prevent system 

slump/movement downstream. 

• BR06 (in-drain, below invert) Feral pest management; this was a perfect wallowing hole for pigs before the 

treatment zone. Electric fences installed on sites with significant feral animal movement. 

• BR07 (ag pipe encased in carbon source) Design and installation allows a preferential flow that has resulted 

in untreated water bypassing the ag pipe outlet. Consider design changes if this design is to be used for 

future projects. 

7.2 Wetlands 
Vegetation management is the most important maintenance aspect in wetlands. The establishment of native species 
in the wetland is of utmost importance in controlling weeds. A healthy cover of native wetland plants at one 
constructed wetland saw a very small weed encroachment, while a similar system struggled, resulting in clusters of 
weeds developing throughout the wetland.  
 
The WTMIP encountered wildlife interference at CW03 when a flock of around fifty ducks moved into the wetland 
after it had been planted, eating the bulk of the planted stock. The plant stock was easily accessible due to falling 
water levels within the wetland.  
 
As water levels play a crucial role in the development of vegetation and wetland health, it is recommended to avoid 
the water stagnating, if possible. Auxiliary drainage was installed to prevent stagnation of the constructed wetland 
on a banana farm. Due to the topography of the outlet, and the design of the drain and the large floodgate 
controlling water flowing from the adjacent creek, the drain did not drop below a certain level until evaporation 
during the drier months of the year. This presented further issues relating to vegetation establishment because of 
the time needed for plants to establish their roots in the macrophyte zone before the dry season. 
 
The team encountered equipment issues with the Seametrics telemetric nitrate probes which were installed at 
CW03 (due to possibly misleading information from the manufacturer and pressure to install treatment systems 
within an unrealistic timeframe). It was discovered that environmental conditions at the site were unsuitable for the 
nitrate probes. This type of oversight can be very costly and render equipment unusable. Unfortunately, all WTMIP 
treatment systems share similar characteristics with CW03, so repurposing the probes was not an option. 
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Discussions between Catchment Repair and Farm Services assessing potential locations for probe deployment in 
deeper groundwater wells determined that the benefit to the Farm Services program was minimal, so there were no 
options to redeploy this equipment.  
 

7.3 HES basin 
Shortly after installation, the outlet sensor and location were moved to a position that would record representative 
data as the system was not performing as anticipated. A detailed analysis of the HES basin in 2020 by Alluvium 
Consulting Australia (Alluvium) further indicated the system was not performing as designed as it was a retrofit to an 
existing water storage. The system requires large amounts of maintenance even in the drier months to maintain 
dosing equipment and clear vegetation from equipment and structures.  
 
The position of the HES basin in the landscape is also important. The WTMIP HES basin is regularly affected by tidal 
movement (negative flow) during high flow events and king tides, which sometimes inundate the basin’s levee. It 
was also noted that, during a high flow event, large quantities of surface water entered the basin below the dosing 
station, highlighting the importance of bund height and maintenance around the perimeter of the basin. For the HES 
basin to function efficiently, the flow of water into the basin needs to flow through the treatment system inlet, 
where the dosing system sensors are calibrated to discharge measured volumes based on flow. During the first event 
of the year at the WTMIP HES basin, more than 100 L was discharged in little over an hour and during an event at the 
start of 2020 a 1000L shuttle of flocculant was discharged overnight, resulting in high cost for water treatment and 
requirements continuous monitoring by the landholder who orders the product. 
 

7.4 Vegetated Drains 
Vegetated drains are found across large areas of the coastal agricultural plains of the wet tropics. A 2020 detailed 
drain analysis performed by Australian Wetland Consultants (AWC) found that one of the study sites was not a 
suitable comparison due to significantly differing hydrological function between the two drains.  
 
When planning for future projects it is recommended that such sites be selected from a series of adjacent drains that 
share similar, if not the same, hydrological function. AWC also reported that the piezometers at the site may be 
suffering from a “halo effect” as they are potentially installed too close to the drain and groundwater is being 
treated through the root zone surrounding the piezometer resulting in negligible observed changes in concentration 
of nitrogen between groundwater and the drain. As there was no room to move the piezometers at this site and it 
became apparent that this site also had low nitrate concentrations, to avoid wasting money, the routine was 
reduced to one sample per drain to document vegetated vs un-vegetated drains over time. 
 
Vegetated drains can suffer from feral animal damage. Feral animals entered a WTMIP drain causing minor damage 
to in-drain vegetation and banks. This was quickly addressed through the installing an electric fence. 
 
For further information on vegetated drain health and management, see Appendix B System Health Indicators. 
 

7.5 Vegetated riparian zones 
Riparian vegetation contributes to bank stabilisation and reducing pest plants and animals. Riparian vegetation trials 
under the WTMIP were designed to determine plant establishment rates at new plots and attempt to document rates 
of nitrogen sequestration. Several plots were planted on private land in gullies (unnamed tributaries) the south 
Johnstone sub-catchment, employing techniques consistent with the Johnstone Rivers Management Plan (see also 
Appendix F). Plantings suffered alternately from flooding during high rainfall periods, and uncharacteristically dry 
conditions in the months following months planting, resulting in significant death of planted stock. In the 
circumstances, attempts to quantify nitrogen sequestration were abandoned. 
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The conditions associated with the dry weather resulted in more frequent surveillance. When planting for future 
projects, it is recommended to consider the probability of unseasonable weather that may affect plant establishment. 
Landholder participation (i.e., commitment) is also a key factor in maintaining and establishing planted stock, as it was 
apparent which landholders had tended to their sites more frequently. 
 
For more information on riparian establishment, see Appendix E, Riparian Best Management Practice and Plant List.



 

 

8 Maintenance, surveillance and monitoring frequency, type and costs 
(See also Appendix C) 
 
WTMIP has undertaken, under the contracted agreement with landholders, to provide a maintenance plan and training in how to undertake maintenance and or a list of 
other types of assistance that may be required over the next one to 10 years. The table below sets out the typical activities, their frequency and estimated costs. 

 
Maintenance 

Activity Description Frequency Cost (Ex GST) 

Headland maintenance (All 
intervention systems)  

Slashing at all sites is conducted by landholder 3-6 months Landholder expense  

Weed management (All 
intervention systems) 

Weed control is generally managed by landholders at their own expense as it 
falls under routine farm practice.  
Where WTMIP infrastructure poses risk to landholder equipment, 
contractors were engaged to bring the site back to a manageable level. This 
cost can be minimised once the site is at a manageable level as the 
landholder can incorporate it into the routine spraying practices.  

6-12 months External costing 
$65p/h supervisor 
$45 p/h Team member 

Vegetation removal/clearing 
(wetlands and vegetated drains) 

Removal of excess vegetation from watercourses to improve hydrology.  
The use of an excavator is recommended for this activity. 

12 months or as required $1200 

Desilting/Sediment removal (All 
systems)  

Desilting can be performed by the landholder for most bioreactor designs, 
this can be undertaken with a small excavator to remove sediment from 
system settling ponds. Alternatively, this can be undertaken by third parties 
at an expense.  
For bioreactors with restricted access, the use of a vacuum 
excavator can be employed, this can be acquired from any mobile plant 
provider, towed by most vehicles and easy to use. at a day rate of $560 
including GST.  

System dependent. 
Service on ad hoc basis or 
post event. 

Average mobile plant rate $200 per 
hour plus travel 

 
Vacuum excavator $560p/d 

HES basin maintenance Maintain/reinstate surface water retention bund around perimeter of HES 
basin.  

12 months $450 

HES basin routine vegetation 
maintenance 

Slash access and banks of HES basin. 
Tractor operated boom slashers have been used for this task. 

6-12 months $2,000 

HES basin equipment (battery)  Replace battery controlling HES dosing station. 24-36 months $250 
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Maintenance 

Activity Description Frequency Cost (Ex GST) 

HES basin flocculant (shuttle 
replacement)  

Replace shuttle before product on site runs out.  
The landholder has responsibility to order the product. 

Ad hoc $3,500/1,000 L shuttle 

HES basin flow, depth sensors, 
solar panel, and dosing pump. 

Turbid will perform annual site service and check performance of all sensors 
on site. WTMIP staff perform periodic equipment testing.  
Clean solar panels. 

12months, after weather 
event or ad hoc. 

$11,000 + equipment replacement 
costs, sensors, and loggers 
 

Unscheduled Maintenance 
Wetland Levee wall failure resulting from high rainfall event, wall redesigned and 

reformed.  
Ad hoc 
 
After weather event 

$30,960 

Bioreactor Removal of excess vegetation around electric fence at bioreactor. 6 months $821.50  

Drain Preferential flow from weir failure rectified through reinforcement with dam 
liner 

Ad hoc $500 

Bioreactor Removal of excess vegetation around electric fence at bioreactor. Recommended 6-month 
intervals 

$810.55 

Electric fence (bioreactor) An electric fence was installed to deter feral pests at a drain and bioreactor One-off cost per site $2100 
 

Fencing Cattle fence installed at LW01 to keep cattle off levee wall and fish passage One-off cost $5000 

Spraying Aerial spraying of hard-to-access sections of constructed wetland (CW02).  Quarterly until under 
control 

$2249 

Planting and replanting  Replanting can be a significant expense if needed. The WTMIP has 
undertaken replanting at one riparian site at low expense. The initial planting 
cost for intervention systems can be substantial. 

Ad hoc Riparian: $2000 
CW03: $69494 
Site15 In-Drain Wetland: $7995 
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Surveillance 

System Description Frequency Cost (Ex GST) 
Bioreactors Structural integrity: 

▪ Assess integrity of structure 

▪ Check for slumping between inlet and outlet points 

▪ Check for potential damage from debris during high flow events. 

Flow: 
▪ Check outlet for flow - no flow indicated blockage. If blocked, bypass 

system need may to be engaged to reduce groundwater table in 

paddock. 

Sediment:  
▪ Check inlet and outlet structures for sediment build up 

Woodchip: 
▪ Piezometers located on site filled with woodchips to document 

breakdown process of material 

Piezometers: 
▪ Clear plant root in the pipe affecting sampling functionality 

Vegetation growth: 
▪ Assess state of vegetation around structures and access 

Monthly $320-$480 per site. 
 
See Appendix C Tables 8 -9 for a 
breakdown of surveillance and 
monitoring costs. 
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Surveillance 

System Description Frequency Cost (Ex GST) 
Wetlands Structural integrity: 

▪ Assess integrity of the inlets and outlets 

▪ Check for potential damage from debris or erosion. 

Vegetation: 
▪ Document internal and external vegetation growth 

▪ Seek recommendation for perimeter or aerial weed spraying 

▪ Note native vegetation health including plant deterioration or death 

Hydrology: 
▪ Assess whether hydrological conductivity appears normal 

Wildlife: 
▪ Note any wildlife in or around wetland 

Sediment: 
▪ Assess build-up of sediment and plan removal if required 

Monthly $340-$480 per site. 
 
See Appendix C Tables 8 -9 for a 
breakdown of surveillance and 
monitoring costs. 

Vegetated drain  Vegetation: 
▪ Document internal and external vegetation growth and species. 

▪ Recommend perimeter or aerial spraying of overgrowth or pest 

vegetation 

Hydrology: 
▪ Assess whether hydrological function (flow) appears normal.  

▪ Inspect inlet and outlet function 

▪ Assess for vegetation causing system blockages 

Sediment: 
▪ Assess build-up of sediment and plan removal if required 

Monthly $300-$320 per site. 
 
See Appendix C Tables 8-9 for a 
breakdown of surveillance and 
monitoring costs. 
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Surveillance 

System Description Frequency Cost (Ex GST) 
HES Basin (Johnstone) Structure integrity: 

▪ Assess integrity of basin, perimeter bunds, check for potential 

damage from debris during high flow events. 

Dosing equipment: 
▪ Inspect equipment for function, damage, or debris build up.  

Sediment 
▪ QLD guideline recommends sediment be removed from a HES basin 

periodically. 

Monthly $300 per site. 
 
See Appendix C Tables 8-9 for a 
breakdown of surveillance and 
monitoring costs. 

Riparian (Riparian Site1) Vegetation 
▪ Document progress of planted stock.  

▪ Report on weed growth and recommend actions for maintenance. 

Erosion 
▪ Document and report erosion.  

Monthly $320 per site. 
 
See Appendix C Tables 8-9 for a 
breakdown of surveillance and 
monitoring costs. 

Table 5 Surveillance, monitoring and maintenance guide 



 

 

9 Potential ongoing support 
9.1.1 Government  
Support in the form of grants or funding could assist the monitoring and maintenance of treatment systems post 
project. Due to the current funding challenges experienced during the COVID-19 pandemic it is assumed this option 
will not be pursued but is not ruled out. 

9.1.2 NRM and Reef Credits 
Investigating the potential for Reef credits to be used to fund future monitoring and maintenance activities, 
maintenance can be provided by local community organisations, many organisations exist in the wet tropics. Several 
organisations working with the MIP would be able to undertake such activities as there has been capacity building 
within the community to develop greater understanding of water quality and treatment system intervention. 
 
The Reef Credits scheme was devised as an innovative market-based solution in response to the emerging consensus 
that a market mechanism to incentivise water quality improvements across the catchments of the Great Barrier Reef 
was needed.  The scheme allows land managers to undertake projects that improve water quality through changes 
in land management whether this is a practice change scenario or an ecosystem repair undertaking.  These projects 
generate a tradeable unit of pollutant reduction or a Reef Credit.  A Reef Credit represents a quantifiable volume of 
nutrient or sediment prevented from entering the Great Barrier Reef catchment 
 
One of the proposed foundation Reef Credits methodologies was Accounting for reduced nutrient run off through the 
establishment of wetland systems. This methodology is still under review but has considerable potential for 
landholders who enter the scheme to earn credits which could offset the maintenance of sites implemented by the 
WTMIP. The details would need to be discussed further with OGBR, especially the additionality clause, as the sites 
have been installed using government funds. (See Appendix G, Reef Credit Methodology - Wetlands) 
 

9.1.3 Industry bodies  
Industry bodies such as Canegrowers, Sugar Research Australia (SRA) and the Australian Banana Growers’ Council 
(ABGC) are regularly engaging with landholders and other stakeholders in the Wet Tropics. Industry bodies such as 
these are well positioned to provide guidance and support for surveillance and maintenance activities given their 
position in the community, their connection to the scientific community and the skills sets within the organisations. 
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Appendix A: WTMIP Treatment System Summary  
 

  
 

 
 

 



 
 

22 
 

  



 
 

23 
 

  



 
 

24 
 

  



 
 

25 
 

  



 
 

26 
 

  



 
 

27 
 

  



 
 

28 
 

  



 
 

29 
 

 

 
  

 



 

 

Appendix B: System health indicators 
 

 
 

SOIL COLOUR 
To provide a food source for the 
denitrifying microbial community, 
there must be sufficient carbon or 
organic matter in the soil.   

 
SOIL CONTAINS ORGANIC MATTER / CARBON 

 

WATER DEPTH 
Denitrifying microbes in the water 
need vegetation in their habitat to 
live. Deep water will not support 
enough plant biomass, and without 
permanent water the microbes will 
not be present all year round. 

 
TOO DEEP FOR 
VEGETATION 

GOOD PLANT-WATER-SOIL 
INTERACTION 

NO PERMANENT 
WATER 

PLANT COVER 
Vegetation is an essential part of the 
ecosystem that supports denitrifying 
microbes. Not enough and it will not 
support the microbial community. 
Too much will impact on the 
hydrological flow and the area’s 
ability to move water.  

 
POOR HYDROLOGY GOOD HYDROLOGY 

GOOD ECOSYSTEM 
POOR ECOSYSTEM 

 

WATER FLOW 
Water must move through the 
environment at a constant speed. If 
the hydrological flow is too fast, the 
microbes will not have enough time 
to denitrify the water. Too slow, and 
the water becomes anoxic, resulting 
in elevated toxic ammonia levels. 

 

 
STAGNANT CONSTANT FAST 

 

WATER pH 
The water pH in wetlands can 
support different plant and microbial 
life. A pH of 5-7 will create ideal 
conditions for a denitrifying 
microbial community.  
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Appendix C: Treatment system surveillance, maintenance and monitoring 
 

Arrangement with landholders (Landholder agreements contracted with WTMIP) 
 
Example of the agreement: 
Once agreed, the Parties will be bound by this agreement until a formal document is prepared and executed by the 
Parties.  
 
Under the landholder agreements the following key statements were made about landholder responsibilities 
regarding engagement and maintenance both during and beyond project life. 
 

1. I agree to participate in project work being conducted by the WTMIP on my property, as per attached 

project outline. This may, depending on the nature of the project, involve entering into a maintenance plan 

for the project. I will be provided with the opportunity to review the maintenance plan. 

2. The landholder will be responsible for the ongoing maintenance beyond the life of the MIP. 

3. The farmer may be invited to enter into a Reef Credits project if the monitoring program demonstrates 

there is potential for a project. If the farmer enters into a Reef Credits contract, arrangements will be 

negotiated to ensure transparency around government investment and income generated.  For example, if 

an income through Reef Credits can be generated, then an appropriate repayment program will need to 

enter into. This will need to consider the following: 

• Overall capital cost and whether it be reasonable to expect a landholder to be in a position to fund the 

project; 

• Income generated from the Reef Credits project; 

• Ongoing maintenance costs 

WTMIP involvement under the landholder agreement 
Under the Landholder agreement the MIP is committed to the follow maintenance objectives: 

1. Terrain (WTMIP) will provide the Landholder with a practical maintenance plan developed in consultation 

with the landholder and training in how to undertake maintenance beyond the life of the MIP (June 2021). 

2. Where linkages to Reef Credits are possible, Terrain will provide the Landholder access to agribusiness 

extension services for advice on farm business planning.  

Terrain (MIP) will provide you, where the project requires, a maintenance plan and training in how to undertake 
maintenance and or a list of other types of assistance. 
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Queensland Government Bioreactor Guidelines for maintenance and troubleshooting 
Extracts from Using denitrifying bioreactors to improve water quality on Queensland farms (Queensland 
Bioreactor Guidelines 2021) 

Bioreactor Beds 

Maintaining bioreactor performance 
Maintenance  
Maintenance of a bioreactor bed will involve:  

• For in-line, or off-line bioreactor beds with sediment basins, regular sediment removal from the sediment basin will be required. The frequency will 

depend on the size of the basin and the amount of sediment entering the structure but will generally be biannually, or after flood events. Trash, 

leaves, and grass may also accumulate in the sediment basin and should be removed to maintain capacity.  

• Clearing the inlet structures biannually, or after flood events. Anything growing in, or accumulating on the inlet, should be removed (e.g. grass, 

algae, leaves, sediment). For gravel inlets, if flooding of the inlet occurs, or if sediment accumulates in the inlet structure, the inlet may need to be 

cleaned out by removing and replacing gravel.  

• Infrequent cleaning out of outlet structure (annually). The outlet structure should be monitored regularly to check for blockages and any blockages 

cleared. Grass, sediment build-up and debris should be kept clear of the outlets so that water can freely discharge from the bioreactor.  

• Infrequent replacement of woodchips. The woodchips will gradually degrade over time and will need to be topped up or replaced. The timing of 

replacement will depend on the material and environmental conditions such as temperature, wetting and drying regimes. Current information from 

Queensland trials suggests replacing woodchips after 10-12 years.  

Limitations  
Bioreactor beds will have limited capacity to cost-effectively remove nitrate in the following situations:  

• If the catchment is dominated by erosive soils and/or there is a high risk of sediment movement. 

 • If there are steep sites (slope >20%). 

 • Areas with frequent, intense water flows (i.e. storms) as the bioreactor would be unlikely to treat a significant proportion of the run-off.  

• If nitrate concentrations (in the water to be treated) are regularly below 3 mg N L-1.  

• If there are high groundwater levels, or sandy soils and the bioreactor is unlined, the water may disperse before it enters  the bioreactor and could 

not be treated.  
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Troubleshooting Monitoring may identify operational and nitrate removal performance issues with denitrification beds. Table 6 can be used to 

identify possible issues and solutions.  

Issue  Likely causes  Investigation  Rectification  

Not much water leaving bioreactor 
relative to flow upstream of 
bioreactor.  

• Blockage either at the inlet, or the 
outlet, causing nearly all the water to 
flow around the bioreactor.  

• Check for sediment, algae or debris 
in the inlet structure (e.g. inlet gravel 
or rock).  

• Check for any blockages in outlet 
pipe/s.  

• Pressure transducers installed in the 
monitoring piezometers may provide 
information about where the blockage 
occurred.  

• Remove or replace inlet gravel, or 
rock.  

• Remove blockages at the outlet.  

• If the blockage occurs in the 
bioreactor, dig up and replace the 
woodchip.  

Bioreactor not removing nitrate.  • Carbon source may be depleted.  

• Sampling regime may not be 
adequately capturing the same plug of 
water through the bioreactor due to 
variable influent nitrate.  

• Excessively fast hydraulic residence 
time.  

• The pH range and dissolved oxygen 
in the bioreactor might not be suitable 
for denitrification.  

• Check carbon source has not 
degraded (look for subsidence or 
expose carbon source to check).  

• Monitor influent nitrate variability.  

• Perform tracing tests for hydraulic 
residence time.  

• Monitor pH and dissolved oxygen in 
the influent and effluent.  

• Replace carbon source.  

• Design a monitoring regime to 
collect samples at the outlet with a 
delay that corresponds to the 
measured hydraulic residence time.  

• Identify if pH and dissolved oxygen 
are in the suitable ranges for 
denitrification. If not, amelioration 
may be required e.g. increase pH with 
the injection of an alkaline solution.  

• Increase hydraulic residence time by 
adjusting the outlet valves (if present) 
or install valves at the outlet.  

Sediment trap is not working.  • Sediment trap is full, or not of 
sufficient capacity to remove 
sediment.  

• Sediment generation upstream is 
greater than expected.  

• Check depth and capacity of 
sediment trap and the rate of 
sediment accumulation.  

• Check for source of sediment and 
identify what options are available to 
minimise sediment loss.  

• Remove sediment, or enlarge 
sediment trap.  

• Implement sediment reduction 
practices upstream of bioreactor.  

Rotten egg smell from bioreactor due 
to hydrogen sulphide production.  

• Nitrate limited conditions.  

• Extended hydraulic residence time.  

• The bioreactor does not drain 
completely.  

• Investigate whether nitrate limited 
conditions are due to nitrate influent 
variability or to extended hydraulic 
residence time.  

• Check for any blockages in the outlet 
of the bioreactor.  

• Increase the outflow of the 
bioreactor to reduce the hydraulic 
residence time by opening any control 
valves.  

• Remove any blockages.  

Ammonium concentrations increase 
within bioreactor.  

• Likely occurrence of dissimilatory 
nitrate reduction to ammonium due 
to nitrate limited conditions and 
presence of high dissolved organic 
carbon.  

• Monitor nitrate, ammonium and 
dissolved organic carbon in influent 
and effluent to identify if nitrate is 
limited and if ammonium 
concentrations are high.  

• The risk of dissimilatory nitrate 
reduction to ammonium is low if sites 
are selected with consistent influent 
nitrate. If nitrate concentrations are 
seasonally low, flow can be directed 
around bioreactor during higher risk 
periods, if the generation of 
ammonium is a concern to 
downstream waterways.  

Water discharging from bioreactor is 
tea coloured.  

• Leaching of organic compounds (i.e. 
tannin) is generally harmless and 
occurs for a short time after 
bioreactor installation.  

• Continue to monitor discharge over 
time and wait for the bioreactor to 
‘flush’.  

• Wash the woodchip before 
installation.  

• If coloured discharge is a concern for 
the receiving environment, ensure 
there is a buffer between the 
bioreactor and any sensitive receiving 
environment.  

Table 6 Possible issues with bioreactor beds and solutions. 

Bioreactor Walls 

Maintaining bioreactor performance  
Maintenance  
Bioreactor walls require limited maintenance. The surface of the wall will need slashing and/or vegetation control like other access tracks, or 

headlands on a farm, and may need soil to be topped up if erosion, or subsidence occurs. The carbon source will gradually degrade over time and 

subsidence may occur. The carbon source will eventually need to be replenished or replaced. The timing of replacement will depend on the material 

and environmental conditions, such as temperature and wetting and drying regimes.  



 

 

Limitations  
Bioreactor walls will have limited capacity to cost-effectively remove pollutants in the following situations:  

• Nitrate concentrations in the water to be treated are low (e.g. generally below 5 mg N L-1). Bioreactors can be installed at sites with low nitrate 

concentrations for research purposes, however for cost-effective water quality improvement higher nitrate concentrations are recommended.  

• Lack of, or minimal rain, for bioreactors downslope of rain-fed crop.  

 

Troubleshooting 
 Monitoring may identify operational and nitrate removal performance issues with bioreactor walls. Table 7 can be used to identify possible issues 

and solutions.  

Issue  Likely causes  Investigation  Rectification  

Groundwater not flowing through 
bioreactor.  

• The hydraulic conductivity of the wall 
is lower than the surrounding aquifer. 
This can occur if the woodchip is mixed 
with soil.  

• Groundwater bypassing the wall.  

• Tracing tests.  

• Additional soil cores to establish 
groundwater flow pattern and if it is 
bypassing wall.  

• Remove the mix of woodchip and soil 
and install only woodchip.  

• Ensure wall is installed into low 
permeability layer below.  

Bioreactor not removing nitrate.  • Excessively fast hydraulic residence 
time.  

• The pH range and dissolved oxygen in 
the bioreactor might not be suitable for 
denitrification.  

• Nitrate below detectable limits.  

• Monitor the influent nitrate 
variability.  

• Perform tracing tests.  

• Monitor nitrate, dissolved oxygen and 
pH in the upslope and in wall 
piezometers.  

• Identify if pH and dissolved oxygen 
are in the suitable range for 
denitrification. If not, amelioration  

Table 7 Possible issues with bioreactor beds and solutions



 

 

Projected surveillance, maintenance and monitoring costs 
The following tables detail costing for staff, surveillance of systems, regular maintenance and laboratory analytics 
each sample round. The continued monitoring of treatment systems to examine system performance is 
recommended to provide maintenance direction and identify key factors that may become harmful to the system.  
 
Table 8 displays projected surveillance and monitoring costs per round at a fortnightly or monthly schedule (site 
dependent) and associated laboratory costs. Data processing and preparation projected at two hours per site. 
Surveillance costing includes travel and sampling treatment system (see table 9 for a breakdown of hours including 
and excluding sampling).  

Monitoring and Surveillance (Each round) 

Site Lab ($) Surveillance incl sampling ($) Maintenance ($ PA)  Data Processing incl prep ($) Total ($) 

BR01 1880 480 60 120 1,540 

BR02 273 400 250 120 1,043 

BR04 273 400 250 120 1,043 

BR06 394 320 1,645 120 2,479 

CW02 412 340 1,000 120 1,872 

CW03 412 480 1,000 120 2,012 

LW01 603 480 1,000 120 2,203 

Site15 706 320 1,622 120 2,768 

VD01 368 300   120 788 

VD02 368 300   120 788 

HES 412 320 11,000 120 11,852 

Total 5,102 4,140 17,827 1,320 28,389 
Table 8 Projected sampling costs for each site (based on current schedules, analyte suite and laboratory pricing). 

Routine surveillance and monitoring expenses 
Table 9 outlines staff costing to perform surveillance or monitoring activities. Travel time includes travel 
from Cairns. Travel 1 excludes water quality sampling (observations only), Travel 2 includes water quality 
sampling.  
 

Site Calculation description Travel 1  Travel 2  Base personnel rate ($ p/h) 

BR01 Staff + vehicle rate x site 
hours x monitoring rounds 
= total 
 

3 6 80 
 
 

 

BR02 4.5 5 

BR03 4.5 5 

BR04 4.5 5 

BR05 2.5 3 
BR06 3 4 

BR07 4 4 

CW01 3 3.5 

CW02 3 4.25 

CW03 5 6 

LW01 5 6 
Site15 3 4 

VD01 3 3.75 

VD02 3 3.75 

HES basin 2.5 3 

Riparian 4 4 
Total hours 57.5 70.25 

Table 9 Typical routine surveillance and/or monitoring staff costs 
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Appendix D: Routine surveillance and maintenance schedules and checklists 
Anticipated routine maintenance over 10 years. 
 

Bioreactor January February March April May June July August September October November December 

Year 1             
Biannual             
Year 5             
Year 10             

Routine monitoring and maintenance (before and after wet season) 

Sediment removal (ad hoc) 

Replace carbon source 

Table 10 Projected schedule for bioreactor maintenance 

Wetland January February March April May June July August September October November December 

Year 1             
Biannual             
Year 5             
Year 10             

Routine monitoring and maintenance (before and after wet season) 

Sediment removal (ad hoc) 

Remove excess vegetation 

Table 11 Projected schedule for wetland maintenance  

HES 
Basin 

January February March April May June July August September October November December 

Year 1             
Biannual             
Year 5             
Year 10             

Routine monitoring and maintenance (before and after wet season) 

Sediment removal (ad hoc) 

Equipment service (dosing system) 

Table 12 Projected schedule for HES basin maintenance  

Vegetated 
Drains 

January February March April May June July August September October November December 

Year 1             
Biannual             
Year 5             
Year 10             

Routine monitoring and maintenance (before and after wet season) 

Sediment removal (ad hoc) 

Remove excess vegetation (if recommended from June 2021 reporting) 

Table 13 Projected schedule for vegetated drain maintenance  
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Routine Site Inspection Check Lists 

BIOREACTOR 
Agricultural stormwater treatment system. 

Inspection and maintenance check list 

Inspection 
date: 

 
Date of last 
inspection 

 Date of next 
inspection: 

 

Inspected 
by: 

 

Inspection 
item 

Inspection description Action required?  What? 

Item 
Function 
Presence 

Occurrence 

Poor (1) ------------OK (5)-----------Excellent (10) 
No (1) -----------Moderate (5)----------High (10) 
Limited (1) -------Moderate (5)--------High (10) 

If function level is below 6, action is required 
If presence level above 6, action is required 
If occurrence level is below 6, action is required 

Inlet system, 
including 
channel (if 
present) 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Sediment 
basin (if 
present) 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 
Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence  1 2 3 4 5 6 7 8 9 10 

Outlet 
system, 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Sediment buildup 1 2 3 4 5 6 7 8 9 10 

Bioreactor 
body 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Slumping 1 2 3 4 5 6 7 8 9 10 

Overall 
hydraulic 
function  

Inlet zone function 1 2 3 4 5 6 7 8 9 10 
 

Outlet zone function 1 2 3 4 5 6 7 8 9 10 

Presence of 
blockages 

1 2 3 4 5 6 7 8 9 10  

Presence of 
preferential flow 
pathways 

1 2 3 4 5 6 7 8 9 10  

Comments 
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Persons/ 
organisation 
responsible 

Bioreactors 

Monitoring Schedule - Operational Phase 

Routine Monitoring Actions 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Category Task Description 

 Routine 
system 
management 
actions 

Structure 
inspection 

Check system integrity ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Sediment 
inspection 

Check wetland batters for structural integrity  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Inlet and 
outlet 

Check inlet and outlet areas for any blockages that may 
affect flow 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 Civil and 
landscape 
actions 

Inlet zone 
sediment 
accumulation 

Inlet zone sediment accumulation should be assessed 
after each major flood or every 6 months to a 1 year. 

  ✓   ✓       

Bioreactor 
hydraulic 
function  

Assess the inlet, main treatment zone and outlet for 
effective hydraulic function (check for areas of short 
circuiting, poor outlet function or areas where water 
may be moving fast) 

  ✓   ✓   ✓   ✓ 

 Technical 
actions: 

Bioreactor 
water quality 
monitoring  

Undertake inlet and outlet water quality sampling () ✓ ✓ ✓ ✓ ✓ ✓      ✓ 

Specialised 
technical visit 

Expert review and assessment of bioreactor function, 
from a hydraulic and treatment perspective 

 ✓           

 Maintenance Action (if deemed necessary from monitoring)              

 Routine land 
management 
actions 

Weed control around structures in channels and bioreactor bodies, 
focusing on noxious weeds. 

As required 

Small scale batter rectification (small areas of erosion can quickly 
become large).  The goal here is to quickly fix (using rock, seed, soil, 
mulch, geotextile, or other forms of soil coverage) small areas of erosion 
before they get too big. 

As required 

Cleaning of blockages within the inlet and outlet zones that may prevent 
the efficient flow of water. 

As required 

 Civil and 
landscape 
actions (based 
on technical 
advice) 

Remove sediment from inlet zone, if deemed needed, in the dry season        ✓     

Small earthworks may be needed to improve the hydraulic function of 
the wetland.  This should be done in the dry season 

       ✓     

Small earthworks may be needed to improve the hydraulic function of 
the wetland.  This should be done in the dry season  

       ✓     

 



 

 
  

WETLANDS 
Agricultural stormwater treatment system. 

Inspection and maintenance check list 

Inspection 
date: 

 
Date of last 
inspection 

 Date of next 
inspection: 

 

      
Inspected 
by: 

 

Inspection 
item 

Inspection description Action required?  What? 

Item 
Function 
Presence 

Occurrence 

Poor (1) ------------OK (5)-----------Excellent (10) 
No (1) -----------Moderate (5)----------High (10) 
Limited (1) -------Moderate (5)--------High (10) 

If function level is below 6, action is required 
If presence level above 6, action is required 
If occurrence level is below 6, action is required 

Inlet system, 
including 
channel (if 
present) 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Sediment 
basin 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 1 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 2 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 3 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence  1 2 3 4 5 6 7 8 9 10 

Northern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Eastern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 
Weed presence 1 2 3 4 5 6 7 8 9 10 

Plants Plant 
occurrence 

1 2 3 4 5 6 7 8 9 10 

Southern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Western 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Overall 
hydraulic 
function  

Inlet zone function 1 2 3 4 5 6 7 8 9 10 

 Outlet zone function 1 2 3 4 5 6 7 8 9 10 

Main wetland 1 2 3 4 5 6 7 8 9 10 

Presence of 
blockages 

1 2 3 4 5 6 7 8 9 10  

Presence of 
preferential flow 
pathways 

1 2 3 4 5 6 7 8 9 10  
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Comments 
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Persons/ 
organisation 
responsible 

Wetlands 

Monitoring Schedule - Operational Phase 

Monitoring Action 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Category Task Description 

 Routine land 
management 
actions 

Weed 
inspection 

Check wetland batters for weed presence ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Batter 
inspection 

Check wetland batters for structural integrity  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Inlet and 
outlet area 

Check inlet and outlet areas for any blockages that may affect 
flow 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 Civil and 
landscape 
actions 

Wetland 
vegetation 

Check wetland macrophyte zones for weeds and key desirable 
species.  Assess the need for supplementary planting 

✓  ✓  ✓  ✓  ✓  ✓  

Inlet zone 
sediment 
accumulation 

Inlet zone sediment accumulation should be assessed after 
each major flood or every two years. 

   ✓         

Wetland 
hydraulic 
function  

Assess the inlet, main treatment zone and outlet for effective 
hydraulic function (check for areas of short circuiting, poor 
outlet function or areas where water may be moving fast) 

 ✓           

 Technical 
actions: 

Wetland water 
quality 
monitoring  

Undertake inlet and outlet water quality sampling, as well and 
sediment organic carbon 

✓ ✓ ✓        ✓ ✓ 

Specialised 
technical visit 

Expert review and assessment of wetland function, from a 
vegetation, hydraulic and treatment perspective 

 ✓           

 Maintenance Action (if deemed necessary from monitoring)              

 Routine land 
management 
actions 

Weed control on wetland edges and batters, focusing on noxious weeds. As required 

Small scale batter rectification (small areas of erosion can quickly become large).  
The goal here is to quickly fix (using rock, seed, soil, mulch, geotextile, or other 
forms of soil coverage) small areas of erosion before they get too big. 

As required 

Cleaning of blockages within the inlet and outlet zones that may prevent the 
efficient flow of water. 

As required 

 Civil and 
landscape 
actions (based 
on technical 
advice) 

Small areas f wetland vegetation may need to be replaced following weed 
management or after extreme flow events that may rip plants out.  The 
appropriate plants should be used and planted in the early stages of the wet 
season (taking due precautions with crocodiles).  Existing healthy plants in the 
wetland can be dug up, split, and used as planting stock. 

          ✓ ✓ 

Remove sediment from inlet zone, if deemed needed, in the dry season        ✓ ✓    

Small earthworks may be needed to improve the hydraulic function of the 
wetland.  This should be done in the dry season  

       ✓ ✓ ✓   

 
 



 

 

 

Vegetated Drains 
Agricultural stormwater treatment system. 

Inspection and maintenance check list 

Inspection 
date: 

 
Date of last 
inspection 

 Date of next 
inspection: 

 

Inspected 
by: 

 

Inspection 
item 

Inspection description Action required?  What? 

Item 
Function 
Presence 

Occurrence 

Poor (1) ------------OK (5)-----------Excellent (10) 
No (1) -----------Moderate (5)----------High (10) 
Limited (1) -------Moderate (5)--------High (10) 

If function level is below 6, action is required 
If presence level above 6, action is required 
If occurrence level is below 6, action is required 

Inlet system, 
including 
channel (if 
present) 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Sediment 
basin 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Sediment presence 1 2 3 4 5 6 7 8 9 10 

Weed presence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 1 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 2 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Macrophyte 
Zone 3 

Weed presence 1 2 3 4 5 6 7 8 9 10 
 

Plant occurrence  1 2 3 4 5 6 7 8 9 10 

Northern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Eastern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 
Weed presence 1 2 3 4 5 6 7 8 9 10 

Plants Plant 
occurrence 

1 2 3 4 5 6 7 8 9 10 

Southern 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Western 
batter/edge 

Presence of erosion 1 2 3 4 5 6 7 8 9 10 

 Weed presence 1 2 3 4 5 6 7 8 9 10 

Plant occurrence 1 2 3 4 5 6 7 8 9 10 

Overall 
hydraulic 
function  

Inlet zone function 1 2 3 4 5 6 7 8 9 10 

 Outlet zone function 1 2 3 4 5 6 7 8 9 10 

Main wetland 1 2 3 4 5 6 7 8 9 10 

Presence of 
blockages 

1 2 3 4 5 6 7 8 9 10  
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Presence of 
preferential flow 
pathways 

1 2 3 4 5 6 7 8 9 10  

Comments 
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Persons/ 
organisation 
responsible 

Vegetated Drains 

Monitoring Schedule - Operational Phase 

Monitoring Action 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Category Task Description 

 Routine land 
management 
actions 

Weed 
inspection 

Check wetland batters for weed presence ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Batter 
inspection 

Check wetland batters for structural integrity  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Inlet and outlet 
area 

Check inlet and outlet areas for any blockages that may affect 
flow 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

 Civil and 
landscape 
actions 

Wetland 
vegetation 

Check wetland macrophyte zones for weeds and key desirable 
species.  Assess the need for supplementary planting 

✓  ✓  ✓  ✓  ✓  ✓  

Inlet zone 
sediment 
accumulation 

Inlet and outlet zone sediment accumulation should be 
assessed after each major flood or every 2 years. 

  ✓   ✓       

Wetland 
hydraulic 
function  

Assess the inlet, main treatment zone and outlet for effective 
hydraulic function (check for areas of short circuiting, poor 
outlet function or areas where water may be moving fast) 

 ✓           

 Technical 
actions: 

Drain water 
quality 
monitoring  

Undertake inlet and outlet water quality sampling, as well and 
sediment organic carbon 

✓ ✓ ✓        ✓ ✓ 

Specialised 
technical visit 

Expert review and assessment of wetland function, from a 
vegetation, hydraulic and treatment perspective 

 ✓           

 Maintenance Action (if deemed necessary from monitoring)              

 Routine land 
management 
actions 

Weed control on wetland edges and batters, focusing on noxious weeds. As required 

Small scale batter rectification (small areas of erosion can quickly become large).  
The goal here is to quickly fix (using rock, seed, soil, mulch, geotextile, or other 
forms of soil coverage) small areas of erosion before they get too big. 

As required 

Cleaning of blockages within the inlet and outlet zones and that may prevent the 
efficient flow of water. 

As required 

 Civil and 
landscape 
actions (based 
on technical 
advice) 

Small areas od drain vegetation may need to be replaced following weed 
management or after extreme flow events that may rip plants out.  The 
appropriate plants should be used and planted in the early stages of the wet 
season (taking due precautions with crocodiles).  Existing healthy plants in the 
wetland can be dug up, split, and used as planting stock (system specific). 

          ✓ ✓ 

Remove sediment from inlet zone, if deemed needed, in the dry season        ✓ ✓    

Small earthworks may be needed to improve the hydraulic function of the 
wetland.  This should be done in the dry season  

       ✓ ✓ ✓   



 

 

Appendix E: Riparian Best Management Practice Guide and Species List 
 

Site Selection 
There are three obvious places in a rural setting where riparian vegetation is helpful and readily 
achievable for the benefit of stream bank stability and nutrient removal and pest reduction: 
 

▪ Sloping creek or river or large drain bank. Trees shade out the build-up of grass, pest harbourages and 

prevent grass in the bed that can trap sediment and block the waterway.  Tree roots make the bank more 

stable from erosion and slumping. Future maintenance of drains and waterways can be reduced. 

▪ On small patches of alienated land. Due to the winding nature of usually small waterways and creeks or 

elsewhere on a farm, there are usually small pieces of land on the inside of bends (see Figure 1, below) that 

are not easy to cultivate cost effectively due to the short rows they form. Any such areas of marginal 

viability, if left uncultivated, would become pest harbourages (e.g., for weeds and rats).  Depending on soil 

type and position in the landscape, riparian vegetation can help prevent the creek from changing course in 

a flood and generating large amounts of sediment as well as reducing pest and weed harbourage. 

▪ Low lying wet areas. On some farms there are areas where the water table stays too high to enable crops 

to be grown. Planting trees there helps remove water and nutrients and reduce pest harbourages in the 

process. Wetland species such as Nauclea orientalis (Leichardt trees) and melaleucas are particularly good 

for this purpose. 

 
Figure 1 Examples of alienated land suitable for vegetation 

All the above will compete successfully with undesirable grasses and weeds if care is taken in the design 
to plant non-branching species close to headlands or use transitional species such as Lomandra spp 
beside headlands. In any case, if trees conflict with harvesting equipment, land managers can prune 
branches with no long-term impact on riparian plantings. 
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Area Selection 
Having selected a suitable site, the exact area to be planted can be determined, firstly by avoiding 
conflicts with farm operations as mentioned above, and secondly, by the nature of the waterway itself. 
For example, in crocodile inhabited waterways it is safe practice to have a setback from the water of at 
least five metres to protect those planting or carrying out maintenance in the future. Except where such 
constraints exist, the entire area from the top of the bank (where the land becomes generally flat and 
starts sloping down to the water) should be planted There is no benefit to planting under or close to the 
canopy of existing riparian vegetation or vertical banks or on low bars prone to flooding. 
 

Species Selection 
There are three main styles of planting for different purposes or according to personal choice: 
Fast growing  
As the name suggests this is the quickest site to establish with some saving in maintenance cost. It is, 
however, slower to establish full rainforest biodiversity. 
 
Biodiverse 
This style tries to emulate the biodiversity in a rainforest. While it can be a bit slower in growth, it offers a 
better ecological result within 10 years. 
 
Forestry 
This is basically a fast growing or biodiverse style incorporating forestry species within it, near the 
landward edge, that can be harvested in the distant future leaving behind a biodiverse style of planting. 
 
In addition, there are two specialised styles: 
Wetland 
In areas where there is a very high persistent water table needing specialised trees for these conditions 
(e.g., Nauclea orientalis (Leichardt Tree), or Melaleuca spp.) 
 
Estuarine 
In tidal areas that needs salt tolerant plants such as Cottonwood and a wide variety of mangroves and 
ferns. 
 
Species selection should consider the following: 

▪ Position on the bank – exposure to flooding 

▪ The site characteristics (terrestrial, estuarine or wetland) 

▪ The size and shape suited for the site, eg, for trees near headlands, whether the canopy style suits 

pruning 

▪ Position in the composition, eg, “edges” such as at the edge of water where Callistemon spp are good, 

or the outer edge in terrestrial plantings where Lomandra spp, Cordyline sp. (Giant Palm Lily), 

Pittosporum spp, and Callistemon spp are suited. 

See Riparian and Wetland Species List, below. 

Site Preparation 
 
There are two methods for site preparation: selective herbicide and non-selective herbicide. 
 
Selective herbicide 
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Spray the entire area to be planted with haloxyfop as per the label. This will only kill grasses, not 
broadleaf species such as weeds, vines or any naturally emergent trees. It takes at least six weeks under 
ideal conditions for large grasses like Guinea grass to drop and may result in earlier broadleaf weed 
maintenance. 
 
Non-selective herbicide 
Spray the entire area to be planted with frog-friendly glyphosate as per the label. This will kill both weed 
and beneficial monocots and dicots and more quickly than the selective herbicide. 
 
Choice is generally determined by the timeframe for completion and the presence of visibly emergent 
trees.  Additionally, the site may require some brush cutting, particularly to clear large Guinea grass stools 
before planting. 
 
Brush cutting as a stand-alone method of site preparation is not usually recommended as all types of 
weeds re-emerge immediately, adding to maintenance.  However, on sites with minimal grassy weeds 
and emerging native trees, brush cutting followed by spot spraying of emerging grasses may be suitable. 
 

Planting 
Weather conditions for preparation, planting and maintenance of riparian revegetation, regardless of 
style, are critical in successful revegetation establishment.  
 
Planting is best conducted in the period April to July when risks of floods and droughts are minimised, but 
there is generally sufficient sporadic rainfall and heat to ensure regular watering and maintain good 
growth. Planting in this period helps with tree survival and reduced weed growth.  
 
Plant spacing is largely determined by their position on the waterway profile, whether on a steep sloping 
bank or a flat bar. The amount of maintenance required to control rampant weed growth is also a factor; 
the closer the better, emulating the natural spacing of trees in rainforests.   
 
Recommendations: 

▪ 1.5-metre spacing is preferred on steep sloping banks and flat areas not exposed to frequent flooding. This 

represents a balance to achieve rapid canopy closure and minimising maintenance costs while emulating 

rainforest spacings. 

▪ 8-metre spacing on in-stream bars to allow debris to move past without damaging the plants. 

Water crystals are recommended on sites where the soils requiring moisture retention, such as very 
sandy soils. Watering within 10 minutes of planting is necessary even in wet soil to ensure good soil 
contact with roots is achieved. 
 
In areas prone to flooding, loose mulch is discouraged as it can float away and can damage adjacent 
plants in the process. However, remnant dead plant material that is still rooted in the ground can be a 
suitable mulch gathered in around a tree.   
 

Maintenance 
Maintenance consists of two methods: broad spraying and spot spraying. 
 
Broad spraying with a selective herbicide such as haloxyfop in areas where grassy weeds dominate can be 
undertaken using a small firefighter pump. 
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Spot spraying with a non-selective herbicide such as frog-friendly glyphosate is usually undertaken where 
there is a considerable amount of broadleaf weeds and vines, using knapsacks to avoid any contact with 
the planted trees. 
 
In times of unseasonable drought, supplementary watering may be necessary to keep plants alive, 
particularly in the younger stages and especially soon after planting. 
 
Maintenance should continue until the tree canopy is well above the height of weeds, shading out the 
weeds underneath. Maintenance should commence at the immediate signs of weed growth, particularly 
grasses such as Guinea grass or para grass, as these weeds can grow very quickly. For fast growing species 
this may be as little as two control visits, but slower growing species may require three visits or more. 
 
Maintenance visits should occur more regularly during the early stages of tree growth. Timing of weed 
control is critical and should be matched to the anticipated higher growth rates in high rainfall and high 
temperature times.  



 

 

Riparian and Wetland Species List 
RIPARIAN AND WETLAND SPECIES 
LIST 

L= Lowland 
F=Foothills 
U=Upland 
H= Highland El
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Species Common/Mamu/Ngadjon 
Name   

        grazed not 
grazed 

low 
salinity 

med. 
salinity 

sust. 
wet 

interm. 
Wet 

Upper 
bank 

Lower 
bank 

Water’s 
edge 

Bar 
 

Acacia aulacocarpa                                            Aulacocarpa L-F √   √ √             √       JRMP 

Acacia celsa                                              Brown Salwood L-F √   √               √       JRMP 

Acacia mangium Brown Salwood L-F √   √ √             √       JRMP 

Acacia melanoxylon Black Wattle/Guway U √ √   √             √       JRMP 

Acanthus ilicifolius Holly-leaf Mangrove L √   √         √         √   JRMP 

Acmena graveolens Cassowary Satinash L-U √   √               √       JRMP 

Acmena hemilampra ssp. hemilampra  Blush Satinash L-U √                 √ √ √     JRMP 

Acmena smithii  Lilypilly L-H √                       √ √ JRMP 

Acronychia acidula Lemon Aspen/ 
Yarrgir/Marrgngabil 

L-H  √ √                 √       JRMP 

Adenia pavonovina None U √                           CCRC 

Agathis robusta Kauri Pine L-H  √ √   √             √       JRMP 

Aleurites rockinghamensis Candlenut/Ngabala L-H √   √             √ √       JRMP 

Archidendron lucyii Scarlet Bean                               
 

Argyrodendron peralatum Red Tulip Oak U √                           TRC 

Alloxylon flammeum 
Tree Waratah or Pink Silky 
Oak 

U √                           TRC 

Alstonia scholaris Milky Pine/ 
Bubarrila/Jaanggany 

L-F √ √ √             √ √ √     JRMP 

Alphitonia petriei Sarsparilla or Ash Pink F-H √   √               √       JRMP 

Alphitonia excelsa Red Ash L √   √               √       GA 

Alphitonia oblata Sarsparilla L √                 √         
 

Alphitonia whitei 
Red Ash U-

H 
√                           TRC 

Araucaria bidwillii Bunya Pine U-
H 

√       √           √ √     JRMP 

Araucaria cunninghamii Hoop Pine U-
H 

√       √           √ √     JRMP 

Archontophoenix alexandrae            Alexander Palm L-F  √   √               √ √ √ √ JRMP 
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Argyrodendron actinophyllum  Crowsfoot (Elm)/ 
Birrarr/Birrarr   

F-U √ √                 √       JRMP 

Argyrodendron polyandrum Boonjee Tulip Oak U √                           TRC 

Argyrodendron trifoliolatum Boonjee Tulip Oak U √                           TRC 

Atratocarpus fitzalanii (randia) Brown Gardenia L √                           V&L 

Athertonia diversifolia Atherton Oak U √                           TRC 

Arytera pauciflora 

Pink Tamarind, Small-leaved 
Tamarind 

U √                           TRC 

Atractocarpus fitzalanii ssp. fitzalanni Native Gardenia L-F √                   √ √     JRMP 

Avicennia marina Grey Mangrove L √             √         √ √ JRMP 

Barringtonia asiatica                                 
 

Barringtonia acutangula Freshwater Mangrove L √           √       √ √ √ √ V&L 

Barringtonia calyptrata Mangrove L √             √             GA 

Barringtonia racemosa        Freshwater Mangrove L √           √               JRMP 

Beilschmiedia bancroftii Yellow Walnut 
/Nga/Ganggee 

L-H √ √                 √       JRMP 

Beilschmiedia obtusifolia Blush (Black) Walnut L-U √                 √ √ √     JRMP 

Beilschmiedia recurva Ivory Walnut U √                           TRC 

Beilschmiedia tooram Coach Walnut U √                           TRC 

Brachichyton acerifolius Flame Tree/Giwan L-H √ √         √     

Breynia curnua Coffee Bush L √                 √         
 

Breynia stipitata Fart Bush             √     √ √ √        

Caldcluvia australiensis Atherton Pencil, Cedara U √                           TRC 

Cananga odorata Ylang Ylang L-H √                   √ √ √ √ GA 

Carallia brachiata Corkwood/Corkybark L-F √   √             √ √ √     JRMP 

Cardwellia sublimis                                Northern Silky Oak (Bull 
Oak)/Jungan 

L-H √   √ √           √ √       JRMP 

Carnarvonia aralifolia Caledonian Oak U √                           TRC 

Castanospermum australe Black Bean/ 
Mirrany/Ganyjuu 

L-U √ √ √               √ √     JRMP 
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Castanospora alphandii Brown Tamarind U √                           TRC 

Casuarina cunninghamiana River Oak L-U √                       √   JRMP 

Ceratopetalum virchowii Pink Sycamore, Dogwood U √                           TRC 

Cerbera floribunda  Cassowary Plum L √                           V&L 

Chionanthus ramiflorus Native Olive L-U √   √             √ √ √     JRMP 

Cinnamomum laubatii 
Cassia Cinnamon, 
Camphorwood 

U √                           TRC 

Cordyline maners suttonae Giant Palm Lily L √                           V&L 

Corynocarpus cribbianus Cribwood U √                           TRC 

Cryptocarya triplinervis Brown Laurel F-U √                 √ √ √     JRMP 

Cryptocarya hypospodia Northern Laurel U √                 √         TRC 

Cryptocarya mackinnoniana Rusty Laurel U √                           TRC 

Cryptocarya oblata Tarzali Silkwood U √                           TRC 

Cupaniopsis flagelliformis Brown Tuckeroo U √                           TRC 

Cyathea cooperi Coopers tree fern/Nimbin U-
H 

√                           JRMP 

Cynometra iripa Wrinkle Pod Mangrove L √           √               JRMP 

Darlingia Darlingiana Brown Silky Oak L-H √         √         √ √     JRMP 

Darlingia ferruginea Rose Silky Oak U √                           TRC 

Deplanchea tetraphylla 50mm  Golden Bouquet L √                           V&L 

Davidsonia pruriens Davidson Plum/ Wiray/ Wiira     L-U √ √                 √       JRMP 

Dillenia alata Red Beech L-U √               √   √ √     JRMP 

Diploglottis smithii or D. diphyllostegia      Native tamarinds L-F √   √               √       JRMP 

Diploglottis bracteata Boonjie Tamarind U √                           TRC 

Doryphora aromatica North Sasafras/Jidingan L-H √ √                 √       JRMP 

Dysoxylum gaudichaudianum Ivory Mahogany L √   √             √ √ √     JRMP 

Dysoxylum  mollisimon Miva Mahogany L-U                   √         
 

Elaeocarpus grandis/angustifolius Blue (silver) Quandong/ 
Murrgan/Murrgan 

L-U √   √ √           √ √ √     JRMP 
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Elaeocarpus foveolatus Northern Quandong/ 
Juwumba/Ngumara 

L-H √ √                 √       JRMP 

Elaeocarpus bancroftii Kuranda Quandong/ 
Johnstone River Almond 

L-U √                   √       
 

Eleocharis sphacelata Bulguru sedge L √               √           
 

Emmenosperma alphitoniodes Yellow almond or Bonewood U √                           TRC 

Endiandra palmerstonii Black Walnut/ 
Guway/Guwaa 

L-H √ √                 √       JRMP 

Endiandra tooram Brown Walnut/Nganyjara U √                           JRMP 

Endiandra montana  Brown Walnut U √                           TRC 

Endiandara cowleyana Northern Rose Walnut U √                           TRC 

Endiandra insignis Hairy Walnut U √                           TRC 

Endiandra sankeyana Sankeys Walnut U √                           TRC 

Endiandra wolfei None L-U √                           TRC 

Endiandra grayi None L √                           V&L 

Eupomatia laurina Bolwarra U √                           TRC 

Euroschinus falcata Pink Poplar L-H √   √               √       JRMP 

Ficus benjamina Fig Benjamin L-U √ √                 √       JRMP 

Ficus variegata Green fruited Fig L-F √                   √ √     JRMP 

Ficus racemose Cluster Fig L-F √   √               √       JRMP 

Ficus virens White Fig L-U √   √               √       JRMP 

Ficus septica Septic Fig H √   √               √ √     JRMP 

Ficus congesta Red leaf (Water) Fig L-U √   √               √ √ √ √ JRMP 

Ficus coronata Creek fig/Sandpaper Fig L √                           V&L 

Ficus crassipes Round Leaf Banana Fig U √                           TRC 

Ficus destruens Rusty fig L-U √                           TRC 

Ficus hispida Hairy Fig U √                           TRC 

Ficus leptocalda Atherton F U √                           TRC 

Ficus obliqua Small leaf Fig U √                           TRC 

Ficus superba Superb Fig L-U √                           TRC 
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Ficus destruens Rusty Fig L √                           CCRC 

Ficus drupacea Drape Fig L √                           CCRC 

Ficus superba Superb Fig L √                           CCRC 

Ficus variegata Variegated fig L √                           CCRC 

Flindersia brayleana                               Queensland Maple/Marrgan L-H √ √ √ √   √         √ √     JRMP 

Flindersia pimenteliana Maple Silkwood U √                           TRC 

Ganophyllum falcatum Scaly Ash L √                   √ √     JRMP 

Glochidion philippicum or G. 
sumatranum  

Buttonwood L-F √   √               √ √     JRMP 

Glochidion hylandii Hylands Buttonwood U √                           TRC 

Gmelina dalrympleana White Beech Grey Teak L √                           V&L 

Guioa lasioneura                                     Silky Tamarind L-F √   √               √       JRMP 

Halfordia scleroxyla Jitta, Kerosene Tree/ 
Jidu/Jidu 

U √                           JRMP 

Harpullia pendula Queensland Tulipwood L-H √   √               √       JRMP 

Harpullia ramiflora Claudia Tulipwood L-U √                           V&L 

Heritiera littoralis       Looking Glass Mangrove L √             √         √ √ JRMP 

Helicia nortoniana Nortons Oak L-U √                           TRC 

Hibiscus tiliaceus Cottonwood L √   √       √ √   √ √ √ √ √ JRMP 

Homalanthus novo-guineensis Bleeding Heart U √                 √         TRC 

Hydrastele wedlandiana Cat-o nine tails, Creek Palm L √                           CCRC 

Lauraceae sp Malanda Falls U √                           TRC 

Lauraceae sp- Gadaloff Rd U √                           TRC 

Litsea leefeana Bollywood/Jambami L-H √   √             √ √       JRMP 

Lomandra hysterix Lomandra L-U √                     √ √   JRMP 

Lomandra longifolia  
Spiny Headed Mat Rush, 
Basket Grass 

L √                           V&L 

Lomatia fraxinifolia Lomatia Silky Oak U √                           TRC 

Lophostemon suavelens 
Swamp Mahogany/ 
Bimbirrbimirr 

L √ √               √ √ √     JRMP 
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Macaranga tanarius Blush Macaranga L-F √   √             √ √ √ √ √ JRMP 

Mallotus mollissimus Soft kamala L-U √   √               √       JRMP 

Mallotus paniculatus Turn in the Wind U √                           TRC 

Melaleuca leucadendra Narrow-leaf Paperbark F √               √       √   JRMP 

Melaleuca viminalis Weeping Bottlebrush/ex 
Callistemon 

L-U √                 √     √   JRMP 

Melaleuca quinquenervia Broad-leaved Paperbark L                 √           
 

Melaleuca viridiflora Paperbark, Swamp Tea Tree L                 √           
 

Melia azedarach White cedar/Gaban Gaban L-H √ √ √             √ √       JRMP 

Melicope elleryana                                Pink Euodia (Butterfly Tree) 
Corkwood 

L-U √   √             √ √ √     JRMP 

Melicope jonesii Mountain Euodia U √                           TRC 

Melicope vitiflora Northern Eudia U √                           TRC 

Millettia pinnata Indian Beech L √                   √       JRMP 

Mischarytera lautereriana Corduroy Tamarind, Rose 
Tamarind 

U √                           TRC 

Misochocarpus exangulatus Red bell Mischocarp F-H √   √               √       JRMP 

Mischocarpus lachnocarpus Woolly Pear Fruit U √                           TRC 

Morinda citrifolia Rotten Cheese Fruit L √                           V&L 

Myristica insipida Australian Nutmeg F-H √   √               √       JRMP 

Nauclea orientalis Leichardt Tree (Pine) L-F √   √           √ √ √ √ √ √ JRMP 

Neolitsea dealbata  Grey Bollywood L-H √   √               √       JRMP 

Omalanthus novo-guineensis   Bleeding Heart/ 
Dungun Dungan 

L-H √ √ √               √ √     JRMP 

Opistheolepsis heterophylla Blush Silky Oak U √                           TRC 

Pandanus solmslaubachii and spp Pandanus L-F √           √ √ √ √         JRMP 

Peripentadenia mearsii Buff Quandong, Grey 
Quandong 

U √                           TRC 

Pilidiostigma tropicum Apricot Myrtle U √                           TRC 

Pipturus argenteus Native mulberry L-H √   √               √       JRMP 
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Pittosporum ferugineum Rusty Pittosporum L √                           CCRC 

Pittosporum rubiginosum Hairy Red Pittosporum L-H √   √               √       JRMP 

Polyscias elegans  Celerywood L-H √   √             √ √       JRMP 

Podocarpus dispermis Brown Pine U √                           TRC 

Pouteria castanosperma Yellow Plum, Poison Plum U √                           TRC 

Ptychosperma elegans Solitaire Palm L √                           CCRC 

Phaleria clerodendron Rosy Apple, Scented Daphne L √                           CCRC 

Philydrum lanuginosum Frogs Mouth  L                   √         
 

Schefflera actinophylla Umbrella/Gindigal L-H √ √                 √       JRMP 

Sloanea australis Blush Alder U √                           TRC 

Sloanea macbrydei Grey Carabeen U √                           TRC 

Sonneratia alba  Mangrove Apple L √             √         √ √ JRMP 

Sonneratia  caseolaris  Mangrove Apple L √             √         √ √ JRMP 

Symplocos cochinchinensis ssp 
thwaitsii 

White Hazelwood U √                           TRC 

Symplocos sp  Jubb Rd U √                           TRC 

Syzgium angophoroides Lost Dog L-U √                       √ √ JRMP 

Syzgium australe Creek Cherry L-H √                       √ √ JRMP 

Syzygium cormiflorum Bumpy Satin Ash/Muru L-H √ √                 √       JRMP 

Syzgium gustvioides Gray Satin Ash/Balnggince L-H √ √                 √       JRMP 

Syzygium papyraceum Paperbark Satinash/ 
Wagun Wagun 

L-H √ √                 √       JRMP 

Syzygium tierneyanum River Cherry L-U √   √               √ √ √ √ JRMP 

Syzygium allilignium Water Gum L √                   √ √ √ √ CCRC 

Syzygium fibrosum Fibrous Satinash L √   √               √ √ √ √ GA 

Syzygium canicortex  Yellow Satinash U √                           TRC 

Syzygium kuranda Kuranda Satinash U √                           TRC 

Syzygium leuhmannii Cherry Satinash, Riberry U √                           TRC 

Syzygium papyraceum Paperbark Satinash U √                           TRC 

Syzygium forte  White Apple L √                           V&L 
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Syzygium erythrocalyx Johnstone River Satinash L-U √                   √       GA 

Syzygium graveolens 70mm Cassowary Satinash L √                           V&L 

Thespesia populnea Tulip L √                           V&L 

Terminalia sericocarpa  Damson L-U √   √             √ √       JRMP 

Toona ciliate Red Cedar U √                           TRC 

Trema tomentosa  Poison Peach L-F √   √               √       JRMP 

Tristaniopsis exiliflora Kanuka Box L-U √                       √   JRMP 

Xanthostemon chrysanthus Golden Penda L-U √                           TRC 

Xanthostemon whitei Atherton Penda, Red Penda U √                           TRC 

 
Key to source of information: 
 
CCRC: Cassowary Coast Regional Council 
GA: Greening Australia 
JRMP: Johnstone Rivers Management Plan 
TRC: Tablelands Regional Council 
V&L::Violets and Lace Nursery 



 

 

Appendix F: Reef Credit Methodology – Wetlands 

Key points from the draft wetland’s methodology 

Establish Eligibility  
Eligible project areas must be in a sub-catchment which is designated a significant source of dissolved inorganic 
nitrogen under the Catchment Loads Monitoring program at less than 50m in elevation and mapped as flood prone, 
alluvial, tidal or beach ridges. They must be in an area of intensive (nitrogen application) agricultural production or 
adjacent to or draining such an area and be designated as having significant connectivity to the Great Barrier Reef.  
 
Project Scenario  
Project activities must establish or restore wetlands that:  

• Provide at least three to five days’ detention time for a 30mm rain event  

• Comprise at least 2% of the area of the upstream drainage zone 

• Provide appropriate macrophyte and vegetation types and zones to facilitate nutrient uptake 

• Include sediment basins and high flow bypass capacity where appropriate  

Note that these criteria are under review 
 
Crediting period 25 years 
 

For more information on reef credits please visit https://www.reefcredit.org/approved-methodologies/ 
 

 

https://www.reefcredit.org/approved-methodologies/
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