
 

 

 

IN-DRAIN WETLAND 
AGRICULTURAL DRAIN DESIGN  

FOR RUNOFF TREATMENT 

BACKGROUND THE DESIGN 
Bartle Frere Bananas is a family owned and 
operated banana farm in the Wet Tropics. The 
owners have always recognised a link between 
productivity, profitability and sustainability aim 
to maintain a consistently high standard of 
produce while minimising their off-farm 
impacts.   

After purchasing a neighbouring sugarcane 
property, the owners identified a unique 
opportunity to ensure the farm layout 
minimised the opportunity for runoff into 
adjacent waterways.  By adopting a whole of 
farm approach to the design and being guided 
by industry best management practice, 
improved water quality outcomes could be 
achieved.  Aspects of the farm design that were 
implemented include stormwater treatment 
systems, headland designs and drainage plans. 

The main aim of this study was to adopt the 
storm water treatment systems used in other 
regulated industries such as mining and 
construction and combine them with an 
improved method of headland and drainage 
design. To do this, the integrated nature of the 
WTMIP was used to draw together expertise 
from Australian Wetlands Consulting, Australian 
Banana Growers Council, soil conservationist 
Darryl Evans, and the knowledge of previous and 
current landowners.  

There are two key aspects of the improved 
drainage design implemented on the farm plan. 
A stormwater drain with in-drain wetland for 
sediment control, nutrient abatement and 
reduced pesticide use. An improved headland 
and spoon drain configuration to reduce risk of 
erosion and sediment losses. 

The stormwater drain uses a shape unique to 
agriculture which allows the whole profile of 
the drain to be maintained with a slasher. This 
ensures that the drain always remains 
vegetated, reducing the risk of erosion within 
the drain, as well as filtering out particles of 
sediment in periods of high flow.  

In the lowest point of the drain is a section that 
remains inundated all year round and cannot 
be maintained with a slasher. This acts as an ‘in-
drain wetland’, using the same principles of 
denitrification seen in natural wetlands. This 
feature of the drain was monitored for its 
effectiveness in reducing the amount of nitrate 

as nitrogen (NO₃-N) leaving the farm.  

The headland and spoon drain configuration 
provides an opportunity to demonstrate an 
ideal design for end of paddock drainage - a big 
problem identified within the banana industry. 



DRAIN AND HEADLAND DESIGN 

Stormwater drain with In-drain Wetland 

Farm drains are typically designed with a flat bottom and 1:1 sloped sides.  The preferred method 
of maintaining this vegetation is using herbicides. In high flow events, these drains have little ability 
to treat the discharged water and are prone to slumping and erosion in extreme cases.  The drain 
design implemented at this site consists of a standard flat bottom drain combined with a 
stormwater overflow bench. The bench can be maintained using a slasher eliminating the need for 
herbicides directly in the watercourse and encouraging permanent vegetation growth within the 
drain.  
 
Water quality improvement is the primary purpose for the design of this drain. Having permanent 
vegetation in the base of the drain means that an ‘in-drain wetland’ can be established, denitrifying 
the water by creating the right conditions for plant growth and microbial activity. It also has the 
potential to filter out sediment during periods of low flow. In periods of high flow, the maintained 
overflow bench further improves the hydrological function of the vegetated drain. The vegetation 
on this overflow bench protects the drain from erosion as well as filtering some of the sediment 
being carried in the stormwater. 

 
 

 
Improved headland and spoon drain configuration 

To reduce the risk of nutrients, sediments and pesticides leaving the farm, the configuration of the 
headlands and drainage at the ends of the paddock were modified. This improved design 
encourages water flowing down the row to enter a shallow spoon drain which is lower than the end 
of the row. This quickly diverts water away from the paddock to flow parallel to the headland and 
into a bigger farm drain. The rocked headland also encourages water to flow through the grassed 
spoon drains, further reducing the amount of sediment loss. The most important factor of this 
configuration is the clear separation of headlands and drains.  
 

 
 



THE SEASON DATA 
The concentration of NO₃-N was monitored at the inlet and outlet of the in-drain wetland to test 
its efficiency of nitrate removal. During periods of higher flow as seen with the rainfall event in May 

2020, the removal of NO₃-N was highly efficient at 91.2% reduction. In periods of low flow, the 

average reduction in NO₃-N concentration was 27.8%.  
 
Studies of wetlands in the Wet Tropics have found that the characteristics of a wetland and drain 
impact its ability to denitrify the water present. If vegetation cover in the drain is excessive and 
water flows become too slow, the wetland will become completely anoxic, with very low or no 
Dissolved Oxygen in the water column. This lack of Dissolved Oxygen in the water column will 
greatly impact on the ecosystem in the drain needed for the denitrification process.  
 
 

 
 
Capturing data during a single high rainfall event and a dry season period is not enough data to 
determine the efficiency of this drain.  While this preliminary data looks promising in demonstrating 
the effects of good drain management on nitrogen removal, it is suggested that monitoring of 
nutrients at the inlet and outlet be continued over time to include a variety of different weather 
conditions and rainfall events.  

 

0

20

40

60

80

100

120

140

160

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

R
ai

n
fa

ll 
(m

m
)

N
it

ra
te

_n
it

ro
ge

n
 (

N
O

3-
N

) 
co

n
ce

n
tr

at
io

n
 

(m
g/

L)

Nitrate as Nitrogen concentrations at the inlet and outlet of the 
"In-drain wetland"

Sum of rainfall Sum of Inlet Sum of Outlet



 

 
Central raised rock headland with grassed spoon drains on either side.  
 
 

 
Species of wetland vegetation found in the central in-drain wetland. 
 

 


