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Double duty ditches: Enhanced denitrification with bioreactors 

INTRODUCTION

Reducing agricultural nitrate losses is a major concern in the 

Midwest where tile drainage is intensively installed. Denitrifying 

bioreactors are an edge-of-field conservation practice that allows 

farmers to preserve their crop land as typically no land is taken out 

of production for a bioreactor installation. Tile drainage systems 

often outlet into large drainage ditches where large cumulative flow 

volumes could be targeted for nutrient treatment. For this reason, in-

ditch bioreactors could efficiently target nitrogen losses from many 

combined agricultural tile outlets. However, in-ditch denitrifying 

bioreactors are not without design challenges. 

The objective was to design, construct, and monitor a paired 

in-ditch and ditch diversion bioreactor system to efficiently 

treat nitrate in agricultural drainage ditch flow. The ditch 

diversion bioreactor was designed specifically for high flows. The 

overall concept was to use agricultural ditches not only for water 

conveyance but also for nitrate treatment. It is hoped this design will 

also minimize sedimentation within the in-ditch bioreactor by 

diverting water with the ditch take-off bioreactor.

PAIRED IN-DITCH AND DITCH 

DIVERSION BIOREACTORS 

ARE BEING TRIALED. 

PRELIMINARY RESULTS AND CONCLUSIONS

METHODS

The two paired bioreactors were installed in fall of 2018 at a private 

farm in Livingston County, Illinois, USA. The in-ditch bioreactor 

consisted of woodchips enclosed in a hand-made plastic mesh bag. 

A stone bed was installed directly upstream of the “woodchip 

mattress” to decrease the water velocity. The ditch diversion 

bioreactor was designed to treat nearly 50% of the estimated site 

flowrate at a very low design retention time (< 1.0 h) to maximize 

hydraulic loading under storm flow conditions. 

Cinderblock weirs will be constructed (summer 2019) upstream and 

downstream of the in-ditch bioreactor to monitor total and in-ditch 

treated flow. Pressure transducers (HOBO ONSET®) will be used 

with appropriate weir equations to calculate flow leaving the ditch 

diversion bioreactor as well as ditch flow. Water samples are 

collected weekly from several ditch locations and the ditch diversion 

bioreactor outlet (stored at 4 ºC until analysis for nitrate-nitrogen; 

Lachat QuickChem 8500, cadmium reduction method). 
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The in-ditch 

bioreactor is 

approximately 

60 ft long x       

7 feet wide x     

4 inches deep 

and is preceded 

by a rock bed.

The ditch diversion 

bioreactor is 

15 feet long x 

30 feet wide x 

2 feet deep. 

This low length to 

width ratio is meant to 

optimize flow capacity.

Conceptual illustration of paired bioreactors • Nitrate-N concentration 

reductions across the in-

ditch bioreactor have 

been small.

• More flow will be routed 

to the ditch diversion 

bioreactor to evaluate 

the low L:W ratio design.

• Flow monitoring will be 

improved in summer 

2019.
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