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Talk outline

• NZ – geography/farming landscape

• Status of applied R&D woodchip denitrifying bioreactors in NZ
• Denitrification beds & walls

• Treatment performance

• Cost-effectiveness

• Future outlook 



NZ overview



Area: 
 268,000 km2 total NZ 
 132,000 km2 (~50%) agricultural land
  ~83% pastoral grassland
  ~13% dairy farms

Aotearoa / New Zealand – “Land of the Long 
White Cloud”

Data source: NZ stats 2023

Population:
  People: 5.3 million 
  Sheep: 24 million sheep
  Dairy cows: 5.9 million 
         ~2.8 cows/ha
  Beef cows: 3.7 million 



Varied typologies/N-leaching rates (kg N/ha) 

17 kg N/ha

https://www.nzgeo.com/

https://www.nzherald.co.nz/

https://www.dairynz.co.nz/

Photo: Andris Apse

Data source: DairyBase 2023-2024. 
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Woodchip 
denitrifying 
bioreactors in NZ



Woodchip denitrification beds (n = 13)

Southland
100 m3

16.1 kg N/year (2015-17)

Wairarapa
110 m3

est. 26 kg N/yr (2017)

Waikato 
60 m3

2 - 6 kg N/yr (2017-19)

Manawatu & Hawkes Bay
72 - 300 m3

~188 kg N/year (2022 - )

Canterbury 
450 m3

490 kg N/year (2021- )

Canterbury 
25 m3

? kg N/year (2017-18)

https://groundtruth.co.nz

https://www.livingwater.net.nz

https://www.lincolnagritech.co.nz

https://www.massey.ac.nz

n = 6

photo: Brandon Goeller

photo: Lee Burbery

n = 2

n = 3



In-stream 
bioreactor 
example 



450 m3 woodchip (built 2020)

1. Settling 
pond

2. Replenishable 
woodchip 
module 

3. Actuated 
valve

6 L/sec
6 mg N/L



March 2019

December 2020March 2020



Hydraulic performance
Clogging with sediment  
60% reduction in Ksat over 2 years



Treatment performance (medians)

Flow: 5.9 L/sec
[NO3-N]in 5.3 mg/L 
N-removal: 1.3 kg/day = 490 kg/year

2021/08/11



Also removes phosphorus & pathogens

8 kg DRP removed

89 – 92% 
DRP-removal (yrs 2-3)

0.65 – 2.0 log-reduction 
(over 75 m)
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Woodchip denitrification wall trials (n =2)

Gravel w/ sand
Kaquifer ~1330 m/d

Velocity >5 m/d
NO3-N ~7 mg/L

50/50 woochip/gravel
Wall 5 m wide

Sand w/ silt & clay
Kaquifer ~65 m/d
Velocity <0.5 m/d
NO3-N 5-16 mg/L
30/70 sawdust/spoil
Wall 1.5 m wide

Photo: Louis Schipper, Waikato University

Waikato, 1996

Photo: Lee Burbery, ESR

Canterbury, 2018



Treatment flow:1.6 L/s
[NO3-N]in = 7 mg/L 
N-reduction: ~4 mg/L
205 kg N-removed/year 

N-removal efficiency Water level N-removal rate

Median 
54%

20 -40 mm gravel / 
“chipped wood”

Porosity 50%
K ~30,000 m/d

5 
m
wid
e

3 m
deep

Wall performance (medians):



Cost-effectiveness
$ N



€10
€20

€33
€19

€66

€90

NZ$/kg N-removed (10-year life; discount rate 8%)

Burbery, L.F., Abraham, P., Pratt, J.P., Brasell, V., Bichan, A., Close, M.E. 2023. 
A comparison of three different edge-of-field nitrate mitigation practices, as realised from field trials. 
In: Diverse solutions for efficient land, water and nutrient use. (Eds. C.L. Christensen, D.J. Horne and R. Singh).
http://flrc.massey.ac.nz/publications.html. 

Load removal 834 kg N/ha/year



Future outlook



Constructed wetlands 

Published 2022

2023 = before

April 2025  = after

Load reduction ~1,300 kg N/ha/yr



Woodchip bioreactors 

~10% NZ artificially drained

Woodchip 
becoming 

expensive -
tracking 60% 

above inflation

€29/m3

Data: Manderson (2018)
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