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Talk outline

 NZ — geography/farming landscape

o Status of applied R&D woodchip denitrifying bioreactors in NZ

e Denitrification beds & walls

e Treatment performance
e Cost-effectiveness
e Future outlook

DairyNz®



NZ overview
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Aotearoa/ New Zealand — “Land of the Long
White Cloud”

Area:

268,000 km? total NZ

132,000 km? (~50%) agricultural land
~83% pastoral grassland
~13% daliry farms

Population:
@ People: 5.3 million
FTE&e Sheep: 24 million sheep
&3 Dairy cows: 5.9 million

~2.8 cows/ha
M Beefcows: 3.7 million

Data source: NZ stats 2023



Varied typologies/N-leaching rates (kg N/ha)
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Data source: DairyBase 2023-2024.
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Woodchip denitrification beds (n = 13)

B s

Wairarapa

110 m3
est. 26 kg N/yr (2017)

Waikato
60 m3
2 - 6 kg N/yr (2017-19)

Canterbury
25 m3

? kg N/year (2017-18)

Manawatu & Hawkes Bay

72 - 300 m3
~188 kg N/year (2022 -)

Canterbury
450 m3

490 kg N/year (2021-)

Southland
100 m3

16.1 kg N/year (2015-17) DairYNz?f

https:/mww.livingwater.net.nz



In-Stream
bioreactor
example
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450 m3 woodchip (built 2020)

3. Actuated
valve
2. Replenlfshable 1. Settling
woodchip
pond
mOd u Ie Timber\dam

with v-notch
weir.

Excess water flows over

top of bioreactor. Woodchip-filled

gabion baskets,
baffle feature.

1 .’f:- i ‘;: £ .I I._"-.
chip, n.d. 20 - 50 mm
o .

L el
-

6 L/sec

6 mg N/L

L 75m 1
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Height (m above streambed)

Hydraulic performance

Clogging with sediment
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Treatment performance (medians)

Flow: 5.9 L/sec /|
[NO,-N]J,, 5.3 mg/L
N-removal: 1.3 kg/day = 490 kg/year |
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DRP-removal (g/day)

Also removes phosphorus & pathogens

0.65 — 2.0 log-reduction
8 kg DRP removed (over 75 m)

B

E. coli Campylobacter
100 : ; o
Max DL = 2420 MPN/100 mL
- = P =
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g E
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Ecological Engineering 6)0_ ;‘
Volume 148, 1 April 2020, 105786 3 3
S S
. = = °
Nitrate removal and secondary effects of £ £
0 a woodchip bioreactor for the treatment 8 8
of subsurface drainage with dynamic S 8
flows under pastoral agriculture 0 0
Aldrin Rivas ° A B, Greg Barkle ®, Roland Stenger °, Brian Moorhead °, Juliet Clague °
— i o B B 52 zs & B Min DL = 1 MPN/100 mL Min DL =0.3 CFUA00 mL
R e
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Woodchip denitrification wall trials (n =2)

Journal of JASA| W
Environmental Quality Q____ly_@%'g_sfsﬁ

Technical Report

Nitrate Removal from Groundwater Using a
Denitrification Wall A ded with Sawd Field Trial

Louls Schipper @R M. Vojvodit-Vukovié

First published 01 May 1998

Ecological Engineering
Vilurme 16, fusue 1, Rebaary 2000, Boges 260.378

Nitrate removal from groundwater and
denitrification rates in a porous treatment
wall amended with sawdust

Louis & Schipper & 3, Maja Vojvedib-vikowid

Sand w/ silt & clay
Kaquifer ~65 m/d
Velocity <0.5 m/d
NO5-N 5-16 mg/L
30/70 sawdust/spoil
Wall 1.5 m wide

bl
-‘E‘l Water Research
tme Walume 15, lssue 14, October 2001, Poges 14733477

Five years of nitrate removal,
denitrification and carbon dynamics in a
denitrification wall

Louia & Schinpes B, B | Maje Vejvodit-Vukovid

Agriculture, Ecosystems & Environment
Valume 140, Tvuses 3=d, March 2011, Pages 514520

Long-term nitrate removal in a
denitrification wall

Louren M. Long ° & B, Lois A, Schipper B, Denise A, Bruesewits " 5

Gravel w/ sand

K aquiter 1330 m/d
Velocity >5 m/d
NO5-N ~7 mg/L

50/50 woochip/gravel
Wall 5 m wide

[
Eeological Engineering

‘Woodchip denitrification wall technology trialled in a shallow alluvial k)
gravel aquifer =]

Liow Burbery ™, Then Sarris’, Richard Mellis”, Phi Abeaham®, Richard Sutten”, Mike Firnemoee”,
Murray Close”

[ —
E Science of the Total Environment f:"

[BUreal R page: www wlavint Eomineata/seie1any e

Evaluation of pollution ing ph from a il
denitrification wall targetting removal of nitrate in a shallow gravel aquifer ==
Lee Burbery *, Phil Abraham, Richard Sutton, Muarry Close.




Wall performance (medians):

Treatment flow:1.6 L/s
[INO,-NJi, = 7 mg/L
N-reduction: ~4 mg/L
205 kg N-removed/year

N-removal efficiency Water level N-removal rate
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NZ%$/kg N-removed (10-year life; discount rate 8%

NEW ZEALAND JOURNAL OF AGRICULTURAL RESEARCH Taylor & Francis

https://doi.org/10.1080/00288233.2023.2245789 Taylor &Francis Group

RESEARCH ARTICLE 7
Efficacy of an off-line constructed wetland for mitigating 1 50

nitrogen loss from a pastoral catchment

Lee Burbery ©°2, Katrina A. Macintosh ©2, John-Paul Praat®, Vern Brasell* and
Aidan Bichan®

Intake from weir installed on the

; drain 180 m up-stream - buried ~—__ '
200 mm diam. pipe ~
. site location Inlet control structure - near 99‘

F < constant head driving flow
through an orifice

2

gh— Overflow

Outlet risers
maintain constant
heads at outflows
to adjacent cell

Final outlet- === {‘Discharge
contracted back to
rectangular weir drain
monitored with a

level logger

Load re moval 834 kg N/h a/year 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.
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Future outlook
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Constructed wetlands

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

Published 2022

Ministry for the

Constructed Wetland | e . - Envi ronment

Practitioner Guide =peses R .
e 3 : Manatis Mo Te Taiao

The Government has committed to:

« reviewing the definition of ‘natural inland wetland’ in the NPS-FM to exclude, among
other things, artificial wetlands created by burst pipes

« amending the NES-F to make the creation and maintenance of wetlands a permitted
activity|




Woodchip bioreactors Otago Daity Times
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