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INTRODUCTION
1.

My full name is Roger John MacGibbon.

2.

I am a Principal Ecologist at Opus International Consultants Limited in Hamilton. I have
worked for Opus for the past 7 years.

3.

My evidence is given in relation to the application for resource consents for the discharges
from the Pahiatua Wastewater Treatment Plant (“PWWTP”) lodged by the Tararua District
Council.

QUALIFICATIONS AND EXPERIENCE
4.

I hold a Bachelor of Science Degree with Honours in Zoology and Ecology from the University
of Canterbury (1981).

5.

I have practised in the fields of ecological restoration, conservation management and nutrient
and water quality management for over 30 years having worked for the NZ Forest Service,
Department of Conservation and several private companies, including my own environmental
consultancy for 15 of those years.

6.

I specialise in providing technical advice and project management skills on matters related
to the ecological management, monitoring and restoration of terrestrial, freshwater and
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coastal environments, the rehabilitation of damaged landscapes such as mines and quarries,
the enhancement of water quality in natural waterways (rivers, stream, wetlands and
estuaries), the control and eradication of weeds and pests, and the management and
reintroduction of animals (invertebrates and vertebrates) to restored environments.
7.

In the past 5 years one area of particular focus has been the design, construction and
maintenance of wetlands for the management of nutrients, especially nitrogen, on farms. Two
recent wetland projects have been joint venture, applied research initiatives with Dairy NZ,
Lincoln University and NIWA and involve on-going maintenance and monitoring to determine
and optimise nitrogen removal efficiency. I have also designed a wastewater wetland option
specifically to meet Maori cultural needs in the King Country, and provided technical advice
to several local authorities to remediate wastewater treatment wetlands that were not
performing as intended.

EXPERT WITNESS CODE OF CONDUCT
8.

I have read the Code of Conduct for Expert Witnesses contained in the Environment Court’s
Consolidated Practice Note (2014) and agree to comply with the Code. The evidence I provide
is within my area of expertise, except where relying on the specified evidence of another person.
I have not omitted to consider material facts known to me that might alter or detract from the
opinions I express.

INVOLVEMENT IN THE PROJECT
9.

I have been engaged by Tararua District Council (TDC) to provide technical expertise on the
design, construction and maintenance of wetlands to be used to assist in the management
of the wastewater discharge from the Pahiatua Wastewater Treatment Plant.

PURPOSE AND SCOPE OF EVIDENCE
10.

My evidence covers the following:
10.1

Description of the nutrient and contaminant extraction/management capabilities of
wetlands and the design parameters to achieve optimal performance;

10.2

Proposed design of the wetland for the PWWTP and the likely impact of the wetland
on the quality of the discharge;

10.3
11.

Wetland management and maintenance requirements.

I have had no direct involvement in other aspects of design of the PWWTP and the associated
resource consent applications.
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CONSTRUCTED WETLANDS AS NUTRIENT AND CONTAMINATION TREATMENT DEVICES
12.

Well-constructed and appropriately designed wetlands can extract up to 85% of nitrogen
contained in drainage water (range 25% to 85%, Lee et al 2009). Nitrogen removal occurs
predominantly (60 -70% of the nitrogen removed) by a process known as denitrification, and
requires the presence of denitrifying bacteria that effectively breakdown the nitrate and nitrite
molecules into nitrogen and oxygen gas. The effectiveness of this process, that is, the
complete removal of nitrate from the system (as opposed to it being stored somewhere)
makes constructed wetlands a very useful tool on farmland challenged with high nitrate
leaching levels, and industrial and domestic waste processing plants where elevated nitrogen
concentrations need to be managed.

13.

Wetlands can also be effective at reducing living faecal bacteria levels by enhancing mortality
due to prolonged exposure to sunlight. Some studies have recorded faecal bacteria mortality
of greater than 90% as they pass through wetlands (Tanner et al 1995a).

14.

Wetlands can be less effective at extracting phosphorus (P). There is no biochemical process
like denitrification to breakdown phosphorus in a wetland; the main mechanisms for “removal”
of P in wetlands are deposition attached to sediments onto the wetland floor and by plant
uptake. Research has shown that wetlands vary in their capacity to remove P. Newly
established and maturing wetlands generally exhibit quite high P removal (up to 74%, Tanner
et al 1995b), mostly due to plant uptake. Some studies, however, have shown wetlands can
revert to being net P generators when plants have reached full size because once wetland
plants reach maturity they then tend to release more P (in shed leaves) than they take up.

15.

If sediment and P loads are high in drainage or discharge water it is recommended that
sediment retention ponds are created upstream of the wetland to trap the sediment and
chemically-bound P. This accumulated sediment can then be dredged periodically for
disposal off-site.

16.

The design of the wetland is very important if optimal nutrient extraction and faecal bacteria
mortality is to be achieved. Tree and shrub covered wetlands (often established for wetland
biodiversity) and ponds with large areas of open water are of little value. The design
ingredients for maximised nitrate removal are:
16.1

The wetland should be fully covered in sedges, reeds and rushes. Denitrifying
bacteria require high levels of organic material to flourish.

16.2

Water levels within the wetland should not exceed 500mm (optimum level is 300mm).
This is because most of our native sedges and rushes prefer depths less than
500mm. Where the fall from one end of a wetland to the other is greater than 500mm
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bays should be created with reinforced weirs between each bay to ensure the water
level does not exceed 500mm in any bay.
16.3

Water must be retained in the wetland for no less than 24 hours and preferably longer.
The longer the retention time the greater the reduction of nitrate. Thick planting with
sedges, reeds and rushes helps to prolong retention. Longer water retention also
leads to reduced oxygen levels which in turn enhances denitrifying bacteria
performance.

16.4

The wetland should be flat bottomed to allow even dispersal of water which improves
the interaction of nitrate molecules and denitrifying bacteria. The wetland should
ideally have a width to length ratio of between 1:3 and 1:5 to ensure water does not
pool or channelize.

16.5

Only plant species tolerant of permanent immersion in water should be used, and
local site conditions, especially the presence and severity of frost, will dictate the
species used and the natural source of the plant stock. Poor plant species and
provenance1 selection have been one of the most common reasons for treatment
wetland failure in New Zealand over the last 15 years.

17.

Newly constructed wetlands reach optimal denitrification performance more quickly if the
organic content of the wetland soil is high. This is because denitrifying bacteria proliferate in
soils with high organic content as well as on plant material. Consequently, it is recommended
that all top soil is retained for deposition over the wetland base following excavation and extra
organic matter is imported if soils are stony or organic content is low.

18.

Constructed nutrient treatment wetlands do not need to be lined or impervious to function
well. Provided the downward movement of water is slow and the organic content of the
wetland soil is high denitrification can also be high.

19.

In situations where existing groundwater quality is high and needs to be protected it may be
necessary to line a wetland either with clay or a synthetic liner. Where this needs to be done
it is important that the liner is positioned at a depth well beneath the organic soil layer so that
it doesn’t interfere with plant root and rhizome growth.

20.

Re-establishment of an organic topsoil over a synthetic liner especially can be problematic
for a number of reasons including the challenge of re-applying topsoil without puncturing the

1

Provenance refers to a local natural population of an indigenous plant species that may be genetically distinct
from a population of the same species in a different geographical area. These localised genetic differences
often result in plants sourced from a local provenance being better equipped to survive local environmental
conditions (such as frost) from other populations or provenances.
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liner, and gaining enough topsoil compaction to ensure the soil doesn’t mobilise into a
suspended slurry when the wetland receives water and the plants are planted.
21.

Similar problems can be experienced when a clay liner is added although re-applying topsoil
is less challenging because less care is needed to prevent the clay liner being perforated.

22.

Where wetlands are to be built on substrates that are highly permeable, such as riverbed
gravels, the addition of a low permeability layer to the base of the wetland to reduce the rate
of water loss is preferred over the use of impermeable liners. This could be in the form of a
clay based soil and/or a deep, well-decomposed organic layer.

PROPOSED PAHIATUA WASTEWATER TREATMENT PLANT WETLAND
23.

In his evidence, John Crawford has summarised the PWWTP effluent flow data for the period
June 2014 to December 2016. His summary shows the following (generated from the useable
data as he has defined it):

24.

(a)

Average Dry Weather Flow (ADWF):

408 m3/d

(b)

Average Day Flow (ADF):

780 m3/d

(c)

95th %ile day flow

1,389 m3/d

(d)

Maximum Day Flow (PWWF)2:

4,3003 m3/d

2015 – 2016 flow data suggests that nitrate and nitrite levels in the discharge are moderately
low, mostly below 3.5 mg/L. (mean: 2.11 mg/L using the discharge data in Michael
Patterson’s evidence).

25.

In his evidence, Horizons freshwater scientist, Michael Patterson, shows Mangatainoka River
data that suggests that the background average river nitrate plus nitrite concentrations4 range
between 0.7 and 1.5 mg/L.

26.

A well-performing, well maintained wetland with a 2 to 4 day water residence time can be
expected to extract 50% or more of the nitrate contained in the influent, so the discharge from
the wetland to the Mangatainoka River should, during average flow conditions, contain nitrate
concentrations that are not significantly higher than those in the river.

27.

There is sufficient space adjacent to the PWWTP ponds to create a wetland that has the
capacity to hold 1400m3 for at least 24 hours (see Appendix 1 for proposed wetland location).
This will ensure that 95% or more of the discharge flows (based on 2014 to 2016 flow data)

2

4

Based on a very limited period of data collection.

Nitrate + nitrite concentrations are calculated by deducting the ammoniacal nitrogen concentrations from the
SIN (soluble inorganic nitrogen) concentrations.
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will be retained in the wetland long enough (ie. minimum of one day) to enable some nitrate
extraction to occur. Average day flows will be held for approximately 2 days, and average dry
weather flows will be held for over 3 days. Retention times of longer than a day will improve
nitrate extraction and faecal bacteria mortality considerably. 50% nitrate extraction during
periods of average discharge flow should be achievable.
28.

The proposed wetland for PWWTP would measure 152m long, have an average width of
32m and an average depth of 300mm. The wetland would be sectioned into bays by earth
weirs to ensure that the water depth at the downstream end of each bay does not exceed
500mm and there is water covering the upstream end of each bay when the bay is full (see
figure 1 as an example). Each weir would have a wide sill sitting 500mm above the wetland
base to carry water downstream. The sills would either be covered in coir fibre or reinforced
with rock, depending on the erodibility of the soil, to prevent scouring.

Figure 1: Newly constructed treatment wetland near Putaruru. The coir-fibre mat covered sills on each weir
sit 500mm above the wetland ground level. When each bay is full the water backs up to the head of each bay.
The wetland in this photo is yet to be planted.

29.

The wetland would be completely planted with sedges, reeds and rushes spaced at 2 plants
per square metre.
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30.

At the downstream end of the wetland water will flow out over a V-notch concrete weir or
heavy rock rip-rap weir into an open channel. The open channel will carry the discharge to
the proposed new Mangatainoka discharge location (see Appendix 2).

31.

The land in the vicinity of the proposed wetland site is prone to seasonal and storm generated
surface runoff and elevated water tables. Existing drainage channels need to be retained and
possibly reinforced to ensure surface runoff, especially flood flow, does not enter the wetland.
Newly established wetlands, in particular, are vulnerable if exposed to substantially increased
flood flows.

WETLAND CONSTRUCTION
32.

The earthworks associated with the construction of a wetland are best undertaken when
ground conditions are at their driest, usually mid-summer. This reduces the risk of loss of
sediment to waterways and enables more effective consolidation of the wetland base to
occur, especially if a clay liner is to be installed.

33.

The optimum time for planting depends on how well the influent can be managed at planting
time and for several weeks after planting. Ideally, wetland plants are best planted into damp
but not saturated soil conditions and then exposed to gradually increased depths of water
over several weeks until the permanent functional depth (optimum of 300mm) is reached.
This allows nursery raised plants to acclimatise gradually to low oxygen water logged
conditions.

34.

Provided there is a reliable water flow through the wetland, planting is best done when
growing conditions are most favourable; that is, spring or autumn. This allows the plants to
develop new roots and rhizomes quickly and develop a greater survival resilience for the
low/no growth periods of winter (for an autumn planting) or the harshness of mid-summer
conditions (for a spring planting).

35.

Assuming it will be possible to divert the discharge gradually from release into Town Creek
to the new wetland, the wetland can be begin to be flooded within days of completion of
planting.

WETLAND MANAGEMENT AND MAINTENANCE
36.

Constructed treatment wetlands require regular on-going maintenance in order to continue
to function at optimal levels, and once the wetland vegetation reaches maturity further
maintenance is necessary to prevent a gradual fall off in nutrient extraction performance. This
latter issue is discussed in more detail below.
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37.

Weed species, especially willows, will repeatedly attempt to establish in the wetland. It is
important these are removed on an annual basis, along with other invasive weed species, to
prevent them establishing and shading out the native sedges.

38.

Some plants may have to be removed periodically if the plantings grow vigorously and create
a barrier to water flow.

39.

Research has shown that once wetland sedges, reeds and rushes reach full size and maturity
they can lose their vigour and shed more organic matter (and therefore more N and P) than
they produce. This can occur anytime from 7 to 10 years after planting but may not occur at
all. When plant vigour does decline nitrogen and phosphorus removal effectiveness can also
decline.

40.

Two management options exist to prevent or correct any loss of performance due to declining
plant vigour:
40.1

Give all of the plant material a heavy “hair cut” every 7 or so years. All of the plant
species most often used in treatment wetlands respond well to having their foliage
cut back and their growth response is similar to a freshly planted seedling. It is
important to capture and remove as much of the trimmed vegetation as possible to
reduce the additional nutrient load that would otherwise enter the wetland.

40.2

Dig out the plants in sections of the wetland when a fall-off in vigour commences; split
and top the removed plants; then replant the new sections back in the wetland. Small
sections of the wetland can be done each year so that there is no substantial impact
on the nutrient extraction performance.

Conclusions
41.

Constructed wetlands can be a useful additional form of treatment for wastewater discharges,
but to perform to their potential recognised design parameters must be adhered to and
regular maintenance undertaken.

Roger MacGibbon
24 April 2017
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APPENDIX 1: CONCEPTUAL DESIGN AND LOCATION OF THE PROPOSED WETLAND
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APPENDIX 2: PWWTP LOCATION PLAN

