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A.

INTRODUCTION

1.

My name is Logan Arthur Brown and I am giving evidence in these proceedings on
behalf of the Manawatu-Wanganui Regional Council (Horizons Regional Council HRC).

My qualifications are stated in my previous s42A evidence to the

commissioners dated 7th March 2017.
2.

This evidence has been prepared to provide an assessment of the further application
that has been received for the construction of a wetland and also to provide an update
on further water quality information that has continued to be collected and analysis of
this monitoring data during the adjournment.

3.

As per my previous evidence I confirm that I have read the Environment Court’s Code
of Conduct for expert witnesses contained in the Environment Court Practice Note
(2014) and I agree to comply with it.

B.

REPORT SCOPE

4.

This report covers:
a.

The new application;

b.

A water quality data update;

c.

Discharge quality from the WWTP and wetland functioning;

d.

On-going maintenance and functioning of the wetland;

e.

Ammoniacal-N vs Nitrate and periphyton growth;

f.

Nutrient limitation in the Makakahi catchment;

g.

Monitoring locations;

h.

Cumulative effects;

i.

Submissions; and

j.

Conclusion.

C.

NEW APPLICATION

5.

Within the application the applicant has provided further information on the proposed
wetland for the treatment of wastewater from the Eketāhuna WWTP prior to the
2
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discharge to the Makakahi River. In addition, the updated information has confirmed
the discharge location into the Makakahi River from the wetland which will allow for
confirmation of any water quality and ecological monitoring sites if consent is to be
granted.
6.

From the supporting documentation accompanying the application the purpose of the
constructed wetland is:

7.

a.

To “polish” the quality of the discharge by removing a portion of the residual
nitrogen and to reduce the concentration of living bacteria in the discharge; and

b.

Address cultural issues related to the disposal of human wastewater (and in
particular Policy 5-11 in the Horizons Regional Plan).

In regards to the methodology for the construction of the wetland and the minimisation
of the sediment release into the Makakahi River this is dealt with through the
information provided by Mr Greg Bevin and is not covered in any detail in this report.

D.

WATER QUALITY DATA UPDATE

8.

Since the adjournment of the hearing monitoring programmes have continued in the
Makakahi catchment for water quality, including periphyton and macroinvertebrates. In
addition, a number of reports have been completed using water quality data collected
within the region. The three reports of most relevance to this hearing would be:
a.

Further investigation of the drivers of periphyton growth within the Horizons
Region1 including the Makakahi catchment. This work has been based around
the monthly periphyton and water quality monitoring that the Regional Council
undertakes throughout the region;

b.

Some experimental work specifically looking at the difference in periphyton
growth (biomass) when looking at whether the SIN faction is made up of
ammoniacal-N or nitrate-N2. This work was specifically to look at the effects of
point source discharges on periphyton growth and was co-funded by a number

1

Kilroy, C., Greenwood, M., Wech, J., Stephens, T., Brown, L., Matthews, A., Patterson, M., & Patterson, M
(2018). Periphyton – Environment relationships in the Horizons region. Analysis of a seven-year dataset.
2
Kilroy, C., Sinton, A., Wech, J., Lambert, P., & Carlin, L. (2018). Stimulation of river periphyton growth by
ammoniacal-N vs. nitrate-N. An experimental investigation.
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of other Regional Councils and territorial authorities including Tararua District
Council.
c.
9.

A report on state and trends of water quality within the Horizons region.

These reports, and how they might relate to the application, are discussed in more
detail below.

E.

DISCHARGE QUALITY AND WETLAND FUNCTION

10.

Wetlands are becoming more frequently proposed as a treatment mechanism for
wastewater within the Region. The logic behind what is a treatment wetland and what
it is attempting to address has changed considerably over time. For example the
wetland that Palmerston North City Council installed was (refer Photo 1) to address
cultural concerns. The floating wetlands that have been used at the Hunterville WWTP
and Kimbolton WWTP (refer Photo 2) were installed to increase the surface area in
the treatment ponds to allow more surface area for denitrification and to also reduce
suspended sediment, through to the constructed wetlands such as this proposal. To
date we have none of the wetlands proposed in this application, that is a wetland
specifically constructed for the treatment of wastewater within the Region (we currently
have a notified application for the Whakapapa WWTP).
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Photo 1: Palmerston North City Council wetland prior to discharging to the Manawatū River and after the UV plant.

Photo 2: Aerial image of the Hunterville WWTP and the floating wetland.
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Photo 3: Kimbolton floating wetland just after installation.

11.

One of the queries I frequently have around the use of wetlands for the treatment of
wastewater is in regards to the form of nitrogen that is discharged into the wetland and
the ability of the wetland to be able to reduce nitrogen loads as it travels through the
wetland. As the application and supporting documentation correctly identifies the
reduction that occurs to nitrate occurs through denitrification with some very successful
results being achieved for constructed wetlands, particularly in the Waikato region.
However, when looking at the discharge of human wastewater from the Eketāhuna
WWTP to the constructed wetland one must look at the forms of nitrogen that are
discharged and how effective the wetland can be in reducing SIN loads discharged as
a result of this. As covered in my original s42A report for rivers we focus on Soluble
Inorganic Nitrogen (SIN) for nitrogen. SIN includes nitrate, nitrite, and ammoniacal
nitrogen as it is bioavailable for periphyton growth.

12.

When looking at the monitoring data of the discharge from the Eketāhuna WWTP we
can see the proportion of the SIN concentration that is made up of nitrate. Using
monitoring data from January 2016 through to August 2018 the average percentage of
6

Section 42A Supplementary Report 2
Application No. APP-2005011178.01 and APP-2018201909.00
Prepared by Logan Arthur Brown – Freshwater & Partnerships Manager on behalf of Horizons Regional Council
5 November 2018

nitrate in the discharge is 10.6% and ranges from 0.21% through to 51.83%. The
highest nitrate proportion is generally during the time of the year when you would
expect, river flows are higher and that periphyton nuisance growth risk is much lower
(refer Appendix 1).
13.

Wetlands are becoming a more popular and effective tool for the removal of nitrate
from water. However, the form of nitrogen that is discharged to the wetland must be
considered to ensure optimal performance of the wetland and reduce the effects on
the receiving environment as a result of the discharge.

14.

For the wetland to result in a significant change in the SIN load that is discharged to
the Makakahi River an increase in the nitrate proportion/concentration of the discharge
would need to occur. I am not aware of the applicant looking at alternative treatment
options to have more of the SIN converted to nitrate prior to discharging into the
wetland.

F.

ON-GOING MAINTENANCE AND FUNCTIONING OF THE WETLAND

15.

As covered in the report by Roger MacGibbon, included with the application, there are
a number of factors requiring consideration during construction and ongoing
maintenance. Ongoing maintenance of the wetland is required to ensure that it remains
functional and continues to deliver on its design objectives. The applicant has
proposed conditions around ensuring that the wetland is constructed to specification
and to ensure that it is maintained. In my opinion there are a number of other
parameters that need to be included in the management plan to ensure that the
wetland functions as intended. These are:
a.

That the plan shows how the formation of preferential flow paths will be prevented
within the wetland and if preferential flow paths do develop the process that will
be followed to overcome the problem;

b.

The design and mapping of the fence to prevent stock access to the wetland;

c.

The monitoring to be undertaken to inform the monitoring of the effectiveness of
the wetland and also the actions to the undertaken if the wetland isn’t performing
as designed.
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d.

16.

The measures to be undertaken to reduce infiltration and inundation (I&I) that is
entering the wastewater network to ensure that overtime the wetland has the
ability to treat more of the flows it receives during rainfall events.

The monitoring of the wetland will be vital to monitor the reduction in nitrate that occurs
as a result of the installation of the wetland and to also ensure that the wetland over
time does not start to underperform. In this regard if consent was to be granted I would
recommend that monitoring of the discharge prior to the wetland, and then prior to
discharging to the river is undertaken on a monthly basis and at the same time as the
in-river water quality monitoring is undertaken. The monitoring should be for the same
parameters that are monitored for in the current monitoring programme. I note that the
applicant has only proposed to monitor the wetland in the months of January, April and
October. The constructed wetland is to become part of the treatment process for the
wastewater discharge as the final “polish” prior to entering the Makakahi River. There
are a number of reasons that the sampling frequency should be monthly including but
not limited to:
a.

The discharge to water after the wetland is to occur continuously, therefore to
align the in-river monitoring and the discharge quality samples they will need to
be collected at the same frequency and time to allow relationships between
effects and the discharge quality to be monitored;

b.

The collection of samples at the frequency proposed by the applicant wouldn’t
allow any trends in the functioning of the wetland to be established and is unlikely
to aid in monitoring the effectiveness (or changes) that occur in the wetland in a
timely manner; and

c.

The collection of monthly samples is consistent with the Regional Councils
monitoring programmes for point discharges throughout the region.

17.

In addition I would recommend that conditions are included on the consent that ensure
that the wetland reduces the nitrate concentration by 50 percent, and that the other
contaminants in the discharge (e.g. DRP, E.coli) do not become worse as a result of
the operation of the wetland. The 50 percent reduction in nitrate has been suggested
above as this was the threshold used in the load calculation and the proposed
reductions of nitrate in the discharge as contained in the Section 92 response dated
21st September 2018.
8
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G.

WATER QUALITY STATE AND TRENDS

18.

Horizons has recently completed a state and trends report for water quality within the
region3. This report has also used information collected from point source discharges
to look at the changes in the quality of discharges over time.

19.

Eketāhuna WWTP discharge was one of the discharge sites that was included in the
analysis and we are able to look at concentrations of various parameters within the
discharge to see whether there has been any improvement (or degradation) over time
in the quality of the wastewater that is discharged to the Makakahi River. Figure 1
shows the results of the traditional trend analysis for the parameters measured in
discharges across the region with the Eketāhuna WWTP showing an improving trend
in particulate organic matter (POM), and a declining trend in ammoniacal nitrogen and
SIN over a 10 year period (water quality data up until June 2017).

3

Fraser, C., & Snelder, T. (2018). State and Trends of River Water Quality in the Manawatū-Whanganui Region.
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Figure 1: Map of discharge sites classified by their 10-year raw water quality variable trend descriptions. Trends are all based
on analyses performed using raw (i.e., not flow adjusted) data.

20.

This report also looked at reporting the values that have historically been considered
to be “insufficient data” to enable a trend to be calculated. This new analysis allows a
direction of travel to be established for monitoring sites and looks at the likelihood of
improvement at a site. The flip side being if they fall into the categories ‘unlikely’
through to ‘exceptionally unlikely’ as contained in Table 1 the direction of travel is
degradation.

Table 1: Level of confidence categories used to convey the probability that water quality was improving. The confidence
categories are used by the Intergovernmental Panel on Climate Change (IPCC; Stocker, 2014)).

Categorical level of confidence

Probability (%)

Virtually certain

99–100

Extremely likely

95–99

Very likely

90–95

Likely

67–90

About as likely as not

33–67

Unlikely

10–33

Very unlikely

5–10

Extremely unlikely

1–5

Exceptionally unlikely

0–1

21.

This information can then be presented as in Figure 2 showing the direction of travel
in water quality for a discharge/site. In this situation for the Eketāhuna WWTP DRP, E.
coli, G260, G540 show that improvement is as likely as not for degradation,
ammoniacal nitrogen and SIN are likely to be degrading, and that POM is likely to be
improving in the discharge.

10
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Figure 2: Map of discharge sites categorised by their 10-year raw water quality trend probability of improvement. Probability
of improvement is expressed using the categorical levels of confidence defined in Table 1. Information is also provided in
appendix 2 showing the results as a Table.

22.

This information can also be looked at in relation to the catchment and region wide
trends and direction of travel for both State of the Environment (SOE) and impact
monitored sites (sites downstream of point source discharges).

23.

When looking at the traditional trends analysis for the region we can see the direction
of the trend depends on the parameter that is being considered (refer Figure 3). With
mostly negative trends for DRP, chlorophyll a, MCI and mostly positive trends for SIN,
ammoniacal nitrogen and particulate organic matter with the other variables showing
a mixed result depending on the catchment that the monitoring sites are in. A
significant number of sites show an indeterminate trend.
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Figure 3: Map of sites classified by their 10-year raw water quality variable trend descriptions. Site and variable combinations
for which there were many missing or censored values are not shown in the plots. Note that trend descriptions indicate
degrading and improving (rather than trend direction of the water quality variable). Trends are all based on analyses
performed using raw (i.e., not flow adjusted) data. Information is also provided in appendix 2 showing the results as a Table.

24.

Similar to the analysis that was undertaken for the discharges themselves in Figure 2
the same analysis was undertaken for both the State of the Environment (refer Figure
4) and impact sites (downstream of discharges) (refer Figure 6). This analysis allows
the information that was previously shown as indeterminate as in Figure 3 to show a
direction of travel for a site.

Figure 4: Map of SoE sites categorised by their 10-year raw water quality trend probability of improvement. Probability of
improvement is expressed using the categorical levels of confidence defined in Table 1. Information is also provided in
appendix 2 showing the results as a Table.
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Figure 5: Map of impact sites classified by their 10-year raw water quality variable trend descriptions. Site and variable
combinations for which there were many missing or censored values are not shown in the plots. Note that trend descriptions
indicate degrading and improving (rather than trend direction of the water quality variable). Trends are all based on analyses
performed using raw (i.e., not flow adjusted) data.
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Figure 6: Map of impact sites categorised by their 10-year raw water quality trend probability of improvement. Probability
of improvement is expressed using the categorical levels of confidence defined in Table 1. Information is also provided in
appendix 2 showing the results as a Table.
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H.

AMMONIACAL-N VS NITRATE-N

25.

The Regional Council in conjunction with a number of other Regional and Territorial
authorities (including Tararua District Council) pooled funding to consider whether
ammoniacal-N resulted in faster growth/higher biomass (measured as chlorophyll a)
than nitrate. This was commissioned as a result of seeing at some monitoring sites
downstream of point source discharges an increase in periphyton growth/biomass
although no corresponding increase in SIN (although a higher proportion of
ammoniacal-N). In addition, many of the discharges were being treated to removal
DRP which under the Manawatū Catchment Plan was considered to be the nutrient of
most concern within the Manawatū catchment.

26.

The initial literature review was funded through Envirolink. This literature found very
little information relating specifically to freshwater and recommended an experimental
regime to look at the question in more detail. This experiment was undertaken by NIWA
and funded by a number of Regional and territorial authorities. The findings of the
experimental were then written up4 with further Environlink funding. The experimental
results showed that (taken from the executive summary of the report):
a.

Enrichment of the water supply in experimental channels with DRP (from < 1 to
> 20 mg m-3) and DIN (from 110 to ~500 mg m-3) had different effects on
periphyton biomass depending on the proportion of DIN that comprised NH4-N
rather than NO3-N;

b.

under 77% NH4-N, periphyton chlorophyll a developed faster and, at its peak,
was about 50% higher than under <1% NH4-N (i.e., 99% NO3-N). The periphyton
growing with 77% NH4-N had more chlorophyll a and PN per unit weight of AFDM
and per algal cell than periphyton with <1% NH4-N;

c.

periphyton grown with 30% NH4-N was generally intermediate between the <1%
and 77% NH4N treatments (e.g., in chlorophyll a and PN) and few comparisons
showed significant differences;

d.

AFDM was higher in all the N-enriched treatments than in the control and P
treatments, but did not differ between them; the discrepancy between biomass
as chlorophyll a and biomass as AFDM was likely caused by shifts in periphyton
community composition as the proportion of NH4-N changed;

4

Kilroy, C., Sinton, A., Wech, J., Lambert, P., & Carlin, L. (2018). Stimulation of river periphyton growth by
ammoniacal-N vs. nitrate-N. An experimental investigation.
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27.

e.

periphyton community composition differed among treatments, although in all
cases communities were dominated by diatoms;

f.

periphyton communities growing under both 30% and 77% NH4-N had higher
proportions of small-sized algae than the other treatments, and under 77% NH4N these algae had more chlorophyll a and PN per cell than in the other
treatments;

g.

differences in accrual rates of chlorophyll a and ratios of PN : PP between all N
enriched treatments and the control and P treatments suggested that, at
background concentrations, P and N both limited periphyton growth, even though
low statistical power meant that corresponding differences in biomass as
chlorophyll a could not be detected; and

h.

the highest NH4-N concentration applied in the treatments did not appear to
negatively affect invertebrate production (through toxic effects), and there was no
evidence that increased chlorophyll a in periphyton grown with 77% NH4-N was
a consequence of lower invertebrate grazing pressure.

The report comes with limitations especially in relation to being a trial scenario
however, the results help explain why at times we see increased periphyton growth
downstream of discharge that are not necessarily aligned with an increase in SIN
overall but an increase in the proportion of SIN that is made up by ammoniacal
nitrogen.

I.

NUTRIENT LIMITATION IN THE MAKAKAHI CATCHMENT

28.

Further analysis has recently been undertaken of the Regional Council’s monthly
periphyton monitoring dataset5. This information has furthered our understanding of
the drivers of periphyton growth within some of the regions catchments.

29.

Within the Makakahi catchment there were two monitored sites that had enough
information to be included in the report. These sites being the Makakahi at DOC
(reference) and Makakahi at Hamua. This report has provided some useful information
in terms of looking at the nutrient limitation within the catchment, how this varies at

5

Kilroy, C., Greenwood, M., Wech, J., Stephens, T., Brown, L., Matthews, A., Patterson, M., & Patterson, M
(2018). Periphyton – Environment relationships in the Horizons region. Analysis of a seven-year dataset.
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flows, what the effective flow6 is, and the percentage of time that the effective flow is
exceeded at the site.
30.

Frequently the removal flow for periphyton biomass has simply been based on a 3x
median flow event as removing periphyton biomass. Earlier work in the Region
confirmed that this was not the case for many of the region’s rivers with both higher
and lower thresholds being shown depending on the catchment, river, and site that you
were operating at especially in relation to the fraction of substrate that was made up of
sand. The further work on the seven year dataset has reconfirmed this with thresholds
now being developed for both the Makakahi at DOC and Hamua sites (refer Table 2).

Table 2: Effective flow for the removal of periphyton from the Makakahi at DOC and Hamua monitoring sites and the % of
time that these flows are exceeded.

Effective

flow

(x % of time effective flow is

median)

exceeded

Makakahi at DOC

11

1.8

Makakahi at Hamua

13

1.3

31.

In addition, as a part of the review of the periphyton programme and analysis of the
data the analysis looked at whether the monitoring sites showed any variability in both
SIN and DRP concentrations based on either flows or season and then building on this
to look at what nutrient limitation was occurring based on nutrient ratios. Nutrient status
was assessed for ratios from DIN : DRP < 7 = N-limited, > 15 = P-limited, and 7 – 15
= co-limited at all flows and at flows below median (refer Table 3).

Table 3: Variability in SIN and DRP depending on season and/or flows and nutrient limitation at each of the sites using
nutrient ratios including data over all flows and those flows below median.

6

The flow that periphyton is removed from a site.
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Variability
in

Variability

SIN in

(season)

Variability

SIN in

(flow)

Variability

DRP in

(season)

Limitation

Limitation

DRP status – all status

(flow)

flows

–

below
median

Makakahi

No

No

No

No

Nitrogen

Nitrogen

Yes

Possible

No

Possible

Phosphorus Phosphorus

at DOC

Makakahi
at Hamua

32.

Using nutrient ratios this information showed that in the headwaters (Makakahi at
DOC) concentrations of SIN and DRP do not vary with flow or season and that the
limiting nutrient was nitrogen. Looking at the Makakahi at Hamua site this changes with
nitrogen showing variability with season and possibly with flow and for DRP no
variability with season and possibly with flow, and with the nutrient limitation changing
to DRP compared to SIN in the headwaters.

33.

Additionally, as part of the review and analysis of the periphyton programme nutrient
limitation was based on saturation thresholds, saturation was assumed to be 350
mg/m3 for DIN and 15 mg/m3 for DRP. In this analysis nutrient limitation status was
assigned from the percentages of surveys in which DIN, DRP, both or neither
exceeded the thresholds (refer to Table 4). This information showing that the Makakahi
at DOC is co-limited at all flows and flows below median. While the Makakahi at Hamua
is P-limited at all flows and Co-P-limited at flows below median.

34.

Analysis such as the above simply reconfirm the information that was put forward
throughout the One Plan, that is to control periphyton growth you need to look at
managing both nitrogen and phosphorus within river.

Table 4: Nutrient limitation based on saturation concentrations for periphyton growth. Saturation thresholds assumed to be
350 mg/m3 for SIN and 15 mg/m3 for DRP.
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Site

Limitation
based

Status based on all flows

Status based on flows < median

on

ratios

All

<med Neither N

P

N,P Status Neither N

only only

Makakahi

P

N,P Status

only only

N

N

0

3

0

97

Co

0

3

0

97

Co

P

P

3

0

61

36

P

3

0

44

53

Co-P

at DOC

Makakahi
at Hamua

J.

MONITORING LOCATIONS

35.

With the confirmation of a discharge point into the Makakahi River we are also able to
confirm the locations of the monitoring sites if consent is to be granted. With the
construction of the wetland and the fact that it is designed to be “leaky” the upstream
monitoring location will need to be clear of any seepage from the wetland and the
downstream monitoring location will need to be downstream enough to capture the
seepage.

36.

The locations in Photo 4 provide an indication for were the monitoring locations could
be (subject to inspection at the time of sampling to ensure that the habitat requirements
for periphyton and macroinvertebrate are meet) and that there is enough flexibility to
be able to move sites as the river changes morphology characteristics overtime as a
result of flood and other events.
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Photo 4: Aerial image showing the potential water quality monitoring locations once the wetland is operating.

K.

CUMULATIVE EFFECTS

37.

Cumulative effects can be difficult to assess due to the nature of the receiving
environment, this is especially the case when a number of little factors add up to a
large factor. In the case of the Makakahi catchment this is especially true in relation to
SIN concentrations and loads within the catchment and this same issue applies to this
catchment.

38.

One way to look at the cumulative effects and improvements over time is to consider
what the consented nitrogen leaching reduction is for the catchment as a result of the
intensive landuse rules for the Makakahi catchment as a result of the One Plan. Within
the catchment all of the dairy farms are consented and in 2015 the average base Nleaching across the Mangatainoka catchment (of which the Makakahi is a subcatchment) was 42.05 kg/N/ha/year, this is consented to decrease to 37.65
kg/N/ha/year by 2020. This is a 10.5% reduction in N loss from farm. We can us the
information provided in the s92 response in regards to the proposed reduction in loads
21
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as a result of the wetland. This information has the wetland reducing the SIN load from
1.13 tonnes per year (under all flows which places it on an equal footing with the loss
from farm) to 1.06 tonnes per year after the upgrade. This represents a 6.2% reduction.
At flows below the 20th FEP the load decreases from 0.49 tonnes per year to 0.46
tonnes per year, a 6.1% reduction. Given the consented reduction in N from intensive
landuse within the Mangatainoka the Eketāhuna WWTP discharge will make up a
larger proportion of the SIN load in the Makakahi and Mangatainoka River as these
improvements from farm are seen.
39.

The effects of point source discharges can look minor when looking at loads especially
when scaling up to loads at below the 20th FEP. As shown in the limitation work above
the Makakahi catchment at flows below median is shown to be Co-P limited, and
survey work in 2013 within the Makakahi catchment showed that at low flows SIN
concentrations were low within the Makakhi catchment including the Ngatahaka
Stream. During these low flow events which generally coincide with summer the effects
of point source discharges can become far more pronounced. This is also the time that
the wetland has the highest chance of reducing nitrate (low wastewater inflows, longer
residence times, and increased denitrification activity). Therefore, a wetland treatment
system can significantly reduce the impact of a discharge if the form of nitrogen is the
right type for wetland performance.

L.

SUBMISSIONS

40.

I have read the submission from Rangitāne o Tamaki-Nui-A-Rua. The majority of the
submission focuses on cultural effects related to the discharge of wastewater to the
Makakahi River. I am not able to offer comment other than where those concerns align
with the analysis that has been undertaken above.

M.

CONCLUSION

41.

The applicant has proposed to construct a wetland to aid in the final polishing of the
discharge from the Eketāhuna WWTP prior to entering the Makakahi River. This
provides some certainty as to the final placement of the discharge point to the
Makakahi River and therefore the placement of monitoring locations within the
Makakahi River if consent is to be granted.
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42.

Wetlands have been shown to be effective tools for the removal of nitrate from water
and the efficiency that these wetlands operate at is related to the residency time of
water being stored within them. The current SIN concentration in the discharge from
the Eketāhuna WWTP is mostly made up of ammoniacal nitrogen and therefore the
ability of the wetland to reduce the SIN load discharged to the Makakahi River from
the Eketāhuna WWTP is limited by the form of nitrogen that is discharged to it.

43.

Wetlands to remain functional overtime need to have continual maintenance and
monitoring undertaken to ensure that they are performing for the purpose for which
they were designed. This wetland will be no different and a robust maintenance and
monitoring programme will need to be developed and fully implemented for this
wetland.

44.

Recent reports completed since the hearing was adjourned have undertaken analysis
to allow the Regional Council to further understand the drivers of periphyton growth
within the region, the effect of ammoniacal nitrogen vs nitrate on periphyton growth
and the state and trends of water quality within the region. The state and trend report
has identified that the Eketāhuna WWTP has a declining trend in ammoniacal nitrogen
and SIN, and an improving trend in POM.

45.

If consent was deemed suitable to be granted in addition to the guidance provided at
the first hearing I would recommend the inclusion of the following:
a.

That monitoring be undertaken on a monthly basis of the wastewater prior to
discharging to the wetland and after the wetland prior to discharging to the
Makakahi River for the reasons outlined above;

b.

That additional requirements are added to the management plan requirements
for the wetland to ensure it remains effective. These requirements being:
1.

That the plan shows how the formation of preferential flow paths will be
prevented within the wetland and if preferential flow paths do develop the
process that will be followed to overcome the problem;

2.

The design and mapping of the fence to prevent stock access to the wetland;
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3.

The monitoring to be undertaken to inform the monitoring of the effectiveness
of the wetland and also the actions to the undertaken if the wetland isn’t
performing as designed.

4.

The measures to be undertaken to reduce infiltration and inundation (I&I) that
is entering the wastewater network to ensure that overtime the wetland has
the ability to treat more of the flows it receives during rainfall events.

c.

That conditions are included on the consent that ensure that the wetland reduces
the nitrate concentration by 50 percent, and that the other contaminants in the
discharge (e.g. DRP, E.coli) do not become worse as a result of the operation of
the wetland; and

d.

To increase the efficiency of the wetland in reducing the SIN concentration and
load that is discharged to the Makakahi River particularly during low river flows
that the applicant undertake a feasibility study of converting a larger proportion
of the ammoniacal nitrogen in the discharge to nitrate to increase the removal
rates within the wetland.

Logan Brown
5 November 2018
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Appendix 1:
Table 5: Nitrate, ammoniacal nitrogen, and nitrite concentrations in the Eketāhuna WWTP discharge and the proportion of
SIN that is made up of nitrate.

Date/Time
19/01/2016 10:20
16/02/2016 10:10
8/03/2016 9:10
12/04/2016 12:00
10/05/2016 11:05
14/06/2016 11:10
12/07/2016 11:05
16/08/2016 11:20
13/09/2016 10:55
11/10/2016 10:39
15/11/2016 10:34
13/12/2016 11:05
17/01/2017 10:34
14/02/2017 10:44
14/03/2017 10:44
11/04/2017 12:20
9/05/2017 11:23
13/06/2017 11:35
11/07/2017 10:36
15/08/2017 11:30
12/09/2017 11:01
10/10/2017 10:13
14/11/2017 10:45
12/12/2017 9:45
16/01/2018 10:15
13/02/2018 10:12
13/03/2018 10:10
10/04/2018 11:30
15/05/2018 11:24
12/06/2018 11:25
10/07/2018 11:02
14/08/2018 11:25

Nitrate (g/m3)
0.184
0.114
0.086
0.082
0.021
1.020
0.852
1.220
0.735
0.289
0.259
0.053
0.103
0.149
0.462
1.470
0.500
0.194
0.148
0.666
1.040
0.108
0.134
0.179
0.294
0.197
0.659
0.035
0.282
0.169
0.918
0.087

Ammonia
Nitrite
SIN (g/m3)
% Nitrate
3
3
(g/m )
(g/m )
1.440
0.059
1.683
10.933
7.790
0.043
7.947
1.435
13.800
0.028
13.914
0.618
13.900
0.028
14.010
0.585
9.880
0.008
9.909
0.212
2.610
0.044
3.674
27.763
2.840
0.036
3.728
22.854
1.070
0.064
2.354
51.827
2.450
0.043
3.228
22.770
3.970
0.024
4.283
6.748
2.200
0.033
2.492
10.393
5.220
0.012
5.285
1.003
4.590
0.032
4.725
2.180
2.580
0.028
2.757
5.404
5.000
0.073
5.535
8.347
1.980
0.061
3.511
41.868
4.330
0.058
4.888
10.229
7.150
0.019
7.363
2.635
7.400
0.026
7.574
1.954
2.650
0.029
3.345
19.910
2.750
0.026
3.816
27.254
6.490
0.007
6.605
1.635
5.790
0.021
5.945
2.254
8.000
0.060
8.239
2.173
6.090
0.293
6.677
4.403
12.200
0.080
12.477
1.579
4.980
0.084
5.723
11.515
9.140
0.017
9.192
0.381
5.140
0.021
5.443
5.181
5.710
0.014
5.893
2.868
2.240
0.033
3.191
28.768
5.970
0.011
6.068
1.434
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Appendix two:

Figure 7: Summary plot of 10-year time period discharge trend analysis results. The plot shows the level of confidence that
water quality was improving at each site and variable.
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Figure 8: Summary plot of 10-year time period SoE trend analysis results. The plot shows the level of confidence that water
quality was improving at each site and variable. See Table 7 for details of the confidence categories. Sites are grouped by
the Freshwater Management Unit, where (A) is the “West Coast” FMU.
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Figure 9: Summary plot of 10-year time period impact trend analysis results. The plot shows the level of confidence that
water quality was improving at each site and variable.
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