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A. INTRODUCTION 

Qualification and Experience 

1. My name is Michael Joseph Patterson. 

2. I am currently employed by the Manawatū-Whanganui Regional Council (MWRC) as a 

Senior Scientist – Freshwater in the Science and Innovation team. I have held this role 

since July 2018, and the role of Scientist – Freshwater since October 2016, prior to this I 

was a Senior Research Associate. I have been employed by MWRC since November 

2010. I have a Bachelor of Science majoring in Ecology and a postgraduate Diploma of 

Science in Ecology from Massey University. 

3. In my current role as a senior scientist I oversee the delivery of our State of the 

Environment (SoE) monitoring programmes for biological parameters which include 

periphyton, macroinvertebrates and fish. In addition, I am involved in a number of research 

programmes focused on freshwater systems. I have given evidence in local level hearings 

in the past, and am regularly involved in technical assessments for consent applications. 

4. I have reviewed the application by Tararua District Council (TDC) (Applicant) dated the 

27 of August 2018 (and associated attachments), the s92 response dated 22 March 2021, 

and the associated documents provided in late March 2021, in particular, the assessment 

of current and future effects on freshwater quality and ecology provided by Aquanet 

Consulting Ltd on behalf of the Applicant dated 18 March 2021. I have been on site on 

several occasions including most recently in March 2019, and am familiar with the Manga-

atua Stream; Mangapapa Stream and more generally the upper Manawatū catchment 

having been heavily involved in Regional Council water quality monitoring in the area for 

over 10 years.  

5. I confirm that I have read and agree to comply with the Code of Conduct for Expert 

Witnesses contained in the Environment Court Practice Note 2014.  My evidence has 

been prepared in compliance with those codes.  In particular, unless I state otherwise, the 

evidence is within my sphere of expertise and I have not omitted to consider material facts 

known to me that might alter or detract from the opinions I express. 

  



Section 42A - Technical Hearing Report 

  

 

Application No. APP-2010014267.02 
Prepared by Michael Patterson, Senior Environmental Scientist – Freshwater 
19 April 2021 

3 

 

B. SCOPE OF REPORT 

6. This report covers the surface water components of the application made by TDC to allow 

for the operation of the Woodville Wastewater Treatment Plant (WWTP). This evidence 

specifically covers the impact of this discharge to the surface water values associated with 

Manga-atua Stream and the Upper Manawatū catchment. 

7. In particular I will address: 

 Values and standards overview; 

 Water quality in the Manga-atua  Stream and the effect of the Woodville WWTP 

Discharge; 

 Proposed upgrades and future instream effects; 

 Proposed consent conditions; and 

 Conclusions. 

C. VALUES AND STANDARDS OVERVIEW 

8. The application is for a continued discharge of tertiary treated wastewater from the 

Woodville WWTP through a constructed wetland into the Manga-atua Stream. 

9. The Woodville WWTP currently discharges tertiary treated effluent via a small drain, into 

the Manga-atua Stream. The Manga-atua Stream has a number of values associated with 

it as outlined in the One Plan. Where appropriate and to provide protection to the instream 

values that have been identified, instream water quality targets for a range of parameters 

are listed in schedule E of the One Plan. 

10. Additionally, the National Policy Statement – Freshwater Management (NPS-FM) 

document (2020) outlines compulsory values and compulsory attributes that apply to the 

receiving environment for this application. Typically these attributes incorporate scientific 

knowledge that has on many occasions superseded that on which the One Plan was 

based. While these have not directly been incorporated into the Regional Plan at this 

stage, they are in force as of 3 September 2020, and so must be considered where 

appropriate.  
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11. The water management framework of the One Plan recognises the need to manage water 

bodies within the Region for the different environmental, social and economic values they 

hold.  Water Management Zones (WMZs) are the underpinning geographical component 

of the integrated water management framework in the One Plan and are located in 

Schedule A.  Forty-three water management zones have been identified and further 

divided into 124 water management Sub-zones. 

12. Water body values are attached to each surface Water Management Zone and  

Sub-zone.  These embody the environmental, social, cultural and economic values of 

each sub-zone.  They are defined as either reach or zone specific depending on whether 

the value is dependent on managing reach-specific effects, or zone-wide effects.  The 

water body values are located in Schedule B of the One Plan. 

13. The NPS-FM (2020) directs the creation of Freshwater Management Units (FMU’s) within 

which water quality values and attributes are to be considered, however these need to be 

set via a plan change process, and so until this occurs, it is considered appropriate to use 

the Management zones and sub zones identified in the One Plan.  

14. The proposed discharge of treated wastewater occurs within the Manga-atua (Mana_9c) 

water management sub-zone of the Upper Gorge (Mana_9) water management zone. 

The following values have been identified in the Manga-atua  Stream in the vicinity of the 

proposed discharge point: 

Zone Wide Values 
a. Life Supporting Capacity – Hill Country Mixed (HM) geology; 

b. Aesthetics; 

c. Contact Recreation; 

d. Mauri; 

e. Industrial Abstraction; 

f. Irrigation; 

g. Stockwater; 

h. Existing Infrastructure; 

i. Capacity to Assimilate Pollution; 

Site/reach Specific Values 

j. Site of Significance Aquatic – for Shortjaw Kokopu, though much further up the 

catchment and not identified for the specific reach. 

k. Flood control/drainage. 
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15. The Manga-atua water management sub-zone is identified as having a Site of 

Significance - Aquatic value, for Shortjaw Kokopu further up the catchment. It is relevant 

to consider this value as this species is diadromous and as such must migrate past the 

discharge site, however it is my assessment that this value is highly unlikely to be 

impacted based on the effects of the discharge, and as such will not be addressed further.  

16. Schedule E of the One Plan (2014) sets out numerical water quality targets to protect the 

majority of values identified in the Manga-atua  Stream (included in Appendix 1).  These 

targets were established using the best available science and expert opinion at the time 

the One Plan was developed.  The targets were designed to provide the best level of 

protection for the values within a water management Sub-zone (Ausseil and Clark, 2007).   

17. The NPS-FM (2020) additionally outlines water quality attributes that must be considered, 

though only some of these apply in this instance. In most cases, multiple bands (either 

four or five) are defined, and in most cases a national bottom line is given. Regional 

Councils are not allowed to set attribute states below national bottom lines (except in 

specific circumstances), and are not allowed to have attributes degrade below a baseline 

state. The specific bands each attribute should achieve in each area are yet to be defined 

through a plan change process, though at a minimum the above must be met. 

18. The NPS-FM (2020) attributes that I consider to apply in this instance include: 

i. Periphyton (trophic state); 

ii. Ammonia (toxicity); 

iii. Nitrate (toxicity); 

iv. Dissolved oxygen; 

v. Suspended fine sediment (measured via visual clarity); 

vi. Escherichia coli (E. coli); 

vii. Macroinvertebrates (1 of 2); 

viii. Macroinvertebrates (2 of 2); and 

ix. Dissolved reactive phosphorus. 
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19. The existing activities at the site have been monitored by MWRC, as well as several 

consultancies working on behalf of the Applicant. A summation of available data is 

provided in section 2 of the 18 March 2021 report provided by Aquanet Consulting Ltd1 

(part of the s92 response).  

20. I note that the report provided by Aquanet Consulting Ltd is a comprehensive analysis of 

water quality parameters against the One Plan and NPS-FM (2020). I have read this report 

in detail, including data used; analysis methodologies; limitations; and results, and 

generally consider this an accurate reflection of what is known regarding water quality 

relating to this activity. In reviewing this document I find little discrepancy with my own 

analysis. Therefore for the sake of brevity, and to avoid unnecessary replication, I will not 

undertake a similar comprehensive analysis in this report and, with the exception of a brief 

summation, will instead only refer to those sections that I consider important to highlight 

or consider further in the context of the consent process. 

D. WATER QUALITY IN THE MANGA-ATUA STREAM AND THE EFFECT OF THE 

WOODVILLE WWTP DISCHARGE 

21. In the report provided by Aquanet and included in the s92 response (18 March 2021), 

there is a discussion of the current site conditions in which the discharge from the WWTP 

first goes into a small tributary of the Manga-atua  Stream (tributary 1), before entering 

the Stream proper. A second tributary also discharges into tributary 1. These tributaries 

drain an agricultural catchment, and receive stormwater from Woodville, yet are also part 

of the discharge into the Manga-atua Stream between the upstream and downstream 

monitoring sites. As such, they complicate the water quality effects seen in the Manga-

atua Stream.  

22. Throughout the report there is reference to long term monitoring carried out in the Manga-

atua Stream main stem to identify current state and effects, and there are also results 

from a “targeted contaminant load investigation” which included two rounds of synoptic 

sampling from several points within the Manga-atua tributaries; the WWTP; and the 

Manga-atua Stream itself. This allows some separation of relative contribution of load from 

different parts of the catchment to try to identify the specific contribution from the WWTP. 

The author has been conservative with their estimations, assuming a worse case example 

                                                
1 Entitled ‘Woodville WWTP discharge to the Mangaatua Stream: Assessment of current and future effects on freshwater quality 
and ecology’, dated 18 March 2021. 



Section 42A - Technical Hearing Report 

  

 

Application No. APP-2010014267.02 
Prepared by Michael Patterson, Senior Environmental Scientist – Freshwater 
19 April 2021 

7 

 

from the WWTP, and I consider this investigation to be highly useful in determining relative 

contribution of contaminants, despite only consisting of two rounds of sampling.   

Nitrate (toxicity) 

23. Nitrate is a toxicity measure introduced through the NPS-FM (2020). Though it is not 

specifically mentioned in the One Plan, Schedule E of the One Plan does include an ‘Other 

Toxicants’ parameter which applies a species protection level appropriate to each surface 

water management sub-zone. In this sub-zone that is a 95% species protection, 

comparable with the protection offered under Band B of the NPS-FM (2020) attribute. 

24. Over the monitoring time period, the Aquanet report identifies a statistically significant 

increase in nitrate between upstream and downstream of the discharge. They calculate a 

Band A state upstream and average Band A downstream, though downstream does fall 

into Band B for an approximate 2 year period, due to the 95th percentile value2. 

25. In section 3.4 of the Aquanet report, the contribution of the Woodville WWTP is discussed. 

Based on measured load discharged from the WWTP, and the two rounds of synoptic 

survey, it is clear that the WWTP supplies very little in the way of nitrate to the downstream 

site (in the range of 1- 17% of the Nitrate/Nitrite-nitrogen), with the clear majority of the 

discharge coming from the tributaries. 

26. For Nitrate toxicity the results appear to be generally in Band A, above the One Plan 

species protection target both upstream and downstream of the discharge point on most 

occasions. When the downstream is in Band B it is by a small measure only, and this 

appears to be largely driven by factors other than the WWTP. 

Ammoniacal nitrogen (toxicity) 

27. Ammoniacal nitrogen (ammoniacal-N) toxicity exists as target parameters in both the 

NPS-FM (2020) and the One Plan. The national bottom line applied in the NPS-FM (2020) 

is more stringent that that applied in the One Plan (and so will be considered). As for 

Nitrate toxicity, the ammonia toxicity attribute in the NPS-FM (2020) applies a 95% 

species protection level within Band B. 

                                                
2 Note there is confusion on page 26 of this report where they state band A is achieved downstream, though figure 15 of their 
report clearly displays the downstream site falling into band B over this period during a time when the upstream is in band A. 
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28. The Aquanet report identifies a statistically significant increase in ammoniacal-N across 

all flow bins. Additionally they identify the upstream site as being in Band A while the 

downstream site is in Band B on average.  

29. Whilst Band B is consistent with the species protection target in the One Plan, it is a 

degradation in bands consistent with a degradation in water quality that is not allowed for 

under the NPS-FM (2020).  

30. Section 3.4.4 of the Aquanet report identifies that the WWTP is likely responsible for up 

to an estimated 94% of the increase in ammoniacal-N between the upstream and 

downstream point, and therefore is likely driving this degradation. 

Soluble Inorganic Nitrogen (SIN) 

31. Targets for SIN exist within the One Plan, and for this sub-zone, the target is an annual 

average concentration less than 0.444 g/m3 at flows below the 20th flow exceedance 

percentile.  

32. The Aquanet report identifies that the One Plan target is met at the upstream site, and not 

met at the downstream monitoring site.  

33. Section 3.4 of the Aquanet report identifies the WWTP contributing up to 41.5% of the SIN 

load on average between 2016 and 2019 based on load comparisons from monthly 

monitoring. During the two synoptic survey rounds, the WWTP was found to contribute 

approximately 22% and 2% of the SIN load. It is likely that this increase is driven heavily 

by the ammoniacal-N component of the discharge.  

34. Given the contribution of the WWTP, it is possible downstream would still breach the One 

Plan target even if the contribution of the tributary was to be removed. As such additional 

treatment is required, as is discussed further below. 

Dissolved Reactive Phosphorus (DRP) 

35. Targets for DRP exist both within the One Plan and the NPS-FM (2020). For the One Plan 

within this sub-zone the target is an annual average concentration less than 0.010 g/m3 

at flows below the 20th flow exceedance percentile. The NPS-FM (2020) does not apply a 

bottom line, and this attribute is in appendix 2B so requires the council to produce an 

action plan, rather than directly limit resource use (although the action plan may identify 

resource limits as being useful). As DRP has a stimulatory effect on periphyton growth 
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(which is an attribute in the NPS-FM 2020 that requires limits on resource use), it is still 

important to consider it in this context. For completeness I have calculated the DRP band 

as per the NPS-FM (2020) but this will not be considered further.  

36. The Aquanet report identifies a large and statistically significant increase in DRP 

concentrations between the upstream and downstream sites across all flow bins. Both 

upstream and downstream exceed the One Plan Target, though the upstream site 

exceeds by a factor approximately 2 to 3, while the downstream exceeds by a factor of 

approximately 2.5 to 5 times the One Plan target. 

37. The NPS-FM (2020) bands puts both sites in Band D. This calculation is based on a 

median and a 95th percentile statistic. The upstream is in Band C band for the 95th 

percentile and D band for the median, while the downstream is in the D band for both 

statistics.  

38. Section 3.4 of the Aquanet report shows that the WWTP is responsible for close to all of 

the DRP increase measured between upstream and downstream of the discharge in 2016 

to 2019, and a minimum of 82% of the increase during the synoptic investigations.  

39. While the upstream site exceeds the One Plan target, the discharge of the WWTP is 

making this statistically significantly worse, and additional treatment is required. 

E.coli 

40. Targets for E. coli exist both in the One Plan and in the NPS-FM (2020). The One Plan 

has flow and date dependant targets, while the NPS-FM (2020) has a range of statistical 

methods of attempting to account for the same factors.  

41. The Aquanet report shows that the One Plan targets are regularly exceeded at both the 

upstream and downstream monitoring locations. Both sites were in Band E (worst) for the 

NPS-FM (2020). 

42. In the memorandum “Woodville WWTP – recent performance and potential standards” 

(s92 bundle, March 2021), the results being achieved by the plant during the 2019 – 2021 

period are significantly better than the aspirational targets originally put forward by the 

plant, and for much of the time are at a low enough concentration that they are unlikely to 

be causing any measureable difference instream following dilution.  
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43. While there was a statistically significant increase in E. coli below median flows at the 

downstream site, exceedances generally occurred at both upstream and downstream 

sites simultaneously. This measure is highly susceptible to natural variance, particularly 

in spot measurements, therefore long term monitoring is most relevant for ascertaining 

state. The current results achieved during 2019 – 2021 would suggest that aspirational 

standards such as those identified in table 2 of the “Woodville WWTP – recent 

performance and potential standards” (s92 bundle, March 2021) could well be achievable 

at the end of pipe.  

Suspended Fine Sediment/Visual Clarity 

44. The One Plan and the NPS-FM (2020) give a target and a national bottom line for visual 

clarity and Suspended Fine Sediment (measured by visual clarity) respectively. The One 

Plan Target requires visual clarity greater than 2.5m at or below the 50th flow exceedance 

percentile, and a no greater than 30% decrease in visual clarity between upstream and 

downstream of a discharge or activity. The NPS-FM (2020) identifies a range of median 

measurements depending on River Environmental Classification (REC) derived 

suspended sediment class (this site falls within Suspended Sediment Class 4). 

45. The Aquanet report identifies the upstream and downstream sites do not meet the One 

Plan greater than 2.5m requirement. The no less than 30% change is also exceeded on 

19% of occasions. The NPS-FM (2020) band drops from Band B at the upstream site to 

Band C at the downstream site. 

46. The impact of the Manga-atua Stream Tributaries are unable to be separated in this case 

from the impact of the WWTP. As such it is not possible to identify the cause of this 

decrease, and it will need to be addressed in the consent conditions as such. 

47. It is noteworthy that the TSS being discharged from the plant currently will need to be 

improved, both for effects instream, and for the functioning of the wetland. Therefore there 

is likely to be an improvement instream.  

Soluble Carbonaceous Biological Oxygen Demand 

48. Soluble Carbonaceous Biological Oxygen Demand as measured over a five day period 

(scBOD5) has a target in the One Plan in which this parameter must not exceed 2 g/m2 at 

flows below the 20th flow exceedance percentile.  
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49. This parameter was not exceeded upstream or downstream of the discharge, and 

significantly different measurements between upstream and downstream only occurred in 

two flow bins, with the upstream being significantly higher than the downstream. It is 

therefore very unlikely that the WWTP discharge is detrimentally impacting upon this 

parameter. 

Periphyton 

50. Both the One Plan and the NPS-FM (2020) identify target and attribute bands for 

periphyton. The One Plan has a target of no greater than 120 mg/m2 of chlorophyll a, and 

no greater than 30% coverage of filamentous algae more than 2cm long, and no greater 

than 60% coverage of diatom or cyanobacteria more than 0.3 cm thick. The NPS-FM 

(2020) identifies Bands as a percentile of Chlorophyll-a per square metre, and identifies 

a national bottom line of 200 mg/m2 to be exceeded by no more than 8% of samples. 

51. The Aquanet report identifies the upstream site complies with the One Plan biomass target 

on all occasions, however the downstream site exceeded this on 3 out of 49 sample 

occasions. Against the NPS-FM (2020) (noting there was insufficient data and so this is 

considered indicative only) upstream was in Band A while downstream was in Band B. 

52. The Aquanet report considers that because the upstream site already exceeds the One 

Plan target for DRP (therefore periphyton growth is unlimited by DRP), and that a 

significant proportion of the additional SIN between the two points is not derived from the 

WWTP, it is likely this increase is not due to the effects of the WWTP. 

53. I generally accept that view, though do consider the discharge of significant 

concentrations of ammoniacal-N from the WWTP to be relevant, as it has been shown 

that periphyton will preferentially uptake ammoniacal-N (Kilroy et al., 2018), as this is 

metabolically preferable, and this could lead to increased growth rates and increased max 

biomass as the proportion of SIN as ammoniacal-N increases. It was also identified that 

up to 41.5% of the SIN load at the downstream site between 2016 and 2019 could be 

derived from the WWTP, therefore there is in my opinion a clear justification for a required 

improvement to the quality of the discharge, as relates to ammoniacal-N and SIN. 

Dissolved Oxygen 

54. Both the One Plan and the NPS-FM (2020) identify targets and attribute Bands 

respectively for dissolved oxygen. This parameter works quite differently in these two 
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pieces of legislation however, with the One Plan target being a single saturation point no 

less than (in this sub-zone) 70%; while the NPS-FM (2020) requires a measure of 

dissolved oxygen to be calculated over both an entire day, and an entire 7 day period, 

between the dates 1 November to 30th April. 

55. The One Plan does not stipulate a timing or method of dissolved oxygen measurement, 

and is typically tested against a single spot point at any part of the day. In most rivers and 

streams, this can render a misleading result. Due to the normal diurnal fluctuation in 

dissolved oxygen levels as a result of instream photosynthesis, lowest dissolved oxygen 

saturation typically occurs between midnight and sunrise, and so is unlikely to be picked 

up during spot monitoring. Conversely, the peak dissolved oxygen saturation often occurs 

during mid-afternoon in rivers, which is far more likely to be when a spot sample is taken. 

Therefore the likelihood of exceeding a saturation target is relatively high. It is my opinion 

that a spot measurement is of little value in this context. 

56. The NPS-FM (2020) attribute requires continuous monitoring throughout the day to 

assess. This therefore picks up a more accurate reflection of the period that is likely to be 

most stressful for instream aquatic life. 

57. The data available for dissolved oxygen is not sufficient to assess the effects of dissolved 

oxygen against the NPS-FM (2020). I am unaware of any issues relating to dissolved 

oxygen in the Manga-atua Stream, and the upstream usually meets the One Plan target 

for chlorophyll a biomass. Additionally the Manga-atua Stream is often shallow and with 

a number of riffles through this section of stream. For these reasons I consider it unlikely 

that dissolved oxygen levels would be less than the national bottom lines identified in the 

NPS-FM (2020). It is however not possible to be sure. 

58. Given the small effect the WWTP appears to have on periphyton biomass instream, and 

the low scBOD5 discharge concentrations being discharged, I am of the opinion the 

WWTP is unlikely to significantly degrade dissolved oxygen levels following upgrades. 

59. None the less, the NPS-FM (2020) outlines dissolved oxygen below point source 

discharges as an attribute in appendix 2A, which I understand to mean this is both 

compulsory to consider, and requires limits to be set on resource use. It therefore appears 

likely that this will have to be measured by someone, either Regional Council, or the 

Applicant who will be causing the discharge. 
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60. I am unclear whether it is necessary to measure this attribute as per the NPS-FM (2020). 

If necessary, I recommend a single year of upstream and downstream monitoring of 

dissolved oxygen continuous monitoring to occur programmed such that an assessment 

against the NPS-FM (2020) attribute is possible. 

Macroinvertebrates 

61. The One Plan and the NPS-FM (2020) both identify target and attributes Bands that are 

necessary to meet for macroinvertebrates. The One Plan has a target for the 

Macroinvertebrate Community Index (MCI) to be greater than 100, and that there should 

be no greater than a 20% change in the Quantitative MCI (QMCI) between upstream and 

downstream of a discharge. The NPS-FM (2020) applies a national bottom line for MCI; 

QMCI; and another measure called Average Score Per Metric (ASPM) which itself is 

derived from several scores calculated based on the macroinvertebrate community. 

62. The Aquanet report identifies generally higher scores at the upstream site for both MCI 

and QMCI, than at the downstream site. The ASPM was also consistently lower at the 

downstream site.  

63. The Aquanet report identifies that relative to the One Plan target, the upstream site, with 

the exception of 2019, always met the One Plan MCI target, while the downstream site 

did not meet on 4 out of 12 occasions. The QMCI reduction between upstream and 

downstream was greater than 20% in 5 out of 12 years. For the NPS-FM (2020) attributes, 

the upstream is assigned to Band B for MCI, QMCI and ASPM; while the downstream is 

assigned to Band B for ASPM, but Band C for the QMCI/MCI measure. 

64. The Aquanet report considers the effect on macroinvertebrates is likely generally low 

given the discharges role in periphyton growth, and ammonia and nitrate toxicity. I 

consider the WWTP’s effect on periphyton could be larger than that considered in this 

report due to the ammoniacal-N discharge, and therefore the results from the proposed 

improvements to the treatment process discussed further below could be larger than that 

considered in this report. None the less I am of the opinion this uncertainty can be 

addressed through appropriate consent conditions, and as a result of moving the 

discharge location such that the effect of the discharge is not confused by other influences. 
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E. PROPOSED UPGRADES AND FUTURE INSTREAM EFFECTS 

65. There are a range of proposed upgrades as part of this consenting application that directly 

affect the likely or potential water quality impacts upon the Manga-atua  Stream, and the 

ability to accurately measure these. These include moving the discharge location; 

improvements to treat DRP and suspended particles in the discharge through dosing with 

a flocculent and filtering; and a two part treatment wetland which would be expected to 

have benefits for both SIN and ammoniacal-N discharge concentrations. 

Discharge Location 

66. Several of the major confounding factors associated with accurately identifying the impact 

of the WWTP on the receiving environment are due to the additional contaminants being 

contributed by the Manga-atua tributaries. This requires the need for additional 

calculations, which add in additional calculation uncertainty, and reduce certainty of effect. 

This proposal of moving the discharge location to remove those confounding effects is 

sensible and should make future assessment processes easier.  

Chemical Dosing and Clarification 

67. The Applicant is proposing to undertake chemical dosing with a flocculent, followed by 

clarification with a lamella plate clarifier, and drum filter. This is to directly address 

suspended sediment and particulate matter, as well as reducing the DRP concentrations 

being discharged.  

68. The “Woodville WWTP – recent performance and potential standards” (s92 bundle, March 

2021), additionally discusses the benefits of a DAF unit, and displays the significant 

advantages in both TSS and DRP removal seen at Pahiatua WWTP through the addition 

of a DAF unit.  

69. To the best of my knowledge, a DAF unit is not yet explicitly proposed and instead is an 

option that could be considered, though reference to further treatment of TSS is discussed 

as being required in the letter from WSP to Fiona Morton dated 22 March 2021, that 

discusses TDC having secured funding through the Long Term Plan (LTP) with design 

work undertaken in 2023 and physical upgrades in subsequent years.  

70. Given the upstream monitoring point is already far exceeding the One Plan target for DRP, 

and given that the Aquanet report finds the majority of the DRP between the upstream 

and downstream monitoring point is likely as a result of the WWTP, which causes the 
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upstream concentration to increase significantly, then it is in my opinion that all reasonable 

efforts should be made to reduce the amount of DRP released from the plant. This is to 

benefit not only the immediate receiving environment, but to address cumulative effects 

(i.e. increases in DRP at this point will extend the length of stream required to attenuate 

out DRP to a point at which it can once again limit periphyton growth). 

71. In “Woodville WWTP – recent performance and potential standards” (s92 bundle, March 

2021) it is concluded that by optimization of chemical dosing, the DRP concentrations can 

be lowered further and the aspirational targets (of median 0.37 g/m3 and 95th percentile 

0.6 g/m3) should be achieved. This would be in the vicinity of a five to six fold reduction 

compared to current (as outlined in the table) though less notable reduction as compared 

to 2019 – 2021 actual results. If additionally combined with the DAF treatment, or similar, 

it is plausible that a significant additional reduction in DRP concentrations could be 

achieved in stream. 

72. Despite the currently proposed reduction in DRP load being discharged, the current 

upstream environment is such that this additional nutrient causes an increase in a 

contaminant into an already over allocated water body, such that cumulative effects 

continue to degrade (i.e. the effect is felt further downstream), and that the ability to 

improve to a point within the target is further away (as compared to a scenario in which 

no discharge is present). I am generally in agreement with the Applicant that the effect on 

periphyton and macroinvertebrates is unlikely to be measured between the upstream and 

downstream monitoring points as a result of the discharge, due to the high background 

level of DRP already present instream.  

Treatment Wetland 

73. I understand that the intention is to construct a two part treatment wetland consisting of 

both a vertical flow wetland, and a surface wetland. This will result in a significant 

proportion of the ammoniacal-N being converted to nitrate (vertical flow wetland), with a 

significant proportion of nitrate being removed (essentially converted to nitrogen gas and 

lost to the atmosphere) via denitrification in the surface wetland.  

74. The expected efficacy of this treatment varies from source to source, though the authors 

of the Aquanet report, in consultation with Roger MacGibbon (who has undertaken the 

conceptual wetland design for this treatment plant and is the expert for the Applicant in 
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regards to treatment wetlands) have identified the likely effect of the treatment wetlands 

under both low and high treatment efficiency scenarios3. 

75. Having accounted for the new discharge location, they calculate a 32 to 75% reduction in 

the ammoniacal-N change measured in stream as compared to no wetland, and a 15.5 to 

57% reduction in SIN change measured in stream4 as compared to no wetland. It is clear 

that the wetlands are expected to significantly reduce the load of ammoniacal-N and SIN 

being discharged to the Manga-atua Stream. 

76. The ammonia toxicity risk is already considered low, and this additional treatment will 

further reduce this risk. Additionally, it is my contention that there is a potential stimulatory 

effect on periphyton growth as a result of the ammoniacal-N being released from the 

WWTP, and this upgrade will partially reduce this risk, potentially resulting in 

improvements to periphyton and macroinvertebrate metrics.  

77. The author identifies that the SIN concentration at the new upstream site following 

relocation (and as a result of the impacts of the Manga-atua tributary) will likely still exceed 

the One Plan target. The new discharge will still increase the SIN concentrations 

downstream by approximately 4 to 8% in the Manga-atua Stream, though this is an 

improvement over the likely 9% increase that would be expected without the treatment 

wetland. 

78. As with DRP, this could be considered to be an increase in a contaminant into an already 

over allocated water body, such that cumulative effects continue to degrade (i.e. the effect 

is felt further downstream), and that the ability to improve to a point within the target is 

further away than without the discharge. I consider this has reached a point where a 

planning consideration is more relevant than a scientific one, however I am generally in 

agreement with the Applicant that the effect on periphyton and macroinvertebrates is 

unlikely to be measured between the upstream and downstream monitoring locations, 

given the reduction in the ammoniacal-N component, and the already high background 

levels of SIN.  

 

 

                                                
3 Section 4.2 of the Aquanet Report 18 March 2021 
4 Below the 20th flow exceedance percentile as per the One Plan. 
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Cumulative effects 

79. In section 3.5 of the Aquanet report, the role of the WWTP is considered in terms of 

cumulative effects within the Manawatū Catchment. While I generally agree that the effect 

of the WWTP is small in the context of the wider catchment, this is often the nature of 

cumulative effects i.e. a number of very small contributions, each with a difficult to 

measure impact, contributing to a joint exceedance of a desired state. The addition of 

further SIN and DRP in particular, to a catchment already exceeding target values at the 

upstream point, only increase the spatial extent of the effects (i.e. extend downstream the 

degradation until such point the nutrients are removed from the water column and 

periphyton growth is limited). 

80. I do however agree with the general point that improving both SIN and DRP will require 

catchment wide efforts, and the improvement to the discharge quality as a result of this 

round of consenting is significant in terms of the WWTP contribution to the receiving 

environment.  

F. PROPOSED CONSENT CONDITIONS 

81. Where appropriate I have made comment on proposed conditions or recommended the 

inclusion of conditions. In all cases the caveat “should the Hearing Committee be of a 

mind to grant consent” should be applied. 

Discharge Monitoring Location 

82. I note in several instances (e.g. DRP and E. coli) the Applicant has identified that the 

wetland could cause these parameters to increase in concentration compared to that 

achieved earlier in the treatment process. This is due to influences such as wildfowl 

inhabiting the surface flow wetland, or shedding of plant material releasing DRP 

(“Woodville WWTP – recent performance and potential standards”, s92 bundle, March 

2021). The Applicant considers that these parameters are outside the operational control 

for the site and should therefore be measured for compliance purposes prior to the 

discharge into the wetland. 

83. I appreciate that there are difficulties in managing these aspects of the treatment process, 

however it is my contention that these wetlands are being constructed to directly address 

impacts which exist as a result of the discharge. It is my understanding the wetlands are 
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intended to address parameters such as ammoniacal-N, SIN, and potentially to help with 

concerns regarding damage to cultural values caused by the discharge. These wetlands 

would not exist without the discharge activity, and are an intrinsic part of the treatment 

process. In the same way that I would not consider it appropriate to assess some 

parameters after the oxidation pond but prior to the filter, and other parameters after the 

filter but prior to the UV treatment, I do not consider it appropriate to view these 

parameters prior to the treatment wetlands.  

84. It is my view that the receiving environment is the Manga-atua Stream, and the effects are 

upon this stream and its values. Therefore all parameters should be considered at the 

point at which effluent is discharged into the Manga-atua Stream, irrespective of what 

choices are made regarding treatment methods during the treatment process. 

Timing 

85. As part of the section 92 response and update received in March 2021, the Applicant has 

provided a list of proposed consent conditions that relate to several of the parameters 

requiring standards. 

86. These relate to conditions that will occur up to 12 months or up to 48 months following 

commencement of these consents, and conditions that will apply after 12 months or 48 

months following commencement of these consents. I understand the reason being to 

allow optimisation of the plant in terms of parameters such as DRP and E. coli treatment, 

and construction and optimisation for other treatment mechanisms that will address TSS, 

scBOD5 and ammoniacal-N. 

87. In all cases consent conditions are framed in terms of no more than 8 out of 12 

exceedances, and no more than 2 out of 12 exceedances. These relate to a permissive 

representation of a median, and 95th percentile target respectively (as per the New 

Zealand municipal wastewater monitoring guidelines by Ray, 2002). 

Ammoniacal Nitrogen 

88. The Applicant has identified a proposed consent condition 10 g/m3 and 14 g/m3 for median 

and 95th percentile respectively up until 48 months from commencement, and then 10 

g/m3 and 14 g/m3 from 48 months. This therefore expects no improvement in discharge of 

this parameter. 
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89. Given the WWTP accounts for a significant proportion of the increase in ammoniacal-N 

between the upstream and downstream point, and that the wetland is expected to remove 

between 30% and 75% of the ammoniacal-N load once constructed it would appear that 

the Applicant could expect a significantly greater increase than this.  

90. I note that in “Woodville WWTP – recent performance and potential standards” (s92 

bundle, March 2021), the plant has achieved this target during 2019 until 2021, and the 

aspiration target outlined in table 2 is far lower.  

91. I would expect the target of 7.6 and 9.7 g/m3 respectively to therefore be both achievable 

and reasonable if the wetland is performing as expected, and see no reason why this, or 

a similarly tighter standard shouldn’t be applied. 

Soluble Carbonaceous Biological Oxygen Demand  

92. The Applicant has proposed a scBOD5 of 6 and 8 g/m3 for median and 95th percentile 

respectively up to 48 months following commencement, and the same following 

commencement. 

93. I note there is no significant concern with this parameter in stream currently. The plant 

has been achieving better than this target currently, though I understand that this could 

worsen slightly with the installation of the wetland, and I therefore consider this standard 

to be appropriate as written, though at a point downstream of the wetland. If it is the case 

that there is an expectation that the wetland will significantly increase the discharge of 

scBOD5 into the Manga-atua  Stream, then it is my opinion that the requirement should be 

on the Applicant to quantify this, and show that this is unlikely to be an issue.  

Total Suspended Solids 

94. The Applicant has indicated a median of 100 g/m3 and 95th percentile of 272 g/m3 until 48 

months following commencement, followed by standards of 50 g/m3 and 135 g/m3 

following 48 months from commencement. 

95. I understand this improvement is required in order for the treatment wetland to operate 

appropriately, and does represent a significant improvement instream. 

96. Given there have previously been concerns regarding the visual clarity in stream (with a 

no greater than 30% reduction being breached on 19% of sampling occasions), I consider 



Section 42A - Technical Hearing Report 

  

 

Application No. APP-2010014267.02 
Prepared by Michael Patterson, Senior Environmental Scientist – Freshwater 
19 April 2021 

20 

 

it appropriate to have a similar consent condition requiring monitoring and standards 

around visual coverage.  

97. It is likely also appropriate to have a consent condition relating to the Table 8 Attribute 

(suspended fine sediment) of the NPS-FM (2020) such that there cannot be a decline in 

band between upstream and downstream of the discharge location.  

E. coli 

98. The Applicant has indicated a median of 300 MPN/100ml and 95th percentile of 1000 

MPN/100ml for the 12 months following commencement, and then 260 and 2000 

MPN/100ml following 12 months from commencement.  

99. I am unclear why the 95th percentile increases from 1000 to 2000 MPN/100ml following 

12 months from commencement. I can see no reason why this would be appropriate, 

particularly as monitoring is specifically stated to occur directly following discharge from 

the UV treatment plant, not following the wetland.  

100. I note that in “Woodville WWTP – recent performance and potential standards” (s92 

bundle, March 2021) the plant is currently achieving a median of 30 MPN/100ml and 95th 

percentile of 520 MPN/100ml. 

101. Given the catchment is currently in the NPS-FM (2020) E band for E. coli I consider that 

it is appropriate that the conditions should be stringent around this parameter. Therefore 

a median of 260 MPN/100ml and a 95th percentile of 1000 MPN/100ml is likely more 

appropriate.  

102. As stated above, I do consider it appropriate that all monitoring of the effect on the 

receiving environment should occur in the receiving environment. However, if for some 

reason this is not considered appropriate, then at a minimum there must be some 

mechanism by which the amount of E. coli discharged to the Manga-atua Stream from the 

WWTP is being managed. Put another way, if the wetland is supporting birdlife resulting 

in an increase in E. coli discharge, there must be some means by which this is limited.  

Dissolved Reactive Phosphorus 

103. The Applicant has a proposed median of 1 g/m3 and 95th percentile of 2 g/m3 for 12 months 

following commencement of the plant, reducing to 0.5 and 0.6 g/m3 after 12 months from 

commencement.  
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104. I note in “Woodville WWTP – recent performance and potential standards” (s92 bundle, 

March 2021) that the WWTP is already performing better than the 1 g/m3 median and 2 

g/m3 short term target proposed, but do accept that as further optimisation is required, it 

may be necessary to have slightly more flexibility in the short term to meet the longer term 

Standards.  

105. In the longer term, I see the aspiration standards had a median value of 0.37 g/m3 and 

95th percentile of 0.6 g/m3. I see the WWTP is currently almost meeting the median 

standard (0.38 rather than 0.37 g/m3).  

106. The catchment already exceeds the One Plan targets for DRP, and most of the DRP 

measured between upstream and downstream of the discharge location is coming from 

the WWTP. I therefore consider it appropriate that this target should be as stringent as 

possible assuming this consent is granted. For this reason I am of the opinion the more 

stringent standard, should be applied.  

Additional Conditions - periphyton 

107. I would additionally propose the inclusion of periphyton monitoring at upstream and 

downstream monitoring locations. The relocating of the discharge location should remove 

any confusion as to the actual effects of the discharge on the receiving environment, and 

give certainty as to effects (excluding cumulative effects down the catchment). 

108. This monitoring would need to be in line with that required by both the NPS-FM (2020) 

and the One Plan, therefore monthly monitoring year round would be required. Given the 

NPS-FM (2020) Band B aligns with the One Plan schedule E target for this sub-zone, I 

recommend the inclusion of a condition such that the discharge from the WWTP cannot 

cause the receiving environment to fall below Band B of the NPS-FM (2020). 

109. At the same time, I consider it appropriate to collect visual coverage data such that the 

periphyton visual coverage parameters of the One Plan can be assessed against. I 

recommend the inclusion of a condition to this extent. 

110. As identified earlier, given the existing upstream environment, it appears unlikely the 

discharge will cause a significant increase in biomass or cover. Therefore I consider it 

appropriate that monitoring occur for three years to allow an assessment under the NPS-

FM (2020) to be undertaken, following which this monitoring could be stopped if these 

conditions are met. 
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 Additional Conditions - macroinvertebrates 

111. I consider the inclusion of macroinvertebrate conditions to be appropriate between 

upstream and downstream of the discharge. This monitoring would be undertaken once 

annually during a period of low flow (defined as 3 weeks below 3 times median flows and 

1 week below half median flows), would consist of surber sampling with five individual 

replicates, and would consist of full counts (i.e. C3, P3 as per Stark et al. 2001). 

112. This would include a no greater than 20% decrease in QMCI outlined in schedule E of the 

One Plan, measured through equivalence testing between upstream and downstream of 

the discharge location.  

113. This would be required to occur each year for the first three years following full 

commissioning of the plant, and assuming these conditions are meet, then once every 

three years thereafter for the duration of the consent. 

    Additional Conditions - SIN 

114. The Aquanet report identified that the upstream monitoring site is likely to be above the 

One Plan target, and that the WWTP discharge will result in an increase instream. This 

has obvious ramifications for cumulative effects. The Applicant is proposing to address 

this in part through the installation of their treatment wetland.  

115. If this consent is to be granted, I recommend the inclusion of a condition such that the 

reduction in SIN from the WWTP discharge is a standard. This could either be through the 

application of standards applied to the point of discharge into the Manga-atua  Stream 

based on sampling from prior to the construction of the wetland versus following 

construction of wetland, or could be through a percentage reduction in SIN measured 

across the wetland.  

116. Measuring a percent reduction across the wetland is likely easier, but will not account for 

any increase in SIN that occurs through additional nitrogen being fed into the treatment 

plant, either through growth, additional trade waste, etc.  

117. It is possible that both a change from before and after the wetland, and a cap on the 

concentration discharged should be applied.  
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Additional Conditions - Dissolved Oxygen  

118. If considered necessary to monitor for dissolved oxygen, it is my opinion that a suite of 

conditions be developed such that continuous monitoring is undertaken in accordance 

with the dissolved oxygen National Environmental Monitoring Standards (NEMS), and be 

developed in such a way that it is possible to undertake an assessment against the NPS-

FM (2020) Dissolved Oxygen attribute. 

119. At a minimum this would include no less than 7 days of continuous monitoring within the 

period 1 November to 30th April, and ideally would be following a period of low and stable 

flow to accurately reflect the period of greatest instream stress for biota (though this is not 

specifically required under the NPS-FM, 2020). 

120. It would likely also be sensible to monitor both upstream and downstream of the discharge 

location so that a comparison between the two is possible.  

Additional Conditions - Monitoring 

121. Additional to anything listed earlier in this report, it will be necessary that a standard suite 

of conditions is included such that all parameters that relate to One Plan and NPS-FM 

targets or attributes are able to be measured. In most cases this will need to occur in both 

the receiving environment, and the discharge. 

122. Monitoring conditions from the Pahiatua or Eketāhuna WWTP consent processes could 

be used as a basis for this list.  

G. SUBMISSIONS 

123. I have read the submissions that have been made on the applications. Many of the 

submissions cover topics that fall outside of my area of expertise and will be covered in 

the technical reports of other experts.  From those submissions that do overlap with my 

area of expertise, I have considered and incorporated any salient points in my evidence 

above. 

H. SUMMARY 

124. The Applicant has proposed a range of mechanisms by which they will reduce their impact 

upon surface water values within the receiving environment. In many respects, it appears 
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the impact upon measures such as periphyton and macroinvertebrates that would 

normally be used to measure instream life supporting capacity, are unlikely to be 

significantly impacted, particularly following upgrades.  

125. This is in part due to the receiving environment already being degraded. I have attempted 

to comment where possible on cumulative effects, though in terms of parameters such as 

SIN, DRP and E. coli it is clear the upstream environment exceeds relevant One Plan or 

NPS-FM (2020) targets/bottom lines, and the discharge will make these worse as 

compared to no discharge. The Applicant is likely to significantly reduce their discharge 

as compared to the previous consent, particularly for SIN and DRP, but the cumulative 

effects case remains. Defining the size of the effect of this down the catchment is difficult 

given the nature of cumulative effects. 

126. I am strongly of the opinion that monitoring of effects should be in the receiving 

environment where possible, or immediately prior to discharge into the receiving 

environment, rather than at a point within the treatment process i.e. prior to the wetland. 

127.  I have attempted, where possible to give comment on proposed conditions, and 

recommend conditions of my own where appropriate, and consider most of the effects of 

the discharge can be limited or mitigated within the immediate receiving environment (i.e. 

between upstream and downstream).  

 

 

 

 

DATED this 19th day of April 2021 

 

Michael Joseph Patterson 
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APPENDIX 1: 

Table 1: Water Quality targets for all rivers and streams in the Manga-atua management Sub-zone 
Abbreviations used in Tables E.1A to 
E.4A 

Full Wording of the Target 

pH 
Range The pH of the water^ must be within the range 7 to 8.5 unless natural levels are already outside this range. 

Δ The pH of the water^ must not be changed by more than 0.5. 
   

Temp (oC) 
< The temperature of the water^ must not exceed 22 degrees Celsius. 

Δ The temperature of the water^ must not be changed by more than 3 degrees Celsius. 
   

DO (% SAT) > The concentration of dissolved oxygen (DO) must exceed 70 % of saturation. 
   

sCBOD5 (g/m3) < 
The monthly average five-days filtered / soluble carbonaceous biochemical oxygen demand (sCBOD5) when the river^ flow is 
at or below the 20th flow exceedance percentile* must not exceed 2 grams per cubic metre. 

   

POM (g/m3) < 
The average concentration of particulate organic matter when the river^ flow is at or below the 50th flow exceedance percentile* 
must not exceed 5 grams per cubic metre. 

   

Periphyton 
(rivers^) 

Chl a (mg/m2) The algal biomass on the river^ bed^ must not exceed 120 milligrams of chlorophyll a per square metre. 

%  cover 

The maximum cover of visible river^ bed^ by periphyton as filamentous algae more than 2 centimetres long must not exceed 
30 %. 

The maximum cover of visible river bed by periphyton as diatoms or cyanobacteria more than 0.3 centimetres thick must not 
exceed 60 %. 

   

DRP (g/m3) < 
The annual average concentration of dissolved reactive phosphorus (DRP) when the river^ flow is at or below the 20th flow 
exceedance percentile* must not exceed 0.010 grams per cubic metre, unless natural levels already exceed this target. 

   

SIN 
(g/m3) 

< 
The annual average concentration of soluble inorganic nitrogen (SIN)5 when the river^ flow is at or below the 20th flow 
exceedance percentile* must not exceed 0.444 grams per cubic metre, unless natural levels already exceed this target. 

   

Despoiled 
Sediment Cover6 

% cover 
The maximum cover of visible bed by deposited sediment less than 2 millimetres in diameter must be less than 20%, unless 
natural physical conditions are beyond the scope of the application of the deposited sediment protocol of Clapcott et al. (2010). 

   

                                                
5  Soluble inorganic nitrogen (SIN) concentration is measured as the sum of nitrate nitrogen, nitrite nitrogen, and ammoniacal nitrogen or the sum of total oxidised nitrogen and ammoniacal nitrogen. 
6 The Deposited Sediment Cover (%) Water Quality Target (or standard where specified under conditions/standards/terms in a rule) only applies for State of the Environment monitoring purposes to determine if the percentage cover 
of deposited sediment on the bed of the river will provide for and maintain the values for each WMSZ. The effects of deposited sediment on the bed of rivers in relation to resource consent applications should be determined using 
the deposited sediment protocols of Clapcott et al. (2010). 
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Abbreviations used in Tables E.1A to 
E.4A 

Full Wording of the Target 

MCI7 > 
The Macroinvertebrate Community Index (MCI) must exceed 100, unless natural physical conditions are beyond the scope of 
application of the MCI.  In cases where the river^ habitat is suitable for the application of the soft-bottomed variant of the MCI 
(sb-MCI) the targets also apply. 

QMCI  % Δ 

There must be no more than a 20 % reduction in Quantitative Macroinvertebrate Community Index (QMCI) score between 
appropriately matched habitats upstream and downstream of discharges to water^. 
 
 

   

Ammoniacal 
nitrogen8 (g/m3) 
(rivers^) 

< The average concentration of ammoniacal nitrogen must not exceed 0.4 grams per cubic metre. 

Max The maximum concentration of ammoniacal nitrogen must not exceed 2.1 grams per cubic metre. 
   

Tox. or Toxicants  % 
For toxicants not otherwise defined in these targets, the concentration of toxicants in the water^ must not exceed the trigger 
values for freshwater defined in the 2000 ANZECC guidelines Table 3.4.1 for the level of protection of 95 % of species.  For 
metals the trigger value must be adjusted for hardness and apply to the dissolved fraction as directed in the table. 

   

Visual Clarity (m) 
(rivers^) 

% Δ 
The visual clarity of the water^ measured as the horizontal sighting range of a black disc must not be reduced by more than 
30 %. 

> 
The visual clarity of the water^ measured as the horizontal sighting range of a black disc must equal or exceed 2.5 metres 
when the river^ is at or below the 50th flow exceedance percentile*. 

   

E. coli / 100 ml 
(rivers^) 

< m 
The concentration of Escherichia coli must not exceed 260 per 100 millilitres 1 November - 30 April (inclusive) when the river^ 
flow is at or below the 50th flow exceedance percentile*. 

<20th %ile 
The concentration of Escherichia coli must not exceed 550 per 100 millilitres year round when the river^ flow is at or below the 
20th flow exceedance percentile*. 

 

                                                
7  The Macroinvertebrate Community Index (MCI) target applies only for State of the Environment monitoring purposes to determine if the aquatic macroinvertebrate communities are adequate to provide for and maintain the values 

in each WMSZ. This target is not appropriate for monitoring the effect of activities such as discharges to water on macroinvertebrate communities upstream and downstream of the activity. 
8  Ammoniacal nitrogen is a component of SIN.  SIN target should also be considered when assessing ammoniacal nitrogen concentrations against the targets. 


