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1. INTRODUCTION 

1.1 My full name is Dr Michael John Crawshaw Greer.  

1.2 I am employed as a Senior Scientist (Freshwater) by Aquanet Consulting 

Limited (Aquanet), a water quality and ecology consultancy based in 

Palmerston North, Wellington and Christchurch. 

1.3 I have prepared this statement of evidence on behalf of the Tararua District 

Council (TDC) in relation to their application for resource consents for the 

discharges from the Woodville Wastewater Treatment Plant (WWTP). 

2. QUALIFICATIONS AND EXPERIENCE 

2.1 I hold the qualifications of a PhD degree in Ecology (2014) and a Bachelor 

of Science in Zoology from the University of Otago (2010). 

2.2 I have worked for local government, the Department of Conservation and 

NIWA. I have over 9 years of work experience in freshwater ecology and 

water quality. Since the 4th of March 2018 I have been employed by 

Aquanet Consulting Ltd. Prior to that I was employed by the Greater 

Wellington Regional Council as a Senior Environmental Scientist and 

Environment Canterbury as an Ecology Scientist. 

2.3 Since joining Aquanet I have been engaged by 15 different regional, district 

or city councils, the Department of Conservation and various private 

companies/corporations to provide a variety of technical and scientific 

services in relation to water quality and aquatic ecology.  

2.4 I have worked as a technical advisor on behalf of the consenting authority 

or the applicant on well over 120 resource consent applications, compliance 

assessments and/or prosecution cases for a wide range of activities, 

including stream reclamation, water abstraction, water storage and 

discharges to land and water. 

2.5 My work routinely involves providing assessment of effects on water quality 

and/or aquatic ecology, recommending or assessing compliance with 

resource consent conditions, and designing or implementing water 

quality/aquatic ecology monitoring programmes, at the scale of a specific 

activity and at a wider catchment or regional scale. As part of my previous 

role at the Greater Wellington Regional Council I designed the Urban 

Streams Monitoring Programme which is run in conjunction with 

Wellington City Council and led the Rivers Water Quality and Ecology 

monitoring programme. While at Aquanet I have designed the monitoring 

programmes for the Levin and Foxton Beach Global Stormwater consents 

and contributed to the monitoring protocols behind the Department of 

Conservation’s Freshwater Tier 1 Biodiversity Monitoring Programme 

Pilot.  
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2.6 I have authored or co-authored a number of reports that have informed or 

are informing the development and implementation of regional plan change 

processes: 

(a) For Environment Canterbury: I was the lead author of the report that 

formed the basis of the inanga spawning provisions in Plan Change 4 

to the Land and Water Regional Plan (LWRP), and the technical report 

underpinning the water quality standards in Part B of Plan Change 5 

of the LWRP. 

(b) For Greater Wellington Regional Council, I am the technical lead for 

Surface Water Quality and Ecology expert Panel for Te Whanganui-

a-Tara Whaitua process and am the lead author of the technical report 

outlining the expert panel process and outputs.  

2.7 With regards to municipal wastewater treatment plants, I have worked as a 

technical advisor on behalf of consenting authorities, applicants and 

submitters on over 20 resource consent applications for discharges of treated 

domestic wastewater to land and/or water, from both medium-sized towns 

and small communities. 

2.8 I am a member of New Zealand Freshwater Sciences Society.  

3. CODE OF CONDUCT 

I have read the Code of Conduct for Expert Witnesses set out in the 

Environment Court's Practice Note 2014 and have complied with it in 

preparing my evidence. My qualifications as an expert are set out above. 

Except where I state I rely on the evidence of another person, I confirm that 

the issues addressed in this statement of evidence are within my area of 

expertise, and I have not omitted to consider material facts known to me that 

might alter or detract from my expressed opinions. 

4. BACKGROUND AND ROLE 

4.1 To my knowledge Aquanet was first engaged by TDC in 2015 to provide an 

independent assessment of the effects from the Woodville WWTP discharge 

on water quality and freshwater ecology. However, it was not until August 

2018 that I produced, with the assistance of other members of the Aquanet 

team, a technical report providing an assessment of the current and future 

effects of the discharge on water quality and ecology (dated 27th August 

2018)1.  

4.2 As part of TDC’s response to the S92 request for further information 

provided in March 2021, members of the Aquanet team and I published an 

updated version of the 2018 report which considered the most up to date 

 
1 Woodville WWTP discharge to the Mangaatua Stream: Assessment of current and future effects on 
freshwater quality and ecology, August 2018, Aquanet Consulting Ltd 
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water quality and ecological data2 (hereafter referred to as “the Aquanet 

report”).  

4.3 I have read Mr Patterson’s S42A report, and the purpose of this evidence is 

to respond to specific to issues raised by Mr Patterson. I also respond to 

submission points related to matters of water quality and ecology and 

provide comment on the proposed conditions appended to Ms Fiona 

Morton’s S42A report. 

5. SCOPE OF EVIDENCE 

5.1 Since 2020 my role in this process has primarily been to assess the future 

effects of the discharge on water quality and ecology in the Mangaatua 

Stream and define the relative contribution of the Woodville WWTP to 

cumulative effects. My colleague, Ms Lovisa Ekelund, is leading the current 

effects assessment and her evidence covers that topic3.  

5.2 As the discharge’s future effects and contribution to degraded water quality 

in the Mangaatua Stream are not disputed by Mr Patterson (see para. 20 to 

para. 22 of his S42A report) and are covered in detail in Sections 3.4 to 4.2 

of the Aquanet report, I do not provide an overview of that topic. Instead, 

my evidence addresses the following matters: 

(a) Responses to specific points raised in Mr Patterson’s S42A report;  

(b) The proposed conditions appended to Ms Fiona Morton’s S42A 

report; and 

(c) Key submission points related to the effects of the discharge on water 

quality and ecology.  

6. EFFECTS OF THE DISCHARGE ON  PERIPHYTON GROWTH AND 

MACROINVERTEBRATE COMMUNITY HEALTH VIA AMMONIA 

6.1 It is Aquanet’s assessment that the Woodville WWTP discharge is currently 

not a major contributor to increased periphyton growth in the Mangaatua 

Stream, and that any effect it is having will be reduced through time as: 

(a) Dissolved reactive phosphorus (DRP) concentrations are sufficiently 

high upstream of the plant to not be limiting periphyton growth  (see 

Section 5.1 of the Aquanet report); 

(b) A large proportion of the soluble inorganic nitrogen (SIN) entering the 

Mangaatua Stream at the discharge point is not from the WWTP, but 

a small tributary that enters the stream at the same point as the 

discharge (see Section 3.4 of the Aquanet report); and 

 
2 Woodville WWTP discharge to the Mangaatua Stream: Assessment of current and future effects on freshwater quality 

and ecology, March 2021, Aquanet Consulting Ltd 
3 Statement of evidence of Lovisa Genevieve Ekelund Widmann (freshwater quality) on behalf of Tararua District 
Council. 
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(c) SIN and DRP concentrations and loads in the discharge are expected 

to be significantly reduced via plant upgrades and the installation of 

vertical flow and surface flow wetlands (see Section 4 of the Aquanet 

report). 

6.2 In para. 53 of his S42A report Mr Patterson indicates he is in general 

agreement with Aquanet’s assessment presented in para. 6.1. However, he 

raises concern that periphyton’s preferential uptake of ammoniacal nitrogen 

(NH4-N) (Kilroy et al., 2020), of which the discharge is a major contributor, 

means there is some risk of the discharge increasing periphyton growth and 

in turn causing adverse effects on macroinvertebrate community health 

(para. 64 of S42A report).  

6.3 In my opinion, Mr Patterson’s concerns are valid regarding the current and 

past effects of the discharge. However, the installation of vertical flow and 

surface flow wetlands is expected to reduce the impact of the Woodville 

WWTP on the average downstream NH4-N concentration by 32% to 75%. 

As such the potential for this discharge to increase periphyton growth via 

preferential uptake of NH4-N and cause consequential effects on 

macroinvertebrate health will be significantly lower in the future.  

7. DISSOLVED OXYGEN MONITORING REQUIREMENTS 

7.1 In para. 58 of his S42A report Mr Patterson notes that “the WWTP is 

unlikely to significantly degrade dissolved oxygen (DO) levels following 

upgrades”. Nevertheless, in para. 60  he goes on to recommend a single year 

of continuous DO monitoring upstream and downstream of the discharge to 

allow for an assessment of the effects of the discharge against the 

compulsory DO attribute states (below point source discharges) in Appendix 

2A of the National Policy Statement for Freshwater Management (NPS-FM) 

2020. I do note that Mr Patterson does not explicitly recommend that this be 

a condition of consent. 

7.2 I am in agreement with Mr Patterson on the general need for continuous DO 

monitoring below point source discharges to give effect to the NPS-FM 

2020. I also acknowledge that once all the plant upgrades are in place a year 

of continuous monitoring would be useful in understanding the effects of the 

discharge.  However, it is my opinion that TDC should only be required to 

do this through conditions if that monitoring is in someway linked to some 

effects standard or performance targets. Otherwise, it would be monitoring 

for the sake of monitoring. 

7.3 If conditions do stipulate that DO monitoring is required, then I agree with 

the approach set out by Mr Patterson in para. 118 and para. 119 of his S42A 

report (i.e., 7 days of continuous monitoring between November and April 

carried out in accordance with the dissolved oxygen National Environmental 

Monitoring Standards (NEMS)).  
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8. APPROPRIATENESS OF SETTING EFFLUENT STANDARDS 

UPSTREAM OF THE WETLAND RATHER THAN AT THE POINT OF 

DISCHARGE 

8.1 A major theme of Mr Patterson’s S42A report is that any effluent standards 

should apply at the point of discharge (i.e., below the proposed vertical and 

surface flow wetlands), and he explicitly states this in para. 84. While I agree 

with Mr Patterson that measures should be in place to ensure that the entire 

WWTP treatment chain is operating as expected, I do not agree that setting 

effluent standard at the point of discharge is the necessary to achieve this.  

8.2 It is my understanding that the wetland’s primary purpose from a treatment 

perspective4  is to remove nitrogen through nitrification of ammonia in the 

vertical flow wetland, and denitrification of nitrate in the surface flow 

wetland. Furthermore, as far as I am aware the area of open water in the 

wetlands is likely to be very small (pers. comm. Mr Roger MacGibbon 

22/03/2021), meaning the potential for input of E. coli, 5-day soluble 

carbonaceous biochemical oxygen demand (ScBOD5) and DRP downstream 

of the WWTP is low. As such, as long as the conditions require a certain 

level of nitrogen removal performance within the wetlands, there is little 

environmental risk associated with setting effluent standards post-UV rather 

than the point of discharge. The best way to manage the wetlands 

performance will be covered in Mr MacGibbon’s evidence. However, it is 

likely that a condition requiring an average reduction in SIN load through 

the wetlands of 25% would be achievable and would adequately reduce the 

Woodville WWTP’s contribution to the One Plan SIN Target not being met 

in the Mangaatua Stream (SIN target exceeded by 16% instream).  

8.3 In para. 102 of his S42A report, Mr Patterson suggests that applying E. coli 

standards at the point of discharge is particularly important due to potential 

for birdlife to increase E. coli concentrations within the wetland. It is my 

understanding that the scenario described by Mr Patterson is unlikely as 

there will be very little open water in the wetland for birds to defecate in 

(pers. comm. Mr Roger MacGibbon 22/03/2021). If this is indeed the case, 

applying the effluent standards post UV (upstream of the discharge) is 

entirely appropriate from an effects management perspective. However, I 

agree with Mr Patterson that if the wetland does provide habitat for 

significant birdlife then some form of controls may be required. While 

outside my area of expertise, I understand wildlife management plans have 

previously been used for this purpose.  

9. GENERAL COMMENTS ON WATER QUALITY STANDARDS 

PROPOSED BY MR PATTERSON 

9.1 In para. 91 of Mr Patterson’s S42A report, he suggests that from 48months 

after the consent is granted NH4-N standards be set at 7.6 and 9.7 g/m3 

 
4 The wetland serves a range of purposes aside from minimising the effects of the discharge on water quality 
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(applied to median and 95th percentile concentrations respectively). My 

analysis5 indicates that these standards reflect the likely treatment 

performance of the wetland. However, they are not achievable immediately 

downstream of the WWTP where effluent standards should apply (see para. 

8.2). Accordingly, it my view that effluent standards should be set at 10 g/m3 

(median concentration) and 14 g/m3 (95th percentile concentrations) for the 

life of the consent but should be paired with a performance standard for the 

wetland (such as what is described in para. 8.2 above) to ensure the 

discharges effects on downstream NH4-N concentrations are adequately 

controlled.  

9.2 Mr Patterson proposes that from 12 months from granting DRP standards 

should be set that reflect the aspirational thresholds calculated by Aquanet5; 

0.37 g/m3 and 0.6 g/m3 as median and 95th percentile respectively (para. 103 

to 106 of S42A report). This differs from the conditions proposed by TDC 

which include a median concentration threshold of 0.5 g/m3. Mr Patterson’s 

justification for this is that effluent concentrations between 2019 and 2021 

are almost meeting the aspirational standards and that the exceedance of the 

One Plan DRP target necessitates the most stringent standards as possible 

being set.  

9.3 While the potential for the plant to meet the standards proposed by Mr 

Patterson is outside of my expertise (Mr Andrew Springer is the wastewater 

engineer acting on behalf of TDC), I will note that the data record Mr 

Patterson is relying on is short (<2 years) and may not capture the full range 

of variability in effluent DRP concentrations that could be expected in the 

long term. I also note that the average dilution ratio of the discharge in the 

Mangaatua Stream is ~1:90, and the 0.13 g/m3 difference in median 

standards between what has been proposed by TDC and what is proposed by 

Mr Patterson translates to a reduction in instream concentrations of just 

0.0014 g/m3 (current average concentrations downstream of the WWTP at 

flows below the 20th flow exceedance percentile (FEP) = 0.027 g/m3). 

9.4 Mr Patterson recommends two changes to the E. coli standards proposed by 

TDC:  

(a) He suggests that the 1000 MPN/100ml (1000 to 2000) increase  in 95th 

percentile concentrations after 12 months is inappropriate (para. 99 of 

his S42A report). I agree with this assessment, and believe it is a 

clerical error. It was my understanding that effluent E. coli 

concentrations are not expected to change through the life span of this 

consent. Thus, the existing consent conditions should be imposed 

through its entire term (300 MPN/100mL and 1000 MPN/100mL as 

median and 95th percentile concentrations respectively).   

 
5 Table 2 in memorandum from Mr Andrew Springer attached in Appendix B of TDC’s S92 response lodged on 
22/03/2021 



 

 Page 8 

(b) He also recommends that the median standard should be reduced from 

the proposed 300 MPN/100mL to 260 MPN/100mL. Given that plant 

operations are not expected to change from current, and that at the 

average dilution ration of ~1:90 this change would be almost 

undetectable (change in downstream concentration <1 MPN), it is my 

opinion that the existing standards should remain in place unless 

engineering advice suggests lower standards are achievable.  

10. ADDITIONAL MINOR COMMENTS ON RECOMMENDATIONS MADE 

IN MR PATTERSON’S S42A 

10.1 I agree with Mr Patterson’s recommendation that visual clarity standards be 

applied as conditions of consent (para. 96). I suggest that these be set as a 

maximum allowable reduction in visual clarity of 30%, which is consistent 

with the One Plan Schedule E target for Upper Gorge – Mangaatua water 

management sub-zone (Mana_9c). 

10.2 Mr Patterson’s recommendation that monthly periphyton monitoring be 

conducted for a period of three years to allow for assessment against the 

NPS-FM 2020 attribute states (para. 107-110) is appropriate. However, it is 

my opinion that this monitoring should begin once all plant upgrades are 

installed (including the vertical flow and surface flow wetlands), so as to 

provide an accurate representation of the long-term effects of the discharge. 

10.3 I agree with Mr Patterson’s proposed approach for timing macroinvertebrate 

monitoring during low flows (para. 113 of his S42A report). 

11. COMMENTS ON PROPOSED CONSENT CONDITIONS APPENDED TO 

S42A REPORT OF MS FIONA MORTON 

11.1 I have identified a number of issues with the proposed conditions appended 

to Ms Morton’s S42A report: These are outlined below: 

(a) DSW3(a) – While the proposed ammonia standards reflect the likely 

treatment performance of the wetland, they are not achievable 

immediately downstream of the WWTP where proposed standards 

apply. As such it is my view that effluent standards should be set at 10 

g/m3 (median concentration) and 14 g/m3 (95th percentile 

concentrations) for the entire term of the consent (see para. 9.1 for 

more information). 

(b) DSW4(a) – The proposed median E. coli standard is 40 MPN/100mL 

less than what was proposed by TDC (260 compared to 300).  E. coli 

treatment at the WWTP is not expected to change from current, and 

the average dilution ratio of ~1:90 means this change would be almost 

undetectable instream. As such, it is my opinion that the existing 

standard (proposed by TDC) should remain in place unless 

engineering advice suggests lower standards are achievable.  
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(c) DSW7 and DSW8 – The proposed standards for visual clarity, DO and 

ScBOD5 are not consistent with the relevant Horizons One Plan 

Schedule E targets. Accordingly, I recommend they be updated to 

reflect the values in Appendix 1 of Mr Patterson’s S42A report. 

12. COMMENTS ON SUBMISSIONS 

12.1 John Bent’s submission comments that the cumulative effects of the 

wastewater discharges have not been adequality assessed. I disagree with 

this; a rigorous assessment of cumulative effects can be found in the Aquanet 

Report. Specifically: 

(a) Section 3.5 assesses the discharges contribution to SIN and DRP loads 

in the Manawatū River, as well as the cumulative impacts of all point 

sources.  

(b) The contribution of the discharge to the cumulative effects in the 

Mangaatua Stream is thoroughly described in Section 3.4 of the 

Aquanet report.  


