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Hi Emily,

Please find attached Far North District Council’s response to Northland Regional Council’s
request for further information under section 92 of the RMA regarding FNDC’s application
(APP.002417.01.04) to discharge contaminants from the Kaikohe Wastewater Treatment Plant.

The response includes the following documents:

e Response to Further Information Request dated 15 August 2025

e Appendix A - Five-year Upstream/downstream Comparison Box Plots

e Appendix B - Updated Quantitative Microbial Risk Assessment (attached separately)

e Appendix C - Assessment of Current and Future Viral Reduction/Inactivation (attached

separately)
e Appendix D - Proposed Conditions of Consent (attached separately)

Please note that the proposed consent conditions were workshopped with the Kaikohe
Wastewater Treatment Plant Working Group on 8 August 2025. The Group requested some
minor amendments relating to the formal recognition and functions of the Working Group within
the conditions of consent, and these changes have been incorporated into the attached
response.

The applicant is happy to discuss any matters raised by submitters and welcomes any queries
or requests for clarification.

Please let me know if you require any further information.
Kind regards,
Ben

Copy: Losaline Finekifolau, Team Leader — Infrastructure Consenting, Far North District Council

Ben Tait

Associate - Planning

Beca

Phone: DDI +64 9 300 9291 Mobile 021 226 7035
www.beca.com
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Northland Regional Council 15 August 2025
Private Bay 9021

Te Mai

Whangarei 0143

Delivered by email: C/o Emily Buckingham
Emily.Buckingham@slrconsulting.com

Attention: Emily Buckingham

Dear Emily

APP.002417.01.04 Kaikohe WWTP - Response to Further Information Request

1 Introduction

Thank you for your letter dated 12 June 2025, requesting further information under Section 92(1) of the
Resource Management Act 1991 (RMA) regarding Far North District Council’s (FNDC) application for
resource consents for discharges associated with the operation of the Kaikohe Wastewater Treatment Plant
(WWTP). On behalf of FNDC, Beca has prepared the following response to address the matters raised in
your request. Our answers are provided below each italicised question.

2 Response

(1)  Please provide a volunteered timeframe in which the WWTP upgrades will be implemented/
constructed and commissioned.

The proposed schedule for upgrading the WWTP is outlined in the table below assuming the consents are
granted by end of 2026.

Table 1. Kaikohe WWTP Proposed Implementation Programme

2026 to 2027 Early works The pond reclaim area will need to be filled and a period
/Design/Tendering allowed for settlement before structures can be built on it.

The upgrade design will require drawings and
specifications to be developed for mechanical equipment,
structures, buildings, civil and electrical works.

Tendering of plant construction will be required.
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2027 to 2029 Construction A 2-year construction period is typically required for the
complex structures and equipment required for a
wastewater treatment plant. Many components need to
be ordered from overseas with long lead times.

2030 Commissioning Process units and equipment are tested and then bought
into service. This will be the first MBR WWTP for FNDC so
the operations team will need to be trained and gain
operational experience.

Given the above, we suggest a timeframe of five years is appropriate to commence the new discharge from
granting of consent. FNDC has progressed concept design and procurement strategy in parallel with the
consent application and is undertaking as much preparatory work as possible. However, further detailed
design cannot proceed until the treated wastewater quality requirements are confirmed by the consent
conditions.

In the draft conditions of consent (see Appendix D) we have also proposed that the Applicant provides NRC
with a progress report every 6 months until the MBR plant is operational.

(2) Please provide confirmation, or otherwise, that the Applicant has sufficient approved funds (i.e.
through the Council’s Long Term Plan) for the proposed upgrade works to be
implemented/constructed within the timeframes proposed in answer to Question (1).

The FNDC'’s Long Term Plan (2024-2027) allocates $34 million in capital expenditure over four years for
upgrades to the wastewater treatment plant.: Council will update the budget and timing as new information
becomes available at key project milestones into a future LTP or alternative future requirements including
those expected in the Local Government (Water Services) Bill once it becomes law.

(3) Please provide a summary table which shows:
(a) the quality of the existing discharge (including any anticipated changes between now and
when the upgrades are commissioned);
(b) the quality of the discharge following the upgrade works; and
(c) the quality of the discharge in the year 2060 (based on forecasted population increases
served by the WWTP).

The summary table should include statistics such as median and 95%ile concentrations for the
determinands that are required to be monitored per Schedule 1 of the existing consents (i.e. pH,
five-day biochemical oxygen demand (BODS5), total suspended solids (TSS), total ammoniacal
nitrogen (TAN), dissolved inorganic nitrogen (DIN), total nitrogen (TN), total phosphorus (TP),
dissolved reactive phosphorus (DRP), and Escherichia coli (E coli).

Response to (a):

Treated wastewater quality as measured at the Constructed Wetland (CWL) from January 2023 to June 2025
is summarised in Table 2 below.

+ See https://www.fndc.govt.nz/ _data/assets/pdf file/0020/29612/FNDC-Te-Pae-Tata-Three-Year-Long-
Term-Plan-2024-27.pdf
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Table 2. Kaikohe WWTP Treated Effluent Quality Measured at CWL January 2023 to June 2025

Parameter Units Min 5%ile Median Average 95%ile
869

E. coli 73 6,486 9,126 | >24,196*
Carbonaceous 5-day Biochemical g/m3 2.8 9.4 19.0 21.9 40.0
oxygen demand (cBOD:s)

Total Suspended Solids (TSS) g/m3 4.0 13.4 46.0 58.0 129
Total Nitrogen (TN) g/m3 0.43 13.8 325 30.2 40.1
Dissolved Inorganic Nitrogen (DIN) | g/m3 55 6.0 16.8 17.8 31.0
Total Ammoniacal Nitrogen (NH,-N) | g/m3 4.0 10.0 28.5 30.7 50.3
Total Oxidised Nitrogen g/m3 0.006 0.01 0.05 0.1 0.39
Total Phosphorus (TP) g/m3 1.6 2.6 5.1 5.2 8.1
Dissolved Reactive Phosphorus g/ms 0.89 11 3.8 3.9 6.8
(DRP)

*Upper limit of analysis

The oxidation pond was recently desludged and a new septage receiving station is being installed. There are
no further interim upgrades required given the focus of the upgrade is implementing the Membrane
Bioreactor (MBR) upgrade. There are no anticipated changes to the treated wastewater quality between now
and when the upgrades are commissioned.

Response to (b) and (c):

Table 3 sets out the proposed treated wastewater quality values for the upgraded plant. These values apply
to treated effluent measured immediately downstream of the UV disinfection equipment.

These proposed treated wastewater quality values are consistent with the outcomes established during the
collaborative Best Practicable Option (BPO) selection process. This process included an assessment of
environmental effects and an evaluation of the discharge limits achievable using the preferred treatment
technology (MBR).

Table 3. Proposed treated effluent water quality targets for Kaikohe WWTP following the upgrade to an MBR process.

Parameter Median 90t percentile
E.coli <10 cfu/100 mL < 100 cfu/100 mL
NHas-N <1.0g/m? <5.0g/m?

TN <5.0g/m? <10.0 g/m?®
cBODs <10.0 g/m3 < 20.0 g/m3

TSS <10.0 g/m3 < 20.0 g/m?3

TP <1.0g/m? <2.0g/m?

DIN, Total Oxidised Nitrogen, and DRP are excluded from the above table as these are effectively covered by
the other parameters.

The proposed discharge quality will be achieved immediately following the commissioning of the plant
through the life of the plant.

The discharge limits proposed in the draft consent conditions (see Appendix D) are derived from these treated
wastewater quality values. In proposing these limits, consideration has been given to the operational
requirements for sampling, as well as the methodologies for calculating median and 90th percentile values.

(4) Please provide an up-to-date summary of all the receiving water quality monitoring required to
be undertaken by Schedule 1 of the existing consents. This information should be presented as
a time series and paired sample assessment statistics.

As required under Schedule 1 (3.2.2) of the current consent (reference CON20100241701), FNDC
undertakes water quality monitoring at specified sites associated with the WWTP discharge. Monitoring is
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conducted fortnightly from November to April inclusive, and monthly for the remainder of the year, at the
following locations:

e 25 metres upstream of the WWTP discharge point into the unnamed tributary (NRC Site 103316);
o 80 metres downstream of the WWTP discharge point into the unnamed tributary (NRC Site 100807).

In addition, the quality of the discharge from the unnamed tributary into the Wairoro Stream is monitored at
NRC Site 100560.

Samples are analysed for temperature, pH, dissolved oxygen (DO) [concentration and % saturation], total
ammoniacal nitrogen, total oxidised nitrogenz (TON), dissolved inorganic nitrogen: (DIN), dissolved reactive
phosphorus (DRP), and hue (Munsell units). Analysis is also undertaken for Escherichia coli (E. coli) during
October-November, February-March and July-August.

Condition 7 of the consent states that the discharge must not give rise to following effects on the water
quality of the Wairoro Stream, as measured at NRC Monitoring site 100807, when compared to the water
quality at NRC Monitoring Site 103316. Schedule 1 states that compliance is determined for each sampling
occasion.

a) The natural temperature of the water shall not change by more than 3 degrees Celsius;
b) The natural pH of the water shall be within the range 6.5 to 9.0;
c) The concentration of dissolved oxygen (daily minimum) shall not be reduced by more than 20%;

d) The production of conspicuous oil or grease films, scums or foams, floatable or suspended materials,
or emissions of objectionable odour;

e) Acute toxicity, or significant adverse effects of chronic toxicity, to natural aquatic life by reason of a
concentration of toxic substances;

f) The hue of the waters shall not be changed by more than 10 Munsell units;

g) The waters shall not be tainted so as to make them unpalatable to farm animals, nor contain toxic
substances to the extent that they are unsuitable for consumption by farm animals. The microcystin
concentration expressed as microcystin-LR shall not exceed 2.3 micrograms per litre and/or the
concentration of potentially toxic blue green algae species shall not exceed 11,500 cells per millilitre,
for samples taken in accordance with Section 4.2.3 of the Monitoring Programme in Schedule 1

h) The increase in the median Escherichia coli concentration shall not exceed 50 per 100 millilitres, for
samples taken in accordance with Section 4.2.2 of the Monitoring Programme in Schedule 1;

i) The concentration of total ammoniacal nitrogen shall not exceed the following:

2 Total Oxidized Nitrogen = The sum of Nitrate-Nitrogen and Nitrite Nitrogen. This parameter is not included
in Schedule 1 of Consent No. CON20100241701.

s Dissolved Inorganic Nitrogen = The sum of Nitrate-Nitrogen, Nitrite Nitrogen and Ammonia
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pH of Water | Total Ammoniacal Nitrogen
at the Time of - ([NHs # NH{J-N)
| Sampling | (grams per cublc metra
|60 [ 25 :

6.1 _ 2.56

6.2 ) 2.54

63 2,52

6.4 2.49

6.5 248

6.6 243

6.7 238

68 | 233

69 2,26

7.0 2.18

7.1 2,09

7.2 } 1,99

7.3 188

74 1.75

75 161 |

7.6 141

7.7 1,32

7.8 1,18
78 10

8.0 080
81 _ 0.78

8.2 0.66
B3 0.56

84 048
85 040
| BB _ 0.34 -

8.7 0.29

8.8 0.24

8.9 0.21

9.0 018

In the event that the background concentration of total ammoniacal nitrogen, as measured at NRC Site
Number 103316, exceeds the above concentrations, then the exercise of the consents shall not result in an
increase of the total ammoniacal nitrogen concentration of more than 0.10 g/m?.

The total ammoniacal nitrogen limits are derived from Table 8.3.7 of the ANZECC (2000) water quality
guidelines. These guidelines are based on chronic toxicity of ammonia.

The following section presents analysis from the past five-years (from June 2020 to June 2025) of measured
water quality parameters collected at the two receiving environment monitoring locations using data
collected for compliance purposes. Testing the significance of the difference in the upstream and
downstream sample results used a paired equivalency test using NIWA’s Time Trends software, with a
significance level of 0.05, an upper bound of +10% and a lower bound of -10%. The paired equivalency test
investigates any difference between upstream and downstream datasets with respect to samples taken on
the same day. The results of the paired equivalence testing indicate if the downstream dataset is decreased,
no change (none) or increased relative to the upstream dataset. The evidence of the result is given as
inconclusive, trivial, moderate or strong.

In order to assess the effect of the existing Kaikohe WWTP discharge on the water quality of the Wairoro
Stream, the river water quality standards in the Proposed Regional Plan for Northland (PRPN), February
2024, have also been considered when assessing the trend analysis from the past 5 years. The water quality
standards in Table 22 (Water quality standards for ecosystem health in rivers) of PRPN apply to Northland's
continually or intermittently flowing rivers, and they apply after allowing for reasonable mixing. The water

IBeCa
I= Beca | 15 August 2025 | 3250504-1956028608-345 | Page 5







Sensitivity: General

quality standards in Table 23 of the PRPN (Water quality standards for human contact in rivers) also apply
when human contact is possible. These standards are summarised in Table 4 below.

Table 42. Water quality assessment criteria.

Shall not be reduced by more than 20%

i 1
Dissolved Oxygen (mg/L) >4/=5 downstream
Temperature (°C) <042 Shall not change by more than 3 degrees
P - Celsius downstream
pH 6.0 < pH <9.03 6.5 < pH <9.0

Shall not result in an increase in the median

. . . 4
Escherichia coli (E. coli) (cfu/100mL) 130/ 1200 level downstream by 505

0.907
Ammoniacal Nitrogen (mg/L) 0.24 /0.4% ) )
Shall not result in an increase of more than 0.10
g/m3in the downstream water quality
DIN (mg/L) - -
Nitrate Nitrogen (mg/L) 1.0/1.58 -
DRP (mg/L) - -

1 1-day minimum/7-day minimum.
2 Summer period measurement of the Cox-Rutherford Index (CRI), averaged over the five (5) hottest days (from inspection of a
continuous temperature record).

3 Annual median / annual maximum.
4Median / 95" percentile
5Based on 20 paired samples to be taken from October-November, February-March, and July-August.

5Annual median / annual maximum. Based on pH 8 and temperature of 20 degrees Celsius. Compliance with the water quality
standard should be undertaken after pH adjustment.

"Based on pH 8
8 Annual median / 95" percentile

It is noted that TON is monitored more frequently than DIN and there are insufficient sample results for DIN to
undertake paired sample statistics. As such, TON has been included in the table below despite this not being
a resource consent parameter. TON results have been compared against the Nitrate Nitrogen standard from

the PRPN as it is assumed that the Nitrite component will be significantly smaller than the Nitrate component.
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Table 53. Summary of background water quality in the Wairoro Stream upstream and downstream of the discharge point, and at the point of discharge (from June 2020 to June

2025)-.
Discharge Point 25 m Upstream 80m Downstream Change
e (NRC Site 100560) (NRC Site 103316) (NRC Site 100807) (upstrear% S vt
Min/Max Min/Max Min/Max downstream)

DO (mg/L) 4.79 1.51/9.26 9.26 6.9/11.37 8.92 4.11/11.20 Decrease Moderate
Temperature (°C) 17.3 9.9/26.4 16.4 10.9/23.7 16.8 11.5/27.2 None Strong
pH 7.51 5.87/8.24 7.26 6.34/9.14 7.27 6.21/8.95 None Strong
E. coli - .
(MPN/100 mL) 3873 96/24,196 594 5/12,997 932 213/24,196 Insufficient Data Inconclusive
(Trgg’}'L‘;‘mmO”'aca' hitrogen 26.5 5.4/52 0.04 0.01/0.9 2 0.0003/17 Increase Strong
DIN (mg/L) 17.97 5.4/44 0.35 0.28/0.61 1.18 0.31/3.9 Insufficient Data Inconclusive
TON (mg/L) 0.05 0.01/0.98 0.23 0.08/0.64 04 0.17/0.55 Increase Strong
DRP (mg/L) 3.15 0.69/7.1 0.008 0.004/0.36 0.25 0.06/1 Increase Strong

For additional comparison, five year upstream/downstream comparison box plots comparing the sites at upstream and downstream are presented for the

measured parameters (see Appendix A).

4 Only paired sample data was used. Monitoring results that did not correspond to paired sampling events were excluded from the data set.
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The table below is a comparison of the total ammoniacal nitrogen levels within the Wairoro stream at the upstream and downstream compliance monitoring
points, and at the discharge point, with the total ammoniacal nitrogen adjusted for a pH of 8 in order to allow an accurate assessment against the resource
consent limits as well as the PRPN standards.

Table 6. Summary of the total ammoniacal nitrogen concentrations in the Wairoro Stream upstream and downstream of the discharge point, and at the point of discharge, with
adjustment for pHs (from June 2020 to June 2025).

Parameter (NRC Site 100560) (NRC Site 103316) (NRC Site 1008070 (upstream and Evidence

Medlan/95%|le Mm/Max Median/95%ile Median/95%ile downstream)
Adjusted Total

Ammoniacal Nitrogen 14.35/41.51 2.04/57.5 0.022/0.6 0.002/1 0.995/7.89 0.0001/9.063 Increase Strong
(mg/L) *

*Adjusted for pH of 8

5 It is noted that where pH was not available for a given sampling round, the corresponding total ammoniacal nitrogen result was excluded from the dataset as pH is required for adjustment. If a data

point was excluded for this reason, the paired sample ( i.e. the equivalent upstream or downstream sample) was also excluded to ensure the data set was paired samples only.
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From the analysis carried out above, the following conclusions are made:

e There is moderate evidence of a decrease in DO between the upstream and downstream sampling
locations. Based on the 5-year median, the decrease has not been greater than 20%. The lowest recorded
DO concentration downstream, 4.11 mg/L, is above the 1-day minimum from the PRPN.

e There is strong evidence that there is no change in the temperature of the Wairoro stream between the
upstream and downstream monitoring locations. The temperature of the discharge is relatively similar to
the Wairoro Stream, and the highest recorded temperature of the discharge is lower than the highest
recorded temperature of the downstream location. As such, it is likely that temperature is affected by
weather conditions rather than the discharge. There is no more than 3 degrees difference between the
highest temperature of the upstream and the highest temperature of the discharge.

e There is strong evidence that there is no change in the pH of the Wairoro Stream between the upstream
and downstream monitoring locations. As with temperature, the pH of the discharge is relatively equal to
the Wairoro Stream and does not appear to be influencing the quality of the Wairoro Stream.

e There is insufficient data to make an conclusive statement on the increase or decrease of E.Coli levels
within the Wairoro Stream between upstream and downstream; although, the difference in the median
levels between upstream and downstream is more than the limit of 50 cfu/100mL (noting that this is based
on a 5 year median, not on 20 paired samples as per the consent condition). Median concentrations
upstream and downstream also exceed the standard (median of 130) in the PRPN. As such, the impact on
the downstream appears to be both from the WWTP discharge and from catchment sources.

e There is strong evidence of an increase in total ammoniacal nitrogen between the upstream and
downstream monitoring locations. Looking at the data adjusted for a pH of 8 (see table 3), the upstream
water quality complied with the PRPN standard for the annual median concentration (0.24 mg/L) but not
for the annual maximum (0.4 mg/L). The downstream water quality exceeds the PRPN standards on both
accounts and on average is non-compliant with the consent limit (0.9mg/L at pH 8). As such, there
appears to be an effect from the discharge on the water quality at the downstream monitoring location
(see discussion under question 6 below on the effects of ammoniacal nitrogen levels in the Wairoro
Stream).

e There is strong evidence of an increase in TON between the upstream and downstream monitoring
locations. However, median concentrations are well below the annual median PRPN standard for Nitrate
Nitrogen (1.0 mg/L).

e There is strong evidence of an increase in DRP between the upstream and downstream monitoring
locations. Whilst there are no limits for DRP in the PRPN, phosphorus contributions were identified during
consultation is the Working Group as being a cause for concern, especially when considering potential
eutrophication impacts downstream as a result of increased nutrient loads.

(5) Please provide an updated Quantitative Microbial Risk Assessment (QMRA) which assesses
human health risks following the proposed upgrade of the WWTP compared to the risks that exist
from the current discharge, including an assessment of the current viral removal rates (log
reductions) and expected rates following the upgrades.

The updated QMRA is included in Appendix B. An assessment of the current and expected viral removal
rates is provided in Appendix C.

(6) Please provide further information on the zone of reasonable mixing and whether acute toxicity
effects on aquatic ecosystems may occur within this zone. Consideration of the provisions of the
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Proposed Regional Plan should be made, in particular the definition of the zone of reasonable
mixing and Policy D.4.4.

Based on our assessment of the available information, as well as the existing resource consent, the zone of
reasonable mixing has been determined as 80m downstream from the discharge point (i.e. the discharge from
the natural wetlands into the Wairoro Stream). This location was established during the previous resource
consenting process, and all downstream compliance monitoring has, to date, been undertaken from this point
(NRC Site 100807).

Policy D.4.4 of the PRPN states that when determining what constitutes the zone of reasonable mixing for a
discharge of a contaminant into water, or onto or into land in circumstances which may result in that
contaminant (or any other contaminant emanating as a result of a natural process from that contaminant)
entering water, regard must be had to:

¢ using the smallest zone necessary to achieve the required water quality in the receiving waters as
determined under D.4.1 Maintaining overall water quality, and

e ensuring that within the mixing zone contaminant concentrations and levels of dissolved oxygen will not
cause acute toxicity effects on aquatic ecosystems.

The response to question (4) above summarises the overall water quality at the zone of reasonable mixing (80
metres downstream), based on five years of compliance monitoring data. This monitoring indicates that chronic
toxicity effects associated with total ammoniacal nitrogen may be occurring at the downstream site (NRC Site
100807). An assessment of potential acute toxicity effects downstream of the discharge is provided below.

This assessment of acute toxicity has focused on total ammoniacal nitrogen, an inorganic compound of
nitrogen which, in high concentrations within aquatic environments, can be lethal to freshwater fauna and can
also have impacts on the reproduction and growth performance of fish. New Zealand’s freshwater
macroinvertebrates are generally more sensitive to ammonia than fish. Therefore, any impacts from the
wastewater discharge on the water quality of the stream are more likely to be first noted and present at the
macroinvertebrate level, which are expected to respond first to any nutrient impacts.

Table 8.3.7 of the ANZECC (2000) water quality guidelines outlines trigger values for total ammonia nitrogen
based on 95% species protection for slightly to moderately disturbed ecosystems. These limits are based on
chronic toxicity data and as such may not be appropriate for assessing acute toxicity effects. In their report
from September 2014s, the Cawthron Institute referenced the U.S. Environmental Protection Agency (USEPA)
aquatic life ambient water quality criteria for ammonia (USEPA, February 2013) as this document references
both acute and chronic criteria. At a pH of 7 and temperature of 20°C, the 2013 acute criterion magnitude is
17 mg/L for total ammonia nitrogen (1-hour average). Adjusting to a pH of 8 using the methodology by Hickey
(20147), to allow better comparison to the PRPN standards, the acute level would be 7.02 mg/L at a pH of 8. As
such, this figure has also been used to guide our assessment below.

Table 5 above presents the ammoniacal nitrogen monitoring results from the compliance monitoring point
80m downstream (NRC Site 100807). Concentrations ranged from 0.0003mg/L to 17mg/L with a median of 2
mg/L. Table 6 also provides the ammoniacal nitrogen monitoring results as adjusted to a pH of 8, and the
adjusted concentrations ranged from 0.0001 mg/L to 9.063 mg/L with a median of 0.995 mg/L and a 95%

6 Cawthron Institute, 2014. Assessment of Ammonia Effects on the Wairoro Stream Fauna Near the Kaikohe Wastewater Treatment
Plant, September 2014. Report No. 2517.

7 Hickey, C.W., 2014. Derivation of indicative ammoniacal nitrogen guidelines for the National Objectives Framework. NIWA
Memorandum MFE13504. NIWA, Hamilton.
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percentile of 7.89 mg/L. As such, there may be chronic toxicity effects and occasional acute toxicity effects
occurring as a result of total ammoniacal nitrogen concentrations at the point of compliance.

Looking at the Cawthron institutes fauna survey results from 2020¢ at the discharge point (NRC Site 100560)
and at the compliance monitoring point 80m downstream (NRC Site 100807) the EPA taxa richness, % EPT
taxa, and MCI were lowest at the discharge point but were relatively equal at 50m upstream and 80m
downstream indicating that there is evidence of some recovery in the invertebrate community.

The fauna surveying undertaken by Beca in April 2023¢ indicated the presence of sensitive
macroinvertebrate species both within the upstream (25 upstream of the discharge point) and downstream
(150m, 1100m and 2000m downstream of the discharge point) reaches of the WWTP discharge in the
Wairoro Stream. The report noted that when comparing the findings from the 2023 survey to the 2014 and
20208 sampling events by the Cawthron Institute, the 2023 survey indicated that % of EPT taxa records for
the downstream reaches were much higher than the 2014 and 2020 results. In addition, the MCI scores for
the downstream reaches from 2023 were marginally higher when compared to 2020, and much higher when
compared to 2014. As such, the fauna surveying conducted upstream and downstream of the Kaikohe
WWTP over the past decade has indicated there are EPT taxa present, and this appears to remain relatively
consistent. This indicates that these species are able to successfully survive and reproduce within this
system.

Water quality and ecological surveying at 50m downstream has only been undertaken by the Cawthron
Institute in 2020.8 Taxonomic richness, % EPT taxa and MCI were relatively consistent both upstream and
downstream including at 50m downstream (although the results at 50m downstream were slightly lower than
at 80m downstream, and the MCI value was ‘poor’ at 50m downstream and ‘fair’ at 80m downstream). Whilst
there was a difference in the macroinvertebrate community structure between upstream and downstream,
the Cawthron Institute note that the abundance of Potamopyrgus at the 50m downstream location suggests
that ammonia toxicity is not the reason for the difference between upstream and downstream as this species
is the most sensitive to the presence of ammonia of the invertebrates tested by Hickey (2000).

In summary, the existing downstream monitoring location (NRC Site 100807) at 80m downstream continues
to be appropriate for the existing discharge from the Kaikohe WWTP. Whilst there is evidence of chronic total
ammoniacal nitrogen toxicity at this location, the acute toxicity effects are less evident. DO levels also remain
acceptable at this location. The upgraded MBR plant will significantly reduce total ammoniacal nitrogen levels
in the discharge as shown in the answer under (3) above [median of 28.5 g/m? from existing CWL; median <
1.0 g/m?® from the upgraded MBR plant]. As such, we anticipate a significant reduction in total ammoniacal
nitrogen concentrations at the downstream monitoring location when compared to the existing
concentrations recorded.

Mass balance assessment:

For the proposed discharge, a mass balance has been prepared to assess the level of dilution that will be
achieved for the total ammoniacal nitrogen levels in the discharge based on the 2060 average daily flows
(ADF) from the MBR plant.

8 Cawthron Institute, 2021. Ecological Survey of the Wairoro Stream Near the Kaikohe Wastewater Treatment Plant, July 2021. Report
No. 3601.

° Beca, 2023. Water Quality and Ecology Effects Assessment: Kaikohe Wastewater Treatment Plant, 9 June 2023.

10 Cawthron Institute, 2014. Assessment of Ammonia Effects on the Wairoro Stream Fauna Near the Kaikohe Wastewater Treatment
Plant, September 2014. Report No. 2517
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The predicted water contaminant concentration (Cx) at the receiving water downstream of discharge is given
by:

(Cq—Cp)
Cr = TdD+1b + G

Where Ca is the contaminant concentration of treated wastewater; C» is the background contaminant
concentration in the receiving environment; and TD is the total dilution (River flow / Wastewater flow).

For C» the median total ammoniacal nitrogen concentration from the past 5 years, as recorded at the upstream
monitoring location (NRC site 103316), have been used = 0.04 mg/L

For Cathe proposed median of 1.0 mg/L and 90™ percentile of 5.0 mg/L from the MBR plant has been used.

Dilutions were calculated based on predicted WWTP average discharge volumes and the flow records of the
Wairoro Stream. Mean stream flow of 0.781 m3/s in the Wairoro Stream upstream of the discharge was used
(segment 1011797x) for consistency with the QMRA prepared by PHF Science July 2025 (see Appendix B).
The predicted ADF in 2060 for the MBR plant is 2,317 m®d (0.0268 m?/s). The dilution factor for the 2060
scenario is therefore estimated to be 29-fold under average flow conditions.

The resulting average downstream concentration of total ammoniacal nitrogen is estimated to be 0.07 mg/L
(based on median concentration in discharge) and 0.2 mg/L (based on 90" percentile concentration in
discharge) which are below the annual median standard of 0.24 mg/L at pH 8 for the receiving environment
as set out in the PRPN and the ANZG (2018) chronic toxicity trigger value of 0.9 mg/L at pH 8 for the
protection of 95% of species. As such, it is anticipated that at the zone of reasonable mixing (80m
downstream) there will be a significant reduction in chronic toxicity effects as a result of upgrading the
WWTP.

During low flow scenarios, the Wairoro Stream mean annual low flow (MALF) rate is assumed as 0.135 m%/s
(segment 1011797""). The average dry weather flows (ADWF) for 2060 are estimated to be 1,536m3/day
(0.018 m?¥/s). The dilution factor for the 2060 scenario is therefore estimated to be 7.5-fold under low flow
discharge conditions.

The resulting average downstream concentration of total ammoniacal nitrogen is estimated to be 0.15 mg/L
(based on median concentration in discharge) and 0.62 mg/L (based on 90" percentile concentration in
discharge). These are below the ANZG (2018) chronic toxicity trigger value if 0.9 mg/L at pH 8 for the
protection of 95% of species; and based on the median concentration in discharge, the resulting Wairoro
Stream water quality is expected to meet the annual median standard of 0.24mg/L at pH 8 for the receiving
environment as set out in the PRPN. As such, even during low flows there will be negligible risk of chronic or
acute toxicity from ammoniacal nitrogen.

(7) Please provide information on the extent of wastewater seepage from the unlined components
for the current WWTP as well as following the upgrades. Please also provide a description of the
pathway of any wastewater seepage, both into groundwater and downgradient to any surface
water, and an assessment of effects of such seepage.

There is potential for underground seepage from the base of the anaerobic pond, oxidation pond, and
constructed wetlands. The existing consent (CON20100241701) authorises the discharge of treated
wastewater to ground via seepage from these components.

1 New Zealand River Maps. https://niwa.co.nz/freshwater/new-zealand-river-maps, accessed 16 July 2025.
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Sludge accumulation at the bottom of oxidation ponds can naturally seal the base of the ponds to a
significant extent by physical and chemical clogging of soil pores with fine organic material and by biological
and organic clogging caused from microbial growth on the pond base. Therefore, the seepage rate from the
ponds is considered very low.

The dense plant root network and significant quantities of organic material (due to sedimentation of organic
matter and growth and decay of plants) in the constructed wetland can create a significant natural seal. The
sealing therefore reduces wastewater seepage rates substantially. In addition, the constructed wetland
produces a vast activated surface area for microbial processing, plant assimilation and subsequent
contaminant attenuation. Moreover, the contaminants concentrations from the seepage wastewater will be
decreased considerably through the passage through soil and further attenuation and dilution (mixing with
the background groundwater).

In general, considering all the factors mentioned above, there is likely a very small volume of wastewater
seeping from the ponds and wetlands, and the contaminants discharged to the land and groundwater will
undergo considerable attenuation and dilution before discharging to the Wairoro Stream. Therefore, the
small seepage volume of wastewater is considered to have negligible environmental effects on the adjacent
Wairoro Stream as the ultimate discharge point.

(8) The application notes that the upgrades will generate sludge and this may be taken off-site or
managed onsite. Please advise if consents are being sought (if any are required) for the onsite
management of the sludge.

Separate consents were previously obtained for onsite management of sludge associated with the pond
desludging activity undertaken in 2024/25. No additional consents are being sought for onsite sludge
management for the upgraded plant at this time. Onsite management will involve discharging waste activated
sludge to the ponds, with periodic desludging approximately every ten years, using methods similar to those
employed during the recent desludging process. Should any additional consents be required in future, these
will be applied for prior to undertaking further pond desludging activities.

(9) Please provide a set of draft set of proffered conditions for consideration, including
commitments on timeframes and discharge standards to be met before and after upgrade, and a
proposed monitoring programme (including diagrams/maps which clearly show compliance and
monitoring points).

A set of proposed consent conditions is attached to this letter (refer to Appendix D). These conditions detail
the timeframe for upgrading the wastewater treatment plant and specify discharge quality standards. They
have been modelled on the existing consent conditions to ensure consistency. Please note that the proposed
conditions were shared with Kaikohe Wastewater Treatment Plant Working Group and were the subject of a
hui on 8 August 2025 with FNDC staff. The Group requested some minor amendments relating to the formal
recognition and functions of the Working Group within the conditions of consent, and these changes have
been incorporated.

(10) Please advise the value of the applicant’s investment in the Kaikohe WWTP.
The replacement cost for WWTP from the latest valuation report is approximately $2,866,900.

(11) Please provide responses/updates on other matters and/or concerns raised in submissions
including:
(a) Effects on trout habitat
(b) Avian botulism risk
(c) Odour management
(d) Consent duration
(e) Continued hapd engagement / input

IBeCa
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Response to (a):

With respect to trout habitat, the eDNA analysis conducted by Beca as part of the water quality and
ecological effects assessment did not detect the presence of trout within the Wairoro Stream. However, the
Northland Fish and Game Council, in its submission, has expressed concerns regarding potential effects of
the WWTP discharge on the Punakitere River, which is reported to support a small population of rainbow
trout in its upper reaches. Rainbow trout also spawn during June and June so their absence from eDNA
sampling in April 2023 may not capture their possible use of the Wairoro Stream for spawning. As such, we
have considered the impact of the discharge on the Wairoro stream as well as on the Punakitere River.

With respect to acute toxicity, ammoniacal nitrogen poses one of the greatest risks to fish species, and New
Zealand’s freshwater macroinvertebrates are generally even more sensitive to ammonia than fish. As a result,
any adverse effects from wastewater discharge on stream water quality are likely to be observed first at the
macroinvertebrate level, as these organisms typically respond earliest to nutrient impacts. As outlined above,
EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa have been found to successfully survive and reproduce
in the Wairoro Stream downstream of the discharge. Beca’s 2023 report therefore concluded that there is no
evidence of acute toxic effects and no obvious chronic effects of nutrient pollution on fish or
macroinvertebrate populations in the vicinity of the WWTP discharge. Consequently, the impact on both trout
spawning habitat and downstream trout habitat is expected to be negligible.

Furthermore, the proposed upgrade to the WWTP will result in a significant reduction in the concentrations of
total ammoniacal nitrogen and other contaminants discharged into the Wairoro Stream, as demonstrated in
our response to question 3 above. This substantial improvement is expected to further minimise any risk
posed by the treatment plant to downstream trout populations and any potential spawning habitat in the
vicinity of the WWTP.

Response to (b):

Regarding avian botulism risk, FNDC is not aware of any existing issues with avian botulism at the Kaikohe
WWTP. Whilst avian botulism is not a known issue at the site, FNDC acknowledge the concern raised in the
submissions and as such we recommend the following condition be included in the consent to ensure this
matter is managed as requested by the submitter(s):

Within six months of the commencement of this consent, the Consent Holder must prepare and
implement an Avian Botulism Management Plan for the wastewater treatment plant. The Plan must
be prepared by a suitably qualified and experienced person and must include, but not be limited to:

(a) Identification of appropriate monitoring methods for early detection of avian botulism;

(b)  Actions to be undertaken in the event of an avian botulism outbreak, including response
protocols and mitigation measures;

(c)  Procedures for timely communication with Fish & Game New Zealand and other relevant
stakeholders.

This is included in the proposed conditions in Appendix D.

Response to (c):

12 https://www.fishandgame.org.nz/freshwater-fishing-in-new-zealand/where-to-fish/regional-info/northland/rivers-and-

streams/#Punakitere

13 https://niwa.co.nz/freshwater/nz-freshwater-fish-database/niwa-atlas-nz-freshwater-fishes/rainbow-trout
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With respect to odour management, it is proposed that an Odour Management Plan be developed for the
upgraded treatment plant as a condition of consent. A draft condition is provided below and is also included
in the proposed conditions in Appendix D.

Odour Management Plan

The consent holder must prepare an Odour Management Plan and submit the Plan to the Northland
Regional Council for certification within six months of commencement of operation of the MBR
system.

This Plan must be prepared by a suitably qualified and experienced person and shall detail the
methods and operational procedures adopted by the consent holder to ensure compliance with the
conditions of the consent. As a minimum the Odour Management Plan must address the following
matters;

(a) A description of the wastewater treatment plant facilities;

(b) A description of routine inspection, monitoring and maintenance procedures to be undertaken
to ensure effective plant operation and compliance with consent conditions;

(c)  Details of operational and maintenance procedures to minimise odour release from the
treatment facilities;

(d)  Details of contingency plans and procedures to address power or equipment failure at the
treatment plant;

(e)  Details of the odour complaints procedure, record keeping and response procedure

The Plan shall be reviewed, and updated as a result, every five years and as required as a result of
any changes in plant operation or management.

Response to (d):

Regarding consent duration, a 35-year term is sought for the discharge permit associated with the WWTP.
This request is consistent with Policy D.2.14 of the PRPN, which sets out factors to be considered when
determining consent duration. The following assessment addresses relevant limbs of the policy and
references relevant case law under the RMA:

e Security of tenure — The planned upgrades to the WWTP represent a substantial capital investment
by FNDC, as reflected in its Long Term Plan. Securing a long-term consent provides certainty to
justify this significant expenditure, enabling efficient financial planning and contract arrangements
over the asset’s lifecycle.

e Certainty of Effects — The proposed upgrade of the wastewater treatment plant to a membrane
bioreactor system significantly enhances the certainty of effects associated with the activity. MBR
technology consistently achieves very low concentrations of suspended solids, nutrients, and
pathogens in treated wastewater — typically far lower than those from conventional pond-based
systems. The receiving environment’s characteristics and sensitivities are well understood, and the
effects of the MBR discharge on freshwater quality, ecological values, and human health are highly
predictable. These effects can be effectively managed through enforceable consent conditions,
including specific numeric discharge quality standards.

o Regionally significant infrastructure — Municipal wastewater infrastructure is recognised as
“Regionally Significant Infrastructure” in the PRPN. Policy D.2.14 specifically anticipates longer
consent durations for such assets due to their critical public health and environmental functions.
Granting a long-term consent aligns with policy direction about encouraging sustainable
management of essential infrastructure while providing certainty for ongoing service delivery.
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e Past compliance — FNDC has demonstrated a commitment to improving compliance at the WWTP.

A 35-year term appropriately balances security of investment, administrative efficiency, certainty of
environmental outcomes, and recognition of regionally significant infrastructure status. The proposed suite of
conditions — combined with statutory review powers — ensures that environmental safeguards remain robust
throughout the life of the consent.

Response to (e):

FNDC is committed to ongoing, meaningful engagement with hapu in decision-making regarding the
treatment and discharge of wastewater from Kaikohe. To date, this engagement has occurred through a
Working Group comprising senior representatives from Te Uri o Hua, Te Takotoke, Ngati Kura, Ngati
Whakaeke, Ngati Tautahi, and Matarahurahu.

It is proposed that this collaborative approach be formalised through conditions of consent, establishing an
advisory group with clearly defined roles and functions set out in a terms of reference developed jointly by
FNDC and group members. The key functions of the Liaison Group will include:

Receiving and discussing monitoring results with FNDC;
Ongoing involvement in FNDC'’s investigation of a discharge to land scheme; and
Advising on improvements to the constructed wetlands.

3 Conclusion

We trust that the information set out above adequately addresses the matters raised in Northland Regional
Council’s request for further information.

Yours sincerely

Ben Tait

Associate - Planning

on behalf of

Beca Limited

Phone Number: +64 93009291
Email: Ben.Tait@beca.com
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Appendix A — Five-year Upstream/Downstream Comparison Box Plots
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Appendix B — Updated Quantitative Microbial Risk Assessment

Attached Separately
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Appendix C — Assessment of Current and Future Viral Reduction/Inactivation

Attached Separately
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Appendix D — Proposed Conditions of Consent

Attached Separately
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EXECUTIVE SUMMARY

The current QMRA considers risks to human health from the discharge of wastewater from
the Kaikohe wastewater treatment plant (WWTP) into the Wairoro-Punakitere-Taheke-
Waima river system and the Hokianga harbour. These receiving waters will also be impacted
by other, mainly diffuse, sources of contamination. These other sources are not considered
in the current QMRA. The QMRA considers the pathogen shown to be associated with the
highest levels of risk in other QMRAs (norovirus) and risks from primary contact recreation
(swimming).

Risks were assessed at seven locations; the point of discharge from the Kaikohe WWTP,
two within the riverine component of the discharge course, two near the outlet of the Waima
river to the Hokianga Harbour and two at points within the Hokianga Harbour. Risks were
assessed at mean or median dilutions and at low dilution (95™ percentile or mean annual low
flow (MALF)) and at four levels of viral removal by the WWTP (2, 3, 4 and 5 log+o). For sites
closest to the point of discharge, the impact of estimated future increases in the volume of
wastewater discharged was also considered. Risks were compared to the risk levels for the
attribute bands in the National Policy Statement for Freshwater Management. The attribute
bands are not only applicable to freshwater environments, but also estuarine and coastal
receiving environments.

At a minimal 2 log1o removal of noroviruses by the Kaikohe WWTP and low dilution (95"
percentile or MALF), risks associated with swimming only exceed 5% (indicative of poor
water quality) at the point of discharge into the Wairoro Stream. However, at levels of viral
removal expected by the proposed treatment process (4+ log+o viral removal) the
recreational water classification would be excellent at all sites under all conditions. This
includes scenarios of increased future treated wastewater discharge volumes.

This assessment has taken a conservative approach at a number of points, and it is
expected that risks, for the majority of the time, will be lower than those estimated in the
current QMRA.

Other WWTPs (Opononi-Omapere, Rawene and Kohukohu) discharge Into the Hokianga
Harbour (MetOcean Solutions, 2020) and will contribute to risks associated with recreational
water contact. However, hydrodynamic modelling suggests that the combined discharge
from the four WWTPs is very similar to that for Kaikohe WWTP alone, particularly in the
upper harbour.
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1. INTRODUCTION

1.1 BACKGROUND

The Far North District Council (FNDC) previously prepared technical documents to support
the resource consent application to renew the discharge of wastewater to water from

the Kaikohe wastewater treatment plant (WWTP). The existing resource consent authorising
the discharge of treated wastewater into the Wairoro Stream expired on 30 November

2021 and an application to renew the consent was lodged in August 2021. A quantitative
microbial risk assessment (QMRA) was prepared at that time, to support the resource
consent application (Cressey, 2021)

The application was placed on hold by Northland Regional Council to allow a working group
to be established to determine the future options for the Kaikohe WWTP. Since that time
Beca has been engaged by FNDC to assess treatment upgrade options and work with hapu.
Beca have lodged a revised consent application and have subsequently received a request
under section 92 (s92) of the Resource Management Act 1991 for an updated QMRA.

The treatment plant is located to the south of the township of Kaikohe and accessed off the
end of Cumber Road. The WWTP services about 1,613 properties within the urban

areas of Kaikohe and Ngawha. Average influent flows between 2017-2020 were 1,862
m?3/day while the 90th percentile flows were 2,983 m?®/day. The treatment process currently
includes an anaerobic pond followed by an oxidation pond and constructed wetland. From
the constructed wetland, treated wastewater discharges into the Wairoro Stream. A
preferred option for treatment upgrade has been proposed, including secondary treatment by
membrane bioreactor (MBR) and tertiary treatment by UV. It should be noted that the
upgrade will involve replacement of the existing treatment processes, rather than addition to
the existing processes.

The Wairoro Stream, along with the Punakitere and Taheke Rivers, forms part of the upper
catchment of the Waima River, which flows into the Hokianga Harbour. The approximate
river distance from the discharge point to the harbour is 45 km. Hydrodynamic modelling
work completed by MetOcean Solutions indicates that dilution is fairly limited within the
receiving catchment up to the point at which the flows from the Waima River/estuary reach
the main harbour channel (MetOcean Solutions, 2020).

Other WWTPs (Opononi-Omapere, Rawene and Kohukohu) discharge Into the Hokianga
Harbour and will contribute to risks associated with recreational water contact. However,
hydrodynamic modelling suggests that the combined discharge from the four WWTPs is very
similar to that for Kaikohe WWTP alone, particularly in the upper harbour (MetOcean
Solutions, 2020). The other WWTP discharge directly to the harbour and discharge much
lower volumes than the Kaikohe WWTP, with 30-day average discharge limits of 450, 254
and 40 m®/day, respectively, compared to 1710 m®day for Kaikohe WWTP. Figure 1 shows
the locations of the four WWTPs.
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Figure 1: Location of WWTPs discharging to the Hokianga Harbour
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1.2 CURRENT ASSESSMENT

The QMRA presented in the current report adopted the same general approach to that
carried out in QMRA conducted elsewhere in New Zealand.

Based on other recent New Zealand QMRAs, the technical assessment will consider the
risks associated with norovirus in discharged wastewater. Norovirus has consistently
been the pathogen representing the greatest human health risk in recent QMIRAs, due to its
frequent occurrence in human wastewater, its relative resistance to conventional wastewater
treatment and its high infectivity. The assessment includes two components:
o Review of available information on norovirus removal by the processes proposed for
the Kaikohe WWTP.
e Estimation of the risk of illness due to norovirus from primary contact recreation
(swimming) at agreed locations within the Wairoro-Punakitere-Taheke-Waima-
Hokianga catchment.
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2. METHODS

Quantitative Microbial Risk Assessment (QMRA) consists of four basic steps:

1. Hazard identification. Selection of the hazard(s). For microbial risk assessments the
hazard(s) will be bacterial, viral or protozoan human pathogens

2. Exposure assessment. Estimation of exposure to the pathogen(s) at selected sites
through selected human activities

3. Hazard characterisation. Characterisation of the dose-response relationship for the
pathogen(s)

4. Risk characterisation. Characterisation and communication of the health risks.

QMRA uses statistical distributions (parametric or non-parametric) for the inputs to the
assessment and combines these distributions using Monte Carlo simulation modelling.
Modelling involves repeated sampling from the distributions and means that any plausible
‘what-if scenario will be included within the analysis. This approach is particularly useful, as
the maijority of the risk is caused by combinations of inputs toward the upper extremes of the
input distributions, the combined effects of which are unlikely to be detected when using
averages.

21 HAZARD IDENTIFICATION

Based on previous New Zealand wastewater discharge QMRAs, the current study only
considered risks associated with norovirus, as the likely ‘worst case’ microbial pathogen.

Risks associated with wastewater-contaminated water include two types of infection and
illness:
e (Gastrointestinal disease, due to:
o ingestion of water during recreational water-contact, and
o consumption of raw shellfish, gastropod or finfish flesh.
¢ Respiratory ailments, due to inhalation of aerosols formed during contact recreation,
such as water skiing, surfing or by nearby breaking waves.

Noroviruses have only been associated with gastrointestinal disease. Due to the screening
nature of the current exercise, only risks of gastrointestinal disease due to primary contact
recreation (swimming) were considered. This decision was made as swimming is plausible
at any location with sufficient water flows, while kaimoana collection will only occur at
specific locations. Information on such specific locations was not available at this time.

2.2 EXPOSURE ASSESSMENT

Exposure refers to the dose of some agent that is ingested, absorbed or inhaled during a
specified period. For microbial pathogens, adverse health effects usually occur in an acute
time frame and are generally considered to be due to a single exposure event. In the current
QMRA, the exposure event considered is a single day of water-contact recreation in
wastewater-affected water
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2.2.1 Selection of assessment sites

Six representative assessment sites were selected for the assessment. Sites were selected
for proximity to marae along the course of the wastewater discharge using the resource
Maori Maps.' The six sites are:

o 51 Taheke (Taheke marae)

o 52 Mission Oak Road (Moehau marae)
e S3 Motukiore Road

e S4 Rawene domain

e S5 Tauteihihi (Tauteihihi marae)

e S6 Pikiparia (Pikiparia marae)

In addition, risks were assessed at the point of discharge from the Kaikohe WWTP into the
Wairoro Stream (S0). This assessment site represents a worst-case scenario swimming site
for the risks associated with the Kaikohe WWTP discharge.

Figure 2 shows the location of the assessment sites, except for SO.

The viral concentrations at the sites of interest are a function of the viral concentration of
discharged wastewater, dilution between the point of discharge and the site of interest and
viral inactivation during the period between discharge and reaching the site of interest. The
viral concentration of discharge wastewater is a function of the viral concentration of WWTP
influent and the reductions in viral concentrations achieved by the WWTP.

1 https://maorimaps.com/ Accessed 18 June 2021
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Figure 2: Location of assessment sites for Kaikohe WWTP wastewater discharge
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© 2025 TomTom

2.2.2 \Viral concentrations in receiving waters

The viral concentrations at the sites of interest are a function of the viral concentration of
discharged wastewater, dilution between the point of discharge and the site of interest and
viral inactivation during the period between discharge and reaching the site of interest. The
viral concentration of discharge wastewater is a function of the viral concentration of WWTP
influent and the reductions in viral concentrations achieved by the WWTP.

Viral influent concentrations used in the current QMRA

Recent QMRAs carried out in New Zealand have used ‘standardised’ viral concentrations for
influent (Cressey and Armstrong, 2020; McBride, 2016; McBride and Hudson, 2016; Oldman
and Dada, 2020). This approach models the viral concentrations as a custom ‘hockey-stick’
distribution, defined by minimum, median and maximum viral concentration. The term
hockey-stick comes from the fact that the custom distribution has a break at the 95™
percentile and an extended triangular right-hand tail.

In the absence of specific information on the influent to the Kaikohe WWTP, this approach
was used for the current QMRA. The rationale for this approach is that, in any community,
the average proportion of people with viral infections will be similar, over time. While the
distribution of viral concentrations in influent from a small community are likely to be more
variable day-to-day than for a large community, over time the distribution will be similar.

Both norovirus Gl and Gll are infectious to humans. However, results from analyses of New
Zealand wastewaters suggest that Gl concentrations are typically at least one order of
magnitude less than GII concentrations (Cressey and Armstrong, 2020).
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Based on the complete body of New Zealand data and the review of Eftim et al. (2017), the
concentration of norovirus Gll was modelled with a median of 1.0E+5 genome copies/L, with
a minimum and maximum of 100 and 3.0E+7 genome copies/L.

Viral removal at the WWTP

Little specific information is available on the removal of viruses by wastewater treatment
processes in New Zealand. While some sources report on the viral content of influent and
effluent from the same plant (McBride, 2016; Norquay, 2017; TDC, 2020), no attempt has
been made to account for the time it takes the wastewater to progress through the plant and
comparisons are not strictly comparing the same wastewater.

The specific treatment processes proposed for the Kaikohe WWTP upgrade are secondary
MBR and tertiary UV disinfection. Studies have considered removal of viruses, including
noroviruses, by secondary MBR treatment. Summaries of log removal values for noroviruses
are summarised in Table 1.

Table 1: Summary of log removal values (LRV) for membrane bioreactor (MBR) treatment of wastewater

Norovirus genotype LRV, mean (range) Reference
NV GI 3.1 Canh et al. (2025)
NV GlI 3.4
NV GlI (>0.2->3.4)2 Miura et al. (2015)
NV Gl 3.9 (3.5-4.8) Simmons et al. (2011)
NV Gl 3.0 (>1.5-3.3)2° Francy et al. (2012)
NV GI/GlI 2.3 Purnell et al. (2016)
NV GI 1.8 (>0.7->2.7)2 Gurung et al. (2017)
NV Gli 3.0 (>2.1->3.6)
NV Gli Tang et al. (2024)

- Plant A 2.8

- PlantB 2.8

NV: norovirus, LRV: log removal value
@ LRVs expressed as ‘greater than’ represent situations where viruses were not detected in the effluent
b Measure of central tendency is the median, rather than the mean

The studies summarised in Table 1 demonstrate a good level of consistency and it is likely
that a MBR will contribute a LRV of about 3.

The additional LRVs due to UV disinfection will depend on the specifications of the UV unit
installed. The viricidal ability of a UV treatment system is dependent on the UV fluence or
dose and LRVs of 4 or greater have been demonstrated for a wide range of enteric viruses if
a sufficiently high UV fluence is applied (Augsburger et al., 2021). It has been suggested that
murine norovirus (MNV) and Tulane virus (TV) may act as conservative surrogates for
human norovirus in determining LRVs due to UV treatment (Mariita et al., 2022). Mean UV
doses to achieve a LRV of 4 for these viruses have been reported as 26 and 69 mJ/cm? for
MNV and TV, respectively (Augsburger et al., 2021).

While the degree of removal of enteric viruses by the proposed Kaikohe WWTP upgrade is
unknown, it seems likely that this combination of treatments will result in viral removal rates
greater than 4 log+o. This is consistent with an assessment conducted by Beca, which
estimated a 1.5 log1o viral LRV for the current Kaikohe WWTP and a 5 log+o LRV for the
Kaikohe WWTP upgrade (Hayden Porter, Beca, personal communication). Due to
uncertainty in this aspect of the QMRA, the model was run for four levels of viral reduction

PHF

Science QMRA: KAIKOHE WWTP - UPDATE Page 7







Sensitivity: General

(2, 3, 4 or 5 log1o0), to determine what level of viral reduction is required to achieve an
acceptable level of swimming risk.

Wastewater dilution

MetOcean Solutions used the open-source model SCHISM? to provide high-resolution
modelling of the tidal/river/stream discharge hydrodynamics for the Kaikohe WWTP
wastewater discharge (MetOcean Solutions, 2020). Contaminant dilution was modelled
using the Eulerian tracer technique. The tracers are assumed to be neutrally buoyant and
not decay. Due to the long distance between the discharge point at Kaikohe and the
Hokianga harbour and the lack of time series data for the upper reaches of the discharge
course, MetOcean modelled a discharge point closer to the harbour. The modelled
discharge point was in the vicinity of Duddy Road, downstream of assessment sites S1 and
S2. MetOcean used mean flow data® for the discharge point (0.768 m®/s) and Duddy Road
(14.1 m¥/s) to define an additional dilution factor, prior to the modelled discharge point.

Dilution data are presented as concentrations of a putative contaminant, constantly
discharged at a concentration of 1 mg/L. MetOcean Solutions generated dilution data as a
time series (hourly intervals) over one full month (neap-spring tide cycle) for El Nifio and La
Nifia years. During El Nifio conditions, New Zealand typically experiences stronger or more
frequent westerly winds during summer, leading to a greater risk of drier-than-normal
conditions in east coast areas and more rain than normal in the west. In winter, colder
southerly winds tend to prevail, while in spring and autumn, south-westerlies tend to be
stronger or more frequent, bringing a mix of the summer and winter effects. During La Nifia
conditions, more north-easterly winds occur, which tend to bring moist, rainy conditions to
the north-east of the North Island, and reduced rainfall to the south and south-west of the
South Island (MetOcean Solutions, 2020). Data were presented for 50" (median) and 95"
percentile dilutions.

Discharge from the Kaikohe WWTP was assumed to be continuous and at the 30-day
average discharge limit of 1710 m®/day (0.02 m?/s). For sites upstream of the modelled
discharge point mean dilutions were calculated as the ratio between the mean discharge and
the mean flow at the assessment site. For sites downstream of the modelled discharge point
approximate median and 95" percentile dilutions were taken from figures in the MetOcean
report.

A summary for the tracer concentration (dilution) for the six selected sites and each of the
two scenarios is included in Table 2.

Table 2: Summary for dilution of a theoretical tracer (1 mg/L) at six selected sites in the course of the
Kaikohe WWTP discharge

Site Site Data source Concentration of tracer, mean/median (95
code percentile)® (mg/L)
El Nifio | La Nifa

SO Kaikohe WWTP Ratio of mean flows:
(discharge point) Discharge = 0.02 m%s
River at Kaikohe:
Mean = 0.781 m3/s Mean = 2.6E-2
MALF = 0.135 m%/s MALF = 1.5E-1
S1 Taheke Ratio of mean flows:
Discharge = 0.02 m%/s
River at Taheke:

2 http://ccrm.vims.edu/schismweb/ Accessed 1 October 2020
3 https://shiny.niwa.co.nz/nzrivermaps/ Accessed 18 June 2021
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Site Site Data source Concentration of tracer, mean/median (95
code percentile)? (mg/L)
El Nifio | La Nifa
Mean = 11.01 m%/s Mean = 1.8E-3
MALF =1.51 m¥%s MALF = 1.3E-2
S2 Mission Oak Road Ratio of mean flows:

Discharge = 0.02 m%s
River at Mission Oak Road:

Mean = 13.08 m®/s Mean = 1.5E-3

MALF =2.22 m%s MALF = 9.0E-3
S3 Motukiore Road MetOcean report 1.0E-3 (2.5E-2) 2.5E-3 (2.5E-2)
S4 Rawene domain MetOcean report 5.0E-4 (1.0E-2) 1.0E-3 (1.0E-2)
S5 Tauteihihi MetOcean report 2.5E-4 (1.0E-3) 1.0E-3 (2.5E-3)
S6 Pikiparia MetOcean report 2.5E-4 (1.0E-3) 1.0E-3 (2.5E-3)

MALF: mean annual low flow
a Concentrations are in scientific notation; 1.0E-5 = 1.0 x 10 = 0.00001

In this format, the dilution is expressed as a relative concentration, relative to a discharge
concentration of 1 mg/L. Within the QMRA model these dilutions are applied as multipliers to
the discharge concentration of viruses, to give the predicted concentration of viruses at
locations SO-S6.

Future discharge scenarios

It has been estimated that by 2060 the treated wastewater discharges from the Kaikohe
WWTP with increase to a mean daily flow of 2,317 m3/day (0.027 m®/s), equating to an
approximate 35% increase compared to current discharges (Garrett Hall, Beca, personal
communication). While it is not possible to recalculate dilutions at sites S3-S6, based on
these higher discharge volumes, it is possible to consider the impact of this increase on
dilutions at sites S0-S2, using the same flow ratio approach as outlined above.

Viral inactivation after discharge

A proportion of viruses released into the environment will be inactivated (attenuated)
between the point of release and the point of contact with humans. Exposure to sunlight and
the salinity of the estuarine water or seawater will be contributing factors (Liang et al., 2017).

Survival of viruses (human adenovirus and murine norovirus) in river water was shown to be
temperature dependent (longer survival at lower temperatures) (Ibrahim et al., 2019).
Inactivation was minimal up to seven days, irrespective of temperature.

Pinon and Vialette (2018) reported similar findings, the time for a 1 log1o reduction in viral
concentrations of 5.25 days for MS2 bacteriophage in river water at 15°C.

Liang et al. (2017) examined attenuation of human adenovirus, as influenced by salinity and
light intensity. Attenuation was expressed as the time in hours for a 1 log1o reduction in viral
concentration, as measured by target DNA. It should be noted that actual attenuation could
be greater, as DNA may still be present even though viruses are no longer infective. At the
maximum salinity (27.2 ppt) and sunlight intensity (0.65 kW/m?) examined, time for a 1 log1o
reduction for adenovirus was 3.3 hours. Experiments were carried out at a water
temperature of 26°C.

Considerably longer 1 log1o reduction times (9.4 days) for human adenovirus were reported
from experiments in seawater microcosms, maintained at 14-18°C and exposed to natural
sunlight in a diurnal cycle (Ahmed et al., 2014). Similarly, virtually no decrease in adenovirus
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concentrations was observed in seawater maintained in the dark at 20°C for 24 hours
(Carratala et al., 2013).

Recombinant adenovirus and murine norovirus were agitated in seawater tanks (16°C,
salinity and light intensity not reported) for 24 hours (Garcia et al., 2015). Only minor
decreases in adenovirus concentrations (0.37 log1o) were reported. Greater decreases in
murine norovirus concentrations (1.12 log1o) were reported.

Norovirus Gl and Gll were exposed to simulated summer (17°C, 20 MJ/m? per day
irradiance) and winter (10°C, 5 MJ/m? per day) conditions in seawater (Flannery et al.,
2013). Times for 1 logo reduction for GI/Gll were 21.5/20.5 hours under summer conditions
and 89.3/83.9 hours under winter conditions.

For the course of the Kaikohe WWTP discharge information is available on flow rates and
river width. However, no information on linear flow velocities was found. Given that viral
attenuation appears to be minimal over the course of several hours, it is likely that limited
viral attenuation in Kaikohe WWTP wastewater will occur between discharge and human
exposure. It was conservatively assumed that no attenuation would occur.

2.2.3 Exposure factors

For all exposure routes considered, the exposure dose is the simple product of the
concentration of viruses in the exposure media (water or shellfish) and the ingested amount
of the exposure media. Parameters defining the amount of water ingested are termed
exposure factors. Relevant exposure factors are discussed and defined in the following
sections.

Rate of water ingestion

The current QMRA considered risks associated with primary contact recreation downstream
from the wastewater discharge point. In this context, the most likely form of primary contact
recreation will be swimming.

No information is available on water ingestion during swimming in New Zealand. The most
commonly used water ingestion information for environmental QMRAs was derived from a
pilot swimming pool study in the USA (Dufour et al., 2006). The volume of water ingested
was estimated by measuring the concentration of the chlorine-stabilising chemical cyanuric
acid in the urine of swimmers and in the pool water. Cyanuric acid passes through the
human body without undergoing metabolic changes. The full study by the same research
group has subsequently been published (Dufour et al., 2017). Summary data from this study
are included in Table 3.

Table 3: Water ingestion parameters from the swimming pool survey of Dufour et al. (2017)

Age group Water intake description Mean duration
(minutes)
Geometric mean Maximum (mL/hr)
(95%CI) (mL/hr)
Children 23.9 (17-33) 153 95.9
Teenagers 23.7 (19-30) 287 55.8
Adults 12.4 (11-14) 333 50.3
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While not included in the scientific paper, PHF Science has obtained the raw data from this
study and, for all age groups, the minimum ingested volumes are about 1 mL or 0.6-1.2
mL/hr (Dr Alfred Dufour, USEPA, personal communication).

The Dufour et al. (2017) study was carried out in swimming pools, while the current QMRA
considers a riverine and estuarine recreational environment. A study in the Netherlands by
Schets et al. (2011) compared self-reported volumes of water ingested during swimming in a
swimming pool, in freshwater and in seawater. For children (<15 years), the highest amount
of water was ingested during swimming in a pool (mean = 51 mL/event), compared to
freshwater (37 mL/event) and seawater (31 mL/event). This suggests that the Dufour data
may be conservative for water ingestion during riverine/estuarine swimming, which is
appropriate for risk assessment.

Duration of contact recreation events

In the absence of New Zealand specific data, the study of Schets et al. (2011) provides the
most applicable data for the current QMRA - actual measurements of the duration of
swimming in freshwater or seawater. The current QMRA includes freshwater, estuarine and
seawater locations, a conservative decision was made to base the duration of swimming on
the longer freshwater durations from the Schets et al. study. This study also provides details
of normal distributions fitted to the natural log of the distribution of swimming duration times.
For freshwater swimming, the parameterised distributions are normal (u = 4.1, ¢ = 0.8) for
children, normal (u = 3.5, 0 = 0.94) for adult females and normal (py = 3.6, o = 0.85) for adult
males. The units for these parameters are the natural log of minutes. For example, the mean
of the distribution for children is €38 = 44.7 minutes.

While it could be argued that swimming habits may differ in New Zealand compared with the
USA and the Netherlands, there are no New Zealand data to assess this argument.

Water ingestion — summary

Children spend more time in the water during contact recreation and ingest water at a higher
mean rate than adults. Therefore, the current QMRA conservatively based risk estimates on
children swimming at specified points within the Wairoro-Waima-Hokianga system. Water
ingested was determined as the product of the ingestion rate and the recreation duration,
with the ingestion rate represented by a beta pert distribution with minimum = 0.6 mL/hr,
mean = 23.9 mL/hr and maximum = 153.3 mL/hr. The duration of exposure was represented
by a distribution whose natural log was normally distributed with u=4.1 and 0 = 0.8. The
exponential of this distribution is the duration of recreation in minutes.

23 DOSE-RESPONSE

The dose-response relationship is a mathematical description of the probability of infection
(oriliness) for a given exposure dose. Dose-response relationships are derived from clinical
trials, in which volunteers receive known amounts of pathogen, or from the analysis of
outbreaks of illness associated with a defined exposure to the pathogen. Dose-response
relationships can be highly uncertain, as they are influenced not only by uncertainty in the
source data, but also the choice of mathematical model. For comparability, the dose-
response models used in the current QMRA are those most frequently used in New Zealand
QMRAs.

Norovirus is associated with uncomplicated acute gastroenteritis.
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More effort has gone into characterising the dose-response relationship for norovirus than
other viruses potentially transmitted through the environment. Based on human challenge
experiments with the Norwalk strain, beta-binomial parameters were estimated, o = 0.040
and p = 0.055 (Teunis et al., 2008).

Viruses suspended in water can cluster into aggregates of varying sizes, depending on the
ionic strength, pH, and properties of the viral protein coat or envelope. The study of Teunis
et al. (2008) noted this phenomenon in their norovirus stock solutions and calculated a mean
aggregate size of approximately 400 virus particles. Aggregation will tend to decrease the
infectivity of viral solutions by effectively reducing the concentration of virus infectious units.
For the current QMRA, it was assumed that noroviruses would be present in a
disaggregated form.

The strength of the norovirus inoculum in the study by Teunis was determined by PCR, but
using a different approach to that currently used in New Zealand for norovirus quantification
and that used in the analysis of Eftim et al. (2017). A dose harmonisation factor (18.5) has
been derived to provide equivalence between the methods (McBride et al., 2013).

The probability of iliness, given infection, has been represented as a fixed proportion (0.6)
(McBride et al., 2013; Soller et al., 2010). The reference study for the dose-response
relationship indicated that the probability of iliness, given infection, was a function of
exposure dose (Teunis et al., 2008). However, the association was quite weak and the fixed
proportion used in QMRA was the mean probability across doses.

Teunis et al. (2008) identified that there was a proportion of the volunteer cohort who
appeared to be resistant to infection, even at very high norovirus doses. It has been
suggested that this resistance may be due to acquired immunity or genetic factors. This
factor has been included in previous New Zealand QMRAs, assuming that the proportion of
the New Zealand population susceptible to norovirus infection is the same as the proportion
susceptible in the original volunteer study (74%) and this approach is used in the current
QMRA.

24 RISK CHARACTERISATION: CONDUCTING THE QMRA

In order to adequately reflect limits to knowledge on key features of the risk assessment and
inherent variability in the exposure events, Monte Carlo simulation modelling is used (Vose,
2008). In simpler models key input variables may be represented by a single number.
However, input variables, such as viral concentrations, are known to be variable and, in most
cases, uncertain. Simulation models ‘sample’ at random from input distributions, effectively
addressing the complete range of possible ‘what-if’ scenarios. A summary of the input
distributions used in the current study is shown in Table 4. Simulations were performed
using the Excel plug-in @RISK (Palisade Corporation). The models were run for 100,000
iterations for each site, with each iteration representing a potential swimming event. Results
are presented as the Individual lliness Risk (IIR); the probability of a susceptible individual
becoming ill from exposure to the specified virus from a single swimming event.

Table 4: Input variable and associated parameters used in the current QUIRA

Input variable | Parameters | Distribution
Influent viral concentrations
Norovirus (genome copies/L) | Minimum = 100 Custom hockey stick
Median = 1E+5
95t percentile = 1.9E+52
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Input variable Parameters Distribution
Maximum = 3E+7

Viral removal by WWTP 2, 3,4 or 5log1o

Viral inactivation during Considered to be negligible

transit to specified sites
Effluent dilution factors at specified sites
SO Kaikohe WWTP Mean (current) = 0.025 Point values
(discharge point) Mean (2060) = 0.034
MALF (current) = 0.15
MALF (2060) = 0.20
S1 Taheke Mean (current) = 0.0018 Point values
Mean (2060) = 0.0024
MALF (current) = 0.013
MALF (2060) = 0.018
S2 Mission Oak Road Mean (current) = 0.0015 Point values
Mean (2060) = 0.0020
MALF (current) = 0.009
MALF (2060) = 0.012

S3 Motukiore Road El Nifio Point values
Median = 0.001, 95" percentile = 0.025
La Nifa
Median = 0.0025, 95" percentile = 0.025

S4 Rawene domain El Nifio Point values
Median = 0.0005, 95t percentile = 0.01
La Nifa
Median = 0.001, 95" percentile = 0.01

S5 Tauteihihi El Nifo Point values
Median = 0.00025, 95t percentile =
0.001 La Nifa
Median = 0.001, 95 percentile = 0.0025

S6 Pikiparia El Nifio Point values
Median = 0.00025, 95t percentile =
0.001 La Nifa

Median = 0.001, 95" percentile = 0.0025

Exposure factors

Duration of swimming event p=4.1,0=0.8 Normal. The result is

(minutes) the natural log of the
duration

Water ingestion rate (mL/hr) | Minimum = 0.6 Beta pert

Most likely = 23.9
Maximum = 153.3

Dose-response relationship
Norovirus a =0.04, B = 0.055, P (ill | infection) = Beta binomial
0.6, P(susceptible) = 0.74

Dose harmonisation factor = 18.5
a The 95" percentile break point for the custom hockey stick distribution was calculated according to the method
of McBride et al. (2013)

The simulation analysis is reported as |IRs. The National Policy Statement for Freshwater
Management (New Zealand Government, 2020) similarly reports lake and river attribute
bands in terms of the probability of infection with Campylobacter. This National Policy
Statement applies to all freshwater (including groundwater) and, to the extent they are
affected by freshwater, to receiving environments (which may include estuaries and the
wider coastal marine area). For the current exercise, it was assumed that the probability of
infection with Campylobacter could be equated to the probability of illness due to norovirus.
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Table 5 summarises the relevant aspects of the attribute bands from the national policy
statement.

Table 5: Attribute bands for primary human contact with freshwater and costal receiving waters

Attribute band Description

Excellent <0.1% infection risk 95% of the time
Good 0.1 - 1% infection risk 95% of the time
Fair 1 - 5% infection risk 95% of the time
Poor >5% infection risk at least 5% of the time

The descriptions of the attribute bands are expressed as both a probability of infection and a
proportion of the time when the risk will be in that range. As an approximation the risk at the
mean annual low flow (MALF — freshwater site) and the risk at the 95™ percentile dilution
were taken to be the maximum risks prevailing 95% of the time.
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3. RESULTS AND DISCUSSION

Outputs of QMRA modelling of norovirus illness risks associated with swimming at specified
sites relevant to the Kaikohe WWTP discharge are summarised in Table 6.

Table 6: Individual lliness Risk (%) at seven sites in the environs of the Kaikohe WWTP discharge for
gastrointestinal illness associated with norovirus from swimming

Location Log1o norovirus removal by Kaikohe WWTP?
2 % 3 4 | 5
Freshwater sites — current discharge flow scenario
Mean flows
Sop 2.30 0.57 0.09 <0.01
S1b 0.50 0.06 <0.01 <0.01
S2v 0.38 0.05 <0.01 <0.01
Mean annual low flows
Sop 1.63 0.39 0.05
S1b 1.51 0.41 0.04 <0.01
S2p 1.20 0.26 0.03 <0.01
Freshwater sites — future (2060) discharge flow scenario
Mean flows
Sop 2.81 0.70 0.11 0.01
S1b 0.60 0.09 0.01 <0.01
S2v 0.49 0.07 <0.01 <0.01
Mean annual low flows
Sop 1.99 0.48 0.07
S1P 1.79 0.50 0.06 <0.01
S2° 1.42 0.30 0.04 <0.01
Estuarine/marine sites
El Niio —median dilution
S3 0.28 0.03 <0.01 <0.01
S4 0.17 0.02 <0.01 <0.01
S5 0.09 0.01 <0.01 <0.01
S6 0.07 <0.01 <0.01 <0.01
El Nifio — 95" percentile dilution
S3 2.29 0.56 0.07 <0.01
S4 1.32 0.30 0.04 <0.01
S5 0.34 0.04 <0.01 <0.01
S6 0.27 0.03 <0.01 <0.01
La Nina — median dilution
S3 0.56 0.07 <0.01 <0.01
S4 0.30 0.04 <0.01 <0.01
S5 0.34 0.04 <0.01 <0.01
S6 0.27 0.03 <0.01 <0.01
La Niira — 95" percentile dilution
S3 2.29 0.56 0.07 <0.01
S4 1.32 0.30 0.04 <0.01
S5 0.58 0.09 0.01 <0.01
S6 0.57 0.07 <0.01 <0.01

@ Shading indicates attribute classes under the national policy statement, blue = excellent, green = good, yellow =

fair and red = poor

b For sites S0, S1 and S2 dilutions were assumed to not differ with the prevailing weather pattern
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Norovirus removal by the WWTP of 2 logio (99% reduction) would result in predicted risks
(IIRs) associated with ingestion of water while swimming at the specified sites greater than
1% (1 illness for every 100 swimming events) in some cases but only greater than 5%
(indicative of poor water quality) at the discharge site during low river flow conditions. At a
more realistic 4 log1o removal risks would be below 1% for all sites under all conditions, and
less than 0.1% except at the discharge point (SO) under low river flow conditions and
marginally at mean flows under the 2060 discharge scenario. At 5 log1o removal risks at all
sites under all conditions would be consistent with excellent water quality. The categorisation
of risks associated with swimming at sites S0-S2 is unaffected by the higher discharge
volumes estimated for the future (2060), except for a minor change at site SO under the
mean flow, 4-log1o reduction scenario.

The risks associated with exposure to noroviruses during swimming are likely to be
overestimated to some extent, as it was assumed that no viral aggregation would occur. It
was also assumed that viral attenuation between discharge and exposure points would be
negligible.
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4. CONCLUSIONS

The current QMRA considers risks to human health from the discharge of wastewater from
the Kaikohe WWTP into the Wairoro-Punakitere-Taheke-Waima river system and the
Hokianga Harbour. These receiving waters will also be impacted by other, mainly diffuse,
sources of contamination. These other sources are not considered in the current QMRA.

Risks were assessed at seven locations; the point of discharge into the Wairoro Stream, two
locations within the riverine component of the discharge course, two locations near the outlet
of the Waima river to the Hokianga Harbour and two locations at points within the Hokianga
Harbour. Risks were assessed at mean or median dilutions and at low dilution (95™
percentile) or river mean annual low flow (MALF) and at four levels of viral removal by the
WWTP (2, 3, 4 and 5 log1o). For sites closest to the point of discharge, the impact of
estimated future increases in the volume of wastewater discharged was also considered.
Risks were compared to the risk levels for the attribute bands in the National Policy
Statement for Freshwater Management. The attribute bands are not only applicable to
freshwater environments, but also estuarine and coastal receiving environments.

At a minimal 2 log1o removal of noroviruses by the Kaikohe WWTP and low dilution (95"
percentile or MALF), risks associated with swimming only exceed 5% (indicative of poor
water quality) at the point of discharge into the Wairoro Stream (New Zealand Government,
2020). However, at levels of viral removal expected by the proposed treatment process (4+
log1o viral removal) the recreational water classification would be excellent at all sites under
all conditions. This includes scenarios of increased future treated wastewater discharge
volumes.

This assessment has taken a conservative approach at a number of points, and it is
expected that risks, for the majority of the time, will be lower than those estimated in the
current QMRA.

Other WWTPs (Opononi-Omapere, Rawene and Kohukohu) discharge Into the Hokianga
Harbour (MetOcean Solutions, 2020) and will contribute to risks associated with recreational
water contact. However, hydrodynamic modelling suggests that the combined discharge
from the four WWTPs is very similar to that for Kaikohe WWTP alone, particularly in the
upper harbour. Therefore, the improvements resulting from the upgrade of the Kaikohe
WWTP should have more widespread Impacts on water quality In the Hokianga Harbour.
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Memorandum

To: Peter Cressey Date: 8 July 2025
From: Hayden Porter Our Ref:  3250504-1956028608-577
Copy: Garrett Hall

Subject: Kaikohe WWTP MBR Upgrade Virus Evaluation

Introduction

Pathogen reduction is a key objective of wastewater treatment plants to protect public health. In the
case of Kaikohe WWTP the impact of the current and potential future discharges to the Wairoro
Stream are being reviewed through a Quantitative Microbial Risk Assessment (QMRA). This memo
sets out the estimated virus removal/inactivation performance of the existing treatment plant and of
the upgraded plant following the planned upgrade to a membrane bioreactor-based process.

The current wastewater treatment process is made up of an anaerobic pond, large oxidation pond
and constructed wetland. FNDC has facilitated a Best Practicable Option selection process from
which the preferred upgrade using a membrane bioreactor (MBR) process with UV disinfection has
been selected.

Existing Plant Process Virus Removal/lnactivation

Virus removal and inactivation mechanisms in waste stabilisation ponds are achieved through a
variety of mechanisms dominated by UV exposure but also including adsorption, sedimentation,
microbial predation among others. Pond system performance is inherently linked to climatic
conditions and therefore can vary significantly.

An analysis of literature from a range of treatment pond systems reviewed the correlation of virus
removal with hydraulic retention time (HRT, a key design parameter for ponds systems) (Verbyla &
Mihelcic, 2015). Figure 1 shows a summary of findings for the log reduction of virus plotted against
the HRT. The authors note that the correlation is only weak to moderate, the red lines in the figure
have been added to show a range between 1 log reduction per 50days HRT and 1 log reduction per
20 days HRT. These are more conservative than the published correlations referenced by the
authors.
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Figure 1 Theoretical hydraulic retention time versus mean log removal of viruses developed from literature Fig.
4 from (Verbyla & Mihelcic, 2015)

The primary treatment process unit at the Kaikohe WWTP is the oxidation pond which has a volume
of 70,110m3 and an annual average daily flow rate (2003-2025) of 1,916m3/d giving a theoretical
HRT of just over 36 days. Typically, wetlands such as the constructed wetland at Kaikohe WWTP
would be considered to provide additional virus reduction — literature varies on the performance of
wetlands for virus removal. A review of international wetland viral removal found typical removal
rates between 95-99% removal (i.e. up to 2 log removal) however this included one site which was
identified with no planting with a removal rate of only 61.5% (Gerba, Kitajima, & Iker, 2013). The
current wetland is in a poor state of planting and wetland functionality.

For the current treatment system, we estimate that:
e The shorter retention time anaerobic pond provides minimal virus reduction.
e The oxidation pond provides approximately 1 log reduction in virus.

e The constructed wetland may provide some additional virus removal assumed to be
approximately 0.5 log.

Total virus reduction in the existing plant is estimated to be approximately 1.5 log.
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Upgraded Plant Virus Removal/lnactivation

The estimated virus removal/inactivation of the upgraded plant has been broken down into the two
key process units which will impact its performance, the MBR, and the UV.

The mechanisms for virus removal in MBR systems are dominated by size exclusion. However, this
is not solely reliant on the membrane pore size to exclude virus, biological processes contribute to
the removal including aggregation/biosorption on the activated sludge floc and biofilm development
on membrane surface. Predation and biological and chemical removal also contribute to removal
rates (Zaman, Nelson, Moores, & Hai, 2015).

The Kaikohe WWTP MBR upgrade will specify hollow-fibore PVDF membranes with a pore size of
0.04 micron. Contributing biological factors will be assumed to follow standard design practice.

In the reported literature for full-scale virus removal rates in MBR care must be taken of the
published log removals. In a state-of-the-art review paper (O’Brien & Xagoraraki, 2020) seven
papers provided log removal values for Norovirus (type 1 or 2 or both). Of these, one was not a
typical MBR process arrangement (Prado, A. de Castro Bruni, Garcia, & L. Z. Moreno, 2019). A
review of the 4 most recent papers show that most had very few effluent samples with detectable
concentrations of norovirus in the MBR permeate, see Table 1Error! Reference source not found..
In these cases, typically the limit of detection was used for the effluent concentrations, while for the
gPCR method used this is typically low (10s of gene copies per mL i.e. in the order of 10") if the
influent virus concentration is lower than 10° this can limit the log reduction which can be reported.

The paper with the most positive effluent results was also the paper with the highest reported log
removal of 4.6 to 5.7 (Chaudhry, Nelson, & Drewes, 2015).

Table 1 Published Norovirus Removal Rates in Full-Scale MBR WWTP

Membrane Pore | Influent Reported Log Reference Comment
Size (micron) Conc. Removal
. 0.04 10° 4.6-5.7 (Chaudhry, 50f 17
American Nel & effluent
Canyon, CA elson,

Drewes, 2015) | samples
below limit of
quantification
or non-
detect.

. 0.1 109 3.5-4.8 (Simmons, Norovirus
Traverse City, .
M Kuo, & non-detect in
Xagoraraki, all effluent
2011) samples.
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Membrane Pore | Influent Reported Log Reference
Size (micron) Conc. Removal
Northern OH 04 102%-10* 1:51--3.32 (Francy, etal., | All but2
(limited by 2012) MBR effluent
influent samples had
concentrations) non-
detectable
norovirus
Northwest 04 6log 3.0 (Miura, 10f15
France (single Schaeffer, effluent
measured Saux, samples
effluent Mehaute, & were non-
concentration Guyader, detect.
used and not 2018)

the detection
limit)

We estimate that the typically achieved virus removal by the MBR for the upgraded plant is 4log

removal.

Measurement of the effectiveness of UV for the inactivation of norovirus is a challenging as it can’t
be cultured and gene counting methods such as qPCR measure viable, non-viable and fragmented
genetic material. In the case of post-MBR combined effluent, as seen in the section above, the virus
concentrations in the MBR are so low that the effect of the UV is not seen as it is either already
below the limits of detection or close to it.

To estimate the performance of UV disinfection the response of surrogate virus’ to UV can be
reviewed. (Park, Linden, & Sobsey, 2011) noted “A UV dose of c. 30 mJ cm? was able to achieve a
4-log1o reduction of three mammalian NoV surrogates. Thus, it is likely that human NoV could be
effectively controlled by 40 mJ cm?, which is the UV disinfection practice for drinking water (ANSI/

NSF, 2002).”

The Kaikohe WWTP upgrade UV disinfection unit is yet to be designed. We would expect a typical
dose range of 20-40 mWs/cm?2. We estimate that the UV disinfection will provide approximately 2-log
iinactivation. Given the high performance of the MBR (refer previous section) there will likely be low
concentrations of virus in the permeate as such, we have only added 1-log virus inactivation to the
total plant virus removal/inactivation.

The total estimated log reduction/inactivation for norovirus via the MBR and UV process units is
approximately 5-log.
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APP.002417.01.04 - Proposed Conditions of Consent

FAR NORTH DISTRICT COUNCIL, PRIVATE BAG 752, KAIKOHE 0440

To undertake the following activities associated with the operation of the Kaikohe
wastewater treatment system on Lot 2, DP 45233, Blk XV, Omapere SD; Sec 27, SO
40585 BIk IV Punakitere SD; Sec 2, SO 12295 Blk IV Punakitere SD; Sec 30 Blk IV
Punakitere SD.

(Note: all location co-ordinates in this document refer to Geodetic Datum 2000, New
Zealand Transverse Mercator Projection):

(01) To discharge treated wastewater to an unnamed tributary of Wairoro Stream,
at or about location co-ordinates 1674845E 6079488N.

(02) To discharge contaminants to ground via seepage from the base of an
anaerobic pond, oxidation pond and a constructed wetland, at or about location
co-ordinates 1674525E 6079466N.

(03) To discharge contaminants (primarily odour) to air from the Kaikohe
wastewater treatment system, at or about location co-ordinates 1674525E
6079466N.

Subject to the following conditions:
(01) and (02) Discharge to Water and to Land
Stage 1 - Existing Pond-Based System

1 The volume of treated wastewater discharged to the unnamed tributary of the
Wairoro Stream must not, based on a 30 day rolling average of dry weather
discharges, exceed 1,710 cubic metres per day. Compliance with this condition
shall be based on the average daily discharge volume of the 30 most recent
“dry weather discharge days”. For the purposes of this consent, a “dry weather
discharge day” is any day on which there is less than 1 millimetre of rainfall,
and that day occurs after three consecutive days either without rainfall or with
rainfall of less than 1 millimetre on each day.

Advice Note: The rainfall measurements used to determine a dry weather
discharge shall be based on the nearest appropriate rainfall
recorder site. The recorder site shall be selected in consultation
with the Northland Regional Council.

2 The Consent Holder must maintain in good working order a flow meter on the
outlet of the constructed treatment wetland that has an accuracy of +5% to
measure the volume of wastewater discharged to the unnamed tributary of the
Wairoro Stream.

3 The Consent Holder must keep records of the daily volume of treated
wastewater discharged to the unnamed tributary of the Wairoro stream, as
measured by the meter required by Condition 2, the local daily rainfall
measurement, and the 30 day rolling average dry weather discharge volume,
as defined in Condition 1. These records must be recorded in a format agreed







to by the Northland Regional Council and shall be forwarded to the Northland
Regional Council by 15 May of each year for the preceding six months of
November to April, and by 15 November of each year for the preceding months
of May to October

The Consent Holder must monitor the exercise of these consents in
accordance with the Monitoring Programme in Schedule 1 (attached).

The Consent Holder must prepare monthly reports on the monitoring
undertaken in accordance with Conditions 3 and 4. These reports must include,
but not be limited to, all the raw data, the averages and/or medians calculated
for compliance purposes, and a summary showing the level of compliance with
any consent conditions for which limits have been defined. The monthly reports
must be in a format agreed to by the Northland Regional Council and must be
forwarded to the Northland Regional Council prior to the fifteenth working day
of the following month. Where the monitoring is required to be undertaken over
a period greater than a month, then the results of that monitoring event shall
be included in the next scheduled monitoring report. If the monitoring results
indicate a non-compliance with any consent condition, then the Consent Holder
must report the results to the Northland Regional Council within 24 hours of
receiving the analysis results.

The Consent Holder must provide and maintain easy and safe access to each
of the following sampling points (all shown on NRC Plan 3514, attached):

(a) Northland Regional Council Sampling Site Number 100562, discharge
point from the wastewater treatment system into natural wetland, at or
about location co-ordinates 1674845E 6079488N.

(b) Northland Regional Council Sampling Site Number 100560, unnamed
tributary of the Wairoro Stream at the point where the unnamed tributary
discharges into the Wairoro Stream, at or about location co-ordinates
1674854E 6079181N.

(c) Northland Regional Council Sampling Site Number 103316, Wairoro
Stream approximately 25 metres upstream of the discharge point from
the unnamed tributary into Wairoro Stream, at or about location co-
ordinates 1674725E 6079148N.

(d) Northland Regional Council Sampling Site Number 100807, Wairoro
Stream approximately 80 metres downstream of the discharge point
from the unnamed tributary into Wairoro Stream, at or about location
co-ordinates 1674866E 6079142N.

Notwithstanding any other conditions of these consents, the exercise of these
consents must not give rise to any of the following effects on the water quality
of the Wairoro Stream, as measured at Northland Regional Council Monitoring
Site 100807, Wairoro Stream approximately 80 metres downstream of the
discharge point from the unnamed tributary into Wairoro Stream, when
compared with the water quality at Northland Regional Council Monitoring Site
103316, Wairoro Stream approximately 25 metres upstream of the discharge
point from the unnamed tributary into Wairoro Stream:

(a) The natural temperature of the water shall not change by more than 3
degrees Celsius;

(b) The natural pH of the water shall be within the range 6.5 to 9.0;







(© The concentration of dissolved oxygen (daily minimum) shall not be
reduced by more than 20%;

(d) The production of conspicuous oil or grease films, scums or foams,
floatable or suspended materials, or emissions of objectionable odour;

(e) The increase in the median Escherichia coli concentration shall not
exceed 50 per 100 millilitres, for samples taken in accordance with
Section 4.2.2 of the Monitoring Programme in Schedule 1 (attached).

f The concentration of total ammoniacal nitrogen shall not exceed the
following:
pH of Water Total Ammoniacal Nitrogen
at the Time of ([NH3 + NH4]-N)
Sampling (grams per cubic metre)
6.0 257
6.1 2.56
6.2 2.54
6.3 2.52
6.4 249
6.5 246
6.6 243
6.7 2.38
6.8 233
6.9 2.26
7.0 218
7.1 2.09
72 1.99
73 1.88
74 1.75
75 1.61
7.6 1.47
7.7 1.32
78 1.18
79 1.03
8.0 0.90
8.1 0.78
8.2 0.66
8.3 0.56
8.4 0.48
8.5 0.40
8.6 0.34
8.7 0.29
8.8 0.24
8.9 0.21
9.0 0.18

In the event that the background concentration of total ammoniacal nitrogen,
as measured at Northland Regional Council Site Number 103316, Wairoro
Stream approximately 25 metres upstream of the discharge point from the
unnamed tributary into Wairoro Stream, exceeds the above concentrations,
then the exercise of these consents shall not result in an increase of the total
ammoniacal nitrogen concentration of more than 0.10 grams per cubic metre.

The Consent Holder must compare actual influent suspended solids and five
day biochemical oxygen demand loadings, as required to be monitored in
accordance with Section 1 of the Monitoring Programme in Schedule 1







(attached), with the design loadings for the wastewater treatment system. The
results of this comparison must be reported in the Annual Review Report
required to be prepared in accordance with Condition 15.

The Consent Holder must continue to assess and manage inflow and infiltration
to the wastewater reticulation network, with annual reporting on progress and
effectiveness of reduction measures.

Stage 2 -Membrane Bioreactor System
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The Consent Holder must upgrade the wastewater treatment plant to
incorporate a Membrane Bioreactor (MBR) system by no later than 5 years
from commencement of consent.

The Consent Holder must submit a progress report to Northland Regional
Council every 6 months until the MBR system is fully operational.

Within forty working days of commissioning the MBR system, written
confirmation from a suitably qualified and experienced person that the MBR is
operating as designed must be provided to Council.

The volume of treated wastewater discharged to the unnamed tributary of the
Wairoro Stream must not, based on a 30-day rolling average of dry weather
discharges, exceed 2,317 cubic metres per day. Compliance with this condition
shall be based on the average daily discharge volume of the 30 most recent
“dry weather discharge days”. For the purposes of this consent, a “dry weather
discharge day” is any day on which there is less than 1 millimetre of rainfall,
and that day occurs after three consecutive days either without rainfall or with
rainfall of less than 1 millimetre on each day.

Advice Note: The rainfall measurements used to determine a dry weather
discharge shall be based on the nearest appropriate rainfall recorder site. The
recorder site shall be selected in consultation with the Northland Regional
Council.

Following commissioning of the MBR system, treated wastewater discharged
from the plant, immediately after the UV disinfection system and prior to
entering the constructed wetland system, must comply with the following limits:

Parameter Limit Limit Limit
(median) (90" percentile) | (range)

Escherichia coli <10 cfu/100 mL | £100 cfu/100 mL | -

Total Ammoniacal | < 1.0 g/m? <5.0g/m? -

nitrogen

Total Nitrogen <5.0g/m? <10.0 g/m? -

5-day carbonaceous | < 10.0 g/m? <20.0 g/m? -

biochemical oxygen

demand

Total Suspended solids <10.0 g/m? <20.0 g/m? -

Total phosphorus <1.0g/m? <2.0g/m? -

pH - - 6.5-8.5
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(03)

For each parameter except pH, compliance shall be determined as follows:

(a) to determine compliance with the median concentration limits no more than
10 samples in any 20 consecutive fortnightly samples shall exceed the
specified limit.

(b) To determine compliance with the 90 percentile limits, no more than 2
samples in any 20 consecutive fortnightly samples shall exceed the
specified limit.

The Consent Holder must monitor the exercise of these consents in
accordance with the Monitoring Programme in Schedule 1 (attached) following
commissioning of the MBR system.

Following three years of receiving environment monitoring undertaken in
accordance with Condition 15, the Consent Holder must prepare a summary
report. The report must include, but not be limited to, all the raw data, time
series and paired sample assessment statistics, and an assessment against
discharge and receiving water quality standards. The report must be in a format
agreed to by the Northland Regional Council and must be forwarded to the
Northland Regional Council within 3 months of completion of the monitoring.

Following submission of the receiving environment monitoring report prepared
under Condition 16, the Consent Holder may, in consultation with the Northland
Regional Council, review the Monitoring Programme in Schedule 1 (attached).
The review shall consider compliance with the consent conditions, and shall
also include review of sampling methods, sites, parameters and frequencies.
Changes may be made to the monitoring programme with the written
agreement of the Northland Regional Council.

The Consent Holder must provide and maintain easy and safe access to each
of the following sampling points (all shown on NRC Plan XXXX, attached) for
a period of three years following commissioning of the MBR system:

(a) Northland Regional Council Sampling Site Number XXXXXX, discharge
point from the MBR plant after the UV unit, at or about location co-
ordinates XXXXXX XXXXXX.

(b) Northland Regional Council Sampling Site Number 100560, unnamed
tributary of the Wairoro Stream at the point where the unnamed tributary
discharges into the Wairoro Stream, at or about location co-ordinates
1674854E 6079181N.

(© Northland Regional Council Sampling Site Number 103316, Wairoro
Stream approximately 25 metres upstream of the discharge point from
the unnamed tributary into Wairoro Stream, at or about location co-
ordinates 1674725E 6079148N.

(d) Northland Regional Council Sampling Site Number 100807, Wairoro
Stream approximately 80 metres downstream of the discharge point
from the unnamed tributary into Wairoro Stream, at or about location
co-ordinates 1674866E 6079142N.

Discharge to Air
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The Consent Holder's operations must not give rise to any discharge of
contaminants at or beyond the legal boundary of the area occupied by the
Kaikohe wastewater treatment system, which is deemed by a suitably trained
and experienced Enforcement Officer of the Northland Regional Council to be
noxious, dangerous, offensive or objectionable to such an extent that it has, or
is likely to have, an adverse effect on the environment.

General Conditions
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The Consent Holder must prepare, implement, and maintain an Operations and
Maintenance Plan (OMP) for the wastewater treatment plant. The OMP must
be appropriate to the treatment system in operation at any given stage and be
prepared by a suitably qualified and experienced person.

At least three months prior to commissioning the upgraded MBR system, the
Consent Holder must submit an updated OMP specific to the MBR-based
system to Council for certification.

The OMP for the upgraded MBR system must include:

(a) Detailed description of MBR process units and controls;

(b) Membrane cleaning protocols (frequency/chemicals used);

(© Monitoring of membrane integrity and replacement schedule;

(d) Management procedures for waste streams including sludge
handling/disposal; and

(e) Emergency response procedures specific to MBR operation.

The Consent Holder must review the OMP at least annually or following any
significant modification to plant operation or infrastructure, whichever occurs
first.

The Consent Holder must submit an Annual Review Report to Northland
Regional Council by 1 August each year, covering the previous period from 1
July to 30 June. This report must include, but is not limited to, a summary of all
monitoring results required under Schedule 1 (attached).

The wastewater treatment system shall be correctly operated and maintained
in an effective manner.

Within six months of the commencement of this consent, the Consent Holder
must prepare and implement an Avian Botulism Management Plan for the
wastewater treatment plant. The Plan must be prepared by a suitably qualified
and experienced person and must include, but not be limited to:

(a) Identification of appropriate monitoring methods for early detection of
avian botulism;

(b) Actions to be undertaken in the event of an avian botulism outbreak,
including response protocols and mitigation measures;

(© Procedures for timely communication with Fish & Game New Zealand
and other relevant stakeholders.

A copy of the Avian Botulism Management Plan must be provided to Northland
Regional Council upon completion, and the Plan must be reviewed and
updated as necessary to ensure its ongoing effectiveness.
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If the Consent Holder becomes aware of any discharge of contaminants
associated with their operations that is not in accordance with the conditions of
this consent, it must immediately notify Northland Regional Council. In addition,
if the unauthorised discharge (excluding discharges to air) occurs outside the
legal boundary of the wastewater treatment plant, the Consent Holder must also
immediately notify the Medical Officer of Health at Northland Health Ltd. Within
one week of becoming aware of such a discharge, the Consent Holder must
provide a written report to Northland Regional Council. The report must include,
but is not limited to:

(a) The nature, extent and cause of the discharge;

(b) The location of the discharge and receiving environment;

(©) The date, time, and duration of discharge;

(d) The quantity of contaminant discharged,;

(e) The measures taken to mitigate any adverse effects; and

)] The proposed measures to prevent similar discharges in future.

The Consent Holder must maintain records of any complaints relating to the
operation of these consents received by the Consent Holder, as detailed below:
(a) The name and address of the complainant (where provided);

(b) The date and time the complaint is received;

(©) The duration of the event that gave rise to the complaint;

(d) The location from which the complaint arose;

(e) The weather conditions prevailing at that time;

)] Any events in the management and operation of any processes that
may have given rise to the complaint; and

(9) Any actions taken by the Consent Holder, where possible, to minimise
contaminant emissions.

The Consent Holder must notify the Northland Regional Council as soon as is
practicable of any complaint received. Records of the above shall also be sent
to the Northland Regional Council immediately upon request.

The Consent Holder must maintain an ongoing relationship with the Working
Group by inviting members of the group to meet within three months after the
commencement of this consent and quarterly thereafter. The Working Group
includes:

(@) Local representatives of Te Uri o Hua, Te Takotoke, Ngati Kura, Ngati
Whakaeke, Ngati Tautahi, Matarahurahu; and

(b) Representatives from Far North District Council.
The purpose of the Working Group is to provide a forum to:

(@) Receive and discuss information about the operation, maintenance and
monitoring of the wastewater treatment plant and its effects on the
receiving environment;

(b) Make recommendations to the Consent Holder about measures to
reduce effects of the wastewater treatment plant on the environment;
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(© Identify alternative long-term options for discharging wastewater from
Kaikohe.

The consent holder must prepare an Odour Management Plan and submit the
Plan to the Northland Regional Council for certification within six months of
commencement of operation of the MBR system.

The Odour Management Plan must be prepared by a suitably qualified and
experienced person and shall detail the methods and operational procedures
adopted by the consent holder to ensure compliance with the conditions of the
consent. As a minimum the Odour Management Plan must address the
following matters;

(&) A description of the wastewater treatment plant facilities;

(b) A description of routine inspection, monitoring and maintenance
procedures to be undertaken to ensure effective plant operation and
compliance with consent conditions;

(c) Details of operational and maintenance procedures to minimise odour
release from the treatment facilities;

(d) Details of the odour complaints procedure, record keeping and
response procedure

The Odour Management Plan shall be reviewed, and updated as a result, every
five years and as required as a result of any changes in plant operation or
management.

The Northland Regional Council may, in accordance with Section 128 of the
Resource Management Act 1991, serve notice on the Consent Holder of its
intention to review the conditions of these consents. Such notice may be
served annually during the month of May. The review may be initiated for any
one or more of the following purposes:

(a) To deal with any adverse effects on the environment that may arise from
the exercise of these consents and which it is appropriate to deal with
at a later stage, or to deal with any such effects following assessment
of the results of the monitoring of these consents and/or as a result of
the Northland Regional Council’s monitoring in the area.

(b) To require the adoption of the best practicable option to remove or
reduce any adverse effect on the environment.

(© To change existing conditions relating to, or impose new limits on, the
quality of the discharges and/or the receiving waters.

(© To change existing conditions relating to the monitoring of the
discharges and/or the receiving waters.

The Consent Holder shall meet all reasonable costs of any such review.

EXPIRY DATE: [35 YEARS]







SCHEDULE 1: MONITORING PROGRAMME

The Consent Holder (or its authorised agent) must monitor Resource Consent XXXX
in accordance with the following monitoring programme.

1.

2.2

WASTEWATER DISCHARGE VOLUME

The discharge volume from the treatment plant and the local daily
rainfall over the same 24-hour period must be recorded. The Consent
Holder must then use this data to calculate the 30 day rolling average
dry weather discharge volume, as defined in Conditions 1 and 13.

STAGE 1 - TREATMENT SYSTEM MASS LOADINGS

Biochemical Oxygen Demand and Total Suspended
Solids

The influent 5-day biochemical oxygen demand®ee Noe D and total
suspended solids daily mass loadings must be determined annually
during February-March, on a minimum of four consecutive days under
dry weather discharge conditions. A dry weather discharge day is
defined in Condition 1.

24 hour flow proportional influent samples shall be taken for
determination of the mass loadings.

Significant Intermittent Loadings

An assessment of the effects on final effluent quality of any significant
intermittent loadings to the Kaikohe wastewater treatment system from
activities such as discharges by septic tank cleaning contractors and
discharges from sources of potentially high organic loading such as
stock truck washing facilities shall be provided in the Annual Review
Report.

STAGE 1 - FACULTATIVE (OXIDATION) POND AND
TREATMENT WETLAND DISSOLVED OXYGEN
MONITORING

The concentration and percentage saturation of dissolved oxygen must
be measured every three months at three points at approximately equal
intervals around the edge of the oxidation pond, and at the outlet from
each of the five treatment wetland cells.

Dissolved oxygen measurements in the facultative pond must be taken
at least 60 centimetres from the water’s edge and at a constant depth
of 5 centimetres below the water surface.

Dissolved oxygen monitoring of the facultative pond and treatment
wetlands must be carried out on one of the days on which final effluent
and receiving water monitoring is undertaken, and must be carried out
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prior to the sampling of the final effluent and receiving water. The time
must be recorded for all samples.

During each visit for monitoring purposes, any significant odours at or
beyond the property boundary must be noted and reported to the
Northland Regional Council within 24 hours of the visit. “Property
boundary” is defined in Condition 10 of these consents.

STAGE 1 — DISCHARGE AND RECEIVING WATER
MONITORING

The following monitoring must be undertaken until the Membrane
Bioreactor System is commissioned.

Sites

The following sites (shown on NRC Plan 3514, attached) must be
monitored.

Nggemﬁ:r:ggpg Location Description

100562 Discharge from treatment plant (outlet from final treatment wetland at flow
monitoring point).

100560 Unnamed tributary, at point where it joins the Wairoro Stream.

103316 Wairoro Stream 25 metres upstream of the discharge point of the
unnamed tributary into which the treated wastewater is discharged.

100807 Wairoro Stream approximately 80 metres downstream of the discharge
point of the unnamed tributary into which the treated wastewater is
discharged.

Sampling Procedures, Parameters and Frequency
Discharge Monitoring

Two triplicateSee Note 2 samples of the discharged wastewater (NRC
Sampling Site 100562) must be taken at least two weeks apart, during
each month between November and April (inclusive), and monthly
triplicate samples must be collected for the rest of the year. The time
must be recorded for each sample and all samples must be analysed
for the following parameters:

*=  Temperature(See Note 3)

] pH

» Dissolved oxygen concentrationSe¢Noe 3) and percentage saturation
= 5 day biochemical oxygen demand

= Total suspended solids

= Total ammoniacal nitrogen

= Nitrate-nitrite nitrogen

= Total nitrogen








4.2.2

= Dissolved reactive phosphorus

= Total phosphorus

During the following three two-month periods each year, October-
November; February-March; and July-August, 20 triplicate(See Noe 2)
samples of treated wastewater from NRC Sampling Site 100562 must
be taken during each period, with a minimum of one day between
samples. These samples must be analysed for Escherichia coli (SeeNow
4 concentration.

Discharge sampling must be co-ordinated with receiving water sampling
and the discharge samples must be taken prior to the receiving water
samples.

Receiving Water Monitoring

The unnamed tributary of the Wairoro Stream into which the wastewater
is discharged must be monitored at a point approximately 30 metres
upstream of the point of where the wastewater discharge enters the
main stream of the unnamed tributary (Northland Regional Council Site
100560).

The Wairoro Stream must be monitored 25 metres upstream of the point
of discharge of the unnamed tributary (Northland Regional Council Site
103316), and at the downstream boundary of the mixing zone, this
being approximately 80 metres downstream of the point of discharge
from the unnamed tributary (Northland Regional Council Site 100807).

Two triplicate(®ee Note 2 samples per month, taken at least two weeks
apart, must be collected each month between November and April
(inclusive) and monthly triplicate samples shall be collected for the rest
of the year. Samples must be analysed for the following parameters:

*  Temperature(SeeNoe 3)

] pH

= Dissolved oxygen concentrationSeeNot 3) and percentage saturation
= Total ammoniacal nitrogen

= Nitrate-nitrite nitrogen

= Dissolved reactive phosphorus

The time must be recorded for each receiving water sample.
Compliance shall be determined for each sampling occasion.

During the following three two-month periods each year, (October-
November; February-March; and July-August) 20 triplicate(See Nete 2)
samples must be taken, with a minimum of one day between samples,
from the NRC Sampling Sites 100560, 103316 and 100807. Paired
samples(SeeNoe 5 myst be taken from Sites 103316, and 100807 and the
difference between Escherichia coli concentrations must be determined
for each of the 20 paired samples.







4.2.3

The median difference for the set of 20 paired samples must not exceed
an increase of 50 Escherichia coli per 100 millilitres.

To assist data interpretation, the monitoring of parameters with different
sampling frequencies shall be integrated so that the maximum number
of parameters is sampled at one time.

The water quality data from Northland Regional Council Site 100560
must be considered if non-compliance is recorded, and there is an
inconsistency between the wastewater quality data and the Wairoro
Stream upstream and downstream data.

Blue-green Algal Toxicity

During periods when blue-green algae are prominent in the oxidation
pond discharge, one triplicate sample shall be taken each week from
Northland Regional Council Sampling Site 100807 and analysed for
microcystins, expressed as microcystin-LR, and for cell counts of
potentially toxic blue green algae species.

Notes:

D The “total” 5-day biochemical oxygen demand shall be
measured and nitrogenous inhibitors shall not be added to the
samples prior to analysis.

(2) Triplicate sampling shall involve collection of three separate
samples taken at least five minutes apart during the same
sampling event. Analysis shall be conducted on a composite
sample made up of equal volumes of each triplicate sample.

3) Temperature and dissolved oxygen concentration shall be
measured in the field using a meter in accordance with standard
procedures and triplicate measurements are not required for
these parameters, apart from the measurement of dissolved
oxygen in the facultative pond which is to be measured in
accordance with Section 2.0.

(4) Escherichia coli shall, unless otherwise agreed to by the
Northland Regional Council, be measured using the Colilert™
method.

(5) Paired samples are samples taken from the same body of water
prior to and after the addition of the wastewater discharge.
Paired samples shall be obtained by marking the upstream
water with dye (or small drogues such as oranges) at the same
time as the upriver sample is taken, and then sampling the
marked body of water when it reaches the downstream
boundary of the mixing zone.
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STAGE 2 - DISCHARGE AND RECEIVING WATER
MONITORING

Following the commissioning of the MBR wastewater treatment system,
the following monitoring must be undertaken.

Sites

The following sites (shown on NRC Plan XXXX, attached) must be
monitored.

NRC Monitoring . -
Site Number Location Description

XXXXXX Discharge from treatment plant (after UV).

100560 Unnamed tributary, at point where it joins the Wairoro Stream.

103316 Wairoro Stream 25 metres upstream of the discharge point of the
unnamed tributary into which the treated wastewater is discharged.

100807 Wairoro Stream approximately 80 metres downstream of the discharge
point of the unnamed tributary into which the treated wastewater is
discharged.

Sampling Procedures, Parameters and Frequency
Discharge Monitoring

Two triplicate®e No© 2 samples of the discharged wastewater (NRC
Sampling Site XXXXXX), collected at least two weeks apart, must be
collected at least monthly (minimum 20 per year) and analysed for the
following parameters:

*  Temperature(SeeNoe3)

[] pH

» Dissolved oxygen concentrationSee o 3) and percentage saturation
= 5-day carbonaceous biochemical oxygen demand

= Total suspended solids

= Total ammoniacal nitrogen

= Nitrate-nitrite nitrogen

= Total nitrogen

= Dissolved reactive phosphorus

= Total phosphorus

= Escherichia coli (See Note 4)

The time must be recorded for each sample.
Discharge sampling must be co-ordinated with receiving water sampling

and the discharge samples must be taken prior to the receiving water
samples.
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Receiving Water Monitoring

The unnamed tributary of the Wairoro Stream into which the wastewater
is discharged must be monitored at a point approximately 30 metres
upstream of the point of where the wastewater discharge enters the
main stream of the unnamed tributary (Northland Regional Council Site
100560).

The Wairoro Stream must be monitored 25 metres upstream of the point
of discharge of the unnamed tributary (Northland Regional Council Site
103316), and at the downstream boundary of the mixing zone, this
being approximately 80 metres downstream of the point of discharge
from the unnamed tributary (Northland Regional Council Site 100807).
Paired samples(See Note 5 myst be taken from Sites 103316 and 100807.

Two triplicateSeeNoe2) samples, collected at least two weeks apart, must
be collected at least monthly (minimum 20 per year). Samples must be
analysed for the following parameters:

*  Temperature(SeeNoe 3)

] pH

= Dissolved oxygen concentrationSeeNot 3) and percentage saturation
= Total ammoniacal nitrogen

= Nitrate-nitrite nitrogen

= Total Nitrogen

= Dissolved reactive phosphorus

= Total Phosphorus

= Escherichia coli (SeeNote 4)

The time must be recorded for each receiving water sample.

To assist data interpretation, the monitoring of parameters with different
sampling frequencies shall be integrated so that the maximum number
of parameters is sampled at one time.

RECORD OF SIGNIFICANT ODOURS

A record must be kept of any significant odour at or beyond legal
boundary of the area occupied by the Kaikohe wastewater treatment
system. The record must identify the source and cause of any
significant odour, duration of the odour, wind strength and direction,
remedial action undertaken, and the degree of success of the remedial
action.

SAMPLE COLLECTION, SAMPLE TRANSPORT, AND
LABORATORY REQUIREMENTS







All samples must be collected in accordance with recognised industry
standards and using appropriate containers supplied or approved by
the analysing laboratory..

Samples must be transported to the laboratory under documented
chain-of-custody procedures and in accordance with relevant standards
to ensure sample integrity is maintained at all times.

All analyses must be undertaken by a laboratory accredited to ISO/IEC
17025 (or equivalent), or holding other recognised quality assurance
accreditations such as IANZ or Ministry of Health accreditation.
Analyses must use internationally or nationally accepted standard
methods where applicable.

The Consent Holder must retain all documentation relating to sample
collection, transport, chain of custody, and laboratory analysis, and
provide these to Northland Regional Council upon request
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