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Executive Summary

Background

Rotorua Lakes Council (Council) is currently preparing a resource consent application for the discharge of
treated wastewater to the Black Stream channel (a geothermal stream channel), which discharges into
Lake Rotorua at Sulphur Point. Based on the investigations and consultation to date, Council's preferred
freatment process for the upgraded Rotorua Wastewater Treatment Plant (WWTP) is a full membrane
bioreactor (MBR) treatment plant with UV disinfection and additional phosphorus removal (hereafter
referred to as the Proposed Treatment Scheme).

The Assessment of Effects on the Environment (AEE) document includes eight support documents, of which
this Report is Support Document No. 7.

Council's Aim: To Be An ‘Industry Leader’

In addition to the overall objectives of the consenting project, the Council's aim, with respect to public
health and the ability to reuse freated wastewater, is to be an ‘industry leader’ by treating the wastewater
to a sufficient level that it:

1. could theoretically be used directly (i.e. without dilution) for contact recreational purposes such as
swimming
2. could meet the unrestricted reuse standard in relevant international guidelines!.

As a step tfowards this, the Council have engaged MWH to help them understand the level of treatment
required to achieve the two desired outcomes. The Council also wish to further understand how this can
be achieved with the Proposed Treatment Scheme.

Expected MBR Performance

MWH have carried out a literature review to determine the likely range of expected virus reduction
through the proposed MBR treatment process with a membrane nominal pore size of 0.04 micron. It is
expected that the proposed MBR treatment process will effectively remove larger pathogenic micro-
organisms (protozoa and bacteria), which are orders of magnitude larger than the membrane pore size.

The average log reduction expected under "typical” influent concentrations is 5.0 to 5.5 for adenovirus
and 4.5 fo 5.0 for enterovirus and norovirus. A higher average log reduction is expected under "outbreak”
(i.e. higher) influent concentrations.

Suitability For Contact Recreation

A Quantitative Microbial Risk Assessment (QMRA) was carried out by Graham McBride of NIWA on a range
of scenarios to determine the individual's iliness risk associated with the direct use of treated wastewater
discharged for primary contact recreation. The QMRA is included as Appendix A to this Report.

The individual's iliness risk associated with gastrointestinal iliness resulting from direct use of the treated
wastewater discharge for contact recreation:

= isless than <1% for enterovirus with 2.1 log reduction through the Proposed Treatment Scheme and for
norovirus (disaggregated) with 4 log reduction through the Proposed Treatment Scheme for ‘typical’
influent virus concentrations

" Unresiricted reuse does not extend to use as a polable water supply. International guidelines have been used as there is not
currently a New Zealand guideline that specifies unrestricted reuse wastewater quality for viruses.
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» isless than <1% for enterovirus with 4.1 log reduction through the Proposed Treatment Scheme and for
norovirus (disaggregated) with 5 log reduction for ‘outbreak’ influent virus concentrations.

The individual's illness risk associated with respiratory illness (i.e. adenovirus) resulting from the direct use of
the treated wastewater discharge for contact recreation:

« isless than 0.3% with 3.1 log reduction through the Proposed Treatment Scheme for ‘typical’ influent
virus concentrations

« s less than 0.3% with 5 log reduction through the Proposed Treatment Scheme for ‘outbreak’ influent
virus concentrations.

Based on the expected virus Log Reduction Value (LRV) through the proposed MBR treatment process and
the QMRA results, the individual's iliness risk associated with the treated wastewater discharge is expected
to be less than 1% for gastrointestinal illness and 0.3% for respiratory iliness. That is the treated wastewater
from the proposed MBR treatment process alone is expected to meet the Council's first desired outcome
(i.e. it can be used directly for contact recreation) without any additional virus reduction that may be
provided by the remainder of the Proposed Treatment Scheme.

Suitability For Unrestricted Use

The expected median treated wastewater quality from the proposed MBR treatment process was
estimated from the expected average log reduction through MBR and the median influent virus
concentrations used for the QMRA. The expected median treated waslewaler concentration (5
enterovirus per 50 L) was then compared against the unrestricted reuse standard in international guidelines
(<2 enterovirus per 50 L).

Based on this analysis, the proposed MBR treatment process alone would not provide a sufficient level of
freatment for unrestricted reuse of the freated wastewater. UV disinfection would be required to reduce
the concentration of enterovirus by at least 0.4 log.

To provide a perspective on UV disinfection requirements, a UV disinfection system sized? to provide a
validated UV dose of approximately 40 mWs/cm? (based on an organism sensitivity of 12 mWs/cm?2) would
be expected to provide a 2.3 validated log reduction in M$2 bacteriophage and a 3 validated log
reduction in enterovirus and norovirus. A UV disinfection system of this size would be in the order of
$600,000 for UV equipment supply only and $40,000/year for power demand.

Summary

» The proposed MBR treatment process alone is expected to satisfy the Council's first desired outcome
(i.e. treated wastewater can be used directly for primary contact recreation).

+ The proposed MBR freatment process with UV disinfection is expected to satisfy the Council's second
desired outcome (i.e. meet the unrestricted reuse standard).

« The Proposed Treatment Scheme in its entirety includes MBR and UV which provides a multiple barrier
treatment approach to pathogenic micro-organism removal.

2 For flows up to 825 L/s and trealed wastewater having a UV transmittance of 65%.
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Abbreviatio

Abbreviation

ADV
AEE
E. coli
EV
HAV
HCGI
HRT
Log

| LRV
MAC
MBR
Mfcron
MLSS
NTU
N
PCR
PQOSSI
QMRA
TMP
uv

WWTP
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. Infroduction

1.1 Background

Rotorua Lakes Council (Council) is currently preparing a resource consent application for the discharge of
treated wastewater to the Black Stream channel (a geothermal stream channel), which discharges info
Lake Rotorua at Sulphur Point. Based on the investigations and consultation to date, Council's preferred
treatment process for the upgraded Rotorua Wastewater Treatment Plant (WWTP) is a full membrane
bioreactor? (MBR) treatment plant with UV disinfection and additional phosphorus removal (hereafter
referred to as the Proposed Treatment Scheme).

The Assessment of Effects on the Environment (AEE) document includes eight support documents, of which
this Report is Support Document No. 7.

In addition to the overall objectives of the consenting project, the Council’'s aim, with respect to public
health and the ability to reuse treated wastewater, is to be an ‘industry leader' by treating the wastewater
to a sufficient level that it:

» could theoretically be used directly (i.e. without dilution) for contact recreational purposes such as
swimming*.

« could meet the unrestricted reuse standard in relevant international guidelines®.

As a step towards achieving this aim, the Council want to understand the level of freatment required to
achieve the two desired outcomes (i.e. minimise potential public health risks and meet the unrestricted
reuse standard), which may require different levels of treatment. The Council also wish to further
understand how this can be achieved with the proposed MBR and UV disinfection tfreatment process of
the Proposed Treatment Scheme. The Council has engaged MWH to assist with these two aspects.

1.2 Purpose

The purpose of this Report is to consider the public health risks to recreational water users associated with
the treated wastewater discharge, to estimate the treated wastewater quadlity, and to consider the
requirements of the Proposed Treatment Scheme to mitigate any potential public health risks and meet
the unrestricted reuse standard following UV irradiation and prior to any land contact.

1.3 Scope
MWH has carried out the following tasks.

» Reviewed recent literature of MBR performance with respect to virus reduction and, based on this
review, defined a likely range of expected MBR performance at Rotforua.

« Undertaken a quantitative microbiological risk assessment (QMRA) for a range of scenarios to
determine the individual iliness risk associated with the direct use of treated wastewater for contact
recreational purposes (i.e. swimming).

« ldentified appropriate treatment requirements of the Proposed Treatment Scheme to mitigate
potential public health risks based on the QMRA results and to meet the unrestricted reuse standard in

3 A combination of a membrane process with a suspended growth bioreactor.

4 The public health risk associated with secondary contact recreation (such as boating) would be lower as there would be a lower
ingestion rate as well as dilution within the environment prior to an individual's exposure.

5 Unrestricted reuse does not extend to use as a potable water supply. International guidelines have been used as there is not
currently a New Zealand guideline that specifies unrestricted reuse wastewater quality for viruses. An assumed unrestricted reuse
standard of less than 2 enterovirus per 50L has been adopted for this Report.
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the treated wastewater prior to any land contact arrangement or cascade discharge structure into
Black Stream channel.

1.4  Structure
This Report is presented in five further sections:

Section 2:  overviews waterborne micro-organisms and summarises the waterborne human pathogens
that are focus of this report

Section 3: summarises a literature review of virus reduction through a MBR freatment process and, based
on this summary, presents a likely range of expected MBR performance at Rotorua.

Section 4:  overviews relevant guidelines, summarises the QMRA undertaken by Graham McBride of NIWA
for a range of scenarios, compares the QMRA results to equivalent levels of calculated risk in
New Zealand guidelines, and identifies the required virus reduction through the Proposed
Treatment Scheme. This Section also provides expected treated wastewater virus
concentrations from the proposed MBR treatment process at Rotorua.

Section 5: summarises any additional freatment requirements for the Proposed Treatment Scheme, over
and above the proposed MBR treatment process, to achieve the Council's two desired
outcomes (i.e. minimise potential public health risks associated with direct use for contact
recreation and meet the unrestricted reuse standard).

Section é: presents the conclusions from the QMRA as well as appropriate freatment requirements of the
Proposed Treatment Scheme to achieve the Council's two desired outcomes based on
current guidelines.

The Quantitative Microbiological Risk Assessment (QMRA) report prepared by Graham McBride of NIWAé is
provided in Appendix A. Some of the analysis carried out by MWH on the QMRA inputs and results is
included in Appendix B.

1.5 Quantitative Microbial Risk Assessment

A Quantitative Microbial Risk Assessment (QMRA) was carried out by Graham McBride of NIWA on a range
of scenarios to determine the individual’s iliness risk associated with the direct use of freated wastewater
discharged from the Rotorua wastewater treatment plant for primary contact recreational purposes (ie
swimming)”.-

The QMRA report (McBride, 2017}, reproduced in full in Appendix A, includes:
= Adiscussion on QMRA methodology and inputs, including pathogens of concern, individual’s exposure

to pathogens and individual's likelihood of illness (i.e. dose-response). This is summarised in Section 4.3.1
of this Report.

« A tabulated summary of individual's iliness risk for a range of scenarios (i.e. typical and outbreak
influent concentrations, different viruses, and seven theoretical levels of virus removal through the
Proposed Treatment Scheme).

MWH used the results of the QMRA to determine the minimum virus reduction required through the
Proposed Treatment Scheme.

To understand if the proposed MBR freatment process alone would meet the Council's two desired
outcomes based on current guidelines, MWH compared:

é McBride, G., 2017. Quantitative microbial risk assessment for treated Rotorua wastewater. A report prepared
for MWH on behalf of Rotoroa District Council.

! The public health risk associated with secondary contact recreation (such as boating) would be lower as there would be a lower
ingestion rate as well as dilution within the environment prior to an individual's exposure.
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» The expected virus reduction through the proposed MBR with the minimum virus reduction required to
be achieved through the Proposed Treatment Scheme for the individual's iliness risk to be less than 1%
for gastrointestinal iliness and 0.3% for acute febrile respiratory illness.

« The expected concentration of viruses in the treated wastewater from the proposed MBR with the
unrestricted reuse standard.

If the proposed MBR freatment process alone was shown to not meet both of the Council's desired
outcomes, MWH then determined the minimum additional virus reduction required to be achieved by the
remainder of the Proposed Treatment Scheme and outlined how this additional reduction may be
achieved (e.g. UV disinfection, which is also part of the Proposed Treatment Scheme).
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Waterborne Micro-organisms

This section presents an overview of waterborne micro-organisms that have been used to quantify the level
of freatment provided at WWTPs, the individual iliness risk associated with treated wastewater discharges,

or both.

There are a wide variety of micro-organisms present in wastewater. Some are ‘indicator' organisms, which
themselves may not be pathogenic (ie cause disease) but are often used as a marker to indicate
microbial contamination as they are relatively easy and cost-effective to reliably measure. Others are
pathogenic and can cause a range of infections of varying severity, but can be more difficult and more
expensive to measure. Key groups of micro-organisms are summarised in Table 2-1.

Table 2-1: Range of Micro-organisms®
e Micro-
YR |  organism

Pathogenic | Protozoa

| Bacteria

Virus

Indicator Bacteria

Bocieribp'hoge

m

3-14

0.6 - 1.2 (diameter)

2 - 3 (length)

enterovirus: 0.018 - 0.027
adenovirus: 0.07 - 0.09
rotavirus: 0.06 - 0.08
norovirus G1 and Gll: 0.02 -
0.04

hepatitis A virus: 0.027 - 0.028

about 1 micron

M$2: 0.02 - 0.025
FRNA bacteriophage: 0.01 fo
0.1

8 Hai, 2014; Branch, 2015; Yin, 2012
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Single cell organisms (eg Cryptosporidium
and Giardia). Able to survive outside their
host under adverse conditions as cysts or
oocyts

Able to multiply in dependent of host
given suifable conditions.
Enteropathogenic bacteria eg cholera
and salmonella species. Opportunisfic
bacteria eg pseudomonas and

_streptococcus

Require a host [animals or people) to
reproduce. Enteric viruses include
enteroviruses and norovirus (ooth linked
with gastrointestinal illness), adenoviruses
(linked with respiratory illness) and
hepatitis A virus. Types of viruses found in
wastewater depend on those circulating
in the community. Seasonal (and
geographic) disease trends are seen with
some viruses (eg rotavirus) but trends in
virus presence in wastewater aren't as
clear. Infected individuals can excrete
large numbers of potentially infectious
enteric viruses such as norovirus many
weeks after they have recovered form
illness.

Able to multiply independent of host
given suitable conditions. Common
indicator bacteria are total coliforms,

_including faecal coliforms (eg E. coli)..

Viruses that infect specific bacteria and
often used as process indicators for
enteric virus removal or inactivation. A
coliphage is a type of bacteriophage
that infects E. coli. One type is F-specific
phage or male-specific phage (ie M2
coliphage) and is considered to have
similar characteristics to hepatitis A virus
and poliovirus (Hai, 2014). Another type is
somatic phage (eg T4 coliphage) and
considered to have similar characteristics
fo adenoviruses, reoviruses, rotaviruses
and coronaviruses (Hai, 2014).



The relative size of different micro-organisms compared to the nominal filter size proposed at Rotorua
WWTP (0.04 micron) is illustrated in Figure 2-1. Figure 2-2 is the diagram used by the Rotorua Project Steering
Committee in their deliberations about the treatment options and indication of the Proposed Scheme.

Rotorua MBR

(0.04 micron)
0.001 0.01 0.1 1.0 10 100
Vibrio
Pathogens Enterovirus
E. coli ~ Giardia
R :
R Salmonella
Norovirus
Adenovirus

Figure 2-1: Rotorua MBR Filter Size Compared with Micro-organisms (adapted from Hai, 2014)
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Figure 2-2: Relative Particle Size and Wastewater Treatment Process'?

Human viral pathogens are focus of this Report. This is based on the expectation that a MBR-based

wastewater treatment plant will effectively remove the larger pathogenic micro-organisms (protozoa and

9
10 From Koch Membrane Systems, 2004,

April 2018 | Sratus: Finol | Project No

80509284 Child No.: 0014 | Our ref:r
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bacteria), which are orders of magnitude larger than the nominal filter size (0.04 micron) proposed at
Rotorua WWTP!! (McBride, 2017).

For the literature review of virus reduction via MBR, publications that provide virus data have been
considered as far as possible in preference to publications that use surrogate-virus micro-organisms (eg
bacteriophages like MS2 coliphage and T4 coliphage). The primary reason for this is that the removal and
transport of surrogates do not necessarily correlate to those of enteric viruses in wastewater systems (Hai,
2014). For some aspects of MBR performance there is limited if any virus data available and so surrogate-
virus micro-organism data have been used to provide a perspective on likely performance.

The rationale for the selection of specific human viruses used in the QMRA is outlined in Section 4.3.1 and in
the QMRA report in Appendix A.

' GE Zeeweed 500D hollow fibre units or similar (Mott MacDonald MBR Preliminary Design)
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3. MBR Performance

3.1 literature Review

This section summarises findings of a literature review of virus reduction through a MBR treatment process.
A combination of the following mechanisms contribute towards the removal of pathogens through MBR:
» size exclusion (by the membrane)

« adsorption (to the membrane or biomass) and

« biological predation (or inactivation).

The properties of the specific pathogen will determine the most dominant removal mechanism. (Branch,
2015).

For viruses larger than the membrane pore size, size exclusion is the predominant mechanism for removal
provided the membrane integrity is sound (Branch, 2015). The nominal pore size of the MBR membrane at
Rotorua WWTP will be 0.04 micron, which is smaller than the typical size of adenovirus (about 0.07 to 0.09
microns) and rotavirus (0.06 to 0.08 microns). However, it is larger than the typical size of norovirus (0.02 to
0.04 microns) and enterovirus (0.02 to 0.03 microns). Hence, based purely on relative size to the membrane
pore size, norovirus and enterovirus would be expected to pass through a clean membrane.

For viruses in the order of or smaller than the membrane pore size, virus removal has been observed to be
greater than that expected with a clean membrane. This enhanced virus removal is reported to be due to
the dynamic fouling layer that builds up on the membrane and a tendency to adsorb suspended solids.
The dynamic fouling layer on the membrane comprises organic fouling and chemical scaling (or caking),
which physically reduces the effective pore size of the membrane and also entraps virus particles on the
membrane surface. Virus particles will also adsorb onto the surfaces of suspended solids in the bioreactor,
which essentially increases the size of the virus. (Branch, 2015; Hai, 2014; Wu, 2010).

Table 3-1 summarises the range of human virus Log Reduction Values (LRV) through MBRs reported in
literature, along with any key points of note about the data. The focus of this review (and Table 3-1) is
published papers about human virus removal (rather than other micro-organisms) using full-scale MBRs with
a nominal pore size similar to that proposed at Rotorua (0.04 micron, shown in bold type in and Table 3-1)
and 'real’ wastewater. Due to the relatively limited number of papers based on a pore size of 0.04 micron,
papers based on a larger pore size (up to 0.45 micron) have also be included in Table 3-1. The
abbreviation 'avg' has been used for 'average’ in the table.

fable 3-1: Observed Virus LRV Through MBR 12
T R O
4.1-5.6, avg 5.0  Full-scale MBR, 0,04 micron (nominal). 8 month study Kuo. 2010

period, 8 samples. Average LRV of overall adenovirus
was 5.0 £ 0.6 across MBR. Adenovirus concentratfions of St .

Adenovirus 1000 - 10000 gc/L detected in MBR effluent. Study also | Hirani, 2014; Hai,
looked at three adenovirus species. Average LRV were ~ 2014: Yin, 2012;
4,1 £0.9 (A species), 4.6 + 0.5 (C species), 6.5+ 1.3 (F Simmons,

(also cited in

species). 20111)
39-55 Full-scale MBR, 0.04 micron, 10 year old_ membrones. b Chaundhry,
K@i month sampling period. Adenovirus defected in é/6 2015

influent samples and 14/17 permeate samples. Samples

include those taken after CIP. Average LRV results (also cited in

2 All of the papers presented in Table 3-1 are based on virus detection or enumeration using PCR-based methods.

'3 ¥Yin 2012 and Hai 2014 report Simmons (2011) as separate case study to Kuo (2010) but Simmons (2011) uses same dataset
from Traverse City WWTP from Jan to Aug 2008. Kuo (2010) presents raw data as a lime series whereas Simmons (2011)
presents a statistical analysis with range in LRV for adenaovirus of 4.1 to 6.3 (average 5.5), and so only the resulis from Kuo (2010)
have been included in the table:
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Virus

Adenovirus

Adenovirus

Adenovirus

Adenovirus

Enterovirus

Enterovirus

Enterovirus

Enterovirus

Enterovirus

Enterovirus

Hepatitis A
virus

Document Set ID: 22624409

LRV

4.4 avg

2.38 - >4.86,

median >3.67

Virus detected
in MBR effluent

Virus detected

in MBR effluent

4.1-6.8, avg 5.1

>1.79 avg

>2.2-4.74,

median >3.40

>0.3->3.2

Virus not

detected in

MBR effluent

Virus not
detected in
MBR effluent

Virus not
detected in

April 2018 | Status: Fino

Version: 1, Version Date: 25/03/2026

Comment
presented in paper; individual paired LRV results not

shown.

Full-scale MBR, 0.04 micron. Adenovirus defected in
MBR effluent at low concentrations.

Three MBR plants, 0.4 micron. Adenovirus detected in
11/11 MBR influent samples and 5/11 permeate
samples. Adenovirus in MBR effluent samples with
concentration up to 19 ge/L when concentration in
MBR influent varied from 220 fo 180,000 gc/L

Nine full-scale MBRs. 3 MBR effluent samples at each
plant, influent not analysed. Adenovirus detected in

| most MBR effluent samples for all plants.

Pilot-scale MBR, 0.1 micron. Adenovirus detected

before and after membrane chemical cleaning (0.2%
NaClO). Adenovirus detected before and after
membrane breach (cut membrane, filtrate turbidity >

| 0.5 NTU). Influent concentration not measured. Note:
enterovirus, rotavirus and hepatitis A virus not detected
- in the samples despite having a smaller diameter (~0.3

micron) than adenovirus (~0.06-0.09 micron). Author
suggests it may be due to other viruses being present in
substantially lower concentrations, although no influent

data to confirm this.

Full-scale MBR, 0.04 micron (nominal). 8 month study
period, 8 samples. Average LRV of enterovirus was 5.1 =
0.9 across MBR. Enterovirus concentrations of 10 - 100
gc/L detected in MBR effluent.

Full-scale MBR, 0.4 micron. Enterovirus detected in

18/23 influent samples and 5/17 permeate samples,
with a mean concentfration of 160 gc/L. Log removal
value of 1.79 £ 0.55, where detection limit used if not
detected in permeate.

Three MBR plants, 0.4 micron. Enterovirus detected in
10/11 MBR influent samples and 2/11 permeate
samples. Enterovirus detected in MBR effluent samples
with concentration of 5.3 gc/L when concentration in
MBR influent varied from 240 to 290,000 gc/L

Full-scale MBR, 0.4 micron. 16 month study period.
Enterovirus detected in 13/19 MBR influenf samples and
4/19 permeate samples (2/4 of these were when MLSS
concentration was reduced to 50-60% of normal
operation level). When enterovirus was detected in

| MBR effluent, mean LRV was 1.6 + 0.4,

Nine full-scale MBRs. 3 MBR effluent samples at each
plant, influent not analysed).

Pilot-scale MBR, 0.1 micron. Enterovirus not detected
before and after membrane chemical cleaning (0.2%
NaClO). Enterovirus not detected before and after
membrane breach (cut membrane, filtrate turbidity >
0.5 NTU). Influent concentration not measured.

Nine full-scale MBRs. 3 MBR effluent samples at each
plant, influent not analysed.

Reference
Yin, 2016)

Purnell, 2016

Francy, 2012

(also cited in
Hirani, 2014)

Hirani, 2013

Hirani, 2014

Simmons, 2011
(also cited in
Yin, 2012; Hai,
2014; Sano,

2016)
' Ottoson, 2006

(also cited in
Sano, 2016;
Hirani, 2014)

Francy, 2012

{also cited in
Hirani, 2014)

Miurg, 2015

(also cited in
Sano, 2014)

Hirani, 2013

Hirani, 2014

Hirani, 2013



Virus

| Hepatitis A
virus

Norovirus

Norovirus

Norovirus

Norovirus
Gl

Norovirus
Gl

Norovirus
Gl

Norovirus
Gl
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LRV

| MBR effluent

Virus not
detected in
MBR effluent

. 2.3 avg

| >1.14 avg

33->68

>0*->5.5
*nondetectable
in influent

>1.51 -3.32,
median >3.02

>3.5->48, avg
>3.9

Virus not
detected in
MBR effluent

| 4.6-57

Version: 1, Version Date: 25/03/2026

Comment

Pilot-scale MBR, 0.1 micron. Hepatitis A virus (HAV) not
detected before and after membrane chemical
cleaning (0.2% NaClQ). HAV not detected before and
after membrane breach (cut membrane, filtrate
turbidity > 0.5 NTU). Influent concentration not
measured.

Full-scale MBR, 0.04 micron. Norovirus Gl and Gl
detected in MBR effluent in low concentrations. Results
of Gl and GIl combined to demonstrate removal of

' norovirus as a whole. This study also showed similar

concentrations of norovirus Gl and Gll in influent but
higher concentrations of adenovirus. Higher LRV
observed for adenovirus (average of 4.4; see other

| entry in this table).

| Full-scale MBR, 0.4 micron. Norovirus detected in 8/22

influent samples and 3/17 permeate samples, with a

| mean concenfration of 22 gc/L. Log removal value of
| 1.14 £ 0.88, where detection limif used if not detected
in permeate. Genogroup not specified.

Full-scale MBR, 0.45 micron. Norovirus Gl and Gl
detected in MBR effluent. Results of Gl and GlI
combined. Lower LRVs of 0.9 and 1.3 observed during
period of membrane integrity issues. Norovirus Gl
detected in 14/15 MBR influent samples and 14/32
permeate samples. Norovirus Gll detected in 15/15
MBR influent samples and 10/32 permeate samples.
Qverall norovirus Gl and Gll were always close to the
detection limit. Higher removals observed when higher

concentrations in MBR influent,

Full-scale MBR, 0.4 micron (nominal). Sampling during
winter (December — April) when norovirus
concentrations expected to be higher. Gl detected in
8/11 influent samples and 2/11 effluent samples.
Minimum LRV was about 1 when Gl was detected in
influent and effluent.

Three MBR plants, 0.4 micron. Norovirus Gl detected in
7/11 MBR influent samples and 2/11 permeate samples.
Norovirus detected in MBR effluent samples with
concentration of abouf 11 gc/L when concentration in
MBR influent varied from about 50 to 20,000 gc/L

Full-scale MBR, 0.04 micron (nominal). 8 month study
period, 8 samples. Average LRV of norovirus Gll was 3.9
+ 0.5 across MBR. Note: Norovirus Gll detected in 4/8
MBR influent samples and 0/8 MBR effluent samples.
LRV range based on influent samples where norovirus
detected and test detection limit for norovirus. This
study also showed lower concenirations of norovirus Gll
than adenovirus and enterovirus in MBR influent and
lower LRY. Norovirus Gl was not detected in influent,
Higher LRV observed for adenovirus and enterovirus
(average of 5.5 and 5.1, respectively; see other entries
in this table).

Full-scale MBR, 0.04 micron, 10 year old membranes. é
month sampling period. Norovirus detected in 4/4
influent samples and 14/17 permeate samples. Samples

Reference

Hirani, 2014

Purnell, 2014

| Ottoson, 2006

Sima, 2011

(also cited in
Sano, 20146)

da Silva, 2007

(also cited in
Hai, 2014; Kuo,
2010 and Yin,
2012)

Francy, 2012

Simmons, 2011

(also cited in
Yin, 2012; Sano,
2016)

Chaundhry,
2015

(also cited in



include those taken after CIP. Average LRV results Yin, 2016 and
presented in paper; individual paired LRV results not Sano, 2016)
shown,
>22->52 : . : g da Silva, 2007
’ Full-scale MBR, 0.4 micron (nominal). Sampling during , .
Norovirus ~ Yirusnof winter when norovirus concentrations expected fo be (@S0 citedin
Gl detected in higher. Gll detected in 12/12 influent samples and 0/8  Hal. 2014; Kuo,
MEBR effluent effluent samples 2010 and Yin,
2012)
>0.2->34 Full-scale MBR, 0.4 micron. 16 month study period.
Norovirus detected in 18/19 MBR influent samples and Miura, 2015
Norovirus 5/19 permeate samples (3/5 of these were when MLSS . 4
Gl concentration was reduced to 50-60% of normal (also cited in
operation level). When norovirus was detected in MBR | SAN©- 2016)
effluent, mean LRV was 1.3 £ 0.8.
Ralivits g:;)éggd in NlinengIl}?cc:I? MBTRS. 3 MBI‘\(’jelrluent samples at each Hirani, 2013
| MBR effluent plant, influent not analysed.
Virus not Pilot-scale MBR, 0.1 micron. Rotavirus not detected
defected in before and after membrane chemical cleaning (0.2%
Rotavirus MBR effluent NaClO). Rotavirus not detected before and after Hirani, 2014

membrane breach (cut membrane, filirate turbidity >
0.5 NTU). Influent concentration not measured.

Overall, studies of MBR performance to date indicate high removal of viruses is achieved in many cases
but suggest MBRs are not able to serve as an absolute barrier against viruses (Yin, 2016).

The key observations from the papers summarised in Table 3-1 are:

« increased virus LRV is generally observed with a smaller membrane pore size
« increased virus LRV is generally observed with increased influent concentration

« increased virus LRV is generally observed for adenovirus compared to enterovirus or norovirus when
influent concentrations are similar. This is expected based on virus size relative fo membrane nominal
pore size; adenovirus is in the order of twice the pore size, whereas enterovirus and norovirus are
between 0.5 to 1.0 times pore size

» insome cases virus LRV is underestimated due to virus not being detected in the MBR effluent (or MBR
influent)

» with a pore size of 0.04 micron and sufficiently high 'typical’ MBR influent concentrations, the minimum
mean LRV is expected to be 5.0 to 5.5 for adenovirus and 4.5 to 5.0 for enterovirus and norovirus.
Higher LRV would be expected with higher MBR influent concentrations.

The virus LRV reported in literature varied between studies. There are several possible reasons for this
(Branch, 2015; Rames, 2016}, including the following.

» Influent virus concentrations. The higher the initial influent virus concentration, the higher the possible
LRV that can be observed.

« Pre-treatment of wastewater (ie primary treated wastewater or untreated wastewater). Virus particles
adsorb to solids, and so primary treated wastewater may contain a lower concentration or an altered
ratio of virus species. Note Kuo (2010) observed no removal of human adenovirus by primary
sedimentation.

« Use of 'real’ wastewater (ie from a wastewater treatment plant) or ‘synthetic' wastewater (eg
manufactured with similar chemical composition or de-ionised water inoculated with virus particles).
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» Use of seeded verses indigenous micro-organisms. In some cases wastewater is 'innoculated' to
artificially increase the concentration of virus particles in the influent. Seed micro-organisms can
behave differently to indigenous micro-organisms.

»  Use of other micro-organisms such as coliphages of a similar size fo viruses. Ottoson, 2006 (and cited in
Hai, 2014) observed a marked variation in the removal of tested indicator organisms, with bacterial
indicators more efficiently removed that coliphages, which were more efficiently removed that
enterovirus and norvirus genomes.

- Different experimental setup - i.e. bench-scale, pilot-scale and full-scale MBR plants, use of
acclimatised biomass, different pore size, different operating regimes.

» Differences in test methods used to quantitate influent and treated wastewater virus concentrations.
Culture-based methods report the quantity of virus that are able to infect a given host whereas
Polymerase Chain Reaction (PCR) based methods report the number of virus genome copies'
detected, which cannot distinguish between infectious and non-infectious viruses. PCR-based
methods often report concentrations that are several orders of magnitude higher than those
determined from infectivity assays (Chaudhry, 2015) and probably underestimate infectious virion
removal (Ottoson, 2006). PCR-based methods also use a variety of PCR primers, which often have
different levels of specificity (ie detect a particular type of virus, say adenovirus, or detect a particular
virus strain). In both cases, the methods used to collect and prepare a sample for analysis as well as
the test detection limit may result in variation between laboratories.

+ Some review papers have not included the LRV for a paired set of influent and MBR permeate
samples's if there were no virus particles detected in the treated wastewater, which will underestimate
the observed range of LRV.

3.1.1 Operational Variability

The papers presented above focus on fypical LRV that can be expected during normal operation. This
section provides some perspective on impact of membrane cleaning, membrane breach (i.e. loss of
membrane integrity) and changes in operational parameters on LRV.

Several studies have been carried out to better understand the impact (both extent and duration) of
hydraulic and chemical cleaning on LRV. Many are based on bench-scale MBR and larger membrane
pore sizes (ie >0.04 micron) but generally suggest for full-scale MBR plants there is minimal impact in LRV
and that any impact is short-lived. Papers of note include the following.

« Yin (2016) observed that hydraulic cleaning (both pressure relaxation and permeate backwash) with a
0.45 micron bench-scale MBR led to about a 1 log reduction in removal of human adenovirus,
however removals returned to pre-cleaning levels within 16 hours after backwash. Jacangelo (1995)
(as cited in Hai, 201 4) observed virus removal by MF/UF membranes increased with time with
accumulation of foulants but that it did not decrease after hydraulic backwash.

= Hirani (2014) observed that enterovirus, rotavirus and hepatitis A virus were not detected in MBR
effluent before or after chemical cleaning with hypochlorite. Adenovirus were detected in both
situations but the author suggests it may be due to substantially higher influent concentrations,
however there was no influent data to confirm this.

« van den Akker, 2014 observed that chemical cleaning (soaking and aerating membranes in
hypochlorite and caustic, chemical backwash in citric acid and then hypochlorite/caustic soda) of
full-scale MBR reduced the LRV of E. coli and total coliforms each by about 1 log but did not affect the
removal of bacteriophage or clostridia. Viruses were not measured. The observations were attributed

14 A unit of measure commonly used when reporting virus concentrations obtained from PCR-based methods
15 A paired set is the term used when one influent sample and one MBR permeate sample is taken at the same time, sometimes
adjusted for hydraulic retention time.
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to the fact that these indicators absorb well to larger flocs, which are readily rejected by a clean
membrane. The LRV improved over the 5 day period following cleaning.

For full-scale MBRs, the removal of viruses (and other micro-organisms) is dependent on the integrity of the
MBR system. A loss of integrity due to the membrane (eg abnormally large pores, compromised glue line,
holes) or filtration system (eg compromised o-rings, broken mechanical seals) can result in a spike in both
turbidity and microorganisms in the treated wastewater (Hai, 2014; Branch, 2015). Under breached
conditions, the filtrate typically increases immediately after relaxation/backwash and gradually reduces to
a previously observed value once the membrane plugs with activated sludge after a few minutes of
filtration (Zha, 2008 as cited in Hai 2014). In a full-scale MBR study, Hirani (2014) observed that enterovirus,
rotavirus and hepatitis A virus were not detected in MBR effluent before or after a membrane breach.
Adenovirus were detected in both situations but the author suggests it may be due to substantially higher
influent concentrations, however there was no influent data to confirm this.

Currently it is unknown if general decay or decomposition of the membrane may result in decreased
rejection over the long-term operation (Hai, 2014).

The Australian Water Recycling Centre of Excellence funded a project to develop a national validation
framework for MBRs in Australia. As part of this project, data was analysed from 11 full scale MBRs to better
understand impact of operational parameters on LRV for virus-surrogates (somatic coliphage, FRNA
bacteriophage), bacteria (E. coli) and protozoan (C.perfringens). The MBRs range in pore size 0.04 to 0.4
micron (most 0.04 micron, as is proposed for the full scale Rotorua WWTP upgrade and is presently used in
the existing MBR that treats one third of the flow). This analysis showed that there was a higher likelihood of
low LRV with low Hydraulic Retention Time (HRT), high flux, high permeability, low Transmembrane Pressure
(TMP), high permeate turbidity, low Mixed Liquor Suspended Solids (MLSS) and high dissolved oxygen
(Branch, 2015). Further work is needed to confirm whether or not these findings correlate to impact on LRV
for human viruses.

3.1.2 Rotorua Monitoring Data

Currently at the Rotorua WWTP, two thirds of the flow is treated by an activated sludge-based plant and
the remainder is tfreated by a MBR-based plant. To get an understanding of the current level of virus
reduction through the existing MBR-based plant, limited virus monitoring was carried out in 2016 under
typical operating conditions. Samples were taken from the untreated wastewater and from the MBR
permeate (i.e. the MBR treated wastewater). The monitoring results are summarised in Table 3-2.

Table 3-2: Virus Monitoring at Current Rotorua WWTP
i Adenovirus Norovirus Genotype | { Norovirus Genotype Il
ls)il:;pllng l (genome copies/L) (genome copies/L) | {(genome copies/L)
Influent | Permeate { Influent | Permeate
22/8/16 £80.,000 not detected = 130,000 <25 (TBC) 4,800,000 <25
30/8/16 8,800,000 not detected 18,000 <25 7.300,000 720
5/9/16 1,600,000 not detected 29,000 <25 11,000,000 90

The results show that viruses are typically reduced by the following:

« adenovirus — more than 5.3 log removal'¢ LRV limited by influent concentration)
= norovirus Gl — more than 2.9 log removal (LRV limited by influent concentration)

» norovirus Gll — at least 4.0 log removal.

16 A detection limit of 5 genome copies per L was assumed lo calculate log reduction in adenovirus

| 2 1 al | Project No.: 8050928 hile ™ ( ) v V2
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3.2 Expected MBR performance

Table 3-3 provides the likely range of expected MBR performance at Rotorua (0.04 micron) with respect to
virus reduction for the following two scenarios:

« “typical” influent virus concentrations, considered to be representative for the majority of the time

»  "outbreak" influent virus concentration, considered to be representative following a disease outbreak

in the community. Characterised by a short spike in virus concentration at the start of the outbreak
followed by a decline to “typical" concentrations.

Table 3-3: Expected Virus LRV Through Proposed MBR Treatment Process (0.04 micron)

Influent Scenario Adenovirus Enterovirus Norovirus

| “typical” ' 50t05.5 4.5105.0 | same as enterovirus
“outbreak” 7 ' 621067 571062 651070

17 Expected virus LRV for "outbreak” scenario based on influent concentrations (and LRV) being 1.2 log higher than “typical”
scenario for adenovirus and enterovirus and being 2.0 log higher for norovirus.
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4.  Quantitative Microbiological Risk Assessment

4.1 Overview

A quantitative microbiological risk assessment (QMRA) was carried outf to determine the potential risk of
infection associated with the direct use of treated wastewater discharged from the Rotorua wastewater
treatment plant for primary contact recreational purposes (ie swimming) '

The QMRA has been undertaken in recognition of the requirements of the microbiological guidelines for
receiving water inherent with the “Microbiological Water Quality Guidelines for Marine and Freshwater
Recreational Areas” published by the Ministry for the Environment and the Ministry of Health (2003).

This section outlines the relevant guidelines, summarises the QMRA undertaken by Graham McBride of
NIWA'? for a range of scenarios, compares the QMRA results fo equivalent levels of calculated risk in New
Zealand guidelines, and identifies the required virus reduction through the Proposed Treatment Scheme.
The complete QMRA report prepared by Graham McBride of NIWA is presented in Appendix A.

This section then provides an overview of expected treated wastewater quality from the proposed MBR
freatment process based on the influent virus concentration used for the QMRA and the expected virus
LRV through the proposed MBR. This is to enable the Council to understand if the proposed MBR treatment
process alone would meet the Council's two desired outcomes or if additional virus is reduction is required
to be achieved by the remainder of the Proposed Treatment Scheme (e.g. UV disinfection).

4.2 QMRA Guidelines

4.2.1 Background

It is recognised that the definition of an acceptable level of risk of symptomatic infection is a difficult
choice. In considering the calculated risk of infection, it is important to recognise the risk levels inherent in
the existing bathing water guidelines and those applied to other areas within related industries.

4.2.2 Microbiological Water Quality Guidelines for Marine and Freshwater
Recreational Areas

The Ministry for the Environment originally published the Microbiological Water Quality Guidelines for
Marine and Freshwater Recreational Areas (the "Guidelines") in June 2002. An updated version of the
Guidelines was completed in June 2003. The Guidelines replace the previous Ministry for the
Environment/Ministry of Health Recreational Water Quality Guidelines published in November 1999.

The Guidelines were developed over an extensive period of consultation with regional and local councils
and health authorities, and present a preferred approach to monitoring recreational waters. It should also
be noted that they are not legislated standards that must be adhered to at all times. Furthermore, the
Guidelines state that they “should not be directly applied to assess microbiological quality of water that is
impacted by a nearby point source discharge of freated wastewater without first confirming that they are

appropriate. This is particularly important for disinfected effluent20,..”.

The Guidelines use a combination of qualitative risk grading of the catchment, supported by the direct
measurement of appropriate faecal indicators to assess the suitability of a site for recreation. In addition,
alert and action guideline levels are used for surveillance throughout the bathing season. The two
components to providing a grading for an individual site are:

8 The public health risk associated with secondary contact recreation (such as boating) would be lower as there would be a lower
ingestion rate as well as dilution within the environment prior to an individual's exposure.

19 McBride, G., 2017. Quantitative microbial risk assessment for treated Rotorua wastewater. A report prepared
for MWH on behalf of Rotorua Lakes Council.

20 Where disinfection is used to reduce the density of indicator bacteria in treated wastewater, the presumed relationship between
E. coli and pathogen presence may be altered. In waters, receiving such treated wastewater, E. coli may not provide an accurate
estimate of the risk of infection.
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« The Sanitary Inspection Category (SIC), which generates a measure of the susceptibility of a water
body to faecal contamination

« Historical microbiological results, which generate a Microbiological Assessment Category (MAC) and
provides a measure of the actual water quality over time.

The two criteria provide an overall Suitability for Recreation Grade (SFRG), which describes the general
condition of a site at any given time, based on both risk and indicator bacteria counts. This grade
provides the basis for telling people whether or not the water is suitable for recreational use from a public
health perspective.

The Microbiological Assessment Category (MAC) system for marine waters?' is considered the most
appropriate to use when interpreting the QMRA results for the Rotorua WWTP discharge as it is based on
the individual iliness risk related to viruses. The system for freshwater?? is based on the individual infection
risk associated with campylobacter, which will be retained on the membrane as campylobacter are
about a hundred times larger in size than the membrane pore size of the proposed MBR.

The Guidelines provide a classification (i.e. a Suitability for Recreation Grade) based on a number of
contact recreation associated illness risk thresholds. The Guidelines classify waters as “very good" for its
Suitability for Recreation Grade as posing a less than 1% risk of gastrointestinal illness (Gl) and less than 0.3%
risk for acute febrile respiratory iliness (AFRI); "good" grading as posing 1% to 5% risk of Gl (and between
0.3% and 1.9% risk for AFRI). For waters that are classified as in a "fair" condition, the iliness risk thresholds
are between 5% to 10% and 1.9% o 3.9% for Gl and AFRI respectively. Waters that pose an iliness risk of
greater than 10% for Gl and greater than 3.9% for AFRI are classified as being in a "poor" condition.

4.2.3 Historical Water Quality Guidelines: Local and International

Prior to the publication of the 2003 Guidelines, the Recreational Water Quality Guidelines published by the
Ministry for the Environment/Ministry of Health in November 1999 served as a basis for evaluating the
suitability of water bodies for recreational contact. These guidelines were based on guidelines
implemented by the USEPA following the work of Dufour (freshwater) and Cabelli (marine water). The
“acceptable" iliness (not infection) rates associated with the development of these studies were as follows:

« d bathing season iliness rate of 8 cases of HCGIZ per 1,000 swimmers (i.e. 0.8 percent) as inherent in
the development of a number of historical guidelines for freshwater bathing water

+ abathing season iliness rate of 19 cases of HCGI per 1,000 swimmers (i.e. 1.9 percent) as inherent in the
development of a number of historical guidelines for marine bathing water.

It should however be noted the "acceptable” iliness rates stated above were not chosen a priori but
calculated following the decision to accept the risk level associated with the standard at the time.

424 Marine Bathing Beach Survey

It is of interest o note that the Bathing Beach Study conducted in New Zealand?* for marine bathing
beaches reported the following.

« Abaseline iliness rate of 58 cases per 1,000 individuals for people attending the beach but not
entering the water. The baseline illness rate comprised 17 per 1,000 incidences associated with highly
credible gastrointestinal illness (HCGI), 18 per 1,000 incidences of possible gastrointestinal illness
(POSSI) %, and 23 per 1,000 incidences of respiratory iliness.

21 the marine guidelines are based on incidence of illness from epidemiological studies, and hence incorporate the effect of
morbidity (ie the rate of infections becoming illnesses)

?2 the freshwater guidelines are based on incidence of infection derived from a quantitative risk assessment

23 HCGI = High credible gastrointestinal illness; ANYGI= any gastrointestinal illness.

24 McBride GB, Salmond CE, Bandaranayake DE, Turner 8J, Lewis GD and Till DG (1998), "Health Effects of Marine Bathing in
New Zealand”, Int. J Environ Health Res., 8: 173-189..

25 possible gastrointestinal illness (POSSI) is equal to any gastrointestinal iliness {(ANYGI) minus highly credible gastrointestinal
illness (HCGI)
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« Anillness rate of 56 per 1,000 paddlers, i.e. waders who entered the water but did not immerse the
head. The paddler illness rates comprised 21, 6 and 29 incidences per 1,000 individuals for HCGI,
POSSGI and respiratory illness respectively.

« Anillness rate of 98 per 1,000 swimmers, i.e. people who entered the water and immersed the head.
The swimmer illness rates comprised 21, 38 and 39 incidences per 1,000 individuals for HCGI, POSSGI
and respiratory iliness respectively.

43 QMRA

4.3.1 QMRA Approach

A QMRA was carried out by Graham McBride of NIWA on a range of scenarios to determine the individual
ilness risk associated with the direct use of treated wastewater discharged from the Rotorua WWTP for
contact recreation only?. The methodology used to carry out the QMRA is detailed in Appendix A. This
section provides a summary of the general approach used for Rotorua WWTP.

The approach used to carry out the QMRA comprised four basic steps:

1. Select the pathogens of concern, based on water-related diseases that may arise (i.e.
gastrointestinal illness and respiratory iliness) and have been commonly used to define water
quality standards. The pathogens chosen for contact recreation were:

Adenovirus (linked with respiratory diseases) - It is very infective and low and may be present
in freated wastewater.

— Enteroviruses (linked with gastroenteritis) — It is less infective, but health consequences can be
more severe than adenovirus

— Norovirus? (linked with gastroenteritis) - There is increasing evidence of its prevalence in
treated wastewater and dose-response relationships are now available.

2. Assess exposures to the pathogens, based on typical and outbreak influent virus concentration
(taken from other New Zealand studies), range of theoretical virus log reduction values for a future
Rotorua WWITP (i.e 2 log to 8 log reduction), direct use of freated wastewater (i.e. no dilution in the
receiving waters) and primary contact recreation (i.e. swimming).

3. Characterise the pathogen's dose-response, based on published studies and data from viral illness
outbreaks and infection.

4. Calculate the health risks, using Monte Carlo statistical modelling to reflect the likely variations in a
range of assumptions that define the treated wastewater quality, an individual's exposure and an
individual's risk of infection and illness. Arandom sample is taken from each distribution to
calculate an individual’s risk of illness. The sampling procedure is repeated many times to simulate
a large population being exposed to water that may, on some occasions, be contaminated.

Key assumptions used to carry out the QMRA, in addition to those outlined above, include:

» The Proposed Treatment Scheme for Rotorua is appropriately designed and operated to
accommodate current and future flows and loads

« there are no WWTP bypasses around freatment processes

« there is no dilution or decay of residual pathogenic micro-organisms in the discharge treated
wastewater once discharged into the water environment.

26 The scope of the QMRA summarised in this Report was agreed with Rotorua Lakes Council
27 Dose-relationship for norovirus genotype Gl has been used in this QMRA.,

Document Set ID: 22624409
Version: 1, Version Date: 25/03/2026



4.3.2 Individual lliness Risk

This section of the report summarises the results of the QMRA, which is presented in Appendix A. Data are
presented in this section to illustrate the individual's iliness risk for a range of scenarios in comparison to
equivalent risk levels in New Zealand guidelines. Based on this comparison, the required virus reduction
through the Proposed Treatment Scheme in its entirety (i.e. MBR, UV disinfection and phosphorus removal)
for the individual's illiness risk to be less than the risk levels associated with a "very good" grading is
identified.

Figure 4-1 presents the individual's illness risk associated with contact recreation based on the selected
pathogens of concern (i.e viruses) and a range of theoretical virus log reductions through the Proposed
Treatment Scheme in its entirety. The results have been grouped based on the following:

« Influent virus concentration. Typical virus concentrations are considered to be representative for the
majority of the time. Outbreak virus concentrations are considered to be representative following a
disease outbreak in the community, which is characterised by a short spike in virus concentration at
the start of the outbreak followed by a decline to "typical” concentrations

» Type of infection and iliness. Respiratory illness, based on adenovirus. Gastrointestinal iliness, based on
enterovirus and norovirus (aggregated and disaggregated). As outlined in Section 4.2.2, the MAC
system in the Guidelines comprises a four-tiered scale with different risk cut-offs for the mean individual
illness (respiratory and gastrointestinal) risk. In Figure 4-1, MAC A is shaded green, MAC B blue, MAC C
yellow and MAC D orange.

The individual gastrointestinal illness risks for norovirus have been analysed based on an infection model
that assumes the virus is either all aggregated (ie all present in clusters of more than one virion) or all
disaggregated (ie all separate virions). If norovirus is present in freated wastewater from the Proposed
Treatment Scheme, it is more likely it is present in the disaggregated form than in the aggregated form. The
main reason for this is that for norovirus to be present in the tfreated wastewater, it needs fo have passed
through the proposed MBR membrane. A disaggregated norovirus particle (about 0.02 to 0.04 micron) is
similar in size to the proposed membrane pore size (0.04 micron), whereas an aggregated norovirus
particle will generally be larger in size.
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The QMRA with respect to gastrointestinal iliness for the Proposed Treatment Scheme has shown that:

« the individual's illness risk is less than 1% for enterovirus with 2.1 log reduction through the Proposed
Treatment Scheme and for norovirus (disaggregated) with 4 log reduction?® through the Proposed
Treatment Scheme for ‘typical’ influent virus concentrations

» theindividual's iliness risk is less than 1% for enterovirus with 4.1 log reduction through the Proposed
Treatment Scheme and for norovirus (disaggregated) with 5 log reduction for ‘outbreak’ influent virus
concentrations.

28 The required log reduction is less for norovirus (aggregated) than for norovirus (disaggregated). The mean individual
gastrointestinal iliness risk is less than 1% for aggregated norovirus with less than 2 log reduction through the Proposed Treatment
Scheme. However, if norovirus is present in MBR treated wastewater, it is more likely to be present in the disaggregated form and
so the disaggregated results are of most importance from a public health perspective.
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The QMRA with respect to respiratory illness for the Proposed Treatment Scheme has shown that:

» the individual's iliness risk is less than 0.3% for adenovirus with 3.1 log reduction through the Proposed
Treatment Scheme for ‘typical’ influent virus concentrations

« the individual's iliness risk is less than 0.3% for adenovirus with 5 log reduction through the Proposed
Treatment Scheme for ‘outbreak’ influent virus concentrations.

The required virus log reduction through the Proposed Treatment Scheme for the individual's iliness risk to
be less than 1% and 0.3%, respectively, for gastrointestinal and respiratory illnesses is summarised in Table

4-1
lable 4-1: Required Virus LRV Through Proposed Treatment Scheme For Individual's lliness Risk to be Less
Than Required Levels
Gastrointestinal lliness Respiratory lliness
(<1%) (<0.3%)

Influent Scenario Norovirus Adenovirus

“typical” Z: ' 4.0 3.1

"outbreak”?? 4.1 5.0 5.0

In some cases, the above log reductions may overly conservative or unnecessarily high. The following
should be considered when interpreting the results:

« The "typical” influent concentration and relative proportion of different viruses can change over the
year and between WWTPs. For example at Napier WWTP, influent norovirus concentrations remain high
whereas influent enterovirus and adenovirus concentrations tend to be lower and much more variable
(McBride, 2016) 3. Whereas different trends have been seen elsewhere (Purnell, 2016; Ottoson, 2006;
Miura, 2015). The probability distribution of influent concentrations used for the QMRA is given in
Appendix B.

« The influent concentration distribution used for the ‘outbreak’ scenario (see Appendix B) mimics
substantially greater enterovirus and adenovirus concentrations observed for some weeks in Mangere
WWTP influent in a Scoping Study in May — July 1999. Unusually, the concentrations for both viruses in
the Scoping Study were up to 1,000 times larger than in other investigations at the time and virus
concenfrations as high as these have not been observed during the regular ongoing monitoring at
Mangere since (McBride, 2016).

+ The QMRA considered two forms of norovirus — aggregated and disaggregated, with the same influent
concentration assumed for both forms (ie all disaggregated or all aggregated). Aggregation of
noroviruses markedly reduces norovirus iliness risk when those viruses are present in low concentrations
(McBride, 2014a in Clarks Beach MRA), which can be seen as a 2 to 3 log difference in individual iliness
risk when comparing aggregated and disaggregated norovirus results for the same LRV. As noted
previously, if norovirus is present in treated wastewater from the Proposed Treatment Scheme, it is more
likely it is present in the disaggregated form than in the aggregated form. The main reason for this is
that for norovirus to be present in the treated wastewater, it needs to have passed through the
proposed MBR membrane and a disaggregated norovirus particle (about 0.02 to 0.04 micron) is similar
in size to the proposed membranec pore size (0.04 micron). A precautionary approach has been taken
when interpreting the QMRA results by assuming that all the noroviruses are disaggregated.

23 Expected virus LRV for the “outbreak” scenario are based on influent concentrations (and LRV) being 1.2 log higher than
“typical” scenario for adenovirus and enterovirus and being 2.0 log higher for norovirus.

3% Hirani (2014) reported one study with similar influent concentrations of enterovirus and adenovirus in the order of 100 to
100,000 gc/L and another with influent concentrations of adenovirus in the order of 1,000,000 to 10,000,000 gc/L.
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«  The QMRA considered the use of treated wastewater directly for contact recreation. The treated
wastewater is proposed to discharge to the Black Stream channel (a geothermal channel), which
discharges into Lake Rotorua at Sulphur. This means that, in reality, there will at least some dilution
within the receiving environment prior to an individual being exposed to the discharge. To provide a
perspective on this, a 10-fold dilution equates to a 1 log reduction and a 100-fold dilution equates to 2-
log reduction. In reality there will also be at least some decay within the receiving environment prior fo
an individual being exposed. The Black Stream channel is a geothermal channel, with a low pH and a
high temperature, but the effects of such an environment on virus reduction has not been considered
in the QMRA.

+ In comparison to primary contact recreation, a lower virus log reduction through the MBR would be
required fo achieve the same level of risk associated with secondary contact recreation due to the
lower ingestion rate and dilution within the receiving environment.

44 Expected Treated Wastewater Quality from Proposed MBR

The expected median concentratfion of enterovirus in the treated wastewater discharged from the
proposed MBR freatment process is presented in Table 4-2. This treated wastewater quality has been
estimated from the expected virus LRV through the proposed MBR (see Table 3-3, lower end of range used)
and the median influent virus concentrations used for the QMRA (see Appendix A).

Estimated Median Influent and Treated Wastewater Conc ations of Enterovirus

Assumed LRV
Influent Scenario m Through MBR Treated Wastewater

styoical® 3,000 number/L 0.09 number/L
" 5 number/50L
50,000 number/L S.7 0.10 number/L

"outbreak”

5 number/50L

The expected freated wastewater concentration presented in Table 4-2 will be used in Section 5 to
determine if the proposed MBR treatment process alone would meet the Council's two desired outcomes
or if additional virus is reduction is required to be achieved by the remainder of the Proposed Treatment
Scheme (e.g. UV disinfection).
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5. Additional Requirements

5.1 Ability of Proposed MBR to Meet Council's Aim

The Council's aim, in respect to public health protection and the ability to reuse treated wastewater, is to
be an ‘industry leader’ by treating the wastewater to a sufficient level that it:

1. could theoretically be used directly (ie without dilution) for contact recreational purposes such as
swimming. This would require the mean individual iliness risks associated with this activity to be less
than 1% for gastrointestinal illness and 0.3% for acute febrile respiratory illness.

2. Could meets the unrestricted reuse standard in relevant international guidelines.

Based on the expected virus log reduction through the proposed MBR treatment process (see Table 3-3)
and the results of the QMRA (see Table 4-1), the individual's illness risk associated with the treated
wastewater discharge is expected to be less than the required levels [i.e. <1% for gastrointestinal illness and
<0.3% for respiratory iliness). This demonstrates that the freated wastewater from the proposed MBR
treatment process alone is expected to meet the Council’s first desired outcome (i.e. it can be used
directly for contact recreation) without additional virus reduction provided by the remainder of the
Proposed Treatment Scheme.

There is no New Zealand guideline and only a few guidelines available internationally that provide a
numeric value for an acceptable concentration of human enteric viruses in treated wastewater that is
reused without restriction (ie unrestricted reuse). Guidelines that are available from New South Wales,
Australia, provide a limit for enterovirus of €2 virus per 50 L for recycled water for urban reuse?'. No values
are available for adenovirus or norovirus. Based on this limit and estimated treated wastewater quality from
the proposed MBR treatment process  Table 4-2 the proposed MBR treatment process alone would not
provide a sufficient level of treatment for unrestricted reuse of the treated wastewater. Additional virus
reduction would be required to be achieved by the remainder of the Proposed Treatment Scheme (e.g.
UV disinfection) to meet the Council's second treatment requirement (ie meet unrestricted reuse
standard).

5.2 Additional Virus Log Reduction Value and Treatment Options

Based on the expected MBR performance (Section 3.2), the QMRA resulis (Section 4.3.2) and the expected
treated wastewater quality from the proposed MBR treatment process (see Section 4.4), the following
additional virus reduction is required to be achieved by the remainder of the Proposed Treatment Scheme
to meet the Council's aim and desired outcomes:

= 0.4 log reduction in enterovirus to meet the unrestricted reuse guidelines to reduce the enterovirus
concenfration from 5 per 50L to 2 per 50L. It is nofed that no guideline value is available for adenovirus
Of NOrovirus.

Additional virus reduction is not required for the individual's iliness risk to be lower than for 1% for
gastrointestinal illness and 0.3% for acute febrile respiratory illness.

The additional virus reduction requirements and broad treatment option(s) to achieve additional virus
reduction are summarised in Table 5-1. Broad freatment options have been provided in Table 5-1 for all
pathogens of concern to provide a perspective, as unrestricted reuse guideline values may become
avdilable for other viruses in the future.

31 In 1989 guidelines were developed for viruses in recycled water for urban reuse in New South Wales (NSW). The guidelines
were developed by a committee involving the NSW Department of Health and the NSW Department of Public Works. It is
understood that the proposed guideline values were not established from specific scientific data. The guidelines were strongly
influenced by other guidelines / standards (i.e. World Health Organisation: zero per 10 L of drinking water. and in Arizona, USA: 1
per 40 L for unrestricted reuse.

Document Set ID: 22624409
Version: 1, Version Date: 25/03/2026



Table 5-1: Residual Virus Reduction Requirements and Broad Options

Required Required

Pathogen of | LRV for LRV for Fossbie
Treatment Comments
Concern Contact Reuse Option
Recreation P

Adenovine W - gUIIdellne Chlorine Readily inactivated by chlorine disinfection.

¥ouEs disinfection  Significantly more resistant to UV disinfection.
i nil ' 0.4

lllaboti . fmmen uv Readily inactivated by UV disinfection.

Norovirus nil no gwldellne disinfection ~ More resistant to chlorine disinfection.
value

53 UV Disinfection

The treated wastewater from the proposed MBR treatment process requires UV disinfection enable it fo
meet the unrestricted reuse standard of 2 enterovirus per 50L32. UV disinfection would also provide further
reduction in norovirus and, to a much lesser extent, adenovirus. It would also provide redundancy in the
treatment process, should there be any occasion where there is reduced virus removal through the MBR
system.

To provide a perspective on UV disinfection requirements, a UV disinfection system has been sized to
provide a validated UV dose of approximately 40 mWs/cm?2, based on an organism sensitivity of

12 mWs/cm?, flows up to 825 L/s, and treated wastewater having a UV transmittance of 65%. Such a UV
disinfection system would be expected to provide a 2.3 validated log reduction in MS2 bacteriophage
and a 3 validated log reduction in enterovirus and norovirus.

The indicative capital costs for a UV disinfection system of this size (UV equipment supply only), excluding
gst, are in the order of $600,00033, with indicative operating costs (power demand only) in the order of
$40,000 per year34,

5.4 Further Mitigation Measures

If the Council wish to provide further log reduction in concentration of adenoviruses under typical
conditions or provide security on MBR performance, chlorine disinfection is likely to be more cost effective
than UV disinfection. Adenovirus is significantly more resistant to UV disinfection than enterovirus and
norovirus but is readily inactivated by chlorine disinfection.

If free chlorine is utilised as a disinfectant, a free chlorine CT of less than 1 mg.min/L has been shown fo
achieve 2 log removal of adenoviruses (Jacangelo et al, 2002 as cited in Hirani, 2014). A chlorine
disinfection system has not been sized or costed at this stage as neither the QMRA or the expected treated
wastewater quality suggest that it would be needed.

32 A reduction of at least 0.4 log in enterovirus is required to meet the unrestricted reuse standard.

33 This cost is based on a single open channel system with 6 modules of lamps (duty) with 1 module as standby. This cost
excludes costs associated with investigation, design, consenting, associated works (ie civil, mechanical, electrical and controls),
construction and commissioning,

34 Based on 6 modules of lamps (duty) at 50%, 365 day/year operation, 8¢ per kWh,
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6. Conclusions
Key conclusions from this Report are summarised in this section.

Expected MBR Performance

Based on a literature review, MWH idenfified the likely range of expected MBR performance at Rotorua
(0.04 micron). The average log reduction expected under "typical” influent concentrations is 5.0 to 5.5 for
adenovirus and 4.5 to 5.0 for enterovirus and norovirus. A higher average log reduction is expected under
"outbreak” (i.e. higher) influent concentrations.

Suitability For Contact Recreation Purposes

A QMRA was carried out on a range of scenarios to determine the individual's illness risk associated with
the direct use of freated wastewater discharged from the Proposed Treatment Scheme for primary
contact recreation.

The individual's iliness risk associated with gastrointestinal iliness resulting from direct use of the treated
wastewater discharge for contact recreation:

« isless than 1% for enterovirus with 2.1 log reduction through the Proposed Treatment Scheme and for
norovirus (disaggregated) with 4 log reduction for ‘typical’ influent virus concenfrations

» isless than 1% for enterovirus with 4.1 log reduction through the Proposed Treatment Scheme and for
norovirus (disaggregated) with 5 log reduction for 'outbreak’ influent virus concentrations.

The individual's iliness risk associated with respiratory illness resulting from the direct use of the freated
wastewater discharge for contact recreation:

» isless than 0.3% for adenovirus with 3.1 log reduction through the Proposed Treatment Scheme for
‘typical’ influent virus concentrations

» s less than 0.3% for adenovirus with 5 log reduction through the Proposed Treatment Scheme for
‘outbreak’ influent virus concentrations.

Based on the expected virus LRV through the proposed MBR treatment process and the QMRA results, the
individual's illness risk associated with the treated wastewater discharge is expected to be less than
desired (i.e. <1% for gastrointestinal iliness and <0.3% for respiratory iliness). That is the freated wastewater
from the proposed MBR treatment process alone is expected to meet the Council's first desired outcome
(i.e. it can be used directly for contact recreation) without additional virus reduction provided by the
remainder of the Proposed Treatment Scheme.

Suitability for Unrestricted Reuse

Based on an unrestricted reuse standard of <2 enterovirus per 50 L and the estimated treated wastewater
quality from the proposed MBR treatment process of 5 enterovirus per 50 L, the proposed MBR treatment
process alone would not provide a sufficient level of treatment for unrestricted reuse of the treated
wastewater. UV disinfection would be required to reduce the concentration of enterovirus by at least 0.4
log.

To provide a perspective on UV disinfection requirements, a UV disinfection system sized3® to provide a
validated UV dose of approximately 40 mWs/cm? (based on an organism sensitivity of 12 mWs/cm?) would
be expected to provide a 2.3 validated log reduction in MS2 bacteriophage and a 3 validated log
reduction in enterovirus and norovirus. A UV disinfection system of this size would be in the order of
$600,000 for UV equipment supply only and $40,000/year for power demand.

35 For flows up to 825 L/s and treated wastewater having a UV transmittance of 65%.
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Summary
In summary:

» the proposed MBR treatment process alone is expected to satisfy the Council's first desired outcome
(ie treated wastewater can be used directly for primary contact recreation)

« the proposed MBR treatment process with UV disinfection is expected to satisfy the Council's second
desired outcome (ie meet the unrestricted reuse standard)

« the Proposed Treatment Scheme in its entirety includes MBR and UV which provides a multiple barrier
tfreatment approach to pathogenic micro-organism removal.
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