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Abstract 
Auckland is New Zealand’s largest city and 
is the main international entry point to 
New Zealand, with most of the nation’s 
Managed Isolation and Quarantine Facilities. 
Consequently, it is the place most likely 
for a COVID-19 outbreak to occur and, 
accordingly, has been the focus of efforts to 
monitor SARS-CoV-2 via wastewater-based 
epidemiology. Historically, wastewater-based 
epidemiology has mainly been applied at the 
catchment or sewershed scale, with samples 
collected at wastewater treatment plants. 
COVID-19 has necessitated a re-evaluation 
of this broad-scale approach to wastewater-
based epidemiology in New Zealand, where 
there is a need for more detailed information 
to better target the public health response. 
Using Auckland as a case study, this paper 
assesses the spatial and temporal extent of 
the city’s wastewater network to inform 
the selection of strategic neighbourhood-
scale sampling sites for wastewater-based 
epidemiology. Sample site selection criteria 
included topology and connectivity of the 
sewer network, the capacity to record sewer 
flow, limited rain infiltration, resident 
population, and accessibility. Six sites 
were identified that provide an immediate 
opportunity for neighbourhood-scale 
monitoring. Reflecting on the analysis 
required for selecting appropriate monitoring 

locations, the paper moves to critically 
discuss the key unknowns and research needs 
associated with conducting neighbourhood-
scale wastewater-based epidemiology. 
Population mobility poses challenges for 
estimating population size and for capturing a 
positive SARS-CoV-2 signal in wastewater at 
this scale. There is a need to determine the full 
spectrum of residence times within the sewer 
network to design representative sampling 
and the implications of disregarding residence 
times in the current sampling regimes are 
poorly understood. Hydraulic models require 
refinement to accurately account for variable 
residence times and topological features in the 
network (e.g., holding tanks and pumping 
stations). Addressing these challenges is 
urgent and ongoing to realise the benefits 
of neighbourhood-scale wastewater-based 
epidemiology in response to COVID-19 and 
beyond. 
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Introduction
The Auckland region is home to approxi-
mately one-third of New Zealand’s total 
population (Stats NZ, 2021), is the main 
international entry point to the country, and 
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houses the primary Managed Isolation and 
Quarantine Facilities (MIQ) for active cases 
of COVID-19 infection. It is therefore a very 
important location in terms of COVID-19 
outbreak risk and has been the focus of 
early efforts to establish wastewater-based 
epidemiology (WBE) for the surveillance of 
SARS-CoV-2, the coronavirus that causes 
COVID-19 (Hewitt et al., 2022). WBE 
has emerged as an important tool in the 
monitoring and management of COVID-19 
worldwide (Farkas et al., 2020). WBE can 
offer a community-level indicator of the 
presence and/or prevalence of COVID-19 in 
the sampled region (Polo et al., 2020; Zhu 
et al., 2021) and in New Zealand, which has 
largely escaped the ravages of COVID-19 at 
the time this paper was prepared, has been 
relied on as part of the early warning system 
for community outbreak (Ministry of Health, 
2021). 

To date, most WBE studies (both for drugs 
and SARS-CoV-2) have been applied at the 
sewershed scale, with sampling conducted 
at wastewater treatment plants (WWTPs) 
(e.g., Medema, Heijnen et al., 2020; Peccia et 
al., 2020; Randazzo et al., 2020). This is for 
good reason, given the large spatial coverage 
WWTPs represent and the practicality of 
sampling at these locations (e.g., many 
WWTPs have autosamplers and flow meters 
already installed). However, the findings of 
such studies have a relatively coarse spatial 
resolution, and thus have limited capacity 
to determine the location of COVID-19 
infection in the wider community. This is 
particularly relevant for Auckland, where 
approximately 76% of the region’s reticulated 
population is serviced by a single WWTP 
and, at the time this paper was prepared, 
there were few COVID-19 infections in the 
community. 

There has been growing interest in the 
move of WBE monitoring ‘upstream’ (or 
more accurately ‘up pipe’), with samples 
collected from pumping stations, holding 

tanks and wastewater pipes (e.g., Larson 
et al., 2020; Yaniv et al., 2021). The rise of 
passive samplers also presents opportunities 
for neighbourhood-scale monitoring 
(Schang et al., 2021). The chief benefit of 
neighbourhood-scale sampling is the focus 
on smaller populations, which can be used 
to better target a public health response 
within more discernible communities. 
Such investigations can also provide 
crucial information on the transmission of 
COVID-19 within high-risk areas such as 
schools and academic institutions, nursing 
homes and hospitals (e.g., Spurbeck et al., 
2021). To best guide the selection of strategic 
sampling sites at the neighbourhood scale, 
an understanding of a city’s reticulated sewer 
network is needed. 

To help detect COVID-19 in Auckland, 
we set out to understand the Auckland 
sewer network and data needs to establish 
neighbourhood-scale WBE. This paper 
explores the data on the spatial and temporal 
extent of the pipe network within the 
Auckland region, with particular emphasis 
on the implications of dynamic connectivity 
within the system for the selection of 
key strategic sampling sites. Sampling at 
the neighbourhood scale presents several 
challenges, particularly the variability of 
residence times and sewage mixing dynamics 
and their implications for capturing 
representative samples. When implementing 
wastewater surveillance, it is important 
to understand the physical layout of the 
wastewater network and the nested spatial 
scales within. The temporal connectivity 
of the wastewater as it moves through the 
network, as well as the additional layer of 
population mobility, also has implications 
for sample design. In the second half of this 
paper, we reflect on the lessons learnt in 
identifying strategic neighbourhood-scale 
sampling sites and the associated challenges 
and pertinent research needs with a particular 
focus on sewer residence times.
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Context: Auckland wastewater 
network
Watercare Services Limited (Watercare) 
manages Auckland’s wastewater collection 
network. The network covers the majority of 
the urban areas located within the Auckland 
region. There are 18 operational WWTPs in 
the region, treating a total of c.400 megalitres 
of wastewater per day. Wastewater is collected 
and conveyed to these WWTPs via c.8000 
kilometres of pipework including 518 
wastewater pumping stations and 167,264 
manholes (Watercare, 2021). 

Prior to the delta outbreak (in which we 
find ourselves in at the time of writing this 
paper), wastewater samples were routinely 
collected at six of the largest WWTPs in 
Auckland (Table 1). At Mangere WWTP, due 
to its size and pipe network configuration, 
samples were collected from the WWTP’s 
three interceptors: Western, Eastern and 
Southwestern. These study sites provide 
representation at the population or sub-
regional scale for the Auckland region; 

however, additional sites were required for 
more detailed sampling and surveillance of 
the new COVID-19 (delta variant) outbreak. 

Data sources
A range of information was collated and 
assessed to inform the selection of suitable 
sites for WBE monitoring, including 
hydraulic models, physical network data, 
and GIS mapping (Table 2). Most of the 
information was developed as part of earlier 
work, and much of it is owned and managed 
by Watercare and its consultants. In most 
cases, the datasets are of significant size. For 
this project there was no procedural quality 
assurance of the data and, instead, accuracy 
assessments by Watercare and the original 
consultants were primarily relied on. That 
said, all data underwent a cursory inspection 
to identify outliers that may indicate 
erroneous data entries. 

Wastewater networks operate relatively 
consistently from day to day. The timing 
of wastewater flow peaks and troughs and 

Table 1 – Catchment characteristics of existing monitoring sites (populations from 2018 census data; 
Stats NZ, 2021). Discharge for the three interceptors at Mangere WWTP (EI, WI and SWI) is 
combined. 

Routinely 
monitored WWTP

Catchment 
area (km2)

Usually 
resident 

population1

Census night 
population2

Discharge  
(m3/day)

Total length 
of pipework 

(km)

Army Bay 41 54618  54936  32147  556.69

Rosedale 113.8 237825 241029  63417 1699.73

Mangere (EI) 215.2 623926 636041

374012

3299.84

Mangere (WI) 129.1 343491 344046 2251.85

Mangere (SWI)  68.1 136632 137454  813.25

Beachlands   5.6  8367   8391   6760  100.36

Kawakawa Bay   0.7   476    467    800   13.32

Pukekohe  20.3  30064  29872  10408  301.7
1  Count of all people who usually live in and were present in the area on census night.
2   Count of all people present in that area on census night, including visitors from elsewhere in New Ze 

aland or from overseas but excluding residents of that area who are temporarily elsewhere in New Zealand 
or overseas.
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their relative magnitude are well known 
and follow somewhat predictable patterns. 
The pipe network is well mapped and 
routinely reviewed. There are structures in 
the network, such as high-level bifurcations, 
that will change a catchment extent as a result 
of water level in the network. There is also 
opportunity for network operators to make 
changes to network operation that can affect 
pumping rates, storage times and overflow 
frequency and volumes. While these cannot 
be ignored, we have attempted to represent 
the ‘normal’ operation of the network. 
Subcatchment layers (both GIS and Models) 
were used to identify upstream catchments 
and for amassing statistics associated with 
those catchments. These subcatchments are 
often produced by combining several models 
and may have been produced under different 
specifications, and by different historical 
local network operators. As a result, there are 
some inconsistencies between areas, such as 
inclusion/exclusion of parks, subcatchments 
extending to fit boundaries such as mesh 
block areas and others terminating at the 

Table 2 – Assessment information drawn on to inform site selection. 

Data item File type Comment/description

Geospatial wastewater 
network data

GIS data Includes locations and attributes of pipes, manholes, 
overflow points, pumping stations, treatment plants etc.

Population data Geodatabase Includes employment and populations at a meshblock 
level with growth from 2018 to 2068 – based on I11 
growth model.

Wastewater 
subcatchments

GIS data Various subcatchment shapefiles, identifying areas of 
modelled and unmodelled catchments.

Pumping station 
information

Spreadsheet Data include average inflow, population served, estimated 
frequency of operation, hours of dry weather storage, 
metering conditions etc.

Hydraulic models Innovyze ICM/
DHI Mike 
Urban

Provide automated tracing routines, indicative 
hydrographs, potential to understand dilution factors 
from rainfall response.

extent of the network, inclusion/exclusion of 
street area, etc. 

Site selection criteria
The focus of this study was to determine 
opportunities for strategic neighbourhood-
scale sampling. Taking into consideration 
the information available for assessment, the 
following criteria were adopted to identify 
strategic locations for monitoring:
a) catchment populations of less than 

100,000 people based on current 
estimates of detection limits of 
COVID-19 in wastewater (~10 cases per 
100,000 people, see Hata et al., 2021; 
Hewitt et al., 2022);

b) ability to measure flow rate of influent at 
sampling sites to allow for flow-weighted 
sampling and, therefore, conduct 
quantitative analysis in the future 
(reproductive number Re for example; 
Huisman et al., 2021);

c) stable and well-defined upstream 
catchments that avoid bifurcations and 
diversions;
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d) limited impact from rain-related inflow 
and infiltration; and

e) easily accessed.

Identification of sites suitable for 
neighbourhood-scale sampling
Our attention now turns to the results of 
the site selection exercise, including the 
characteristics of each site and justification 
for selection. Initially, the use of existing 
flume sites within the wastewater network 
as additional sampling sites appeared to 
be promising as they would allow for flow-
weighted sampling. We assessed seven 
known flume sites, but they were all 
located in relatively small catchments and 
offered limited scope for community-scale 
observation of SARS-CoV-2 in wastewater. 
We therefore focused on pumping stations to 
select practical additional sites. 

Pumping stations, located at topographic 
low points in the catchment and used to lift 
wastewater to the next gravity section of the 
network, provide an ‘intermediate’ point 
between the WWTP and the household. 
Pumping stations are good candidates for 
sampling wastewater because they generally 
offer easy access, a good degree of mixing, 
a holding tank of sorts, power and some 
security, and they provide for the ability 
for onsite flow measurement. Flow is most 
commonly recorded in the rising main 
downstream of the station. As a result, flow 
recordings are not a good surrogate for the 
diurnally changing flows that are draining 
to the station; the data recorded will be 
the flow rate of the pumps when they are 
operating. When inflow is high, the pumps 
will operate for longer, and more frequently, 
but the actual recorded flow will only be 
the constant flow of the pumps. As a result, 
these sites are unlikely to be suitable for 
real-time, flow-weighted sampling using the 
pump data alone. However, incoming flow 
can be back-calculated using the historical 

data recorded and stored by Watercare. This 
provides a mechanism to establish a sampling 
regime that can capture an approximate flow-
weighted sample. 

Of the 518 pumping stations in the 
Auckland wastewater network, the vast 
majority are on local pipe networks with 
catchments that are too small for population-
scale sampling. There are 70 active pumping 
stations that serve larger catchments on the 
transmission wastewater pipe network. These 
70 pumping stations were examined based 
on the site selection criteria laid out above, 
as well as considering physical location of 
the subcatchments in relation to the existing 
sampling locations and whether dry weather 
flow would be sufficient to allow monitoring. 
From this analysis, the 70 pumping stations 
were whittled down to six locations across the 
Auckland region that can serve as additional 
strategic sampling points for SARS-CoV-2 
monitoring in wastewater (Fig. 1; Table 3). 
These six sites are described in turn.

Wastewater Pumping Station 25 (St George) 
The site St George is located in Miranda 
Reserve (Avondale) and collects wastewater 
from the entire Waitakere area, a population 
of approximately 220,000 or 64% of the 
full population covered by the Western 
Interceptor monitoring point at the Mangere 
WWTP. There is a flume installed on the 
incoming pipe work to the station (meaning 
flow-weighted sampling might be possible) 
and there is also magflow metering on the 
rising main. The wet well contains 10–
100 m3 of storage (depending on pump 
operation), which should allow for sufficient 
mixing, and indicates that a grab sample 
could be representative of a 15–30-minute 
flow interval. St George is located at a 
relatively thin point in the Auckland isthmus; 
this physical isolation would provide some 
level of confidence for containment within 
the catchment under lockdown scenarios that 
limit personal movement.
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Figure 1 – Proposed strategic WBE sampling sites across Auckland. 

Table 3 – Strategic WBE sampling locations and characteristics.

Site name WWTP catchment
Contributing 
population

% of WWTP population 
represented by  
proposed site

Wastewater Pumping Station 
25 (St George)

Mangere  
(Western Interceptor)

220,000 64%

Wastewater Pumping Station 
64 (Orakei)

Mangere  
(Eastern Interceptor)

350,000 56%

Wastewater Pumping Station 
84 (Manurewa South)

Mangere 
(Southwestern 
Interceptor)

100,000 73%

Wairau Wastewater Pumping 
Station

Rosedale 91,000 38%

Wastewater Pumping  
Stations 28 and 43 
(Pakuranga and Tamaki East)

Mangere  
(Eastern Interceptor)

146,000 23%
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Wastewater Pumping Station 64 (Orakei)
The Orakei pumping station is located adja-
cent to Teachers Eastern Rugby Club, Orakei 
Domain. It collects wastewater from central 
Auckland (west of Orakei) and drains a 
catchment of approximately 350,000 people. 
Monitoring at this site would effectively 
represent half of the population served by the 
Eastern Interceptor, providing a good point 
to increase the monitoring coverage while 
minimising the number of monitoring sites. 
The station is located approximately 30 m 
below ground and has been designed to lift 
flows from the Hobson Tunnel, which is a 
3.7 m diameter tunnel running the length of 
the Hobson basin. This situation provides a 
unique opportunity to understand the impact 
of dilution from rainfall-induced inflow and 
infiltration on the monitoring programme, 
since the amount of dilution can be calculated 
from levels in the tunnel. However, the depth 
of the tunnel may provide some limitations 
for access and collection of samples.

Wastewater Pumping Station 84 
(Manurewa South)
The Manurewa South pumping station is 
located in Wattle Farm and lifts flows along 
the Southern Interceptor. With a catchment 
population of approximately 100,000, it is 
one of the smallest of the proposed sites, but 
it provides the opportunity to monitor flow 
to the Southwestern Interceptor upstream of 
the Jet Park Hotel (MIQ). The station has 
fixed pumps and approximately 50 m3 of 
storage between pumping cycles, suggesting 
good mixing for grab sampling purposes. It is 
noted that the operation of the Homai Sewer 
diversion should be confirmed at the time 
of sampling, as this can impact on whether 
flows end up in the Southwestern Interceptor 
or in the Southern Interceptor.

Wairau Wastewater Pumping Station 
The Wairau pumping station is on the North 
Shore of Auckland and delivers flow to the 
Rosedale Wastewater Treatment Plant. It has 

a catchment population of approximately 
91,000 or 38% of the total catchment 
population of the Rosedale WWTP. There 
is limited wet well storage on site; however, 
storm flows are attenuated via the Silverfield 
storage tank. There are several pumping 
stations within the upstream catchment with 
wet well storage, indicating that there will 
have been significant mixing of flows by the 
time wastewater reaches the proposed sample 
site. This should result in grab samples being 
representative of periods of time in excess of 
30 minutes. 

Wastewater Pumping Stations 28 and 43 
(Pakuranga and Tamaki East)
Pakuranga and Tamaki East wastewater 
pumping stations represent two distinct 
monitoring locations. However, due to a 
significant bifurcation in the catchment, 
they share wastewater from several eastern 
Auckland suburbs and, as such, they cannot 
be considered as isolated catchments. The 
combined catchment population of these two 
pumping stations is approximately 146,000. 
Tamaki East is a fixed-speed pumping station 
with approximately 80 m3 of storage between 
pumping cycles, indicating pump operation 
every 6–7 minutes. This relatively short 
pumping cycle suggests that grab sampling 
at 15–minute intervals may not be sufficient. 
Pakuranga station likely allows for good 
mixing due to its variable speed operation 
and, therefore, will be a good candidate for 
grab sampling. 

Challenges and pertinent 
research needs for 
neighbourhood-scale sampling
The Auckland region is home to 1.6 million 
people (Stats NZ, 2021). A simple back-
of-the-envelope calculation (total regional 
population subtract total served by WWTP) 
suggests about 12% or 200,000 Auckland 
residents are served by decentralised waste-
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water systems (i.e., septic tanks). Sampling 
for SARS-CoV-2 in wastewater from the 
centralised sewer network will not account 
for these septic tanks (or onsite wastewater 
management systems) unless people move 
across catchment boundaries and use facilities 
connected to the centralised system. This 
might be expected when residents commute 
for work, for example, assuming lockdowns 
are not in force. 

Accounting for population size and 
population dynamics is essential if wastewater 
surveillance is to be used to estimate 
COVID-19 prevalence or to assess spatial 
and temporal trends (Daughton, 2020). 
Population mobility poses a challenge for 
estimating population size and for responding 
to a SARS-CoV-2 positive signal in sewage 
sampling (i.e., does a positive detection reflect 
an infected member of the community or a 
transient visitor?). Sewer samples can provide 
a daily snapshot, but people’s mobility occurs 
at much shorter timescales. It can take a day 
or two to transport a sample to the laboratory 
for analysis and to report the result. Again, 
this is well within the timeframe of people’s 
mobility. Strict lockdown measures help to 
reduce mobility, which may overcome some 
of these issues. It is worth reflecting here 
that this temporal mismatch is not confined 
to neighbourhood-scale sampling, but also 
influences analysis at the wider catchment 
scale. 

A range of datasets can be brought 
together to better marry sewer residence 
time, sampling time and population mobility 
dynamics. This is not without its difficulties as 
these datasets necessarily come with differing 
temporal resolutions: pipe networks are 
essentially fixed in time, population statistics 
are often derived from annual surveys, and 
people can cross catchment boundaries on 
minute to hourly timescales. COVID-19 
lockdowns help to limit mobility, but some 
mobility always remains (e.g., essential 
workers). Human endogenous and exogenous 

biomarker loads in wastewater have been used 
to estimate catchment populations; however, 
such methods face uncertainties when 
applied to smaller populations (O’Brien et 
al., 2014). Mobile phone data can be useful 
in examining population mobility and its 
implications for SARS-CoV-2 sampling, but 
privacy issues quickly arise when narrowing 
down to the individual level (Oliver et 
al., 2020). Nonetheless, human mobility 
and its impact on the representativeness 
of individual wastewater samples is an 
important consideration for any COVID-19 
surveillance programme.

It makes sense that larger populations 
will likely see higher numbers of infected 
individuals compared to smaller communities 
(this is especially so when New Zealand’s 
COVID-19 response evolves from an 
‘elimination strategy’ to that of ‘living with 
the virus’). This has implications for sample 
representativeness. With an increasing 
number of infected individuals within a 
catchment, it will become easier to capture 
and detect the presence of SARS-CoV-2 in 
wastewater (Ort et al., 2018). Consequently, 
in smaller catchments where there may be 
fewer infected individuals, higher frequency 
sampling may be necessary to capture discrete 
pulses of wastewater containing the virus 
(Medema, Been et al., 2020). Of course, the 
temporary storage of wastewater in holding 
tanks for pumping stations can aid efforts 
to capture more representative samples in 
smaller catchments.

Cutrupi et al. (2021) found concentrations 
of viral loads followed a distinct pattern 
over the day corresponding to patterns in 
human behaviour and travel times through 
the wastewater network. Establishing such 
a pattern for the Auckland region would 
enhance development of an appropriate 
sampling protocol (e.g., composite vs. grab 
sampling and timing thereof ) and allow for 
improved representativeness of the samples. 
Composite 24-hour sampling would decrease 
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the variability associated with daily viral loads 
and is indeed the preferred method for many 
recent SARS-CoV-2 sampling programmes 
(Ahmed et al., 2021; Polo et al., 2020); 
however, this may be impractical at all sites due 
to logistical and financial constraints. Ideally, 
samples would be collected at locations that 
are conducive to flow-weighted sampling to 
allow for further quantitative analysis of the 
results (e.g., Huisman et al., 2021), but this 
may be unfeasible at all sampling sites due to 
the necessity of having a flow measurement 
device on location. Where grab samples are 
necessary due to practical considerations, it 
is advisable to choose sampling times that 
target daily viral load peaks to minimise false 
negative results (Ahmed et al., 2021; Cutrupi 
et al., 2021).

A major unknown in the sampling of 
sewers for SARS-CoV-2 in wastewater is the 
influence of residence times and mixing on 
the representativeness of a sample. Sewage 
mixing and dispersion are important factors 
to consider when attempting to capture a 
representative sample for analysis (Ort et 
al., 2010). For example, at the WWTP, it is 
expected that a large amount of mixing will 
have occurred by the time sewage arrives at 
the plant, meaning lower-frequency sampling 
may be appropriate (still, Ort et al., 2010, 
recommend a sampling frequency of at least 
15 minutes). The issue is that at this scale, 
samples may be too dilute for SARS-CoV-2 
to be detected, although work is attempting 
to determine detection limits (Hewitt et 
al., 2022). As sampling moves up the pipe, 
towards the source of infection entering 
a sewer (i.e., at the neighbourhood and 
household scales), there will be less mixing of 
the sewage and the opportunity for sampling 
the pulse of sewage (i.e., a toilet flush) will 
be very short. This poses a problem for 
collecting representative samples. Such 
challenges become magnified when sampling 
is applied at the household scale. We 
consider the number of samples required at 

the household scale to be unfeasible unless 
there is a holding tank or a sampling method 
that is more continuous than the typical 
autosampler. This could be a constant stream 
sampling approach, whereby a constant small 
stream of sewage is directed into a composite 
sampler or, alternatively, a passive sampler 
(e.g., Schang et al., 2021).

Sewage residence times are affected by 
several factors including the physical shape 
of the network catchment (i.e., long and 
thin being different to short and wide). This 
is compounded by the complicated nature 
of pipe networks (namely, the presence of 
holding tanks and pumping stations at local 
and regional scales). Modelling can provide 
an opportunity to map residence times in a 
sewer network to find an ideal location where 
the sewage is expected to be mixed but not 
too dilute. Hydraulic modelling in the past 
has been used to represent chemical processes 
such as sulphide generation in wastewater 
(e.g., Liang et al., 2019), and, while this is 
a function of the age of the wastewater, 
wastewater age (or residence time) is not 
something that is explicitly produced as a 
model result. However, with the advent of 
COVID-19 and the opportunity to monitor 
in sewers, several sewer modelling software 
providers have developed processes for rapid 
assessment (e.g., Danish Hydraulic Institute, 
2021; Innovyze, 2021).

Modelling allows for all the topological 
features in the network and catchment to be 
accounted for in the assessment of residence 
times. This modelling will provide the 
best understanding of the distribution of 
wastewater age at a given point in the network. 
The degree of accuracy will, however, be 
dependent on the detail and accuracy of any 
hydraulic model. For example, many models 
do not contain all the pipes in the network, 
and, moreover, strategic models (like the 
model of the Mangere WWTP catchment) 
predominantly represent only the trunk 
sewers. As a result, the models would tend 
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to underestimate the age of the wastewater, 
since time (t=0) would be counted when the 
flow enters the trunk, rather than at the time 
of flushing. 

Hydraulic model refinement is also needed 
to ensure understanding of dilution factors 
associated with specific rainfall events and 
their impact on both the sampling regime 
and SARS-CoV-2 detection limits (Polo et 
al., 2020). Assessment of the location and 
likelihood of overflows during storm events 
allows for the identification of potential 
monitoring gaps, where detection limits of 
COVID-19 in wastewater may be reached. 
Knowledge of likely dilution factors is 
particularly important in regions such as 
Auckland, where select neighbourhoods are 
still served by combined (wastewater and 
stormwater) sewers. Implementation of the 
Orakei pumping station test site, combined 
with monitoring of changing water levels 
due to rainfall-induced inflow in the adjacent 
Hobson Tunnel, would provide a good 
opportunity to enhance understanding of the 
role of wet-weather event dilutions and its 
impacts on the WBE monitoring programme, 
which could in turn be used to inform 
model development. Further confounding 
factors arise in accounting for special 
locations such as MIQ where a COVID-19 
wastewater signal is extremely likely due to 
the continued presence and concentration of 
infected individuals returning from overseas. 
This is especially important at the Mangere 
WWTP, which receives wastewater from the 
main MIQ. 

A GIS analysis using the existing 
wastewater network data would allow for 
estimation of residence time where models are 
not available. These estimations could then 
be linked to population counts associated 
with defined residence time intervals. One 
method involves the use of a cost-distance 
network analysis for a subcatchment, where 
impedance values estimate the ‘cost’ in time 
units to move through each pipe segment 

and can account for known variances in 
network velocity, pipe diameter and network 
configuration. A travel time can then be 
applied to any route along the network. This 
type of analysis allows for residence time 
calculations upstream of both existing and 
proposed SARS-CoV-2 sampling locations. 
In combination with population statistics, 
this provides an estimate of the population 
corresponding to the various residence time 
intervals. The accuracy of such a method 
will be dependent on the quality of available 
impedance information for the wastewater 
network and the presence of storage or 
pumping stations. Population estimates 
associated with residence time intervals will 
not be exact, due to discrepancies between 
geographic boundaries of population 
statistics and the interval polygons, as well 
as the mobility of the population itself. 
However, the method could still provide 
valuable information on wastewater residence 
times and their relationship to the population 
distribution in Auckland.

We end this discussion with an 
acknowledgement of the major structural 
changes being proposed for the management 
of water in New Zealand with the Three 
Waters Reform (Department of Internal 
Affairs, 2021). As with any change in 
governance, there is potential for significant 
loss of institutional knowledge and expertise 
though the process of restructure. There 
is an opportunity now to leverage on the 
COVID-19 work to better map, model, 
and assess the water infrastructure data that 
exist and capture that knowledge. Ideally, 
this will be done in a way that draws upon 
the work of people specialising in hydrology, 
microbiology, GIS, population mobility and 
the many other disciplines that are involved 
in the provision of water services and response 
to the pandemic. What is clear is that there 
is an opportunity for hydrologists to engage 
in work that will underpin New Zealand’s 
public health now and into the future. 
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Conclusion
The use of wastewater-based epidemiology 
for the surveillance of COVID-19 is a 
relatively new science. Relative to most 
other countries, New Zealand has had an 
extremely low prevalence of COVID-19 in 
the community (to date). This provides an 
opportunity for wastewater monitoring both 
as an early warning of community infection 
and, as has been the focus elsewhere in the 
world, as a measure of COVID-19 prevalence 
in the community. Increasing the spatial 
resolution of the wastewater monitoring 
network through additional sampling sites 
will increase our ability to identify catchment 
areas of potential concern in community 
outbreaks and better target public health 
interventions. 

This paper reported on the collation and 
analysis of data on Auckland’s wastewater 
network. It is clear that current hydraulic 
models require refinement to accurately 
account for residence times in the sewer 
network at the neighbourhood scale. 
An understanding of the wastewater age 
distribution at a given point in the network 
and, therefore, contributing population 
at a given time is useful to target sample 
collection. Along with modelling, there are 
major structural and managerial changes 
facing New Zealand water governance with 
the proposed Three Waters Reform. Given 
the potential for institutional knowledge to 
be lost, it is crucial that hydrologists start 
engaging with this work now to proactively 
capture the knowledge that exists. The 
interconnectedness of wastewater networks, 
climate, waterways, and population mobility 
along with the dynamic qualities of the 
inherent physical transport and mixing 
processes necessitates a multi-disciplinary 
approach to implement WBE in response 
to the pandemic. The rapid pace of global 
research in the area has shown much promise, 
and hydrologists, in particular, have a central 

role to play as they have the skills, knowledge, 
and tools to understand wastewater flows and 
develop sampling regimes that address many 
of the challenges and opportunities that have 
been discussed.
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