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Executive summary 

The Nelson Regional Sewerage Business Unit (NRSBU) provides wastewater reticulation and 

treatment services in the Nelson-Richmond area.  Wastewater reticulation is subject to unpredictable 

factors which may lead to failure, causing accidental discharge of raw sewage.  The NRSBU is 

currently seeking consent for these infrequent, unpredictable “aberrant” discharges of untreated 

sewage from four sewage pump stations to the Waimea Inlet.  The discharge of raw sewage to a 

marine area creates the potential for measurable health risks.   

Previously NIWA had provided estimates of health risk associated with varying levels of sewage 

dilution (Hudson and McBride 2017).  More recently, a hydrodynamic model was developed for the 

Waimea Inlet and southern Tasman Bay, which allows the dilution, dispersion and advection 

(transport) of contaminants to be predicted.  The hydrodynamic model was run to predict the likely 

concentrations of contaminants across the Waimea Inlet under various scenarios.  These estimates 

were provided as relative dilutions, proportional to undiluted sewage.  The model predicted dilutions 

associated with aberrational discharges from four sewer pump stations for a series of scenarios, 

which included factors such as: 

� the volume of untreated sewage likely to be discharged from each pump station in a 

four-hour period 

� the tidal stage at the time of discharge, and whether storm water inflows to the 

Waimea Inlet were high or low at the time, and 

� wind speed and direction at the time of discharge. 

Results were provided in the form of a time series of dilutions associated with each discharge.  Using 

the model output data, specific bands of dilution values were selected for the construction of 

dilution contours.  These contours represent the spatial extent of illness risk following exposure to 

diluted sewage in the Waimea Inlet.  These illness risk thresholds were related to the New Zealand 

“Microbiological water quality guidelines for marine and freshwater recreational areas” (MfE/MoH 

2003), allowing: 

� identification of areas of the Waimea Inlet where specific health risks are likely to 

occur, and  

� identification of the conditions under which they are likely to occur. 

The health risk associated with these aberrant discharges were placed in context by considering the 

health risks that generally exist in the Waimea Inlet, as indicated by recreational water quality 

monitoring that occurs off the Monaco Peninsula each bathing season (November to March 

annually).  Monitoring over the previous three-season period indicates that the general risk of illness 

to recreational water users at Monaco Point and Tahunanui Beach is in the range from 1-5% (GI 

illness).   

This assessment indicates: 

� Illness risks associated with pump station discharges are generally likely to be less than 

1% (the No Observable Adverse Effects Level, NOAEL) across most of the Inlet, either 

during and following a discharge event, i.e., contamination is likely to be localised. 

 



 

6 Quantitative Microbial Risk Assessment for Waimea Inlet, Nelson 

 

� Under conditions created by selected discharge scenarios, and for discharges from 

specific pump stations, the illness risks may exceed the 1% effects level threshold, at 

specific locations. 

High illness risk (>10% GI illness) areas were primarily associated with drainage channels and 

depressions where untreated sewage may accumulate, i.e., the spatial extents were relatively small.  

These tended to occur close to the discharge point, extending along the drainage channels. 

Moderate illness risk (5-10% GI illness) was associated with the drainage channels, and some areas 

of the adjacent intertidal flats.  Factors such as tidal stage and wind increasingly determines the 

extent to which the inter-tidal flats are contaminated.  These levels of dilution may occur along the 

shoreline under specific conditions. 

Low illness risk (1-5% GI illness) was associated with the intertidal flats, and drainage channels 

distant from the discharge points.  These areas were also most prone to tidal stage and wind effects.  

They also occurred in areas likely to be accessible to the public, including the southern shoreline of 

the Monaco Peninsular, the southern shore of the Waimea inlet, and the north-eastern corner of the 

inlet, along Wakatu Drive and Point Road.  

Guidance regarding the selection and implementation of appropriate management responses to 

aberrant discharge events likely to increase the risk of illness to recreational water users are 

provided in the New Zealand recreational water quality guidelines (MfE/MoH 2003). 
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1 Introduction 

Nelson City Council (NCC) and Tasman District Council (TDC) provide wastewater reticulation and 

treatment services through the Nelson Regional Sewerage Business Unit (NRSBU), a non-

incorporated association.  Wastewater reticulation is subject to unpredictable factors which may lead 

to accidental discharge of raw sewage.  The NRSBU is currently seeking consent for these infrequent 

and unpredictable “aberrant” discharges of untreated sewage to the Waimea Inlet from four sewage 

pump stations.1  The discharge of raw sewage to a marine area creates the potential for measurable 

health risk associated with recreational usage.   

Human health risks arising from exposure to microbial contaminants during recreational activities are 

generally assessed using recreational bathing monitoring programmes.  The Ministry for the 

Environment and Ministry of Health “Microbiological Water Quality Guidelines for Marine and 

Freshwater Recreational Areas” (MfE/MoH 2003) provide guidance regarding establishment and 

operation of monitoring programmes, and when interpreting the results derived from monitoring.  

Monitoring recreational water quality generally relies on use of faecal indicator bacteria (FIB) – E. coli 

in freshwaters, and enterococci in saline waters.  The guidelines are quite clear, however, that they 

should not be used during “exceptional circumstances”, such as discharge of untreated sewage into a 

marine area as described above.   

Human health risks arising from possible exposure to pathogens during events such as periodic pump 

station discharges were previously estimated for aberrational discharges using Quantitative 

Microbial Risk Assessment (QMRA) techniques (Hudson and McBride 2017).  At the time the earlier 

QMRA was undertaken, it was not possible to predict the concentrations likely to occur at locations 

in the Waimea Inlet following discharge of untreated sewage, because information regarding the 

mixing and dilution of the raw sewage was not available.  During August 2017, MetOcean Solutions 

Limited (“MetOcean”) was commissioned to further develop a hydrodynamic model that had been 

developed for the southern Tasman Bay (including the Waimea Inlet).   

The original hydrodynamic model provided generalised information regarding the transport of 

contaminants in Tasman Bay for a “typical” El nino or La nina climatic condition, i.e., the model was 

not able to predict the effects of short duration or transient inflow events.  The enhanced model 

incorporated a Eulerian tracer model, which could predict the advection (transport), mixing and 

resulting dilution of contaminants discharged into the Waimea Inlet.  The inclusion of the Eulerian 

model allows the effects of inflows to the Waimea Inlet to be predicted for short-term or transient 

events (rainfall, sewage leaks), with or without influence from winds from varying quarters.  The 

model also accounts for tidal stage at the time of discharge. 

With access to model output, it was possible to combine the previously predicted human health risks 

(arising from specific relative dilution), with dilutions predicted for a range of environmental 

conditions.  This combination allowed human health risks to be predicted and presented in a spatial 

form.  Previously the human health risks associated with exposure to pathogens could be predicted 

for various dilutions - we can now also predict where those risks are likely to be greatest.  

                                                           
1 “Aberrant” conveys the idea of departing from an accepted standard, being out of the ordinary, e.g., “a year of aberrant weather was 

experienced—record rainfall in the winter, record heat in the autumn”.  Pump stations are designed to not discharge untreated sewage to 

the environment, but factors such as mechanical failure, electrical power outages and physical blockage of pumps may give rise to 

transient, unplanned discharge of sewage to surface waters. 



 

8 Quantitative Microbial Risk Assessment for Waimea Inlet, Nelson 

 

2 Methods 

2.1 Health risk assessment 

The human health risks arising from exposure to a model virus (norovirus) during contact recreation 

likely to lead to head immersion were estimated previously (Hudson and McBride 2017).  The risks 

were estimated using a process that involved several steps illustrated in schematic form in Appendix 

A.  Greyed out activities were not applicable for this assessment.  The process accounts for river 

flows, tidal inundation, estimates of concentration (or dilution) of pathogens, period of exposure to 

pathogens (e.g., during swimming), the volume of water likely to be ingested (and therefore the 

number of pathogens ingested), the dose-response relationship for the particular pathogen of 

concern, and ultimately, an assessment of the number of individuals likely to be infected or become 

ill (the latter was used for this investigation).  These are considered in a four-process: 

i.  Selection of pathogen(s) of concern, exposure to which can give rise to illness. 

ii.  Estimation of pathogen concentrations likely at key sites. 

iii.  Characterisation of the pathogens’ dose-response. 

iv.  Calculation and communication of the health risks. 

The “Quantitative” aspect of QMRA has particularly to do with item iv)—calculating risks—for which 

Monte Carlo statistical modelling is used. This calls for repetitive sampling from distributions and 

ranges of key variables, rather than just using single average values.  QMRA uses distributions rather 

than point estimates for parameters in points ii) and iii) above, capturing the variability (and 

uncertainty) inherent in the temporal and transient nature of microbiological water quality, to then 

provide a distribution for the health risk from exposure. This approach is particularly important given 

that most of the risk is caused by combinations of inputs toward the extremes of their ranges, the 

combined effects of which may not be detected when using averages. A series of illness risk 

estimates associated with exposure to a model pathogen (or pathogens) is obtained.  These are 

expressed as numbers of illnesses for 100 exposures (i.e., as a percentage). 

The previous work identified the following risks at specific exposure thresholds (pathogen 

concentrations).  Assuming that negligible virus attenuation or inactivation occurs, and that 

aggregation is negligible, the risks summarised in Table 2-1 apply:  

Table 2-1: Comparison of illness risks estimated for various levels of sewage dilution with those 

associated with enterococci concentrations.   Illness risks predicted by QMRA from Hudson and McBride 

(2017).  Illness risk thresholds associated with enterococci concentrations from Section H of the MfE/MoH 

(2003) guidelines for marine waters. GI is gastrointestinal. 

Dilution GI illness risk estimated 

from QMRA  

Enterococci concentrations 

associated with equivalent 

illness risk  

(N/100 mL) 

Comments 

>15,000× <1% ≤ 40 “No observable effects level” 

2,501 – 15,000x 1-5% 41 to ≤ 200 Band used in this report 

801 – 2,500x 5-10% 201 to ≤ 500 Band used in this report 

≤800× >10% >500 Band used in this report 
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Should virus aggregation occur, at least 150 times dilution is required to reduce the concentration of 

virus below the same “no observable effects level” of 1% gastrointestinal illness risk. 

The manner in which human health risk should be expressed was discussed briefly during a caucusing 

meeting held in October 2017 – this was further explored after the meeting, and a summary of 

findings is presented in Appendix B.  

2.2 Virus advection and dilution estimates  

The dilutions likely for the scenarios listed in Table 2-2 were calculated by the hydrodynamic model. 

Full details of the model and operation of the model are provided by MetOcean Solutions Limited 

(2017). 

Each of the series of scenarios was provided for the four pump stations from which discharge was 

possible.  For each of the scenarios, a four-hour discharge from the pump station was assumed. 

Table 2-2: Scenarios for which contaminant dilution was estimated. “Weather” indicates the catchment 

condition in terms of rainfall, where “Wet” indicates infiltration possible, and “Dry” indicates infiltration 

unlikely, “MWH” indicates discharge of contaminants into Waimea Inlet under high tide conditions, “MLH” 

indicates discharge of contaminants into Waimea Inlet under low tide conditions, “22.5º” wind indicates 

northerly wind, and “135º” indicates southerly wind. Stream discharge values (90th and 15th percentile) indicate 

very high and low flow runoff conditions.  From MetOcean Solutions Limited (2017). 

Weather Tide 
Winds Stream discharge rate 

(Percentile) 

Sewer flow  

condition Direction (º ) Speed (km/h) 

Wet 

MHW 

22.5 9 90th Peak 

135 8.5 90th Peak 

Zero wind 0 90th Dry 

MLW 

22.5 9 90th Peak 

135 8.5 90th Peak 

Zero wind 0 90th Dry 

Dry 

MHW 

22.5 9 15th Peak 

135 8.5 15th Peak 

Zero wind 0 15th Dry 

MLW 

22.5 9 15th Peak 

135 8.5 15th Peak 

Zero wind 0 15th Dry 

Number of scenarios per pump station 12 

 

Model predictions were output as netCDF files, which were provided to NIWA for further processing.  

The netCDF files for the various scenarios were converted into a series of ESRI shapefiles; each 

scenario represented the dilution likely at one hour time steps, ranging over durations from 13 hours 

to 21 hours.  The full dilution series is available in the data bundle. 2  Examples of the dilution time 

series are presented in Appendices C, D and E, for three of the four pump stations. 

                                                           
2 Prepared separately by Landmark Lile 
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The dilution time series data were extracted for each scenario for all time steps and used to create 

an overall footprint for three of four dilution thresholds or bands (from Table 2-1): 

0 – 800 ×   (representing at least 10% illness risk) 

801 – 2,500 × (representing 5 -10% illness risk) 

2,501 – 15,000 × (representing at least 1-5% illness risk) 

2.3 Results of dilution modelling 

The large number of scenarios applied to each of four sites over a period of 13 to 21 hours duration 

generated many images representing the spatial extent of plume dilution over the time.  The 

complete series of figures is available in the data bundle.  Two examples are included in Figure 2-2. 

Contour plots are also presented to show the spatial extent of contaminants present at selected 

concentration ranges. These ranges represent three of the bands in Table 2-1 along with their 

associated illness risk.  This approach effectively summarises the entire time series for each scenario 

for each pump station, reducing the number of figures. 

Examples of these dilution contour plots are included as Figure 2-3, and the entire series is provided 

in Appendix F through Appendix I. 

A map indicating the location of the pump stations, key recreational water quality monitoring sites 

and rivers flowing into the Waimea Inlet is included as Figure 2-1. 

 

 



 

Quantitative Microbial Risk Assessment for Waimea Inlet, Nelson  11 

 

 

Figure 2-1: Southern Tasman Bay and Waimea Inlet. The magenta dots indicate the pump station locations, the cyan dots indicate the location of stream inflows to the Waimea 

Inlet, and the yellow dots indicate two sites used to monitor recreational water quality.  PS = pump station.   
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A

B 

Figure 2-2: Representative examples of plume extent and dilutions for two conditions and at two time 

steps, associated with the Songer pump station. A) represents the plume extent under dry catchment 

conditions, following discharge at mean high water under no wind conditions.  The image represents the plume 

extent 4 h after discharge (i.e., ebb tide conditions).  B) represents the plume extent under wet catchment 

conditions, following discharge at mean high water during northerly wind conditions.  The image represents 

the plume extent 17 h after discharge (i.e., approximately mid-point of second flood tide following discharge).   
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A 

 

B 

Figure 2-3: Representative examples of contour plotsfor one scenario each for the Songer pump station (A) 

and Saxton pump station (B). A) represents the plume extent and illness risk associated with the Songer pump 

station under dry catchment conditions, following discharge at mean low water (i.e., ebb tide conditions), 

under no wind conditions.  The image represents the extent of these specific dilutions over the 21 h period 

after discharge.  B) represents the plume extent and illness risk associated with the Saxton pump station under 

dry catchment conditions, following discharge at mean high water (i.e., flood tide conditions), under no wind 

conditions.  The image represents the extent of these specific dilutions over 21 h period after discharge. 
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3 Discussion of results 

3.1 Relative magnitude of aberrant discharges 

Peak and dry discharge rates for the four pump stations were provided in Table 2.3 of (MetOcean 

2017).  These values are provided together with discharge volumes in Table 3-1. 

Table 3-1: Peak and dry weather discharge rates, and volumes for a four-hour discharge event.  From 

MetOcean (2017). 

Pump 

station 

Discharge rate (m3/s) Discharge volume (m3) 

 

Peak Dry Peak Dry 

Airport 0.14 0.0353 2016 508 

Songer 0.0847 0.0144 1220 207 

Saxton 0.4325 0.09 6228 1296 

Wakatu 0.0119 0.0014 171 20 

 

  

  

 

For the scenarios used, the Saxton and Airport pump stations are predicted to have the largest 

impact in terms of discharge rate and discharge volume, with the Wakatu pump station having 

smallest effect. Assuming the concentrations of faecal contaminants and pathogens are similar 

across the sewer network, the relative size of the mass load of contaminants discharged from each 

pump station will follow the proportions indicated in Table 3-1 and the associated graph.  The impact 

of the discharges will however be strongly influenced by the hydrodynamic conditions to which the 

discharges are subject.  These will determine the dilution, transport and residence time of 

contaminants within the Inlet.  

3.2 Current speeds 

The current speeds predicted for low and highwater conditions were summarised by MetOcean 

(2017).  During either tidal stage, current speeds are greatest in the channels, and decrease away 

from the channels across the intertidal flats.  Lowest current speeds occur along the shoreline of the 

Inlet.  Current speed and associated turbulence is one of the dominant factors determining mixing 

and dilution.   

These general conditions will be influenced by storm water inflows from the storm water network, as 

well as increased stream inflow during wet weather conditions.  The wind speed and direction will 

also influence currents and the mixing of river inflows to the Inlet. 

The model can account for all these factors to predict the relative concentration (expressed as 

dilution) of contaminants across the Waimea Inlet, as well as the southern Tasman Bay and adjacent 

inlets. 
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3.3 Selection of tidal heights for modelling 

It should be noted that the tidal stages modelled were the Mean High Water (MHW) and Mean Low 

Water (MLH) conditions.  These are approximately 0.4 m lower and higher than the mean high water 

spring (MHWS) and mean low water spring (MLWS) tides respectively (MetOcean 2017).  As a 

consequence, where the discharge point for the pump stations occurs in a part of the inlet where the 

grade of the intertidal flats is very shallow (also likely to coincide with absence of a defined drainage 

channel), and where a depression or inundation exists at the discharge point, it is likely that the 

contaminant will pool at the discharge point.  This is particularly true for the smaller discharge 

scenarios (i.e., where a relatively small volume of sewage is discharged).  These circumstances apply 

particularly to the Wakatu pump station site, and to a lesser extent, the Airport site.  The 

consequences of these features include: 

� pooling of the sewage at the discharge point (particularly noticeable at Wakatu site) 

� no inundation of the pooled discharge on the next (and subsequent) high tide 

(particularly noticeable at Wakatu site) 

� relatively long retention of the sewage at the point of discharge (particularly 

noticeable at Wakatu site, e.g., under the “Dry, MHW, calm” scenario) 

� relatively long retention of the diluted sewage over several tidal cycles (particularly 

noticeable at the Wakatu site for several scenarios, and at the Airport, e.g., under the 

“Dry, MLW, calm” scenario). 

3.4 Model outputs and their use 

The timing and relative movement of the contaminant plume is provided by time series plots 

(exemplified by the plots in Appendix C through Appendix E, see Landmark Lile (2017) for the full 

series for all scenarios).  It should be noted that a “plume” of contaminated water is present at times 

when the inlet is empty (i.e., during low tide).  This is explained further in Section 3.5. 

The spatial extent of contaminants present at selected concentration ranges are presented in 

contour plots, which were generated from the same model output used to produce the time series 

plots.  The full series for all scenarios is included in Appendix F through Appendix I.  These provide: 

� a direct indication of the areal extent of the Waimea Inlet likely to be impacted by 

sewage contaminants (“contaminant footprint”)  

� the influence that wind speed, tidal stage and catchment condition has on 

contaminant concentrations over time, and 

� a graphical representation of the illness risk associated with each pump station 

discharge event according to the particular model scenario. 

The contour plots usefully define the spatial extent of waters within the Waimea Inlet giving rise to 

specific levels of risk. This is discussed further in section 3.5.2. 
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3.5 Airport pump station discharges 

3.5.1 Time series of contaminant plumes (refer to data bundle, Landmark Lile (2017)) 

Some commentary is required on these plots to illustrate key features and to clarify what may 

initially appear counterintuitive.  Further explanation is provided by MetOcean Solutions Limited 

(2017).  Considering the time series for scenario “Airport site, mean high water, dry conditions, calm 

winds” (Appendix C) as a specific example: 

� This site has a depression at the point of discharge that can store at least some of the 

sewage. 

� From H0 to H4 (where H = hour, i.e., for the four-hour period following 

commencement of discharge), the tide is ebbing, and carries some of the contaminant 

plume relatively undiluted along the almost imperceptible channel that drains this very 

shallow grade small inlet.  

� From H4 to H8, the plume appears to stall: 

− during this time the tide is out, and there is little water in the inlet 

− the model recognises this and accumulates residual contaminants at the sediment 

surface  

− relatively concentrated material is also retained in a shallow depression in the 

depression and sediments immediately in front the of discharge pipe, which 

creates a “reservoir” of material that may be mobilised in subsequent flood tides. 

� At H10 (not shown, available in the “data bundle”3), the incoming tide begins to 

mobilise residual material in the surficial sediments and from the shallow “reservoir”. 

� From H10 to H12, this residual material is transported to the eastern shores of the 

inlet and retained along the margins. 

� From H13 to H18 (the next ebb tide, not shown, available in the “data bundle”), 

residual contaminants in the sediments are mobilised to create a second narrow 

plume that follows the channel toward Tasman Bay. 

� From H18 to approximately H20, the tide is out, or the next incoming tide is yet to 

reach the residual contaminants deposited on the surficial sediments: 

− the spatial extent of the pooled residual contaminants has increased relative to 

that which formed during the previous ebb tide 

− although the model runs did not extend passed H21, it is likely that this material 

will be mixed and diluted into a larger volume of water on the next (and 

subsequent) flood tide(s)  

− this will dilute residual contaminants over time and progressively remove these 

from the inlet over subsequent tidal cycles.   

                                                           
3 Landmark Lile, 2017 
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� The most contaminated materials tend to occur in the central channel draining the 

inlet. 

� Not shown on these figures is the plume of highly diluted material (>100,000 × 

dilution) that is transported along the main channel adjacent to the airport that leads 

into Tasman Bay. 

The dilution contour plot for this scenario is summarised in Appendix F.  it shows the footprint or 

spatial extent of the concentrations indicating specific illness risk.  These contours represent the 

extent of these concentration ranges over the full 21 H for which data are available.  Contaminant 

contours are discussed in detail below. 

Other general comments applied to discharges from the Airport pump station include (MetOcean 

2017): 

� Broadly similar dilution occurs for northerly and southerly wind conditions, which both 

increase dilution relative to the calm or no-wind condition. 

� Dilution rates are similar for wet and dry conditions because the increased river flows 

are to some extent matched by increased sewer flows. 

3.5.2 Contours of contaminant plumes 

These are summarised for the “Airport site, mean high water, dry conditions, calm winds” in 

Appendix F: 

� The extent of the plume is generally larger when discharge occurs under MHW 

conditions because some initial mixing and dispersion occurs.  The concentration 

contours also reflect the influence of the shallow grade and pooling of contaminants at 

the discharge point.  

� Although the plume is largely restricted to the channels draining the inlet on the ebb 

tide, contaminants impinge on the shore on the flood tide. 

� There is little difference in footprint size under wet or dry conditions. 

� Northerly or southerly winds increase the dispersion of the plume. 

� Exposure to pathogen concentrations likely to cause: 

− elevated illness risk (>10% GI illness) is restricted to approximately 500 m of the 

channel draining this inlet 

− moderate risk (5-10% GI illness risk) is restricted to approximately 1,000 m of 

channel length, and  

− low risk (1-5% GI risk) extends from the discharge point to the main channel 

connecting the Waimea Inlet to the Tasman Bay.   

� In all circumstances, the plume of faecal contaminant concentrations likely to cause 

illness are limited to the relatively narrow channel within the inlet - widespread 

contamination of the inlet at concentration likely to cause illness appears unlikely. 
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3.6 Songer pump station 

3.6.1 Time series of contaminant plumes (refer to data bundle, Landmark Lile (2017)) 

� Under calm conditions, limited dispersion of the plume discharged under either MHW 

or MLW conditions occurs. 

� Similar dispersion under low wind conditions occurs in both high or low river flow 

conditions. 

� In wet and dry conditions, and under MHW or MLW conditions, winds from northerly 

or southerly direction increases dispersion of the plume considerably relative to no-

wind conditions. 

� The increased dispersion causes contaminants to move out of the channels across the 

adjacent tidal flats. 

3.6.2 Contaminant plume contours 

� Under calm conditions, the contaminants are rapidly removed from the inlet.  This 

creates a very small footprint of relatively high infection and illness risk (in the 

immediate vicinity of the point of discharge to the inlet). 

� Under windy conditions, dispersion is enhanced.  Despite the increased mixing and 

dispersion, contaminants move primarily along the channels draining the inlet, and 

over the adjacent intertidal flats.   

� Under windy conditions, moderately diluted sewage impinges on the shore both the 

north and south of the original discharge, and along the Monaco Peninsula. 

� Exposure to pathogen concentrations most likely to cause illness (>10% GI illness) is 

restricted to the channel draining this inlet, and the relatively narrow path followed as 

contaminants are transported within the inlet during tidal flushing.   

� Exposure to contaminants on the intertidal flats and the shoreline adjacent to the 

discharge is likely to be in the 5-10% illness risk range (GI illness). 

� More distant exposure sites, such as the Monaco Beach area, are likely to have 1-5% GI 

risk. 

� Contamination of the channels draining the inlet is likely to persist over several tidal 

cycles, and widespread contamination of the inlet is unlikely. 

3.7 Saxton pump station 

3.7.1 Time series of contaminant plumes (refer to data bundle, Landmark Lile (2017)) 

� Dispersion is greater under MWH conditions for all wind conditions, with the plume 

spreading over the intertidal flats, particularly to the south of the discharge point.   

� In wet and dry conditions, and under MHW or MLW conditions, winds from northerly 

or southerly direction increase dispersion of the plume considerably relative to no-

wind conditions (see Figure 3-1). 
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� Under MLW conditions, the plume remains more confined to the drainage channels, 

leading into Tasman Bay.  Materials returning to the Inlet on subsequent flood tides 

will be well diluted. 

Figure 3-1: Relative dilution of contaminants discharged from the Saxton pump station 18 hours after the 

discharge commenced under MWH conditions during southerly wind event.  Note that least diluted material 

is restricted to the channels, material diluted < 15,000 × spreads across the intertidal channel and impinges 

along the shoreline for approximately 2,000 m.  Material tends to be increasingly diluted with distance from 

the discharge point. 

3.7.2 Contaminant plume contours 

� There is little influence related to river discharge conditions. 

� Discharge under MHW conditions causes greater dispersion and larger subsequent 

footprints of dilutions of interest. 

� Wind direction has limited effect on the size of the footprint impinging on the 

shoreline, regardless of the tidal stage at the time of the initial discharge. 

� On the flood tide, contaminants spread over the intertidal flats and impinge on a large 

stretch of the southern shores of the inlet (but at relatively low concentration, and 

therefore low illness risk (1-5%, GI illness)). 

� Highest illness risks (>10% GI illness) appear limited to the channels draining the inlet. 

� Moderate illness risk (5-10% GI illness) occurs in the channels draining the inlet, and 

adjacent inter-tidal flats (i.e., is not widespread, but is slightly greater under northerly 

wind conditions). 
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� Low illness risks (1-5% GI illness) is limited to the intertidal flats to the south of the 

discharge, and at more distant exposure sites, such as Monaco and potentially at the 

Parkers Cove and Tahunanui recreational beach sites (refer to Hudson (2017) for site 

locations). 

� The contaminant plume tends to remain in the channels for sewage discharged under 

MLW conditions, whereas for sewage discharged under MHW conditions, the footprint 

is larger, closer to shore, but of lower concentration. 

3.8 Wakatu pump station 

Wakatu pumps station is likely to have the smallest impact of any of the pump station discharges 

because of the smaller volume of material likely to be discharged.  It is also discharges close to a 

channel that leads directly to the main channel draining the inlet – distance to the main channel is 

short, and current speeds will be greater than for say the Airport or Songer pump station discharges 

(MetOcean 2017). 

3.8.1 Time series of contaminant plumes (refer to data bundle, Landmark Lile (2017)) 

� Dispersion is limited when sewage is discharged under MLW conditions, with the 

contaminants constrained to the channels and pooling of contaminants at the 

discharge point.   

� A relatively deeply incised channel extends to within a few hundred meters of the 

pump station discharge site – this is likely to favour rapid flushing of contaminants 

from the inlet. 

� Sewage discharged under MHW conditions is dispersed relatively quickly.   

� Dispersion is similar under wet or dry conditions. 

� Wind from either the north or south improve dispersion of sewage discharged under 

MHW or MLW conditions. 

� Contaminants do not appear to be transported back to the shoreline at <100,000 × 

dilutions. 

3.8.2 Contaminant plume contours 

� There is little effect from river flow conditions at the time of discharge. 

� Very limited plume footprint occurs when sewage is discharged under calm conditions 

either under MHW or MLW stage conditions.  This reflects the influence of shallow 

grade, poorly defined channel near the discharge point, and pooling of contaminants 

at the discharge point. 

� Under several conditions represented in the scenarios, contaminants remain pooled at 

the discharge point (e.g., figures in Appendix I (A-D)), and are not flushed from the 

discharge point. 
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� The pooling of contaminants is overcome, and greatest dispersion (and largest 

footprint) occurs when the discharge occurs at MHW during either southerly or 

northerly wind conditions.  The contaminants remain largely constrained to the main 

channel, particularly under southerly wind conditions.   

� Risk of illness appears to be limited to exposure to water within the channels draining 

the inlet: 

− >10% risk (GI illness) is likely to persist for some time in the area where pooling 

occurs at the discharge point, particularly under calm conditions 

− >10% risk (GI illness) is likely in the area between the discharge point and the 

permanently inundated channel 

− 1-5% risk (GI illness) is likely along the channel extending to or just past Monaco 

Peninsula, toward Blind Channel, and further to the east at the Tahunanui Beach 

site.  

3.9 Other factors to be considered 

Three points should be noted: 

A. The scenarios used represent quite extreme cases – they assume discharge from each 

pump station at highest estimated rates under two catchment conditions over a four-

hour period. 

B. The receiving environment (Waimea Inlet and southern Tasman Bay) receive runoff or 

discharge from several sources other than raw sewage overflows that may at times be 

subject to faecal contamination. 

C. Water in the Waimea Inlet may at times be subject to diluted discharge from the Bell 

Island wastewater treatment plant. 

With regard to point A) above, the volume discharged from each pump station is likely to be smaller 

than estimated for each scenario, for several reasons: 

� each pump station has a backup pump 

� each pump station is being equipped with emergency power supply 

� each pump station has wet-well storage capacity; in the case of a complete pump 

failure at the Airport pump station, for example: 

− under dry weather conditions, the first 2.7 hours of sewage overflow would be 

stored on-site in the wet-well capacity (i.e., discharge would not actually occur 

until 2.7 hours after pump failure), and 

− under wet weather conditions, discharge of sewage would not commence until 

0.7 hours after pump failure (due to the wet-well storage capacity).  

Similar built-in safety measures are provided at the other pump stations.   

Point B) above was discussed in an accompanying report (Hudson 2017), where: 
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� high rainfall events, and regular runoff from the Nelson and Stoke Valley urban area (in 

response to more moderate rainfall events) was examined in terms of impact on 

recreational water quality (collected between November and March, annually), and  

� winter water quality was assessed using limited data collected in August and 

September 2017. 

For Point C), the risks associated with the discharge of treated wastewater from Bell Island 

wastewater treatment plant was the subject of an independent QMRA (McBride 2017).  This 

assessment indicated that 2 log10 or 100-fold pathogen removal efficacy would be adequate to 

reduce the gastrointestinal illness risk arising from primary water contact to less than 1%. In fact, the 

illness risk associated with enterovirus and norovirus exposure at Monaco Beach and Tahunanui 

Beach was predicted to be less than 1% if 1 log10 or 10-fold pathogen removal efficacy were 

achieved.  These results indicate that microbiological water quality at the Monaco Beach site is 

unlikely to be impaired by the Bell Island WWTP discharge. 

3.9.1 Recreational water quality data 

The discharge plume from three of the four pump stations are likely to exit the Waimea Inlet via the 

channel that passes to the south and west of the Monaco Peninsula.  The data derived from the 

recreational water quality monitoring programme operated by NCC will therefore provide a good 

indication of water quality in this channel during the November to March period annually.  Using the 

65 data points available for the period 2014/15 to 2016/17, it was established that this site had 95th 

percentile enterococci concentration of 104 enterococci/100 mL.  According to the MfE/MoH 

recreational water quality guidelines, this concentration indicates a gastrointestinal illness (GI) risk of 

1% - 5% to individuals engaged in recreation likely to lead to complete immersion.  Similar illness risk 

exists for recreational users at the Tahunanui Beach site, whereas a higher risk exists at the Nelson 

Haven site (approximately 5 - 10% GI risk).  

The recreational water quality guidelines (MfE/MoH 2003), provide detailed commentary and 

guidance regarding “Suitability for recreation grading”.  Well-established processes identify several 

risk factors that should be considered when assessing a site for contact recreation and grading, 

including: 

� storm water outlets that may be subject to sewage contamination 

� urban storm water that is protected from sewage ingress 

� rainfall events that trigger contamination events, and 

� exceedance of the national guideline single sample threshold (280 enterococci/100 

mL) on any occasion.    

Available information suggests that these risk factors exist for much of the foreshore of the Waimea 

Inlet, and that these risks exist in the absence of aberrational discharge from sewer pump stations.   

From the limited event-related stream microbial water quality monitoring has been undertaken in 

the Waimea Inlet catchment, it was estimated that the load of faecal indicator bacteria input to the 

Inlet during a four-hour may exceed the daily load discharged from the Bell Island WWTP (Hudson 

2017).   
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Although large stream inflow loads are likely to be intermittent and of relatively short duration, they 

have the potential to impact on recreational water quality in the Inlet directly, as do aberrant sewer 

discharges.  They are however as unpredictable as discharges from sewer pump stations, and little 

can be done to mitigate their effect on the receiving environment. 

3.9.2 Health risks associated with pump station discharges 

From the dilution contours predicted by dispersion modelling in the Waimea Inlet, for most discharge 

scenarios for all pump stations under all wind and catchment conditions,  

� Illness risks associated with pump station discharges are generally likely to be less 

than 1% (the No Observable Adverse Effects Level, NOAEL) across most of the Inlet, 

even when a discharge event occurs, i.e., contamination is likely to be localised. 

� Under conditions created by selected discharge scenarios, and for discharges from 

specific pump stations, the illness risks may exceed the thresholds identified in the 

MfE/MoH guidelines at specific locations or along drainage channels. 

Highest illness risks (>10% GI illness) are most likely in: 
� the shallow depressions that occur where inflows (that may at times contain the 

potentially contaminated pump station runoff), discharge into the inlet 

� relatively undiluted sewage may remain in these depressions for some time after 

discharge, should the discharge occur in calm conditions 

� the channels draining the shallow grade intertidal flats immediately down gradient of 

these discharge locations and associated depressions, and 

� the lengths of channel over which exposure to illness-causing concentrations may 

occur are largely determined by tidal stage and wind conditions, ranging from 

approximately 0-3,000 m (Saxton pump station) and approximately 0-1,000 m (all 

other pump stations). 

� These risk levels may also apply to the shoreline (approximately 800 m) adjacent to the 

Saxton pump station discharge under specific conditions. 

� These risk levels may also apply to the southern shoreline of the Monaco peninsula (< 

approximately 500 m) as a result of discharge from the Songer pump station under 

specific conditions. 

Intermediate illness risks (5-10% GI illness) are most likely in: 
� the channels draining the shallow grade intertidal flats immediately down gradient of 

discharge locations and associated depressions, and 

� on occasions (determined principally be the tidal stage and wind conditions), these risk 

levels may apply to the shore line adjacent to the discharge points, notably Saxton 

(less than approximately 800 m). 

� These risk levels may also apply to the southern shoreline of the Monaco peninsula 

(less than approximately 1,000 m), as a result of discharge from the Songer pump 

station under specific conditions. 
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Low illness risk (1-5% GI illness) may occur over a larger area of the inlet: 
� channels draining the inlet downgradient of all pump station discharges at times 

(particularly the Wakatu and Airport discharges), and 

� for the Songer and particularly the Saxton discharges, larger areas of intertidal flats 

may be contaminated to this extent at times. 

� In the case of the Songer discharge, larger areas of contamination are likely during 

windy conditions, and the north-eastern corner of the inlet, including the entire south 

facing shore of the Monaco Peninsula, is likely to be affected.   

� In the case of the Saxton discharge, larger areas of the southern inlet are likely to pose 

a low risk of illness following a discharge that coincides with MHW conditions.  This 

applies in wet and dry conditions, and for all wind conditions as well.   

� This behaviour creates the potential for a 1-5% illness risk to approximately 4,000 m of 

shoreline along the southern inlet, extending approximately 500 m off-shore onto the 

inter-tidal flats.   
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4 Conclusions 

Hydrodynamic modelling of the sewage discharged into the Waimea Inlet during aberrant discharges 

allows the spatial extent of areas where illness risk arising from contact recreation is likely to occur.  

This modelling demonstrated that: 

� catchment runoff conditions (i.e., dry vs wet) has little effect on the transport and 

dilution of contaminants 

� windy conditions generally increased dispersion (vs calm conditions), and that 

� tidal stage had a significant effect on dispersion, and the spatial extent of various 

dilution bands. 

High illness risk (>10% GI illness) areas were primarily associated with drainage channels and 

depressions where untreated sewage may accumulate, i.e., the spatial extents were relatively small.  

These tended to occur close to the discharge point, extending along the drainage channels. 

Moderate illness risk (5-10% GI illness) was associated with drainage channels, and some areas of the 

adjacent intertidal flats.  Factors such as tidal stage and wind increasingly determines the extent to 

which the inter-tidal flats are contaminated.  These levels of dilution may occur along the shoreline 

under specific conditions. 

Low illness risk (1-5% GI illness) was associated with the intertidal flats, and drainage channels 

distant from the discharge points.  These areas were also most prone to tidal stage and wind effects.  

They also occurred in areas likely to be accessible to the public, including the southern shoreline of 

the Monaco Peninsular, the southern shore of the Waimea inlet, and the north-eastern corner of the 

inlet, along Wakatu Drive and Point Road.  

Several options exist for the management of risks arising from aberrant discharges.  Practical 

guidance is provided in the New Zealand Microbiological water quality guidelines for marine and 

freshwater recreational areas (MfE/MoH 2003).  
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Appendix A QMRA conceptual model and calculation sequence 

Viruses in 

raw sewage

WWTP

Treatment units

Treatment efficiency

Inflow/discharge 

scenarios

Future treatment 

Pathogen selection

River 

environment

River flow/dilution

Marine 

environment

Advection

Dilution

Dispersion

Pathogen 

inactivation

Sedimentation

Virus concentration at 

location:

• swimming 

• contact recreation

Virus concentration 

at location:

• Shellfish 

gathering

Community health 

status

Duration of 

swim

Water ingested

Aerosol inhalation rate

Number of viruses 

ingested/inhaled

Dose/response 

relationship

Proportion of 

population infected

Bio-accumulation

Virus concentration in 

shellfish

Meal size

Number of 

viruses ingested

Proportion of 

population 

infected

Dose/response 

relationship

 
 



 

28 Quantitative Microbial Risk Assessment for Waimea Inlet, Nelson 

 

Appendix B Response to caucusing meeting discussion 

One of the outcomes of a caucusing meeting held in Nelson on 13 October 2017 was a suggestion to 

describe the human health risk assessment in a similar manner to that followed for the ecological risk 

assessment undertaken by Cawthron.  The estimation of risk takes several forms.  The suggestion at 

the caucusing meeting was of the form: 

���� = ������ℎ

�	×	�
���������  

An example of this approach is provided in Table B-1.  In the source publication, this is termed “a 

structured semi-quantitative approach to ranking risks, which considers uncertainties, is a beneficial 

way of determining priorities, particularly when assessing risks from multiple stressors.”    

Table B-1: Structured, semi-quantitative approach to ranking risks.  From 

http://www.environment.gov.au/science/supervising-scientist/research/ecological-risk. L = low, M = medium, 

H = High, VH = Very High.  U indicates Unknown, or insufficient information available. 

Likelihood Consequences 

Insignificant Minor Moderate Major Unknown 

1 2 3 3 4 

A (Almost certain) H H VH VH U (H) 

B (Likely) M H H VH U (M) 

C (Possible) L M H VH U (L) 

D (Unlikely) L L M H U (L) 

E (Unknown) U (L) U (L) U (M) U (H) U 

 

In use, the Likelihood classification may be replaced with a number, allowing a specific risk value to 

be calculated, which may then be compared with a series of risk categories.  This approach was 

followed by Cawthron when assessing the ecological effects of aberrational discharges to Waimea 

Inlet (Johnston 2017). 

Having reflected on the requirements of the human health risk assessment specifically, we consider 

this approach does not adequately reflect the quantitative nature of the Quantitative Microbial Risk 

Assessment that was undertaken.  This opinion is discussed below: 

Ecological risk assessment   
1. The ecological risk approach proposed combines frequency (or likelihood) with magnitude (or 

consequence) to provide an estimate of risk. 

2. This level of risk approach provide scenarios that range from negligible to severe, and consider 

effects such as loss of species or habitat, either temporarily or permanently.  

3. The frequency of aberrational sewage discharge events is extremely low (and decreasing over 

time in response to management actions). 
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Applicability to human health risk assessment 
1. This approach is not suitable for human health risk assessment, where the consequences of 

exposure to untreated sewage are properly regarded as “severe” (in terms of illness 

consequences or sequelae), but the duration of the discharge event may be short, i.e., these 

consequences are likely to be transient or temporary (hours to days).  

2. Aberrant sewage discharge will cause temporary “loss” of values, or suitability for use, for 

activities such as contact recreation, swimming or boating.  After a relatively short period 

(several tidal cycles, several days of exposure to sunlight), the risk of illness will decrease and 

the former values are likely to be fully supported once more.   

3. During the period when exposure to untreated sewage may occur, it is appropriate to regard 

the magnitude of effects arising from discharge of untreated sewage as “High” or “Severe” 

(EIANZ 2015).  A relatively short time later, however, the magnitude of these effects is likely to 

be negligible to zero. 

4. Were health risks associated with shellfish consumption under consideration as well however, 

the depuration period could be much longer (possibly months) – the risk of illness would also 

exist over a longer period.  This exposure route was not considered however because shellfish 

gathering was not identified in the area likely to be subject to aberrational discharge 

(Greenaway 2017). 4 

5. Were a risk matrix of likelihood x consequence to be used:  

i. It might provide a way of screening various scenarios based on assumptions and 

knowledge of the response of the catchment to a severe event such as the discharge of 

untreated sewage.  

ii. It wouldn’t however provide enough information with which to compare the relative 

risks from those various scenarios.  

iii. I consider that health risk assessment requires a more flexible approach to account for 

the typically shorter time frames of impact. 

Human health risk assessment 
1. The approach followed in the MfE/MoH guidelines, or in a Quantitative Microbial Risk 

Assessment process, recognises the  

i. transient nature of these events, and 

ii. the severe potential consequences that may arise from exposure to untreated sewage, 

and  

iii. the requirement for an immediate management response. 

2. In the case of the MfE/MoH guideline approach:  

                                                           
4 Confirmed by Rob Greenaway in email to N. Hudson, April 2017. 
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i. the grading of sites in terms of suitability for recreation recognises the results of long 

term routine monitoring (Microbiological Assessment Category) and a Sanitary 

Inspection Category for typical conditions, BUT  

ii. “Exceptional circumstances” are recognised, which include “known periods of higher risk 

for a graded beach, such as during a sewer rupture…….  Under such circumstances a 

grading would not apply until the episode has abated” (Section D.3, MfE/MoH 2003).   

3. Appropriate management responses would include erection of temporary health warning signs 

for the duration of the contamination event (e.g., Appendix 3, MfE/MoH 2003). 

4. The QMRA approach developed for assessment of effects in the Waimea Inlet directly 

estimates the risk to recreational water users, and defines the area where such risks apply.  

5. The approach recognises “duration of swimming” and “rate of water ingestion” to estimate 

the dose of pathogen(s), the existence of many potential pathogens of varying infectivity and 

health risk consequences, and the dose-response curves that exist for different pathogens. 

6. A generalised Quantitative Microbial Risk Assessment (QMRA) consists of four basic steps (see 

also the schematic in Appendix A): 

i. Selection of hazard(s), i.e., the pathogen(s) of concern—exposure to which can give rise 

to illness. 

ii. Estimation of pathogen concentrations at likely at key sites. 

iii. Characterisation of the pathogens’ dose-response. 

iv. Calculation and communication of the health risks. 

7. The “Quantitative” aspect of QMRA has particularly to do with item iv)—calculating risks—in 

which we use Monte Carlo statistical modelling. This calls for repetitive sampling from 

distributions and ranges of key variables, rather than just using single average values.  QMRA 

uses distributions rather than point estimates for parameters in points ii) and iii) above, 

capturing the variability (and uncertainty) inherent in the temporal and transient nature of 

microbiological water quality to then provide a distribution for the health risk from exposure. 

This approach is particularly important given that most of the risk is caused by combinations of 

inputs toward the extremes of their ranges, the combined effects of which may not be 

detected when using averages.  

8. This approach is consistent with the US EPA (2000) framework developed for ecological risk 

assessment, which uses mathematical models to estimate concentrations and generate long-

term exposure estimates, for vulnerable areas, for specific contaminants (such as pesticides) 

This is very similar to the risk assessment approach used for microbes.   This method of 

estimating risk is not consistent with a semi-quantitative risk assessment framework (as 

outlined in the example shown in Table B-1), which cannot adequately recognise the factors 

determining health risk (in the case of aberrant discharge, exceptional circumstances). 

9. The outcomes of the risk assessment approach are similar, including specific management 

responses, such as erection of temporary health warning signs for the duration of the 

contamination event (Appendix 3, MfE/MoH 2003). 
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Appendix C Representative time series sequences – Airport pump 

station 
 

Mean high water; dry conditions, i.e. infiltration unlikely; calm, i.e. no wind 
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Mean high water; dry conditions, i.e. infiltration unlikely; northerly winds 
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Mean high water; dry conditions, i.e. infiltration unlikely; southerly winds 
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Appendix D Representative time series sequences – Wakatu pump 

station 

Mean high water; dry conditions, i.e. infiltration unlikely; calm, i.e. no wind 
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Mean high water; dry conditions, i.e. infiltration unlikely; northerly winds 
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Appendix E Representative time series sequences – Saxton pump 

station 

Mean high water; dry conditions, i.e. infiltration unlikely; calm, i.e. no wind 
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Mean high water; dry conditions, i.e. infiltration unlikely; northerly winds 
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Appendix F Contour plots – dilution bands and their associated 

illness risks – Airport pump station 
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Appendix G Contour plots – dilution bands and their associated 

illness risks – Songer pump station 
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Appendix H Contour plots – dilution bands and their associated 

illness risks  – Saxton pump station 
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Appendix I Contour plots – dilution bands and their associated 

illness risks  – Wakatu pump station 
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