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1. INTRODUCTION 

The Nelson Regional Sewerage Business Unit (NRSBU) is interested in 
understanding the dilution rates and discharge characteristics of contaminant from 
the Bell Island treatment plant, and how the dilution characteristics may affect 
nearby beaches.  In order to understand these dilution characteristics NCC has 
commissioned MetOcean Solutions to undertake a numerical investigation into the 
expected discharge characteristics from the existing diffuser lines. 

The sewage treatment plant is located on Bell Island, Waimea Inlet (Figure 1.1). The 
oxidation pond system of Bell Island consists of three facultative ponds in parallel 
and two maturation ponds in series. After an average retention time of about 30 
days, the treated wastewater is discharged from the last maturation pond through a 
gravity driven outfall, into the waters of the Waimea Inlet via an outfall pipeline and 
diffuser.   

There are a total of 24 diffuser ports equally distributed over two parallel, but offset 
diffuser pipes.  The 100-mm diameter diffuser ports are spaced at intervals of 1.74 
m along the diffuser pipe and extend vertically to about 300 mm above the bed of 
the channel. 

The operation of the effluent discharge is restricted to the ~3-hr period of ebbing 
tide following each high water stand.  The average total volume of effluent 
discharged per day is ~12,000 m3, with a daily maximum of 25,000 m3, occurring 
for an average of 3.7 hours per day. This is equivalent to an instantaneous mean 
discharge rate of 0.9 m3.s-1. The water depth above the diffuser ports ranges from 
~0.95 m at Mean Low Water Spring (MLWS) to 4.35 m at Mean High Water Spring 
(MHWS). 

Previous studies based on dye tracers have noted that effluent dilution will initially 
consist of rapid turbulent mixing in the near-field (which is momentum driven), 
followed by a more gradual turbulent mixing in the far-field. The degree to which 
the effluent is diluted will depend on the water depth above the diffuser ports, the 
current velocities, the wind velocities and the effluent discharge.  The mixing of the 
effluent will vary depending on the particular path the effluent plume takes to reach 
the Inlet entrance at different stages of the tide, and will be strongly influenced by 
the changes in depth, channel configuration and current speed along the plume 
trajectory (Bell, Williams, and Gibbs 1995). 

The Waimea Inlet is a dynamic system, and has undergone morphological changes 
since 1995, and as such, in order to understand how the effluent is expected to 
dilute within the environment a numerical modelling approach is being considered. 
The approach outlined below looks to provide expected dilution rates under a range 
of representative conditions, including river discharge scenarios and atmospheric 
forcings. The modelling can be expanded upon to satisfy requirement for a QMRA 
assessment by considering die-off and time-series at key locations. 

This report is structured as follows.  An introduction to the study background and 
rational is provided in Section 1, while methods applied, including numerical model 
definitions and a summary of the available measured data are provided in Section 
2.  Results are presented in Section 3 and a concise summary is provided in 
Section 4.  References cited are given in Section 5. 
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Figure 1.1 Bell Island treatment plant and approximate location of the outfall diffuser. 
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Diffuser location 
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2. FIELD MEASUREMENT CAMPAIGN 

A field measurement campaign was undertaken by The National Institute for Water 
and Atmospheric Research (NIWA) to assist the characterisation of the 
hydrodynamic regime within Waimea Inlet and provide the necessary field data for 
calibration and validation of the hydrodynamic model. The campaign focused on 
the hydrodynamics near Bell Island in the vicinity of the wastewater discharge point 
(Figure 2.1).  

The measurement period extended from April 2017 to end of May 2017, and 
included measurements of water elevation and velocities. Measurements were 
undertaken using a range of instruments and covered the entrance and inside 
Waimea Inlet (Figure 2.1); coordinates of the deployment sites are provided in 
Table 2.1. 

Further details on instrument deployment and measured data are provided in the 
following sections. 
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Figure 2.1 Map of the Waimea Inlet near Bell Island. The red and yellow dots represent the positions of the tidal gauge and the current profiler deployed 
respectively; the coloured line represents transect surveyed by the moving vessel ADCP. 
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Table 2.1 Duration, location coordinates of instruments deployed during the field campaigns. Pressure was measured using the RBR instruments, while 
the Acoustic Doppler Current Profile (ADCP) instruments measured the vertical velocity profile. 

Site Instrument 
Measurement Deployment duration 

Deployment coordinates 
(WGS 84) 

Elevation Velocity Start End Latitude Longitude 

Near diffuser 
location 

Tidal gauge   20/04/2017 31/05/2017 173˚E 07.00’ 41˚S 17.97’ 

Near diffuser 
location 

Current 
profiler 

  25/04/2017 31/05/2017 173˚E 11.15’ 41˚S 17.92’ 

MVADCP: 

Section A 
ADCP   24/04/2017 25/04/2017 173˚E 12.01’ 41˚S 17.81’ 

MVADCP: 

Section B 
ADCP   24/04/2017 25/04/2017 173˚E 12.43’ 41˚S 17.60’ 

MVADCP: 

Section C 
ADCP   25/04/2017 25/04/2017 173˚E 12.21’ 41˚S 17.41’ 

MVADCP: 

Section D 
ADCP   25/04/2017 25/04/2017 173˚E 11.77’ 41˚S 17.51’ 
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2.1. Sea level pressure 

Sea surface elevations were measured using RBR pressure sensors near the 
diffuser location (Figure 2.1). The instruments recorded pressures, with a sampling 
rate of 2 Hz. 

2.2. Current velocities 

2.2.1. Stationary velocity profiles 

An RDI ADCP was deployed by Cawthron near the diffuser location (see Figure 
2.1) from end-April to end-May 2017.  

The RDI ADCP was deployed 0.4 m above the seabed and used a 0.25 m bin 
resolution in the vertical. Given the blanking distance of 0.2 m, and taking into 
account the dimension of the ADCP, the middle of the first bin was 0.94 m above 
the seabed. Measured velocities were averaged over 1-minute intervals. 

Measured velocity data were corrected for magnetic deviation. For interpretation 
and comparison with model outputs, velocity measured in each bin were averaged 
over 15 minutes and separated into their tidal and residual components using the 
tidal analysis package T-tide (Pawlowicz et al., 2002). 

2.2.2. The Moving vessel ADCP 

In addition to the fixed velocity profilers, Cawthron and NIWA together used a 
vessel-mounted Teledyne RiverPro ADCP 1200 kHz to carry out velocity profile 
transects throughout the main channels within Waimea Inlet (Figure 2.1). The 
vessel-mounted, downward looking ADCP was set up to measure bins of 0.06 m in 
the vertical, with a blanking distance of 0.01 m.  

Velocity profiles were measured along various paths at different stages of the tides 
on 24 and 25 May 2017. 

To compare with the model data horizontal bin were average every 30 m and 
average in the vertical dimension (i.e. 2D). 
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3. METHODOLOGY 

3.1. Modelling approach 

The release of pollutants in the oceanic or estuarine environment through an outfall 
is a process that is generally either continuous over time or at defined tidal stages, 
as for Bell Island. These discharges are often subject to significant fluctuations in 
released quantities. The outcome of such releases is inherently non deterministic 
and is governed, in part, by random variables such as currents, turbulences, 
wastewater network use and precipitation, it is therefore difficult to accurately 
predict. 

However, the probability of future estuarine conditions can be assessed from the 
historical conditions, thereby allowing estimations of the general geographical 
dispersion expected. In the present study, the approach consisted of running year-
long simulations within two contrasting historical contexts (La Niña /El Niño 
episodes, June 1998-June 1999, and June 2002-June 2003, respectively).  

During El Niño conditions, New Zealand typically experiences stronger or more 
frequent westerly winds during summer.  This leads to a greater risk of drier-than-
normal conditions in east coast areas and more rain than normal in the west. In 
winter, colder southerly winds tend to prevail, while in spring and autumn, south-
westerlies tend to be stronger or more frequent, bringing a mix of the summer and 
winter effects. 

During La Niña conditions more north–easterly winds are characteristic, which tend 
to bring moist, rainy conditions to the north–east of the North Island, and reduced 
rainfall to the south and south–west of the South Island. 

By considering both La Niña /El Niño episodes a robust probabilistic estimate of the 
plume dispersion and dilution patterns is able to be determined and thus provide 
guidance on expected concentration levels associated with the Bell Island 
discharge outfall. 

3.2. Hydrodynamic model 

3.2.1. Model description 

The 2D and 3D baroclinic hydrodynamics of the Waimea Inlet were modelled using 
the open-source hydrodynamic model SCHISM12. The benefit of using open-source 
science models is the full transparency of the code and numerical schemes, and 
the ability for other researchers to replicate and enhance any previous modelling 
efforts for a given environment. 

SCHISM is a prognostic finite-element unstructured-grid model designed to 
simulate 3D baroclinic, 3D barotropic or 2D barotropic circulation. The barotropic 
mode equations employ a semi-implicit finite-element Eulerian-Lagrangian 
algorithm to solve the shallow-water equations, forced by relevant physical 
processes (atmospheric, oceanic and fluvial forcing). A detailed description of the 
SCHISM model formulation, governing equations and numerics, can be found in 
Zhang and Baptista (2008). 

                                                 
1
 http://ccrm.vims.edu/schism/ 

2
 http://www.ccrm.vims.edu/w/index.php/Main_Page#SCHISM_WIKI 
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The SCHISM model is physically realistic, in that well-understood laws of motion 
and mass conservation are implemented. Therefore, water mass is generally 
conserved within the model, although it can be added or removed at open 
boundaries (e.g. through tidal motion at the ocean boundaries) and water is 
redistributed by incorporating aspects of the real-world systems (e.g. bathymetric 
information, forcing by tides and wind). The model transports water and other 
constituents (e.g. salt, temperature, turbulence) through the use of triangular 
volumes (connected 3-D polyhedrons). 

The finite-element triangular grid structure used by SCHISM has resolution and 
scale benefits over other regular or curvilinear based hydrodynamic models. 
SCHISM is computationally efficient in the way it resolves the shape and complex 
bathymetry associated with estuaries, and the governing equations are similar to 
other open-source models such as Delft3D and ROMS. SCHISM has been used 
extensively within the scientific community3,4 where it forms the backbone of 
operational systems used to nowcast and forecast estuarine water levels, storm 
surges, velocities, water temperature and salinity5. 

3.2.2. Model domain and bathymetry 

Bathymetry was sourced from a combination of LIDAR data supplied by NCC and 
ENC navigational charts. Because of the relatively poor bathymetric coverage in 
some of the channels within the Waimea Inlet, some depth contours were manually 
added based on aerial images and the relatively coarse ENC data.  These channel 
depths were additionally adjusted as part of the model calibration and validation 
process. 

The model resolution was optimised to ensure replication of the salient 
hydrodynamic processes. The resolution ranged from 120 m at the offshore 
boundary to 15 m in shallow water and near the coast, with grid refinement in the 
main intertidal channels and within the open rivers boundary, streams and creeks. 
The triangular elements of the model domain are shown in Figure 3.1 and 
associated bathymetry is presented in Figure 3.2. 

  

                                                 
3
 http://www.stccmop.org/knowledge_transfer/software/selfe/publications 

4
 http://ccrm.vims.edu/schism/schism_pubs.html 

5
 https://tidesandcurrents.noaa.gov/ofs/creofs/creofs_info.html 
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Figure 3.1 Waimea Inlet model domain showing the Finite-Element triangular model mesh for the 
entire model domain (top) and in the vicinity of the Bell Island discharge point (bottom) 
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Figure 3.2 Waimea Inlet model domain showing the model bathymetry.  Depths are given to 
Mean Sea Level (MSL). 
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3.2.3. Vertical mixing / turbulence closure 

Vertical mixing was modelled using a constant diffusivity for momentum and 
transport of 1e-06. These values were adjusted as part of the model validation and 
calibration process. 

Frictional stress at the seabed was calculated using a manning formulation using a 
coefficient of 0.01.  

3.3. Model boundary conditions 

3.3.1. Tidal forcing 

The widely used tidal constituents sourced to force regional and coastal domains in 
hydrodynamic models - the Oregon State University Tidal Inverse Solution (OTIS, 
Egbert and Erofeeva, 2002) – was rather coarse for direct use in New Zealand 
coastal domains. Therefore, tidal constituents from the harmonic analysis of a long 
term 2D Princeton Ocean Model (POM, Mellor, 1998) tidal simulation with 5 km 
horizontal resolution were used to derive tidal boundaries for the Bell Island 
SCHISM model.  

The NZ-POM domain was forced at the open boundaries by tidal elevation and 
current harmonic constituents derived from the OTIS Pacific Ocean solution6. The 
Bell Island SCHISM domain was forced at the open boundary by elevation and 
current constituents derived from the POM 2D simulation.  

3.3.2. Offshore residual current forcing 

Open boundary non-tidal inflows and outflows were provided by 3-dimensional 
velocity, temperature and salinity fields and spatially variable sea surface height 
derived from a nationwide implementation of the Regional Ocean Modelling System 
(NZ-ROMS) nested within the global Climate Forecast System Reanalysis (Saha et 
al. 2010). 

Velocity boundary conditions were interpolated to each node and sigma level, 
along the offshore model boundary for each model time-step. Residual elevations 
were interpolated to each boundary node and each model time-step. 

3.3.3. Atmospheric forcing 

MetOcean Solutions maintains an up-to-date atmospheric hindcast reanalysis from 
1979 to 2016 at 12 km resolution for the entire New Zealand and approximately 4 
km over central New Zealand (including Nelson).  This atmospheric hindcast was 
produced using the Weather and Research Forecasting (WRF) model forced with 
boundary conditions from the global CFSR product. 

The improvement in resolution from the 35 km of CFSR adds accuracy and 
variability to the atmospheric fields that force the SCHISM model, especially over 
coastal margins where topography is known to substantially change the large-scale 
wind patterns and local responses. WRF variables such as winds, atmospheric 
pressure, relative humidity, surface temperature, long and short wave radiation, 
and precipitation rate were used at hourly intervals to provide air-sea fluxes to force 
the Bell Island SCHISM model. 

                                                 
6
 http://volkov.oce.orst.edu/tides/PO.html 
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The wind speed from this hindcast has been validated at numerous sites around 
New Zealand; shown in Figure 3.3 are time series data from Auckland Airport in 
January 2007 and a quantile-quantile plot from a full year (2007) at Brother’s Island 
in the Cook Strait. 

 

Figure 3.3 Comparison of both CFSR data and a high-resolution WRF hindcast for Auckland 
Airport during a few days in January 2007 (left) and quantile-quantile plot of both 
CFSR (magenta) and the WRF hindcast (green) against the observations from 
Brother’s Island in the Cook Strait during 2007. 

3.3.4. Fluvial discharges 

Time-varying open boundary fluvial inputs were prescribed for the Waimea River, 
Neimann Creek, Jenkins Creek and the Maitai River (Figure 3.4) supplied by both 
Tasman District Council and Nelson City Council. An example of the measured 
time-series of discharges for the Waimea River is given in Figure 3.5. 

 

 

Figure 3.4 Open fluvial boundaries at which time-varying discharges were defined 
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Figure 3.5 Example of the temporal variability in Waimea River discharge rates used at the open 
boundary of the SCHISM model.   

 

3.3.5. Temperature and Salinity 

Salinity and temperature boundary conditions were interpolated to each node and 
sigma level, along the offshore model boundary for each model time-step. Residual 
elevations were interpolated to each boundary node and each model time-step.  
Temperature and salinity were treated as passive tracers in the 2D depth averaged 
baroclinic model. 
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3.4. Near-field model 

Near-field modelling of the initial turbulent mixing was undertaken using CORMIX7 
CORMIX is a USEPA-supported mixing zone model and decision support system 
for environmental impact assessment of regulatory mixing zones resulting from 
continuous point source discharges. The system emphasizes the role of boundary 
interaction to predict steady-state mixing behaviour and plume geometry. 

CORMIX was used to define the near-field plume characteristics (plume extent, 
initial dilution) under a range of representative conditions (water depth, current 
velocities, discharge characteristics, diffuser configurations) for input into the far-
field model. 

3.5. Far-field trajectory model 

A Lagrangian model developed by MSL was used to simulate the trajectories of 
particles in a flow field. Here, the particles represent the pollutants or contaminants 
found in the discharged wastewaters.  

The model consists of trajectory scheme applied to the existing 2D Eulerian current 
field  vu ~,~

 (see section 2.2), solving for the motion of discrete particles. 
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    (3.1 a,b,c) 

where (xp,yp,zp) are the particle coordinates,. (ut,vt,wt) are the diffusion components 
representing turbulent motions, ws is the particle settling velocity. 

In the horizontal plane, the model uses an Ordinary Differential Equations (ODE) 
solver, including a 4th order Runge-Kutta method, to calculate the trajectory of a 
given particle (xp,yp) in the time-varying current field. Note a logarithmic profile is 
used to extrapolate the 2D depth-averaged current magnitudes to any water 
column level, with a roughness length of 0.001 m (Smart, Duncan, and Walsh 
2002). 

In the vertical plane, particle motion is controlled only by the vertical diffusion 
component wt as defined in equation 3.1c. No settling velocity was included in the 
present application, assuming passive particles (ws = 0 m/s). Time-varying gridded 
sea surface elevation fields were included in the simulations to reproduce the 
ebbing and flooding phases, and associated wetting/drying of intertidal areas. 

Horizontal and vertical diffusion motions are treated with the following equation, 
shown for the ut component: 

∫ 𝑢𝑡 . 𝑑𝑡 =  √6. 𝑘𝑢,𝑣 . ∆𝑡
𝑡+∆𝑡

𝑡
 . 𝜃(−1,1)    (3.2) 

                                                 
7
 http://www.cormix.info/ 
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where 𝜃(−1,1) is a random number from a uniform distribution between -1 and 1,

t  is the time-step of the model in seconds and ku,v is the horizontal eddy 

diffusivity coefficient in m2.s-1. The same equation is used for the vertical diffusion. 

In absence of specific field data on diffusive processes, the determination of the 
eddy diffusivity coefficient ku,v is generally based on guidance from empirical 
relationships. Several relationships are summarized in Fischer et al., 1979 
including that of Elder (1956) for simple unidirectional shear flows that estimates 
the longitudinal diffusion coefficient as a function of the water depth and current 
velocity of the form, 

*

, ..93.5 uHk vu        (3.3) 

where H and u* are the water depth and friction velocity respectively. 

Transverse mixing can be estimated using a relationship of the same form but with 
reduced proportionality factor (with 50 % error bound). 

*..6.0~ uHktransverse       (3.4) 

The vertical eddy diffusivity is generally expected to be at least one order or 
magnitude smaller. Elder’s formula suggests a vertically averaged value of: 

*..067.0~ uHkvertical       (3.5) 

Here, both depth and mean current velocities vary along the channel but these 
equations can still be used to provide a bracketing of reasonable eddy diffusivity 
coefficient values for the present application.  

Assuming generic water depths of order 5.0-10.0 metres in the channel and a 
mean current velocity of ~ 0.3 m.s-1, the above equations yield coefficients of ~ 
[0.45-0.9] m2.s-1, ~ [0.045-0.09] m2.s-1, and ~ [0.005-0.01] m2.s-1 for the longitudinal, 
transverse and vertical diffusivities respectively. The resulting average for the 
horizontal diffusion (i.e. longitudinal and transverse results) is ~[0.25-0.5] m2.s-1. 

Furthermore, in numerical models, the role of the horizontal diffusion coefficient is 
also to implicitly account for sub-grid scale turbulent processes such as eddies that 
are not explicitly resolved in the model due to the limited resolution. This means 
that horizontal diffusion must generally increase as grid size increases since eddies 
of increasing scale are unrepresented. On the contrary, the reduction of grid size 
allows explicit resolution of flow patterns and eddies at finer scales, which thereby 
reduces the required amount of added diffusion. 

For dispersion at oceanic scales, (Okubo, A. 1971) notably showed that ku,v varies 
approximately (with wide scatter) as : 

3/4

, .Lk vu         (3.6) 

where L is the horizontal scale of the mixing phenomena and α is an empirical 
proportionality factor.  

The Waimea Inlet hydrodynamic model mesh was significantly refined in the 
regions of Bell Island as well as primary and secondary channels, with high spatial 
resolution ranging from ~ 20 to 75 m. This yields horizontal diffusivities of order 
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[0.01-0.1] m2.s-1. Resolution in the outside of the Estuary is generally less than 150 
m which yields diffusion coefficient of order 0.2 m2.s-1. 

Based on the comparison of these two ranges, a generic value of 0.2 m2.s-1 was 
eventually chosen for the horizontal eddy diffusivity. To produce robust pictures of 
the horizontal dispersion of pollutant within the Estuary, the vertical eddy diffusivity 
was set to a small generic value of 0.0001 m2.s-1. The vertical eddy diffusivity 
coefficient was indeed reduced with respect to the range provided by the Euler 
equations to prevent excessive vertical diffusion within the water column which 
could hinder their free dispersion in the channel and outer regions, due to repeated 
interactions with the seabed, in low ambient flows. Note the predicted vertical 
distribution of the particles should generally be interpreted with care given the use 
of depth-averaged current, and lack of empirical guidance on the effective vertical 
diffusion within the Estuary. 

Finally, in the present model implementation, any particle reaching the shoreline, 
the seabed or sea surface was allowed to become re-suspended due to ambient 
currents (i.e. non-sticky boundaries). 

3.6. Discharge conditions 

The approach employed in the present study consisted in running 1 year-long 
simulations of wastewater discharges within two contrasting historical contexts (El 
Niño / La Niña episodes, June 2002-June 2003, and June 1998-June 1999 
respectively). 

To reproduce the expected variation of discharge rates over time, an annual time 
series of daily discharge volumes measured through the calendar year of 2016 at 
the wastewater plant was used as a reference in both scenarios (see Figure 3.6). 
Note measured discharge rates were scaled by 27% but remained capped at a 
maximum of 25,000 m3 per day. 

Consistent with the wastewater plant operating mode, particles were released over 
a 2.8 hours period, starting at each high tide; the effective number of particles 
released at each discharge episode was proportional to the actual discharge 
volume at that time, defined from the measured time series.  

To account for the variation of the near field plume behaviour over time which 
depends on the ambient flow speed and direction, as well as effective discharge 
rate, particles were released within polygons which varied over time. Released 
polygons were defined by starting the outfall pipe, and translating it in the direction 
of the ambient flow by a distance corresponding to the end of nearfield zone (see 
Figure 3.7, and Table 4.1). Particles were released at the sea surface in order to 
delay their interaction with the seabed and thus produce conservative trajectories in 
terms of how far they could travel. 
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Figure 3.6 Measured and scaled Bell Island daily discharge volume over a full calendar year 
(2016). Discharge rates have been scaled by 27% but remain capped at 25,000 m

3
 per 

day. 

 

Figure 3.7 Sketch showing how release polygons are defined based on ambient flow direction 
and nearfield zone length. 
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3.7. Post-processing 

3.7.1. Approach 

A Lagrangian model outputs a set of particles positions that change over time, thus 
describing their trajectories. Depending on the application, the particle can 
represent any material such as pollutant agent, sediment, oil, drifter, human, ship 
etc. Particle trajectories can be useful to assess general transport pathways in a 
qualitative sense, but it is often needed to reconstruct particle concentration fields, 
which is a more quantitative metric to assess actual pollutant concentration or 
turbidity levels (i.e. suspended sediment concentration/Total Suspended Solids). 

The “concentration” of particles at a given point (x,y,z) is related to the particle 
“density” in the region surrounding this point. Historically, the calculation of 
concentration at a receptor (x,y,z) in Lagrangian particle models has been made by 
the so-called box-counting technique. The technique consists in counting the 
number of particles within a “box” that is centred on the receptor and then dividing 
the total mass of the particles by the box volume (Bellasio, et al. 2017). 

The approach has important limitations; since concentration computed in boxes 
containing a small numbers of particles are affected by relatively large statistical 
errors, simulations generally need to include a large number of particles to obtain 
an acceptable resolution in the computed concentration field (Vitali et al. 2006). 
Furthermore, a compromise needs to be made on the dimension of the boxes so 
that they are large enough to include a statistically significant number of particles 
and thus yield a continuous concentration field, but not too large so that the 
concentration field is not over-smoothed (e.g. Bellasio, et al. 2017). This relatively 
arbitrary choice can have important effects on the resulting concentration field 
magnitudes (De Haan, 1999). The method is beside very computationally 
expensive. 

An alternative, more robust, numeric technique for computing concentrations fields 
from Lagrangian particles is the kernel density estimator (Silverman, 1986). In the 
kernel density approach, individual particles are assumed to represent the centre of 
mass of a “cloud”; the density profile of the cloud is described by the kernel 
function, while the spreading of the particle’s equivalent mass is defined by the 
bandwidths associated with a given particle or receptor (Vitali et al. 2006, Bellasio, 
et al. 2017). These two components are then used to derive a particle density field, 
also referred to as a probability density function. 

Here, the kernel density estimation is undertaken following the approach proposed 
by Botev et al. (2010). The proposed method uses an adaptive kernel density 
estimation method based on the smoothing properties of linear diffusion processes. 
The key idea is to view the kernel from which the estimator is constructed as the 
transition density of a diffusion process (Botev et al., 2010). Their methods limit the 
amount of guessing on the original data, notably for define bandwidths, as well as 
possible excessive smoothing of the density fields (e.g. as obtained with Gaussian 
kernel density estimators). The kernel density estimations algorithms for both one 
and two dimensional spaces have been implemented in Matlab by the authors 
themselves8 9, and these have used in the present study.  

Based on a given cloud of particles (Xpart,Ypart), the method yields a probability 
density function PDF(x,y), derived from the kernel density estimator describing the 

                                                 
8
 https://fr.mathworks.com/matlabcentral/fileexchange/17204-kernel-density-estimation 

9
 https://fr.mathworks.com/matlabcentral/fileexchange/14034-kernel-density-estimator 
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density of particles throughout the domain. The spatial integration of the probability 
density function PDF(x,y) over the entire domain equals to one. 

∑  𝑃𝐷𝐹(𝑥, 𝑦) .  𝑑𝑥 .  𝑑𝑦𝑛
𝑖  = 1      (3.7) 

where n is the number of receptors, and (dx,dy) are the dimensions of the grid cells 
for which the PDF is computed. 

An example of probability density function computed for an arbitrary cloud of 
particles is shown in Figure 3.8. 

The PDF(x,y) is provided over a rectangular grid with a resolution that can be 
adjusted by the user. The present application used a grid of 1024 by 1024 cells, 
with spatial resolution (dx,dy) of ~ 20m. 

The PDF(x,y) values can be converted to particle density when timed by the total 
number of particles in the domain i.e. with units [particles.m-2]. The particle density 
can in turn be converted to mass density, or mass distribution, based on the 
equivalent mass carried by individual particles i.e. with units [mass.m-2]. Mass 
concentration is obtained by dividing the mass density by the water depth i.e. with 
units [mass.m-3].  

3.7.2. Application to study site 

In the present application, the successive outputs of the two annual simulations (El 
Niño, La Niña) were superimposed and both probability density functions and 
associated concentrations fields were computed from the combined particles 
clouds.  

This allows characterising the key transport pathways within the Waimea Inlet, as 
well as the average distribution of the pollutant to be expected, under two 
contrasting ambient forcing regimes (El Niño, La Niña). Associated spatial 
concentrations fields were used to derive average dilution fields which can be used 
to quickly assess pollutant levels throughout the Estuary for a given initial pollutant 
concentration in the discharged wastewaters. 

In addition to these averaged spatial results, time series of pollutant mass density 
and concentrations were extracted at a range of sensitive sites that will be subject 
to further assessment such as QMRA (Quantitative microbial risk assessment). The 
pollutant densities and concentrations at these sites were interpolated from the 
successive time-dependant fields computed throughout the two annual periods 
considered.  

Note the density and concentration magnitudes are in a normalised form; they need 
to be multiplied by the pollutant concentration in the wastewaters discharged at the 
outfall to obtain true pollutant density or concentration in [mass.m-2] and [mass.m-3] 
respectively.  
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Figure 3.8 Probability density function computed for an arbitrary cloud of particles using the 
method of Botev et al., 2010. 
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4. RESULTS 

4.1. Measured data 

4.1.1. Sea level pressure 

Measured sea level data spanning the period 24th April to 30th May, 2017 for a site 
adjacent to the discharge location (see Figure 2.1) are given in Figure 4.1, and 
show a typical spring/neap tidal signal. 

 

Figure 4.1 Water depth recording by the RBRsolo deployed during May 2017 in Nelson Bay. 

4.1.2. Current velocities 

Measured current velocities (U and V components) and total speeds spanning the 
period 25th April to 31th May, 2017 for a site adjacent to the discharge location (see 
Figure 2.1) are given in Figure 4.2, and show a typical spring/neap tidal signal. 
Maximum current speeds of the order ~0.9 m.s-1 can be expected during peak 
spring tidal conditions. 
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Figure 4.2 Depth averaged water velocities and current speed in m.s-1 measured by a fixed 
ADCP moored near Bell Island in May 2017. 
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4.1.3. Moving vessels current velocities 

Moving vessel current velocities for peak flood and ebb tidal stages are given in 
Figure 4.3 – Figure 4.6 for Sections A through D respectively (see Figure 2.1). Not 
surprisingly, current velocities tend to be strongest in the centre of the channel 
along the thalweg and decreasing towards the edges of the channel. 
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Figure 4.3 Snapshot of depth averaged current along section A during peak flood (left) and peak ebb (right) 

 

Figure 4.4 Snapshot of depth averaged current along section B during peak flood (left) and peak ebb (right) 
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Figure 4.5 Snapshot of depth averaged current along section C during peak flood (left) and peak ebb (right) 

 

Figure 4.6 Snapshot of depth averaged current along section D during peak flood (left) and peak ebb (right). 
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4.2. Hydrodynamic model Calibration and validation 

The SCHISM hydrodynamic model was calibrated and validated against the 
measured water levels and current velocities within the Waimea Inlet.  Calibration 
primarily involved modifying the Mannings-n friction coefficient and vertical mixing 
parameters.  In addition, some editing of the model bathymetry was used to ensure 
mass volumes of water were consistent between the model and measured data. 
These bathymetric edits were in areas with either poor or no spatial data coverage 
in the underlying ENC data (see Section 3.2.2). 

Comparisons between the measured tidal and residual elevations and tidal current 
velocities and speeds show that the model reproduces the measured elevations 
and velocities well (Figure 4.7 and Figure 4.8). 

Comparisons in the spatial variability in the current velocities under peak ebb and 
flood tides at Sections A through D are provided in Figure 4.9 to Figure 4.12 
respectively and show that the model accurately captures the magnitude and 
directional components of the current velocity. 
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Figure 4.7 Comparison between modelled and measured tidal elevation (top) and residual elevation (bottom) near the diffuser location at the tidal gauge 
site. 
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Figure 4.8 Comparison between modelled and measured tidal elevation at the fixed ADCP (A), depth-averaged tidal eastward velocity (B), depth-averaged 
tidal northward velocity (C) and depth-averaged tidal current speed (D) near the diffuser location at the current profiler site. 

A 

B 

C 

D 
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Figure 4.9 Comparison between measured and modelled depth-averaged current velocities at peak flood (left) and peak ebb (right) at the section A. 

 

Figure 4.10 Comparison between measured and modelled depth-averaged current velocities at peak flood (left) and peak ebb (right) at the section B. 
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Figure 4.11  Comparison between measured and modelled depth-averaged current velocities at peak flood (left) and peak ebb (right) at the section C. 

`  

Figure 4.12  Comparison between measured and modelled depth-averaged current velocities at peak flood (left) and peak ebb (right) at the section D. 
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4.3. Hydrodynamics at release location 

Total and residual current roses at the approximate centre of the existing outfall 
diffuser location are shown in Figure 4.13 to Figure 4.14 for the two simulation 
periods considered i.e. 1998-1999 (La Niña) and 2002-2003 (El Niño).  

A time-series of total and residual current velocities at the approximate centre of 
the existing outfall diffuser field is given in Figure 4.15 and Figure 4.16 for the La 
Niña and El Niño periods respectively. 

As expected, total current directions are bi-directional and, at the discharge site, 
are aligned with the thalweg of the channel, with maximum velocities of the order 
~0.9 m.s-1.   

A period of high residual velocities is predicted by the model in July, 1998 under La 
Niña conditions, with residual velocities expected to approach 1.5 m.s-1 at the 
discharge location (see Figure 4.15). This spike in residual current velocities is 
associated with a large flood event which impacted all major tributaries into the 
Waimea Inlet (see Figure 4.17), and other parts of New Zealand10 

 

                                                 
10

 https://hwe.niwa.co.nz/event/July_1998_New_Zealand_Flooding 
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Figure 4.13 Depth averaged total current rose for the 1998-1999 (left, La Niña) and 2002-2003 periods (right, El Niño). 
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Figure 4.14 Depth averaged residual current rose for the 1998-1999 (left, La Niña) and 2002-2003 periods (right, El Niño). 
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Figure 4.15 Depth averaged total (blue) and residual current (red) time-series for the 1998-1999 (La Niña) period. 
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Figure 4.16 Depth averaged total (blue) and residual current (red) time-series for the 2002-2003 (El Niño) period. 
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Figure 4.17 Discharge rates (in m
3
.s

-1
) for the Waimea River, Maitai River, Neimann and Jenkins Creeks between mid June and mid July, 1998. 

 

 



Bell Island discharge plume and dilution study 

MetOcean Solutions Ltd  42 

4.4. Near field modelling 

The plume dilution at the boundary of the near-field, the near-field location and 
plume extents were defined using the USEPA-supported mixing zone model 
CORMIX.  

The discharged wastewaters consist of freshwaters that, once discharged at the 
port diffusers, will form a plume rising to the surface due to buoyancy gradients with 
respect to the ambient seawater. 

CORMIX was run for a range of different discharge rates and ambient current 
velocities assuming a 14-diffuser field for each of the two adjacent pipelines (see 
Figure 1.1and Figure 3.7). Wind velocities were kept at 0 m.s-1 so as to provide a 
conservative, upper, estimate of the near-field dilution rates.  

 

Table 4.1 Near-field plume characteristics 

Discharge 
statistic 

Discharge rate per 
pipe (m

3
.s

-1
) 

Velocity 
(m.s

-1
) 

Near field 
location (m) 

Dilution at edge of 
NF (m) 

Plume dimensions 

Half 
width (m) 

Thicknes
s (m) 

P10 0.2366 0.1 11.67 15.1 16.76 2.14 

Median 0.4452 0.1 33.02 15.7 28.54 2.45 

Mean 0.441 0.1 32.96 16.9 28.42 2.45 

P90 0.6202 0.1 33.33 11.4 29.16 2.43 

P10 0.2366 0.25 6.5 15.1 6.42 2.23 

Median 0.4452 0.25 15.86 23.1 16.43 2.5 

Mean 0.441 0.25 14.06 21.9 14.38 2.5 

P90 0.6202 0.25 26.16 28.8 28.55 2.5 

P10 0.2366 0.5 43.61 61.5 26.86 1.08 

Median 0.4452 0.5 11.75 23.1 8.22 2.5 

Mean 0.441 0.5 60.52 119.1 39.15 2.5 

P90 0.6202 0.5 19.02 28.8 14.27 2.5 

P10 0.2366 0.75 47.14 43.3 26.69 0.51 

Median 0.4452 0.75 79.01 98.9 27.1 2.17 

Mean 0.441 0.75 74.79 91.1 27.4 1.85 

P90 0.6202 0.75 77.93 126.4 41.81 2.5 

P10 0.2366 1 53.06 29.6 26.58 0.26 

Median 0.4452 1 86.19 83.7 26.94 1.38 

Mean 0.441 1 80.61 75.1 26.88 1.5 

P90 0.6202 1 108.71 121.4 30.12 2.5 
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4.5. Far field dispersion 

The outputs of the annual simulations of wastewater discharges were combined 
and post-processed to produce mean probability density functions. The density 
functions allow quantifying the mean spatial distributions of the particles and thus 
reveal the main transport pathways from the outfall location to the wider Waimea 
Inlet. The mean annual probability density functions are shown in Figure 4.18 and 
Figure 4.19 for both El Niño (2002-2003) and La Niña (1998-1999) periods, 
respectively.  

Pollutant concentration fields derived from the probability density functions were 
normalised by the maximum concentration at the outfall location to produce mean 
dilution fields (Figure 4.20 and Figure 4.21). These mean dilution fields are useful 
to estimate resulting concentration levels throughout the estuary for any initial 
pollutant concentration in the discharged wastewaters.  

Both probability density and dilution field patterns are broadly similar. Highest 
expected pollutant concentrations are found immediately in the vicinity of the 
diffusers, spread towards the central Waimea Inlet and subsequently split into two 
branches into the Rabbit Island and Blind channels. Waste water discharges start 
at high tide, and last 2.8 hours so these patterns are expectedly consistent with the 
outgoing flow fields.  

The mean dilution fields indicate that the shallow region to the northeast of the 
outfall that is directly in the axis of the outgoing flow is consistently exposed to 
elevated pollutant levels; pollutant accumulation and relatively shallower waters will 
act to further “concentrate” pollutants and therefore yield relatively large 
concentrations. 

Density plots show some particle accumulation along the Rabbit Island channel 
northern end, as well as further north. The relatively deep waters north of the 
channel end dilute pollutants below 1/100th– 1/200th, however concentration of 
order 1/25th-1/50th  are found within the shallower regions along channel northern 
end. 

While the probability density spatial plots (Figure 4.18 and Figure 4.19) suggest 
recirculation towards the inner Waimea Inlet will occur, presumably on subsequent 
flooding tides, the normalised dilution fields suggest that effective concentrations at 
inner estuary sites will be very small, and typically below the threshold plotted (i.e. 
below 1/200th of the initial discharge concentration, Figure 4.20 and Figure 4.21). 
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Figure 4.18 Mean probability density function for the El Niño annual period (June 2002-June 2003). 
The probability density function quantifies the probability of finding particles throughout 
the study region. The sum of all probabilities equals one. The bottom panel shows a 
zoomed-in view of the top panel.  
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Figure 4.19 Mean probability density function for the La Niña annual period (June 1998-June 
1999). The probability density function quantifies the probability of finding particles 
throughout the study region. The sum of all probabilities equals one. The bottom panel 
shows a zoomed-in view of the top panel.   
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Figure 4.20 Mean dilution field for the El Niño annual period (June 2002-June 2003). The mean 
dilution field was determined by converting the mean probability density function field 
to a concentration field ([pollutant mass.m

-3
]) and normalising it by the concentration at 

the outfall location; the dilution therefore equals one directly at the outfall. The bottom 
panel shows a zoomed-in view of the top panel.  
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Figure 4.21 Mean dilution field for the La Niña annual period (June 1998-June 1999). The mean 
dilution field was determined by converting the mean probability density function field 
to a concentration field ([pollutant mass.m

-3
]) and normalising it by the maximum 

concentration at the outfall location; the dilution therefore equals one directly at the 
outfall. The bottom panel shows a zoomed-in view of the top panel. 

   



Bell Island discharge plume and dilution study 

MetOcean Solutions Ltd  48 

4.6. Site pollutant mass densities and concentration time series 

Time series of both absolute pollutant mass densities and depth-averaged pollutant 
concentrations were extracted at several sites within the model domain (Figure 
4.22).  

The pollutant mass density refers to the absolute mass (or number) of pollutant per 
square meter at the site of interest [in pollutant mass.m-2]. The pollutant 
concentration is the mass (or number) of pollutant per cubic meter of water at the 
site of interest. The pollutant concentration is obtained by dividing the absolute 
pollutant mass density at a given site, with units in [pollutant mass.m-2], by the 
ambient water depth at that site; this yields units in [pollutant mass.m-3].  

In the present application, some of the sites of interest are in shallow waters, and 
can even be dry at times. The division by the water depth can therefore result in 
pollutant concentration spikes during periods of low water levels. In these cases, 
the pollutant mass density maybe a more robust metric to assess the ambient 
pollutant levels. Water depth at mean sea level and percentage of times control 
sites are dry are provided in Table 4.2 and Table 4.3. Concentrations at the 
shallowest sites such as Tahunanui Beach Swimming, Monaco Water Skiing, and 
Best Island Oyster Beds should be interpreted carefully. 

Time series of pollutant mass densities during the El Niño and La Niña annual 
scenarios are shown in Figure 4.23 and Figure 4.24 respectively. Associated 
percentiles pollutant concentrations are shown in Table 4.4 and Table 4.5. 

Time series of depth-averaged pollutant concentrations during the El Niño and La 
Niña annual scenarios are shown in Figure 4.25 and Figure 4.26 respectively. 
Associated percentiles levels are shown in Table 4.6 and Table 4.7. 

The sites showing the largest levels of pollutant mass densities include Waimea 
Inlet Kite Boarding/Windsurfing/Kayaking #1 and #2, Rabbit Island Channel Kite 
Boarding/Windsurfing as well as Blind Channel Kite Boarding/Windsurfing. This is 
not surprising since these sites are located in close vicinity of the main transport 
pathways illustrated in section 4.5. The resulting pollutant concentrations remain 
relatively limited at the deeper sites such as Waimea Inlet Kite 
Boarding/Windsurfing/Kayaking #2, or Blind Channel Kite Boarding/Windsurfing, 
however shallower sites such as Waimea Inlet Kite Boarding/Windsurfing/Kayaking 
#1 or Rabbit Island Channel Kite Boarding/Windsurfing exhibit some of the largest 
concentrations predicted (see Figure 4.25 and Figure 4.26). Likewise, Tahunanui 
Beach Swimming Deep appears relatively exposed to pollutant on the mass density 
graphics (e.g. Figure 4.23, Figure 4.24, second panel), actual concentrations are 
limited. Larger pollutant concentration levels are found in the shallower site 
Tahunanui Beach Swimming (see Figure 4.25 and Figure 4.26, top panel).  

In general, lower concentrations of contaminants can be expected during La Niña 
years due to increased rainy conditions from north-easterly wind events resulting in 
slightly increased mixing from freshwater events discharging into the Waimea Inlet. 

These time series will be subject to further QMRA (Quantitative microbial risk 
assessment) by third parties.. 
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Figure 4.22 Position of control sites at which concentrations were extracted. 

Tasman Bay Scallops 

Tahunanui Beach swimming deep 

Tahunanui Beach swimming  

Rabbit Island Beach swimming 

Monaco water skiing 

Monaco swimming 

Best Island oyster beds 

Waimea inlet kite boarding, wind surfing, kayaking #1 

Rabbit Island water skiing 

Rabbit Island subtidal pipi beds 

Rabbit Island channel kite boarding / wind surfing 

Waimea inlet kite boarding, wind surfing, kayaking #2 

Blind Channel pipi beds west 

Blind Channel kite boarding, wind surfing 

Blind Channel pipi beds east 

Back beach swimming 
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Table 4.2 Percentage of time control sites (see Figure 4.22) are “dry” during the El Niño period. 

 
Depth MSL [m]  Percent Time Dry [%]  

Rabbit Island Beach Swimming 1.41 9.67 

Tasman Bay Scallops 11.60 0.00 

Back Beach Swimming 3.20 0.00 

Tahunanui Beach Swimming 0.95 26.20 

Blind Channel Pipi Beds West 2.74 0.00 

Blind Channel Pipi Beds East 6.41 0.00 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 6.00 0.00 

Rabbit Island Channel Kite Boarding/Windsurfing 1.30 13.60 

Rabbit Island Subtidal Pipi Beds 1.31 13.50 

Rabbit Island Water Skiing 2.33 0.00 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 2.33 0.00 

Monaco Water Skiing 0.41 43.40 

Best Island Oyster Beds -0.17 83.50 

Monaco Swimming 1.83 0.99 

Tahunanui Beach Swimming Deep 7.34 0.00 

Blind Channel Kite Boarding/Windsurfing 5.31 0.00 
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Table 4.3 Percentage of time control sites (see Figure 4.22) are “dry” during the La Niña period. 

 
Depth MSL [m]  Percent Time Dry [%]  

Rabbit Island Beach Swimming 1.41 10.00 

Tasman Bay Scallops 11.60 0.00 

Back Beach Swimming 3.20 0.00 

Tahunanui Beach Swimming 0.95 26.20 

Blind Channel Pipi Beds West 2.74 0.00 

Blind Channel Pipi Beds East 6.41 0.00 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 6.00 0.00 

Rabbit Island Channel Kite Boarding/Windsurfing 1.30 14.10 

Rabbit Island Subtidal Pipi Beds 1.31 13.80 

Rabbit Island Water Skiing 2.33 0.00 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 2.33 0.03 

Monaco Water Skiing 0.41 42.50 

Best Island Oyster Beds -0.17 77.60 

Monaco Swimming 1.83 1.45 

Tahunanui Beach Swimming Deep 7.34 0.00 

Blind Channel Kite Boarding/Windsurfing 5.31 0.00 
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Figure 4.23 Time-series of normalized absolute pollutant mass density at the control sites within the Waimea Inlet (see Figure 4.22) during the El Niño 
annual period (top two panels). These should be multiplied by the actual pollutant concentration found in the discharged waste waters to obtain 
true pollutant densities [pollutant mass.m

-2
] at the sites. The third panel shows the time-series of sea-surface elevation at the outfall, and the 

fourth panel shows the discharge rates applied during the annual simulation.  
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Figure 4.24 Time-series of normalized absolute pollutant mass density at the control sites within the Waimea Inlet (see Figure 4.22) during the La Niña 
annual period (top two panels). These should be multiplied by the actual pollutant concentration found in the discharged waste waters to obtain 
true pollutant densities [pollutant mass.m

-2
] at the sites. The third panel shows the time-series of sea-surface elevation at the outfall, and the 

fourth panel shows the discharge rates applied during the annual simulation.  
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Table 4.4 Percentile levels of the normalized pollutant mass densities at the control sites shown in Figure 4.22 for the El Niño period. 

site names / percentile levels P0 P10 P20 P30 P40 P50 P60 

Rabbit Island Beach Swimming 1.22E-22 1.24E-08 2.99E-08 5.27E-08 8.70E-08 1.41E-07 2.36E-07 

Tasman Bay Scallops 1.36E-22 4.07E-07 1.41E-06 3.48E-06 7.72E-06 1.58E-05 3.28E-05 

Back Beach Swimming 1.36E-22 1.30E-06 4.40E-06 7.65E-06 1.05E-05 1.45E-05 2.15E-05 

Tahunanui Beach Swimming 1.65E-22 5.22E-07 1.37E-06 2.16E-06 3.43E-06 5.19E-06 7.14E-06 

Blind Channel Pipi Beds West 1.93E-22 2.38E-06 4.27E-06 6.47E-06 9.71E-06 1.68E-05 3.23E-05 

Blind Channel Pipi Beds East 1.50E-22 4.08E-06 7.77E-06 1.65E-05 2.57E-05 3.32E-05 4.21E-05 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 1.10E-22 1.06E-06 3.41E-06 6.90E-06 1.62E-05 4.15E-05 1.21E-04 

Rabbit Island Channel Kite Boarding/Windsurfing 1.22E-22 1.56E-07 4.67E-07 1.10E-06 2.36E-06 4.76E-06 9.88E-06 

Rabbit Island Subtidal Pipi Beds 1.45E-20 1.06E-07 2.41E-07 4.21E-07 6.65E-07 1.19E-06 2.02E-06 

Rabbit Island Water Skiing 5.07E-21 9.58E-08 1.92E-07 3.12E-07 5.07E-07 8.61E-07 1.71E-06 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 1.98E-22 1.41E-07 3.10E-07 6.65E-07 1.69E-06 5.38E-06 1.88E-05 

Monaco Water Skiing 1.07E-22 1.77E-06 9.92E-06 1.40E-05 1.85E-05 4.02E-05 7.09E-05 

Best Island Oyster Beds 1.10E-22 5.21E-11 1.51E-10 1.20E-07 4.71E-07 9.07E-07 1.55E-06 

Monaco Swimming 1.10E-22 1.65E-07 3.79E-07 7.96E-07 1.29E-06 1.89E-06 3.04E-06 

Tahunanui Beach Swimming Deep 1.65E-22 4.58E-07 1.35E-06 3.00E-06 5.56E-06 1.01E-05 2.03E-05 

Blind Channel Kite Boarding/Windsurfing 1.10E-22 7.72E-07 2.54E-06 5.52E-06 9.39E-06 1.73E-05 2.53E-05 
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        site names / percentile levels P70 P80 P90 P91 P92 P93 P94 

Rabbit Island Beach Swimming 4.34E-07 1.08E-06 5.53E-06 6.90E-06 8.97E-06 1.20E-05 1.71E-05 

Tasman Bay Scallops 6.75E-05 1.96E-04 1.92E-03 2.62E-03 3.11E-03 3.62E-03 4.11E-03 

Back Beach Swimming 3.56E-05 7.77E-05 3.44E-04 4.30E-04 6.46E-04 1.20E-03 1.93E-03 

Tahunanui Beach Swimming 1.16E-05 3.49E-05 9.07E-05 9.57E-05 1.00E-04 1.08E-04 1.35E-04 

Blind Channel Pipi Beds West 6.70E-05 2.04E-04 2.87E-03 3.39E-03 3.84E-03 4.35E-03 5.10E-03 

Blind Channel Pipi Beds East 6.29E-05 1.20E-04 7.83E-04 1.25E-03 1.87E-03 2.37E-03 3.54E-03 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 4.60E-04 2.01E-03 1.29E-02 1.37E-02 1.46E-02 1.55E-02 1.68E-02 

Rabbit Island Channel Kite Boarding/Windsurfing 2.27E-05 6.01E-05 2.79E-04 3.87E-04 5.42E-04 6.48E-04 1.03E-03 

Rabbit Island Subtidal Pipi Beds 4.53E-06 1.09E-05 4.78E-05 5.83E-05 7.32E-05 1.03E-04 1.26E-04 

Rabbit Island Water Skiing 3.77E-06 1.38E-05 8.09E-05 1.04E-04 1.41E-04 1.84E-04 2.45E-04 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 8.14E-05 7.09E-04 1.36E-02 1.65E-02 1.91E-02 2.70E-02 3.33E-02 

Monaco Water Skiing 1.05E-04 1.95E-04 4.13E-04 4.15E-04 4.28E-04 4.43E-04 4.57E-04 

Best Island Oyster Beds 2.50E-06 3.98E-06 1.98E-05 2.68E-05 4.44E-05 1.07E-04 5.75E-04 

Monaco Swimming 5.61E-06 1.19E-05 6.87E-05 9.47E-05 1.27E-04 1.67E-04 2.19E-04 

Tahunanui Beach Swimming Deep 4.70E-05 1.29E-04 7.24E-04 8.96E-04 1.30E-03 1.73E-03 2.73E-03 

Blind Channel Kite Boarding/Windsurfing 5.46E-05 2.02E-04 1.94E-03 3.27E-03 4.72E-03 6.21E-03 7.21E-03 
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        site names / percentile levels P95 P96 P97 P98 P99 P99.5 P100 

Rabbit Island Beach Swimming 2.40E-05 3.78E-05 6.07E-05 1.66E-04 6.07E-04 4.26E-03 8.81E-02 

Tasman Bay Scallops 4.91E-03 7.40E-03 2.26E-02 2.47E-02 2.94E-02 3.14E-02 1.14E-01 

Back Beach Swimming 2.84E-03 3.94E-03 6.21E-03 1.25E-02 2.37E-02 3.08E-02 7.31E-02 

Tahunanui Beach Swimming 1.44E-04 2.00E-04 4.27E-04 1.15E-03 6.07E-03 1.81E-02 6.31E-02 

Blind Channel Pipi Beds West 6.59E-03 2.15E-02 2.49E-02 2.71E-02 3.05E-02 3.28E-02 1.06E-01 

Blind Channel Pipi Beds East 5.51E-03 7.28E-03 1.02E-02 1.79E-02 2.27E-02 5.62E-02 1.59E-01 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 2.08E-02 2.91E-02 5.42E-02 7.38E-02 8.55E-02 9.22E-02 2.78E-01 

Rabbit Island Channel Kite Boarding/Windsurfing 1.99E-03 3.29E-03 5.27E-03 8.71E-03 1.95E-02 4.43E-02 1.45E-01 

Rabbit Island Subtidal Pipi Beds 1.68E-04 2.89E-04 4.42E-04 1.84E-03 5.68E-03 1.61E-02 6.87E-02 

Rabbit Island Water Skiing 3.86E-04 8.64E-04 2.13E-03 4.03E-03 1.38E-02 2.44E-02 5.02E-02 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 3.88E-02 4.56E-02 5.54E-02 7.10E-02 1.01E-01 1.35E-01 3.97E-01 

Monaco Water Skiing 4.77E-04 7.16E-04 8.11E-04 1.11E-03 1.17E-03 1.53E-03 5.20E-02 

Best Island Oyster Beds 2.01E-03 2.85E-03 4.06E-03 2.13E-02 2.26E-02 2.36E-02 2.37E-02 

Monaco Swimming 4.58E-04 6.61E-04 1.69E-03 4.20E-03 1.08E-02 2.13E-02 6.76E-02 

Tahunanui Beach Swimming Deep 4.53E-03 8.24E-03 1.14E-02 1.55E-02 2.24E-02 6.99E-02 1.62E-01 

Blind Channel Kite Boarding/Windsurfing 8.31E-03 9.49E-03 1.12E-02 3.43E-02 4.42E-02 4.76E-02 1.11E-01 
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Table 4.5 Percentile levels of the normalized pollutant mass densities at the control sites shown in Figure 4.22 for the La Niña period. 

site names / percentile levels P0 P10 P20 P30 P40 P50 P60 

Rabbit Island Beach Swimming 1.79E-22 2.16E-08 5.48E-08 1.03E-07 1.83E-07 3.17E-07 5.05E-07 

Tasman Bay Scallops 1.22E-22 9.12E-07 2.56E-06 5.48E-06 1.08E-05 2.05E-05 3.89E-05 

Back Beach Swimming 1.65E-22 1.03E-06 3.75E-06 6.76E-06 9.60E-06 1.35E-05 2.07E-05 

Tahunanui Beach Swimming 1.65E-22 2.23E-07 5.27E-07 9.87E-07 1.76E-06 2.93E-06 4.76E-06 

Blind Channel Pipi Beds West 1.79E-22 1.98E-06 3.42E-06 5.38E-06 7.69E-06 1.30E-05 2.47E-05 

Blind Channel Pipi Beds East 1.36E-22 2.40E-06 5.57E-06 1.26E-05 2.12E-05 2.89E-05 3.53E-05 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 1.65E-22 4.85E-07 1.80E-06 4.50E-06 9.02E-06 2.57E-05 6.41E-05 

Rabbit Island Channel Kite Boarding/Windsurfing 1.22E-22 1.59E-07 4.36E-07 9.94E-07 2.13E-06 4.20E-06 8.49E-06 

Rabbit Island Subtidal Pipi Beds 1.98E-22 1.37E-07 3.12E-07 5.33E-07 8.89E-07 1.44E-06 1.98E-06 

Rabbit Island Water Skiing 1.98E-22 8.45E-08 1.70E-07 2.77E-07 4.38E-07 7.37E-07 1.31E-06 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 1.98E-22 1.02E-07 2.02E-07 3.99E-07 1.03E-06 3.17E-06 1.16E-05 

Monaco Water Skiing 1.00E-22 5.10E-07 1.65E-06 4.66E-06 1.06E-05 1.82E-05 4.14E-05 

Best Island Oyster Beds 1.22E-22 3.44E-11 6.65E-11 3.72E-08 3.16E-07 8.44E-07 1.21E-06 

Monaco Swimming 6.26E-23 1.40E-07 3.39E-07 7.05E-07 1.06E-06 1.45E-06 1.96E-06 

Tahunanui Beach Swimming Deep 1.22E-22 3.27E-07 9.01E-07 1.96E-06 4.01E-06 7.84E-06 1.53E-05 

Blind Channel Kite Boarding/Windsurfing 1.22E-22 8.01E-07 2.81E-06 5.96E-06 9.88E-06 1.43E-05 2.10E-05 
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        site names / percentile levels P70 P80 P90 P91 P92 P93 P94 

Rabbit Island Beach Swimming 1.03E-06 2.67E-06 1.03E-05 1.31E-05 1.69E-05 2.25E-05 3.03E-05 

Tasman Bay Scallops 8.04E-05 2.13E-04 1.98E-03 2.56E-03 3.12E-03 3.62E-03 4.23E-03 

Back Beach Swimming 3.13E-05 5.70E-05 2.05E-04 2.40E-04 3.23E-04 4.40E-04 7.52E-04 

Tahunanui Beach Swimming 7.03E-06 1.75E-05 9.50E-05 9.63E-05 9.79E-05 9.97E-05 1.05E-04 

Blind Channel Pipi Beds West 5.12E-05 1.75E-04 2.23E-03 2.87E-03 3.47E-03 4.03E-03 4.72E-03 

Blind Channel Pipi Beds East 4.72E-05 8.99E-05 4.97E-04 5.99E-04 7.96E-04 1.45E-03 2.03E-03 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 2.29E-04 9.44E-04 1.02E-02 1.13E-02 1.27E-02 1.38E-02 1.50E-02 

Rabbit Island Channel Kite Boarding/Windsurfing 1.85E-05 4.57E-05 2.16E-04 2.54E-04 3.33E-04 5.06E-04 6.51E-04 

Rabbit Island Subtidal Pipi Beds 4.24E-06 9.14E-06 3.58E-05 4.24E-05 5.08E-05 6.71E-05 9.84E-05 

Rabbit Island Water Skiing 2.68E-06 8.95E-06 5.27E-05 6.71E-05 8.76E-05 1.18E-04 1.67E-04 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 5.41E-05 4.24E-04 1.31E-02 1.59E-02 1.86E-02 2.68E-02 3.40E-02 

Monaco Water Skiing 7.68E-05 1.15E-04 2.23E-04 3.35E-04 3.94E-04 4.05E-04 4.28E-04 

Best Island Oyster Beds 2.04E-06 3.29E-06 3.10E-05 8.73E-05 7.66E-04 1.06E-03 2.62E-03 

Monaco Swimming 3.12E-06 6.62E-06 3.90E-05 5.04E-05 6.66E-05 9.94E-05 1.44E-04 

Tahunanui Beach Swimming Deep 3.55E-05 9.69E-05 5.98E-04 7.50E-04 1.04E-03 1.46E-03 2.10E-03 

Blind Channel Kite Boarding/Windsurfing 3.94E-05 1.26E-04 7.82E-04 1.31E-03 2.65E-03 4.25E-03 6.17E-03 
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        site names / percentile levels P95 P96 P97 P98 P99 P99.5 P100 

Rabbit Island Beach Swimming 4.26E-05 6.59E-05 1.17E-04 3.13E-04 2.46E-03 9.18E-03 6.84E-02 

Tasman Bay Scallops 5.27E-03 1.77E-02 2.33E-02 2.60E-02 3.04E-02 3.22E-02 7.64E-02 

Back Beach Swimming 1.46E-03 2.45E-03 3.60E-03 7.02E-03 2.29E-02 2.57E-02 9.02E-02 

Tahunanui Beach Swimming 1.37E-04 1.92E-04 4.56E-04 1.27E-03 5.83E-03 1.83E-02 6.66E-02 

Blind Channel Pipi Beds West 5.83E-03 2.11E-02 2.43E-02 2.67E-02 2.97E-02 3.22E-02 7.64E-02 

Blind Channel Pipi Beds East 2.92E-03 5.26E-03 7.55E-03 1.56E-02 2.25E-02 5.77E-02 1.31E-01 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 1.66E-02 2.06E-02 3.20E-02 7.09E-02 8.29E-02 8.92E-02 2.66E-01 

Rabbit Island Channel Kite Boarding/Windsurfing 1.07E-03 2.35E-03 3.60E-03 6.44E-03 1.40E-02 3.23E-02 1.09E-01 

Rabbit Island Subtidal Pipi Beds 1.24E-04 1.78E-04 3.35E-04 9.96E-04 4.40E-03 1.54E-02 7.19E-02 

Rabbit Island Water Skiing 2.28E-04 3.78E-04 1.02E-03 2.70E-03 8.70E-03 2.43E-02 7.10E-02 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 3.84E-02 4.49E-02 5.20E-02 6.64E-02 9.25E-02 1.23E-01 3.58E-01 

Monaco Water Skiing 4.38E-04 4.48E-04 4.59E-04 4.80E-04 7.23E-04 1.14E-03 5.34E-02 

Best Island Oyster Beds 3.62E-03 1.50E-02 1.93E-02 2.05E-02 2.28E-02 2.34E-02 3.14E-02 

Monaco Swimming 1.93E-04 3.88E-04 6.48E-04 2.14E-03 7.35E-03 1.74E-02 6.92E-02 

Tahunanui Beach Swimming Deep 3.30E-03 6.37E-03 1.01E-02 1.36E-02 2.11E-02 6.86E-02 1.51E-01 

Blind Channel Kite Boarding/Windsurfing 7.56E-03 8.74E-03 1.02E-02 2.67E-02 4.43E-02 4.80E-02 1.02E-01 

 

 

  



Bell Island discharge plume and dilution study 

MetOcean Solutions Ltd  60 

 

Figure 4.25 Timeseries of normalized depth-averaged pollutant concentrations at the control sites within the Waimea Inlet (see Figure 4.22) during the El 
Niño annual period (top two panels). These should be multiplied by the actual pollutant concentration found in the discharged waste waters to 
obtain true pollutant concentrations at the sites ([pollutant mass.m

-3
]). The third panel shows the timeseries of sea-surface elevation at the 

outfall, and the fourth panel shows the discharge rates applied during the annual simulation.  
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Figure 4.26 Time-series of normalized depth-averaged pollutant concentrations at the control sites within the Waimea Inlet (see Figure 4.22) during the La 
Niña annual period (top two panels). These should be multiplied by the actual pollutant concentration found in the discharged waste waters to 
obtain true pollutant concentrations at the sites ([pollutant mass.m

-3
]). The third panel shows the time-series of sea-surface elevation at the 

outfall, and the fourth panel shows the discharge rates applied during the annual simulation.  
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Table 4.6 Percentile levels of the normalized depth-averaged pollutant concentrations ([pollutant mass.m
-3

]) at the control sites shown in Figure 4.22 for 
the El Niño period. 

site names / percentile levels P0 P10 P20 P30 P40 P50 P60 

Rabbit Island Beach Swimming 5.56E-23 7.59E-09 1.93E-08 3.60E-08 6.35E-08 1.12E-07 2.04E-07 

Tasman Bay Scallops 1.11E-23 3.48E-08 1.20E-07 2.99E-07 6.62E-07 1.37E-06 2.81E-06 

Back Beach Swimming 3.48E-23 4.29E-07 1.42E-06 2.44E-06 3.54E-06 4.97E-06 7.30E-06 

Tahunanui Beach Swimming 1.14E-22 4.60E-07 1.13E-06 2.01E-06 3.18E-06 4.87E-06 7.84E-06 

Blind Channel Pipi Beds West 5.64E-23 8.21E-07 1.56E-06 2.46E-06 3.89E-06 6.56E-06 1.25E-05 

Blind Channel Pipi Beds East 2.14E-23 6.12E-07 1.23E-06 2.56E-06 3.97E-06 5.21E-06 6.67E-06 

Waimea Inlet Kite /Windsurfing/Kayaking #2 1.60E-23 1.76E-07 5.72E-07 1.16E-06 2.69E-06 6.94E-06 1.99E-05 

Rabbit Island Channel Kite Boarding/Windsurfing 1.37E-22 9.94E-08 3.66E-07 9.67E-07 2.24E-06 4.86E-06 1.06E-05 

Rabbit Island Subtidal Pipi Beds 7.39E-21 1.23E-07 2.79E-07 4.79E-07 7.49E-07 1.18E-06 1.96E-06 

Rabbit Island Water Skiing 1.14E-21 5.37E-08 1.09E-07 1.71E-07 2.62E-07 4.07E-07 7.04E-07 

Waimea Inlet Kite /Windsurfing/Kayaking #1 9.61E-23 8.61E-08 1.95E-07 4.03E-07 8.85E-07 2.42E-06 7.53E-06 

Monaco Water Skiing 3.54E-22 1.80E-06 7.67E-06 1.21E-05 2.28E-05 3.85E-05 6.19E-05 

Best Island Oyster Beds 9.23E-21 6.32E-11 2.11E-08 3.25E-07 6.98E-07 1.21E-06 1.88E-06 

Monaco Swimming 4.02E-23 1.12E-07 2.70E-07 4.97E-07 7.91E-07 1.22E-06 1.97E-06 

Tahunanui Beach Swimming Deep 2.10E-23 6.31E-08 1.87E-07 4.14E-07 7.59E-07 1.37E-06 2.75E-06 

Blind Channel Kite Boarding/Windsurfing 3.39E-23 3.37E-07 1.05E-06 2.25E-06 4.17E-06 7.17E-06 1.22E-05 
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        site names / percentile levels P70 P80 P90 P91 P92 P93 P94 

Rabbit Island Beach Swimming 4.06E-07 9.96E-07 4.66E-06 5.78E-06 7.50E-06 9.92E-06 1.33E-05 

Tasman Bay Scallops 5.85E-06 1.69E-05 1.66E-04 2.24E-04 2.70E-04 3.13E-04 3.64E-04 

Back Beach Swimming 1.14E-05 2.37E-05 9.99E-05 1.34E-04 2.02E-04 3.50E-04 5.66E-04 

Tahunanui Beach Swimming 1.43E-05 3.12E-05 8.37E-05 9.54E-05 1.11E-04 1.32E-04 1.68E-04 

Blind Channel Pipi Beds West 2.79E-05 8.89E-05 1.24E-03 1.56E-03 1.89E-03 2.27E-03 2.82E-03 

Blind Channel Pipi Beds East 9.85E-06 1.85E-05 1.20E-04 1.92E-04 2.79E-04 3.78E-04 5.47E-04 

Waimea Inlet Kite /Windsurfing/Kayaking #2 7.55E-05 3.36E-04 2.12E-03 2.29E-03 2.47E-03 2.68E-03 2.99E-03 

Rabbit Island Channel Kite Boarding/Windsurfing 2.51E-05 6.99E-05 3.49E-04 4.57E-04 6.03E-04 8.22E-04 1.45E-03 

Rabbit Island Subtidal Pipi Beds 3.76E-06 9.08E-06 3.63E-05 4.47E-05 5.45E-05 6.78E-05 9.44E-05 

Rabbit Island Water Skiing 1.57E-06 5.05E-06 2.92E-05 3.73E-05 4.92E-05 6.38E-05 9.06E-05 

Waimea Inlet Kite /Windsurfing/Kayaking #1 2.88E-05 2.51E-04 4.52E-03 5.30E-03 6.33E-03 8.30E-03 1.02E-02 

Monaco Water Skiing 1.13E-04 2.09E-04 4.04E-04 4.41E-04 4.85E-04 5.40E-04 6.11E-04 

Best Island Oyster Beds 2.77E-06 4.46E-06 1.91E-05 2.41E-05 3.23E-05 4.84E-05 8.97E-05 

Monaco Swimming 3.46E-06 7.34E-06 3.26E-05 4.24E-05 5.67E-05 7.33E-05 1.15E-04 

Tahunanui Beach Swimming Deep 6.35E-06 1.73E-05 9.80E-05 1.24E-04 1.72E-04 2.32E-04 3.60E-04 

Blind Channel Kite Boarding/Windsurfing 2.47E-05 9.86E-05 9.40E-04 1.59E-03 2.20E-03 2.84E-03 3.60E-03 
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        site names / percentile levels P95 P96 P97 P98 P99 P99.5 P100 

Rabbit Island Beach Swimming 1.85E-05 2.76E-05 4.65E-05 1.07E-04 5.05E-04 2.68E-03 1.23E-01 

Tasman Bay Scallops 4.30E-04 6.36E-04 1.90E-03 2.22E-03 2.56E-03 2.80E-03 1.04E-02 

Back Beach Swimming 8.44E-04 1.24E-03 1.87E-03 3.34E-03 6.70E-03 1.01E-02 2.89E-02 

Tahunanui Beach Swimming 2.21E-04 3.09E-04 5.39E-04 1.43E-03 5.07E-03 1.20E-02 1.45E-01 

Blind Channel Pipi Beds West 4.01E-03 8.21E-03 1.26E-02 1.53E-02 1.91E-02 2.26E-02 6.41E-02 

Blind Channel Pipi Beds East 8.31E-04 1.13E-03 1.62E-03 2.67E-03 3.89E-03 8.20E-03 2.22E-02 

Waimea Inlet Kite /Windsurfing/Kayaking #2 3.56E-03 4.98E-03 8.94E-03 1.23E-02 1.48E-02 1.66E-02 4.74E-02 

Rabbit Island Channel Kite Boarding/Windsurfing 2.50E-03 4.33E-03 7.11E-03 1.28E-02 2.71E-02 5.35E-02 2.52E-01 

Rabbit Island Subtidal Pipi Beds 1.37E-04 2.03E-04 4.81E-04 1.51E-03 4.18E-03 1.05E-02 1.50E-01 

Rabbit Island Water Skiing 1.33E-04 2.99E-04 7.23E-04 1.41E-03 4.43E-03 8.18E-03 4.62E-02 

Waimea Inlet Kite /Windsurfing/Kayaking #1 1.20E-02 1.40E-02 1.67E-02 2.12E-02 2.97E-02 3.94E-02 1.22E-01 

Monaco Water Skiing 7.04E-04 8.67E-04 1.06E-03 1.36E-03 2.21E-03 4.19E-03 8.89E-02 

Best Island Oyster Beds 1.54E-04 5.73E-04 1.97E-03 3.14E-03 1.22E-02 1.91E-02 2.27E-02 

Monaco Swimming 1.90E-04 3.40E-04 7.31E-04 1.93E-03 5.28E-03 8.94E-03 9.92E-02 

Tahunanui Beach Swimming Deep 6.05E-04 1.08E-03 1.51E-03 2.03E-03 3.25E-03 8.76E-03 1.91E-02 

Blind Channel Kite Boarding/Windsurfing 4.46E-03 5.64E-03 7.62E-03 1.42E-02 2.48E-02 3.12E-02 9.56E-02 
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Table 4.7 Percentile levels of the normalized depth-averaged pollutant concentrations ([pollutant mass.m
-3

])  at the control sites shown in Figure 4.22 for 
the La Niña period. 

site names / percentile levels P0 P10 P20 P30 P40 P50 P60 

Rabbit Island Beach Swimming 8.50E-23 1.43E-08 3.85E-08 7.76E-08 1.45E-07 2.46E-07 4.56E-07 

Tasman Bay Scallops 9.96E-24 7.81E-08 2.18E-07 4.72E-07 9.22E-07 1.77E-06 3.37E-06 

Back Beach Swimming 4.50E-23 3.31E-07 1.20E-06 2.14E-06 3.17E-06 4.56E-06 6.60E-06 

Tahunanui Beach Swimming 1.18E-22 2.14E-07 5.18E-07 9.78E-07 1.67E-06 2.72E-06 4.48E-06 

Blind Channel Pipi Beds West 6.11E-23 7.03E-07 1.30E-06 1.98E-06 3.06E-06 5.01E-06 9.41E-06 

Blind Channel Pipi Beds East 1.94E-23 3.86E-07 8.93E-07 1.94E-06 3.27E-06 4.41E-06 5.70E-06 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 2.54E-23 8.04E-08 3.01E-07 7.41E-07 1.50E-06 4.14E-06 1.06E-05 

Rabbit Island Channel Kite Boarding/Windsurfing 1.59E-22 1.28E-07 4.43E-07 1.10E-06 2.45E-06 5.04E-06 1.04E-05 

Rabbit Island Subtidal Pipi Beds 1.56E-22 1.53E-07 3.25E-07 5.46E-07 8.32E-07 1.25E-06 1.97E-06 

Rabbit Island Water Skiing 8.04E-23 4.66E-08 9.45E-08 1.49E-07 2.25E-07 3.46E-07 5.68E-07 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 9.05E-23 6.48E-08 1.31E-07 2.40E-07 5.29E-07 1.40E-06 4.54E-06 

Monaco Water Skiing 1.79E-22 5.29E-07 1.65E-06 4.53E-06 9.28E-06 1.90E-05 3.71E-05 

Best Island Oyster Beds 4.03E-13 4.26E-11 3.16E-10 1.87E-07 5.23E-07 8.49E-07 1.35E-06 

Monaco Swimming 2.89E-23 9.02E-08 2.18E-07 4.11E-07 6.26E-07 9.10E-07 1.37E-06 

Tahunanui Beach Swimming Deep 1.52E-23 4.54E-08 1.24E-07 2.66E-07 5.42E-07 1.06E-06 2.08E-06 

Blind Channel Kite Boarding/Windsurfing 4.01E-23 3.26E-07 1.19E-06 2.53E-06 4.15E-06 6.16E-06 9.69E-06 
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        site names / percentile levels P70 P80 P90 P91 P92 P93 P94 

Rabbit Island Beach Swimming 9.25E-07 2.20E-06 8.68E-06 1.06E-05 1.30E-05 1.69E-05 2.26E-05 

Tasman Bay Scallops 6.98E-06 1.85E-05 1.72E-04 2.22E-04 2.66E-04 3.13E-04 3.69E-04 

Back Beach Swimming 1.01E-05 1.78E-05 5.92E-05 7.35E-05 9.48E-05 1.31E-04 2.29E-04 

Tahunanui Beach Swimming 8.09E-06 1.87E-05 6.94E-05 8.08E-05 9.55E-05 1.17E-04 1.50E-04 

Blind Channel Pipi Beds West 2.15E-05 6.83E-05 9.54E-04 1.25E-03 1.64E-03 2.04E-03 2.58E-03 

Blind Channel Pipi Beds East 7.59E-06 1.38E-05 7.31E-05 9.13E-05 1.21E-04 2.15E-04 3.06E-04 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 3.88E-05 1.64E-04 1.70E-03 1.91E-03 2.10E-03 2.30E-03 2.54E-03 

Rabbit Island Channel Kite Boarding/Windsurfing 2.39E-05 6.43E-05 3.22E-04 4.04E-04 5.18E-04 7.25E-04 1.12E-03 

Rabbit Island Subtidal Pipi Beds 3.40E-06 7.21E-06 2.36E-05 2.91E-05 3.69E-05 4.78E-05 6.18E-05 

Rabbit Island Water Skiing 1.07E-06 3.14E-06 1.77E-05 2.27E-05 3.01E-05 3.99E-05 5.37E-05 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 1.95E-05 1.46E-04 4.04E-03 4.98E-03 5.90E-03 8.21E-03 1.01E-02 

Monaco Water Skiing 6.55E-05 1.09E-04 2.45E-04 2.67E-04 2.95E-04 3.28E-04 3.71E-04 

Best Island Oyster Beds 2.14E-06 4.18E-06 4.81E-05 7.36E-05 1.53E-04 6.68E-04 9.78E-04 

Monaco Swimming 2.19E-06 4.32E-06 1.76E-05 2.28E-05 3.03E-05 4.32E-05 5.97E-05 

Tahunanui Beach Swimming Deep 4.82E-06 1.33E-05 7.93E-05 1.01E-04 1.35E-04 1.92E-04 2.79E-04 

Blind Channel Kite Boarding/Windsurfing 1.81E-05 6.05E-05 4.40E-04 6.65E-04 1.25E-03 1.95E-03 2.70E-03 
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        site names / percentile levels P95 P96 P97 P98 P99 P99.5 P100 

Rabbit Island Beach Swimming 3.22E-05 5.08E-05 9.72E-05 2.20E-04 1.87E-03 5.24E-03 8.85E-02 

Tasman Bay Scallops 4.53E-04 1.49E-03 2.02E-03 2.29E-03 2.68E-03 2.93E-03 7.04E-03 

Back Beach Swimming 4.21E-04 7.01E-04 1.11E-03 2.15E-03 5.69E-03 8.99E-03 2.66E-02 

Tahunanui Beach Swimming 2.02E-04 2.85E-04 4.55E-04 1.33E-03 4.72E-03 1.20E-02 1.38E-01 

Blind Channel Pipi Beds West 3.49E-03 7.80E-03 1.25E-02 1.54E-02 1.84E-02 2.20E-02 7.06E-02 

Blind Channel Pipi Beds East 4.42E-04 7.70E-04 1.15E-03 2.22E-03 3.62E-03 8.21E-03 1.90E-02 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #2 2.89E-03 3.55E-03 5.44E-03 1.12E-02 1.41E-02 1.57E-02 4.56E-02 

Rabbit Island Channel Kite Boarding/Windsurfing 1.87E-03 3.28E-03 5.76E-03 1.12E-02 2.89E-02 5.70E-02 2.72E-01 

Rabbit Island Subtidal Pipi Beds 8.75E-05 1.38E-04 2.38E-04 7.77E-04 2.67E-03 8.75E-03 9.23E-02 

Rabbit Island Water Skiing 7.58E-05 1.25E-04 3.53E-04 8.84E-04 3.42E-03 7.29E-03 3.21E-02 

Waimea Inlet Kite Boarding/Windsurfing/Kayaking #1 1.16E-02 1.34E-02 1.56E-02 1.95E-02 2.71E-02 3.65E-02 1.12E-01 

Monaco Water Skiing 4.23E-04 4.98E-04 6.15E-04 8.30E-04 1.40E-03 3.18E-03 1.18E-01 

Best Island Oyster Beds 1.92E-03 3.41E-03 1.16E-02 1.67E-02 1.93E-02 2.07E-02 2.36E-02 

Monaco Swimming 8.73E-05 1.67E-04 3.06E-04 8.85E-04 3.07E-03 7.40E-03 6.31E-02 

Tahunanui Beach Swimming Deep 4.39E-04 8.44E-04 1.32E-03 1.87E-03 2.96E-03 8.55E-03 1.86E-02 

Blind Channel Kite Boarding/Windsurfing 3.63E-03 4.78E-03 6.53E-03 1.14E-02 2.47E-02 3.16E-02 9.85E-02 
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5. SUMMARY 

The present study has characterised the pollutant dispersion and dilution patterns 
associated with the wastewaters discharged at the Bell Island outfall, within the 
Waimea Inlet, Tasman Bay New Zealand. 

 In order to quantify the hydrodynamics of the Waimea Inlet, a high 
resolution finite element model of the environs has been established, 
including salient fluvial inputs.  

 The hydrodynamic model has been calibrated and validated using 
measured current velocity and water level data collected adjacent to the 
existing Bell Island discharge location. 

 At the diffuser locations the total (residual + tidal) current directions are bi-
directional and are aligned with the thalweg of the channel, with maximum 
velocities of the order ~0.9 m.s-1. Under extreme conditions (i.e. during 
large flood events), total current velocities can approach 1.5 m.s-1 at the 
discharge site. 

 Near-field modelling of the initial turbulent mixing of the discharged waters 
was undertaken using the USEPA-supported mixing zone model CORMIX; 
providing the initial dilution rates and the near-field plume dimensions under 
a range of different discharge characteristics and ambient current velocities. 

 The dispersion modelling approach consisted in simulating realistic 
wastewater discharge rates over two different year-long simulations within 
contrasting ambient forcing contexts of El Niño and La Niña episodes. The 
annual simulations were post-processed to reveal the key transport 
pathways from the outfall location to the wider Estuary system and produce 
probabilistic estimates of the pollutant concentration and dilution fields. The 
pollutants discharged at the outfall on the outgoing tides are transported by 
the outgoing flows to the central Waimea Inlet region, and connect with the 
flow branching out to the Rabbit Island and Blind channels.  

 Annual time-series of pollutant density and concentration were extracted at 
a range of control sites for further analysis, including Quantitative Microbial 
Risk Assessment (QMRA).  
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