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Abstract 
Raglan (Whaingaroa) Harbour is located on the west coast of New Zealand’s North Island and is bordered 
by the Raglan township on the southern side close to the entrance.  Land use in the watershed is dominated 
by dairy farming and forestry, which impact harbour water quality.  A consented wastewater outfall is located 
at the harbour mouth close to the densely developed and populated area of the catchment.  Over the years, 
there have been a number of reported spills and unlicensed releases from the treatment facility into the 
harbour.  However, there is little context of the scale of the operation, and of the spills, against contaminant 
levels from inflowing rivers which are affected by land use practices.  We address these uncertainties using a 
numerical modelling approach.  Here we present a calibrated hydrodynamic model linked to a 13-river 
catchment model.  Both of these models are used to drive a subsequent water quality model which simulates 
the transport and decay of Faecal Coliforms (FC) in the harbour.  Model runs include a yearlong simulation 
of 2012 in its entirety, as well as a wastewater spill event that occurred in June of 2013.  Results illustrate the 
seasonality of the water quality in the harbour with the largest concentrations of FC occurring in winter.  It 
also illustrates the large scale influence of the rivers relative to the outfall with regards to FC concentrations.  
However, uncertainties remain in the FC component of the water quality model which needs to be addressed 
in future work. 
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1. Introduction 
Raglan (Whaingaroa) Harbour is located on the 
west coast of New Zealand’s North Island, and is 
bordered by the Raglan township on the southern 
side near to the harbour entrance (Figure 1). 
Seven major river catchments and a number of 
smaller streams drain to the harbour.  Land use in 
the watershed is dominated by dairy farming and 
forestry, which impact harbour water quality. 
 
A wastewater outfall is located at the harbour 
mouth (Figure 1) and is licenced to release < 2600 
m

3
day

-1
 from 30 minutes before high tide until 1 

hour before low tide.  The presence of the outfall 
has been a source of contention with local 
residents and Iwi.  Raglan is a popular holiday 
destination; during summer, the population nearly 
triples, adding significant pressure to the 
wastewater system.  The harbour is used for 
recreation including swimming and kitesurfing, as 
well as for fishing and the collection of kaimoana 
(sea food) (Figure 2).  Over the years, there have 
been a number of reported spills and unlicensed 
releases from the treatment facility into the harbour 
(e.g. [1]), which have led to temporary health 
warnings impacting on recreation and food 
gathering in the harbour, and which are of cultural 
concern to local Iwi.  However, there is little 
context of the scale of the operation, and of the 
spills, against contaminant levels from inflowing 
rivers which are affected by land use practices. 
 
Water quality can relate to a range of contaminants 
including nutrients, suspended solids and 
pathogens.  Here we focus on pathogens which 
include a wide range of microbes.  Typically 

indicator species are used for monitoring (MFE, 
2003), since it is not feasible to measure all of the 
pathogen species present in the water at a given 
time.  The most common indicator species are 
Faecal Coliforms (FC) for shell fish gathering, E. 
coli. for freshwater, and Enterococci for marine 
water.  For the estuarine environment all three are 
considered useful [4]. 
 

 

Figure 1: The location of Raglan (Whaingaroa) Harbour 
on the west coast of New Zealand.  
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Figure 2: Raglan Harbour and significant land marks. 

 
Regular monitoring is undertaken by the Waikato 
Regional Council (WRC) in three of the rivers 
(Waingaro, Waitetuna and Ohautira) on a monthly 
basis.  Also, on two separate years (2002 and 
2013) bimonthly sampling was undertaken at 4 
locations around the harbour.  The Waikato District 
Council (WDC) undertakes regular monitoring of 
discharged water from the wastewater treatment 
plant.  These data were made available for the 
purposes of this project.  While these provide a 
valuable insight into water quality in the harbour, 
they are not sufficient to describe the seasonal and 
tidal variability of water quality in the Harbour nor 
to predict how water quality will be affected after 
heavy rain events.  Furthermore it is difficult to use 
the data to understand the relative impacts of the 
different fresh water inputs.  
 
We set out to address these uncertainties using a 
numerical modelling approach making use of 
available measured data to inform the modelling 
where possible.  
 
2. Modelling Methodology 
The modelling approach described here has built 
upon previous work by Phillips et al. [5] which was 
used to describe the pathways of pathogens 
released from the waste water treatment outfall in 
Raglan.  The model was developed using the 3DD 
model Suite, but we have transferred model 
development to the Delft3D (D3D) model suite 
linked to the INCA catchment model.  
 
The hydrodynamic model was developed using 
D3D-FLOW linked to the catchment model.  The 
catchment model provided freshwater input from 
rivers from the 13 largest catchments surrounding 
the harbour accounting for 95% of the catchment 
area.  The model also includes outflow from the 
wastewater treatment plant.  The catchment model 

was extended to predict concentrations of FC in 
the rivers.  The results of this were used to drive a 
water quality model (D3D-WAQ) which simulated 
the release, decay and pathways of introduced FC. 
 
2.1 Catchment modelling 
The catchment around Raglan feeds 7 major rivers 
(Figure 3) and a number of smaller streams. 
 
The catchment model was developed using the 
INCA N model to calculate flow rates.  Measured 
flow data exists for the Waingaro River and this 
was used to calibrate the model.  INCA requires 
time series of Hydrological Effective Rainfall 
(HER), Soil Moisture Deficit (SMD), actual 
precipitation and evaporation data, as well as a 
range of other parameters specific to each 
catchment, as boundary conditions to calculate 
flow rates.  HER and actual precipitation data were 
sourced from the Waingaro AWS provided by 
WRC.  Evaporation and SMD were sourced from 
the Whatawhata EWS through the CliFlo database.   
 

 
Figure 3: Raglan catchments.with rivers included in the 
model labeled. 

 
A comparison of measured versus modelled flow 
at Waingaro is shown in Figure 4, which indicates 
that the model performs well.  To test the 
extension of this methodology to other rivers in the 
catchment, sensitivity analysis was undertaken to 
examine the effect on the model using other 
sources of HER.  Data from the Karioi and 
Whatawhata rainfall gauges were shown to reduce 
the accuracy of the model, but not to a large 
degree giving confidence in the application of the 
methodology to other rivers.  The method was 
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extended to simulate long term flow (from 2004 to 
2014) for 13 rivers and streams around the 
harbour. 
 

 
Figure 4: Modelled and measured flow for Waingaro.  

 
The model was also used to predict pathogen 
concentrations in the freshwater inputs.  The work 
presented here focuses on FC, although in the 
future the model is to be extended to include 
Enterococci. 
 
Pathogen concentrations are a function of many 
environmental factors.  Previous studies focused 
on modelling pathogens have largely focussed on 
univariate or multivariate regression models using 
variables such as rainfall, river flow, water 
temperature and turbidity as predictors [3][6].  
Typically, however, models rarely account for more 
than 60% of the measured variability in measured 
pathogen concentrations [3].  
 
Univariate linear regression (Figure 5) was applied 
to relate the measured flow data at Waingaro to 
concentrations of FC recorded in WRC monitoring 
data.  There is considerable uncertainty in the 
relationship (i.e. r

2
=0.44) and work is underway to 

improve the measured FC concentration data, to 
improve the model and to include predicted 
Enterococci concentrations.  Even so, the model 
provides a broad indication of relative FC 
concentrations in Raglan Harbour. 
 

 
Figure 5: A linear regression relating Waingaro river flow 
to FC concentration usied in the modelling. 

 
Flow rates and FC boundary conditions for the 
wastewater outfall were derived from the 
monitoring data undertaken by WDC on 

discharged water rather than using the INCA 
model for flow and subsequent regression model 
for FC.  This includes daily records of pumping 
hours and water quality samples taken weekly 
during December and January and monthly for all 
other months. 
 
2.2 Bathymetry Grids 
The model bathymetry was defined using an xyz 
data cloud from available data including multibeam 
data, single beam surveys, LIDAR data covering 
the mudflats and digitised data from a 
hydrographic chart of the harbour (NZ4421) 
prioritised in that order.  The data for each from 
each source are shown in Figure 6.  
 

 
Figure 6: Data used for creating bathymetry grids by 
source.  Single beam data (top left), hydrographic chart 
data (top right), LIDAR data (bottom left) and Multibeam 
data (bottom right).  

 
Bathymetry grids derived from this dataset were all 
Cartesian, regularly spaced in the x- and y–
direction and referenced to local Raglan Mean Sea 
Level (MSL).  Several bathymetry grids were used 
for the model.  A 40 m grid (389 cells by 311 cells) 
was used for long term model runs while shorter 
model runs used a set of three nested grids 
(Figure 7).  The largest grid (35 m resolution, 432 
cells by 346 cells) took in Raglan Harbour in its 
entirety, a 15 m grid (367 cells by 385 cells) was 
nested within this to model the harbour entrance 
and the arms of the harbour most commonly 
frequented for recreational purposes.  Finally a 5 m 
resolution grid (127 cells by 88 cells) was applied 
over the wastewater outfall to describe the mixing 
zone in detail.   
 
2.3 Hydrodynamic modelling 
The hydrodynamic model was depth averaged.  
The freshwater plumes from the rivers are likely to 
be buoyant and consequently the excursion of the 
plumes may be underestimated in the model at 
times.  This could be addressed by extending the 
model to 3 dimensions in future.  The model was 
driven by sea level on the open boundaries, and 
wind as well as freshwater inputs from the 
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catchment model.  The sea level boundary data 
were taken from the Manu Bay tide gauge which 
includes sea level variability due to tidal and non-
tidal influences.  
 

 
Figure 7: Bathymetry grids used for the numerical 
modelling of the harbour.  

 
The wind data were obtained from the Taharoa 
AWS located 38 km south of Raglan Harbour on 
the west coast and gaps were filled using adjusted 
data from the Whatawhata EWS.  Variable friction 
maps were applied and altered as part of the 
model calibration process.  The model was 
calibrated against sea level and current data 
gathered using Aquadopp current meters deployed 
for two weeks at two locations: one in the main 
channel and one outside the harbour on the ebb 
tidal bar (see Figure 2).  Comparisons between 
modelled and measured sea level are shown in 
Figure 8 and show that both are well represented 
by the model.  Measured currents (Figure 9) are 
well represented in the main channel though over 
the bar the model overestimates current speeds.  
This is likely due to the absence of waves in the 
model. 
 
The monitoring data contains salinity 
measurements from four different locations in the 
harbour.  At each location salinity was measured 

through the water column.  Data was recorded at 
these locations on two separate occasions.  The 
model was compared to these and the modelled 
salinity was within 2 psu of measurements at the 
top and bottom of the water column in all cases.  
As well as providing confidence in the 
hydrodynamic model, this also illustrates that the 
river loads are well represented in the model. 
 

 

 
Figure 8 Sea level calibration at the outer location (top) 
and the inner location (bottom).  

 

 
Figure 9: Current at the outer location (top) and the inner 
location (bottom).  

 
2.4 Water Quality Modelling 
The water quality model was driven by the results 
from the hydrodynamic model and using FC 
concentrations derived from the catchment model.   
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There is a paucity of data for the calibration of 
model die-off rates for FC, although the available 
monitoring data was used for this purpose.  
Calibration against these data produced a first-
order mortality rate of 0.8 d

-1
, which defines the 

rate at which FC die off in the saline environment 
of the harbour.  There is some uncertainty around 
this number although planned additional 
monitoring data will allow this parameter to be 
more accurately defined.   
 
3. Modelled Scenarios and Results 
Two model simulations were run to examine the 
effects of freshwater inputs into the harbour.  
Firstly the year of 2012 was simulated in its 
entirety using the 40 m resolution model grid, 
including a 1 month spin up period.  This was used 
to examine the seasonal effects of the riverine 
inputs.  Secondly a short one week model run was 
undertaken to simulate a sewage spill that 
occurred in June 2013 [1].  This model run was 
undertaken using the nested domain 
decomposition scheme which provides two-way 
coupling between nests.  The spill occurred when 
a pump failed allowing partially treated wastewater 
that had yet to pass through the final stage of UV 
treatment, to overflow into the Wainui Arm of the 
harbour next to the sewage treatment plant for 4 
days [1].  This also resulted in a subsequent day of 
continuous discharge of treated wastewater 
through the outlet at the harbour mouth.  The 
partially treated wastewater was released into the 
Wainui Arm at a concentration of 60 cfu/100mL.  
Under licence conditions the median concentration 
of FC in discharged wastewater should not exceed 
14 cfu/100ml and the 90

th
 percentile should not 

exceed 43 cfu/100ml [4].  The ANZECC median 
upper guideline value for bathing is 150 cfu/100mL 
[2]. 
 
Results from the yearlong 2012 simulation are 
shown as monthly mean dilution plots from the 
hydrodynamic model in Figure 10 and monthly 
mean FC concentrations from the water quality 
model in Figure 11.  As expected, during the 
summer months when very little rainfall was 
observed (with the exception of January), very little 
freshwater was seen in the harbour (Figure 10).  By 
contrast, during the winter months, the harbour 
became strongly influenced by freshwater inputs.  
The wastewater outfall is included in this model run 
although its load is small relative to the riverine 
inputs and it is consequently not visible against the 
background river flows.  Mean FC concentrations 
also show a seasonal trend and the highest 
concentrations are found in the heads of the 
estuary near the riverine inputs.  In these areas, 
concentrations are high relative to MFE and 
ANZECC limits. 
 
Results from the modelled spill event are shown in 
Figure 12 and Figure 13, which show the 

maximum FC concentrations in the nested model 
domains through the spill and associated period of 
continuous pumping.  Note the different colour 
scales used in these images.  The highest 
concentrations occur in the Wainui Arm itself 
during the spill although these concentrations are 
not high relative to MFE or ANZECC limits.  
Around the outfall, the continuous discharge during 
the incoming tide caused an increase in 
concentration around the outlet, but here the 
output becomes diluted a short distance from the 
outfall due to rapidly moving currents. 
 

 

 
Figure 10: Monthly average dilutions of freshwater inflow 
for 2012. 

 

 
Figure 11: Monthly average FC concentraion in 2012.  
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Figure 12: Maximum concentrations in the Wainui Arm of 
the Harbour during the sewage spill where Day 1 is the 
first day of the spill.  

 

 
Figure 13: Maximum concentration of FC around the 
wastewater outlet during 24 hours of scheduled pumping 
prior to the spill (left panel) and for 24 hours during 
unscheduled pumping after the spill (right panel). 

 
4. Discussion and Summary 
The modelling presented here provides a 
comparative analysis of the scale of freshwater 
inputs into the harbour and describes the changes 
in water quality under different conditions.  It also 
shows that in terms of freshwater loading and FC 
concentrations, the effect of the wastewater outfall 
is small relative to the riverine inputs.  However, 
we note the cultural significance of pumping 
treated effluent into the marine environment is also 
a point of consideration.   
 
There is some uncertainty around the modelling 
principally around the relationship used to create 
FC boundary conditions.  This could be addressed 
to some degree by extending the FC model to use 
a multivariate regression and by the collection of 
additional monitoring data.  However, previous 

studies have illustrated that even with larger data 
sets and more sophisticated models, predictive 
models of pathogens in rivers have limited 
success.  It would therefore be beneficial to 
undertake a detailed sensitivity analysis of the 
modelled FC time series to investigate its effect on 
the harbour.  Additional field work is currently in 
preparation which will extend the quantity of 
available data for building such relationships and 
extending the model to include Enterococci. 
 
Our aim is to ultimately use these results to create 
a decision support tool which can be used to 
provide guidance as to the conditions under which 
bathing and sea food gathering may not be 
advisable in the harbour, and to inform decisions 
regarding land use practices to effectively mitigate 
effects on the harbour. 
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