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Executive summary 

Western Bay of Plenty District Council engaged Tonkin+Taylor to investigate options to reduce the 
effects of flooding in the Pio Shores and Bowentown areas. In undertaking this work the views and 
understanding of flooding in the area held by residents were canvassed through a series of public 
meetings, with many of these opinions having been carried through the option selection process. 

This project had origin in previous work where flood mitigation measures had been considered at 
very high level. As part of this work, these measures were re-assessed using a purpose-built 
hydrological/hydraulic model, in assessment of a range of mitigation measures that were discussed 
and agreed with local community representatives and Western Bay of Plenty District Council staff. 

Through the process it became clear that much of the Pio Shores and Bowentown areas relied on 
stormwater pumps as the primary means of drainage in the wake of extreme rainfall. This reliance 
has led to some unease in the continued provision of stormwater level of service, and the 
community representatives expressed a desire for increased reliability in the pumped systems.  

Equally, concern by community representatives was expressed in the ability for the areas that 
received pumped stormwater to discharge safely to groundwater and/or the open coast. There was 
a general sense that the receiving system performance had declined over time, and that this process 
of degradation was potentially set to continue. 

In addition to the above, there was a sense that there was room for improvement in the gravity 
discharge systems in the subject area, to the extent that some improvement to flood performance 
could be developed. 

Through consultation, agreement was established that the needs for enduring flood protection in 
the face of climate change, in particular sea level rise, over the coming century was likely to be 
outside of the scope of this current investigation. While there was general acceptance that enduring 
flood protection was unlikely to be able to be provided, the measures to be investigated as part of 
this work would be aimed at relatively frequent (average recurrence interval of about 10 years) flood 
events under present-day climatic conditions (ie no sea level rise applied to assessments). 

The study revealed three broad categories of recommended works: 

 Ensuring the capacity for receiving environments (dune systems) to receive pumped 
stormwater discharge without recirculation, erosion or other adverse effect. 

 Enhancement of the reliability of pumped systems by installation of backup power supply and 
formalisation of a system whereby a mobile pump could be deployed. 

 Surface flow enhancements, including one instance of a flood flow diversion and installation 
of an additional pump station to remove diverted floodwaters, to improve the flood situation 
at localised scale.  

The sum total for all works has been roughly costed at approximately <TBC> excluding GST, although 
this figure requires confirmation through more rigorous design. 

Implementation of the above recommendations has been shown to slightly reduce peak flood 
depths and flood duration at the key identified flood prone locations for the level of service type 
events. The focus of addressing house flooding and access limitation have been used to prioritise the 
works to the greatest benefit. 
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1 Introduction 

Tonkin & Taylor Ltd (T+T) was engaged by the Western Bay of Plenty District Council (WBoPDC) to 
undertake a detailed stormwater management options assessment at Pio Shores and Bowentown.  

A key requirement for successful flood mitigation options selection is to develop a good 
understanding of flood mechanisms. This can be through flood simulation using a hydrodynamic 
model, and subsequent post-processing of results. For this reason T+T previously developed a high 
level model of relatively coarse resolution to assist in identification of flood-related constraints in 
the subject area. This work was reported on in October 2014, with the outputs included as Appendix 
A. Note that while this previous work covered the entire area from Waihi Beach in the north to 
Bowentown in the south, only the parts of this previous work that covered Pio Shores and 
Bowentown have been reproduced in Appendix A. 

As part of the current commission, T+T has substantially updated the model used previously and 
enhanced the level of detail able to be delivered by the model. The flood mitigation options have 
been revisited, and input from community members has been sought and applied. 

This report describes the modelling undertaken, together with validation of model performance 
against a recent flood event. It also describes the evaluation of a dozen different flood mitigation 
options, all of which were developed in collaboration with community representatives. The report 
concludes with a set of recommendations aimed at provision of improved drainage performance in 
the subject area. 
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2 Hydraulic model development 

2.1 Model solver and model domain 

Hydraulic modelling has been undertaken using a rain-on-grid coupled 1-dimensional and 2-
dimensional TUFLOW HPC model. A previous version of the model was originally developed during 
high-level optioneering of mitigation measures and also for risk assessments required by the 
operative Regional Policy Statement, and covers the wider Waihi Beach – Athenree – Bowentown 
area. The more detailed modelling undertaken as part of this work involves inclusion of all 
stormwater network infrastructure to deliver results of accuracy suitable to the purposes of this 
study. 

For the purpose of this study, the model domain has been truncated to include the site only, as 
shown in Figure 2.1. Truncating the model was deemed appropriate as the site is hydraulically 
separate from northern areas of Athenree and Waihi Beach.  

 

Figure 2.1: Hydraulic model domain 

2.2 Digital elevation model (DEM) 

A 1 m x 1 m (1 m2) gridded DEM was sourced from the Land Information New Zealand (LINZ) Data 
Service1, as agreed with WBoPDC. The DEM has been derived from LiDAR captured in 2015 and is 
projected to the New Zealand Vertical Datum 2016. 

The DEM has been applied to TUFLOW as a 1 m computational grid. 

                                                           
1 https://data.linz.govt.nz/ 
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2.3 Land use roughness 

Land use in the model domain has been derived from the Land Cover Database Version 4.1 
(LCDB4.1). This database was released in July 2015 and was the most current at the time of 
modelling.  

Figure 2.2 shows the land use zones located in the model domain and Table 2.1 shows the 
corresponding Manning’s n roughness values applied to each land use. 

 

Figure 2.2: Land use zones 

Table 2.1: Land use roughness values 

Land use Manning's n roughness coefficient 

Urban development Depth varying (0-0.05m = 0.015, 0.05-0.1m = 0.05) 

Roads and walkways 0.020 

Coastal sand and gravel 0.025 

High producing exotic grassland 0.050 

Gorse and broom 0.125 

Broadleaved indigenous hardwoods 0.100 

Indigenous forest 0.150 

2.4 Infiltration losses 

The Horton loss model was used to model the rainfall infiltration losses in the model. The 
Horton approach utilises the equation: 
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𝑓 = 𝑓𝑐 + (𝑓0 − 𝑓𝑐)𝑒
−𝑘𝑡 

 

Where f0 is the initial infiltration rate in mm/h, fc is the final (indefinite) infiltration rate, t is 
time in hours and k is the Horton decay rate. For the TUFLOW implementation, the time (t) is 
the period of time that the cell is wet. 

Table 2.2 shows the Horton Loss model parameters used at the site. 

Table 2.2: Soil infiltration parameters using Horton Loss model 

Soil type Initial loss (mm) 
Initial loss rate (f0) 
(mm/hr) 

Ultimate infiltration 
rate (fc) (mm/hr) 

Horton decay rate 
(k) (1/hr) 

Well drained 0 25 22.5 0.20844 

2.5 Model boundaries 

Rainfall depth-duration-frequency data was downloaded from NIWA’s HIRDS V4 and applied to the 
model as HIRDS V4 temporal rainfall profiles. Given the relatively small size of the model domain, no 
areal reduction was applied to the derived rainfall. Figure 2.3 shows an example of a 10-year average 
recurrence interval (ARI) 6 hour duration hyetograph applied to the model. 

 

Figure 2.3: HIRDS V4 10-year ARI 6 hour temporal hyetograph 

Two separate tidal boundaries have been applied to the model to represent the open coast and 
harbour inlets. Open coast tide data derived from the BoPRC coastal calculator was applied as the 
open coast tidal boundary, while coastal inundation data derived for site 89 at Bowentown in the 
NIWA (2018) Tauranga Harbour inundation modelling was used to extrapolate values that were 
applied to inner harbour area of the model. All tide levels were adjusted down by 0.25 m to account 
for the offset between Moturiki1953 vertical datum and NZVD2016.  

Peak tide was timed to coincide with peak rainfall in the model. 
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Figure 2.4: Open coast and inner harbour tide levels 

2.6 Stormwater infrastructure 

1-dimensional pit and pipe elements have been incorporated into the model using asset data 
supplied by WBoPDC. Figure 2.5 shows all 1-dimensional elements implemented in the model. For 
this modelling and analysis work, it was important that the primary (piped) stormwater network be 
included in the model so that a suitably accurate assessment of existing conditions and proposed 
options could be undertaken. This was also required to develop accurate estimates of flooding in 
response to events where pipe flow capacity is significant – such as 10-year ARI events. 

The asset data provided was projected to the local Moturiki Vertical Datum 1953, however it was 
agreed with WBOPDC that this would converted to New Zealand Vertical Datum 2016 to match the 
DEM. All asset data levels were adjusted down by 0.25 m to account for the offset between the two 
vertical datum. 

It should be noted that the asset data provided was missing information in some areas and that it 
was agreed with WBoPDC to interpolate (invert match) levels where possible to complete the 
dataset. In some instances, asset data did not appear to correctly represent pipe grades. Of 
particular note was the stormwater pipe discharging to the Otawhiwhi Drain which was shown to 
have a large negative grade, preventing water from discharging to the drain. Anecdotal evidence of 
flooding described significant flow into the drain from the pipe, therefore, invert levels were 
adjusted using the DEM to represent a more realistic pipe grade. 
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Figure 2.5: 1-dimensional stormwater infrastructure included within the model domain 

There are five pump stations at the site which have been included in the model and are key 
components for stormwater management. As such, pump drawdown tests were undertaken at each 
pump by WBoPDC to measure pump flow rates, with measured rates applied to the hydraulic 
elements in the model. Table 2.3 shows the measured flow rate applied to each pump. 

Table 2.3: Measured pump flow rates 

Pump No.  Model ID Measured flow rate (m3/s) 

500 BoulevardNth 0.020 

501 PapaunahiRd 0.025 

502 SeaforthRd 0.006 

503 BoulevardSth 0.037 

506 PioRd 0.074 
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3 Preliminary modelling and analysis 

3.1 Model simulations 

Prior to investigating possible flood mitigation options, several model simulations were undertaken 
to ensure that the model was producing realistic outputs and to develop a detailed understanding of 
the flood mechanisms at the site. Table 3.1 shows the preliminary model simulations undertaken 
and Appendix B shows a detailed run matrix. 

Table 3.1: Preliminary model simulations 

Run 
Rainfall 
event ARI 

Duration 
(hrs) 

Tidal event 
ARI 

Climate horizon Purpose 

1 - - - - December 2018 Validation Event 

2 10-year 1 2-year Present-day 

Design rainfall critical duration 3 10-year 6 2-year Present-day 

4 10-year 12 2-year Present-day 

5 2-year 6 10-year Present-day 10-year tide with low rainfall influence 

6 2-year 6 50-year Present-day 50-year tide with low rainfall influence 

7 2-year 6 100-year Present-day 100-year tide with low rainfall influence 

8 50-year 6 2-year Present-day 50-year rainfall with low tidal influence 

9 100-year 6 2-year Present-day 100-year rainfall with low tidal influence 

10 20-year 6 100-year 
RCP8.5 2101 - 
2120 

Extreme rainfall and tidal influence for a 
future climate scenario 

 

3.2 Model validation 

To gain confidence in model results, a rainfall event from 23rd/24th December 2018 that caused 
significant flooding at the site was simulated. Rainfall data was obtained from the closest available 
gauge (functioning at the time) located at Waihi Beach and mean high water spring (MHWS) tide 
data for the inner harbour was obtained from NIWA 2018 (Figure 3.1). NIWA historic tide predictions 
showed low tide to occur at the peak of the rainfall event, with a spring high tide occurring several 
hours after the peak, as shown in Figure 3.1.  
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Figure 3.1: December 2018 rainfall data at Waihi Beach gauge and MHWS tide data 

Modelled maximum flood depths at the site for the December 2018 rainfall event are shown in 
Figure 3.2 and Appendix C. These were compared with photographic and anecdotal evidence of 
flooding to measure the accuracy of the model outputs to observations at the time. Figure 3.3 shows 
a comparison of modelled flood depths and photographs taken at the southern end of Bowentown 
Boulevard. Photograph taken a few hours after the peak show around 0.5 m of water depth, which 
corresponds well to peak water depths modelled. 
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Figure 3.2: Maximum flood depth model outputs for the December 2018 flood event 

 

Figure 3.3: December 2018 flood event. A) Maximum flood depth model outputs with red circle showing 
location of photographs in tiles B and C. B) Flooding at Bowentown Boulevard south looking west of 
Bowentown Boulevard. C) Flooding at the southern end Bowentown Boulevard road and footpath. 
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3.3 Design rainfall critical duration 

There is a difference between “design” rainfall and “observed” rainfall. Observed rainfall is that 
which has been recorded at a rain gauge, and represents an actual event (eg December 2018). 
Design rainfall applies an exact rainfall depth over a given time in a synthetic way that has been 
derived to be representative of the majority of rainfall events. The differences can be seen by 
comparing Figure 2.3, which shows the rainfall pattern for a design rainfall event, against Figure 3.1 
which shows observed rainfall and tide. Both rainfall events have been deemed to have ARI of about 
10 years, yet there are differences in the shape and temporal distribution of rainfall. 

In modelling and assessment it is common to make use of design rainfall, and this is what has been 
done in this report. The exception is that for model calibration, where model performance is 
compared against observed performance, it is necessary to use observed rainfall. 

The critical duration of design rainfall events was measured at the site using the 10-year average 
recurrence interval (ARI) present-day design rainfall event and was determined as the storm 
duration that produced the highest peak water depth. 1 hour, 6 hour and 12 hour storm durations 
were simulated with the resulting critical duration assumed for all ARI events modelled.  

Figure 3.4 shows a classified grid output that identifies which of the three storm duration that causes 
that greatest water depth amongst areas where depth is greater than 0.1m. This was determined to 
be the 6 hour rainfall duration as it produced the greatest depths in areas of particular interest such 
as Papaunahi Rd and the northern portion of Bowentown Boulevard. Appendix C, shows modelled 
maximum flood depths for a 10-year ARI 6 hour duration event.  

 

Figure 3.4: Classified grid of maximum depth critical duration for a 10-year ARI design event 1hr, 6hr and 12hr 
durations 
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3.4 Flood mechanisms 

The majority of urban areas at the site are low lying and flat relative to sea level, which means the 
site is susceptible to two key flood mechanism: flooding due to high intensity rainfall and flooding 
due to coastal inundation. A series of simulations were undertaken using different ARI events to 
assess the significance of rainfall and tidal dominated flood mechanisms.  

3.4.1 High intensity design rainfall 

Surface water flooding at the site is managed through a series of swales, open drains, gravity pipes 
and pump stations. Through the centre of the site, water is conveyed via swales that travel from 
Papaunahi Rd in the north and Bowentown Boulevard in the south towards the Otawhiwhi Drain, 
which discharges east to the harbour. The effectiveness of drainage along these swales is largely 
dependent on the condition of the Otawhiwhi Drain outlet which is tidally influenced and has 
historically been known to become overgrown and blocked. Furthermore, the open drain is situated 
on private property and under flood conditions has been observed to become a significant hazard to 
the people who reside at this property.  

There are four other areas at the site, Boulevard North and South, Papaunahi Rd and Pio Rd, which 
operate independently of one another and are highly reliant on pump stations for stormwater 
management. At these areas, open drains and gravity pipes direct stormwater towards pump 
stations which pump water into low points in the dunes located to the west of the site, or in the case 
of Pio Rd, a swale located parallel to the harbour. Pumps at these locations are largely under 
capacity to cope with high intensity rainfall events and on the rare occasion that they do need to 
operate, have been known to have failed starts.  

Figure 3.5 and Figure 3.6 show maximum flood depths in response to 10-year and 100-year ARI 
design rainfall events respectively with a 2-year ARI event tidal boundary. In these simulations, 
flooding is driven by high rainfall intensities and is predominantly concentrated to roads, stormwater 
swales and the locations of pump stations, with some property flooding adjacent to these areas. 
Maximum flood depths in a 100-year ARI event are noticeably greater than in a 10-year event, 
however, flood extents are similar. This would suggest that the system is functioning as intended, 
but has not been designed for the high intensities expected in severe rainfall events.  

Maximum flood depths in a 10-year design event are similar to those modelled for the December 
2018 flood event.  
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Figure 3.5: 10-year ARI rainfall and 2 year ARI tide present-day rainfall event maximum flood depths 

 

Figure 3.6: 100-year ARI rainfall and 2 year ARI tide present-day maximum flood depths 
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3.4.2 Coastal inundation  

Figure 3.7 shows maximum flood depths of a 100-year ARI tide event with a 2-year ARI rainfall 
depth. In this simulation, flooding is driven by coastal inundation and is almost entirely concentrated 
to urban areas around Pio Rd, Tatai Rd and the Otawhiwhi Marae, as the landform in these areas are 
the lowest lying relative to sea level.  

Managing coastal inundation is difficult given the area is constrained by the harbour and open 
ocean. Many properties located around Pio Rd and Tatai Rd are now located on piles to elevated 
floor levels above flood levels.  

Future climate predictions for the representative concentration pathway (RCP) 8.5, have mean sea 
level rising by 1.6 m in 2130 (Stephens, 2017), which in conjunction with a future 100-year ARI 
coastal inundation event, would results in water levels of around 3.46 m NZVD2016 at the site 
(NIWA, 2018).  

 

Figure 3.7: 2-year ARI rainfall and 100 year ARI tide present-day maximum flood depths 
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4 Community engagement workshop 1 

4.1 Presentation to community members 

It was recognised that community understanding and buy-in to the flood mitigation measures 
proposed was of fundamental importance to ensure a successful outcome. The first community 
workshop was held on 24 August 2019 at the Coastguard at Bowentown. The purpose of the 
workshop, as advised to community members, was stated as follows: 

 Introduce ourselves, and the overall project objectives 

 Present to the community some detail of the model we propose to use (ideally shown to 
calibrate to December 2018 event) 

 Introduce the concept of adaptive planning pathways 

 Suggest our initial ideas for mitigation – open discussion, happy for our initial ideas to be 
“rubbished”, but give community an opportunity for input 

 Seek additional mitigation ideas from people who live there and have an understanding of on-
the-ground conditions – things we may not have not considered 

 Agree on a suite of measures to be investigated further. 

The presentation that accompanied this workshop has been saved and included as Appendix D. 

During the presentation, the hydrological setting of the Pio Shores and Bowentown areas was 
described. In summary this showed that the area is relatively flat with ground levels close to present-
day sea levels. As such parts of the area are prone to rainfall related flooding, as runoff accumulates 
with limited ability to drain towards the coast or to be pumped to the dunes, while other parts are 
prone to inundation directly by the sea (sunny day flooding). The uncertainty relating to future 
climate conditions was explained, with the major factor likely to affect the area being sea level rise. 

The construction of a computer based model to simulate rainfall and sea flooding was explained, and 
then demonstrated using the December 2018 (Christmas Eve) event as a reference.  

Previous work on flooding in this area (Tonkin & Taylor, 2014) was outlined. Further considerations 
for flood mitigation were discussed, and there was agreement that the aim for flood related 
interventions was to attempt to deliver on Council’s stormwater level of service, comprised of the 
following two elements: 

 Aim for no above floor level flooding to dwellings in response to a design 10-year ARI event, 
and 

 Minimise loss of access (i.e. road flooding) in response to a design 10-year ARI event. 

It was explained that the December 2018 event, used for model validation, has previously been 
considered to have Average Recurrence Interval of about 10 years. 

4.2 Feedback from community 

Feedback on December 2018 event received during the meeting includes the following points: 

 Additional pump brought in helped to reduce flooding quickly. 

 The existing pumps did not cope with the flow. 

 The pond that the water pumps to is higher than the surrounding ground so it just ends up 
circulating (via seepage). 

 The ponds in the dunes are all sealed over time. 

 The location of the outlet pumps (i.e. to wetlands) will need to be reviewed. 
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 Much bigger events have been experienced in the past: 

 Last year rainfall happened during low tide 

 The model appears to be accurate based on experience. 

Discussion on options to consider as part of this project is summarised below. 

 Ocean outfall were discussed, and it was mentioned that, aside from consenting issues likely, 
these can be difficult to maintain as they are often prone to blocking. 

 Recognition that a 100 year ARI future event is beyond the scope of the current project. 

 Issues with flooding of streets – people can’t escape. 

 Pio Shores will find it difficult to raise dwellings due to concrete floors.   

4.3 Conclusions 

The main conclusions are as follows: 

 The model is suitably accurate to use for ongoing investigation. 

 Acceptance that the mitigation works will be aimed at the 10-year ARI present-day event. 

 Additional pump capacity is worthy of further consideration. 

 Acceptance of the form and function of swales – no desire to replace with kerb-and-channel. 
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5 Options assessment and modelling 

5.1 Model simulations 

Following workshop 1, a list of options scenarios were generated to be simulated within the 
hydraulic model. Each option scenario was developed using the existing “baseline” model so as to 
directly compare options model outputs to “baseline” conditions. 

The effectiveness of each option at mitigating flood risk was measured as the level of reduction in 
maximum flood depth and the reduction in time within which flooding dissipated following peak 
flood levels, compared to existing conditions 

As described in Section 4, reducing flooding of properties and roads in a 10-year ARI rainfall event 
were identified as being key criteria for flood mitigation options modelling. As such, three locations 
were identified as high priority for reducing flood risk, as shown in Figure 5.1. 

Table 5.1 shows a summary of the options simulated and Appendix B shows a detailed model run 
matrix. Appendix E shows a summary map of the 13 options simulated. 

 

Figure 5.1: Key flood mitigation areas in a 10-year ARI event 

Table 5.1: Options model simulations 

Run 
Rainfall 
event 
ARI 

Duration 
(hrs) 

Tidal 
event 
ARI 

Climate 
horizon 

Option scenario 

11 10-year 6 2-year Present-day 
Option 1. Double pump capacity at Boulevard 
South 

12 10-year 6 2-year Present-day 
Option 2. Double pump capacity at Boulevard 
North 
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Run 
Rainfall 
event 
ARI 

Duration 
(hrs) 

Tidal 
event 
ARI 

Climate 
horizon 

Option scenario 

13 10-year 6 2-year Present-day Option 3. Double pump capacity at Papaunahi Rd 

14 10-year 6 2-year Present-day Option 4. Double pump capacity of all pumps 

15 10-year 6 2-year Present-day Option 5. New pump station at Papaunahi Rd 

16 10-year 6 2-year Present-day 
Option 6. On-call surface water pump (i.e. tractor 
carried) at Boulevard South 

17 10-year 6 2-year Present-day 
Option 7. On-call surface water pump (i.e. tractor 
carried) at Boulevard North 

18 10-year 6 2-year Present-day 
Option 8. On-call surface water pump (i.e. tractor 
carried) at Papaunahi Rd 

19 10-year 6 2-year Present-day Option 9. Increase Otawhiwhi Drain capacity 

20 10-year 6 2-year Present-day 
Option 10. Redirect stormwater at Bowentown 
South 

21 10-year 6 2-year Present-day Option 11. Additional harbour drain 

22 10-year 6 2-year Present-day Option 12. All options combined 

23 10-year 6 2-year Present-day Option 13. Combination of Option 2 and Option 10 

24 10-year 6 2-year Present-day No pumps 

5.2 Options 1-8: Pumps 

Options 1-8 (shown above as runs 11-18) relate to increasing pump capacity and/or adding 
additional pump capacity to key floodable areas at the site.  

Options 1-4 relate to doubling the capacity of existing pumps at the site, while Option 5 is a new 
pump station with an assumed capacity of 25l/s at Papaunahi Rd. This location was considered most 
efficient for connecting power to a new pump station, due to its close proximity to the existing 
wastewater pump station.  

Options 6-8 relate to an on-call pump, with an assumed capacity of 25l/s, which could be used as an 
on-call service (i.e. tractor carried or similar) during flood conditions. The benefit of an on-call pump 
is that it could be used at more than one location, it could pump water straight from the surface, 
rather than relying on stormwater pipe capacity to convey water to the pump, and it could be diesel 
operated so more reliable to start than the existing fixed electric pump stations. The intention would 
be to use an on-call pump in addition to the existing pump stations and to have wet wells installed at 
various optimal locations for ease of temporary installation. 

Model outputs show that doubling existing pump capacity, or providing similar additional capacity, 
does not significantly reduce peak flood depths in a 10-year ARI event, as high intensity rainfall 
exceeds the rate at which surface water can be physically pumped. However, the same doubling of 
pump capacity significantly reduces overall inundation time by around four hours after peak flood 
levels have been reached, meaning that roads are clear of water and safe for passage sooner 
following a flood event.  

Figure 5.2 shows a sequence of inundation times for baseline conditions (existing pump capacity) on 
the left, together with the results of simulation of option 4 (with double pump capacity at Boulevard 
South pump station) on the right. The images left and right occur at the same time, but for the 
differing pump capacities.  
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In both scenarios the peak occurs 6 hours into the simulation, as shown in the top images. There is 
very little difference, at peak, between the two scenarios. At simulation time of 9 hours (middle 
images), there is a notable difference in inundation depth and extent between the two scenarios. By 
10.5 hours (bottom images) all flooding has been drained with double pump capacity while with 
existing pump capacity, surface flooding remains. 

Appendix C shows a maximum depth difference map comparing flooding depths from Option 4 with 
flood depths from existing conditions. 

It should be noted that the current capacity and drainage characteristic of the receiving environment 
(in this case the dunes abutting the coastline) must be investigated further in addition to increasing 
pumping capacity. This is of particular importance at Boulevard South where modelling has shown 
that doubling pump capacity results in overflow of the dune storage area. 

 

 

Figure 5.2: 10-year ARI 6 hour duration rainfall event sequence of flood depths at Boulevard South pump 
station. Tiles A-C taken from baseline modelling and tiles D-F taken from Option 4 – doubled pump capacity. 

5.3 No pumps 

Of particular concern to the community was the failure of pump stations during a flood event. A 
simulation was run to assess the impact of flooding if all pumps failed to start (i.e. no pumping). 
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Results showed an increase in peak water levels of up to 50 mm compared to baseline and an 
increase in flood water drainage times to in excess of 12 hours beyond peak flood levels. 

5.4 Option 9: Otawhiwhi drain 

Option 9 relates to both the increase in capacity of the Otawhiwhi Drain and re-grading of 
stormwater pipes discharging to the drain. The existing drain is estimated to be on average 2 m wide 
and 1 m deep. In this scenario the channel has been deepened by 0.4 m at the upstream end and 
graded downstream, with the invert of the discharging pipe outlet beneath Seaforth Rd lowered by 
0.4 m. The width of the drain has been doubled to 4 m wide along the full length.  

Appendix C shows a depth difference map comparing maximum flood depths from Option 9 with 
maximum flood depths from existing conditions. The effects of increasing the capacity of the 
Otawhiwhi Drain are wide-spread which highlights the connectivity of the central stormwater 
system. However, in a 10-year ARI event, decreases in maximum flood depth and extent are mostly 
concentrated to swales and council reserve located in close proximity to the outlet, with only a 
minor improvement to roads and properties. 

5.5 Option 10: Re-direct stormwater at Bowentown South 

Stormwater runoff at the southern part of Seaforth Road is currently conveyed to the Boulevard 
South pump station via pipe network, and unintentionally via an overland flow path that passes 
through a number of residential properties. With the Boulevard South pump already under capacity 
to cope with localised road runoff in a 10-year ARI rainfall event, the intention of Option 10 is to 
redirect flow from Seaforth Rd northward towards the Seaforth Rd South Recreation Reserve. This 
option would require implementing a retaining wall (or similar) to block the overland flow path and 
redirecting flow through the existing pipe network.  

 

Figure 5.3: Option 10: redirecting flow towards Seaforth Rd Recreation Reserve 
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Model outputs show that by redirecting flow towards Seaforth Rd South Recreation Reserve, there is 
a decrease in maximum flood depth of 70 mm at the southern end of Bowentown Boulevard in a 10-
year ARI event and a significant decrease in flood extent, as shown in Appendix C and Figure 5.4, and 
Figure 5.5 respectively.  

However, redirecting stormwater northward does results in a 20mm increase in water levels at Tui 
Reserve, where Bowentown Boulevard north pump station is located. As such, this option would 
need to be combined with an additional option, such as Option 2, to ensure the redirection of water 
does not cause a negative flow on effect. 

 

Figure 5.4: 10-year ARI present-day maximum depth difference map comparing Option 10 and existing flood 
conditions 
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Figure 5.5: Comparison of 10-year ARI present-day maximum flood extents from Option 10 and existing flood 
conditions  

5.6 Option 11: Additional harbour drain 

Option 11 relates to an additional harbour drain, located within council road reserve along Seaforth 
Rd, flowing northwards from the intersection of Papaunahi Rd to a discharge location at the harbour 
adjacent to Bowentown Park. Appendix C shows a depth difference map comparing maximum flood 
depths from Option 11 with maximum flood depths from existing conditions. Model outputs show a 
decrease in maximum flood depth of around 20 mm in close proximity to the drain while the effects, 
albeit only 10 mm, are recognised as far south as Tui Reserve. 

5.7 Option 13: Combination of Option 2 and Option 10 

As described in Section 5.5, redirecting more stormwater towards Seaforth Rd Recreation Reserve 
increases water levels as far north as Tui Reserve by up to 20 mm. Figure 5.6 and Appendix C show a 
depth difference map comparing maximum flood depths from Option 13 with maximum flood 
depths from existing conditions. 

By combining Option 10 with Option 2 (doubling the pump capacity at the existing Boulevard north 
pump station), the overall net change in peak levels is a decrease by 13 mm at Tui Reserve and the 
adjacent road compared to existing conditions. It should be noted that model outputs still show a 
20mm increase in water levels at Te Kanawa Place culdesac. Although only a small increase in water 
levels, mitigation of these increases at Te Kanawa Place will need to be investigated further to 
ensure no negative impacts to access for the properties at this location.  

Increase in flood levels within the Seaforth Rd Recreation Reserve and upstream of the proposed 
flow re-direction (parallel with Seaforth Rd) do not effect properties or property access. 
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Figure 5.6: 10-year ARI present-day maximum depth difference map comparing Option 13 and existing flood 
conditions 
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6 Community engagement workshop 2 

The purpose of the second community engagement workshop, held on 8 September 2019 was to 
present the findings of the analyses undertaken following workshop 1, and then get buy-in from the 
community on options worthy of further assessment. 

6.1 Presentation to community members 

The set of slides used in the presentation at this workshop is attached as Appendix F. 

This community workshop focussed on presentation of the results outlined in Section 5 of this 
report. Flood animations were presented to demonstrate certain effects. 

6.2 Agreed way forward 

Resulting from this was agreement on the way forward, in which options can be included in further 
assessment and which can largely be discarded. Key agreed positions include the following: 

 General feeling is that a harbour outfall is the best option for large events. 

 There was a suggestion to pump to Anzac Bay. This was discussed, but it was pointed out that 
in addition to consenting an outfall at this location there would be engineering challenges 
involved in the long distance and large vertical separation required. 

 The question was raised whether pumping to the dunes by Plum Rd was investigated, and if so 
why it was rejected. The discussion touched on this being a long distance to pump with a 
currently uncertain route for the rising main, and that it may be more efficient to pump 
directly to the coast. 

 Doubling of any pumps that discharge to the dunes will also require improvements to the 
dune soakage. This was raised at workshop number 1, which revealed anecdotal evidence that 
the dune areas may have blinded over and would require further attention. 

 Run a flooding scenario without pumps running to simulate an electricity supply failure. 

 A question was asked whether the pumps block due to leaves and lack of maintenance. The 
answer is unknown at this time. 

 Dual pumps provide contingency for pump failure. 

 WBODC - Drains need maintenance now – WBOPDC to review maintenance programs. 
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7 Concept development and recommendations 

Concepts for flood mitigation can be split into three broad categories, these being (1) ensuring that 
pumped outflow has a reliable receiving environment that does not cause adverse effects, (2) 
enhancing the performance of pumps by increasing reliability and capacity, (3) surface flow 
diversion. These concepts are expanded on below. 

7.1 Dune areas – receiving pumped stormwater 

Following confirmation of the measures requiring further consideration at workshop number 2, 
several elements were considered to be practical and potentially effective. Of significance is 
consideration of the receiving environment for pumped discharge. Currently existing flood pumps 
deliver stormwater into the dunes adjacent to the coastline, and there is concern that the ability for 
stormwater to effectively soak away has been compromised due to “blinding” (clogging up of sandy 
substrate with fine-grained material delivered within the stormwater discharges). This can have the 
effect of causing water levels to build up within these dune systems to the point where recirculation 
(back to the areas being pumped) occurs, or could cause overtopping and consequent failure of the 
dune system by erosion to the sea. 

Options exist to undertake further work on these receiving systems to ensure their performance 
during times when the pumps operate. Such options include surface soil remediation, as well as 
potential provision of rapid soakage systems that bypass surface layers, and discharge directly to 
subsurface sandy material. 

7.2 Pump reliability and capacity increase 

A key consideration emerged on the reliance on pumps during flood conditions, and this raised two 
points: 

 Provision of backup power supply to existing pumps. 

 Installation of additional pump capacity that could act as either double capacity or backup in 
the event of failure of a single pump. 

A model run was undertaken using the design flood event, but applying a scenario where no pumps 
existed in an attempt to understand the reliability on pumps. The results revealed that while peak 
levels are not very sensitive to pumped outflow, flood duration is very sensitive and this can be seen 
as justification for additional, mobile, pumped capacity. This involves establishment of key locations 
where a mobile pump system can easily (and safely) be deployed at times of flooding, mainly to 
reduce inundation duration and open up access in a shorter time following a heavy rainfall event. 

7.3 Surface flow diversion 

While model simulations did not show any major improvement to flooding in key areas in the 
scenario where Otawhiwhi Drain is upgraded, this outlet is a key hydraulic feature and capacity 
enhancements should be developed if opportunity exists. This is emphasised in the over-design 
events which are more severe than the design (approximately 10-year ARI) events. Development of 
additional gravity flow capacity is a measure that carries little ongoing operation cost, and is 
therefore favourable when compared against other measures that rely on pumps. 

The combination of Options 2 and 10 as described in Section 5.7 has shown considerable 
improvement to localised flooding in key areas. This measure is relatively easily implementable, 
requiring minor physical works. The effectiveness of this measure could be enhanced if further 
combined with capacity increase in Otawhiwhi Drain, particularly for over-design events. 
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In consideration of alternative locations for an additional harbour surface water outlet, no site 
specific modelling has taken place. This is because, in investigation of increases to capacity of 
Otawhiwhi Drain, the effects of any additional outlet have effectively been assessed. Should 
landowner negotiations fail to reach an acceptable solution to all parties then alternative physical 
locations of a surface outlet to the harbour are likely to have similar effect to capacity increase at 
Otawhiwhi. 

 

 

 



26 

 
 

Tonkin & Taylor Ltd 
Pio Shores stormwater management options assessment 
Western Bay of Plenty District Council 

October 2019 
Job No: 1011124.v1 

 

8 Recommendations 

Recommendations for further assessment and for implementation are summarised below. 

8.1 Dune discharge 

We recommend the following programme of works: 

1 Undertake double-ring infiltrometer testing within the dune discharge areas to establish rates 
of discharge able to be achieved. Also conduct similar tests in adjacent dune areas to establish 
effective disposal rates in undisturbed dune areas. 

2 Reconcile dune inflow and outflow rates, to establish efficacy of the existing system. 

3 On consideration of the outputs to 1 and 2 above, consider deeper testing of dune materials 
for suitability for rapid discharge. This could be by conducting further infiltrometer testing 
within a shallow excavation to get below surface materials. 

4 Prepare a report on the inflow/outflow/storage characteristics of each site. 

An option for rapid discharge to subsurface material could be considered in addition to the discharge 
via surface infiltration. 

8.2 Backup power to existing pumps 

This recommendation involves installation of backup generators to each of the pumps, together with 
appropriate switching to ensure pumps will activate in the event of power failure. Site specific 
investigation of the dimensions and vandal-proofing at each site will be required. Additional 
operational expense should be allowed for to ensure ongoing maintenance. 

8.3 Establish mobile pump and locations 

At the three key locations shown in Figure 5.1, develop a suitable location and operation plan for 
deployment of a mobile pumping system. This includes ensuring that ponded floodwater can get to 
the pump intake at a rate that exceeds the pump outflow rate. Also included in this is identification 
of outlet locations for mobile pumping. 

8.4 Diversion and pump capacity increase 

Enhancement of the Otawhiwhi Drain can be considered in principle, through landowner 
discussions. If no suitable solutions are reached then other drain locations could be considered, with 
further landowner negotiation. 

Detailed at-site survey is required to establish dimensions of a diversion structure as outlined in 
Section 5.7. Once this has been developed the detail of the structure required can be confirmed. A 
new pump station (either stand-alone, or co-located within the existing pump station) at the 
Boulevard North location should be implemented. 

8.5 Summary 

Recommended works have been summarised in Table 2. 
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Table 2: Summary of recommended measures 

Measure Objective Time to implement Consent 
requirements 

Likely cost 

Dune 
discharge 

Provide receiving 
environment capacity 
for pumped discharge 

Investigation: 2 months 

Physical works: 2 months 

Possibly consents 
from BoPRC 
required, 
depending on 
findings 

Costings to be 
confirmed 
following 

discussion with 
WBoPDC 

 

Backup power 
supply 

Install generators at 
each pump station 

Within 6 months None 

Mobile pump Provide ability for 
mobile pump to be 
deployed to effectively 
and safely reduce 
inundation 

Within 6 months None 

Bowentown 
south 
diversion and 
additional 
pump 

Reduce localised 
flooding 

Within 12 months Consent likely to 
be required for 
additional pump. 
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typotentially affected 

dwellings

2-Mile Creek - 

upstream
1

Location

Creek bank erosion

Item Issue

20-50 20-50 Improved pipe conveyance for high frequency events 5-10 5-10 B A A A B B 2 years
Assessment on effectiveness. lower frequency flood 

events remain.

20-50 20-50 potential to fill back dune areas to above flood level 20-50 20-50 C A C A C A
need to ensure does not cause offset flooding, ensure 

not in overland flow path.

20-50 20-50 raise floor level of dwellings above flood level All All C  B B B C A
some dwelling may be concrete floor.  May not get all 

landowners to raise dwelling floor levels.

20-50 20-50 ocean pipe outfall 20-30 20-30 C B C B C B $0.5- $1M 2 years
consent for structure in coastal environment.  Public 

perception.  

Unknown Unknown
ensuring a overland flow pathway is maintained to 

Tauranga Harbour
Unknown Unknown C B C A C A landownership requirements, 

Unknown Unknown improved conveyance across Emerton Road Unknown Unknown B A B B A B $0.5 - $1M 1 year

Unknown Unknown
to raise Emerton Road to provide for access to northern 

Waihi Beach.  /potential impact on upstream flooding.
Unknown Unknown

10-15 10-15
Connection and upgrade of two existing systems on Tatai 

Rd
5-10 0-5 C B B A C B $1M 5 years

Assessment on effectiveness. lower frequency flood 

events remain.

10-15 10-15 raise floor level of dwellings above flood level All All C  B B B C A
some dwelling may be concrete floor.  May not get all 

landowners to raise dwelling floor levels.

10-15 10-15
Install permanent Pump chamber/wet well for portable 

pump
5-10 5-10 C A A C A C $0.5M

ongoing maintenance, may not be utilised often for 

lower frequency events.  

5-10 5-10 Upgrade of conveyance swale system. 1-5 1-5 B B A A A B
Assessment on effectiveness. lower frequency flood 

events remain.

5-10 5-10 raise floor level of dwellings above flood level All All C  B B B C A
some dwelling may be concrete floor.  May not get all 

landowners to raise dwelling floor levels.

10-15 10-15 Upgrade drain at existing location 5-10 5-10 C A B B C B $50K now

land ownership/easement requirements for existing 

land drain.  Outlet to Tauranga Harbour may require 

upgrade.

10-15 10-15
relocate drain to better provide for conveyance from Pio 

Shore subdivision
5-10 5-10 C A B B C B $150K 1 year

Assessment on effectiveness. lower frequency flood 

events remain.  Land ownership/ easement 

requirements for existing land drain.  Outlet to 

Tauranga Harbour may require upgrade.

10-15 10-15 secure ownership/ easement of the drain 5-10 5-10 C A N/A N/A C A

10-20 10-20
Install permanent Pump chamber/wet well for portable 

pump
10-20 2-5 C A A C A B $0.5M 1 year

ongoing maintenance, may not be utilised often for 

lower frequency events.  

10-20 10-20 raise floor level of dwellings above flood level All All C  B B B C A
some dwelling may be concrete floor.  May not get all 

landowners to raise dwelling floor levels.

2-3 2-3 Improved pipe conveyance for high frequency events 2-3 0 B A A A A B 1 year
Assessment on effectiveness. lower frequency flood 

events remain.

2-3 2-3 formalise overland flow path 2-3 2-3 B A B B B A 1 year
Assessment on effectiveness. lower frequency flood 

events remain.

flood conveyance to 2-Mile Creek 10-20 10-20 improve open drain conveyance to 2-Mile Creek. 0 0 B B B B A B
Assessment on effectiveness. lower frequency flood 

events remain.

5-10 5-10
new pipe connection to 2MC through 37 Edinburgh 

Street.
1-5 1-5 B B A A A B $300K 1 year

Assessment on effectiveness. lower frequency flood 

events remain.

5-10 5-10 bund around the eastern boundary of Broadlands Block 0 0 B B A A A B $0.5 - $1M 1 year potential ponding of floodwater behind the bund.

Localised flooding

localised flooding within Wilson Park, 

flowing south towards 3-Mile Creek
Citrus Avenue15

16 Broadlands Block 

Island View lower 

catchment

Localised flooding in lower  bank dune 

areas
9

NOT CONSIDERED - INCLUDED FOR FUTURE GROWTH

spillage from 2-Mile Creek to Hillview 

Road

Flood conveyance from Pio Shores 

subdivision
Otawhiwhi Drain13

12 Pio Shores North Localised flooding and conveyance issues

Possible flooding of future 

urban/commercial land areas.
10

Emerton Road 

future residential/ 

commercial area

Localised flooding 
Papaunahi Road 

Pipe Connection
11

14 Pio Shores South
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Appendix B: Model run matrix 



 

 

Pio Shores Run Matrix

Grid size DEM source LiDAR date Terrain modifiers Pipes Structures Source Other Source Model Initial Initial rate Final rate Decay rate Description Manning n

December 2018 Calibration Event

1  - 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

Design Rainfall Critical Duration

2  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

3  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

4  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

Workshop 1

5  2 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

6  2 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

7  2 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

8  50 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

9  100 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

10  2 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

Options Scenarios

11  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

12  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

13  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

14  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

15  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

16  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

17  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

18  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

19  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

20  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

21  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

22  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

23  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

24  10 1 LINZ NZVD2016 2015 - 1d network 1d network WBoPDC, converted to NZVD16 (-0.25m) by T+T  - S-Map Hortons None 25mm/hr 22.5mm/hr 0.20844mm LCDB4.1 Base

1D network

1011124

Run Done
Rainfall Event 

ARI

DEM Losses  -Well drained Soils Land use

Pio Shores Run Matrix

1011124

Temporal Duration ARI Time to peak ARF Spatial distribution CC horizon Source ARI Harbour High Harbour Low Time to HT SLR horizon

December 2018 Calibration Event

1 Decemeber 2018 Rainfall Event - - - - Global application - NIWA Harbour Inundation Study 2018 MHWS 0.73 -0.97
Peak rainfall roughly coincides with low 

tide
- December 2018 Calibration Run

Design Rainfall Critical Duration

2 HIRDS V4 Temporal Hyetograph 1 10 0.5 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 0.5 hours (time of peak rainfall) 2019 Define critical rainfall duration for design runs

3 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 Define critical rainfall duration for design runs

4 HIRDS V4 Temporal Hyetograph 12 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 6.0 hours (time of peak rainfall) 2019 Define critical rainfall duration for design runs

Workshop 1

5 HIRDS V4 Temporal Hyetograph 6 2 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 10 1.29 -0.41 3.0 hours (time of peak rainfall) 2019 Impact of 10yr ARI tide with low (2yr) rainfall

6 HIRDS V4 Temporal Hyetograph 6 2 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 50 1.80 0.10 3.0 hours (time of peak rainfall) 2019 Impact of 50yr ARI tide with low (2yr) rainfall

7 HIRDS V4 Temporal Hyetograph 6 2 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 100 2.02 0.32 3.0 hours (time of peak rainfall) 2019 Impact of 100yr ARI tide with low (2yr) rainfall

8 HIRDS V4 Temporal Hyetograph 6 50 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 Impact of 50yr rainfall with low (2yr) tide

9 HIRDS V4 Temporal Hyetograph 6 100 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 Impact of 100yr rainfall with low (2yr) tide

10 HIRDS V4 Temporal Hyetograph 6 20 3 - Global application RCP8.5 2110 NIWA (2018) and BOPORC Coastal Calculator 100 3.10 1.40 3.0 hours (time of peak rainfall) 2130 Extreme rainfall and extreme tide

Options Scenarios

11 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 1: Double pump capacity of BoulevardSth

12 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 2: Double pump capacity of BoulevardNth

13 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 3: Double pump capacity of Papaunahi Rd

14 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 4: Double capacity of all pumps

15 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 5: New pump station at Papaunahi close to existing wastwater pump (assumed capacity 25l/s)

16 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 6: On-call (i.e. tractor carried) surface water pump in addition to existing Boulevard South (assumed capacity 25l/s)

17 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 7: On-call (i.e. tractor carried) surface water pump in addition to existing Boulevard North (assumed capacity 25l/s)

18 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 8: On-call (i.e. tractor carried) surface water pump in addition to existing Papaunahi Rd (assumed capacity 25l/s)

19 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 9: Increase Otawhiwhi Drain Capacity

20 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 10: Redirect flow to Seaforth Rd South Rec Reserve

21 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 11: Harbour Drain

22 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 12. All options combined

23 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 OPTION 13. Combination of Option 3 and Option 10

24 HIRDS V4 Temporal Hyetograph 6 10 3 - Global application 2019 NIWA (2018) and BOPORC Coastal Calculator 2 0.86 -0.84 3.0 hours (time of peak rainfall) 2019 No pumps -scenario to see the impact of all pumps failing to start

Rainfall Tidal boundary (NZVD2016)
Run purposeRun



 

 

Appendix C: Flood maps 

 Figure 1. December 2018 validation event maximum flood depths 

 Figure 2. 10-year ARI present-day maximum flood depths 

 Figure 4. Option 4: 10-year ARI present-day maximum flood depth difference 

 Figure 5. Option 9. 10-year ARI present-day maximum flood depth difference 

 Figure 6. Option 10: 10-year ARI present-day maximum flood depth difference 

 Figure 7. Option 11: 10-year ARI present-day maximum flood depth difference 

 Figure 8. Option 13: 10-year ARI present-day maximum flood depth difference 
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Pio Shores and Bowentown
Stormwater and flood management options

Mark Pennington

Michael Fifield

Presentation summary

• Describe the existing situation

• Explain the proposed approach

• Describe the tools to be used in assessment

• Confirm the measures to be investigated further

Existing situation

100-year rainfall event with limited tidal influence 2-year rainfall event with extreme tidal influence

Flood performance

Existing situation: summary

• Parts of Pio Shores and Bowentown are subject to surface flooding from 
intense rainfall

• The impact of sea level (and sea level rise) on current and future surface 
flooding is significant

• Existing ground levels in the area are at or close to sea level in some areas

• Gravity drainage of surface water to the sea is only possible when the level 
of the sea is lower than the level of the flooding
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What we can do

• Identify options

• Investigate efficacy

• Prepare cost estimates

• Assess benefit versus cost

• Establish funding mechanism

• Implement measures

Concept Design 
Phase

•Define 
problem

•Collate 
relevant data

•Scope the 
issues

•Preliminary 
site 
investigation

•Develop 
concept 
design for 
consent 
purposes

Consenting 
Phase

•District Plan 
and RMA 
requirements

•Prepare AEE

•Consent 
application

•Notification

•Consent 
conditions

Detailed Design 
Phase

•Detailed site 
investigation

•Detailed 
design in 
accordance 
with 
conditions of 
consent

•Produce 
drawings, 
schedules

•Engineer's 
estimate

•Tendering

•Construction 
drawings

Construction 
Phase

•Tender 
evaluation

•Award 
contract

•Construction 
supervision

•Payment 
claims

•As-built 
drawings

•Sign-off

Use of computer-based models

• Simulate reality

• Optioneering

• Assessment of effects

• Assessment of performance

• Calibration and validation are 
required to demonstrate ability 
for model to replicate reality

• December 2018 event 
(Christmas Eve)

December 2018 heavy rainfall event
Model makes use of
• Recorded rainfall
• Recorded tide levels

Model produces
• Maximum flood depths

Note that during this event, peak 
rainfall occurred at lower tide –
may have been worse if it had 
coincided with high tide.

Model validation

Previous work

• Considered range of options
• Assessed “engineering pre-feasibility”
• Aimed at 10-year and 50-year events
• Assigned pre-feasibility ranking

Options currently being considered

• Viability and location of a new gravity ocean drain

• Modification of streets to convey secondary flow

• Additional dune soakage zones 

• Options for and feasibility of ocean outfalls

• Other options identified for stormwater management.
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Model Simulations



 

 

Appendix E: Modelled flood mitigation options 

 Figure 1. Summary of modelled flood mitigation options 
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Pio Shores and Bowentown
Stormwater and flood management options

Options from previous meeting

• Agreed target is to manage 10-year event to protect housing and 
access to properties

• Additional pump capacity is an option.

• Discharge to dunes – queries on recirculation, overflow.

• Improved gravity drainage.

• Assessment of improved drains through the Marae.

Options considered
OPTION 1: Double pump capacity of Bowentown Boulevard South (existing capacity =  37l/s)

OPTION 2: Double pump capacity of Bowentown Boulevard North (existing capacity =  21l/s)

OPTION 3: Double pump capacity of Papaunahi Rd (existing capacity =  25l/s)

OPTION 4: Double capacity of all pumps

OPTION 5: New pump station at Papaunahi Rd, close to existing wastewater pump (assumed capacity 25l/s)

OPTION 6: On-call (i.e. tractor carried) surface water pump in addition to existing Bowentown Boulevard South pump (assumed capacity 25l/s)

OPTION 7: On-call (i.e. tractor carried) surface water pump in addition to existing Bowentown Boulevard North pump (assumed capacity 25l/s)

OPTION 8: On-call (i.e. tractor carried) surface water pump in addition to existing Papaunahi Rd pump (assumed capacity 25l/s)

OPTION 9: Increase Otawhiwhi Drain Capacity

OPTION 10: Bund off flow path from Seaforth Rd towards Bowentown Boulevard and disconnect pipe feeding Boulevard South pump. Instead 
connect open drain to pipe network conveying north that discharges to Seaforth Rd South Rec Reserve.

OPTION 11: New harbour outfall

OPTION 12. All options combined

10 Year Rainfall Event – Bowentown Boulevard South

Existing Case Double pump capacity

10 Year Rainfall Event – Bowentown Boulevard North

Existing Case Double pump capacity
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10 Year Rainfall Event – Papaunahi Rd

Existing Case Double pump capacity

Option 4: Double capacity of all pumps

Flood Peak Depth Difference Flooded Peak Area Difference

Option 5: New pump station at Papaunahi Rd

Flood Peak Depth Difference Flooded Peak Area Difference

Option 6: On-call pump Boulevard South

Flood Peak Depth Difference Flooded Peak Area Difference

Option 7: On-call pump Boulevard North

Flood Peak Depth Difference Flooded Peak Area Difference

Option 8: On-call pump Papaunahi Rd

Flood Peak Depth Difference Flooded Peak Area Difference
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Option 9: Increase Otawhiwhi Drain capacity

Flood Peak Depth Difference Flooded Peak Area Difference

Option 10: Flood bund at Boulevard South

Flood Peak Depth Difference Flooded Peak Area Difference

Option 11: Flood Bund

Flood Peak Depth Difference Flooded Peak Area Difference

Option 12: All options

Flood Peak Depth Difference Flooded Peak Area Difference
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