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1. QUALIFICATIONS AND EXPERIENCE  

1.1 My full name is Neill Emerson Raynor 

1.2 I am a Technical Director, Water and Land Development at Aurecon 

New Zealand Limited. My qualifications are a New Zealand Certificate 

in Engineering (Civil) from Waikato Technical Institute and a Batchelor 

of Engineering (Civil) from University of Auckland. I am also a member 

of IPENZ and a Chartered Professional Engineer. 

1.3 I have 30 years' experience working as a civil engineer with experience 

in land development and stormwater management. 

1.4 I was engaged by Property Seven Limited to prepare evidence in 

relation to this resource consent application.   

1.5 I confirm that I have read the Expert Witness Code of Conduct set out 

in the Environment Court's Practice Note 2011. I have complied with 

the Code of Conduct in preparing this evidence and I agree to comply 

with it while giving oral evidence before the Hearings Panel.  Except 

where I state that I am relying on the evidence of another person, this 

written evidence is within my area of expertise.  I have not omitted to 

consider material facts known to me that might alter or detract from the 

opinions expressed in this evidence. 

2. SCOPE OF EVIDENCE 

2.1 My evidence is to provide a full understanding of the stormwater, and 

services aspects of the application and any of the actual and potential 

effects that the proposed activity may have on the environment. 
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3. EXISTING SITE DESCRIPTION 

3.1 The site covers approximately 165ha of pastoral grazing land. The site 

is approximately rectangular and 1900m long by 900m wide. The site is 

currently utilised for an intensive dairy farming operation and includes 

a dairy shed and stock feeding pads and a network of farm drains. 

3.2 The site is very flat with levels of between RL 0.5m and RL1.2m with a 

series of drains mostly in a grid pattern. The paddocks have been 

profiled to encourage surface drainage to the formed drains. 

3.3 Immediately to the north of the site is the Pukehina Beach Campground 

and the dune ridgelines upon which the Pukehina urban community is 

established. To the east is Pukehina Beach Road and rural farmland. 

To the south and west is further rural farmland. The land to the south, 

east and west is rural pasture.  

3.4 The site is not serviced for wastewater and there is no municipal 

wastewater network within the Pukehina community. 

3.5 The Pukehina Urban Area is reticulated for potable water as part of the  

Western Bay of Plenty District Council’s Eastern Supply Zone with three 

domestic connections connected to the site via 50mm dia ridermains only. 

3.6 The Pukehina Urban Area is reticulated for potable water as part of the 

Western Bay of Plenty District Council’s eastern Supply Zone with three 

domestic connections connected to the site via 50mm dia ridermains 

only. 

4. EXISTING STORMWATER 

4.1 The block is a part of the overall Waihi Land Drainage Society drainage 

scheme. The Pukehina Canal runs alongside the full length of the 

south-western boundary and drains to the Little Waihi estuary, 2700m 

beyond the site. The site is connected to the Pukehina Canal by a flood 

pump located adjacent to the western corner of the block adjacent to 

the canal. There is no direct drainage connection to the canal as there 
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is a stopbank running the full length of the site to the estuary with the 

crest level at between RL 1.75m and RL 2.0m approximately. 

4.2 The canal is tidally affected but with a narrow tidal range from 

approximately RL 0.35m to RL1.0m based on measurements taken 

between 15th and 19th March 2018.  

4.3 The land drainage pumps maintain a lower level of water within the 

internal land drains than the water levels within the canal. A drainage 

water level of RL -0.5m was measured adjacent to the pumpstation inlet 

at the western corner of the block. 

4.4 There is an additional drainage pump further to the west which also 

drains the neighbouring paddocks. These pumps are linked with a 

common drain and during periods of extended rainfall, when flooding 

extends over the pastures, the two pumpstations will work together to 

lower the surface flooding. 

4.5 The direct catchment to the two drainage pumpstations located on the 

northern side of the Pukehina Canal is approximately 470 ha which 

includes the site (165 ha), the western farmland (approximately 140 ha), 

farmland upstream (east) of Pukehina Beach Road (approximately 140 

ha), Pukehina Parade and residential land (approximately 25 ha). 

4.6 The upstream rural property drains under Pukehina Beach Road via a 

single 1050mm dia culvert. Approximately 46ha of the 140ha upstream 

property is a continuation of the low-lying flood plain similar to the site. 

4.7 Land east further east is further catchment which extends another 

2000ha upstream as far as Old Coach Road. This upstream catchment 

to the site discharges directly into the top end of the Pukehina Canal 

via a single 1200mm diameter culvert under the slightly raised farm 

access track during regular and less intense rainfall events. During 

more significant rainfall events this large upstream catchment exceeds 

the capacity of the culvert and fills the whole valley, extending across 

the low-lying paddocks upstream of Pukehina Beach Road, flowing over 

Pukehina Beach Road on either side of the Pukehina Canal. Aerial 
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photos taken during such an event in May 2005 shows this occurrence 

with the overflow predominantly occurring on the southern side of the 

Pukehina Canal. 

4.8 A simplified stormwater model has assessed that a 100 year – 48-hour 

rainfall event on the direct catchment results in a peak flood level of RL 

1.07 across the site and downstream paddocks. These paddocks are 

generally between 0.6 and 0.9m RL with the residential properties rising 

up the foredunes. The peak flood level of RL1.3m approximately was 

estimated on the low-lying land upstream of Pukehina Beach Road.  

4.9 Land further east is additional catchment which extends another 2000ha 

upstream as far as Old Coach Road. This upstream catchment to the site 

discharges directly into the top end of the Pukehina Canal via a single 

1200mm diameter culvert under the slightly raised farm access track. This 

culvert accommodates stormwater flows during regular and less intense 
rainfall events. During more significant rainfall events this large upstream 

catchment exceeds the capacity of the culvert and fills the whole valley, 

extending across the low lying paddocks upstream of Pukehina Beach 

Road, flowing over Pukehina Beach Road on either side of the Pukehina 

Canal. Aerial photos taken during such an event in May 2005 shows this 

occurrence with the overflow predominantly occurring on the southern side 

of the Pukehina Canal. 

4.10 A simplified stormwater model has assessed that a 100 year – 48 hour 

rainfall event on the direct catchment results in a peak flood level of RL 

1.07 across the site and downstream paddocks. These paddocks are 

generally between RL 0.6 and 0.9m with the residential properties rising 

higher up the foredunes.  

4.11 The peak flood level of RL1.3m approximately was estimated on the low 
lying land upstream of Pukehina Beach Road.  

4.12 This predevelopment flood assessment was used as the basis of effect 

assessment even though the May 2005 event confirms there actual 

100-year flood level would be higher due to the contribution from the 

larger upstream catchment. In such an event the impact of the 
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development on the Waihi Drainage scheme would be less than 

modelled due to the smaller proportion of the overall contributing 

catchment. 

4.13 As part of the geotechnical investigations groundwater levels were 

determined by dipping the small diameter cone penetration holes where 

CPTs and hand augers were undertaken adjacent at 16 locations 

across the site. 

4.14 The groundwater levels recorded were between RL 0.7m and RL 0.14m 

however the pattern was inconsistent with the highest and lowest 

locations being at the North East and South East corners of the block 

respectively and the South West corner being higher than the North 

West corner, but both within the overall range recorded. 

5. THE PROPOSED DEVELOPMENT 

5.1 The proposed development is to convert the existing pasture land to 

137 lots and the balance being converted to a wetland. The proposed 

lots and access roads will be raised by filling to levels above the flooding 

and inundation levels for the area. This will cover approximately 40 ha 

of the site. The wetland portion will be reshaped to an appropriate land 

form with large open water areas that will be created by the excavation 

of the soils required to create the filled platforms and access roads. 

5.2 The site will be separated from the surrounding land by a bund formed 

around the perimeter of the block. This enables the water levels within 

the site to rise and fall without impacting the surrounding properties 

which will still be maintained by a pumped arrangement. The site will 

be connected to the Pukehina Canal by inflow weirs and outflow 

floodgates to enable water level management by gravity means and not 

require any mechanical assistance with pumps or other methods. 

5.3 In the following I will summarise the proposed infrastructure of each 

service and the potential impacts for stormwater and groundwater, 
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potable water and wastewater. I will also detail the proposed earthworks 

required for the proposal. 

6. WASTEWATER 

6.1 The Pukehina community does not have a wastewater system in place 

and wastewater disposal is proposed to be by individual on site 

systems.  

6.2 The proposed lots are intended to discharge wastewater to their 

individual on-site advanced wastewater treatment and disposal 

systems. These will be specified and enforced by a covenant to achieve 

performance standards to a level greater than that required by the 

BOPRC On-Site Effluent Treatment Regional Plan 2006. 

6.3 A specific assessment of the wastewater disposal system was 

undertaken by Grant Hammond of Technology Works, an approved 

OSET system designer on the Regional Council’s list.  

6.4 Technology Works report concluded that a permitted activity compliant 

system is achievable on each lot and also recommended consent 

conditions to manage building size (and effluent generation), 

requirements for maintenance agreements to be entered into, design 

phase checks, etc. These recommendations will provide confidence of 

a sustainable system for the 50year duration of a building consent. 

6.5 The applicant is accepting of these recommendations. 

6.6 Through the application of the design requirements associated with the 

Bay of Plenty Regional Council’s On-Site Effluent Treat Regional Plan 

2006, and the recommendations of Technology Works’ report I believe 

the effects of the wastewater associated with the proposed 

development are less than minor. 
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7. POTABLE WATER 

7.1 It is proposed to coinnevt the development to the municipal water 

supply system to provide potable water for individual lots and fire 

fighting capacity. 

7.2 The Pukehina Urban Area is reticulated for potable water by the 

WBOPDC Eastern Supply Zone. The area is supplied by two mains, a 

200mm dia from Maketu and a 150mm dia cross country main that runs 

adjacent to the western boundary of the block. The 150mm cross 

country main is being upgraded by WBOPDC to a 200mm dia main in 

a programmed manner from SH2 to Pukehina Parade. This has 

advanced to Wharere Road to date. 

7.3 These two lines provide a two-ended main system to the Pukehina area 

and connect to each other at approximately 202 Pukehina Parade.  

7.4 From this location a 150mm dia main extends east along Pukehina 

Parade to Costello Crescent where the water reticulation splits to two 

100mm dia mains that loop onto each other. 

7.5 The development will be connected to the existing reticulation at two 

locations, Gardiner Place and Pukehina Beach Road. 

7.6 The proposed development water demand loading has been inserted 

into the Eastern Supply Zone network model and tested with a peaking 

hour demand of 2.5 over average demand, and a further peak day 

factor of 2 over an average day. The outputs of that model showed that 

the operating pressure at the connection points is at or above RL 49.1m. 

As the site levels are RL 4.2m, there is more than sufficient pressure to 

provide the necessary pressure and flow for the development in 

accordance with the Development Code of Practice. 

7.7 To maintain pressures throughout the long lengths of cul-de-sac within 

the development, the proposed internal reticulation will have a 150mm 

dia primary main and will connect directly to the 200mm dia Pukehina 
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Parade main at Gardiner Place and the 100mm dia loop main at the 

Pukehina Beach Road / Costello Crescent intersection. 

7.8 It is proposed to have a hydrants and lot connections in accordance 

with the Development Code of Practice for urban lots. 

7.9 To promote the applicants sustainable living vision, it was proposed to 

allow for the use of captured rainwater for irrigation and non-potable 

tasks to reduce the total demand on the potable water system. 

Following consultation with the District Health Board it is proposed to 

limit the uses for collected rainwater to: 

- Irrigation and car / boat washing; 

- Flushing of toilets; and 

- Laundry. 

7.10 It is noted that the DHB requires that any water entering the house will 

need to be filtered and treated so as that it is “potable”. This requirement 

will be incorporated into the design guidelines. 

7.11 The effects of the proposed development in the potable water system 

are less than minor. 

8. STORMWATER AND GROUNDWATER 

8.1 The site currently has a groundwater level maintained at a lower level 

than the natural level would be to maintain pasture land suitable for 

grazing of stock. This is achieved through a network of open drains and 

a groundwater / flood pump that discharges groundwater and 

floodwater to the tidal canal where the water level is perched above the 

internal groundwater and land level. 

8.2 The proposal is to create and maintain a wetland that interfaces with 

the Pukehina Canal. As the canal is tidally influenced the water level 

within the canal ranges between RL 1.0m and RL 0.35m. 
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8.3 The tidal range over a two-month period was reviewed from the BOPRC 

tide monitoring gauge at Ohiwa Harbour to gain an understanding of 

the likely range of high tide levels through a normal spring and neap 

period.   

8.4 From the Pukehina Canal water levels surveyed over 15, 16 and 19 

March 2018, it was observed that the high tide level was consistent with 

the high tide at Ohiwa. The low tide level was much higher than the 

harbour record and was delayed in timing. This is not inconsistent with 

expectations as the canal discharges to an area of the estuary that is 

exposed at low tides. With baseflow, the canal will empty slowly to a 

higher water level and rise quickly in response to the tide rise when the 

estuary tide level increases to above the canal water level. 

8.5 A simplified hydraulic model confirmed that an overflow volume into the 

wetland of 6000m3 would occur each tidal cycle from a 6m wide 

weir/orifice. Two 6m long inlet weirs / orifices are proposed to provide 

the inflow volume. 

8.6 A series of flapgated outlets 1m wide will allow up to 8000m3 of volume 

per outlet culvert to discharge back to the canal over the lower portion 

of its tidal cycle. Providing three outlets will provide more than sufficient 

capacity for the tidal cycle and also additional capacity to release 

floodwater back into the Pukehina canal and ensure the outflow 

capacity is always greater than the inflow capacity. 

8.7 Setting the inflow weir at RL 0.8m will mean that during neap tide 

periods there may be no inflow for up to approximately three days and 

during spring tide periods the inflow will be greater from a higher tide 

(up to RL 1.25m without rainfall influence based on the Ohiwa gauge) 

and a resulting greater in-flow volume. 

8.8 The locations of the inflow are intended to be at the eastern end of the 

site and the mid-point of the site. This will ensure the upper deep area 

of the wetland water bodies are provided with a regular inflow of water. 
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8.9 The outlet is located at the western end of the site to ensure all inflow 

passes through the wetland and deep-water areas before discharging. 

8.10 An additional culvert will be installed to the canal that has a special fish 

friendly floodgate that allows some backflow during low head 

differences and shutting when the pressure increases. These flapgates 

have been developed to enable fish passage into the wetland without 

requiring topass over the inflow weir. 

8.11 Assessing the long term expected increase in sea level of 1.1m to year 

2130 the two month recording of the tidal range at Ohiwa Harbour was 

used to determine the likely low and high tide range at year 2130. 

8.12 This suggests a low tide varying between RL 0.2m to 0.7m and a high 

tide range of between RL 1.8m to 2.3m. 

8.13 An assessment of the 2130 tidal range was undertaken by applying the 

predicted sea level rise as a direct increase in the recorded tidal levels. 

The outlets would still provide discharge to occur for 75-80% of the low 

tides allowing for lower tidal ranges during neap periods. 

8.14 The remaining 20-25% of the low tides, where canal levels would be 

above the wetland operating range and discharge would not occur, the 

wetland would increase in water level until the low tide levels dropped 

below the operating level. These periods typically have lower peak tide 

levels and inflow is reduced as well. The large area of wetland would 

require a significant volume of inflow before any appreciable rise in 

wetland level would occur. 

8.15 Over time the number (and level) of inlet cells would be reduced to 

ensure that the inlet flow volume was controlled with the increased high 

tide level to match the reduced outlet capacity. 

8.16 A more continuous recording of tidal range in the Pukehina Canal would 

provide a greater level of comparison with long term tidal monitoring at 

the Ohiwa Harbour Gauge This would be undertaken during the 

detailed design phase. 
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8.17 I believe the design philosophy and management options for the inflow 

and outflow system have been sufficiently demonstrated,  with only 

refinement required as part of the detailed design. As a result of this 

assessment I believe the effects of the proposed hydraulic wetland 

management are less than minor. 

9. PROPOSED FLOOD MANAGEMENT 

9.1 The separation of the site from the adjacent Pukehina Parade 

catchment and the western (downstream) rural property is achieved by 

an earthworked bund connecting with the Pukehina Canal stopbank 

and Pukehina Beach Road.  

9.2 The catchment separation bund height is proposed to be RL 2.2m to be 

higher than the Pukehina Canal stopbank crest surveyed at RL1.75 to 

RL2.0m adjacent to the site. The purpose of this separation bund is to 

ensure that any significant rainstorm event that would raise internal 

water levels, to significantly higher than the predicted 100 year level, 

overflow would occur to the Pukehina Canal over the existing stopbank 

rather than to the adjacent properties. 

9.3 As the Pukehina Beach Road crest is between RL 1.9 and RL 2.2 

between the proposed development entrance intersection and Costello 

Crescent, this length of existing road may require lifting to RL 2.2m also. 

This is across the frontage of the camp ground. As a maximum lift of 

200mm this will not impact access or grades of the road or adjacent 

properties. 

9.4 The positive result of this bund is that the site itself and the direct 

upstream catchment are separated from the existing Waihi Drainage 

Society’s land drainage pump stations. The site and direct upstream 

catchment will discharge to the Pukehina Canal via the gravity outflow 

through the stopbank.  

9.5 Raised water levels across the site will occur during and after rainfall 

events until the level in the canal is sufficiently lowered to allow gravity 
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discharge after the rainstorm event. As the proposed building platforms 

and access roads will be significantly higher the internal flood risk to 

property is nil. The balance of the site is the wetland which can 

accommodate raised water levels for longer durations. 

9.6 The farm land upstream of Pukehina Breach Road that directly 

discharges into the site will be separated from the land drainage pump 

that currently provides its groundwater and flood management controls. 

An increased culvert capacity under Pukehina Beach Road is proposed 

to provide greater discharge during rainfall.  

9.7 A drainage pump is also proposed to drain this upstream block to the 

site to provide the level of flood protection and groundwater 

management as currently provided by the Waihi Drainage Society land 

drainage pumps.  

9.8 The upgraded Pukehina Road culvert will have a flapgate located on 

the downstream side to ensure backflow does not occur to enable 

raised water and groundwater levels within the development relative to 

the upstream farmland. This will provide the same level of groundwater 

and flood management service to the upstream property and is 

provided by the existing land drainage system. 

9.9 Modelling of the direct catchment has shown that the proposal reduces 

the flood levels on the downstream (western) farmland and the 

Pukehina residential properties as the site and upstream catchment will 

not contribute to the total volume of floodwater over the land, as it does 

currently. This is a benefit to the Pukehina residential properties and 

downstream farmland. 

9.10 In the event of large upstream contribution (as occurred in May 2005) 

the properties upstream of Pukehina Parade will fill to the level of 

overflow across Pukehina Parade. This occurs more to the south of the 

Pukehina Canal than the north based on photos taken during the May 

2005 event. Overflows into the site can be accommodated within the 

site as the wetland health is not impacted, and the proposed access 
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and building platforms are raised well above the level of flooding. The 

Pukehina residential properties and the downstream rural properties 

are protected from any overflow over Pukehina Beach Road and 

therefore more protected in these events than currently.  

9.11 The Pukehina residential properties (including the camp ground) 

currently benefit from the floodwater storage over the low ground level 

areas of the site and downstream rural paddocks as these low areas 

receive and store the runoff from the existing urban land until it is 

discharge by the land drainage pumps. 

9.12 To provide the same level of flood protection to the Pukehina residential 

properties and the camp ground a proposed drain is to be installed to 

convey this runoff around the site, on the outside of the proposed 

separation bund. This will convey the residential runoff to the existing 

north-eastern drain connecting to the land drainage flood pump.  

9.13 The peak flow from the urban area running to the lower existing areas 

past the narrow section at Gardiner Place is approximately 3.25m3/sec. 

A width of about 20m is available to pass this flow without increasing 

flood levels upstream to above the predevelopment flood level of RL 

1.07m.  This can be achieved by a 5m wide drain with an invert of RL -

0.5m and a longitudinal gradient of 0.03%. 

9.14 As this drain is connected to the land drainage system over a distance 

similar to the existing drainage network and will have the benefit of the 

land drainage pumps having a reduced catchment to the existing, 

therefore being more effective at reducing flood levels and durations 

over the neighbouring sites. 

10. ON SITE STORMWATER MANAGEMENT  

10.1 The site soils won to form the finished platforms are sandy soils and will 

be compacted to form the proposed final lot platforms and access road 

levels. 
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11. LOT STORMWATER 

11.1 It is proposed to discharge the lot and dwelling stormwater runoff to 

ground via soakage, consistent with the low impact design philosophy 

of the development. Initial rainfall runoff from the roofs will be to top up 

the rain tanks required by the development covenants.  

11.2 The soakage system for the lots will achieve the requirements of the NZ 

Building Code being the 10% AEP rainstorm of up to 1-hour duration. 

The initial runoff to storage within the rain tanks will not be incorporated 

into the design as these may not be empty at the start of the storm.  

11.3 This means in reality the soakage system will have a greater capacity 

in many rainstorms than the design event. 

11.4 Any overflow that may occur would overland flow of individual 

properties to the wetland whch will accommodate any such discharge 

without impact. 

12. ROAD STORMWATER 

12.1 The road drainage is proposed to be conveyed within grassed swales 

on one side of carriageway where there are lots fronting the swale. The 

road is proposed to have a single crossfall. Where there are no lots on 

the lower side of the carriageway the berm will grade continuously away 

from the carriageway across the grass berm. 

12.2 Catchment assessment shows that the largest flow occurs at the 

eastern end of the swale fronting lots 109-116.  

12.3 It is proposed to have a longitudinal gradient along the swale of 1 in 

300. The road itself would be similarly graded. A 1m wide base width 

with 1 in 6 side slopes to an overall depth of 250mm fits within the 4m 

width and accommodates the 50year – 10min flow (at a maximum of 

250mm flow depth). At the eastern end of this swale the invert would 

be RL 3.25 which is well below the building platform, level. 
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12.4 This swale also complies with the Bay of Plenty Regional Councils 

guidelines for water quality devices. 

12.5 The crossings would be constructed of a trafficable permeable surface 

at the time of the development construction and will be in place at the 

time of 224. This will enable continuous flow along the swales and avoid 

the need for entranceway culverts. 

12.6 This is an opportunity within the district to provide low impact design 

features where the constraints such as high groundwater are not a 

factor. 

13. GROUNDWATER  

13.1 The existing groundwater regime across the low-lying paddocks is 

supressed by the Waihi Drainage Scheme pump operation in the South 

Western corner of the block as lowering of the groundwater levels and 

discharging flood waters is one of the primary functions of the drainage 

system pumps. 

13.2 At sixteen locations across the site the groundwater levels recorded 

were between RL 0.7m and RL 0.14m however the pattern was 

inconsistent with the highest and lowest groundwater levels being at the 

North East and South East corners of the block respectively and the 

South West corner being higher than the North West corner, but both 

within the overall range recorded. 

13.3 The proposal is to separate the development from the land drainage 

system and manage the wetland operating level to be approximately RL 

0.55 to RL 0.6m. 

13.4 As the wetland area surrounds the relatively narrow proposed building 

platforms the expected ground water levels within the proposed building 

platforms will not be significantly different from the open wetland areas. 
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13.5 There will be temporary response to rainfall events with proposed roof 

water disposal to soakage however this will dissipate due to the short 

distance from the building platforms to the wetland areas. 

13.6 This will continue over time through sea level rise due to the 

management of the wetland inflow and outflow volumes to retain the 

operating water level. 

13.7 The surrounding land currently has lowered groundwater levels by the 

drainage system on the block connecting the land with the Waihi 

Drainage Society pumps. Many of residential lots with low ground levels 

along their rear boundary are not directly adjacent to an existing land 

drain and therefore groundwater levels within their land are less 

effected by the existing land drainage system. 

13.8 Some of the Pukehina residential properties have lower ground levels 

within their land, measured at between RL 0.8m and RL2.2m with the 

majority above RL 1.3m, however any groundwater level rise could 

impact their existing effluent disposal system and disposal fields. 

13.9 The proposal includes a large capacity drain for flood protection along 

their adjoining boundary. This drain will be separated from the wetland 

by a raised bund and directly connected to the drain servicing the main 

land drainage pumpstation for the area. Therefore, the groundwater for 

neighbouring properties will also be managed by this drain.  

13.10 The proposed drain will be closer to many of the properties than the 

current land drainage network, allowing a more direct control of 

groundwater. This drain is connected to the land drainage pump which 

will be dealing with a reduced catchment than currently (reduced by 

approximately 285ha) and will therefore be more effective than the 

current regime at discharging groundwater baseflow. 

13.11 The proposed wetland operating level of RL 0.55-0.6m compares with 

groundwater levels measured of 0.16 to 0.75m RL. Where the external 

ground water level is lower than the proposed wetland operating level, 

seepage contribution to the external drain may occur. To mitigate this, 
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it is proposed that some ground seepage prevention work will be 

undertaken during construction. This could range from densification by 

compaction of the underlying soils along the line of the separation bund, 

to soil mixing with finer soils. These will be investigated and assessed 

during detailed design.  

13.12 The regular maintenance and cleaning of the proposed drain is 

necessary and will become part of the overall site management with 

access for clearing being along the earth bund. 

13.13 The monitoring and recording of groundwater levels along the boundary 

with the residential properties will be undertaken through a longer 

duration during the detailed design period to ensure the full 

groundwater regime is understood and to provide a baseline for 

monitoring of groundwater effects should they occur. 

13.14 However, the proposed drain closer to the boundary, and the reduced 

catchment to the land drainage pumps that keep groundwater lower, 

will in my opinion result in effects being less than minor, and may 

improve the groundwater level control for the Pukehina residential 

properties. 

13.15 The Waihi Drainage Society have identified that seepage from the 

Pukehina Canal into the land side drain occurs contributing to the 

groundwater and base flows in the drainage system. This contribution 

will not be as significant to the wetland area as the height difference 

between the high tide in the canal and the proposed operating water 

level will be less than to the lowered internal drain level. Therefore, the 

seepage into the wetland will be less than current and any inflow 

volumes will be discharged through the outgoing gravity discharge over 

the low tide cycle. 

13.16 As detailed earlier in my evidence seepage from the proposed wetland 

to the perimeter drain and land will be mitigated by works under the 

perimeter bund. The proposed developments contribution to the volume 
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pumped by the Waihi Land Drainage scheme will be negligible, and 

significantly less than current contribution from the development site.  

13.17 Also, as described earlier in my evidence, the storage of large volumes 

of stormwater runoff on the site and release by gravity only will not add 

flows to the Pukehina Canal when the canal levels are high and the 

discharge will occur by gravity only requiring lower canal water levels 

before this will occur. This will provide a benefit to the operation of the 

Waihi Land Drainage Scheme 

14. CONCLUSION 

14.1 In conclusion the proposal includes mitigation measures and design 

elements that will mitigate effects for wastewater and potable water to 

less than minor. 

14.2 The stormwater management and groundwater management will 

mitigate the risks to the development and have effects less than minor 

on external land and owners. There will be some benefits to the 

surrounding land from the proposed development. 

 

 
Neill Raynor 
14 June 2019 
 


	1. qualifications and experience
	1.1 My full name is Neill Emerson Raynor
	1.2 I am a Technical Director, Water and Land Development at Aurecon New Zealand Limited. My qualifications are a New Zealand Certificate in Engineering (Civil) from Waikato Technical Institute and a Batchelor of Engineering (Civil) from University of...
	1.3 I have 30 years' experience working as a civil engineer with experience in land development and stormwater management.
	1.4 I was engaged by Property Seven Limited to prepare evidence in relation to this resource consent application.
	1.5 I confirm that I have read the Expert Witness Code of Conduct set out in the Environment Court's Practice Note 2011. I have complied with the Code of Conduct in preparing this evidence and I agree to comply with it while giving oral evidence befor...

	2. scope of evidence
	2.1 My evidence is to provide a full understanding of the stormwater, and services aspects of the application and any of the actual and potential effects that the proposed activity may have on the environment.

	3. EXISTING SITE DESCRIPTION
	3.1 The site covers approximately 165ha of pastoral grazing land. The site is approximately rectangular and 1900m long by 900m wide. The site is currently utilised for an intensive dairy farming operation and includes a dairy shed and stock feeding pa...
	3.2 The site is very flat with levels of between RL 0.5m and RL1.2m with a series of drains mostly in a grid pattern. The paddocks have been profiled to encourage surface drainage to the formed drains.
	3.3 Immediately to the north of the site is the Pukehina Beach Campground and the dune ridgelines upon which the Pukehina urban community is established. To the east is Pukehina Beach Road and rural farmland. To the south and west is further rural far...
	3.4 The site is not serviced for wastewater and there is no municipal wastewater network within the Pukehina community.
	3.5 The Pukehina Urban Area is reticulated for potable water as part of the  Western Bay of Plenty District Council’s Eastern Supply Zone with three domestic connections connected to the site via 50mm dia ridermains only.
	3.6 The Pukehina Urban Area is reticulated for potable water as part of the Western Bay of Plenty District Council’s eastern Supply Zone with three domestic connections connected to the site via 50mm dia ridermains only.

	4. Existing Stormwater
	4.1 The block is a part of the overall Waihi Land Drainage Society drainage scheme. The Pukehina Canal runs alongside the full length of the south-western boundary and drains to the Little Waihi estuary, 2700m beyond the site. The site is connected to...
	4.2 The canal is tidally affected but with a narrow tidal range from approximately RL 0.35m to RL1.0m based on measurements taken between 15th and 19th March 2018.
	4.3 The land drainage pumps maintain a lower level of water within the internal land drains than the water levels within the canal. A drainage water level of RL -0.5m was measured adjacent to the pumpstation inlet at the western corner of the block.
	4.4 There is an additional drainage pump further to the west which also drains the neighbouring paddocks. These pumps are linked with a common drain and during periods of extended rainfall, when flooding extends over the pastures, the two pumpstations...
	4.5 The direct catchment to the two drainage pumpstations located on the northern side of the Pukehina Canal is approximately 470 ha which includes the site (165 ha), the western farmland (approximately 140 ha), farmland upstream (east) of Pukehina Be...
	4.6 The upstream rural property drains under Pukehina Beach Road via a single 1050mm dia culvert. Approximately 46ha of the 140ha upstream property is a continuation of the low-lying flood plain similar to the site.
	4.7 Land east further east is further catchment which extends another 2000ha upstream as far as Old Coach Road. This upstream catchment to the site discharges directly into the top end of the Pukehina Canal via a single 1200mm diameter culvert under t...
	4.8 A simplified stormwater model has assessed that a 100 year – 48-hour rainfall event on the direct catchment results in a peak flood level of RL 1.07 across the site and downstream paddocks. These paddocks are generally between 0.6 and 0.9m RL with...
	4.9 Land further east is additional catchment which extends another 2000ha upstream as far as Old Coach Road. This upstream catchment to the site discharges directly into the top end of the Pukehina Canal via a single 1200mm diameter culvert under the...
	4.10 A simplified stormwater model has assessed that a 100 year – 48 hour rainfall event on the direct catchment results in a peak flood level of RL 1.07 across the site and downstream paddocks. These paddocks are generally between RL 0.6 and 0.9m wit...
	4.11 The peak flood level of RL1.3m approximately was estimated on the low lying land upstream of Pukehina Beach Road.
	4.12 This predevelopment flood assessment was used as the basis of effect assessment even though the May 2005 event confirms there actual 100-year flood level would be higher due to the contribution from the larger upstream catchment. In such an event...
	4.13 As part of the geotechnical investigations groundwater levels were determined by dipping the small diameter cone penetration holes where CPTs and hand augers were undertaken adjacent at 16 locations across the site.
	4.14 The groundwater levels recorded were between RL 0.7m and RL 0.14m however the pattern was inconsistent with the highest and lowest locations being at the North East and South East corners of the block respectively and the South West corner being ...

	5. The proposed Development
	5.1 The proposed development is to convert the existing pasture land to 137 lots and the balance being converted to a wetland. The proposed lots and access roads will be raised by filling to levels above the flooding and inundation levels for the area...
	5.2 The site will be separated from the surrounding land by a bund formed around the perimeter of the block. This enables the water levels within the site to rise and fall without impacting the surrounding properties which will still be maintained by ...
	5.3 In the following I will summarise the proposed infrastructure of each service and the potential impacts for stormwater and groundwater, potable water and wastewater. I will also detail the proposed earthworks required for the proposal.

	6. Wastewater
	6.1 The Pukehina community does not have a wastewater system in place and wastewater disposal is proposed to be by individual on site systems.
	6.2 The proposed lots are intended to discharge wastewater to their individual on-site advanced wastewater treatment and disposal systems. These will be specified and enforced by a covenant to achieve performance standards to a level greater than that...
	6.3 A specific assessment of the wastewater disposal system was undertaken by Grant Hammond of Technology Works, an approved OSET system designer on the Regional Council’s list.
	6.4 Technology Works report concluded that a permitted activity compliant system is achievable on each lot and also recommended consent conditions to manage building size (and effluent generation), requirements for maintenance agreements to be entered...
	6.5 The applicant is accepting of these recommendations.
	6.6 Through the application of the design requirements associated with the Bay of Plenty Regional Council’s On-Site Effluent Treat Regional Plan 2006, and the recommendations of Technology Works’ report I believe the effects of the wastewater associat...

	7. Potable water
	7.1 It is proposed to coinnevt the development to the municipal water supply system to provide potable water for individual lots and fire fighting capacity.
	7.2 The Pukehina Urban Area is reticulated for potable water by the WBOPDC Eastern Supply Zone. The area is supplied by two mains, a 200mm dia from Maketu and a 150mm dia cross country main that runs adjacent to the western boundary of the block. The ...
	7.3 These two lines provide a two-ended main system to the Pukehina area and connect to each other at approximately 202 Pukehina Parade.
	7.4 From this location a 150mm dia main extends east along Pukehina Parade to Costello Crescent where the water reticulation splits to two 100mm dia mains that loop onto each other.
	7.5 The development will be connected to the existing reticulation at two locations, Gardiner Place and Pukehina Beach Road.
	7.6 The proposed development water demand loading has been inserted into the Eastern Supply Zone network model and tested with a peaking hour demand of 2.5 over average demand, and a further peak day factor of 2 over an average day. The outputs of tha...
	7.7 To maintain pressures throughout the long lengths of cul-de-sac within the development, the proposed internal reticulation will have a 150mm dia primary main and will connect directly to the 200mm dia Pukehina Parade main at Gardiner Place and the...
	7.8 It is proposed to have a hydrants and lot connections in accordance with the Development Code of Practice for urban lots.
	7.9 To promote the applicants sustainable living vision, it was proposed to allow for the use of captured rainwater for irrigation and non-potable tasks to reduce the total demand on the potable water system. Following consultation with the District H...
	- Irrigation and car / boat washing;
	- Flushing of toilets; and
	- Laundry.
	7.10 It is noted that the DHB requires that any water entering the house will need to be filtered and treated so as that it is “potable”. This requirement will be incorporated into the design guidelines.
	7.11 The effects of the proposed development in the potable water system are less than minor.

	8. Stormwater and Groundwater
	8.1 The site currently has a groundwater level maintained at a lower level than the natural level would be to maintain pasture land suitable for grazing of stock. This is achieved through a network of open drains and a groundwater / flood pump that di...
	8.2 The proposal is to create and maintain a wetland that interfaces with the Pukehina Canal. As the canal is tidally influenced the water level within the canal ranges between RL 1.0m and RL 0.35m.
	8.3 The tidal range over a two-month period was reviewed from the BOPRC tide monitoring gauge at Ohiwa Harbour to gain an understanding of the likely range of high tide levels through a normal spring and neap period.
	8.4 From the Pukehina Canal water levels surveyed over 15, 16 and 19 March 2018, it was observed that the high tide level was consistent with the high tide at Ohiwa. The low tide level was much higher than the harbour record and was delayed in timing....
	8.5 A simplified hydraulic model confirmed that an overflow volume into the wetland of 6000m3 would occur each tidal cycle from a 6m wide weir/orifice. Two 6m long inlet weirs / orifices are proposed to provide the inflow volume.
	8.6 A series of flapgated outlets 1m wide will allow up to 8000m3 of volume per outlet culvert to discharge back to the canal over the lower portion of its tidal cycle. Providing three outlets will provide more than sufficient capacity for the tidal c...
	8.7 Setting the inflow weir at RL 0.8m will mean that during neap tide periods there may be no inflow for up to approximately three days and during spring tide periods the inflow will be greater from a higher tide (up to RL 1.25m without rainfall infl...
	8.8 The locations of the inflow are intended to be at the eastern end of the site and the mid-point of the site. This will ensure the upper deep area of the wetland water bodies are provided with a regular inflow of water.
	8.9 The outlet is located at the western end of the site to ensure all inflow passes through the wetland and deep-water areas before discharging.
	8.10 An additional culvert will be installed to the canal that has a special fish friendly floodgate that allows some backflow during low head differences and shutting when the pressure increases. These flapgates have been developed to enable fish pas...
	8.11 Assessing the long term expected increase in sea level of 1.1m to year 2130 the two month recording of the tidal range at Ohiwa Harbour was used to determine the likely low and high tide range at year 2130.
	8.12 This suggests a low tide varying between RL 0.2m to 0.7m and a high tide range of between RL 1.8m to 2.3m.
	8.13 An assessment of the 2130 tidal range was undertaken by applying the predicted sea level rise as a direct increase in the recorded tidal levels. The outlets would still provide discharge to occur for 75-80% of the low tides allowing for lower tid...
	8.14 The remaining 20-25% of the low tides, where canal levels would be above the wetland operating range and discharge would not occur, the wetland would increase in water level until the low tide levels dropped below the operating level. These perio...
	8.15 Over time the number (and level) of inlet cells would be reduced to ensure that the inlet flow volume was controlled with the increased high tide level to match the reduced outlet capacity.
	8.16 A more continuous recording of tidal range in the Pukehina Canal would provide a greater level of comparison with long term tidal monitoring at the Ohiwa Harbour Gauge This would be undertaken during the detailed design phase.
	8.17 I believe the design philosophy and management options for the inflow and outflow system have been sufficiently demonstrated,  with only refinement required as part of the detailed design. As a result of this assessment I believe the effects of t...

	9. Proposed Flood management
	9.1 The separation of the site from the adjacent Pukehina Parade catchment and the western (downstream) rural property is achieved by an earthworked bund connecting with the Pukehina Canal stopbank and Pukehina Beach Road.
	9.2 The catchment separation bund height is proposed to be RL 2.2m to be higher than the Pukehina Canal stopbank crest surveyed at RL1.75 to RL2.0m adjacent to the site. The purpose of this separation bund is to ensure that any significant rainstorm e...
	9.3 As the Pukehina Beach Road crest is between RL 1.9 and RL 2.2 between the proposed development entrance intersection and Costello Crescent, this length of existing road may require lifting to RL 2.2m also. This is across the frontage of the camp g...
	9.4 The positive result of this bund is that the site itself and the direct upstream catchment are separated from the existing Waihi Drainage Society’s land drainage pump stations. The site and direct upstream catchment will discharge to the Pukehina ...
	9.5 Raised water levels across the site will occur during and after rainfall events until the level in the canal is sufficiently lowered to allow gravity discharge after the rainstorm event. As the proposed building platforms and access roads will be ...
	9.6 The farm land upstream of Pukehina Breach Road that directly discharges into the site will be separated from the land drainage pump that currently provides its groundwater and flood management controls. An increased culvert capacity under Pukehina...
	9.7 A drainage pump is also proposed to drain this upstream block to the site to provide the level of flood protection and groundwater management as currently provided by the Waihi Drainage Society land drainage pumps.
	9.8 The upgraded Pukehina Road culvert will have a flapgate located on the downstream side to ensure backflow does not occur to enable raised water and groundwater levels within the development relative to the upstream farmland. This will provide the ...
	9.9 Modelling of the direct catchment has shown that the proposal reduces the flood levels on the downstream (western) farmland and the Pukehina residential properties as the site and upstream catchment will not contribute to the total volume of flood...
	9.10 In the event of large upstream contribution (as occurred in May 2005) the properties upstream of Pukehina Parade will fill to the level of overflow across Pukehina Parade. This occurs more to the south of the Pukehina Canal than the north based o...
	9.11 The Pukehina residential properties (including the camp ground) currently benefit from the floodwater storage over the low ground level areas of the site and downstream rural paddocks as these low areas receive and store the runoff from the exist...
	9.12 To provide the same level of flood protection to the Pukehina residential properties and the camp ground a proposed drain is to be installed to convey this runoff around the site, on the outside of the proposed separation bund. This will convey t...
	9.13 The peak flow from the urban area running to the lower existing areas past the narrow section at Gardiner Place is approximately 3.25m3/sec. A width of about 20m is available to pass this flow without increasing flood levels upstream to above the...
	9.14 As this drain is connected to the land drainage system over a distance similar to the existing drainage network and will have the benefit of the land drainage pumps having a reduced catchment to the existing, therefore being more effective at red...

	10. On Site Stormwater Management
	10.1 The site soils won to form the finished platforms are sandy soils and will be compacted to form the proposed final lot platforms and access road levels.

	11. Lot stormwater
	11.1 It is proposed to discharge the lot and dwelling stormwater runoff to ground via soakage, consistent with the low impact design philosophy of the development. Initial rainfall runoff from the roofs will be to top up the rain tanks required by the...
	11.2 The soakage system for the lots will achieve the requirements of the NZ Building Code being the 10% AEP rainstorm of up to 1-hour duration. The initial runoff to storage within the rain tanks will not be incorporated into the design as these may ...
	11.3 This means in reality the soakage system will have a greater capacity in many rainstorms than the design event.
	11.4 Any overflow that may occur would overland flow of individual properties to the wetland whch will accommodate any such discharge without impact.

	12. Road stormwater
	12.1 The road drainage is proposed to be conveyed within grassed swales on one side of carriageway where there are lots fronting the swale. The road is proposed to have a single crossfall. Where there are no lots on the lower side of the carriageway t...
	12.2 Catchment assessment shows that the largest flow occurs at the eastern end of the swale fronting lots 109-116.
	12.3 It is proposed to have a longitudinal gradient along the swale of 1 in 300. The road itself would be similarly graded. A 1m wide base width with 1 in 6 side slopes to an overall depth of 250mm fits within the 4m width and accommodates the 50year ...
	12.4 This swale also complies with the Bay of Plenty Regional Councils guidelines for water quality devices.
	12.5 The crossings would be constructed of a trafficable permeable surface at the time of the development construction and will be in place at the time of 224. This will enable continuous flow along the swales and avoid the need for entranceway culverts.
	12.6 This is an opportunity within the district to provide low impact design features where the constraints such as high groundwater are not a factor.

	13. Groundwater
	13.1 The existing groundwater regime across the low-lying paddocks is supressed by the Waihi Drainage Scheme pump operation in the South Western corner of the block as lowering of the groundwater levels and discharging flood waters is one of the prima...
	13.2 At sixteen locations across the site the groundwater levels recorded were between RL 0.7m and RL 0.14m however the pattern was inconsistent with the highest and lowest groundwater levels being at the North East and South East corners of the block...
	13.3 The proposal is to separate the development from the land drainage system and manage the wetland operating level to be approximately RL 0.55 to RL 0.6m.
	13.4 As the wetland area surrounds the relatively narrow proposed building platforms the expected ground water levels within the proposed building platforms will not be significantly different from the open wetland areas.
	13.5 There will be temporary response to rainfall events with proposed roof water disposal to soakage however this will dissipate due to the short distance from the building platforms to the wetland areas.
	13.6 This will continue over time through sea level rise due to the management of the wetland inflow and outflow volumes to retain the operating water level.
	13.7 The surrounding land currently has lowered groundwater levels by the drainage system on the block connecting the land with the Waihi Drainage Society pumps. Many of residential lots with low ground levels along their rear boundary are not directl...
	13.8 Some of the Pukehina residential properties have lower ground levels within their land, measured at between RL 0.8m and RL2.2m with the majority above RL 1.3m, however any groundwater level rise could impact their existing effluent disposal syste...
	13.9 The proposal includes a large capacity drain for flood protection along their adjoining boundary. This drain will be separated from the wetland by a raised bund and directly connected to the drain servicing the main land drainage pumpstation for ...
	13.10 The proposed drain will be closer to many of the properties than the current land drainage network, allowing a more direct control of groundwater. This drain is connected to the land drainage pump which will be dealing with a reduced catchment t...
	13.11 The proposed wetland operating level of RL 0.55-0.6m compares with groundwater levels measured of 0.16 to 0.75m RL. Where the external ground water level is lower than the proposed wetland operating level, seepage contribution to the external dr...
	13.12 The regular maintenance and cleaning of the proposed drain is necessary and will become part of the overall site management with access for clearing being along the earth bund.
	13.13 The monitoring and recording of groundwater levels along the boundary with the residential properties will be undertaken through a longer duration during the detailed design period to ensure the full groundwater regime is understood and to provi...
	13.14 However, the proposed drain closer to the boundary, and the reduced catchment to the land drainage pumps that keep groundwater lower, will in my opinion result in effects being less than minor, and may improve the groundwater level control for t...
	13.15 The Waihi Drainage Society have identified that seepage from the Pukehina Canal into the land side drain occurs contributing to the groundwater and base flows in the drainage system. This contribution will not be as significant to the wetland ar...
	13.16 As detailed earlier in my evidence seepage from the proposed wetland to the perimeter drain and land will be mitigated by works under the perimeter bund. The proposed developments contribution to the volume pumped by the Waihi Land Drainage sche...
	13.17 Also, as described earlier in my evidence, the storage of large volumes of stormwater runoff on the site and release by gravity only will not add flows to the Pukehina Canal when the canal levels are high and the discharge will occur by gravity ...

	14. Conclusion
	14.1 In conclusion the proposal includes mitigation measures and design elements that will mitigate effects for wastewater and potable water to less than minor.
	14.2 The stormwater management and groundwater management will mitigate the risks to the development and have effects less than minor on external land and owners. There will be some benefits to the surrounding land from the proposed development.


