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Executive Summary
Flood hazard in the Pinehaven Stream (the Stream) has been assessed for the works proposed under the
Pinehaven Stream Improvements project in the reach between 48 Whitemans Road and the Pinehaven
Reserve. This assessment supports the design and the statutory approvals for the works proposed under the
project and considers the effects of the proposed works on flood extents and depths.
The Pinehaven Stream has a long history of flooding, including significant flood events in December 1976 and
July 2009. A Floodplain Management Plan has been developed through a partnership between the Upper Hutt
City Council and Greater Wellington Regional Council. The Pinehaven Stream Floodplain Management Plan
proposes a combination of structural and non-structural measures to managing flood risk in the Pinehaven
catchment. The Pinehaven Stream Improvements project will further develop and implement structural
measures proposed within the Floodplain Management Plan.
The objectives of the Pinehaven Stream Improvements project are:
•

To provide improved capacity and effective and efficient functioning stormwater infrastructure in
the stream and its tributaries to a 4% AEP (1 in 25 year return period) flood event level, which will
also contribute to the management of flood risk to habitable floor levels up to the predicted peak
1% AEP (1 in 100 year return period) flood level;

•

To reduce the risk of injury or harm from fast or deep flowing water in Pinehaven Stream and its
tributaries;

•

To integrate overland flow paths into the wider stormwater network; and

•

To enable efficient and effective construction and ongoing maintenance of all structures and
stream improvements.

The proposed works principally comprise:
•

•

Increasing the main channel capacity of the stream in three reaches:
-

48 Whitemans Road to Sunbrae Drive (Reach 1);

-

Sunbrae Drive to Pinehaven Road (Reach 2); and

-

Upstream of 2A Freemans Way to Pinehaven Reserve (Reach 3).

Increasing the capacity of two road culverts (both are separately consented) at:
-

Sunbrae Drive, and

-

Pinehaven Road

•

A flood wall within Willow Park along the boundary of 10A Blue Mountains Road

•

Bank improvements downstream of 48 Whitemans Road.

In two sections of the project reach no increase in channel size is proposed - downstream of the Whitemans
Road diversion structure in Reach 1 and between the northern end of 50 Blue Mountains Road and the southwestern corner of 2A Freemans Way in Reach 3.
A hydraulic model of the Pinehaven Stream and stormwater network in the Pinehaven catchment has been
used to assess the flood hazards. The model simulates flood flows in the catchment and has been used to
calculate the flood extents and water depths for the “baseline” or existing arrangement of the catchment and
with the proposed works in place. The benefits and effects of the proposed works have been assessed by
comparing model results for the baseline condition and model results with the proposed works in place. The
model has been used to simulate both the 4% AEP and 1% AEP floods, including recommended allowances for
the potential effect of future climate change on rainfall depths. 1
1

IPCC Fifth Assessment (ARS) to a projected 2120 timeframe and a 20% increase in extreme rainfall. Ministry for the Environment 2018
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The flood hazard assessment shows that within the overall project reach from 48 Whitemans Road to the
Pinehaven Reserve:
•

The existing or baseline situation is that the Pinehaven Stream is not contained within the main
channel in the 4% AEP flood and spills from the channel enter private properties on both sides of
the channel. In the reaches where channel works are proposed there are 75 habitable floors
within the flood extents in the 1% AEP event.

•

the Pinehaven Stream Improvements project will contain the 4% AEP flood within the Pinehaven
Stream channel in all the sections of the Stream in which channel works are proposed;

•

the Pinehaven Stream Improvements project will not increase fluvial flood hazard and will have a
positive effect on habitable floor flooding from the Stream within the project reach for the 1% AEP
flood, reducing the number of habitable floors within the floodplain by 53, from 75 currently to 22
once the works are completed and reducing the number of flooded non-habitable floors by 25,
from 37 down to twelve. Four habitable floors will experience increases in flooding of between
0.02m and 0.06m as a result of the proposed works.

The proposed works increase the width of the Stream channel in most of the project reach. This will allow more
flow to be carried within the Stream, so preventing or reducing flooding. Although flow is increased, water levels
in the Stream are, in general, reduced with the proposed works in place because of the proposed increase in
channel size.
In the two sections of the project reach where no increase in channel size is proposed – downstream of the
Whitemans Road diversion structure in Reach 1 and between the northern end of 50 Blue Mountains Road and
the south-western corner of 2A Freemans Way in Reach 3 – the water levels and/or flood depths are increased
in these parts of the Stream as a result of the proposed works, as set out below:
•

Downstream of the Whitemans Road flow diversion structure, water levels are increased for both
the 4% AEP and 1% AEP floods as a result of the proposed works. However, for the 4% AEP
flood, the water levels are below the existing adjacent ground levels and for the 1% AEP flood the
water level increases are, on average, 0.03m so there is no need for a wider channel.

•

At 48 Blue Mountains Road water levels for both the 4% AEP flood and the 1% AEP flood are
reduced due to the proposed increase in capacity of the Pinehaven Road crossing. However, this
property is to be acquired by Greater Wellington Regional Council and the buildings demolished as
part of the project. Reprofiling and lowering of the ground levels associated with the proposed
demolition will result in an increase in the extent and depth of flooding outside the existing Stream
channel for both the 4% and 1% AEP floods. However, flooding is contained within the property by
natural high ground levels and the resulting flood depths will be no greater than the existing flood
depths in the Stream.

•

Between 50 Blue Mountains Road and 2A Freemans Way water levels are increased for both the
4% AEP and 1% AEP floods as a result of the proposed works. Water levels for both the 4% AEP
and 1% AEP floods are well below the level of the buildings on the true right bank and there is only
a minor increase in flooded area on this side due to the steep gradient of the natural ground.

The proposed works reduce the risk of injury or harm from fast or deep flowing water by reducing the overall
flood extents and will include controls such as physical barriers to reduce ease of unsafe access and warning
signage.
The proposed works integrate overland flowpaths into the wider stormwater network by:
•

Eliminating spills from the main stream channel at Sunbrae Drive and Birch Grove

•

Reducing the flowrate and frequency of operation of the existing overland flowpath in Wyndham Road

•

Reshaping the ground to contain the overland flowpath in Clinker Grove
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The Pinehaven Stream Improvements project will also consider existing erosion problems in the Stream within
the project reach and includes measures to manage existing erosion and mitigate any effects of the proposed
works on erosion of the Stream.
The project will also consider the effectiveness of the drainage network within the project reach and identify
improvements to reduce flood risk from the network. These do not compromise the project objectives, and they
are not addressed in this flood hazard assessment report.
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6

Flood Hazard Assessment

Important note about your report
The information within this report has been prepared for the sole purpose of presenting the findings of the flood
hazard assessment carried out by Jacobs New Zealand Ltd (Jacobs) for Wellington Water. This report, maps
and spatial files were produced in accordance with and are limited to the scope of services set out in the
contract between Jacobs and the Client.
The findings presented in this report, maps and spatial files are based upon information and data provided or
made available between 2008 and 2017 by Wellington Water or Greater Wellington Regional Council such as
LiDAR, asset data, catchment characteristics, aerial photography, historical flood records, topographic survey,
models and model outputs. Jacobs has relied upon and presumed that this data is accurate. Except as
otherwise stated, Jacobs has not attempted to verify the accuracy or completeness of any such information. If
the information is subsequently determined to be false, inaccurate or incomplete or if site conditions change
then it is possible that the maps and spatial data provided may change.
The flood information contained within these plans and spatial files were derived from information and
techniques available at the time of their creation and at a scale and resolution appropriate for the objective of
informing the understanding of flood hazards. However, Jacobs assume no responsibility for any action by any
agency or individual informed by the information provided.
Jacobs has prepared this report and supporting data in accordance with the usual care and thoroughness of the
consulting profession and by reference to applicable auditing procedures and practice at the date of issue. For
the reasons outlined above, however, no other warranty or guarantee, whether expressed or implied, is made
for this data, to the extent permitted by law.
This report should be read in full with no excerpts to be considered representative of the findings.
This report, maps and spatial data have been prepared on behalf of, and for the exclusive use of Jacobs’ Client,
and are subject to and issued in accordance with, the provisions of the contract between Jacobs and Wellington
Water. Jacobs accepts no liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon,
this report by any third party.
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1. The Pinehaven Stream Improvements project
1.1

Pinehaven Stream

The Pinehaven Stream catchment lies on the eastern side of the Hutt Valley, to the south of the Hutt River. The
catchment is located to the southwest of the main urban area of Upper Hutt and runs from the Pinehaven Hills
down to Hulls Creek. It includes the suburbs of Pinehaven and part of Silverstream and is bordered by the
catchments of the Mangaroa River to the south, Stokes Valley stream to the west, and Trentham to the east.
The Pinehaven Stream flows from the upper catchment in the southern Pinehaven Hills, to its confluence with
Hulls Creek in the north. The Stream has three main tributaries in the steeper upper catchment area in the
vicinity of Wyndham Road, Pinehaven Road and Elmslie Road. The Stream flows as a single channel from the
Pinehaven Reserve to the Whitemans Road / Dowling Grove intersection, at which point the Stream is piped to
its confluence with Hulls Creek near the Whitemans Road / Gard Street intersection.
Within the project reach from 48 Whitemans Road to the Pinehaven Reserve much of the Pinehaven Stream
channel is located within private property, with many structures located within and above the stream such as
private bridges and culverts. Two significant road crossings are also located in the lower catchment, at
Pinehaven Road and Sunbrae Drive.

1.2

Why improvements are needed

The Pinehaven Stream has a long history of flooding, including significant flood events in December 1976 and
July 2009.
A Floodplain Management Plan has been developed for the Stream through a partnership between the Upper
Hutt City Council and Greater Wellington Regional Council (Pinehaven Floodplain Management Plan, Upper
Hutt City Council and Greater Wellington Regional Council, March 2016). The Floodplain Management Plan
proposes a combination of structural and non-structural measures to managing flood risk in the Pinehaven
catchment:
1. Structural measures: Physical works to manage flood risk associated with the stream channel
(increasing stream capacity, reducing the risk of blockages and managing floodplain flows);
2. Non-structural measures: Planning controls for development in the catchment, community awareness
and preparedness, and emergency procedures;
3. River management measures: Maintenance of the stream to avoid blockages, maintain capacity and
minimise erosion.
The Pinehaven Stream Improvements project will further develop and implement structural measures proposed
within the Floodplain Management Plan.

1.3

Outcomes sought

The project objectives that have been defined for the Pinehaven Stream Improvements project in relation to the
Resource Management Act (1991) are:
•

•

To provide improved capacity and effective and efficient functioning stormwater infrastructure in the
stream and its tributaries to a 4% AEP (1 in 25 year return period) flood event level, which will also
contribute to the management of flood risk to habitable floor levels up to the predicted 1% AEP (1 in 100
year return period) flood level;
To reduce the risk of injury or harm from fast or deep flowing water in Pinehaven Stream and its
tributaries;

•

To integrate overland flow paths into the wider stormwater network; and

•

To enable efficient and effective construction and ongoing maintenance of all structures and stream
improvements.
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1.4

Proposed works

The design of the Pinehaven Stream Improvements project consists of works within three reaches of the
Pinehaven Stream between Whitemans Road and the Pinehaven Reserve. Figure 1 shows the project area and
the locations of the three reaches.

Figure 1: Locations of the proposed works
The works primarily involve increasing the size of the river channel to convey the 4% AEP flood entirely within
the Stream as follows.
Reach 1: Sunbrae Drive to Whitemans Road: Stream widening in the reach upstream of the Whitemans Road
flow diversion structure, a flood wall along the boundary of 10A Blue Mountains Road at Willow Park,
replacement of culvert at Sunbrae Drive (separately consented),.
Reach 2: Pinehaven Road to Sunbrae Drive: Stream widening in the entire reach, replacement of culvert at
Pinehaven Road.
Reach 3: Pinehaven Reserve to Pinehaven Road: Stream widening (except for the reach between 48 Blue
Mountains Road and 2A Freemans Way), maintain overland flow path from Birch Grove to the Stream.

IZ089000-250-NW-RPT-0005
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1.5

Assessment of effects

A hydraulic model of the Pinehaven Stream and stormwater network in the Pinehaven catchment has been
used to assist in the design of the proposed works. The model simulates flood flows in the catchment and can
be used to calculate the flood extents and water depths for different magnitudes of flood and for different design
options, including the “baseline” or existing arrangement of the catchment.
The model was originally developed by SKM (now Jacobs) for Upper Hutt City Council and Greater Wellington
Regional Council in 2010 for the 2010 Flood Hazard Assessment. This model included the main stream channel
and significant tributary channels, major culverts, road bridges and parts of the pipe network that were identified
as being key components of the stormwater system and was used to develop and inform the Pinehaven
Catchment FMP. As part of the Pinehaven Stream Improvements project, the model has been updated and
improved and new survey data, including LiDAR data for the floodplain, has been incorporated.
The model simulations include recommended allowances for the potential effect of future climate change on
rainfall depths (Ministry for the Environment 2018. Climate Change Projections for New Zealand: Atmospheric
Projections Based on Simulations from the IPCC Fifth Assessment, 2nd Edition. Wellington: Ministry for the
Environment.).
Model simulations have been performed for the 4% AEP flood and 1% AEP flood for both the baseline condition
and for the proposed works. The benefits and effects of the proposed works have been assessed for each of
these floods by comparing model results for the baseline condition and model results with the proposed works
in place.
The project objective relating to the 1% AEP flood refers to ”...contribut[ing] to the management of flood risk to
habitable floor levels...”. The assessment method for this part of the objective considers whether each building
footprint intersects the flood extent for the “baseline” and “design” scenarios. A building footprint is considered
to be outside the flood extent if no part of the building outline intersects the flood extent, and a building footprint
is considered to be affected irrespective of whether the intersection is a small length of the building perimeter or
the entire footprint is within the flood extent.
The assessment of effects relating to the 1% AEP flood only considers the relationship between floor level and
peak water level where surveyed floor levels were collected for the project. Except where noted in this report
the results of modelling the design show the peak water levels and flood extents are reduced, and the
assessment of the effect of the works is of changes to the flood extent.

1.6

Model Simulations

The model simulations for the 4% AEP flood and 1% AEP flood for the baseline and with the proposed works in
place include:
•

a climate change allowance of 20% increase to the rainfall depth

•

20% blockage of the culverts at Pinehaven Road and Sunbrae Drive

The model simulations for the baseline represent the current channel configuration with no physical works or
changes to the stream environment. Culvert roughness values are the same as the values from the model used
to inform the Flood Management Plan.
The model simulations with the proposed works in place represent the proposed physical works and changed
stream environment. This includes the removal, addition and replacement of various local access bridges. No
top of bank works are proposed. Culvert roughness values of n=0.020 have been applied to the Pinehaven
Road and Sunbrae Drive culverts.
Reported water levels do not include an allowance for freeboard.
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2. Flood hazard assessment: 4% AEP flood
The effect of the proposed works on flood hazard and their contribution to meeting the project objectives in
relation to the 4% AEP flood have been assessed from the results of the model simulations.
The overall extent of flooding for the 4% AEP flood for the full project length is presented in Figure 2 which
shows the model flood extents for the baseline condition and with the proposed works design in place. Detailed
maps showing the model flood extents, water depths and the changes in flood depth resulting from the
proposed works are provided in Appendix A of this report.

Figure 2: Effect of the proposed works on the extent of flooding within the project area for the 4% AEP flood (including climate
change allowance)
The benefits and impacts of the proposed works on flood hazard are discussed further below, based on the
results of the hydraulic model simulations of the 4% AEP flood for the baseline condition and with the proposed
works.
IZ089000-250-NW-RPT-0005
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2.1

Reach 1 – 48 Whitemans Road to Sunbrae Drive

2.1.1

Reach 1 – Benefits

With the proposed works, flood flow is entirely contained within the main Stream channel. Flooding of private
properties beyond the main Stream channel and the spill of floodwater on to Sunbrae Drive is prevented.
2.1.2

Reach 1 – Impacts

Design flood water levels in the lower part of this reach are slightly higher than the baseline due to an increase
in maximum flow with the proposed works.
Downstream of the flow diversion structure at Whitemans Road the maximum increase in water level in the
Stream is 0.06m, Flood hazard is not increased in the reach since the design water levels are well below the
adjacent ground levels.
Further upstream of the diversion structure the water levels are reduced by the proposed works by an average
of 0.32m. At Sunbrae Drive the design maximum water level is 0.53m lower than the baseline.

2.2

Reach 2 – Sunbrae Drive to Pinehaven Road

2.2.1

Reach 2 – Benefits

With the proposed works, flood flow is entirely contained within the Stream within the reach and no spill from the
main channel occurs.
2.2.2

Reach 2 – Impacts

With the proposed works, water levels are reduced by up to 0.62m lower than the baseline water levels.

2.3

Reach 3 – Pinehaven Road through the Birch Grove area to Pinehaven Reserve

2.3.1

Reach 3 – Benefits

With the proposed works, flood extents are reduced from the Pinehaven Road culvert to the upstream boundary
of 48 Blue Mountains Road.
A section of stream from the upstream boundary of 48 Blue Mountains Road to the upstream boundary of 2A
Freemans Way is excluded from channel widening works. However, some observed stream erosion in this area
has been identified for mitigation.
2.3.2

Reach 3 – Impacts

Flooding of properties occurs on 2 Pinehaven Road, 4 Pinehaven Road, 40 Blue Mountains Road,38A Blue
Mountains Road, 38B Blue Mountains Road, 36 Blue Mountains Road, 34 Blue Mountains Road and 32 Blue
Mountains Road, due to a spill over Pinehaven Road at a low point immediately to the west of the Pinehaven
Road culvert.
Flood water levels at 48 Blue Mountains Road and between this property and Pinehaven Road are lower than
the baseline water levels, mainly due to the increased capacity of the Pinehaven Road culvert. The property at
48 Blue Mountains Road has been acquired and the buildings will be demolished as part of the project. Ground
levels within this section will be reduced following demolition of the buildings. This will result in an increase in
the depth and extent of water at this location. However, flooding is contained within the property by natural high
ground levels, the resulting flood depths will be no greater than the existing flood depths in the Stream.
IZ089000-250-NW-RPT-0005
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At 50 Blue Mountains Road and 2A Freemans Way, flood water levels are higher than the baseline by an
average of 0.02m. The maximum increase in water levels is 0.26m, which occurs on 2A Freemans Way, and the
maximum decrease is 0.43m which occurs at the northern end of 50 Blue Mountains Road. This is primarily due
to an increase in the flow in the Stream due to the proposed channel improvements between Pinehaven
Reserve and 50 Blue Mountains Road. Enlargement of the channel in the upper section of Reach 3 (between
Pinehaven Reserve and 50 Blue Mountains Road) prevents overland flow from the Stream to Birch Grove.
Despite higher flows at 50 Blue Mountains Road and 2A Freemans Way, the flood levels at these properties are
below the levels of buildings.
There is a net increase of 12m2 to the floodplain area due to the steep nature of the terrain on the true right
bank of the main stream channel in 2A Freemans Way.
There is a net increase of 184m 2 to the floodplain area due to the steep nature of the terrain on the true right
bank of the main stream channel in 50 Blue Mountains Road.
The spill from the main channel at 10 Birch Grove is contained, which significantly reduces the extent of flooding
of the properties between Pinehaven Reserve and Pinehaven Road.
The spill from the main channel in 50 Blue Mountains Road will enter 7 Pinehaven Road and 9 Birch Grove,
then flow north to the western side of the Pinehaven Road culvert. Flood water will overtop the carriageway of
Pinehaven Road and enter the properties on the western side of the main stream channel downstream of the
Pinehaven Road culvert.
At 7 Pinehaven Road and 9 Birch Grove the depth and extent of flooding will be reduced by the design, except
at the boundary with 50 Blue Mountains Road. On 7 Pinehaven Road 8m 2 of land will have an increase in peak
water level of up to 0.09m. On 9 Birch Grove 20m 2 of land will have an increase in peak water level of up to
0.14m.
Flooding of Pinehaven Road due to the spill from the upstream side of the culvert will be up to 0.05m deep at
the crown of the road. The length of the road that will be flooded is 26m.
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3. Flood hazard assessment: 1% AEP flood
The effect of the proposed works on flood hazard and their contribution to meeting the project objectives in
relation to the 1% AEP flood have been assessed from the results of the model simulations.
The overall extent of flooding for the 1% AEP flood is presented in Figure 3 which shows the model flood
extents for the baseline condition and with the proposed works design in place. More detailed maps showing the
model flood extents, water depths and the changes in flood depth resulting from the proposed works are
provided in Appendix A of this report.

Figure 3: Effect of the proposed works on the extent of flooding within the project area for the 1% AEP flood (with climate
change allowance)
The benefits and impacts of the proposed works on flood hazard are discussed further below, based on the
results of the hydraulic model simulations of the 1% AEP flood for the baseline condition and with the proposed
works.
IZ089000-250-NW-RPT-0005
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3.1

Reach 1 – 48 Whitemans Road to Sunbrae Drive

3.1.1

Reach 1 – Benefits

In the baseline condition, 11 habitable floors and four non-habitable floors are within the extent of the design
exceedance flood for this reach. Model results show that by implementing the proposed works, there will be six
habitable floors and one non-habitable floor within the design exceedance flood extent. The design therefore
removes five habitable floors and three non-habitable floors from the 1% AEP flood extent in this reach.
3.1.2

Reach 1 – Impacts

Of the six habitable floors that remain within the 1% AEP flood extent:
•

The proposed works reduce flood levels at four of the habitable floors;

•

The proposed works increase flood levels at two habitable floors – flood levels increase by 0.03m at 54
Whitemans Road and by 0.02m at 56 Whitemans Road. The increases occur at the southern corner of
54 Whitemans Road and along the north-western side of 56 Whitemans Road, which in both cases are
the parts of the habitable floor that are nearest to the main Stream channel.

3.2

Reach 2 – Sunbrae Drive to Pinehaven Road

3.2.1

Reach 2 – Benefits

In the baseline condition there are 24 habitable floors and 18 non-habitable floors within the extent of the design
exceedance flood for this reach. Model results show that by implementing the proposed works there will be ten
habitable floors and six non-habitable floors within the 1% AEP flood extent. The design therefore removes 14
habitable floors and twelve non-habitable floors from the 1% AEP flood extent in this reach.
3.2.2

Reach 2 – Impacts

Design flood water levels are lower than the baseline water levels throughout the reach for the design
exceedance flood.

3.3

Reach 3 – Pinehaven Road through the Birch Grove area to Pinehaven Reserve

3.3.1

Reach 3 – Benefits

In the baseline condition there are 40 habitable floors and 15 non-habitable floors within the extent of the design
exceedance flood for this reach. Model results show that by implementing the proposed works, there will be six
habitable floors and five non-habitable floors within the 1% AEP flood extent. The design therefore removes 34
habitable floors and ten non-habitable floors from the 1% AEP flood extent in this reach.
3.3.2

Reach 3 – Impacts

For the six habitable floors remaining within the 1% AEP flood extent, the model results show a decrease in
flood depth at four of the properties. Design flood water levels are higher than baseline water levels for
habitable floors at:
•

9 Birch Grove, by up to 0.06m in a small area (4m 2) of new flooding. Vehicle access to the house from
Birch Grove is not affected by this increase in peak water level.

•

7 Pinehaven Road, by up to 0.05m from a flood depth of 0.05m over an area of 12m2. The design will
increase the flood depth from 0.05m to 0.10m.
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Floor levels have been surveyed at 9 Birch Grove and 7 Pinehaven Road. Survey results show that floor levels
at 9 Birch Grove will be 0.55m above peak water level, and floor levels at 7 Pinehaven Road will be 0.70m
above peak water level once the proposed works are completed, so there is no effect on habitable floor flooding
at these locations.
Model results show an increase in flood depth at the location of one other existing habitable floor. However, this
property, at 48 Blue Mountains Road, has been purchased by Greater Wellington Regional Council and the
buildings will be demolished as part of the project. Although flood level is reduced at the location as a result of
the proposed works, the depth of flooding will increase due to lowering of the ground levels following demolition.
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4. Updates to the Flood Models
The Flood Hazard Assessment of 19 September 2019 was based on the design that was current at the time it
was written. The design has been updated subsequently, and changes to the model parameter values have
been agreed with the independent peer reviewer.
The model has been run with the 4% AEP flood and the 1% AEP flood for the baseline and with the updated
design and the updated model parameter values. The outputs for the four model runs have been compared
with their equivalent runs reported in the Flood Hazard Assessment of 19 September 2019.
The results reported in Section 2 and Section 3 of this report are the Flood Hazard Assessment. The peak
water level differences reported in this section compare a superseded design scenario to the design that was
current at the time of preparing this updated Flood Hazard Assessment and are not necessary to understand
the effects of the proposed works in the context of a Flood Hazard Assessment.
The comparison has shown:
•

The updated design reduces peak water levels downstream of the Whitemans Road Bypass by an
average of less than 0.01m in the 4% AEP event.

•

The updated design reduces peak water levels downstream of the Whitemans Road Bypass by an
average of 0.01m in the 1% AEP event.

•

The effect of using of a culvert roughness of n=0.020 for the updated design is small compared to the
effect of including a 20% allowance for blockage.

•

Including an allowance of 20% for blockage of the Pinehaven Road and Sunbrae Drive culverts
increases the peak water levels immediately upstream of the culverts and decreases the peak water
levels immediately downstream of the culverts. The differences in peak water levels are summarised in
Table 1

Table 1: Peak Water Level Differences at Key Locations of updated design compared to Previous FHA Modelling
Scenario

Location

Baseline

Design

4% AEP event

1% AEP event

Pinehaven Road - Upstream

+0.26m

+0.18m

Pinehaven Road - Downstream

-0.05m

-0.06m

Sunbrae Drive - Upstream

+0.03m

+0.02m

Sunbrae Drive - Downstream

-0.03m

-0.03m

Pinehaven Road - Upstream

+0.53m

+0.46m

Pinehaven Road - Downstream

-0.05m

-0.10m

Sunbrae Drive - Upstream

+0.31m

+0.31m

Sunbrae Drive - Downstream

-0.02m

-0.02m

In Table 1 a positive value shows the peak water levels are higher now than in the modelling reported in the
Flood Hazard Assessment of 19 September 2019 and a negative value shows the peak water levels are lower
now.
Except as described above, the changes to the design have resulted in small decreases in peak water level
within the extent of the proposed works and no effect on peak water levels elsewhere in the catchment.
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5. Comparison to the 10% AEP Flood Event
The updated baseline model was run with the 10% AEP flood, including a 20% allowance for the effect of
climate change on rainfall. The results were compared to observations of flood extents for a flood event on 8
December 2019.
The comparison shows:
•

The model results show flooding will occur in areas where flooding was observed.

•

The extent of flooding observed is greater than the extent of flooding shown by the baseline model for
the 10% AEP flood with a 20% allowance for climate change.
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6. Summary
Flood hazards for the works proposed under Pinehaven Stream Improvements project have been assessed
using a detailed hydraulic model of the Pinehaven catchment.
The proposed works increase the size and capacity of the Stream channel in the full project reach (48
Whitemans Road to the Pinehaven Reserve) except for two sections – downstream of the Whitemans Road
diversion structure and between 48 Blue Mountains Road and 2A Freemans Way (50 Blue Mountains Road).
The works allow more flow to be carried in the Stream, so preventing or reducing flooding while increasing the
flow in the Stream. Despite this increase in flow, water levels in the Stream are, in general, reduced with the
proposed works in place because of the proposed increase in channel capacity.
The assessment shows that the proposed works meet the project objectives to increase the capacity of the
Stream to the 4% AEP flood flow in the sections where channel improvements are constructed and to contribute
to the management of flood risk to habitable floor levels up to the 1% AEP flood level.
For the 4% AEP flood, including an allowance for climate change effects, blockage and culvert roughness,
model results show that:
•

Flow is contained within the banks of the Stream throughout the project reach (48 Whitemans Road to
the Pinehaven Reserve) except for the section between, and including, 48 Blue Mountains Road and 2A
Freemans Way.

•

Downstream of the Whitemans Road diversion structure, where no increase in channel size is
proposed, the proposed works result in an increase in water levels and flood depths. However, the flood
water levels are below the existing adjacent ground levels and therefore the increase in water levels
does not increase flood hazard.

•

At 48 Blue Mountains Road the flood water level is reduced due to the proposed increase in capacity of
the Pinehaven Road culvert. Reprofiling and lowering of the ground levels associated with the proposed
demolition of the existing buildings at this location will result in a greater extent and depth of flooding
outside the existing Stream channel. However, flooding is contained within the property by natural high
ground levels, the resulting flood depths will be no greater than the existing flood depths in the Stream
and no buildings will be located in the property.

•

Between 50 Blue Mountains Road and 2A Freemans Way flood levels are increased as a result of the
proposed works. Flood hazard is not increased at this location since the water levels are well below the
level of the buildings on the true right bank and there is only a minor increase in flooded area on the
true right bank.

•

Flooding of properties occurs on the western side of the channel due to spillover …

For the 1% AEP flood, including an allowance for climate change effects and blockage, model results show that:
•

The effect of the proposed works on Habitable Floors within the flood extents in the entire project reach
is summarised in Table 2. The number of habitable and non-habitable floors flooded in each reach are
reduced and no properties or buildings are flooded which previously were not flooded. Four habitable
floors will experience increased peak flood water depths.
Table 2: Summary of reductions of numbers of buildings within the 1% AEP floodplain as a result of proposed works
Reach

Name

1

48 Whitemans Road to
Sunbrae Drive

2

Sunbrae Drive to
Pinehaven Road
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Existing
11
24

Habitable Floors
Design Improvement
6
5 fewer
10

14 fewer

Non-Habitable Floors
Existing Design Improvement
4
1
3 fewer
18

6

12 fewer
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3

Pinehaven Road to
Pinehaven Reserve
Total

40

6

34 fewer

15

5

10 fewer

75

22

53 fewer

37

12

25 fewer

•

Downstream of the Whitemans Road diversion structure, where no increase in channel size is
proposed, water levels are increased with the proposed works.

•

At 48 Blue Mountains Road the flood water level is reduced due to the proposed increase in capacity of
the Pinehaven Road crossing. Reprofiling and lowering of the ground levels associated with the
proposed demolition of the existing buildings at this location will result in a greater extent and depth of
flooding outside the existing Stream channel. However, flooding is contained within the property by
natural high ground levels, the resulting flood depths will be no greater than the existing flood depths in
the Stream and no buildings will be located in the property.

•

Between 50 Blue Mountains Road and 2A Freemans Way flood levels are increased as a result of the
proposed works. Flood hazard is increased at this location. This is acceptable because it does not
affect the habitable floors at these addresses, the affected areas of the property are already flooded
during major storm events, and the steep banks limit the increase in flooded area.

For fast and deep floodwaters:
•

The model results show the Stream has fast and deep water in the baseline and with the proposed
design in place.

•

The model results show the risk of injury or harm is reduced because the flood extents are reduced.

•

The risk of injury or harm will be further reduced by the inclusion of physical and non-physical controls
on access to the Stream.

Overland flowpaths will be integrated into the stormwater network by:
•

Eliminating spills from the main stream channel at Sunbrae Drive and at Birch Grove.

•

Significantly reducing the size and frequency of occurrence of the overland flow in Wyndham Road.

•

Reshaping the ground to contain the overland flowpath in Clinker Grove.

The proposed design achieves the relevant objectives relating to flood management for the 4% AEP event, the
risk of injury or harm from fast or deep flowing water and integrating overland flowpaths into the wider
stormwater network, and it reduces the risk to people and property from flooding.
The proposed design generally achieves the objective of contributing to the management of flood risk to
habitable floor levels up to the predicted 1% AEP flood level.
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7. Definitions
Annual exceedance probability (AEP)
Expressed as a percentage, it gives the chances of a flood of that size or larger occurring in any given year. It is
equal to the inverse of the "return period" that is also used to describe flood probability. For instance:
•

A "1% AEP flood" means a flood with a 1% or 1 in 100 chance of occurring in any given year. This is
equal to a "100-year return period flood event". On average, this is expected to occur once in 100 years,
based on past flood records, though in reality it could happen at any time.

•

A "4% AEP flood" means a flood with a 4% or 1 in 25 chance of occurring in any given year. This is
equal to a "25-year return period flood event".

Catchment
The land area draining through the main stream, as well as tributary streams, to a particular site. It always
relates to an area above a specific location.
Design standard
The standard of the flood management methods designed to contain a flood of a certain size (e.g. the height of
river stopbanks).
Flood
A relatively high river flow that overtops the natural or artificial banks in any part of a watercourse
Flood defences
Physical structures that keep floodwaters in the river corridor. They include stopbanks and flood walls (see
structural measures).
Flood extent
Base model extent of flooding in a rainfall event with a 1% AEP, incorporating climate change to 2090
Flood hazard
The potential for damage to property or people due to flooding and associated erosion.
Flood hazard effects
The negative impacts of flooding caused by fast flowing or deep ponded flood waters. Fast flowing or ponded
flood waters are dangerous for people, becoming more severe where floods affect urban areas. These effects
also include damage to the flood protection system, and other structures and buildings by water and debris, or
by erosion.
Floodplain
The low-lying portion of a river valley, adjacent to the river corridor, which is covered with water when the river
overflows during floods.
Habitable Floor
A building that may contain habitable space as defined in the Building Regulations, based on a desktop
assessment to identify buildings with a floor area greater than 40m 2.
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Hazard
A hazard refers to the potential for flooding and erosion to affect floodplain. See flood hazard effects.
Land
This includes land covered by water.
LiDAR
Light Detection And Ranging: a surveying method used to measure ground levels by directing laser light at the
ground surface from an aircraft and measuring the reflected light with a sensor. The ground level relative to the
aircraft is calculated from the time of travel and differences in emitted and return wavelengths of the reflected
light.
Mitigation
For this guideline, the act of moderating or reducing the effects of the flood hazard or flood protection works
Non-Habitable Floor
A building that is not expected to contain habitable space as defined in the Building Regulations, based on a
desktop assessment to identify buildings with a floor area equal to or less than 40m 2.
Riverbed
Riverbed is defined in the Resource Management Act 1991: “In relation to any river, the space of land which the
waters of the river cover at its fullest flow without overtopping the banks.”
River corridor
Includes land immediately adjacent to the river. It is the minimum area able to contain a major flood and enable
the water to pass safety to the sea. Because of its location, the river corridor represents a significant flooding
and erosion hazard to people and structures, including the flood defences, sited in the corridor. The depth and
speed of flood waters are such that existing development in the corridor could sustain major damage, and there
is a potential danger to life. Water may rapidly rise, evacuation of people and their possessions would be
extremely difficult, and social disruption and financial loss could be very high.
Risk
Chance of something happening that will have an impact. It is measured in terms of consequences and
likelihood. In this context it is the likelihood of consequences arising from the interaction of floods, communities
and the environment.
Upper catchment
The generally hilly and mountainous areas in the headwaters of a catchment.
Zone/zoning
Areas of land classified for a certain range of land-uses; e.g. residential zoning specifically provides for
residential homes as well as associated structures such as garages and storage sheds
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Appendix A. Flood maps
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