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Executive summary
In response to flood events in 2018, Auckland Council (Council) with input from Tonkin + Taylor (T+T)
are assessing the flood risk and flood management options for Piha Stream (Glenesk Road), Piha.
Council are leading a Piha Flood Mitigation Options Assessment. Council has developed a long list of
options, which they will assess to come up with a short list to take forward to the Auckland Council
Environment and Community Committee meeting of 12 March 2019.
T+T has been engaged to provide engineering input for a subset of options that contain significant
engineering aspects. Our scope is to consider conceptual arrangements and rough order of
magnitude costs for this subset of options. The assessment of these options and the combination of
them with other options will be done by Auckland Council. Our report notes that some of these
options may not be feasible.
A summary of the options, descriptions and rough order of magnitude costs are set out in the table
below:

Rough order of
magnitude cost
($)(Note 1)

#

Option

Sub-option

Description

1a

Stream
widening
/enhance
stream
conveyance

Conveyance of the
2 year ARI

2.1km of stream channel widened to
18 to 28m and straightened
Includes replacement of 4 vehicle and
8 pedestrian bridges.

$16M to $19M
(excl. the value of
private land
intersected
~$1.6M)

Conveyance of the
10 year ARI

2.1km of stream channel widened to
24 to 50m and straightened
Includes replacement of 4 vehicle and
8 pedestrian bridges.

$26M to $30M
(excl. the value of
private land
intersected
~$1.85M)
$3.5M to $4.5M

1b

2

Enhanced stream conveyance from
Seaview Road Bridge to the sea
(clearance of the sandbar)

800m of channel deepening/widening
including removal of the sandbar. High
ongoing maintenance costs are not
included

3a

Flood detention
dam

Single dam - Piha
tributary

27m high, 147m long dam, ~800,000
storage volume

3b

Single dam Glenesk tributary

30m high, 205m long, ~730,000
storage volume

3c

Two dams - Piha
and Glenesk
tributaries

Two dams, refer above. ~1,530,000
storage volume
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$17M to $21M
(excl. the value of
private land
intersected
~$0.4M)
$22M to $28M
$39M to $49M
(excl. the value of
private land
intersected
~$0.4M)
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3d

Single dam – at
tributary
confluence (Piha
Mill Camp)

21m high, 180m long,
~1,030,000 storage volume

4

Flood flow diversion by tunnel

1.4km long 4-5m diameter tunnel

5a

Raise habitable
buildings out of
the 100 year
floodplain

Habitable buildings
within the 2 year
floodplain and
without a first floor
refuge

Raise 1 building at:
52 Glenesk Road
(parking excluded)

Habitable buildings
within the 10 year
floodplain and
without a first floor
refuge

Raise 4 buildings at:
 52 Glenesk Road
 50 Glenesk Road
 20 Glenesk Road, including
replacement of the property
vehicle bridge
 14 Glenesk Road
(parking excluded)

5b

$11M to $16M
(excl. the value of
private land
intersected ~$1M)
>$45M
$0.14 to $0.16M

$1.3M to 1.5M

Note 1. Rough order cost excludes environmental mitigation costs, lease arrangements, stakeholder arrangements,
acquisition costs of public land, i.e. AC, DOC or Crown land, Council costs, financing, GST. Private land value intersected by
the option is estimated where appropriate as a separate potential cost.

Our findings are suitable for high level comparison of options. Auckland Council will do this using a
wider suite of criteria. For all options more detailed analysis and modelling are required to confirm
the design and level of service. Significantly more work is required to confirm the costs for project
development and budgeting purposes.
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1

Introduction

Flood events occurred in the lower Piha Stream catchment (Glenesk Road) on 3 February, 28 April
2018 and 3 December 2018, which resulted in habitable floor flooding, power outages, road closures
and emergency evacuations at several locations around the area. There is a history of flooding in the
area.
Auckland Council (Council) are leading a Piha Flood Mitigation Options Assessment. Council has
developed a long list of options, which they will assess to come up with a short list to take forward
to the Auckland Council Environment and Community Committee meeting of 12 March 2019.
Tonkin + Taylor (T+T) has been engaged to provide engineering input for a subset of options that
contain a significant engineering component. Our scope is to consider conceptual arrangements and
rough order of magnitude costs for this subset of options. The assessment of these options and the
combination of them with other options will be done by Auckland Council.
The engineering options include:
1

2
3

4
5

Stream widening /enhanced stream conveyance for
a
Conveyance of the 2 year ARI flood1
b
Conveyance of the 10 year ARI flood
Enhanced stream conveyance from Seaview Road Bridge to the sea (clearance of the sandbar)
Flood detention dam(s)
a
Single dam - Piha tributary
b
Single dam - Glenesk tributary
c
Two dams - Piha and Glenesk tributaries
d
Single dam – at tributary confluence (Piha Mill Camp)
Flood flow diversion by tunnel
Raise habitable buildings out of the 100 year floodplain for
a
Habitable buildings within the 2 year floodplain, where floor below flood water level
and there is no safe refuge
b
Habitable buildings within the 10 year floodplain, where floor below flood water level
and there is no safe refuge.

As part of the long list of option, other options such as enhanced warning systems are being
considered by Council. Options that involve changes to the road, i.e. raising the road out of the
floodplain, are being considered by Auckland Transport.
Other assessment criteria, such as regulatory and stakeholder aspects are being considered by
others.
Concurrently, Council have asked T+T to undertake a peer review of the Auckland Council August
2018 flood risk assessment, undertake structural inspections and provide an independent, expert
flood risk assessment, which are all reported separately in the T+T (February 2019) Piha Flood Risk
Assessment.

1

A 2 year average recurrence interval (ARI) flood event has a 50% annual exceedance probability (AEP). A 100 year ARI has
a 1% AEP.
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2

Methodology

2.1

Basis and limitations

Our scope is to consider conceptual arrangements and rough order of magnitude costs of the agreed
options. Our findings are suitable for high level comparison of options. For all options more detailed
analysis and modelling are required to confirm the design and level of service. Significantly more
work is required to confirm the costs for project development and budgeting purposes.

2.2

Concept arrangements

Conceptual arrangements for each agreed option have been considered at a high level, based on a
number of assumptions that are summarised for each option in the relevant section.
All options have been developed with simplified design assumptions and analysis. Option 2 –
Enhanced stream conveyance from Seaview Road Bridge to the sea (clearance of the sandbar) and
Option 5 – Raise/relocate or replace habitable buildings are supported by hydraulic modelling
undertaken by T+T/Council. Option 1 - Enhanced stream conveyance, Option 3 - Flood detention
dam and Option 4 - Flood flow diversion by tunnel are supported by basic calculations.
The options are based on the design flowrates from the T+T (February 2019) Piha Flood Risk
Assessment, which are summarised in Table 1 below. These flows do not include allowance for
climate change.
Table 1 – Design flowrates
ARI

Peak Flow (m³/s)
2

33

5

51

10

64

100

108

We note that a number of the options considered will be difficult to consent. We note the Piha
Stream (Glenesk Road) area is within the area controlled by the Waitakere Ranges Heritage Area Act
2008. We have included high level comments regarding the consentability based on our experience
with similar projects, however we understand regulatory constraints will be considered by Council.

2.3

Rough order of magnitude costs

The cost is generally based on experience of similar projects rather than a build-up of costs. Where
appropriate we have applied the following:


Standard percentages on construction costs to account for investigation, design, consenting
and construction monitoring, surveillance and quality assurance



We have applied a mark-up or contingency to the base cost of 30% and 50% to provide a cost
range. If any of the options progress to the short list, it is important the cost estimate is
updated to reflect changes due to design progression

Where appropriate an estimate of the value of private land has been provided separately to the
rough order cost. It is noted that Council may use other methods to construct on private land i.e. via
easement, and we leave it to Council to adjust the cost for land access against each option as
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required. Further details on how the estimate of the value of private land has been calculated is
provided under each option.
The following are specifically excluded from the cost estimate:


Environmental mitigation costs



Lease arrangements



Stakeholder arrangements



Acquisition costs of public land, i.e. AC, DOC or Crown land



Council costs



Financing



GST

3

Option 1 - Stream widening/enhanced stream conveyance

This option considers two conveyance scenarios, being the 2 year ARI and the 10 year ARI design
flowrates. The concept arrangements are presented on Figure 1 and 2 in Appendix A. The basis of
the concept arrangements are as follows:


The extent of this option is from Piha Mill Camp at the upstream end and the coastal marine
area (CMA) at the downstream extent a total length of 2.1km.



Stream sections are split into sections according to an average grade. The stream grade
becomes gradually flatter from upstream (~0.6%) to downstream (~0.1%).



A maximum water depth is set based on the existing stream section and relativity to building
floor levels. This is generally 2.5m from the upstream extent to Seaview Bridge and 2.0m from
Seaview Bridge to the downstream extent. Some land reshaping will be required along the
stream edges to contain the design events.



Manning’s equation is used to estimate the required flow area to pass the required design
flow. A value of 0.05 has been adopted in all cases for manning’s ‘n’. This assumes free flow
conveyance i.e. no tailwater. The top width is presented on the figures.



Trapezoidal sections have been adopted with 3H:1V side slopes. Where constricted by the
presence of buildings a rectangular section, i.e. retained channel, has been adopted in place of
demolishing buildings if possible. When it is not possible to avoid buildings or the building is
not considered to have a significant value i.e. sheds, cost to replace has been included.



It is assumed that the downstream end will be excavated in a similar way to that assumed in
Option 2 – Enhanced stream conveyance from Seaview Road Bridge to the sea (clearance of
the sandbar).



It is assumed that all public and private bridges will be replaced.



We have provided a separate estimate of the value of private land intersected by the new
stream alignment. Private land in this case is defined by parcels within the residential and
rural/coastal zones in the Unitary Plan. We have used an average rate of $150/ m2.

3.1

2 year ARI flood conveyance

The top width of the channel ranges from 18 to 21m from the upstream extent to the Seaview Road
Bridge. Downstream of the Seaview Road Bridge the top width of the channel is 28m. The following
is also required:


Replacement 2 public vehicle bridges (Seaview Road Bridge and Piha Mill Camp Bridge) and 1
public pedestrian bridge
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Replacement of 2 private vehicle bridges and 8 private pedestrian bridges



240m of retaining wall and/or erosion protection



Relocation/replacement of 2 sheds, one each at 18 Glenesk Road and 30-32 Glenesk Road



Relocation/replacement of 1 tree house and 1 water tank at 50 Glenesk Road

Rough order of magnitude costs for this option is $16 Million to $19 Million.
We have applied a blanket assumption that all bridges require replacement. However, through some
sections of stream where the cross sectional area required to pass the 2 year ARI flood event is
similar to the existing, replacement of bridges may not be required. This and other refinements
could be considered for this option to reduce the cost. Refinements should be considered with flood
modelling to confirm the benefits (reduction of flooding).
The total surface area for this option that intersects with residential or commercial land is 10,600m2,
the value of which is in the order of $1.6M.

3.2

10 year ARI flood conveyance

The top width of the channel ranges from 24 to 36m from the upstream extent to the Seaview Road
Bridge. Downstream of the Seaview Road Bridge the top width of the channel is 50m. The following
is also required:


Replacement 2 public vehicle bridges (Seaview Road Bridge and Piha Mill Camp Bridge) and 1
public pedestrian bridge



Replacement of 2 private vehicle bridges and 8 private pedestrian bridges



Reconstruction of the Piha Mill camp driveway



600m of retaining wall and/or erosion protection



Relocation/Replacement of 5 sheds, at 18 Glenesk Road, 30-32 Glenesk Road, and 50 Glenesk
Road



Relocation/replacement of 1 tree house and 1 water tank at 50 Glenesk Road



Relocation or replacement of 9 cabins, 1 tennis court, 1 building and 1 water tank at the camp
ground

Rough order of magnitude cost for this option is $26 Million to $30 Million.
The total surface area for this option that intersects with residential or commercial land is 12,300m2,
the value of which is in the order of $1.85M.

3.3

Other considerations



Consenting stream diversions and/or work in stream is likely to be challenging



There are a large number of affected stakeholders, particularly private land owners



Complex construction within the streambed and floodplain and sensitive receiving
environments



The combination of the above will likely result in a lengthy timeframe to completion

4

Option 2 - Enhanced stream conveyance from Seaview Road Bridge
to the sea (clearance of the sandbar)

This option is for enhanced stream conveyance for 800m of stream channel from Seaview Road
Bridge through the lagoon area to the sea. The large and deeper stream channel would be formed
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by excavation/dredging of the sandbar and sediment build up in the lagoon, refer Figure 3 Appendix
A.
This option involves the stream mouth being lowered and widened to a downstream level of 0.0m
RL (AVD). A uniform gradient has been assumed that requires a large amount of excavation/dredging
at the downstream end and in the vicinity of the beach. The excavation volume has been estimated
to be in the order of 12,000m3, the cost of which would be in the order of $3.5 to $4.5 million. A
smaller volume, particularly around the stream mouth may provide a similar flood mitigation result
(described below) and could be considered if required. Further modelling is be required to assess
this.
Beaches and estuaries are complex dynamic environments that are subject to a number of processes
including tidal, wave, wind and fluvial. It is difficult to predict the frequency of maintenance
dredging that will be required, however for the purpose of this study it can be expected that regular
ongoing maintenance (particularly in the intertidal zone) up to a similar volume will be required on a
monthly to annual basis. This should be confirmed through further assessment and monitoring of
sediment levels over time if the option is progressed. The continued need for maintenance
excavation/dredging is a major consideration for this option.
Option 2 has been modelled by Council using the T+T 10 year ARI flood design flows. In summary the
impact on flood levels are:


Stream flood levels reduce between Seaview Bridge and the CMA by up to 0.5m for a
modelled scenario with the highest astronomical tide, whereas the benefits are slightly larger
with a reduction of up to 0.85m with mean sea level



There is negligible change to water levels upstream of Seaview Bridge



The bowling club will still experience flooding due to overtopping of the stream upslope of
Seaview Road.

The modelling results prepared by Council are presented in Appendix B.

5

Option 3 - Flood detention dam

5.1

Four flood detention dam scenarios

This option is for flood detention dam(s) scenarios. Four flood detention dam scenarios have been
considered as summarised below and presented in Figures 4 and 5.
Table 2 – Option 3 flood detention dam(s)
#

Description

Details

Dam
dimensions

3a

Single dam Piha
tributary

Stores the full 100 year
ARI design event from
Piha Stream. Resulting
flow from Glenesk
Stream ~54m3/s (in the
100 year ARI flood)

3b

Single dam Glenesk
tributary

Stores the full 100 year
ARI design event from
Glenesk Stream.
Resulting flow from Piha
Stream ~54m3/s (in the
100 year ARI flood)

Tonkin & Taylor Ltd
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Storage
volume (m3)

Storage area
(plan area)

Rough order Cost

27m high,
147m long

~800,000

~110,000

$17M to $21M
(excl. private land
acquisition
~$0.4M)

30m high,
205m long

~730,000

~80,000

$22M to $28M
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3c

Two dams Piha and
Glenesk
tributaries

Each dam stores the 100
year ARI event with a
maximum combined
release of 20m3/s (in the
100 year ARI flood)

Refer above

~1,530,000

~190,000

$39M to $49M
(excl. private land
acquisition
~$0.4M)

3d

Single dam –
at tributary
confluence
(Piha Mill
Camp)

Stores the 100 year ARI
event with a maximum
release of 20 m3/s (in the
100 year ARI flood)

21m high,
180m long

~1,030,000

~170,000

$11M to $16M
(excl. private land
acquisition ~$1M)

5.2

Other considerations



The dams would most likely be High Potential Impact Category (PIC) dams. High PIC dams
require the highest design and construction standards (e.g. seismic design and ability to pass
the probable maximum flood) and need a high level of ongoing operational support and
maintenance and rigorous dam safety management. In terms of flood passage a concrete
crested and lined chute type spillway would likely be needed to pass the PMF which is a high
cost element. Embankment type dams are likely required.



Most of the dam storage area is within the Waitakere Ranges Regional Park. Extensive
clearance of native bush and/or modification of bush would be required and a construction
zone and accesses would be needed for the dam.



The engineering feasibility of large dams is highly dependent on the geology of the
foundations and it is very likely that the volcanic origin geology of the Waitakere Ranges may
not be suitable. Further, material availability might become a key feasibility issue.



Consideration of suitable quarry sites for embankment fill and access to these sites have not
been considered which will potentially increase the environmental impacts of the dam(s).

6

Option 4 - Flood flow diversion by tunnel

This option considers the feasibility of diverting flood flows from Piha Stream via a tunnel. For the
purpose of the study we have considered an alignment that is feasible from a hydraulic
perspective. The inlet to the diversion tunnel is on Piha Stream upstream of Piha Mill Camp and the
outlet is to Whekatahi Creek. This option is shown in Figure 6 in Appendix A and a summary is as
follows:


The diversion is from Piha Stream to Whekatahi Creek. It is approximately 1.4km long and has
an overall grade of 0.28%



A tunnel diameter of 4 to 5m would be required to convey the 10 and 100 year ARI design
flows, respectively due to the very flat grade between the two catchments



Substantial inlet and outlet structures in the existing river beds will be required



The diversion would increase flows and flood risk in Whekatahi Creek and the residential area
downstream, transferring the problem from one catchment to another



The formation of the tunnel by pipe jacking is generally feasible up to about 3m diameter, but
at the length proposed (~1.4km) intermediate shafts would be required. The cost for a 3m
diameter tunnel, including intake, outlet and intermediate shafts could be in the order of
$30,000/m.



For tunnels greater than 3m diameter, a segmentally lined tunnel would be required which
would significantly increase the cost.
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In summary this option is not likely to be practical and prohibitively costly. We have not refined the
cost estimate beyond a rough estimate based on historical tunnels of similar size. We can say it
would cost more than $45 million (possibly significantly more depending on the desired
capacity/level of service/geology).

7

Option 5 - Raise habitable buildings out of the 100 year floodplain

This option is to raise habitable buildings out of the 100 year floodplain. We have allowed for 500
mm freeboard on the 100 year ARI flood level. This option considers two trigger levels, as follows:
Table 3 – Option 5 - Raise habitable buildings out of the 100 year floodplain

Scenario

Description

Criteria

Action required

Rough order
cost

Scenario 1

Habitable
buildings
within the 2
year floodplain

Habitable buildings within the 2
year floodplain, where floor
below flood water level and
there is no safe internal refuge
i.e. an upper level

Raise 1 building at:
 52 Glenesk Road

$0.14M to
$0.16M

Scenario 2

Habitable
buildings
within the
10 year
floodplain

Habitable buildings within the
10 year floodplain, where floor
below flood water level and
there is no safe internal refuge
i.e. an upper level

Raise 4 buildings at:
 52 Glenesk Road
 50 Glenesk Road
 20 Glenesk Road,
including
replacement of
the property
vehicle bridge
 14 Glenesk Road

$1.3M to 1.5M

We note that for this study raising buildings in current position was assumed for the rough order
cost. If this was not feasible, for example due to foundation type, replacement would be necessary.
This assessment did not identify any buildings that could not be considered for raising, albeit the
structural complexities in some cases mean the cost is likely to be in the same order as replacement.
Access has only been considered where the building meets the criteria for raising and requires a
bridge as the main access route. Only one property at 20 Glenesk Road, met this criteria.
The cost to raise onsite parking out of the floodplain has not been included.
Council have asked us to consider those habitable buildings within the 2 and 10 year ARI floodplain
(with or without existing safe refuge) that may lose their primary access route. The only habitable
building (other than those listed above) that requires a bridge for access is 64 Glenesk Road – Piha
Mill Camp via the Piha Mill Camp Bridge. The rough order cost to replace this bridge is estimated to
be $0.8 Million to $1.0 Million.
The total number of habitable buildings that have floor levels below the 10 year ARI floodplain is 11,
which is 7 more than Scenario 2.
More detail on our assessment of this option is provided in Appendix C.
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Applicability

This report has been prepared for the exclusive use of our client Auckland Council, with respect to
the particular brief given to us and it may not be relied upon in other contexts or for any other
purpose, or by any person other than our client, without our prior written agreement.

Tonkin & Taylor Ltd

Report prepared by:

Authorised for Tonkin & Taylor Ltd by:

..........................................................

...........................….......…...............

Sarah Karlsen

Tim Fisher

Senior Water Resource Engineer

Technical Director Water Engineering
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Appendix A:

Option Figures

Figure 1 – Option 1a, Stream widening for conveyance of the 2 year ARI
Figure 2 – Option 1b, Stream widening for conveyance of the 10 year ARI
Figure 3 – Option 2, Enhanced stream conveyance from Seaview Road Bridge to the sea (clearance
of the sandbar)
Figure 4 – Option 3, Flood detention dam plan
Figure 5 – Option 3, Flood detention dam scenarios
Figure 6 – Option 4, Flood flow diversion by tunnel
Figure 7 – Option 5, Raise habitable buildings out of the 100 year for the 2 year floodplain
Figure 8 - Option 5, Raise habitable buildings out of the 100 year for the 10 year floodplain
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Appendix B:

Option 2 modelling results summary

Piha Options Report, Appendix B.
Option 2 - Enhanced stream conveyance from Seaview Road Bridge to
the sea (clearance of the sandbar)
Locations

Items
Scenario

No dredge runs -Scenario 11 - 1D/2D
Coupled model with Piha and Glenesk
Stream hydrographs from T&T for design
events of 2, 5, 10, 20, 50 and 100yr,
hydraulic set up same as scenario 8

Dredging to improve downstream
conveyance

Table provided by Auckland Council 15 Feb 2019

14 Glenesk
Road
(stream
side)

14 Glenesk
Road at
letter box

20
Glenesk
Road

24
Glenesk
Road

26 Glenesk
Road

50
Glenesk
Road

Art
gallery

Fire
Station

Seaview
Bridge

Piha
MillCamp
Bridge

Piha
MillCamp
Hall

2Yr ARI - HAT, No dredging

6.64

6.83

6.96

6.99

7.15

8.87

4.3

4.2

3.77

9.51

10.7

2.82

2.84

2.9

3.4

2Yr ARI - MSL, No dredging
5Yr ARI - HAT, No dredging

6.64
7.08

6.83
7.35

6.96
7.48

6.99
7.49

7.15
7.61

8.87
9

4.29
4.82

4.2
4.69

3.75
4.31

9.51
9.73

10.7
11.04

2.8
3.03

2.83
3.06

2.88
3.13

3.39
3.82

5Yr ARI - MSL, No dredging

7.08

7.35

7.48

7.49

7.61

9

4.82

4.69

4.29

9.73

11.04

3.02

3.05

3.11

3.8

10Yr ARI - HAT, No dredging

7.33

7.62

7.75

7.87

7.88

9.07

5.04

4.9

4.55

9.8

11.17

3.15

3.18

3.27

4.07

10Yr ARI - MSL, No dredging

7.33

7.62

7.75

7.87

7.88

9.07

5.04

4.9

4.55

9.8

11.17

3.14

3.17

3.24

4.05

2Yr ARI - HAT, dredging

6.62

6.83

6.96

6.97

7.15

8.87

4.2

4.08

3.46

9.53

10.69

2.36

2.38

2.47

2.9

2Yr ARI - MSL, , dredging

6.62

6.83

6.97

6.97

7.13

8.87

4.19

4.07

3.41

9.53

10.69

1.7

1.8

2.14

2.77

5Yr ARI - HAT, , dredging

7.07

7.35

7.47

7.49

7.59

9

4.73

4.65

4.1

9.73

11.04

2.5

2.55

2.7

3.37

5Yr ARI - MSL, , dredging

7.06

7.35

7.47

7.5

7.59

9

4.71

4.64

4.07

9.73

11.04

2.07

2.18

2.5

3.31

10Yr ARI - HAT, , dredging

7.32

7.61

7.74

7.83

7.86

9.07

5

4.8

4.41

9.8

11.17

2.61

2.67

2.83

3.63

10Yr ARI - MSL, , dredging

7.32

7.61

7.74

7.77

7.85

9.06

5

4.8

4.41

9.8

11.17

2.29

2.4

2.72

3.6

Rainfall Events/Tide

X2

X3

X4

X5

Appendix C:

Option 5 assessment summary
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Appendix C – Option 5 - Raise habitable buildings out of the 100 year floodplain

Site Address

Art Gallery
21 Seaview Rd

6-8 Glenesk Rd

Building
Type

14 Glenesk Rd
House

TT Hydrology Flood Risk
Surveyed Floor Level (m)
(From survey results
provided by Auckland
Council)

(From T+T flood risk assessment)
2 year
ARI level

10 year
ARI level

100 year
ARI level

4.52

5.11

5.68

Subfloor Space
Required floor level

(From 31/01/2019 T+T structural
assessment report)

10 year flood level trigger
Not habitable

Habitable

House

10-12 Glenesk Rd Lower
house (north side of
stream) – unknown
address

Flood Refuge within
property
(From 31/01/2019 T+T
structural assessment
report)

Habitable

No

4.57

Required Floor Level:
6.18mRL

10 year flood level trigger
Yes – upstairs on second level.

6.78

6.41

7.13

8.13

Yes – refuge in the attic space
within upper level.

7.3

-

7.28

7.89

Required Floor Level:
8.63mRL

10 year flood level trigger
Required Floor Level: 8.39RL

10 year flood level trigger
Habitable

No

7.35

7.07

7.80

8.56

6.97

7.77

8.48

18 Glenesk Rd
(viewed from stream bank
only)

Habitable

N.A.

Floor level above 100year ARI
from site inspection

20 Glenesk Rd Dwelling

Habitable

No

7.21

7.18

7.62

8.26

Required Floor Level:
8.76mRL

No trigger

10 yr trigger
Required FFL – 8.98

None. Slab on grade foundation.

Driven piles embedded supposedly 1.2m
into natural ground.

Low subfloor space (<300mm).

Well braced piles with reported minimum
pile embedment of 450mm. Central area
supported by masonry block foundation
wall. Southern side of house on concrete
footings.

Structural Integrity note
(From 31/01/2019 T+T structural
assessment report)

Gallery building positively connected to
concrete slab. Sheds are marginal for fixity
in ground. Some damage may occur in flood

Robust cantilevered piles embedded at
reasonable depth.
May incur some damage to structure in
flood event.

Action

No action

No action

Appears to be robust.

No action

Good – likely to withstand flood event
pressures, well braced foundation.

Raise – 1.41m

N.A.

Bank alongside stream, supporting dwelling
and deck above, has eroded and poses a
potential ground slip hazard and risk of
undermining structure.

No action

Braced piles, 300mm embedment.

House uninhabited. Water damage was
visible to bottom of internal linings of
dwelling.

Raise – 1.77m and
upgrade or replace
pedestrian bridge

10 yr trigger
20 Glenesk Rd Garage

Not habitable

No

6.97

7.00

7.64

8.35

Required FFL –

Braced timber piles – reported embedment
of 450mm.

No action

8.85
Some concern regarding stability of original
foundations and potential undermining of
the house piles from river scour.

10 yr trigger
24 Glenesk Rd
House

Habitable

Yes – on second level.

7.14

7.03

7.78

8.47

Required FFL –

Low subfloor space ~300mm.

8.97

10 yr trigger
26 Glenesk Rd
House

Habitable

Yes – on second level

7.76

7.18

7.92

8.57

Required FFL –
9.07

Habitable
26 Glenesk Rd Sleep-out
[on north side of stream]

Yes on upper floor/attic

Not available – assumed level of
7.4

Original – N.A.

Extension – appears to be on internal piles

Deck and unconsented bridge were
connected behind property. Flood damage
to bridge may destabilise deck which is
attached to house.

Robust original concrete structure but some
damage likely to extension under extreme
flood.

No action

No action

10 yr trigger
7.22

7.89

8.54

Required FFL –
9.04

Low subfloor space.

No action

Page 2 of 2

Appendix C – Option 5 - Raise habitable buildings out of the 100 year floodplain

Site Address

45-47 Glenesk Rd

Building
Type

Habitable

Flood Refuge within
property
(From 31/01/2019 T+T
structural assessment
report)

TT Hydrology Flood Risk
Surveyed Floor Level (m)
(From survey results
provided by Auckland
Council)

(From T+T flood risk assessment)
2 year
ARI level

10 year
ARI level

100 year
ARI level

Subfloor Space
Required floor level

(From 31/01/2019 T+T structural
assessment report)

10 yr trigger
Yes – on second and third
levels.

7.23

6.91

7.71

8.39

Required FFL –

Low subfloor space below dwelling.

Structural Integrity note
(From 31/01/2019 T+T structural
assessment report)

Good – dwelling is suitably rigid.

Action

No action

9.89

50 Glenesk Rd House 1

50 Glenesk Rd House 2

50 Glenesk Rd House 3
(Storage)

Habitable

Habitable

Habitable

Yes – on upper level.

9.19

8.87

9.01

9.38

No trigger

N.A.

Building appears well founded on piles and
slab at grade and unlikely to be destabilised

No action

No

9.18

8.49

8.80

9.23

No trigger

Low subfloor space. Piles on perimeter are
embedded. Internal piles rest on concrete
blocks.

May incur some scour damage to piles.

No action

No

8.92

8.46

8.77

9.19

No trigger

Piles are embedded.

Some structural damage likely to occur from
caravan movement in flood event.

No action

10 yr trigger
50 Glenesk Rd House 4

Habitable

No

8.7 (No survey – assumed FL)

8.53

9.89

9.23

Required FFL –

Piles are embedded into ground.

Raise by 0.63m

9.73

50 Glenesk Rd Several
Caravans

Habitable –
not a
permanent
structure

No

N.A.

N.A.

N.A.

N.A.

52 Glenesk Rd

Habitable

No

8.8 (No survey – assumed FL)

8.93

9.10

9.39

9.67

8.54

8.92

9.32

No trigger

2 yr trigger
Required FFL – 9.89

No – for unit at rear
91 Glenesk Rd

41 Glenesk Rd

64 Glenesk Rd

Habitable

Habitable

Habitable

Yes – upper storey for addition
at front of dwelling

Yes – upper storey

Yes – upper storey

7.22

10.95

-

-

7.62

11.08

8.24

11.49

No trigger

10 yr trigger
Required FFL – 8.74

10 yr trigger
Required FFL – 11.99

N.A.

Several caravans noted onsite – all are at
risk of being destabilised in a flood event.

No action

N.A.

Structure vulnerable to flood/wash out.
Poor construction.

Raise by 1.09m

Low subfloor space below dwelling (max
height ~600mm).

Good. Dwelling appears rigid.

No action

Building was outside of structural
assessment scope

Building was outside of structural
assessment scope, structural integrity of
upper storey should be assessed to confirm
safe refuge.

No action

Building was outside of structural
assessment scope

Building was outside of structural
assessment scope, structural integrity of
upper storey should be assessed to confirm
safe refuge.

No action

