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Executive summary

Te Puru is located on the west coast of the Coromandel Peninsula, eight kilometres to
the north of Thames on State Highway 25 (SH25). In response to the severe floods
generated by the “Weather Bomb 2002”, Waikato Regional Council (WRC) established
the Peninsula Project to address river and catchment issues across the Peninsula
through soil conservation, river management, animal pest control and flood protection
measures. Te Puru was one of the communities identified as having a very high risk to
life and property, requiring actions that address these risks.

Since the introduction of the Peninsula Project in 2004, WRC and Thames Coromandel
District Council (TCDC), worked with the Te Puru community to develop a flood
mitigation strategy to address the Te Puru Stream flood hazards. A flood protection
scheme has been completed at Te Puru, the details of which are provided in this
Design Report.

Te Puru is located at the base of the Te Puru Stream catchment on a coastal alluvial
fan. The presence of parts of Te Puru on the low-lying land adjacent to Te Puru
Stream means that many properties were subject to flood hazard from the stream. The
Te Puru Stream catchment is susceptible to short duration but high intensity rain
events causing flash flooding and debris flow in the streams and surrounding land with
little or no warning.

For the success of this project it was essential that the community was involved. A
working party was established in the community to liaise with the various authorities,
including WRC, as matters progressed. The working party met at regular intervals to
scope the issues, discuss options and to work together to implement the project.

A catchment assessment was undertaken for the Te Puru Stream catchment to inform
the development of MIKE-21 and MIKE-11 hydraulic models which were then used to
develop a proposed flood mitigation strategy for Te Puru. The initial investigations
demonstrated that the State Highway 25 (SH25 Bridge) was under capacity and was
contributing to flooding issues in the community. WRC approached the New Zealand
Transport Agency and it was agreed that the SH25 Bridge would be upgraded.

WRC worked with the community via the Te Puru Working Group to develop the flood
mitigation strategy for Te Puru and then consulted with the community on what was
proposed. A flood protection scheme was developed that included catchment
management works, channel improvements, the SH25 Bridge upgrade and flood
defences. The flood defences were designed to provide protection to the 1% Annual
Exceedance Probability (AEP) event with freeboard. Due to space restrictions between
residential dwellings and the Te Puru Stream the flood defences were designed to be
flood walls with clay bulking on the landward side of the flood wall. This arrangement
had a smaller footprint than traditional stopbanks, and with the clay bulking the
defences have additional structural integrity and reduced chance of failure should they
be overtopped.

The SH25 Bridge was upgraded and then the flood protection scheme was constructed
to tie into the upgraded bridge. The following figure demonstrates the flood protection
scheme that was constructed.
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Catchment management and soil conservation works programmes have also been
established in the Te Puru Stream catchment to complement the flood mitigation works
undertaken.

The main channel of the Te Puru Stream is monitored and periodically maintained by
WRC to remove accumulated sediment and debris. This work maintains the capacity
of the stream and reduces the risk to adjacent land that would otherwise be inundated
more frequently.

‘Residual flood risk’ is a term used to describe a river flood risk that exists due to the
potential for ‘greater than design’ flood events to occur. Residual flood risk applies to
the Te araru community from factors such as the greater than the design event, the
impact of debris flow during a flood event and that the model excludes obstructions
such as buildings and walls which may have localised effects.

Based on the flood hazard status of land in the community, TCDC has various planning
controls in place via the Thames Coromandel District Plan, that restrict what land use
activities can be undertaken. Refer to the Thames Coromandel District Plan and
TCDC staff for details.

The flood mitigation scheme for the Te Puru community should be reviewed in
accordance with the Coromandel Zone Management Plan. In addition if there are any
significant changes in land use in the Te Puru Stream catchment the scheme would
need to be reviewed.
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1.2

Introduction

Background

Te Puru is located on the west coast of the Coromandel Peninsula, eight kilometres
north of Thames on State Highway 25 (SH25).

In response to the severe floods generated by the “Weather Bomb 2002”, Waikato
Regional Council (WRC) established the Peninsula Project to address river and
catchment issues across the Peninsula through soil conservation, river management,
animal pest control and flood protection measures. The Peninsula Project, an umbrella
project for the Thames Coast Project that was initiated in 2003 and adopted by Council
in 2004, investigated all river and catchment issues within the whole Coromandel
Peninsula area, identified general works programmes to address these and established
the funding mechanisms that provide for these services to be implemented in a
consistent and sustainable manner into the future.

Under the Peninsula Project, WRC and Thames Coromandel District Council (TCDC)
worked together on flood mitigation plans for five Thames Coast communities. The
work included risk assessments, technical investigations, development of risk mitigation
options, development of a business case to central government for funding support and
establishment of rating mechanisms. There was extensive community consultation on
plans for these Thames Coast communities. Te Puru was one of the communities
identified as having a very high risk to life and property, requiring actions that address
these risks.

Since the introduction of the Peninsula Project in 2004, WRC and TCDC worked with
the Te Puru community to develop a flood mitigation strategy to address the Te Puru
Stream flood hazard. A flood mitigation scheme has been constructed at Te Puru, the
details of which are provided in this Design Report.

Scope of report

The purpose of this Design Report is to provide a summary of the works that have been
undertaken at Te Puru to reduce the flood hazard from the Te Puru Stream, including
the rationale behind the scheme development, the agreed levels of service, the design
details, as built information, the operation and maintenance requirements of the
scheme, the residual flood risk and the scheme review requirements.

The Design Report includes the following sections:
Catchment overview
Hydrological assessment
Hydraulic model development
Flood protection scheme
Agreed levels of service
Operation and maintenance
Flood hazard assessment
Residual flood risk

Planning controls, and
Scheme review.
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Catchment overview

Catchment description

Te Puru is located on the west coast of the Coromandel Peninsula, eight kilometres
north of Thames on State Highway 25 (refer to Figure 1).
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Figure1  Thames-Coromandel District

The Te Puru Stream has a 24km? catchment that originates in the western Coromandel
Ranges (refer to Figure 2). This catchment is relatively steep and covered in
regenerating native vegetation and scrub. It is also susceptible to short duration but
high intensity rainfall events that cause flash flooding and debris flows in the Te Puru
Stream with little or no warning.

Te Puru
Stream

Thornton ~—
Bay Pluhi and Pupurakau
N, Bheams

Figure 2  Te Puru Stream catchment
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2.2 Te Puru Stream

The Te Puru Stream flows out of the Coromandel Ranges and through the Te Puru
community before discharging to the Firth of Thames (refer to Figure 3).

Sarjants Rd

Figure3  Te Puru community

Parts of the Te Puru community are located on the floodplain and sediment/debris fan
created by the Te Puru Stream (refer to Figure 4 and Figure 5).
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Figure 4 Ground levels at Te Puru

Figure 5 Ground levels at Te Puru (looking inland from the Firth of Thames)
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2.3

Flooding issues

The Te Puru community is located at the base of the Te Puru Stream catchment on a
coastal alluvial fan. The community consists of mainly residential development on both
banks of the Te Puru Stream, with a holiday park located on the left bank downstream
of the State Highway 25 (SH25) Bridge. SH25 runs through the Te Puru community
and crosses the Te Puru Stream using a dual lane single span bridge.

The presence of parts of the Te Puru community on low-lying land adjacent to Te Puru
Stream means that these properties are subject to flood hazard from the stream. The
Te Puru Stream catchment is susceptible to short duration but high intensity rain events
causing flash flooding and debris flow in the stream and surrounding land with little or
no warning.

Prior to the scheme being constructed, during significant flood events, overland flow
occurred on the left and right bank upstream of the SH25 Bridge, as illustrated in the
schematic below. The overland flow over the left bank could cause extensive flooding
over a large proportion of the community.

Main flow
Overland:flow ==*s
SH25 Bridge

"y .

Figure 6  Predominant flooding mechanism at Te Puru

Figure 7 below illustrates the predicted flood extents (pre-flood protection scheme) at
Te Puru for the 1% AEP event with an allowance for predicted climate change.
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Figure 7 Predicted flood extents for 1% AEP event (with climate change)

The significance of the flood hazard to the Te Puru community was demonstrated
during the storm event that occurred on June 21, 2002 (also referred to as the ‘Weather
Bomb’). This event brought torrential rainfall to the Coromandel Peninsula (with
unconfirmed intensities of up to 125 mm in 25 minutes) and caused widespread
damage across the Thames-Coromandel and South Waikato Districts (Munro, 2002).
Te Puru suffered significant damage during this event.

Damage to properties within the Te Puru community was focused on those properties
immediately adjacent to the Te Puru Stream and those that were within the secondary
flow paths and ponding areas. Figure 8 below illustrates the property damage that
occurred within the Te Puru community following the ‘Weather Bomb’.
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Figure 8 Property damage within the Te Puru community during the ‘Weather Bomb’

Following the ‘Weather Bomb’, WRC and TCDC initiated the Thames Coast Project to
better understand the river flooding issues that affect the communities on the Thames
Coast. This project also involved the identification of works to mitigate the impact of
river flooding on people and property along the Thames Coast. The Thames Coast
Project focused on the five most vulnerable communities that were identified as being
worst affected by both the weather bomb and historical flood events, which included Te
Puru.

Risk assessment based on the extent of flooding including depth and velocity of floods
was undertaken by URS Consultants for all five communities on the Thames Coast
(including Te Puru) with the aim of measuring the level of risk to life and economic
feasibility of flood mitigation options. The assessment revealed that Te Puru had the
highest risk to life arising from flooding among the five communities investigated and
the risk is higher than internationally acceptable standards. Hence both WRC and
TCDC committed to investigating and implementing appropriate measures to reduce
the risks.
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Hydrological assessment

Technical information

During the development of the Thames Coast Project, WRC collected a significant
amount of technical information covering the Te Puru Stream catchment. This
information is presented in WRC’s Technical Report 2004/13 (Ryan GJ, 2004, WRC
DM#909430) and includes:

e Historical research
Catchment hydrology
Lower channel hydraulics (1 dimensional)
Floodplain hydraulics (2 dimensional)
Flood hazard analysis (including extent and severity).

Some of the key data sources and findings that have informed technical investigations
are summarised below.

Table 1 Summary of technical reports covering flood events on the Thames Coast
Flood Event Technical reports
April 1981 HCB Report 109 and 123 (Sep 1981 and June 1982)

February 1985

HCB Report 190 (October 1985)

Cyclone Bola

No technical reports located

Cyclone Drena

No technical reports located

January 2002 No technical reports located
June 2002 EW Report 2002/10 (July 2002)
Table 2 Technical Reports covering flood mitigation and management at Te Puru
Community Previously completed technical investigations
Te Puru Channel Improvements - HCB Report 117 (Jan 1982)
Channel Improvements - HCB Report 194 (Nov 1985)
Flood Hazard Mgmt - EW Report 1993/1 (Feb 1993)
Table 3 Summary of completed flood mitigation works at Te Puru
Community Previously completed works
Te Puru Channel improvement works were completed during the 1980’s by the

HCB (on behalf of the TCDC). These works included widening the channel
and installing erosion protection works (rock rip rap).

Since these works were completed there has been ongoing problems with
the effectiveness of erosion control adjacent to Te Puru Creek Road.

Pre-2004 these works were maintained by TCDC. WRC took over
maintenance responsibility from 1 July 2004.

Longsection information for Te Puru Stream (pre-scheme) has been detailed in a WRC
document number WRC DM# 910292. This longsection includes the following
information:

e Bed level
Top-of-bank level
Design flood level for a variety of flood events
Levels associated with proposed works (e.g. floodwalls)

The existing channel performance prior to the scheme works being implemented was
assessed to be the following for Te Puru:
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3.2

3.3

e Upstream of the SH25 Bridge 10% AEP (10 year ARI) event
e Downstream of the SH25 Bridge 20% AEP (5 year ARI) event

Catchment characteristics

The Te Puru Stream catchment is located on the steep western slopes of the
Coromandel Ranges. The catchment is covered with regenerating native forests and
dense scrub. The catchment area and characteristics used in the model are described
below.

Figure9 Te Puru Stréarﬁ catchment boundary

Table 4 Te Puru Stream catchment summary

Catchment area 24 km?

% urban Low

% indigenous forest/ scrub High

Channel slope 5%

Time of concentration 1 hour 15 minutes
Rainfall

Rainfall data was taken from NIWA'’s High Intensity Rainfall Design System (HIRDS)
Version 2 (the most current version of HIRDS at the time of the model development).
The standard error was added to the rainfall depth to give a conservative rainfall
estimate and is shown below.

Table 5 Te Puru Stream catchment predicted rainfall intensities (existing)

Rainfall summary
1 hour 15 minute duration event

Annual Exceedance Probability (AEP) event 50% | 20% | 10% 5% 2% 1%

Predicted rainfall intensity (mm/hr) 28 34 40 a7 58 71

Climate change effects have been estimated following the methods outlined by the
Ministry for the Environment guidelines (MfE, May 2004 — the most current guidelines
at the time of the assessment). The guidelines predict that the temperature within the
Waikato Region will rise by up to 1.4°C by 2030 and up to 3.8°C by the year 2080. The
guidelines also suggest that rainfall intensity will increase 7% to 8% per degree °C
increase. Based on the above, the rainfall intensities were estimated as outlined in the
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3.4

following table (assuming a 20% increase in rainfall intensity allowing for climate
change).

Table 6 Te Puru Stream catchment predicted rainfall intensities (future)

Rainfall summary
1 hour 15 minute duration event

AEP event 50% | 20% | 10% 5% 2% 1%
Predicted rainfall intensity 2030 (mm/hr) 30 37 44 52 64 78
Predicted rainfall intensity 2080 (mm/hr) 35 43 51 60 75 91

Flow estimates

The peak inflow for Te Puru Stream including an allowance for climate change has
been determined using several methods; the Rational Method, Relative Rational
Method, and the Revised Regional Flood Estimation Method. The results have been
compared with previous reports and historic events.

Table 7 Te Puru Stream peak flow estimates

Peak flows estimates
AEP event 50% | 20% | 10% 5% 2% 1%
Existing peak flow - 2006 (m3/s) 128 157 211 248 | 287 | 315
Future peak flow - 2030 (m%/s) 140 | 172 | 233 |274 |317 |348
Future peak flow - 2080 (m°®/s) 162 199 | 270 | 317 368 | 405

It should be noted that in events exceeding the 2% AEP event, debris floods are likely
to occur and cause increased flood levels, higher waves and significant blockages in
the stream system.

The following graph shows the full continuum of flood events in the Te Puru Stream for
existing and future predicted climate change scenarios.

Extreme Events - Te Puru
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Figure 10 Te Puru Stream hydrological summary
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3.5

From this assessment, the existing 1% AEP event flood flow for Te Puru Stream is
estimated to be 315m°s and the future 1% AEP event flow is estimated to be
approximately 378m?s.

Hydrograph

To allow realistic modelling it was necessary to create a hydrograph to input flows into
the model. A dimensionless unit hydrograph was created by examining five historic
floods recorded on the Kauaeranga River at Smiths (WRC recording site 9301). The
dimensionless hydrograph used is shown below.

Dimensionless Unit Hydrogragh
1.00 ‘
0.490 [’f}l
0.80 i
= 070 ;f ‘t
2 050 f ;
S 050 ;
= 040 )‘ T
= 030
0.20 / \\\
0.10 .
g A
0.00 =—~") . . e
0.00 1.00 2.00 2.00 4.00
Time (TITp)

Figure 11 Dimensionless Unit Hydrograph
This was used to produce a unit hydrograph for the Te Puru catchment. Where Tp
used is the time of concentration and Qp is the peak flow.

Hydraulic model development

Introduction

Two types of hydraulic models have been developed for Te Puru.

The first was used to develop a flood hazard map for the community and to provide an
assessment of where the particularly flood prone areas of community town are. For
this purpose the stream and surrounding area was modelled using an unsteady state,
two-dimensional computational hydraulic model using the MIKE-21 software. This
model provides detailed information in regard to extent, depth and velocity of flooding.

The second hydraulic model was used to develop a detailed design model sufficient to
inform the design of components of the flood protection scheme, such as stop banks
and flood walls. A one dimensional computational hydraulic model was built to
represent the Te Puru Stream using MIKE-11 software. The MIKE-11 model was also
used to assess the performance of the old SH25 Bridge and to design the bridge
upgrade, details are provided about this in Section 4.3.4 below. The MIKE-11 model
provides detailed information regarding flow, flow depth and velocity within the
modelled stream channel and associated stream berm.

The MIKE-21 model was also used to estimate super elevation at the bends in the
channel, as MIKE-11 models are not able to assess super elevation. The super
elevation information was used to develop the design levels.
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4.2
421

4.2.2

This section outlines the development of both of the hydraulic models.

MIKE-21 model

Model inputs

Datum
The MIKE-21 model was developed using the LIDAR datum.

Ground contour

A digital terrain model (DTM) based on ground survey (LIDAR) was used in the
hydraulic model to represent the ground contours of the study area. The DTM was
based on a 2m by 2m grid of the whole stream and flood plain with an accuracy of +/-
0.15m.

Upper boundary condition

The upper boundary of the hydraulic model consists of an inflow hydrograph to
represent the peak flows for the contributing sub-catchments to the Te Puru Stream for
the 1% AEP event. The development of the inflow hydrograph is discussed in Section
3 above. The following summarises the inflow data for the catchment for the existing
and predicted future 1% AEP events (taking into account predicted climate change):

Existing 1% AEP design flow:315m°/s
Future 1% AEP design flow: 378m°/s

Lower boundary conditions

The lower boundary of the Te Puru Stream is the Firth of Thames. The spring high tide
level was used to replicate the backwater effect at the lower end of the stream. The
current spring high tide is RL1.4m above mean sea level (Tararu 1952 datum). This
equates to RL1.6m in terms of the local Te Puru datum and RL2.3m in terms of the
LiDAR datum.

Sea level is predicted to rise by 0.50m by the year 2080 according to MfE guidelines.
Hence for the climate change scenario, the lower boundary condition used in the model
was RL 1.9m above mean sea level (Tararu 1952 datum), or RL2.1m (local datum), or
2.8m (LiDAR datum).

Resistance

The variation in resistance across the flood plains has been taken into account. In
MIKE-21 a separate resistance file has been created. In this file, resistance for
different areas is assigned. MIKE-21 uses Manning’s M to represent roughness, which
is the inverse of Manning’s n value. In the hydraulic model the resistance was
assigned as follows:

Stream/river =30
Open spaces/roads = 20
Built up areas =15

Note that the resistance values are assigned with only limited accuracy based on the
aerial photographs for the study area. This is considered an appropriate level of detail
in hydraulic modeling practice.

Model location

The MIKE-21 hydraulic model used to develop the Flood Hazard Map for Te Puru is
located in the WRC system in the following folder:

G:\RCS\Technical Services\Projects\RHEM\TCDC Hydraulic Modelling Stage
1\Hydraulic Models
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4.2.3

4.2.4

The MIKE-21 hydraulic model used for design purposes for Te Puru is located in the
WRC system in the following folder:

G:\RCS\Technical Services\Projects\Coromandel Zone\Te Puru\Hydraulics\MIKE 21
Model validation

The river flood maps prepared as part of this assessment for the no works scenario
were compared with observations made during previous flood events in the Te Puru
Stream. This comparison included the review of several Hauraki Catchment Board and
Environment Waikato reports, including the following:

e 1981 flood event — HCB Report 109: Flood of April 1981 volume 1
e 1985 flood event — HCB Report 190: Flood of February 1985 volume 1
e 2002 Weather Bomb - Final Technical Report

Figure 12 below compares the modelled extent for the existing 1% AEP flood event
versus the surveyed extents of the June 2002 event, which was close to a 1% AEP
event. This comparison shows that the modelled flood extent is a reasonable
representation of observed flooding in the Te Puru Stream.

Surveyed extent
June 2002 event

- Modelled flood
@ extent

Figure 12 Comparison of oeIId and observed flood extents

MIKE-21 model assumptions and limitations

The following outlines the assumptions made when building the MIKE-21 hydraulic
model and model limitations:

e The modelling work has been undertaken for the current catchment
characteristics. Any significant alteration to the catchment will affect the
hydrology which will then affect the extent and magnitude of the flood hazard
risk. Alterations to the catchment that may affect the hydrology significantly
include, land use changes, deforestation and development.  Following
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significant alterations to the catchment the hydrology should be reviewed and
possible adjustments should be made to the flood hazard.

e The modelling work has been undertaken for the current floodplain topography.
Aerial survey data (LIDAR) was taken and converted into 2 metre cell Digital
Terrain Model (DTM). The DTM incorporates ground levels but excludes
features such as fences, trees and buildings. Water is allowed to flow across
the DTM to determine the extent and magnitude of the flood hazard risk.

e The flood modelling work is for Te Puru Stream and contributing sub-
catchments only. Coastal hazards have not been included as part of the
modelling work.

¢ All flood modelling has been undertaken for clear freely flowing water and does
not model actual debris and sediment movement. However the derivation of the
peak flows has been undertaken using methods derived from actual events.
Therefore the modelling result capture the effects of debris and sediment load in
a way similar to that experienced historically.

¢ While the model results capture typical debris and sediment movement effects,
the results do not represent larger debris flows or blockages. Such occurrences
are considered greater than design events and are considered a residual risk
which is described in Section 9.

4.3 MIKE-11 model

4.3.1 Model inputs

Model reach

The model includes a 700m reach of the Te Puru Stream which extends 210m
upstream of SH25 to 490m downstream of SH25 at the Firth of Thames.

Model datum

The datum used in the model is a local datum or Provisional Datum (i.e. approximate
mean sea level) taken from Hauraki Catchment Board Plan No 2182. Refer to WRC
DM# 2962623 for details. The MIKE-11 model has been developed with data relating
to this datum, including any LiDAR information which has been corrected to this datum
to complete cross sections where survey extents didn’t extend far enough.

Channel cross section data

Cross section survey data was used to define the channel dimensions. The survey
was undertaken by FW Millingtons Ltd in September 2004 (refer WRC DM# 2962623
for details). Cross sections were surveyed at nominal 50m intervals. These cross
sections were input into the MIKE-11 model to define the channel capacity.

Upper boundary condition

Same as the MIKE-21 model, refer to Section 4.2.1 above.

Lower boundary condition
Same as for the MIKE-21 model, refer to Section 4.2.1 above.

Roughness

A Mannings n of 0.05 was used to define the roughness of the channel for the 1D
modeling. This roughness coefficient is considered to be an appropriate Mannings n
for the Te Puru Stream based on empirical derivation based on the substrate size in the
stream (refer WRC DM# 1391263) and confirmed by Council’s experience with the
Coromandel streams.

4.3.2 Model location
The MIKE-11 hydraulic model is located on the WRC system in the following folder:
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G:\RCS\Technical Services\Projects\Coromandel Zone\Te Puru\Hydraulics\MIKE 11
4.3.3 Model validation

Modelling of a natural system can never represent the actual environment exactly
hence it is important to validate modelling results with actual events to check the overall
fit of the modelling results. The estimated flood levels predicted by the MIKE-11 model
for the existing climatic conditions scenario were compared with observations made
during previous flood events. In-channel flow was calibrated using hydraulic design
calculations contained in HCB Reports 117 and 194. Out-of-channel flow is best
represented in the MIKE-21 model, which is discussed in Section 4.2 above.

Comparison showed that the model was providing a reasonable representation of
historic flooding in the Te Puru Stream.

4.3.4 Bridge upgrade

The SH25 Bridge at Te Puru was identified to be a constriction to flood flows, hence
WRC worked with the New Zealand Transport Agency (NZTA) to develop a flood
mitigation solution for the community that included an upgrade of the SH25 Bridge.

The SH25 Bridge upgrade was designed by NZTA and their consultants. Opus
Consultants undertook early design work on behalf of NZTA using WRC’s model as
their basis however the model was revised to design the bridge upgrade (Opus
Consultants, 2004, WRC DM#3126273)). Maunsell were then contracted by NZTA to
finalise the design and undertake construction of the bridge upgrade. Maunsell advised
that they developed their own HEC-RAS model to represent the bridge, but then chose
to adopt council’s design flood levels for the design of the bridge upgrade as they were
more conservative.

Maunsell’'s Water Assessment is provided in Appendix 1 and a council memo
summarising council’s design model for the bridge is provided in Appendix 2. NZTA
advised that the Waterway Assessment work was undertaken in November 2006 and
was used in NZTA’s Scheme Report that was prepared in December 2006. NZTA has
advised that the report covers the majority of their work on the waterway design (the
scour assessment was later updated) and shows the assumptions made.

It should be noted that there was an error in the application of Maunsell’s Waterway
Assessment. The design levels provided in the Waterway Assessment are in terms of
local datum. The roading design was undertaken in LIiDAR datum, however the
correction from local datum to LiDAR datum (+700mm) wasn’t applied when defining
the soffit level of the bridge. Hence the bridge was designed with less freeboard than
intended. Once this error was detected, NZTA advised that they were unable to raise
the bridge due to site constraints. This is discussed further in Section 5.6.

4.3.5 Designh models

Three model scenarios were developed, as follows:

e 1% AEP event (existing) - Present day 1% AEP event discharge for existing
situation.

e 1% AEP event (existing) with flood protection scheme - Present day 1%
AEP event discharge with inclusion of proposed floodwalls and stopbanks and
upgraded SH25 Bridge.

e 1% AEP event (future) with flood protection scheme — Future climate
change 1% AEP event discharge (i.e. with climate change) with inclusion of
proposed flood walls and stopbanks and upgraded SH25 Bridge

The design models were used to design the flood protection scheme and to test the
proposed flood protection works during the option development stage, and to ensure
that the proposals did not exacerbate any existing flood risk to any built up areas.
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4.3.6 MIKE-11 model assumptions and limitations

The following outlines the assumptions made when building the MIKE-11 hydraulic
model and model limitations:

e The modelling work has been undertaken for the current catchment
characteristics. Any significant alteration to the catchment will affect the
hydrology which will then affect the extent and magnitude of the design flood
event. Alterations to the catchment that may affect the hydrology significantly
include, land use changes, deforestation and development.  Following
significant alterations to the catchment a design review should be considered.

e The modelling work has been undertaken using channel cross sections
surveyed in 2004. Any changes to the cross sections since this date have not
been included in the model.

¢ All flood modelling has been undertaken for clear freely flowing water and does
not model actual debris and sediment movement. However the derivation of the
peak flows has been undertaken using methods derived from actual events.
Therefore the modelling result capture the effects of debris and sediment load in
a way similar to that experienced historically.

¢ While the model results capture typical debris and sediment movement effects,
the results do not represent larger debris flows or blockages. Such occurrences
are considered greater than design events and are considered a residual risk
which is described in Section 9.

4.3.7 Peerreview

WRC’s MIKE-11 hydraulic model was used by Opus Consultants to prepare the SH25
Bridge upgrade design for NZTA. As part of this process the MIKE-11 model was peer
reviewed and suggestions were made to improve the model. WRC adopted Opus’
recommendations.

WRC commissioned Hydraulic Modelling Services to undertake review of some of the
bridge upgrade options that Opus Consultants on behalf of NZTA developed. As part
of this process the model was subject to peer review again.

A peer review was undertaken of the hdyraulic model as part of the resource consent
application process for the flood protection scheme. Dr Barnett of Barnett &
MacMurray undertook a thorough review of the design hydraulic model and in
consultation with Dr Barnett his comments were incorporated into the model as
appropriate.

Page 16 Doc # 3116998



5 Flood protection scheme
5.1 Scheme history

During the 1980s the Hauraki Catchment Board completed channel works within the
lower Te Puru Stream to increase the capacity of the channel to 180m?/s, this equates
to between a 10% (10 year ARI) and a 5% AEP (20 year ARI) event. These works
included enlargement of the channel and stabilisation of the banks using rock rip rap
(refer to Hauraki Catchment Board Reports 117 and 194). Figure 13 provides an
example of engineering works undertaken on the Te Puru Stream.

Figure 13 Engineering works undertaken on the Te Puru Stream

Having adopted a design standard equivalent to between the 5% and 10% AEP event,
properties in the Te Puru community were still subject to flood hazard from the stream
for greater than design events. As discussed in Section 2.3 above, the implications of
this flood hazard were demonstrated during the January 2002 flash flood and the June
2002 ‘Weather Bomb’, both of which caused significant damage to property and
infrastructure.

The flood events in 2002 also damaged the Te Puru Stream catchment, increasing the
amount of debris carried by flood flows and exacerbating the issue of channel in-filling
along the lower Te Puru Stream.

The Peninsula Project began and WRC and TCDC worked with the community and
NZTA to develop a flood protection scheme to provide a greater level of protection to
the Te Puru community from flood hazard from Te Puru Stream.

5.2 Scheme evolution

Following the ‘Weather Bomb’, the performance of the Te Puru Stream channel was
assessed by constructing a one-dimensional hydraulic model (discussed in Section 0)
extending from upstream of the SH25 Bridge to the Firth of Thames.

The modelling results indicated the following:

e The bank full capacity of the Te Puru Stream upstream of the SH25 Bridge was
approximately 180 m*/s (between the 10% and 5% AEP event).
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5.3

e The unrestricted capacity of the SH25 Bridge is around 180m?®/s. Although this
did not represent a significant restriction to the bank full flow in the Te Puru
Stream, it did place a restriction on increasing the bank full flow by the
construction of floodwalls.

e The bank full capacity of the Te Puru Stream downstream of the SH25 Bridge
was approximately 150 m*/s, with overflow during flood flows greater than this
limited to the overland flow path downstream of the Te Puru Holiday Park
embankment.

Based on this modelling work it was identified that the capacity of the SH25 Bridge was
a factor contributing to the flood hazard to the Te Puru community from Te Puru
Stream. NZTA was approached and agreed to upgrading the SH25 Bridge at Te Puru
to provide capacity for the 1% AEP flood flows plus freeboard.

Waikato Regional Council developed a flood protection scheme for the Te Puru
community that included the following components:

e Catchment management works to improve the health of the catchment and
reduce instability within the upper catchment and hence potential contribution to
debris flow in Te Puru Stream.

e Channel improvements to increase the conveyance of flood flows and to
improve channel stability.

o Upgrade of the SH25 Bridge to improve the conveyance of flood flows.

e Flood defences comprising stopbanking to increase the flows that could be
conveyed in the floodway and to provide protection to the community from out
of channel flow.

The flood defences were to provide protection to the community for the 1% AEP event
plus freeboard. The proximity of residential development to the stream channel was a
key limitation developing options for the defences. Flood walls were selected due to
their reduced footprint when compared to traditional earth stopbanks. The flood wall
design included clay bulking on the landward side of the flood walls to provide
additional structural stability and to reduce the risk of failure if overtopped. The flood
protection scheme was designed to complement the upgrade of the SH25 Bridge.

River and catchment works

As part of the Peninsula Project, river and catchment management works were
proposed within the Te Puru Stream catchment covering the following areas:

e Protection of existing indigenous vegetation from livestock through retiring and
fencing land.

¢ Implementation of a goat and possum control programme.
e Removal of channel obstructions and accumulated sediment in the middle and
upper reach of the Te Puru Stream and tributaries (where there is appropriate

access).

e Re-vegetation of areas prone to erosion (landslide material and riparian
margins).
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5.4
5.4.1

5.4.2

These items have been undertaken in collaboration with DOC and are ongoing to
maintain catchment and river health.

Channel improvements
Background

As part of previous channel improvement works, Te Puru Stream was enlarged by the
Hauraki Catchment Board to pass a flow of 180m*s. These works included erosion
protection works.

Further channel improvements were undertaken as part of the flood protection scheme,
including erosion protection, and the stream width was widened to a minimum width of
15m to increase the conveyance of flood flows.

Indicative locations for the channel improvement works that have been undertaken by

the Hauraki Catchment Board and more recently by Waikato Regional Council are
shown on Figure 14.
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The channel improvements works that have been undertaken help to improve the
stability and capacity of the Te Puru Stream channel and help to maintain the integrity
of the flood protection structures.

Design details

Tonkin & Taylor were commissioned to design the channel improvement works for Te
Puru Stream. Design details are provided in the Tonkin & Taylor report entitled Te
Puru Stream Flood and Erosion Protection Works (Aug 2006, WRC DM# 1103422).

The design criteria used for the erosion protection works was to provide adequate
erosion protection where required to prevent erosion of the stream banks in the 1%
AEP event, while maintaining a 15m minimum base width channel. Where the flood
level exceeded the top of bank, erosion protection was designed to extend to the top of
the existing bank.
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5.5
5.5.1

The stream banks from the mouth of the stream to 300m upstream of the SH25 Bridge
were assessed by Tonkin & Taylor. It was identified that there were a number of bank
sections where there was existing erosion protection in adequate condition. A 160m
section of bank on the true left bank upstream of the SH25 Bridge was found to have
inadequate erosion protection. A design was developed in for this length of bank in
accordance with the above design criteria. Drawings showing the design are provided
in Appendix 3.

Flood defences

Main scheme

Tonkin & Taylor was commissioned to hep council prepare the design of the flood
defences for Te Puru, refer to their report (Tonkin & Taylor, Aug 2006) for details.

A number of options to provide flood protection for the Te Puru community were
investigated. The preferred option that was developed provided protection to the
community for up to a 1% AEP design standard with 600mm of freeboard, generally
through the provision of flood walls, channel improvements and the upgrade of the
SH25 Bridge.

The freeboard height is designed to allow for wave action, design model uncertainties
and blockage in the system due to floating debris or bed load depositions. In general a
freeboard of 500mm is used in the Waikato Region. For Te Puru it was decided that a
higher level of freeboard would be adopted to provide greater redundancy in the
system. A significant portion of the community is subject to flood hazard if the flood
scheme fails, hence incorporating a higher freeboard for this community.

The preferred option improves the existing performance of the lower Te Puru Stream
floodway to contain the 1% AEP flood event (315m®s) by implementing the following
works:

e Construction of a timber flood wall with clay bulking on the left bank of the Te Puru
Stream (upstream of the SH25 Bridge) to the 1% AEP flood level plus 600mm
freeboard to eliminate the previous overland flow paths through properties. The
length of defences at this location is approximately 200m.

e Construction of a spillway on the right bank upstream of the SH25 Bridge to the 1%
AEP flood level to increase the level of protection to properties located along the
overland flow path to the north of the SH25 Bridge. The spillway is designed to
divert flows in greater than design events and to mange situations where huge
amounts of debris and sediments are mobilised through the system during floods.

e Construction of a combination of timber floodwall, timber flood wall with clay bulking
and traditional earth stopbank along both banks of the Te Puru Stream
(downstream of the SH25 Bridge) to improve the performance of the channel and
prevent overflow onto adjacent properties. The downstream section of the scheme
was constructed as earth stopbank on both sides of the stream. The length of
defences on the true left bank is approximately 440 metres and 175 metres on the
true right bank

e Placement of rock rip rap to improve the stability of the channel and protect the
other works associated with this proposal, upstream and downstream of the SH25
Bridge on the left bank, and a small portion of stream reach on the right bank
downstream of the SH25 Bridge.

¢ Replacement of the SH25 Bridge, with the primary objective of increasing its
capacity to the 1% AEP flow with adequate freeboard to pass floating debris and
accommodate higher flows.
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¢ Planning controls to ensure development is undertaken outside of the flood hazard
area.

In designing these works, provision for greater than design events, climate change
effects and possible sea level rise have been assessed and provided for as practicable.

The indicative alignment of the constructed flood defences is shown in Figure 15.
Design details are provided in Appendix 4 and as-built survey information for the flood
defences is provided in Appendix 7.
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The stopbank/ floodwall design was developed by constructing a MIKE-21 hydraulic
model to represent the lower reaches of the Te Puru Stream, with stop banks on both
sides of the stream, to keep the flows in channel, and then running the model for the
existing 1% AEP event flood and the future 1% AEP event flood (i.e. with climate
change). The top of the stopbank/floodwall was defined as 600mm above the existing
1% AEP flood level, or 300mm above the future 1% AEP flood level, depending on
which was the highest.

Various configurations of stopbank were considered to provide flood protection.
Council’s initial preference was to build a full clay bank structure with a 3 metre top
width and 3:1 batters on both sides. Due to space limitations, this footprint had a
significant impact on the adjacent properties in terms of encroachment and access. An
alternative option was developed that comprised a timber wall with clay bulking behind
it on the landward side of the flood wall. This arrangement provides a robust structure
and virtually halves the width of the footprint. All the configurations were put to the
adjacent residents during initial consultation and flood wall plus clay bulking option was
progressed as the preferred option.

55.2 Flood wall extension

During the detailed design phase of the SH25 Bridge, it was determined that sections
of SH25 were vulnerable to flooding from Te Puru Stream

Doc#3116998 Page 21



Prior to the bridge upgrade, the configuration of the northern approach to the bridge
included a dip in the road that enabled overland flows from the right bank overland
flowpath to cross the SH and drain back into the stream downstream of the bridge. To
the north of the dip the level of the carriageway rose, to effectively form a lip that would
stop the water from draining further north toward residential dwellings. When the
northern approach was designed for the bridge upgrade, the dip in the road moved
further north, and the lip wasn’t provided to the same extent as pre-upgrade. Figure 16
below illustrates the pre and post upgrade levels of the carriageway for the northern
approach and the design flood levels along this reach.

Te Puru §H Bridge upgrade - comparison of design flood levels vs road level northern approach
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Figure 16 Design flood levels and carriageway levels (northern approach to bridge)

This assessment demonstrated that this section of the SH25 was vulnerable to flooding
from greater than the 10% AEP event. The concern for WRC was that if the
carriageway flooded, that flood waters would be able to get in behind the flood
defences on the right bank at this location, which are designed to protect three
residential dwellings and a school. Once flood waters get behind the flood defences
they would need to be pumped out.

To remedy the situation, WRC designed an extension to the flood defences to protect
the SH25 and the associated flood defences in this vicinity. The flood defences along
this section of SH were constructed to the 1% AEP flood level with an allowance for
climate change with no freeboard. Refer to Appendix 4 for design levels for the flood
wall extension. This means this section of wall has less freeboard than the remainder
of the scheme. This was a compromise between providing protection to the properties
to the north at an affordable price and within the constraints of the available space
between the edge of the footpath and the stream.

The flood wall extension was 130m long and on average 400mm high, up to a
maximum of 900mm high. The flood wall was constructed immediately adjacent to the
footpath, on the stream side. The flood wall construction is the same as what was
constructed for the main flood defences, however because it is of a reduced height the
foundation requirements are less. There is no clay bulking behind the flood wall.
Design details are included in Appendix 4 and in WRC DM#1937518.

The flood wall extension impacts on the performance of the spillway, the operation of
the overland flowpath is discussed further in Section 5.5.3 below.
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5.5.3

Spillway

The design for the Te Puru flood protection scheme includes a right bank spillway
upstream of the SH25 Bridge on the true right bank. This spillway is an important
feature of the flood protection scheme as it provides a relief valve, hence protecting the
left bank from overtopping. Once the left bank spills a significant portion of the town is
likely to be affected by flooding.

Prior to the scheme being constructed, the land immediately upstream of the SH25
Bridge on the right bank was acting as a spillway in severe flood events. This overflow
drained north to the east of SH25, then crossed the SH25 approximately 120m north of
the old bridge, and then water then flowed back into the stream. Figure 17 below
shows the existing ground levels pre-scheme (extracted from LiDAR survey data) and
illustrates the pre-scheme overland flow path and associated low-lying land.

44— Overland flowpath .

Low lying land

Figure 17 Existing ground levels in the vicinity of the proposed spillway (RL local
datum)

The topography in the vicinity of the right bank spillway changed considerably as part of
the SH25 Bridge upgrade works undertaken by NZTA. The result is that the capacity of
the overland flowpath is reduced from what it was pre-scheme.

NZTA endeavoured to provide the greatest capacity practicable taking into account the
site constrains. A 1200mm diameter culvert was constructed by NZTA as part of the
bridge upgrade works to convey flows direct from the overland flowpath to Te Puru
Stream. The capacity of this culvert is 5m®s. The capacity of the overland flowpath
provided was assessed by NZTA to be 10m*/s with 100-200mm freeboard to the lowest
house located adjacent to the overland flowpath, and 19m®s with no freeboard to the
lowest house, in addition to the 5m®s capacity of the culvert. Refer to WRC
DM#1921894, email correspondence from NZTA confirming the capacity of the
overland flowpath and Appendix 5 which shows the arrangement of the pipework and
driveways in the secondary overland flowpath as provided by NZTA. On these plans
the alignment of the 1200mm diameter culvert is shown from MH1 to MH4 to MH5 to
SWOUTL1. This was the greatest capacity that could be provided by NZTA considering
the site constraints.
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5.5.4

5.6
5.6.1

WRC constructed a spillway on the right bank, upstream of the SH25 Bridge, designed
with a sill height set at the 1% AEP flood level plus 300mm freeboard to control the
activation level of the right bank overland flowpath. Refer to Appendix 4 for design
levels for the spillway and WRC DM#1937518. The purpose of this spillway was to
improve the level of protection to those properties located to the north of the stream,
particularly considering the reduced capacity of the overland flowpath.

Despite the reduced capacity of the overland flowpath, the raised level of the spillway
means that overall properties to the north have more protection than they did pre-
scheme. When the spillway activates (in greater than design events) flows will drain
away via the 1200mm dia culvert, and the overland flowpath that was provided by
NZTA to the carriageway. Floodwaters will pond in the carriageway until flows can
drain away by the road drainage.

Floodgates

Three new floodgates have been installed as part of the flood protection scheme and
SH25 Bridge upgrade, the locations of which are shown on the as-built surveys in
Appendix 7. Details are provided below:

Asset name Size Comment

Te Puru right floodgate 1 900mm Downstream of drain at 501 Thames Coast
Road (SH25)

Te Puru right floodgate 2 2 x 375mm Downstream of SH25 local drainage

Te Puru right floodgate 3 1200mm Downstream of secondary overland flow path
large diameter culvert NZTA installed for right
bank spillway activation.

SH25 Bridge upgrade

Pre-scheme SH25 Bridge

The pre-scheme SH25 Bridge was constructed in 1951. It had three spans of 9.1m,
12.2m and 9.1m. The original abutments were vertical but had rock batters added at
some stage which gave the appearance of sloping abutments.

Key levels for the pre-scheme bridge included (in local datum):

Deck level of 8.95m RL

Soffit level 8.20m RL

Approximate bed level 4.25m RL

Design flood level of 7.30m RL as shown on the original bridge drawings (HCB
117, Jan 1982).

The stream turns through a 90 degree right hand bend downstream of the bridge
location. The bridge is located just downstream of the start of the bend. The reach
immediately upstream had erosion protection measures on both banks that contract the
channel width relative to the bridge section. The erosion protection works on the left
bank downstream of the bridge encroached on the channel width.

It was estimated that the pre-scheme bridge had capacity for 180m?s (between a 20%
and 10% AEP event) which was the bank full flow for the Te Puru Stream. Greater
than bank full flow historically resulted in higher water levels upstream of the bridge
causing flooding over roads and through private property.

Council’s flood defences would result in elevated flood water levels relative to pre-
scheme ground levels and infrastructure. An enlarged bridge waterway was required to
reduce the afflux and to increase conveyances for flows greater than the bank full flow
and to enable councils flood defences to achieve their full benefits.
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5.6.2 Bridge design

It was proposed that the bridge would be upgraded to the following criteria:
e The total waterway should be able to pass the 1% AEP flood without significant
damage to the road and waterway structure(s), and
e The freeboard, measured from the predicted flood stage to the underside of the
superstructure, shall be 1.2m.

Consideration must be given to the impact of the bridge and its approaches on the
waterway and surrounding environment. In particular, the proposed bridge must be
closely integrated with the proposed flood defence works due to the interaction of one
with the other.

It was proposed that the upgraded bridge would have a single span of 30m between
vertical abutments and be on the same horizontal alignment as the old bridge. Key
levels include:

e The soffit level 10.30m RL;

¢ Design flood level of 8.50m RL (excluding superelevation); and

e Approximate bed level 4.25m RL.

Refer to Appendix 6 for design drawings and to WRC DM# 1387260 for the full set of
drawings. A full set of as-built drawings are provided in WRC DM# 3131559.

5.6.3 Reduced freeboard

As discussed in Section 4.3.4, there was an error in the application of the design levels
in Maunsell’s Waterway Assessment. The Water Assessment reported levels in terms
of local datum, whereas the roading design was prepared in LIDAR datum. The
correction from local to LIDAR datum (+700mm) wasn’t applied when setting the soffit
level of the bridge, hence the bridge soffit is lower than it was intended and doesn’t
achieve the design criteria of 1.2m freeboard.

The bridge soffit was designed and constructed to be at RL10.3m LiDAR which is 9.6m
local datum. The flood level at this location is 8.5m local datum, hence the freeboard is
1.1m, which allowing for 0.2m of super-elevation means the bridge has 900mm
freeboard. NZTA advised that they were not able to construct the bridge any higher
due to site constraints.

Due to this limitation in providing the usual 1.2m freeboard for the Te Puru Bridge, it
was deemed essential that the capacity of the spillway be increased as much as
possible, as the probability of its operation would be greater with the reduction in the
capacity of the bridge, especially in the longer term when climate change effects
become more evident. However as discussed in Section 5.5.3 above, the capacity of
the spillway is compromised by its proximity to a residential dwelling and the extent of
the SH25 embankment. What has been provided has been maximised considering the
site constraints.

5.7 Future works

At this stage no further capital works are proposed at Te Puru. If at some point in the
future the community decides it requires additional protection, and is able to fund the
works, then WRC would look to extend the works to include more of the community if
practicable.
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Agreed levels of service

The Coromandel Zone Management Plan (River and Catchment Services et al, 2011)
outlines the agreed levels of service for the Coromandel. The agreed levels of service
provided for the Coromandel zone were initially developed when the Peninsula Project
was established in 2004. The current service levels were confirmed through an
extensive consultation process initially undertaken in 2003/04, and subsequently
updated by the LTP processes in 2006 and 2009.

In the Coromandel Zone Management Plan the Thames Coast, including Coromandel
Town, is identified as a high priority area for flood protection schemes and for upper
catchment protection through animal pest control (feral goats and possums). Additional
works could focus on hill side erosion and stabilising erosion prone pastoral lands. The
Thames Coast has a direct relationship to the Firth of Thames.

The flood protection scheme on Te Puru Stream in Coromandel is identified as needing
to be maintained and managed to ensure the level of service for flood protection assets
is maintained. The level of service provided by the scheme at Te Puru is the existing
1% AEP event (without climate change) plus 500mm freeboard. The general location
of the flood protection assets is shown in Figure 18 below. Refer to Appendix 3 and 4
for design details for the flood protection works at Te Puru. As-built survey data is
provided in Appendix 7.
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Figure 18 Flood defences in Te Puru

Routine river management is identified for high priority catchments to reduce the risks
of localised flooding through removal of willow congestion and blockages and to
provide long term environmental benefits through improved water quality, keeping stock
out of stream and fencing and planting of stream banks to reduce stream bank erosion.
Details of the annual operation and maintenance programme undertaken on the Te
Puru Stream is discussed in Section 7.
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Operation and maintenance

The main channel of the Te Puru Stream is monitored and periodically maintained by
Waikato Regional Council to remove accumulated sediment and debris, refer to Figure
19 below for the indicative extent of works. This work maintains the capacity of this
stream and reduces the risk to adjacent land that would otherwise be inundated more
frequently from stream flooding.

Figure 19 Extent of channel maintenance

The annual maintenance programme includes the removal of accumulating gravel and
sediment in the Te Puru Stream, based on current cross sectional areas. These works
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are carried after annual inspection and monitoring of changes in the stream. The
specific activities associated with this annual work programme include:

Removal of accumulated gravel, sand and debris from a 600 m section of the
Te Puru Stream (refer to diagram for proposed extent — dark blue line).

Removal of accumulated gravel, sand and debris from under the SH25 Bridge
across the Te Puru Stream.

Removal of accumulated sand, silt and debris from a 170 m section of the Te
Puru Stream (refer to diagram for proposed extent — light blue line).

Disposal of excavated gravel, sand and silt on the local foreshore below the
high tide level.

Constructed flood protection works at Te Puru (a combination of flood wall, flood wall
with clay bulking and sections of earth stopbank) are inspected annually for:

Visible damage to the sections of flood wall.
Visible damage to the batter slope and crest of the sections of earth stopbank.

Any associated stream channel erosion and scour and potential undermining of
flood protection assets.

Any necessary repair work is undertaken as required.

Crest levels of the stopbanks are surveyed each ten years. Stopbanks are topped up
where necessary.

This maintenance programme is consistent with other stopbank managed by Waikato
Regional Council in the Waikato region (eg. Lower Waikato Waipa Control Scheme).

As discussed in Section 5.5.4, three floodgates have been installed at Te Puru as part
of the flood protection scheme and SH25 Bridge upgrade. These floodgates will need
to be inspected at regular intervals.
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38

Flood hazard assessment

River flood hazard classification

A river flood hazard classification describes the significance of river flooding with regard

to the |

ikely impact on people and property. The classification that forms part of this

assessment has been developed using the following considerations:

These

Floodwaters have the potential to cause a person to become unstable and
unable to manoeuvre. International research suggests that there is a danger of
being knocked over when the product of the flood depth and flood speed
exceeds 0.5, with a significantly greater risk to life when the same product
exceeds 1.0.

Floodwaters have the potential to impede a person’s ability to rescue
themselves or others. When the flood depth exceeds 1.0 m (i.e. waist depth), a
person’s ability to navigate through flood waters (both on foot and using a
vehicle) is restricted, therefore impeding the rescue of themselves and others.

Floodwaters have the potential to damage buildings, both superficially and
structurally. International research suggests that structural damage is likely
when the flood speed exceeds 2 m/s. It is also likely that structurally weak
points such as doors and windows will be damaged when the flood speed
exceeds 1 m/s.

considerations have been translated into a river flood hazard classification by

first defining four distinct levels of river flood hazard based on the likely impact on

people and property. These levels are outlined in Table 8.
Table 8 Description of river flood hazard categories
Category Impact on people Damage to property

Low The combined depth and speed of Damage to property is likely to be non-
floodwaters are unlikely to impede the structural and mainly due to inundation and
manoeuvrability or stability of the average deposition of sediment.
person.

Medium The combined depth and speed of Damage to property is unlikely to be
floodwaters are likely to start to impede the structural provided that weak points such as
manoeuvrability or stability of the average windows and doors are retained above flood
person. level.

Defended

The combined depth and speed of Damage to property is likely to be
floodwaters are likely to significantly impede widespread and structural, including

the manoeuvrability or stability of the average  instances where buildings have been raised
person. above the ‘flood level'.

This flood hazard category identifies land that is within an identified river flood hazard area but
has been subsequently included in a flood protection scheme that is managed and maintained
by the Waikato Regional Council.

The three levels of river flood hazard (low, medium and high) have then been quantified
through the creation of a matrix that assigns a river flood hazard level based on the
predicted depth and speed of flooding (refer to Figure 20).
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Figure 20 River flood hazard classification matrix

The following two scenarios also result in a ‘high’ flood hazard classification:
¢ Land that is surrounded by flooding that is classified as a ‘high’ flood hazard.

e Instances where floodwaters are directed by flood defences, including formal
spillways.

The fourth level of flood hazard (i.e. defended) is intended to represent instances
where a property is located within the natural floodplain but benefits from flood
defences (e.g. floodwalls and stopbanks).

River flood hazard map

The river flooding information described in the sections above has been used to
produce a river flood hazard map for Te Puru due to the Te Puru Stream. Figure 21
shows the flood hazard map for Te Puru with the land that is protected by the scheme
shaded in blue to reflect its ‘Defended’ status.
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Figure 21 River flood hazard map for Te Puru
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Residual flood risk

‘Residual flood risk’ is a term used to describe a river flood risk that exists due to the
potential for ‘greater than design’ flood events to occur. The concept of residual flood
risk is relatively new, but provides a more complete assessment of risk when compared
with traditional approaches that rarely look beyond ‘design conditions’.

The residual flood risks that affect the Te Puru community are described as follows:

The river flood model used to design the flood protection scheme is based on a
‘design flood event’. There is however the potential for larger flood events to
occur, resulting in wider, higher and faster flood waters.

The river flood model used to design the flood protection scheme is based on
surveyed channel cross sections for Te Puru Stream and detailed ground level
information, but excludes obstructions in the streams and associated floodplains
such as informal bridges, buildings and walls. These obstructions may result in
wider, higher and faster flood waters.

The river flood model used to design the flood protection scheme incorporates
the impacts of sediment and debris. However, there may be instances where
sediment and debris causes localised changes to the flood extent, depth and
speed. This includes debris flow events that will produce significantly different
flooding characteristics.

This river flood model used to design the flood protection scheme is only
relevant to flooding caused by the Te Puru Stream. However, there is also the
potential for flooding to occur in other waterways and due to the overwhelming
(or lack) of local land drainage infrastructure.

The river flood model is based on the existing condition of the Te Puru Stream
catchment at the time of the design process. Any significant change to this
condition will affect the river flood hazard that affects the Te Puru community.
For example, land use changes, deforestation and the intensification of
development. Where significant changes do occur, this river flood model and
associated flood protection scheme should be reviewed.

Following the completion of the protection works and bridge replacement, there
remains some residual risks arising from extreme (greater than design) and debris
flood events. The criteria for managing the residual risk include the following:

The structural integrity of the SH25 Bridge should not be compromised by the
protection works, as the bridge is considered as a national strategic asset.

Overtopping should occur in well defined reaches and overland flows controlled
to pass safely.

The protection structures should not fail catastrophically when overtopped in
greater than design events.

The risks should be recognised in existing and future development and specific
planning controls be implemented to avoid and/or mitigate these in the long
term.
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Planning controls

Based on the flood hazard status of land in the community, TCDC has various planning
controls in place via the Thames Coromandel District Plan, that restrict what land use
activities can be undertaken. The planning controls include measures such as:

e No development or re-development allowed in the floodway, and in residual
high risk areas.

¢ Minimum floor level restrictions and construction requirements (e.g. flood
proofing) for areas not protected by the works.

e For other protected areas within the present flood hazard areas, limited floor
level restrictions would have to apply.

Refer to the Thames Coromandel District Plan and Thames Coromandel District staff
for details.
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Scheme review

The Coromandel Zone Management Plan outlines agreed levels of service for the flood
protection schemes on the Coromandel, including commentary on scheme reviews. It
is stated that river and flood protection schemes will provide the standard of flood
protection agreed with the community, and that this will be achieved by:

Maintaining stopbanks to the design heights, achieving performance grade 3 or
better.

Responding to flood events by alerting communities prior to events, continuously
monitoring river systems, undertaking emergency remedial works and reviewing
system performance and maintenance requirements following flood events.

Undertaking ongoing visual inspections of flood protection structures, reporting
formally on an annual basis and following up on maintenance and repair
requirements following flood events.

Reporting annually to the subcommittee and Catchment Services Committee on
flood protection performance measures.

Undertaking flood protection works within consent conditions.
Making the likelihood and consequences of greater-than-design flood events clear

to communities and providing advice for communities on managing these risks
(residual flood risks).

Conducting all flood protection work in accordance with Council health and safety
policies.

The following procedures will measure whether performance targets are achieved:

Annual performance and condition inspections.

Yearly performance measures reports to subcommittee and Catchment Services
Committee.

Assessing ongoing changes to catchments, and undertaking design flood level
reviews once every 5 years as required.

Annual health & safety audits.

The river flood model and hence the design of the flood mitigation scheme is based on
the existing condition of the Te Puru Stream catchment. Any significant change to this
condition, for example land use intensification or deforestation, will affect the
assumptions of the river flood model and hence compromise the basis of the scheme
design. Where significant changes do occur, the river flood model and associated flood
mitigation scheme should be reviewed.
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Appendix 1 NZTA'’s bridge design
assessment

1.0 Introduction

This section of the report sets out the available information and work undertaken for
waterway design aspects of the Te Puru Stream bridge replacement project. Figures in
Appendix X are referred to throughout this section.

2.0 Background

2.1 Existing bridge

The existing bridge was constructed in 1951 some 50m downstream of the previous
bridge. It has three spans of 9.1m, 12.2m and 9.1m. The original abutments were vertical but
have had rock batters added at some stage which gives the appearance of sloping
abutments. Key levels include: the deck level' of 8.95m RL; soffit level * 8.20m RL;
approximate bed level 4.25m RL; and a design flood level of 7.30m RL as shown on the
original bridge drawings (HCB 117, Jan 1982).

The stream turns through a 90 degree right hand bend downstream of the bridge. The
bridge is located just downstream of the start of the bend. The reach immediately
upstream has erosion protection measures on both banks that contract the channel width
relative to the bridge section. The erosion protection works on the left bank downstream of
the bridge also encroach on the channel width.

2.2 Problem statement

The existing bridge does not result in significant afflux ® for the bankfull flow of 180 cumecs,
however, flows greater than bankfull flow have historically resulted in higher water levels
upstream of the bridge causing flooding over roads and through private property.

Flood walls and stopbanks proposed by Environment Waikato (EW), whilst protecting
properties adjacent to the stream and in the natural floodplain, will result in elevated flood

water levels* relative to existing ground levels and infrastructure. An enlarged bridge waterway

is required to reduce the afflux and increase conveyance5 for flows greater than the bankfull
flow and to enable EW’s proposed flood defence works to achieve their full benefits when they
are implemented.

2.3 Objectives
The waterway-related objectives for the bridge replacement project are to:

1. provide an adequate waterway for the design flood,

2. provide adequate overland flow paths for safe handling of events that exceed the design
flood,

3. provide adequate scour counter measures, and
4. minimise debris problems including sediment deposition and floating debris.

L All levels given are in terms of a provisional mean sea level at Te Puru. The difference
between this datum and Tararu MSL has not been established.

? Soffit level varies due to the span form. The value given is the lowest level shown on HCB
drawing 2182 sheet 9 of 9.

% Afflux or backwater is the rise above normal stage at a section upstream of the bridge. It is
induced by a bridge or other structure that obstructs or constricts the free flow of water in a
channel.

* Flood water levels are elevated compared to pre-construction flood water levels for
a given discharge, provided it is sufficient to result in out-of-bank flow.

° Conveyance is a measure of the ability of a channel to
transport flow.
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2.4  Design criteria

Waterway requirements for new bridges are set out in the Transit New Zealand Bridge Manual (June
2003). The Bridge Manual stipulates that waterway design shall be carried out in accordance with the
Waterway Design manual produced by AUSTROADS (1994). A number of exceptions are listed in
section 2.3 of the Bridge Manual where derogations were deemed to be required to suit New Zealand
conditions and practice. Key design criteria adopted are listed below.

Serviceability limit state® criteria are:
o level of serviceability for traffic (SLS |) —the bridg e shall remain operationally functional
following flood events up to the 1 in 100 AEP event
e damage avoidance (SLS Il) — both the superstructure and non-structural elements shall
remain undamaged following events up to the 1 in 25 AEP event

The ultimate limit state’ criterion is that the bridge must withstand the effects of floods up to the 1 in
2500 AEP event, including overtopping.

Other criteria include:
e the total waterway should be able to pass the 1 in 100 AEP flood without significant damage to
the road and waterway structure(s), and
e the freeboard®, measured from the predicted flood stage to the underside of the
superstructure, shall be 1.2m for SLS I.

Consideration must be given to the impact of the bridge and its approaches on the waterway and
surrounding environment. In particular, the proposed bridge must be closely integrated with the
existing flood defence works due to the interaction of one with the other.

2.5 Proposed bridge
The proposed bridge would have a single span of 30m between vertical abutments and be on the
same horizontal alignment as the existing bridge. Key levels include:

e the soffit level 10.30m RL;

e design flood level of 8.50m RL (excluding superelevation); and approximate bed level 4.25m RL.

3.0 Catchment and stream description

3.1 Catchment

The Te Puru Stream has a catchment area® of 24 km? and is located approximately 11 km north of
Thames. The catchment is predominantly steep with 98% being covered in native bush and scrub.

The catchment geology is mapped as Beesons lIsland volcanics of Tertiary age. Hydrothermal
alteration has affected the rocks, which are predominantly andesites, to varying degrees. The initial
rock type influences the degree of alteration and the strength of the resulting material, which affects

® The state at which a structure becomes unfit for its intended use.

" The state at which the strength or ductility capacity of the structure is exceeded, or when it cannot
maintain equilibrium and become unstable.

8 In accordance with Table 2.2 of the Bridge Manual.

° Area given is based on HCB report 117. HCB report 123 gives a digitised area of 26.3 km’. HCB
report 190 gives an area of 24.4 km?®.
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slope stability. The massive rocks are most resistant to alteration, while the initially weaker tuffs and
sediments are more susceptible. A more detailed description of the local geology is given in other
sections of this report.

3.2  Stream description

The distance between the watershed boundary and the sea is about 9 km. The average stream slope
over that distance is about 3.7% (HCB 117, Jan 1982). The final 700m stream reach flows across the
coastal alluvial fan through Te Puru to the sea'®. The bridge is approximately 490m upstream of the
mouth.

Figure 1.1 shows the plan form of the existing stream in the reach of interest. The existing bridge is
skewed to the stream at an angle of 25 degrees as shown on Figure 1.2. The stream originally
followed a course to the south of Puru Creek Rd, reportedly on the line of a drain that runs along the

back of properties adjacent to the road (HCB 117, Jan 1982)11.

The existing stream has a gradient of 0.0109 m/m (1 in 91) from Ch Om down to Ch 650m.
Downstream of Ch 650m the gradient flattens as the stream approaches the sea. A bar forms at the
mouth but is removed by the river discharge as it increases.

The stream cross section varies across the fan but is typically trapezoidal with batters formed using
riprap, except where the stream was realigned through high ground where the batters are formed in
existing deposits. The base width varies throughout but is about 13-15m in the reach upstream and
downstream of the bridge. The channel widens in the lower reaches towards the sea.

4.0 Historical flooding
A brief summary of historical flooding events follows to put the river behaviour and existing river
modifications into context

41 1979 flood

A flood in March 1979 reportedly produced the largest flood in over 15 years throughout much of the
region (HCB 117, Jan 1982 ). Few details are available of its impact in Te Puru but it was compared to
floods in the late 1950s and early 1960s. Significant damage and flo oding occurred resulting in the HCB
considering floo d control possibilities .

42 1981 flood

The flood of 12-13 April 1981 had a peak discharge of 130 cumecs, estimated using the slope-area
method (HCB 109, Sept 1981 ). The discharge was thought to be equivalent to a 5-10 year flood at that
time.

There were 88 landslides identified in the catchment (3.3/km2) following the flood (HCB 123, June
1982). The majority of landslides occurred on 26-35 degree slopes under forest with some under
scrub. Two very large earthslips, each with a bare ground area approximately 4 hectares, were
mapped at the head of the catchm ent. An estimated 100,000-150,000 m3 of debris from one of the
large slips was left in storage in the watercourse after the storm. Some of this was washed down in
freshes in November 1981.

The damage was far greater than the 1979 flood. At its peak an estimated 30 cumecs flowed over
Puru Creek Rd and 50 cumecs flowed through the campground and properties along the left bank

10 Chainage is measured along the channel centreline starting at cross section 1.
™ Also shown on PWD drawing 20261 sheet 4 of 7.
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downstream of the bridge. Lateral erosion occurred on the left bank upstream of the bridge and on
both banks downstream of the bridge.

Channel works implemented in 1982 were designed to provide a capacity of 180 cumecs, equivalent
to the 15-20 year flood at the time. The design approach was to make the channel cross section more
uniform while maintaining the existing stream gradient (HCB 117, Jan 1982).

43 1985 flood

The flood of 16-17 February 1985 had a peak discharge of 170 cumecs, estimated using the slope-
area method (HCB 190, Oct 1985). The discharge was thought to be equivalent to a 10-20 year flood
at that time.

Flood levels were surveyed and are shown on Dwg 2182 sheet 9 of 9 and Dwg 2609 sheet 1 of 1.
Significant superelevation effects occurred (up to 450mm) along the stream reach upstream of the
bridge.

There was limited damage during this event due to failure of gabion baskets on Puru Creek Rd. At its
peak an estimated 20 cumecs flowed over the Puru Creek Rd and 150 cumecs passed beneath the
bridge. Some lateral erosion and destabilisation of the channel batters occurred as expected (HCB
194, Nov 1985). Minor remedial works were subsequently proposed.

4.4 2002 flood

The flood of 20-21 June 2002 had an estimated peak discharge of 345 cumecs (EW, June 2004). The

discharge was thought to be greater than a 100 year flood at that time. The storm event that

generated the flood is generally referred to as the ‘weather bomb’.
3 = pE

— SN 2 -,

Photo 1

downstream.
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5.0 Flood estimates
Table 2 shows estimated peak flood discharges for a variety of AEP events (Hydraulic Modelling
Services, June 2006).

Table 2 Flood estimates

AEP™ Discharge
(LinY) (m°/s)
2 128
5 157
10 186
20 249
50 270
100 315

The estimates for the ungauged catchment were based (in part) on Flood Frequency in New Zealand
(McKerchar and Pearson, 1989) as prescribed in the Bridge Manual for rural catchments greater than

10 km®. Synthetic flood hydrographs for the 1 in 20, 1in 100 and 1 in 2000 AEP events were derived
by Opus (October 2004) by transferring a dimensionless hydrograph from the nearby gauged
Kauaeranga River, adopting the peak estimates given in the table and using a time to peak from a
small catchment in the Bay of Plenty/East Cape region.

6.0 Design considerations

6.1 Bridge hydraulics

6.1.1 Existing capacity

The existing bankfull capacity is approximately 180 cumecs (EW, Oct 2003 and Opus, October 2004). The
bridge waterway can pass 180 cumecs without any freeboard allowance (EW, Aug 2003).
Comparison of these values with the design criteria set out earlier, and the flood estimates given in Table 2,
clearly shows that modifications to the bridge waterway are required to enable the 1 in 100 AEP flood to be
passed with the recommended freeboard allowance of 1.2m.

6.1.2 Modifications proposed

The modifications proposed at this stage are limited to a single span bridge with a higher soffit level. River
realignment and in-channel modifications are not proposed. Figure 1.2 shows the proposed new bridge
deck outline and approximate extent of the sheetpile guide walls. Figure 1.3 shows the channel cross
section upstream with the proposed bridge waterway projected onto it. Note that the existing abutments are
vertical but have had rock batters added at some stage which gives the appearance of sloping abutments.
Figure 1.4 shows the existing channel cross section downstream of the bridge for reference purposes only.

Discussions have been started with EW regarding their plans for flood defences , a target channel profile
and in particular their plans for the existing erosion protection works upstream and downstream of the
bridge which currently encroach on the waterway area. EW has applied for consents for various works. The
report by Tonkin and Taylor sets out the flood defence options investigated for EW (Tonkin and Taylor,
August 2006). It is envisaged that the extent and alignment of the guide walls, as well as the abutment
form, will be determined in the detailed design phase as details of EW’s preferences are made available.

6.1.3 Hydraulic modelling

EW has undertaken extensive one and two dimensional computational hydraulic modelling for the
stream and has had the work reviewed externally by Opus (October 2004). The models have been used to
estimate the flood stage at various locations in the stream for two scenarios and for a variety of discharges
and downstream boundary conditions. MIKE11 was used to model the existing channel system, and a
proposed channel system which included flood works upstream and downstream of the bridge location
(assuming the bridge is upgraded). Bridges were not included in either model. A rating was developed
externally to the model using the momentum equation (because a 2 span bridge was assumed) and
guidance provided in standard hydraulic references .

2 Annual Exceedance Probability is the probability of exceedance of a given discharge within a period
of one year.
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The 1D MIKE11l models and documentation were made available to Maunsell and have been
reviewed during preparation of this report. The models confirm that modifications to the bridge
waterway are required and that the coincident tide levels in the Firth of Thames do not affect
floodwater levels at the bridge. The backwater effect is limited to the reach downstream of Ch 500m. They
models also confirm that the proposed flood defences in the reach downstream of the bridge (e.g.
stopbanks on the left bank past the motor camp) affect the rating of the bridge.

A key point is that no at -site observations exist to support a calibration of either in -bank or over-bank
floods. This is not unusual in un -gauged streams where the floods are flashy and where over-bank flow
occurs in numerous places making application of the slope -area method fairly imprecise. It is further
complicated du e to flood debris and because the channel geometry is subject to change due to sediment
movement and ongoing maintenance. There are no known comparable local gauged catchments to
enable assessment of suitable roughness value for the channel.

The uncalibr ated status of the models is highlighted to stress firstly, that the ‘correct’ flood level for a given
flood discharge cannot be reliably determined (it is subjective to a degree), and secondly that collection of
calibration data for waterway design is not practical in the time available for implementation
of the bridge upgrade project. The uncertainty remaining due to lack of calibration requires judgement,
the use of sensitivity analyses during design, and conservatism where practicable. The
following des cribes the data used, assumptions made and results of the modelling.

The model starts at cross section 1 and finishes 700m downstream at the sea (cross section 15). Figure
1.1 shows the first 350m of the modelled reach along with the cross section locations and chainage
markers. The cross sections include proposed flood works. The bed and bank levels are understood to be
based on the FW Millington survey of October 2004. The modelled cross sections will need reconciling
with the location and level of the proposed flood defences during the detailed design phase.

EW adopted a Manning’s n roughness coefficient of 0.060 for all in-bank and over -bank sections
throughout the model following advice from Opus . This is a suitably conservative value for design of the
flood defences but could be considered overly conservative for dimensioning the bridge waterway. For
comparison purposes in 1985 the HCB adopted an n value of 0.050 (Drawing 2182 sheet 9 of 9).
Sensitivity testing of the value will be undertaken in the detailed design phase.

The boundary at the downstream end of the model was a fixed water level of 2.5m RL, which is
understood to be higher than MHWS. An explicit allowance was not made for future sea level rise due to
climate change or for storm surge as the backwater effect due to tide levels does not influence water
levels at the bridge under any circumstances. An allowance for increases in storm severity (e.qg.

20% increase in peak discharge values) was included in some model runs but these were disre garded for
the purposes of this report . Transit practice is to assume that it will be accommodated within the

1.2m freeboard allowance as it progressively occurs over the design life of the bridge.

Figure 1.5 shows the water surface profile along the channel for the design discharge. The adopted flood
stage upstream of the bridge for the 1 in 100 AEP flood is 8.50m RL.

6.1.4 Afflux

Stream crossings generally impose some degree of encroachment of the river or floodplain which can have
an effect on the water level in the vicinity and upstream of the bridge. There are standard
empirical methods for estimating afflux for stream crossings such as the AUSTROADS methodology (1994)
which applies the principle of conservation of energy between the point of maximum bac kwater upstream
of the bridge and a point downstream at which normal stage has been re -established. It uses empirical
coefficients to estimate total afflux due to the bridge opening ratio, the abutment shape, the presence of
piers, the skew of the bridge to the channel, and the eccentricity of the channel with respect to the flood
plain.

The AUSTROADS methodology has not been applied and a separate allowance for afflux has not been
made. The afflux would likely be small as the design flood will be largely in-bank in the reach upstream
and downstream of the bridge.

6.1.5 Bend loss

There would intuitively be a head loss associated with the bend at the bridge, compared to a straight
channel. There has been no complete, systematic study of head losses in bends (USA CE, 1991). The
guidance available suggests that the increased head loss over and above that attributable to an
equivalent straight channel is very small where the radius is three times or more than the top width of the

Page 42 Doc # 3116998



channel. In this instance the proposed centreline radius is 120m and the top width is 26m which meets the
criterion. A separate allowance for the head loss has not been made.

6.1.6 Superelevation

Superelevation has been estimated to be 0. 17m using the USACE methodology (1991). Figure 1. 6
shows the relationship used and the input values. Note that the 0. 17m value is the rise relative to the
water level at the centreline.

6.1.7 Freeboard

A freeboard of 1.2m has been adopted in accordance with Table 2.2 of the Bridge Manual which is
appropriate given the hig h debris load in the stream and the uncertainty in the hydraulic calculations due
to lack of calibration. Adopting a lesser freeboard would increase the risk of scour, debris
blockage, road overflow and potential structural damage to the bridge.

6.1.8 Soffit level

Based on the calculations undertaken for this report the soffit level should be 9.87m RL which is the
adopted flood stage at Ch 200m of 8.50m RL plus 0.17m for the superelevation and 1.2m for the
freeboard. Given the uncalibrated status of the models it is recommended that the soffit level of 10.3m RL
proposed by EW and Opus (July 2006) be adopted without change.

6.2 Scour assessment

The Bridge Manual requires that scour is estimated using the methods included in the Bridge Scour manual
(Melville and Coleman, 2000). Calculation of general scour, contraction scour and local scour will be
undertaken in the detailed design phase along with design of counter measures.

Given that the stream is generally aggrading, and that contraction at the bridge section is modest, the
dominant scour mechanism will be turbulence and helicoidal currents due to the bend. An interim scour
depth of 2m below existing channel invert (scour to say 2.2m RL) has been adopted for the purposes of
this report. This value is based on judgement informed by examination of the bed material on site and
available drillhole logs.

6.3 Debris

Flood events in the catchment are characterised by high flow, short duration, events that carry a
significant amount of debris sourced from the middle and upper parts of the catchment. High volumes of
debris enter the system due to mass movements on the steep slopes and channel scour. Steep shallow
soils exacerbate the problem even with a predominantly bush clad catchment (HCB 190, Oct 1985). The
debris typically consists of young and old timber, boulders, cobbles, gravels and fine material.

Multiple span bridges should be avoided if practicable in this sort of environment due to the high risk of
floating debris causing blockages at piers. For a single span bridge the existing channel alignment and the
freeboard proposed should not present significant problems for the passage of floating debris. The bridge
upgrade proposed will not reduce the maintenance burden associated with sediment deposits in the
stream. The existing maintenance regime will need to continue.

6.4 Overland flow paths

Overland flow paths are required for events that exceed the design flood event and to enable
discharge to be safely handled should the bridge capacity be restricted for some reason (e. g.
sediment deposits and floating debris). It is proposed that a floodway be formed and protected from
development for this purpose. The proposed floodway would pass flow from a lowered length of the right
bank upstream of the bridge northward along the landward side of SH25. A low point in the highway
vertical alignment will be required to ensure that the spilled flow is channelled to an appropriate
discharge point back into the stream.

6.5 Interface with flood protection works

Channel improvement works were completed for flood protection purposes during the 1980’s by the HCB.
These works included widening the channel and installing erosion protection works (riprap) and are
currently maintained by EW. Future flood protection works are likely to comprise stopba nks
upstream and downstream of the bridge. As mentioned previously options for the defences have been
developed by Tonkin and Taylor for EW. Discussions with EW regarding their plans will continue in the
detailed design phase to ensure that the defences ar e integrated with the bridge due to the interaction of
one with another.
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Figure 1.5 Te Puru Stream long section
EW's MIKE11 model - 315 m’/s, post flood works and bridge replacement

Existing channel With proposed flood works
Cross 1in 100
section Left bank | Right bank | Left bank | Rightbank | AEP flood
number Chainage | Bed level level level level level level
(m) (m RL) (m RL) (mRL) (m RL) (mRL) (mRL)

1 0 6.99 10.78 17.32 12.20 21.85 11.23

2 50 6.26 9.66 14.38 11.20 14.61 10.61

3 100 5.82 9.15 11.03 10.60 11.25 10.09

4 150 5.18 7.47 8.70 9.90 8.96 9.39

U/S bridge 200 4.38 8.33 8.91 9.31 9.24 8.50

5 210 4.25 9.18 9.11

D/S bridge 220 4.13 7.95 8.90 9.20 8.98 8.27

6 250 3.82 6.72 8.69 8.60 8.69 8.02

7 300 3.24 6.80 7.41 7.90 7.41 7.35

8 350 2.85 6.65 5.74 6.90 5.74 6.76

9 400 2.18 4.31 5.15 6.90 5.19 6.36

10 450 1.66 4.09 5.84 6.30 5.99 579

11 500 1.52 3.54 5.03 5.80 5.80 5.27

12 550 1.11 3.59 3.69 5.20 5.20 4.71

13 600 0.72 3.41 3.25 4.50 4.50 4.16

14 650 0.48 2,94 2.99 3.60 3.60 3.45

15 700 0.52 2.66 2.49 2.63 2.80 2.50
Te Puru Stream long section

14 T

13 - " Bedlevel

12 4 —

11 4 Left bank level
10— [ 7 Right bank level
g2 91 ™ e
£ 8 Bridge waterway
: 7 T | =
9 6 = \&100 AEP flood level
3 5 - L

4
3]
2
1] i
0 T
0 100 200 300 400 500 600 700
Chainage (m)
Notes

1. All levels shown are in terms of Provisional Mean Sea Level at Te Puru (Mean sea level assumed to = 0.00 mRL).
The same datum was adopted for the 1980's flood defence works. Refer to HCB drawing 2182, sheet 9 of 9, dated Oct 1985.

2. Existing bank and bed levels are based on the FW Millington survey of Oct 2004.

3. The proposed bank and flood levels were extracted from Environment Waikato's MIKE 11 models developed in 2005.
Flood wall levels extracted from: Te Puru Stream - Floodworks (Bridge Fixed) - Bridge.xns11, dated 30/11/05
Flood levels extracted from: TE PURU STREAM - FLOODWORKS - NO BRIDGE (RATING).RES11, dated 1/12/05

4. The model used included the proposed flood defences. The degree of bank raising required is indicated by the difference
between existing and proposed levels given above.

5. A two span bridge was assumed in the modelling. Bridge afflux was estimated separately from the model but has not
been included in the flood level shown for Ch 200m because the current proposal is for a single span bridge.

6. The proposed bridge waterway soffit is 10.30m RL, including allowances for superelevation and freeboard.
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Figure 1.6 Superelevation estimate
USACE, Hydraulic Design of Flood Control Channels, EM1110-2-1601, 1991

Eqn Ay=C V*W/gr

Coefficient, C 0.5
Mean velocity, V 3.90 m/s
Channel width at CL depth, W 260 m
Centreline radius, r 120.0 m
Rise, Ay 0.17 m
Notes

1. The rise calculated is relative to the water level at the centreline.
2. The coefficient is drawn from Table 2-4 of the original reference.
The value shown is for subcritical concentric flow in a trapezoidal channel.
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Appendix 2 WRC’s bridge model

Memo

File No: Z21 S200

Date: 5 December 2005

To: Mark Roper
Opus Consultants Paeroa
PO Box 91
Paeroa

mark.roper@opus.co.nz

From: Nick Martin
Subject: Design soffit level and span length for replacement bridge at Te
Puru

BY E-MAIL & POST

Introduction

As has previously been done for the Tararu Stream, a series of one-dimensional
hydraulic models have now been set up using the MIKE11 modelling software package
in order to aid the design of the replacement bridge crossing the Te Puru Stream at Te
Puru.

A full description of the methodology used in the models will be included in the upcoming
technical report for this study. However, a brief overview is contained below.

Once again, the key requirement at this stage of the project is the design soffit level, as
requested. The level and the various aspects considered in the derivation of this figure
will also be discussed below.

Methodology

A basic MIKE11 model for the area had previously been set up by Environment Waikato
and later reviewed and rerun by Opus Consultants (refer to your report for Transit New
Zealand, ref: 263500.91, September 2004). A number of small adjustments were made
to reflect the comments made in that report, namely the use of the momentum equation
to derive a rating for flows through the bridge (rather than using the FHWA WSPRO
module within MIKE11), and a global Manning’s n number of 0.06.

It is also important to note that new cross sections have since been obtained for this
reach and have been included in the new models. These sections were surveyed in
October 2004 for Environment Waikato by F.W. Millington Ltd (their ref: 2474).
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Using these sections as a basis, new ‘post floodworks’ sections were derived to
approximate the future scenario in which the bridge will be required to operate. At this
stage it was assumed that this will involve floodwalls or stopbanks (at approximately the
1in 100 year level plus a freeboard of 500 millimetres) in the following locations:

* The entire left bank from Ch. 0 (210 metres upstream of the bridge) onwards; &
» The right bank from Ch. 500 (near SH 25 at the downstream end) onwards.

The approximate locations of the assumed floodworks are shown in Figure 1. Note that
this diagram is for illustrative purposes only.

Figure 1: Assumed approximate locations of floodworks at Te Puru

As was done for the Tararu Stream case, the model's sensitivity to changes in
downstream water level (‘tailwater’) was tested. However, for the Te Puru Stream case,
variations in tailwater had essentially no effect on levels at the bridge. Hence, the
downstream level was set at a constant 2.5 metres, as per previous modelling.

Environment Waikato had previously used MIKE11’s inbuilt bridge modelling modules to
model flows through the bridge. However, in the Opus Consultants report for Transit New
Zealand (263500.91, September 2004) this method was highlighted as not being suitable
for this application. Indeed, this method was predicting losses of around 2 metres for
peak flow, which is clearly incorrect.

As a result of this issue being identified, a more accurate method was developed by Tom
Parsons at your Wellington offices. This method produces a rating (flow versus height)
for the bridge by using the momentum equation to calculate pier losses through the
bridge for a range of flows (a step hydrograph is used to simulate each flowrate in turn).
This rating can then be placed into the model at the bridge (as an artificial ‘weir
module/structure in the MIKE11 network) during the design simulations.

In this way, a rating was initially derived for the bridge. Once this was obtained, the
design simulation was run. The simulation used a design 1 in 100 year hydrograph, the
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shape of which was based on flow records from the nearby Kauaeranga River, and with
a 315 m’/s peak flow, an update which was also suggested in your September 2004
report. This was considered to be the basic design model.

However, before final soffit levels could be determined it was necessary to also consider
superelevation effects at the bridge. Superelevation is defined as the observed
difference in stream level (between centreline and outside surface) as water flows
around a bend as a result of centrifugal forces. Flows on the outside of a bend will be
higher, and these effects need to be considered when determining appropriate soffit
levels, especially for bridges on bends such as the Te Puru Bridge (note that the bend
for this bridge is not nearly as severe as that at Tararu). The maximum superelevation
level (normally during the peak flow) should be added to the modelled peak flow level to
account for the elevated levels on the outer edge of the steam as flows pass beneath the
bridge.

An additional 100 millimetres was also added to account for an additional friction
allowance, owing to uncertainties in the friction calculations through the bridge (this may
be reviewed by your own hydraulics engineers in the future).

Finally, a suitable freeboard level was added to allow floating debris in the stream to
pass beneath the bridge without causing an obstruction. This is especially important in a
steep, heavily wooded catchment such as this, where large volumes of debris are likely,
and where the bridge is on a sharp bend. 1.2 metres was previously assumed to be an
adequate freeboard level for the Te Puru Bridge and has been included in the
calculations here.

Note that, in order to gauge the future impact of climate change on the system, an
additional design model was run that included a 20% increase in flows. This is in line
with the accepted current practice for estimating the effects of climate change. These
results are also given below.

An indication of the calculated peak scour depths for the design case have also been
included below and should be considered during the bridge design phase.

Results

The results of the modelling investigations are contained in Table 1 below. Note that
future climate change may add around 400 millimetres to the soffit level requirement.

The design soffit level, as requested, should therefore be taken as 10.3 metres (MSL
datum).

Table 1: Results of Hydraulic Modelling Investigation for Design Soffit Level at Te Puru Bridge

ﬁf,sd'gﬁed Superelevation Additional Freeboard DESIGN
Level Allowance Friction Allowance SOFFIT
Allowance LEVEL
[metres] [metres] [metres] [metres] [metres]
1in 100 year | 8.78 0.25 0.1 1.20 10.3
+ 200 flone. | 910 0.31 0.1 1.20 10.7
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For the peak scour depth calculations three calculation methods were used (Blench,
Maza Alvarez & Echavarria Alfaro, and Holmes) for general scour (yns) and the average
taken. The average peak scour depth was calculated as being 4.5 metres. For a typical
peak flow depth beneath the bridge of 4.4 metres this translates to around 0.1 metres of
scour. Hence, general scour can be considered minor.

However, as the bridge is located on a bend in the stream, the bend scour was then
calculated on top of this. Using two calculation methods (Maynord and Neill) the average
bend scour was calculated as being approximately 8.4 metres (that is, potentially around
4 metres of scour at the bend). While this may seem excessive, it is not thought to be
unrealistic. It is recommended that the depth of the scour beneath the bed level at the
bridge is assumed to be between 3 and 5 metres.

Discussion

It is noted that the previous recommended soffit level of 10.1 metres has been exceeded
by 0.2 metres as a result of this investigation. Additional requirements were introduced
by the inclusion of the superelevation (0.25 metres) and additional friction allowances
(0.10 metres), although the modelled level was slightly lower (8.78 metres compared to
the previous 8.9 metres). This change in the modelled level is presumably a result of
using the new surveyed cross sections and assumed stopbank/floodwall locations.

As stated above, the inclusion of the friction allowance may be reviewed in the near
future by yourselves. However, it is highly recommended that the superelevation
allowance is maintained in the bridge’s design.

Conclusion

Environment Waikato recommend that the minimum soffit level for the upgraded SH25
bridge crossing the Te Puru Stream at Te Puru be set at 10.3 metres.

Should further information or investigations be required please do not hesitate to contact
me.

Yours sincerely

Nick Martin
Environmental Engineer
River and Catchment Services
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Appendix 3 Erosion protection design details
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Appendix 4 Flood protection scheme design details
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§ 4. Posts shall be concrete encased in 20MPa concrete min 7Smm thick in min #400mm drilled holes. . (olternate every second post) ' I L
- 5. Timber logging on walls shall extend minimum 400 below ground level. | - i 4 >
=1 Timber posts sholl be H5 high density poles. } | Compacted low permeability fil LA LA LA
ﬂ' Timber lagging shall be H4 tongue and grooved No1 Framing. e S,
a Timber capping boord shall be H4 No1 Froming. e | "
8 Timber handrail posts shall be H5 VSG10 (or MSG 10). { Skl
g Timber handrail rails sholl be H4 No1 Froming. = %
Timber hondroil battens shall be H3 No1 Froming. frorrre
% |/ 6 Al cut timber ond pole ends shall be flooded 3 times with metallex green or equivalent. Existing ground SCALE 1:50 DETAIL ﬁ TIMBER LAGGING FIXINGS
'§ 7. Hondrail required on oll floodwolls & retaining walls where the woll height is greater thon 1000mm. : - # SCALE 1:50 v
© 8. Erection of hondrails shall toke place os directed by the Engineer. Design finished ground levels 0 0.5 1.0 1.5 2.0 2.5 ("‘)
Z | 9. Al timber fastenings shall be nails min 100 long unless noted otherwise. e — — — ———]
£ 10. All bolts, fixings ond nails shall be hot dipped golvonised with || e Existing ground levels e S = e A -
§ overoge galvanised. cc\o{ingr moss ol_}75_ 9/'?,!' e i - (3 DRAWING STATUS: CONSTRUCTION ISSUE
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Te Puru Creek Rd

New crossover

Tronsit proposed
Te Puru Rd design Iuvel«l

House No.2 front bdy

Infilling to be carried out os part
of Te Puru Bridge upgrode works

1 LEGEND )
Compaocted low permeability fill

Bulk fill

Existing ground

Design finished ground levels
______________ Existing ground levels

SCALE 1: 100
2 3

& ] : A B

SCALE 1:50
0 05 10 15 20 25(m)
I — — ————]

Replace topsoil 150mm thick end turf

7

8

R \ SANG
O N NN

Form 3m wide drivewoy-
to No. 14 os directed by
the Engineer

House No.2
House No.4

SECTION
SCALE 1:100

Strip topsoil and ntackagJ

Form 3m wide driveway to No. 14
with os directed by the Engineer —

3000 Driveway

S el i med el gl i el el il o T

RS
N R
RILLGLGAL,

Replace topsoil 150mm thick ond turf

Strip topsoil ond s!ockpileJ
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ORAWN : RSSS [Sep.09
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: 00_604.dw:
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NOTES :

1. All dimensions ore in millimetres unless noted otherwise.
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Approx existing
top of bank

Filter fabric
Bidim A64 or similar opproved

(200mm minimum thickness normal to slope)
with local gravels, cobbles
Mox.

Rock armour shall be placed and dressed so as to form
o stoble, dense ond coherent body of rockfill with larger
sizes to outside face, oand with longer oxis subhorizontol
or subnormal to the face.

T

| ;

|

\

Type A rock
up to existing top of bank

Refer Riprop schedule
Type A rock
up to existing top of bank

1— River Bed

1000

Blanket layer

size 150mm

TYPIC SECTION

SCALE 1:

é\oL UPSTREAM CROSS

RIP_RAP SCHEDULE

Rock Size (mm) Minimum mass
Rockfill Type Nominal size (Kg)
A 1200 2000
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DESIGNED : NOTES :
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DESIGN CHECKED :
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P:\60929\60929.001\WorkingMaterial\CAD\60929.001-700.dwg, 700, 26/11/2009 1:48:00 p.m., dwm, 1:1

100x50 timber handrail

cop

i

1100 min

rail
100x 100 H5 4

timber posts JZ

2/M12 golv bolts with————

50 squore x 3 thick washers
on each timber face

SCALE 1:20
0 0.2 0.4 0.6

fe——————————100x50 timber top rail

50x50 timber battens @
140 crs

100x50 timber bottom

o
o
- | et Timber copping
o
-2
— x )
Q
H e
- Q
=
Timber panels——X LJ
Post v
. S

TYPICAL HANDRAIL DETAIL

SCALE 1:20

0.8

1.0 (m)

TIMBER RETAINING WALL SCHEDULE

Max height (h) | Footing depth (d) Post SED ¢ Timber cap
0.6m 1.0m 150mm 150x50
1.0m 1.5m 200mm 250x50
1.5m 2.0m 250mm 300x50

SED posts @ 1.2 crs

Timber copping boord ———— ) 5 e
Y.

min 400

200x50 tongue ond groove
logging

20/40 droinage aggregate
&~ min 500 thick wropped in
Bidum A19 filter fobric.

Wall height varies

TIMBER WALL NOTES: g

1. The Contractor sholl be responsible for identifying ond locating oll existing services
prior to the stort of wall construction.
2. The Engineer is to inspect all exc i prior to the of ony fill.
3. All excavations sholl have side slopes of 1: 1 unless opproved otherwise by the Engineer. Contractor
to ensure the excovoted sides slopes ore restrained from collopsing.
4 Posts sholl be concrete encased in 20MPa concrete min 75mm thick in min #400mm drilled holes.
5.

Timber
Timber
Timber
Timber
Timber
Timber
Timber
All cut

SeoNe

Handrail required on oll floodwalls & retoining wolls where the woll height is greater than 1000mm.
Erection of handrails shall toke place as directed by the Engineer.

All timber fastenings shall be nails min 100 long unless noted otherwise.

All bolts, fixings and nails shall be hot dipped golvenised with

overage galvonised coating mass of 375 q/m2.

logging on walls shall extend minimum 400 below ground level.

posts sholl be H5 high density poles.

logging sholl be H5 tongue ond greoved No1 Froming.

copping board shall be H4 No1 Froming.

hondrail posts sholl be HS VSG10 (or MSG10).

hondrail rails shall be H4 No1 Framing.

hondrail battens sholl be H3 No1 Froming.

timber ond pole ends shall be flooded 3 times with metallex green or equivolent.

DESIGNED : BMQ_|0ct.08

ORAWN : RSSS[0ct.09

NOTES :

es unless noted otherwise.

DESIGN CHECKED : oy

DRAFTING CHECKED : i fecq]

CADFILE :
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REVISION DESCRETION o oNE % REFERENCE : OAucklond ~ DWellington ~ OChristchurch ~ DNelson OWhangarei 1: 20 60929.00 1—700 B
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""" / 160 perforated Novacoil
[ '\ F*—pipe to dischorge to foot of
_______ - wall @ mox 10m crs
N i
&
E
= ,_' =]
o
+ Fy
1]
s
»
IS -

TYPICAL RETAINING WALL TYPE Y
~S0ME D -

NOTE: Droinoge oggregate ond Novacoil not
required for walls less than 1m high.

DRAWING STATUS: CONSTRUCTION ISSUE
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Ground level
£
]
>
Trench fill to be compacted fill.
ole
]IE
Embedment zone filter

2 x Pipe Diometer

moaterial to be in accordance

2 x Pipe Diometer

Ground level

Compacted fill——

Varies

4/D12 bors with R6 stirrups @ 600 crs.

200
min

20 MPa te placed
with TNZ F/2 Mip:cover: #3min against side of trench.
|=————————Bidum A19 geotextile
(or similar opproved). g >
= lf Overlop min 300 %
8 £ | longitudinal joints on N . gls
= | § £ horizontal surfoce only = QIE
1 E > P
i—ﬂllomm perforated Novacoll pipe
DETAIL /A" FILTER BEDDING DETAIL /B FILTER BEDDING
SCALE 125\ — / SCALE 125  \ — /
—— 20MPo mass concrete, min 300 thick
continuous pour between wall posts rﬂood embankment
i i ! | Existing ground
i | |
Precast concrete %H recost concrete |H
headwoll headwall
4 0.5 x Pipe Diometer
N fa
Streom [ [ ! T FSSSY ]
1|

Existing pipe

1 x Pipe Diemeter

min 150 [ | min 150

FLOODWALL PENETRATION DETAIL (Existing Pipe

T—Demil A
Concrete encose pipe

on streom side of embankment

Note: Engineer to Inspect
foundation material prior to pipe
loying

Lbetai B

Filter drain pipe to outlet ot base of—
headwall & fitted with o non—return volve.

EMBANKMENT PENETRATION DETAIL (New Pipe

P:\60929\60929.001\WorkingMaterial\CAD\60929.001-800.dwg, 800, 20/10/2009 3:21:27 p.m., dwm, 1:1

SCALE 1:50 N.T.S
Filter collar & filter drain generally in occordance
with EBOP Guideline "Eorthworks Foct Sheet 1,
Guidelines for Filter Drains, 2006
SCALE 1:50
0 0.5 1.0 1.5 2.0 2.5 (m)
DRAWING STATUS: CONSTRUCTION ISSUE
DESIGNED : BMQ |0ct.09 | NOTES : CUENT, PROJECT.
ORANN : RSS! OC;D; 1. All dimensions ore in millimetres unless noted otherwise. Tonkin & Taylor EN Vl RONMEN T WAIKATO
DESIGN CHECKED : (vfe! Environmental &
i 5@ L] S | TE_PURU_FLOOD PROTECTION
: ;/6;929'00 18000 I : .Ehﬁ“g’:;‘ Lol 1 9 8%0%350%49 MISCELLANEOUS DETAILS
____________________ 1, o 0D ¢ e Sheet 1
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P:\60929\60929.001\WorkingMaterial\CAD\60929.001-200.dwg, 200, 20/11/2009 8:43:34 a.m., dwm, 1:1

LEGEND

Proposed stopbonk footprint

Replace rock riprop ot 1.5: 1 grade

,{;:{"V‘ Existing rock protection

oS

(XXX

t:gz:: Proposed new occess to properties

D Garage repositioned

Proposed timber floodwoll with earth bulking
Proposed access track

Proposed concrete footpoth

e v vt v g e wes Proposed timber floodwoll
Lond title boundery
Existing culvert outlet

Road reconstruction to be done by others os
port of bridge upgrade works.

20 Proposed timber retaining woll

LB-0.00 True left bonk Chainoge

CSg1 Floodwall /Stopbonk crest level
Millington Survey Cross Section Number

wt bank Chainage
cset Floodwoll /Stopbank crest level

Millington Survey Cross Sectlon Number

SCALE 1:2000
0 20 40 60 80 100 (m)
e e
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TE PURU FLOOD PROTECTION SCHEME

RIGHT BANK FLOOD WALL

SECTIONA -B
Location Distance
Cs13 -22.68
Wall start 0
Cs12 41.28
Csi11 96.96
119.64
NOTE:

Kingi property

Fill, hence ensure foundation 2m deep

Design criteria = 100Y+600mm

SECTIONB -C

Location Distance
Csi11 96.96
Cs10 152
CS9 202
CSs8 262
NOTE:

Along SH

To tie into existing footpath
Design criteria = 100YCC

SECTIOND - E
Location Distance
CS5 0
Keystone wall 7
9.6
19.6
Mid-point 29.6
39.6
42.6
49.6
Cs4 59.6
High ground 68.6
NOTE:

RB upstream of SH - spillway
Design criteria = 100Y+300mm

GL
2.94

3.71
4.8

GL
4.8
5.6
5.7

8.78

GL

8.72

8.6
8.44
8.26
8.38
8.51
8.58
8.97

DCL
4.52

5.07
5.65

DCL
5.65
6.04
6.52
6.87

DCL
8.32
8.44
8.49
8.66
8.84
9.01
9.06
9.19
9.36

Height
1.58

1.36
0.85

Height
0.85
0.44
0.82

-1.91

Height

-0.28
-0.11
0.22
0.58
0.63
0.55
0.61
0.39
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Notes to accompany Te Puru Right Bank Floodwall Design - Wall Type A

Posts: 200mm SED timber posts at 1.2m centres
Heights vary (refer to long section)

Planks (above ground): 167 x 45 mm timber tongue and groove (ex 200 x 50).
Every second plank anchored with 12 mm hot dip galvanised engineers bolts with square washers.
Remaining planks to be nailed.
Tongue and groove planks to extend one board (minimum) below existing ground level.

Planks (below ground): 200 x 25 mm rough sawn timber.
Three rough sawn timber planks to start below tongue and groove timber, which extends one board (minimum) below existing ground level.

Planks to be nailed.

Capping board: 250 x 50 mm nailed to each post and to the top plank at 200 mm centres.
(where applicable)

Foundation (below ground): Excavated to a minimum depth of 1.7m
100 mm thick concrete punch pad
Trench backfilled with compacted clay.

Foundation (ground level):  Stream side - 100 x 100 mm concrete mowing strip flush with final ground level

Land side - 300 x 400mm concrete pad flush with final ground level, including steel reinforcement (two 12mm diameter reinforcing bars stapled to each post with a cover of 200mm

and vertical spacing of 200mm).

Timber treatment: H4 planks, H5 posts
Concrete: 17.5 MPa
Drawing key: Concrete

s

Existing ground

|:| Timber

L

]
5

L

AMENDMENTS WAIKATO REGIONAL COUNCIL

DESIGNED
29/09/10: First draft (for review by RP Spooner)

14/03/11: First draft (for review by RP Spooner and DJ |[2RAWN ;
St s Te Puru Flood Protection Scheme
24/03/11: Final CHECKED
ECOMMENDED Right Bank Floodwall - Design Type A
APPROVED

CHIEF ENGINEER

JOB No

FIELD BOOK No

LEVEL BOOK No

SCALE
1:20

DRAWING No

1314-095000

FILE REF Z21 F200/
75 05 65

SHEET No 1of4
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AMENDMENTS SURVEYED JOB'No FIELD BOOK No
WAIKATO REGIONAL COUNCIL
29/09/10: First draft (for review by RP Spooner) DRAWN : SCALE DRAWING No
14/03/11: First draft (for review by RP Spooner and DJ TRACED Te Puru FIOOd PrOteCtlon SCheme 1:20 1314-095000
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: Final . .
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Notes to accompany Te Puru Right Bank Floodwall Design - Wall Type B

Posts: 150mm SED timber posts at 1.5 m centres
Heights vary (refer to long section)

Planks (above ground): 167 x 45 mm timber tongue and groove (ex 200 x 50).
Every second plank anchored with 12 mm hot dip galvanised engineers bolts with square washers.

Remaining planks to be nailed.
Tongue and groove planks to extend one board (minimum) below existing ground level.

Planks (below ground): 200 x 25 mm rough sawn timber.
Three rough sawn timber planks to start below tongue and groove timber, which extends one board (minimum) below existing ground level. Reduced to two rough sawn planks where

wall height above ground is less than 0.6m.
Planks to be nailed.

Capping board: 200 x 50 mm nailed to each post and to the top plank at 200 mm centres.
(where applicable)

Foundation (below ground): Excavated to a minimum depth of 0.9 m for wall height above ground < 0.6 m
Excavated to a minimum depth of 1.0 m for wall height above ground: 0.6 m < wall height <1.0 m
Excavated to a minimum depth of 1.2m for wall height above ground 2 1.0 m
Trench backfilled with compacted clay.

Foundation (ground level):  Stream side - 100 x 100 mm concrete mowing strip flush with existing ground level where sufficient room.
Land side - B to C: Floodwall to be constructed against existing footpath.
D to E: 300 x 400mm concrete pad flush with final ground level, including steel reinforcement (two 12mm diameter reinforcing bars stapled to each post with a cover of 100mm and

vertical spacing of 200mm).

Timber treatment: H4 planks, H5 posts
Concrete: 17.5 MPa
Drawing key: Concrete

Existing ground

|:| Timber
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Appendix 5 Secondary overland flowpath arrangement

SWouT1
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\H1 , Driveway CONSTRUCTION

Concrete SH25 TE PURU
Driveway BRIDGE REPLACEMENTS

"Merge of As Builts”

Keystone

Retaining
ot i SHEET 1 OF 3
1 April 2011
Scole 1 : 1000 (A3

Pilbrow Surveying Limited

Drowing No.LKITWOMEY CONSTRUCTION/
Te Puru/Merge of asbuiits.lcd
PILBROW

SURVEYING Origin Survey Mark
LIMITED North 5897219.787
East 1824200.348

Z 7.545

JOIN SHEET 2

NOTE:This as built plan is based on combined
surveying information from surveys
Pilbrow Surveying Limited and Dunwoodie & Green Surveyors
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TWOMEY CONSTRUCTION
SH2S TE PURU BRIDGE REPLACEMENTS

Drainage As Builts
November 12, 2010
Note: 1. Coordinates and lid level are centre of cast lid or cesspit grate
2. Inlet invert levels were recorded clockwise from the outlet.
3. Coordinates and levels are in terms of Survey Control provided for construction

Stormwater Manholes

Outlet Pipe Inlet Pipe

Lid Invert Size Invert Size
Point ID  North East Level Level (mm) Level (mm)
MH1| 5897218 1824263] 11.13] 6.33|@1200 6.371@1200
MH2 | 5897237| 1824262] 9.63| 7.34|@600 7.37|@600
MH3 | 5897239 1824270] 8.74| 7.47|@600 8.74|-
MH4 | 5897239 1824255 10.53| 5.52|@1200 6.27|@600
MH5 | 5897303| 1824248 7.21| 5.03/@1200 5.08(@1200
MH10| 5896981| 1824255 5.84| 4.75/@375 4.78|@375
Catchpits
Outlet Pipe  Single or Depth
Grate Invert Size Double to
PointID___ North East Level Level (mm) Catchpit Invert
CP1 | 5897345] 1824245] 6.21] 5.46/@240P\Field 0.75
CP2 | 5897344| 1824244| 6.34] 5.44|@375 [CP2-CP3 0.9
CP3 | 5897345 1824244| 6.34] 5.63|@225 [CP2-CP3 | 0.71
CP4 | 5897341| 1824233| 582 4.72(@375 [CP4-CP5 11
CP5 | 5897340| 1824233] 582 4.94|@225 |CP4-CP5 | 0.88
CP6 | 5897289| 1824254 8| 7.08|@375 |[Single 0.92
CP7 | 5897288 1824242 7.9] 6.43|@375 [Single 1.47
CP8 | 5897263| 1824259| 8.42| 7.76|@240P\Single 0.66
CP9 | 5897213] 1824252] 11.44| 10.36!@375 [Single 1.08
CP10| 5897215] 1824261] 11.27| 10.35|@375 |[Single 0.92
CP11| 5807042| 1824263| 7.15|  6.8/@240P\Single 0.35
CP11/ 5897040 1824241 7.03| 6.54/@150P\Single 0.49
CP12 5896980| 1824256/ 5.61 4.8|@375 [CP12-CP1] 0.81
CP13 5896979| 1824256| 5.62| 4.85|@375 |[CP12-CP1] 0.77
CP14 5897077| 1824276] 10.09] 9.11|@375 |Single 0.98

MH101 Concrete
> Footpath

Concrete e
SL
Concrete

Driveway
TWOMEY Cor)crete
CONSTRUCT ION Driveway

SH25 TE PURU
BRIDGE REPLACEMENTS

"Merge of As Builts”
SHEET 3 OF 3

1 April 2011
Scole 1 : 1000 (A3)
Pilbrow Surveying Limited
Drawing No.LTKITWOMEY CONSTRUCTION/
Te Puru/Merge of asbuilts.icd

Origin Survey Mark

North 5897219.787

East 1824200.348
Z 7.545

PILBROW
SURVEYING
LIMITED

NOTE:This as built plan is based on combined
surveying informaotion from surveys
Pilbrow Surveying Limited and Dunwoodie & Green Surveyors
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Appendix 6 Bridge upgrade design drawings
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REFER TO SHT 03 FOR LONGSECTIONS OF TE PURU CREEK ROAD,
FIRTH VIEW ROAD, & WEST CRESCENT.
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Appendix 7 As-built survey

S——— T

51 uoyDeg S0,

467598.23
467584.86
46755017
467502.52
467496.82
46731574
467267.89
467220.80
46717589
46711648

467552 18
46745277
467450 82
467300,
467397.91
467378 50
467370.86
467364.76
467318.82
it
\_{467341.16
467287 21
467252 63
46720785
46716087
467111.96

GD2000 Mt Eden Coordinates NZTM Coordinates RL 2004 RL 2014 Difference

LEVELS ARE IN TERMS OF PROVISIONAL DATUM
/_ ORIGINOF LEVELS BM EW15L (TE PURU) RL 266

7681368.64 182447315 5897134.65 10.78 10.81 +0.08 EW 1L
781406.66 182446049 5897172.92 17.32 17.57 +0.25 EW 1R
7681397.71 182442563 5897164.61 14.38 14.43 +0.05 EW 2R
78135044 1824377.27 5897127.22  9.15 9.20 +0.05 EW 3L
781398.35 1824372205897166.24 11.03  11.05  +002  EW3R
781645.91 182419579 5897417.19 503 505 +0.02 EWIIR
781676.65 1824148.50 5807448.82  3.69 370 4001  EW12R
78163348 182410061 5897406.52 341 339 0.02

781608.88 182405524 589738275 2.94 295 +0.01 EW 14L
781573.60 182390517 5897348.57 2.66 266 +0.00 EW 150

e uOpO0S O

781357.84 182442690 5897124.70 10.09WRC 2L
78135055 182432734 589711925 Q5B WRC 4L
78138645 182422607 589715520 9.64 WRC4R
78135856 1824265.06 589712842 9.22WRC 5L
78139620 182427333 580716593 11.62WRC 5R
781420.04 182425436 5B97190.13 11.17 WRC6R
781451.23 1824247.30 589722146 1059 WRC 7R
781494.45 1824242.00 5B97264.80 8.86 WRGC 8R
78154505 1824197.00 589731626 6.68 WRC oL
78154674 182423844 589731718 571 WRCOR
78158222 1824193.05 589735352 4.98 WRC 10L
781507.26 1824220.30 5807368.06 5.55WRC 10R
7681616.07 182416670 589738787 4.78WRC 11L
781637.14 182413251 589740959 4.07WRC12L
78167868 182408849 5807451.96 4.56 WRC 13R

781669.74 182404135 5897443.80 3.91 WRC 14R o= o
781663.36 182309232 580743842 3.09WRC 15R
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467598.23

46755017
467502.52
467496.82
467315.74
467267.89
467220.80
467175.89
487116.48

467552.18
467452.77
467450.82
467390.34
467397.91
467378.50
467370.88
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467318.82
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467160.87
467111.98
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467584.86 781

GD2000 Mt Eden Coordinates NZTM Coordinates RL 2004 RL 2014 Difference

781368.64 1824473.155897134.65 10.78 1081 +0.03 EW 1L
406,66 182448049 5897172.92 17.32 1757 +0.25 EW IR
781397.71 1824425.635897164.61 1438 1443 +0.05 EW2R

781359.44 1824377.27 589712722 9.15 9.20 +0.05 EW 3L
781398.35 182437229 5897166.24 11,03 11.05 +0.02
781645.91 5.03 5.05

1824195.79 5897417.19

78167665 1624148.50589744882 369 370 4001  EW12R
78162348 182410061580740652 341 339 002  EW 3L

781608.88 1824055.24 5897382.75 294 295
781573.60 1823995.17 5807348.57 266

781357.84 1824426.90
781350.55 1824327.34
78138645 1824326.07
781358.56 1824265.06
781396.20 1824273.33
781420.04 182425436
78145123 1824247.30
781494 .45 1824242.00
781545.05 1824197.00
781546.74 1824238.44
78158222 1824193.05
781597.26 1824220.30
781616.07 1824166.70
781637.14 182413251
781678.68 1824088.49
781669.74 1824041.35
781663.36 182399232

5897124.70 10.09 WRC 2L
5897119.25 9.58 WRC 4L
5897155.20 9.64 WRC 4R
589712842 9.22 WRCSL
5897165.93 11.62 WRC SR
5897190.13 11.17 WRC 6R
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Notes

Design information caloulated based on Design Levels at Cross Sections CS 13- CS8
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Notes:

Design information caloulated based on Design Levels at Chainage 0.00 and Cross Sections CS 14- CS5
shown on shown on Tonkin and Taylor Drawings 60926.001-400 60929.001-402 (all Revistion B)
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