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Executive Summary
Study Objectives

The principal objective of this study is to assess the current level of service provided by the existing
Whangamata catchment stormwater infrastructure, including the estimated frequency and extent of
inundation within the catchment.

Catchment

The town of Whangamata has developed from a small gold mining and logging based settlement to a
community consisting of permanent homes, holiday homes and camping grounds. Whangamata has
increasingly become home to relatively few permanent residents, whilst over the summer months the
population swells with absentee property owners and visitors holidaying.

The soil conditions of Whangamata vary from flat sandy soils that provide very good soakage to clayey
loam that has less soakage potential. The low lying flat main part of Whangamata township has limited
drainage network installed and is susceptible to stormwater ponding / surface flooding.

Historically, the primary stormwater management approach has been via ground soakage. However,
the increase of infill subdivision and construction of larger properties and infill development has
increased hard stand areas (impermeable surfaces). This reduces the natural infiltration capacity and
increases the stormwater runoff and the subsequent likelihood of ponding / flooding on private
properties and road reserves.

Recent storm events have caused flooding and have raised concerns about the extent and capacity of
the existing stormwater system, and the potential impacts of climate change need to be accounted for
in TCDC's future planning.

Model Build

A detailed hydrological and hydraulic model of the Whangamata Catchment was developed in
accordance with the Waikato Regional Council Stormwater Runoff Modelling Guideline (TR2018/02).
InfoWorks ICM v12.0 (Dec 2020) software has been used to develop the linked 1D-2D hydrological and
hydraulic model, which integrates two-dimensional (2D) surface modelling with one-dimensional (1D)
pipe and open channel flow.

The adopted hydrological method for generating and modelling the excess rainfall runoff is based on
the SCS Unit Hydrograph Method' as per Waikato Regional Council (WRC) guidelines and applied as a
combination of:

e Rain-on-Grid method for the developed lower lying catchments, where excess rainfall runoff
(after deduction of initial abstraction and infiltration losses) is entered on the 2D surface and
runoff routing is calculated within the hydraulic model component.

e Lumped catchment assessment for the Te Weiti and Waikiekie streams. For this method the
catchment of the respective streams is identified, including an assessment of the response time

! Soil Conservation Service Unit Hydrograph Method
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(i.e. time of concentration). A runoff hydrograph is generated representing the runoff of the
entire lumped catchment.

The 1D component of the hydraulic model comprises the piped network as derived from GIS data,
survey data, design and as-built drawings, and site observations (refer to Appendix C). Specific features
are:

e Williamson Park Pond and Outlet

e Otahu Road Stormwater Pump Station

e Underground Storage and Soakage Systems
e Te Weiti and Waikiekie Culverts

The 2D surface is primarily based on LiDAR' survey data flown in 2013 in combination with 5m contour
data in areas where no LiDAR data is available.

For the detailed hydrological model 24hr design rainfall data was obtained from NIWA? for various
locations within the catchment, including allowances for the impact of climate change for future
development scenarios (i.e. MPD?). Impervious areas have been assessed based on aerial photographs
for the ED* scenario, and District Plan zoning limits for the MPD scenario.

A constant tailwater level has been assumed as downstream boundary condition for the model. The
adopted level is based on the Mean High Water Spring level published by WRC>. Tailwater levels at
outfalls along the Wentworth River have been adjusted following sensitivity analysis on the impact of
elevated flood levels in that river. An allowance of 1.0m sea level rise has been added to all tailwater
levels in the MPD scenario as per MfE® recommendations.

Limitations of the model are listed under Section 3.8.2. It is noted that the model has not been calibrated
against existing storm events due to the lack of suitable data. As a result, the reported flood levels are
estimates based on numerous uncertainties. As such, these estimates should be treated as indicative for
the purposes of determining flood levels; however, the model can be utilised to assess the relative
effects of potential option upgrades. Also note that modelling results represent computed flood
inundation levels and exclude freeboard allowance.

Model validation includes the following validation / sensitivity runs:

e Te Weiti and Waikiekie flow validation

e Te Weiti and Waikiekie culvert flow validation

e Modelling catchpits

e Lowering Williamson Road Pond overflow level to 3.0mRL
e Storm duration

e Inconsistent GIS data near rugby field

e Elevated flood levels Wentworth River.

' LiDAR (Light Detection And Ranging) - method for measuring ground surface levels
2 NIWA HIRDS v4 — High Intensity Rainfall Design System — 2018

3 MPD = Maximum Probable Development

* ED = Existing Development

> Waikato Regional Council Coastal Inundation Tool

® Coastal Hazards and Climate Change, Ministry for the Environment, Dec 2017
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The model has been run for the scenarios and design storm events listed in Table 5-1. Flood maps have
been prepared for the MPD scenario with ARl 10yr and 100yr 24-hour design storm event (refer
Appendix D).

Findings
The findings from this study include:

e A hydrological and hydraulic model has been developed of the Whangamata township and
northern urban areas. This model has been used to complete a dynamic assessment of design
rain storms for 2, 10 & 100yr ARIs for existing development (current climate conditions) and
maximum probable development (including climate change allowances).

e The reported flows and levels are estimates based on numerous uncertainties that affect the
confidence in this estimation, such as soil infiltration rates, LIDAR data, rainfall, tide levels,
dynamic blockages due to debris and vegetation, localised obstructions, and so on. As such,
these estimates should be treated as indicative for the purposes of determining flood levels;
however, the model can be utilised to assess the relative effects of potential option upgrades.

e Validation activities for this model have found that:

o Te Weiti and Waikiekie culverts are adequately represented in the model.

o Excluding individual catchpits from the model is acceptable.

o Lowering the Williamson Road Pond overflow level provides limited benefits.

o The flood maps in this report are based on simulation of the 24hr nested design storm
event. For analysing flood mitigation options, 12hr simulation runs are acceptable.

o The impact of elevated flood levels in the Wentworth River are small, but have been
included in the model.

e The Whangamata township is a flat low-lying catchment heavily relying on soakage infiltration
for stormwater runoff. Public constructed soakholes are not included in the model (except for
Otahu Road infiltration system and pump storage system) due to lack of information on these
soakage systems. It is expected that there are more constructed public soakage systems, which
could impact on modelled flood levels.

e The model estimates that flooding in Whangamata township under both existing and maximum
probable development scenario is widespread over much of the township.

e Estimated ponding during heavy rainfall events is a normal occurrence and provides a fair
volume of flood storage. However, it causes frequent nuisance flooding along many roads in
the catchment, especially in the areas lacking piped reticulation.

e Urban development and intensification increased rainfall runoff and reduces infiltration capacity
which increases the risk of flooding.

e Reticulated drainage has limited application due to flat slopes and potential backwater effects,
particularly when sea level rise is considered.

e Properties at the northern end of the township (near the marina) with ground levels of
approximately 1.5-2.0m above MSL are at risk of coastal inundation, and particularly when sea
level rise is included.
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e An overview of the flood inundation maps is shown below and are presented in Appendix D for
the 10yr and 100yr 24hr design storm event under MPD conditions. Presented levels are
computed peak inundation levels and do not include freeboard to allow for:

o physical processes that may not have been allowed for (like waves created by traffic)
o uncertainties in the precision of the hydraulic modelling
o uncertainties in the estimation of physical processes.

LEGEND

SRS Model Boundary

Modelled Piped
Network

Building Footprint

Flood Inundation

- 10 Year ARI

100 Year ARI

Figure 1-1 Flood Inundation Maps — MPD including Climate Change
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Recommendations

The recommendations of this study are to:

e To improve the quality of the model and modelling results the following is recommended:

o lIdentification and survey (if possible) of public soakage systems to better assess flood
storage volume and soakage rates of these systems.

o Survey of floor levels in critical areas to allow better estimates of current flood risk and
quantification of flood mitigation benefits.

e Set minimum recommended building levels to ensure that new buildings and building
extensions are constructed at a safe level to minimise risk of habitable floor flooding. It is
recommended to apply a minimum freeboard to finished floor level of 300mm. A freeboard of
500mm could be considered along confined waterways and overland flow paths (i.e., non-flat
catchment areas). TCDC may wish to increase this freeboard by an additional 100mm to account
for the revised 2018 MFE climate change forecast. Refer to Section 4.8 for details.

e Maximise ground infiltration by:

o installing swales along the roads with designed infiltration trenches including
prevention of siltation.

o Requesting new developments to include soakage systems suitable to discharge runoff
from a minimum 24hr 10yr ARI design storm, including climate change allowance. Such
system must include well-designed filter systems to prevent siltation and blockage.

o Implement a soakage maintenance plan for all private and public soakage systems.

e Maintain a record of all soakage systems including a maintenance database.

e Investigate and assess options to manage flood inundation risk including a prioritisation of
issues and a cost benefit analysis of options to develop a stormwater masterplan.

e Developing a flood mapping programme to update and publish flood maps on a regular cycle
to reflect the latest climate change guidance and catchment changes.
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1 INTRODUCTION

1.1 Study Objectives

The principal objective of this study is to assess the current level of service provided by the existing
Whangamata catchment stormwater infrastructure, including the estimated frequency and extent of
inundation within the catchment.

1.2 Study Activities and Scope

The activities and scope of the Model Build and System Performance stage of the study include (refer
to the respective sections of this report):

Section 1 — Introduction
Section 2 - Catchment Description:
An overview of the catchment, its extent and its main characteristics like topography, soils,
district plan zoning limits, and key stormwater infrastructure features and flooding issues.
Section 3 - Model Build:
This section comprises the following key tasks of the Model Build process:
o Review of existing data
o Hydrological model
o Hydraulic model
o Boundary conditions
o Modelling limitations and assumptions
Section 4 - Model Validation
A model validation was completed for the performance of the Te Weiti and Waikiekie streams
including culvert performance. It also includes a range of model sensitivity tests.
Section 5 - System Performance Assessment
The performance of the system is presented with associated Flood Inundation Maps.
Section 6 - Findings and Recommendations
The report concludes with a summary of the key project findings and recommendations.

1.3 Previous Reports

The following reports are relevant to this study:

Whangamata Stormwater Catchment Management Study — Updated Issues and Options
Report, Draft — Version 2, Opus, Sep 2005.

Whangamata Stormwater Model Build — Data Anomalies Report, Water Engineering
Consultants, Aug 2006.

Williamson Road Stormwater Assessment, HAL Memorandum, 9 May 2018.

Whangamata Stormwater Master Plan — Proposal, HAL & Morphum Environmental, Nov 2018.
Whangamata Stormwater Master Plan — Strategic Context and Risks, Morphum Dec 2019.

1.4 Projection and Vertical Datum

All data in the model and this report are in terms of:

New Zealand Transverse Mercator 2000 (NZTM2000) horizontal projection, and
Auckland 1946 (AKL1946) vertical datum.
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2 CATCHMENT DESCRIPTION

2.1 Location

The town of Whangamata has developed from a small gold mining and logging based settlement to a
community consisting of permanent homes, holiday homes and camping grounds. Whangamata has
become home to an increasing number of permanent residents, whilst over the summer months the
population swells with absentee property owners and visitors holidaying.

The town is bordered by the Otahu River to the south, the Te Weiti Stream to the north, and the
Whangamata Harbour and the sea to the east (Refer Figure 2-3 below). The urbanised area comprises:

e The main township on the flat grounds between the Whangamata Harbour and the Otahu River.
e The more undulated urban area north of the Moana Anu Anu Estuary.

The modelled main catchment areas are (from north to south):

e Te Weiti Catchment (215 ha)
e Waikiekie Catchment (664 ha)
e Township Catchment (440 ha)

‘\ll‘-;.

=\

—=r
s
3

=\

Figure 2-1 Whangamata Modelled Catchments

The Okauange Stream and Wentworth River catchments discharge into the Moana Anu Anu Estuary
northwest of the town centre. These catchments and associated flood risk are excluded from the scope
of this study. It is also noted that Waikato Regional Council does not have flood levels of this river that
could be used as downstream boundary condition for discharges from the Whangamata Township
catchment. However, sensitivity analysis is included in this study to estimate the effect of elevated flood
levels in Wentworth River.
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The soil conditions of Whangamata vary from flat sandy soils that provide very good soakage to clayey
loam that has less soakage potential. The low lying flat main part of Whangamata township has limited
drainage network installed and is susceptible to stormwater ponding / surface flooding.

Historically, the primary stormwater management approach has been via ground soakage. However,
the increase of infill subdivision and construction of larger properties and infill development has
increased hard stand areas (impermeable surfaces). This reduces the natural infiltration capacity and
increases the stormwater runoff and the subsequent likelihood of ponding / flooding on private
properties and road reserves.

Recent storm events have caused flooding and have raised concerns about the extent and capacity of
the existing stormwater system, and the potential impacts of climate change need to be accounted for
in TCDC's future planning.

2.2 Topography

The majority of the Whangamata township is located on flat alluvial sand with small sand dunes along
the coastline to the east and steep hills to the west. A number of streams/rivers flow from the hills
eastwards to the sea.

The total catchment area of the modelled catchments is approximately 1,320 ha. The urban
development is primarily on the main flat land and ground levels closer to the coast. Ground levels
generally vary here between 4 and 6 m above MSL, except for the northern end of the peninsula with
property ground levels as low as 1.5 m above MSL. This area is shown in the forefront of Figure 2-2
below. North of the Moana Anu Anu Estuary the topography is more elevated. The hills to the west of
the township are typically under forestry and rural land-uses.

The DEM (Digital Elevation Model) used for the hydraulic model is based on LiDAR flown in 2013, levels
for this DEM are understood to be in Auckland Vertical Datum 1946.
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Figure 2-2 DEM levels from LiDAR in Whangamata township (mRL)
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Figure 2-3 Whangamata township and hillside catchments

2.3 Geology and Soils

Soil maps have been obtained from Landcare Research soil maps and used to classify the infiltration
capacity of the soils using the Hydrological Soil Group that is specified in the Waikato Stormwater
Runoff Modelling Guidelines (Refer WRC 2018). The allocation of the various soil groups as defined in
these soil maps are shown in Figure 2-4 below. The Whangamata urban catchment comprises primarily
of sandy or sandy loam soils (Soil Group A). Lower infiltrating soils are typically found in the valleys and
along watercourses such as Wentworth River (mainly Soil Group B) and Waikiekie Stream (Soil Group
C/D), which consist of clayey loam and peaty loam.
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Figure 2-4 Model Domain Hydrological Soil Groups

The infiltration characteristics and impact on excess stormwater runoff for each of the soil groups is
represented in the rainfall timeseries. The infiltration losses have been calculated and the net excess
runoff is modelled using the Rain on Grid method (refer Section 0 and 3.5).

2.4 District Plan Zoning

The current land uses within the Whangamata catchment are shown in Figure 2-5. according to the
TCDC District Plan online Zone GIS maps.
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Figure 2-5 Model Domain District Plan Zones (Source: TCDC)
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Most of the urban area is zoned residential, with extra density residential areas near the marina and
between the town centre and the beach. South of the marina is an industrial area. The northern urban
area is predominantly residential with low density housing further up the hills.

Detailed data on adopted Maximum Probable Development (MPD) percentage impervious areas are
presented in Section 3.4.6.

2.5 Stormwater Drainage System

Stormwater drainage in the main township area comprises a mixture of gravity piped stormwater drains
and natural and artificial soakage (e.g. constructed soakholes).

The piped stormwater network is presented in Figures B1 & B2 in Appendix D. The main piped network
outlets (i.e. outlets 600mm diameter and larger) are summarised in the table below:

Table 2-1 Main stormwater outlets (>600mm)

Location Outlet Size Receiving Environment
Hetherington Road between the main 675 mm dia Moana Anu Anu Estuary
bridge and the marina.
Various outlets south of Hetherington Moana Anu Anu Estuary and
Road bridge, including: Wentworth River
e  Casement Road Up to 600 mm dia discharging into open
e Lindsay Road channel
e  Wattle Place 600 mm dia
e Sharyn Place 600 mm dia
¢ Mayfair Ave 675 [ aliz
750 mm dia
Achilles Avenue 825 mm dia Wentworth River
Kotuku Street 900 & 1000 mm dia Otahu River
Williamson Park Pond 900 & 1050 mm dia Coast
Beach Road 1050 mm dia Whangamata Harbour

No detailed information has been provided on soakage systems and crude assumptions have been
made in terms of available soakage infiltration capacity (Refer Section 3.4.6).

An open concrete lined v-shaped drain runs through Park Avenue Reserve (about Tkm southwest of the
town centre) and continues along McKellar Place Walkway to the south. It discharges local runoff and
runoff from the hills further to the west into the Otahu River (including some culverts / piped sections).
The Park Avenue Reserve provides for some limited flood storage, in the order of 0.5-1m depth (refer
Figure 2-6).
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Figure 2-6 Concrete lined open drain at Park Avenue Reserve

A pump station is located at the eastern end of Otahu Road, which includes an artificial underground
storage area. The pump station discharges into Otahu River and has a high-level overflow pipe
discharging onto the beach.

A stormwater pond is located at the north-eastern end of Williamson Road. In 2019, a project was
completed duplicating the main piped section between Williamson Road / Ocean Road intersection and
the pond (refer Figure 2-7 below). Runoff discharged into the pond is stored and slowly infiltrates into
the ground. A weir overflow comprising gabion baskets and a concrete nib (refer Figure 2-8 below)
allows for runoff to discharge onto the beach during times of high stormwater runoff and elevated pond
levels.
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Figure 2-7 Recent duplication of SW outlet into Williamson Park pond

Figure 2-8 Gabion basket and concrete nib overflow from Williamson Park pond onto beach

There are a couple of stormwater drains that discharge into beach dune depression areas like Island
View Road and Hunt Road. No details have been provided on the design principles of these systems
and whether they include artificial underground soakage systems. It is expected that these systems rely
on natural soakage into the well-draining beach sands.
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North of the Moana Anu Anu Estuary, two large culverts allow runoff of the Te Weiti and Waikiekie
Stream to cross State Highway 25 (refer Figure 2-9 & Figure 2-10 below). South of Herbert Drive is a
series of small retention ponds installed as part of Moana Park development. These ponds discharge
directly upstream of the Te Weiti SH25 culvert.

SAAAY

Figure 2-10 SH25 Culvert at Waikiekie Stream
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2.6 Reported Flooding Issues

Flood incidents reported by residents have been obtained from TCDC's flood incident database, which
contains incidents from 2009 to 2019. The location of reported incidents are presented in Figure 2-11
below. The figure shows:

e Reported Flood Incidents, which shows the location of incidents related to observed flooding
of roads, properties, and buildings.

e Reported Maintenance Issues, which shows the location of maintenance issues related to
flooding and drainage.

e Flood Incident Heatmap, which shows the areas with higher or lower volume of reported flood
incidents. It is noted that the heatmap is based on the number of flood incidents only and
excludes maintenance issues.
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Figure 2-11 Location of flood incidents
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3 MODEL BUILD

3.1 Overview

The detailed hydrological and hydraulic model of the Whangamata Catchment was developed in
accordance with the Waikato Regional Council Stormwater Runoff Modelling Guideline (TR2018/02).
This involved refinement of the hydrology and the topographical surface and included the 1D piped
network and structures. Specifics of this modelling process are outlined below. Supplementing this
process a Rapid Flood Hazard Assessment was completed to assist in scoping the detailed model
extents. Refer to Appendix B for details.

3.2 Modelling Software

InfoWorks ICM v12.0 (Dec 2020) software, developed by Innovyze, has been used to develop the linked
1D-2D hydrological and hydraulic model of the Whangamata catchment. ICM is software that integrates
two-dimensional (2D) surface modelling with one-dimensional pipe and open channel flow.

Hydrological modelling was also supplemented by the HEC-HMS v4.3 software developed by the U.S.
Army Corps of Engineers.

3.3 Rapid Flood Hazard Assessment

A Rapid Flood Hazard Assessment (RFHA) has been undertaken to provide an initial assessment of the
floodplain, with the methodology outlined in Appendix B.

3.4 Review of Existing Data

3.4.1 Topographical Data

The DEM for the hydraulic model is based on the same topographical data as that used for the RFHA
(refer Section 0 above), which is a merge of the following data sets:

e 2013 LiDAR, which has a larger coverage of the catchment, but is limited to levels below
approximately 40 to 50m.

e 5m contour data that covers the entire area.

e The extent of the 2D surface has significantly been reduced as the upper catchments are now
represented as lumped catchments instead of Rain-on-Grid catchments. Other modifications to
the DEM were required to ensure a mathematically stable connection between the piped
network and the 2D surface. Modifications to the DEM are described in Section 3.6.2 further
below.

3.4.2 LiDAR data versus GIS data

A comparison has been made between the 2013 LiDAR data and manhole lid levels presented in TCDC
GIS. The 2013 LiDAR ground levels of 283 manholes have been compared with their Lid Level as specified
in the TCDC GIS asset data system. It is noted that the LiDAR data is presented in Auckland Vertical
Datum 1946, while no reference is provided in the GIS data to what vertical datum the levels are
referenced too.

Figure 3-1 below shows both the LiDAR and GIS levels for the respective manholes. Note that only the
levels below 20mRL are shown. The figure shows that there seems to be a structural variance between
the two data sets with a median value of +0.84m. Figure 3-2 shows a histogram of the same data set,
which indicates that 87% of the manholes have a LiDAR level of more than 0.5m above the GIS level.
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As a result, the GIS ground level data is not considered suitable for modelling purposes and the
modelled ground levels have been based on the 2013 LiDAR data (i.e. AVD-46). Manhole invert levels
are primarily based on the existing 1D model (see Section 3.4.3 for details). A review of the long section
profiles showed that those levels were generally providing consistent gradients and looked suitable for
modelling purposes.

LiDAR Ground Level vs GIS Lid Level

20
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14 ®
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Level in mRL
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® GIS2019 @LIDAR 2013
Figure 3-1 LiDAR Ground Level versus GIS Lid Level
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Figure 3-2 Variance between LiDAR and GIS Lid Level
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3.4.3 Asset Data

The bulk of model asset data was sourced from:

e thelD USEPA SWMM model developed by Water Engineering Consultants (WEC) in 2006,
combined with TCDC's GIS database providing data for areas excluded from the 1D model (e.g.
north of Moana Anu Anu Estuary) and new drainage networks.

e asset data surveys (i.e. in 2007 and July 2011).

e design and as-built plans of recent upgrades and developments (e.g. Williamson Park, Otahu
Road pump station, and Moana Park).

e observations and approximate measurements undertaken during a site visit in July 2019 (e.g.
drainage network around Williamson Park and Te Weiti and Waikiekie culverts crossing SH25
north of Moana Anu Anu Estuary).

Most of the data was obtained from the existing 1D SWMM model. TCDC's GIS data was lacking detail
(i.e, many levels were missing) and lacking confirmation of vertical datum references (refer Section 3.4.2
above). WEC had gone through a thorough process of asset data review and analysis during their model
build process. Assumptions had been made and the model was checked to ensure continuity of the
network and gravity drainage. The modelled network was therefore considered to be of better quality
than TCDC's GIS Asset Data database. No additional asset survey pick-up was considered necessary.

For locations with missing asset data, the following assumptions were typically applied:

e Apart from surveyed structures, all manhole lid levels were estimated from the most recently
captured LiDAR to correspond with the modelled 2D ground surface.

e All pipes <100mm diameter and subsoil drains were excluded from the model.

e Missing invert data was assumed 0.7m below the GIS lid level, or LiDAR level if lid level is also
missing (approximately 25 manholes in total).

e Missing outlet invert levels were estimated from LiDAR ground levels.

e All manhole diameters were estimated using ICM-software default assumptions, which is based
on the size and number of connecting conduits.

e Inverts for manholes with negative depths were overwritten by GIS measured depth below
LiDAR ground surface, or 0.7m depth where no GIS depth data exists.

All data sources and assumptions are flagged in the model. Appendix E includes a summary of the
recommended asset survey locations.

3.44 Rainfall

For the detailed hydrological model 24hr design rainfall depths were obtained from HIRDSv4 (NIWA,
2018) for various locations within the catchment. Based on the data, the rainfall zones shown in Figure

3-1 were identified. The respective 24hr rainfall depth for various probability events are presented in
Table 3-1 below.

An allowance for the impact of climate change on rainfall intensities have been included in the model,
in accordance with TR2018/02. The allowance is based on MfE 2008 guidelines, which adopts an increase
of up to 16.8% assuming 2.1°C average temperature rise. Note that MfE published updated Climate
Change Projections for New Zealand in 2018. A sensitivity assessment was completed to compare the
modelled flood inundation results between the 2008 and 2018 guidance docume