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Executive Summary  

Stantec as part of the Wellington Water Ltd (WWL) Modelling Panel completed the build, validation, 

and calibration of an integrated 1 -D/2 -D model of the Lower Hutt area to the east of the Hutt River 

(Eastern Lower Hutt). The work was done as part of a join t relationship between Greater Wellington 

Regional Council (GWRC) and WWL. The objective  was to develop a model that followed both the 

Regional Stormwater Hydraulic Modelling Specifications Version v5 by Wellington Water Ltd  (2017) and 

the  Flood Hazard Mod elling Standard by GWRC (2021),  includ ing  all known stormwater assets so that 

flooding hazards could be understoo d . This work is part of the  overarching plan to model the urban 

centres in the Wellington Region to aid local councils and decision makers , and to  support flood hazard  

mapping .  

The model was built in InfoWorks Integrated Catchment Modelling (ICM) version 9.5 and then validated 

and calibrated against the 2004 and 2016 high rainfall events in Wellington. This calibration process 

involved a more  in-depth investigation than previous WWL models due to the availability of historical 

gauged information and the Governance Board partnership with Greater Wellington Regional Council 

(GWRC) who had aims of improving their understanding of the flooding ris ks of the Waiwhetǆ stream.   

The validation process showed that the model results largely agreed with flood levels and flow along 

the Waiwhetǆ Stream during both events. Overall, the results from the model are suited to district plan 

mapping, and catchment -scale analysis  during high magnitude events.  It is, however, recommended 

that if the model is used as input to  detailed  infrastructure design, the area of interest should be 

reassessed, and asset data should be confirmed . 

Model sensitivity analysis was u ndertaken in 20 21 with the intention of understanding the sensitivity of 

the stormwater network to a range of different model parameters. These would be used to select 

values for freeboard allowance to develop a baseline flood extent to be used for assigni ng minimum 

building floor levels for Eastern Lower Hutt (ELH) . 

A freeboard analysis was completed in 2022 using agreed uplift with Wellington Water to provide the 

100-year water levels used for input into district plan maps.  

Following th e Wellington Water  Freeboard , the model was updated to better align with the  Flood 

Hazard Modelling Standard . This process included a more detailed classification of roughness value s 

along the W aiwhetǆ, Opahu and Awam utu  stream s, additional sensitivity analysis and the 

development of non -nested rainfall profiles  suitable for use in flood hazard modelling.  

An analysis of model uncertainties was  then  carried out in 2023 with the intention of understanding the 

uncertainties surrounding the Waiwhetǆ Stream. The results of these uncertainties were used to 

generate the maximum uncertainty results for GWRC to use in place of the freeboard run.  

The report w as also updated to align with the produced GWRC specification  (2021) model outputs.  
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1.0 INTRODUCTION 

1.1 PURPOSE 

The purpose of this model of the Eastern Lower Hutt region is to : 

¶ Inform the district plan mapping for the region . 

¶ Support flood hazard mapping surrounding the Waiwhetǆ stream . 

¶ Aid local councils and decision makers . 

The model aims to meet the needs of both Wellington Water Limited (WWL) and Greater Wellington 

Regional Council (GWRC) following their respective specifica tions, the Regional Stormwater Hydraulic 

Modelling Specifications Version v5 by Wellington Water Ltd  (2017) and the  Flood Hazard Modelling 

Standard by GWRC (2021).  

1.2 BACKGROUND 

Wellington Water Ltd (WWL) commissioned Stantec in 2019 to build a coupled 1 -D/2 -D model for Eastern 

Lower Hutt (ELH), covering the Lower Hutt area  east of the Hutt River . This work is part of the collaborative 

Stormwater Modelling Panel formed by WWL to build and maintain stormwater models  used for assessing 

urban flood risk  across the Wellington Region . This report will outline the initial model build , model 

calibration , validation , model sensitivity,  and  freeboard assessment.  The model calibration and va lidation 

stages were undertaken with  collaboration between W WL, Stantec, and Greater Wellington Regional 

Council (GWRC) to ensure suitability of the model  as part of the Waiwhetǆ Governance Group.   

The model build predominately follow s the standard approach set out by WWL in the Regional 

Stormwater Modelling Specifications v5 (Wellington Water Ltd, 2017) . Adjustments have been made  for 

modelling the Waiwhetǆ stream and model hydrol ogy to incorporate the aims and requirements of both 

WWL and GWRC.  

1.3 CATCHMENT OVERVIEW 

The ELH catchment covers the Lower Hutt suburbs east of the Hutt River  from the Wellington Harbour in 

the south to Pomare  in the north , encompassing an area of 31.5km 2. Most of the ELH urban area lies on 

a flat floodplain with elevations ranging from approximately 1m to 10m above sea level ( ASL). The low -

lying urban encompasses approximately ¾ of the catchment area, excluding only the Eastern Hills . The 

Eastern Hills encompass the remaining ~ ¼ of the ELH catchment , extend ing  up into  steep forested terrain  

with elevations of up to ~350m (ASL). See Figure 1-1 for an overview  of the ELH catchment . 

1.3.1 Hutt River 

The Hutt River, located along the north -western and western boundary of the ELH catchment, is the major 

water course  for the Hutt Valley. The river is constrained by stop banks on either side of the channel,  

which were designed to contain the flows from approximately a 440 -year Annual Reassurance Interval 

(ARI) storm event. The event was based on recorded climate and flow data (Greater Wellington Regional 

Council, 2001) . Historically, much of the flat land within the Eastern Lower Hutt catchment formed the 

Hutt River flood plain.  

1.3.2 Wellington Harbour  

The catchment is bound in the south by the Wellington Harbour which influences levels  in the lower, flatter 

reaches of the Hutt River, Awamutu Stream, and Waiwhetǆ Stream. The flap gates at the Opahu pumping 

station limit the impact of the tide on Opahu Stream levels.  
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1.3.3 Waiwhetǆ Stream  

The Waiwhetǆ Stream runs alongside the base of the Easte rn Hills, collecting runoff from the hills and the 

surrounding urban suburbs. There are numerous structures within the stream that may constrict flow, 

including 15 road bridges, several foot bridges, and multiple pipe crossings. These constrictions are 

con sidered in Section 3.3.2. The northern reaches of the stream, along Eastern Hutt Road, are diverted 

through a 1800mm diameter pipe which collects flo w from the Eastern Hills and the suburbs of Wingate 

and TaitƑ. The pipe then discharges into a regular concrete channel at Rata Street that conveys flows to 

Balgownie Grove, where the stream then reverts to its natural channel before draining into the mout h of 

the Hutt River.  
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Figure 1-1 Eastern Lower Hutt catchment overview  
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1.3.4 Urban Network  

The stormwater network in the Eastern Lower Hutt catchment contains approximately 240km of 

stormwater pipes, many of which are close to or below sea level. Five pump stations have been 

constructed to help push water up and into the natural stream channels which then gravitate from the 

catchment.  Details outlining the stormwater assets are available in Section  2.2. In addition to the 

Waiwhetǆ Stream , the Opahu and Aw amutu streams drain the Lower Hutt area south of Boulcott and 

west of Waterloo Station , respectively . 

1.4 ACTIVITIES AND SCOPE 

The objective of the project is to develop a coupled 1 -D/2 -D stormwater model that incorporates the full 

public stormwater network including well -defined overland flow paths such as the Waiwhetǆ, Opahu, 

and Awamutu Streams.  The model will be used by WWL, HCC, and GWRC for use in future development, 

and network opt ioneering . The following objectives are discussed in detail in the report : 

1. Short review of GIS information including, As -Builts and  hydrology layers. 

2. Develop a fully integrated 1D/2D hydrological and hydraulic model following the Regional 

Stormwater Hydrau lic Modelling Specifications v5, (Wellington Water Ltd, 2017) . All public 

stormwater assets including the 1D pipe network, 1D channel network, and the 2D ground 

surface are to be incorporated into the model. Design events including the 10 -yea r ARI with 

existing climate, and the 100 -year  ARI with existing and future climate would be simulated 

with the base model . 

3. Validate the model using reported flooding incidences and photographs for two storm 

events. It was agreed with WWL that the November 2016 and February 2004  events would be 

simulated and analysed . 

4. Calibrate the model specifically for the Waiwhetǆ stream using flow at the Whites Line East 

gauge. The agreed calibration events are the 13th -18th January 2004, 2nd  - 4th March 2012, 

15th May 2015, 15th November 2016, and 8th December 2019 storm events . 

5. Undertake sensitivity analysis on the model to understand the impact of different model 

parameters on flooding in Eastern Lower Hutt . These sensitivity scenarios would be used to 

inform the selection of freeboard values to be applied to the network before the publishing 

of flood maps . 

6. Undertake the freeboard assigning process following the Dynamic Freeboard Analysis 

(Jacobs, 2017)  memorandum and simulate the freeboard run . 

7. Update the model  to follow the Flood Hazard Modelling Standard (Greater Wellington 

Regional Council, 2021).  

8. Undertake analysis on the rainfall hydrology and determine appropriate rainfall profiles to use 

for the design storms based on the Regional Stormwater Hydraulic Modelling Specifications 

v5, (Wellington Water Ltd , 2017) and the Flood Hazard Modelling Standard (Greater 

Wellington Regional Council, 2021) . 

9. Undertake an uncertainty analysis to understand the impact of model unknowns for  the 

Waiwhetǆ Stream and related flooding. From these uncertainty trials, generate maximum 

uncertainty results for GWRC.  

10. Produce modelling outputs following the Flood Hazard Modelling Standard (Greater 

Wellington Regional Council, 2021) . 

11. Develop a report outlining the model build process including all relevant model details, the 

validation process , the sensitivity  analysis,  and the freeboard process . 

12. Update the future flood hazard scenarios for GWRC to use a 2.05m sea level rise increase . 
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2.0 AVAILABLE INFORMATION 

2.1 PREVIOUS WORK 

Stantec undertook a scoping study in 2019 to understand the catchment, determine the extent of 

available information, identify areas where more information would be required, and highlight regions of 

interest where significant flooding issues occurred , (Sherson, Kerr, Mulay, & Paine, 2019) . As part of the 

scoping study, a rapid flood hazard assessment (RFHA) model was developed to assist in understanding 

flooding the catchment. This scoping study hig hlighted that the majority of the Eastern Lower Hutt public 

stormwater network (90%) has no known inverts, and that there are a range of b ridge crossings, tunnels 

and channels that would need to be investigated and modelled.  

GWRC completed a survey of the  Waiwhetǆ Stream and the Awamutu Stream (the main tributary into 

the Waiwhetǆ Stream) in 2019, see Appendix A ð Survey Data . 

Additional known previous s tudies include:  

¶ GWRC DHI models . 

¶ Managing flood risk from the Hutt River, Wellington, New Zealand and impacts on insurance  

(Westlake & Manolache, 2016) . 

¶ Waiwhetǆ Stream Hydraulic Modelling 2005 -2011 by  GWRC in 2011. 

¶ Vulnerability and adaptation to increased flood risk with climate change ð Hutt Valley study 

(Lawrence, Tegg, Reisinger, & Quade, 2011) . 

¶ GWRC Waiwhetǆ Flood Management Plan (Greater Wellington Regional Council 2010)  

¶ The 15-16 February 2004 storm in the Wellington region: Hydrology and meteorology  (Watts & 

Gordon, 2004) . 

¶ Flood hydrology of the Waiwhetǆ Stream (Keenan 2004) .  

¶ Hutt River Floodplain management plan (Greater Wellington Regional Council, 2001) . 

2.2 DRAINAGE NETWORK DATA 

2.2.1 Asset Data  

Stormwater asset data was provided by WWL as a n Innovyze  InfoNet database containing all known 

public stormwater asset information.   

Private asset data was supplied  by WWL in the following Environmental Systems Research Institute ( ESRI) 

Shapefiles:  

¶ Links - storm_pipes_private.shp . 

¶ Nodes - storm_fixtures_private.shp . 

There are many critical attributes missing  in both the public and private asset data  as identified by 

Stantec while completing the RFHA assessment  (Sherson, Kerr, Mulay, &  Paine, 2019) . These are discussed 

in detail in Section 3.3.2. 

2.2.2 As-Built Data  

Over 4000 as -built drawings w ere provided by WWL for the Lower Hutt region. Application of the as -built 

data to the model is described in Section 3.3.2.1. 

2.2.3 Pumping Stations  

There are five pumping stations throughout the catchment. These include pumping stations on Guthrie 

Street, Riverside Drive, Randwick Road, Richmond Grove,  and Parkside Road. Details for the pump 

stations and pumping capacity  are provided in 0. Pumps are discussed further in Section 3.3.2.10, 

inclu ding where data has been assumed.
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2.2.4 Topographical Data  

Topographical data was sourced from Hutt City Council (HCC) by WWL for use in the development of 

hydraulic models for the WWL Stormwater Panel. HCC collected LiDAR data in 2016 which was used to 

generate  a 1m resolution digital terrain model (DTM) in the Wellington 1953 vertical datum. The HCC 

LiDAR data did not cover the tops of the Eastern Hills, so to avoid the exclusion of this part of the Eastern 

Lower Hutt catchment from the model, Stantec combined the HCC data with the Greater Wellington 

Regional Council (GWRC) 2013 1m DTM. This involved converting the GWRC data to the Wellington 1953 

vertical datum from the NZ2016 vertical datum. As the area not covered by the HCC data is outside of 

the 2 -D zone, i t will have limited impact on the model beyond extraction of gradients for calculation of 

Time of Concentration (Section 3.2.2.3).    

Wellington Harbour bathymetry, created from survey points around the harbour, referenced in Chart NZ 

4633, was also merged with the 2016 HCC DTM to allow the model to extend into the harb our as the 

model boundary. Both the GWRC 2013 DTM and the harbour bathymetry were added to fill in gaps in 

the HCC 2016 LiDAR as shown in Figure 2-1. The merged DTM was then used to represent topography 

within the 2 -D zone of the hydraulic model.  All model elements are converted to the Wellington 1953 

vertical datum if required, all model levels are therefore in the Wellington 1953 vertical datum . 

2.2.5 Cross Section Data  

Surveyed cross sections covering the lower 7.2km of the Waiwhetǆ Stream (2/3rds) and the full extent of 

the Awamutu Stream were received from GWRC as Excel spreadsheets and shapefiles. Additional cross 

sections were built using the DTM  or interpolated in Info Works ICM to maintain the cross section maximum 

separation distance recommended by the Regional Stormwater Hydraulic Modelling Specifications 

(Wellington Water Ltd 2017). GWRC also supplied cross sections for the Hutt River as used in a previous 

Mike 11 DHI model.  

2.2.6 Reported Flood Issues  

The Eastern Lower Hutt region has a history of flooding; the Waiwhetǆ Stream has overtopped its banks 

multiple times in recent history, including in the February 2004 Lower North Island floods, the 15 th of 

November 2016 rainfall event, and the 14th of May 2015 rainfall event (see Figure 2-3 to Figure 2-6). In all 

three of these events, flooding was most prominent around the Waiwhetǆ Stream where much of the 

Lower Hutt Stormwater netwo rk drains. Data has been collated from a range of sources including WWL, 

GWRC, and news websites for several storms and their associated flood events over the past 20 years 

including:  

¶ February 2004 . 

¶ March 2012 . 

¶ May 2015 . 

¶ November 2016 . 

¶ December 2019 . 

The 2004 event was particularly destructive, flooding more than 50 households and causing widespread 

problems across the Eastern Lower Hutt catchment. A GWRC Watts and Gordon (2004) report into the 

hydrology and meteorology of the February 2004 flood event prov ides valuable insight into rainfall 

distribution and river flows across the Wellington region. An indicative figure showing flooding issues 

reported to WWL during the 2004 event had been provided, see Figure 2-2. Numerous photos are 

provided in Section 4.0 of observed flooding during the February 2004 and  November 2016 flood events 

as part of model validation.  
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Figure 2-1 Overview of the digital terrain model produced using the three  data sources.  
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Figure 2-2 Flooding issues (blue)  reported to WWL and under investigation . Sourced from WWL.  
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Figure 2-3 Flooding from the Waiwhetǆ Stream during 16th of February 2004 event (Westlake & 

Manolache, 2016)  

 

Figure 2-4 Impact of the Waiwhetǆ Stream Bursting its Banks During 2016 Event. Photo from Cameron 

Burnell quoted in (Weekes, 2016) . 
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Figure 2-5 Waiwhetǆ Stream flooding during the November 2016 event. Photo from Newshub 15/11/2016.  

 

Figure 2-6 Waiwhetǆ Stream flooding during the November 2016 event. Photo from Melissa Nightingale ð 

NZ Herald 15/11/2016.  
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2.2.7 Site Visit 

Multiple photos and drawings of channels structures, pipes, overpasses, and brid ges were taken across 

three days focusing on open channels and inlet structures in ELH that ha ve  not yet been surveyed.  These 

observations will supplement the available survey, as -built drawing, or GIS data as required.  They will also 

guide application of model parameters and coefficients where appropriate.  Use of site visit observations 

will be covered in detail  in Sectio n 2.3. 

2.3 HYDROLOGIC/HYDROMETRIC DATA 

2.3.1 Rainfall Data  

Total rainfall depths for different return period events are available from NIWAõs HIRDS v4, a system that 

uses historical observed rainfall to produce predictions for future events across varying future climate 

scenarios  (NIWA, 2018) . 

2.3.1.1 Rain Gauge Data  

Recorded rainfall is available from GWRC for five  gauges within or nearby the Eastern Lower Hutt 

catchment, these are detailed in Table 2-1, their locations shown in Figure 1-1, and the historical data 

plotted in Figure 2-8. Additional rain gauge data was identified at several gauges managed by Upper 

Hutt City Council (UHCC) including Gibbons Street, Heretaunga Dam , and  Perry Street. This UHCC gauge 

data was not used as the gauges are  too far  north and  the  data  only cove rs a period of 3 months 

surrounding the 2004 event .    

Table 2-1 Summary of available data at GWRC rain  gauges. Coordinates in New Zealand Transverse 

Mercator 2000 . Elevations are in Wellington 1953 datum  

Name  X Y Elevation  Start Date  
End 
Date  

Time Step Notes  

Hutt River 

at Shandon 

Golf Club  

1758967 5434461 4m 03/04/2000  - 5 minutes   

Hutt River 

at Birch 

Lane  

1761012 5435870 10m 27/07/2001  - 5 minutes   

Hutt River 

at Mabey 

Road 

Depot  

1762873 5438489 10m 10/11/1995  - 5 minutes  

Data missing 

between 2003 

and 2018  

Mangaroa 

River at 

Tasman 

Vaccine 

Limited  

1769523 5437495 229m 03/05/1968  - 5 minutes  

Not used as 

due to 

distance from 

catchment  

Pinehaven 

Stream at 

Pinehaven 

Reservoir 

1768527 5441783 150m 03/08/2010  - 5 minutes  

Not used as 

due to 

distance from 

catchment 

and has a 

short record  
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Figure 2-7 Rain gauge locations 
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Figure 2-8 Historical daily rainfall data at the gauges within the catchment 

2.3.1.2 Rainfall Radar  

Rainfall r adar data is available for the Wellington Region, with 5 -minute interval spatially averaged profiles 

calculated for key catchments. This data is available from 2008 onwards. Total rainfall depths, and depths 

at each timestep can be visualised using the Mot t MacDonald Moata interface at a 500m -by -500m 

resolution, improving understanding of the storms used for validation. For details on how this rainfall was 

applied to the model, see Section  4.2. 

2.3.2 Flow Data  

2.3.2.1 Hutt River 

Flow data for the Hutt River is available from  GWRC at the TaitƑ Gorge gauging station (1766538, 5441948  

NZGD 2000 approximately 1.2km north of the model extent. This data is available from 6 th March 1979 to 

present.  

2.3.2.2 Waiwhetǆ Stream  

Stage  (water surface level relative to a known datum)  and flow along the Waiwhetǆ stream  is available 

from GWRC  at the Whites Line East g auge (1760984, 5434504  NZGD2000). This data is available from 31 st 

May 1978 to present.  

2.3.3 Tidal Data  

The observed stage was provided by GWRC for the Hutt River at Estuary Bridge (1759345, 5433683  

NZGD2000), recording tidal influence on levels in the Hutt Riv er. This data is available from 28 th September 
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1976 to 11 th  November 2019. Tidal data after 11 th November 2019 is available from GWRC for the 

Wellington Harbour at Queens Wharf gauge (1749036, 5428137  NZGD 2000), where data is available from 

31st August 19 94 to present.  The Estuary Bridge  data was provided in the Wellington 1953 vertical datum, 

whereas the Queens Wharf data required conversion to the Wellington 1953 vertical datum following 

guidance provided by GWRC.  

There is not a significant difference in  tide timing between the two gauges, as shown in Figure 2-9, 

however there is a difference minimum and maximum level. The potential impact of this difference is 

discussed further in Section 6.3. Application of the tide as a boundary condition within the model is 

discussed in detail in Section  3.2.5.2. 

 

Figure 2-9 Tide as recorded at the Estuary Bridge and Queens Wharf gauges. November 2016 event.  

2.3.4 Regional Hydrology Layers  

Regional hydrology layers for the Wellington region consisting of SCS curve number, initial abstraction, 

Percentage Impervious (% IMP), and Manningõs n roughness values are  available for use. The layers were 

developed for WWL using GIS software in 2016 by Montgomery Watson Harza (MWH)  (now Stantec), 

based on the hydrology guidelines provided in the Quick Reference Guide for Design Storm Hydrology , 

(Cardno, 2016) . The layers were calculated using land use, soil classifications, and topography . Section 

3.2 provides detail on application of these layer s to the hydrological model.  

3.0 MODEL BUILD 

3.1 MODEL BUILD OVERVIEW 

A fully integrated 1-D/ 2-D model was developed for the Eastern Lower Hutt  catchment . The 1-D/2 -D 

coupled model includes both a hydrological model for the conversion of rainfall into runoff, and a 

hydraulic model for conveyance of this runoff across the surface and through the reticulated stormwater 

network. The majority of the model build was undertaken using InfoWorks ICM version 9.5  and has since 

been updated to 2021.9 following the change in Innovyse licencing. The 6 hour 100 year ARI event with 

climate change was rerun in version 2021.9 and results were compared to identify any signific ant 

changes due to this update. No areas with differences larger than 0.05m were identified  Some initial 

model development was  also carried out using Urban Model Manager (UMM). UMM is an ESRI ArcMap 

software add -in developed by A wa  Environmental designed to facilitate building stormwater models by 

standardisation, automation, and interpolation following the WWL Regional Stormwater Modelling 

Specifications v5 , (Wellington Water Ltd, 2017) .   

The model build described below has been broken into the three major model components: the 

hydrological model build, the hydraulic model build, and the modelled boundary conditions.  

The following projection and vertical datum h ave  been adopted:  

¶ Projection  ð NZGD 2000 New Zealand Transverse Mercator . 
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¶ Vertical Datum ð Wellington Vertical Datum 1953 . 

All data provided by WWL was already in this format, however several other data sources required 

conversion.  Data flags were used to preserve and record data ori gin, see  Appendix F  ð Data Flags . 

3.2 HYDROLOGICAL MODEL 

The hydrological model covers all aspects of rainfall, boundary conditions and  inflows. The full extent of 

the  hydrological  model is shown  by the subcatchment coverage  in Figure 3-1 below.  As per the Regional 

Stormwater Modelling Specificat ions v5 by  Wellington Water Ltd, (2017) and the Quick Reference Guide 

for Design Storm,  (Cardno, 2016) . The Soil Conservation Service (SCS) method is used in the hydrological 

model for catchment runoff estimation. This method requires the input of catchment area, curve number 

(CN), initial abstraction (IA), and time of concentration (ToC). Each parameter and its application are  

described in the following sections.  

3.2.1 Subcatchment Delineation  

In total 78 84 subcatchment s were delineated for application of rainfall to the model following the Quick 

Reference Guide for Design Storm Hydrology recommendations. Out of th e 7884 catchments, 2659 are 

building footprints included as individual subcatchment s that drain directly to the nearest manhole. 

Larger catchments were broken up to allow more precise application of rainfall. Subcatchments were 

generated automatically for each sump and each building with a direct connection to the public 

stormwater network using a series of custom automations from the standard tools available with ESRI 

ArcGIS Spatial Analyst. See  Appendix C ð Interpolations and Automations . 

The subcatchment s range in size from 0.001 ha to 73.152 ha, see   Table  3-1 for a summary  and  

Figure 3-1 for an overview . The WWL Regional Stormwater Modelling Specifications v5 recommend that 

subcatchment s not connected to buildings should be between 0.1 ha and 3.0 ha. Overall, there are 89 

catc hments above 3.0 ha, and 37 16 below 0.1 ha. Therefore , it is recommended that a review of these 

small and large subcatchments be undertaken in future model updates.  
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Figure 3-1 Overview of subcatchment  delineations  
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  Table 3-1 Summary of subcatchment  area  

Subcatchment  Area (ha)  Count  Percentage (%)  

Less than or equal to 0.1  3716 47.13% 

0.1 to 0.5  2886 36.61% 

0.51 to 1.0  796 10.10% 

1.01 to 1.5  258 3.27% 

1.51 to 2.0  78 0.99% 

2.01 to 2.5  33 0.42% 

2.51 to 3.0  28 0.36% 

Greater than 3.0  89 1.13% 

 

3.2.2 Subcatchment Hydrology  

As per the Regional Stormwater Modelling Specifications v5 by Wellington Water Ltd, (2017) and the 

Quick Reference Guide for Design Storm Hydrology  by Cardno, (2016), the Soil Conservation Service (SCS) 

runoff curve number method is used as the hydrologica l model for catchment runoff estimation. This 

method requires catchment area, curve number (CN), initial abstraction (IA), and time of c oncentration  

(ToC). 

3.2.2.1 Updates to Regional Hydrology Layers  

Small inconsistencies  are  known to be present in the regional hydrology layers that result from missing 

data, new constructions, and base soil layer issues. It was agreed with WWL that the IA, CN, and 

roughness layers would be reviewed to identify and correct any significant anoma lies.  

Figure 3-2 and Figure 3-3 provide an example of updates made to initial abstraction values and curve 

numbers in the regional hydrology layer. In Figure 3-2, initial  abstraction is reduced to account for the 

increase in impervious area due to construction of new residential housing. In Figure 3-3, the curve  

number is reduced to 55 as a school field was incorrectly given a curve number of 98.  

A large portion of the hills to the east of the catchment were  given curve numbers 63 and 68. Forested 

areas are recommended to have Curve numbers ranging from 28 ð 71 depending on soil type, according 

to the Quick Reference Guide for Design Storm Hydrology (Cardno, 2016) . Based on aerial imagery , 

values of  63 an d 68 were considered too high . All areas that had values of 63 or 68 and were classified 

as rural  were given a curve number of 54 . This value is the average of soil group B and C for forests as 

described in the Quick Reference Guide.  This update is shown i n Figure 3-4. The IA values for the  updated 

areas were  also updated following the calculation of IA from CN described in the quick reference guide  

(Cardno, 2016) .  
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Figure 3-2 Initial abstraction is reduced to account for construction of new residential housing, and an 

associated increase in impervious area.  
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Figure 3-3 Curve nu mber is reduced from an unrealistically high number on a school field.  
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Figure 3-4 Curve number of 54 applied to the rural areas covering the hills to the east of the catchment 

3.2.2.2 SCS Curve Number and Initial Abstraction  

Composite  CN and IA values were assigned  to  each subcatchment  by  using the zonal statistics tool in 

ESRI ArcGIS on the Regional Hydrology Geographical Information System ( GIS) layers (Section 2.3.4). CN 

is applied directly to the subcatchments , and IA was applied using a unique runoff surface for each 

subcatchment . Overvie ws of the composite CN and IA values are shown in Figure 3-5 and Figure 3-6. 
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Figure 3-5 Composite SCS curve number s applied to s ubcatchments.  
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Figure 3-6 Composite  initial abstraction value s applied to s ubcatchments . 
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3.2.2.3 Time of Concentration  

Time of concentration (ToC)  was applied using methods outlined in the Quick Reference Guide for Design 

Storm Hydrology , (Cardno, 2016) . The eight  undeveloped subcatchment s with longest flow paths of  

greater than 1000m were calculated usin g the mean of the Ramser Kirpich and Bransby Williams 

equations. Most  subcatchment s are developed/mixed use or have a channel length less than 1000m, 

therefore their ToC was calculated using the following component s: 

¶ Overland flow . 

¶ Shallow concentrated flo w. 

¶ Gutter flow . 

A summary of a practical approach to applying these different components in the context of a model is 

provided in the WWL Modelling Specifications V5 , (Wellington Water Ltd, 2017) . As the subcatchments  

are directly connected  to  either the reticulated network or a 1 -D river reach, the pipe flow component 

is not required. An automated GIS workflow was developed to extract longest flow paths for each 

subcatchment , split the flow path into the component parts, and calculate a total ToC. See further details 

in Appendix C ð Interpolations and Automations . 

3.2.3 Design Rainfall Data  

3.2.3.1 Nested Profile s 

As agreed with WWL , 12-hour nested design rainfall profiles were developed for the initial  model 

simulations . These include d  the : 

¶ 100-year ARI with a 20% rainfall intensity increase for climate change  

¶ 100-year ARI with existing climate  

¶ 10-year ARI with existing climate.  

These were used f or the  testing and simulation of the standard scenarios outlined in the  WWL Regional 

stormwater hydraulic modelling specifications  v5 (Wellington Water Ltd, 2017) .  

The design rainfall profiles have been generated using the HIRDSv4 rainfall depths summarised in Table 

3-2. 

The HIRDSv4 rainfall data was extracted for a central point within the Eastern Lower Hutt catchment 

(1762492, 5436908 NZGD2000). This point along with HIRDSv4 values for the catchment are shown in Figure 

3-8. The catchment has rainfall depth s between 118mm and 1 42mm for the 100 -year 12 -hour event. The 

central point is one of the lower values in this range and does not entirely capture the spatial variation 

seen in Figure 3-8, most notably the higher values in the eastern hills . This is a limitation of the profile but  

the midpoint of the range of HIRDSv4 values is within 5mm . As resulting rainfall is  only  used  for the nested 

profile, it is considered an acceptable  amount of uncertainty . 

Including the higher rainfall cells along the eastern hills results in an approximate  increase of 1% in total 

rainfall volume as the area aff ected by the orographic rain covers less than 10% of the total catchment 

area  and the increase in HIRDSv4 values is approximately 10% . As discussed in section 1.0, the model was 

initially built following WWL methodology and updated to meet the GWRC Flood Hazard Modelling 

Standard (2021) . This single point rainfall was agreed as part of the initial WWL construction and was used 

for developing district plan map s. As the orographic effect only has an impact of ~1% in a nested storm 

using HIRDSv4 values, it was concluded that the increase was negligible. Therefore, after discussion with 

the WWL and GWRC, the nested event was not altered. Spatial variation in rain fall  has been considered 

for all other non -nested  rainfall events as discussed in section 3.2.3.2 and Appendix M.  
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Figure 3-7 100-year ARI 12-hour nested design storm rainfall using the HIRDSv4 value at catchment centre 

 

Table 3-2 HIRDSv4 Rainfall dept hs for the catchment cent re (1762492, 5436908 NZGD2000)  

ARI (years)  AEP (%) 
Rainfall Depth (mm)  

10m 20m 30m 1h 2h 6h 12h 

1.58 63.3 7.07 9.68 11.7 16.2 22.6 37.6 51 

2 50.0 7.77 10.6 12.8 17.8 24.7 41.1 55.6 

5 20.0 10.2 13.9 16.8 23.2 32.1 53 71.5 

10 10.0 12.1 16.4 19.7 27.2 37.6 61.9 83.3 

20 5.0 14 19 22.9 31.5 43.3 71.1 95.5 

30 3.3 15.2 20.6 24.8 34 46.8 76.7 103 

40 2.5 16.1 21.8 26.1 35.9 49.4 80.7 108 

50 2.0 16.8 22.7 27.2 37.4 51.4 83.9 112 

60 1.7 17.4 23.5 28.1 38.6 53 86.5 116 

80 1.2 18.3 24.7 29.6 40.5 55.6 90.6 121 

100 1.0 19 25.6 30.7 42.1 57.7 93.9 125 

100 plus 20% 

climate 

change 

increase  

n/a  22.8 30.8 36.9 50.5 69.2 112.6 150.5 

250 0.4 22.1 29.7 35.5 48.5 66.2 107 143 
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Figure 3-8 HIRDSv4 6hr and 12hr 100yr ARI rainfall depths shown with the chosen extraction point, the 

catchment cent re 
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3.2.3.2 Standard  (Non -nested)  Profiles 

Non -nested profiles were created  using the distribution defined by NIWAõs temporal design storm 

methodology, applying East of the North Island (ENI) parameters  (NIWA, 2018)  as the model extent falls 

within the ENI extent presented in the NIWA report . For this report, this will be referred to as the ENI 

standard profile.  

NIWAõs temporal design storm methodology combines two fitted hyperbolic tangent curves, one for the 

rising limb  and one for the falling limb . As these are fitted separately, this method can cause the profile 

to have a small step change at the peak of the event , see Figure 3-9. The step change is more 

pronounced when  using a 5 -minute resolution which provides more data points at the change . This results 

in an approximate change  of rainfall intensity  in a 100 -year event  of 4mm/hr for 30mins  at the peak , 

which is negligible , so the step change has been left in the profile .   

As part of the model update to meet the GWRC Flood Hazard Modelling Standard (2021)  a series of 6 -

hour ENI standard  profiles were developed. For existing climate, these included the 1000-year, 100-year, 

50-year, 20 -year, 10 -year, 5 -year, and 2 -year ARIõs.  

Total rainfall depths for each ARI were developed using flood frequency analysis values at both rain 

gauges: Hutt River at Shandon Golf Club  (GEV fitted values)  and Hutt River at Birch Lane  (Gumbel fitted 

values)  as they provided the best fit to the observed records . These were spatially applied to the 

catchment, the Thiessen polygons used are shown in Figure 3-10. For the 39% AEP (1 in 2-year ARI) event, 

the 2.33 annual return period from the Hilltop outputs was used  as a 2 -year annual return was not 

available . 

These profiles were developed using the results of the analysis done on rainfall profiles . These  results, 

including the frequency  analysis plots,  can be found in Appendix M ð Rainfall Analysi s. Difference i n 

rainfall due to elevation variation has not been accounted for, this decision is also described in the 

appendix, see Section M.4 . 

The 1000-year non -nested profile  was developed follownig the same process , described above,  as all 

the other non -nested profiles . Rainfall depth used for this event was sourced from the  frequency analysis 

in Appendix M ð Rainfall Analysi s. However, as the frequency analysis is fitted to 20 years of data, there 

are  significant uncertainties for  the 1000 -year depth estimate.  Care should be taken when interpretting 

the results for this  event.   

 

 

Figure 3-9 Example shape of the 6-hour ENI standard profile developed using NIWAôs temporal design 
storm methodology, data is from a 100yr ARI event existing climate using a total depth 

from the frequency analysis at Hutt River at Birch Lane rain gauge (Appendix M.6  

3.2.4 Climate Cha nge Allowance  

There are differences  between the WWL Regional stormwater hydraulic modelling specifications  v5 

(Wellington Water Ltd, 2017)  and the GWRC Flood Protection climate change policy: Guidelines for 

implementation  (Greater Wellington Regional Council, 2021c) . At the time of  model construction  these  

guidelines were  as follows:  
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¶ WWL: 1.00m sea level rise and +20% rainfall  

¶ GWRC: 1.35m sea level rise and +36% rainfall  

During the development of the model, GWRC updated their sea level rise from 1.35m to 2.05m, following 

Ministry for the Environment recommendations that includes subsidence (Interim guidance on the use of 

new sea -level rise projections  (Ministry for the Environment, 2022) ).  

A comparison  of sea level rise options is provided in Appendix Q ð Sea Level Rise Comparisons . 

3.2.4.1 Sea level rise  

The sea level rise allowance has evolved over the duration of the project as discussed below.  

The design event, sensitivity and freeboar d  results provided  for WWL, and the uncertainty analysis carried 

out  for GWRC , all use a 1.00m sea level rise (the outputs presented in section 5.0 and  9.1). This follows 

WWLõs specifications and was initially agreed with GWRC for thi s project.  

Following the update of  GWRCõs sea level rise prediction  to 2.05m , near the completion of the project , it 

was agreed to update the model outputs described in section 8.0. Therefore, the future  hazard scenarios  

described  in this section uses a 2.05m sea level rise.  Additionally, the baseline scenario s included in the 

inputs to the  future climate  maximum uncert ainty results  in section 9.2 uses the updated 2.05m sea level 

rise. 

3.2.4.2 Rainfall inc rease  

The rainfall increase for climate change in the WWL specifications is +20%. This is consistent across other 

hydraulic models in the Wellington Region.  

The rainfall allowance following the GWRC Flood Hazard Modelling Standard (2021)  was calculated 

based on the RCP 8.5 values for the 210 1-2120 horizon, giving a conservative estimate of rainfall. It 

assumes a 3.13 -degree temperature increase and an 11.5% per degree increase in rainfall intensity for 

the 6 -hour duration storm . This increase percentage is derived for the 100-year ARI event a nd may  be 

slightly conservative when applied to  more frequent  return period  events . 

The 20% increase has been used for the WWL design events ,  sensitivity, and  freeboard  (the outputs 

p resented in section 5.0). 

The 36% increase has  been used for  GWRC design events and uncertainty analysis (the outputs in 8.0 and 

9.0). 
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Figure 3-10 Thiessen polygons used to spatially vary the ENI standard profile rainfall 


































































































































































































































































































































































































