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1 Introduction 

Christensen Consulting Limited has been commissioned by Hastings District Council (HDC) to 
prepare a Stormwater Management Plan (SMP) for the Brookvale Structure Plan area (BSPA).   The 
extent of the development area included in the Brookvale Structure Plan for which this SMP applies is 
presented in the map provided in Appendix A.  The requirements for the SMP were established 
through the Environment Court Consent Order (Reference - ENV-2015-WLG-000083) issued on 13 
January 2020.     

The fundamental purpose of this SMP is to ensure that future residential development within the 
BSPA is done in a way that adequately mitigates the flood hazard for new dwellings whilst not 
adversely affecting flood hazard and water quality outside the site boundary.   The general 
mechanisms for achieving this are through the provision of minimum floor levels for new dwellings 
which are above anticipated flood levels along with communal stormwater detention areas.    

This SMP confirms the minimum floor level requirements for the BSPA along with the planform extent 
and key design parameters for the communal stormwater infrastructure required to manage 
stormwater from the developed area.  The key communal stormwater infrastructure for the BSPA is 
the Crombie Drainage Reserve and the stormwater detention pond to the north of Crombie Drain.   In 
addition to the key communal stormwater infrastructure the required performance standards and other 
key features for the stormwater network infrastructure within the BSPA are established.     

The infrastructure and minimum floor levels described in this SMP are based on detailed hydrological 
and hydraulic modelling of the BSPA undertaken by Barnett & MacMurray Limited.  The modelling 
report is provided in Appendix B.  

This SMP provides a brief background to the existing flood hazard issues on the site and the need for 
a comprehensive stormwater management plan.  Following this there is a description of how each of 
the requirements of the Environment Court Order will be met through effective flood hazard 
management along with the key communal and network stormwater infrastructure.  Concept drawings 
of the key communal stormwater infrastructure are included in Appendix C.  

     

Figure 1-1 Crombie Drain at upstream end of Brookvale Structure Plan area  
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2 Background Information 

The following section provides a brief summary of the existing flood hazard within the BSPA and the 
need for a comprehensive SMP that manages the flood hazard to an acceptable standard for new 
residential development as well as ensuring that the development does not adversely affect flood 
levels or water quality outside the site boundary.  

2.1 Existing Flood Hazard 
The BSPA is located within the floodplain of Crombie Drain, which flows approximately through the 
centre of the site.  The Crombie Drain floodplain is also subject to overland flooding from upstream 
catchments in particular the overland flows paths from Whakatomo Place and Russell Robertson 
Drive.  The extent of the existing flood hazard is shown in Figure 2-1.  

 

Figure 2-1 100-year Return Period Flood Levels Brookvale Structure Plan Area1 

To enable residential development of the floodplain will require earthworks to raise ground levels 
along with minimum floor levels to ensure residential dwellings are adequately protected from 
inundation during flood events.   This filling of floodplain storage areas that currently flood has the 
potential to increase flood flows and levels outside the boundary of the site if not appropriately 
mitigated.  In addition to the effects of floodplain filling the change in land use from largely 
rural/horticultural to residential also has the potential to increase flood flows and levels off site if not 
adequately managed.   

 

 
1 Barnett & MacMurray (2020). Brookvale Romanes Urban Growth Area – Stormwater Modelling Report 
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The need for a comprehensive SMP that quantifies the required floodplain filling and minimum floor 
levels to manage the flood hazard on-site and then mitigates the effects of both the floodplain filling 
and the change in land use is fundamental to the appropriate development of the site.  The outcome 
of a successful SMP is a future residential development where dwellings do not flood2 and that the 
overall development does not increase flooding to the existing properties surrounding the 
development.   

 

 

 
2 Before design 100-year plus climate change plus freeboard conditions are exceeded.  
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3 Consent Order Requirements 

The Environment Court Consent Order3 sets out the specific requirements for the SMP including the 
communal and network stormwater infrastructure as well as the management of flood hazard effects.  
Each of the requirements from the Environment Court Consent Order are presented below in italics 
followed by a description of how this SMP responds to each requirement.  

3.1 Compliance with SMP 
“Any application for subdivision shall demonstrate compliance with a Stormwater Management Plan 
(SMP) which has been approved by Council and which establishes how the proposed subdivision will 
achieve stormwater neutrality over the BSPA area as a whole. The SMP and resultant stormwater 
solution is to meet 'the design principles of wetlands for stormwater attenuation and treatment' set out 
in the Hawkes Bay Regional Council, April 2009, Hawkes Bay Waterway Guidelines - Low Impact 
Design and achieve best practice from source through to discharge at the boundary so as to mitigate 
the effects of urban development on stormwater quality and quantity.” 

This requirement establishes the need for future subdivision and development within the BSPA to 
comply with this SMP as well as the Hawkes Bay Waterway Guidelines.   It also includes the 
requirement for hydraulic neutrality which is specifically defined and discussed further in item 3.3 
below.  

3.2 General Accordance with Brookvale Structure Plan 
“Be in general accordance with the Brookvale Structure Plan and the Crombie Drain profile attached 
to this Structure Plan.”   

This SMP and the modelling to support it have been based on the Brookvale Structure Plan and 
Crombie Drain profile referenced in the Environment Court Order.  The extent of the stormwater 
management area identified to the north of Crombie Drain has been optimised as part of this process 
so that the area required is less than the full area identified in the Brookvale Structure Plan map.   
This was the anticipated as part of the structure plan process and is therefore considered to be in 
general accordance Brookvale Structure Plan.  The area required for the stormwater management 
area is discussed further in item 3.6 below.  

The Crombie Drain profile is in general accordance in terms of the planform extent but has been 
modified in cross section profile to enhance the storage and attenuation function of the southern 
berm.  Part of this modification requires the diversion of the western section of Crombie Drain to make 
space for the stormwater attenuation on the southern side (See Appendix C).  This modification was 
done for the specific purpose of achieving the required stormwater attenuation to ensure that the 
hydraulic neutrality provisions were met.   Overall, it is considered that the Crombie Drain profile in 
this SMP is still in general accordance with the profile reference in the Environment Court Order but 
that it has been optimised to achieve the specific requirements of hydraulic neutrality which is further 
discussed in item 3.3 below.   

3.3 Stormwater Attenuation 
“Attenuate stormwater in order to achieve a discharge at the boundary of the developed area that is 
not greater than pre development flow in the 2- and 10-year Annual Recurrence Interval (ARI) event 
and 80% of the predevelopment flow in the 100-year ARI event. This stormwater neutrality is to be 
achieved through a range of measures having regard to the principles of low impact design.” 

 
3 ENV-2015-WLG-000083 Issued 13 January 2020 

http://www.christensenconsulting.co.nz/


Brookvale Structure Plan SMP 
      

www.christensenconsulting.co.nz  Page 5 

The requirement to provide stormwater attenuation to meet the hydraulic neutrality standards has 
meant the design of the both the stormwater attenuation basin and Crombie Drain have been 
optimised to maximise storage of stormwater.   

The geometry and elevation of both of these features have been modified including lowering of basin 
inverts to be graded from 16.8 mRL at the landward extents to 16.7 mRL at Crombie Drain.  To 
ensure that both of these areas offer useful storage and treatment of incoming stormwater they have 
been separated from the main Crombie Drain channel with bunds at 18.0 mRL and 600 mm diameter 
throttling culverts with non-return valves.    

The stormwater attenuation basin and Crombie Drain both achieve attenuation to 55% of pre-
development flows which exceeds the 80% requirement.   It is highlighted that the outlets from both of 
these areas were modelled as 900 mm culverts but that for practical purposes of achieving minimum 
cover and providing effective drainage from these areas that dual outlets of 600 mm diameter culverts 
have been recommended.  This modified arrangement provides hydraulically equivalent performance.   

Concept drawings presenting the planform extent and key levels of these structures are presented in 
Appendix C.  

3.4 Mitigation of Adverse Effects of Flooding 
“Be designed and constructed to mitigate the adverse effects of 1 in 50 and 1 in 100-year ARI flooding 
events. Council's design specifications for stormwater require up to a 1 in 5-year ARI rain event to be 
contained within a piped network and consideration for control of overland flow in a 1 in 50-year ARI 
rainfall event.” 

The mitigation of the adverse effects of flooding requires both that new dwellings within the BSPA are 
above the 100-year flood event and that the adverse flood related effects of the development are 
effectively managed so that flooding off-site is not made any worse.  

The primary mechanism for managing flood hazard for new dwellings is through the provision of 
minimum finished floor levels that are 0.5 m above the 100-year flood event including climate change.  
For the area directly adjacent to Crombie Drain incorporating the Crombie floodplain the maximum 
modelled 100-year flood level is 18.5 mRL.  The required minimum floor level for this area is therefore 
19.0 mRL.  The natural site topography generally slopes up towards Brookvale Road so that the 
existing ground is above 19.0 mRL.   It should be noted that the drawings in Appendix C plan show 
indicative ground levels at 19.2 mRL, it is expected that final design ground levels will be lower than 
this and as long as the required minimum floor levels are achieved then this is acceptable.  

There are identified overland flow paths, particularly those from Whakatomo Place and Russel 
Robertson Drive that have to be effectively managed from Brookvale Road to discharge into Crombie 
Drain.  The site earthworks within areas at or above 19.0 mRL will need to demonstrate that these 
major overland flow paths are effectively managed and that dwellings adjacent to these flow paths 
have minimum floor levels 0.5 m above the 100-year flood level.   For other areas not affected by 
these major overland flow paths it will need to be demonstrated that sites are flood free in the 100-
year flood event and that standard Building Code provisions can apply.  The overland flow paths are 
discussed further in item 3.7 below.   

The requirement for earthworks to fill in the existing floodplain to achieve minimum floor levels to 
protect the new dwellings from flooding along with the increased flood flows due to the change in 
land-use means there is the potential for adverse effects outside the site boundary in terms of 
increasing flood levels.  The mitigation of these effects has been through the provision of the key 
communal stormwater infrastructure being Crombie Drain and the stormwater detention basin.    
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An iterative modelling process was completed to optimise the size, depth and outlet structure 
configuration of these features so that there was no increase in flood levels outside of the site 
boundary.  Eight locations around the site boundary were specifically analysed to ensure there were 
no increases in the maximum flood level for the 100-year flood event.  The final detention basin and 
Crombie Drain arrangements in fact achieve slight decreases in flood levels for all sites surrounding 
the development ranging from 30 mm to 250 mm.  

Based on the above it is considered that appropriate measures are in place to manage the flood 
hazard effects for new development within the BSPA and that effective mitigation has been provided 
so that the existing flood hazard for surrounding property has not be made any worse.   

3.5 Compliance with HDC Engineering Code of Practice and District Plan 
“Designed and constructed to comply with the HDC Engineering Code of Practice and District Plan.” 

This requirement is self-explanatory and is considered universally applicable across the Hastings 
District.  

3.6 Identify Stormwater Management Areas 
“Identify any Stormwater Management Areas required including drains, detention ponds, wetlands 
and conveyance systems to achieve stormwater neutrality and define the extent to which the 
Stormwater Management Areas are needed as a result of development within the structure plan area. 

Note: Land required for stormwater management and detention purposes and which is not part of the 
Crombie Drainage Reserve shall be acquired by Council by agreement or in accordance with the 
Public Works Act 1981.” 

The two key areas required for stormwater management are the stormwater detention area and 
Crombie Drainage reserve identified in the structure plan map.  Due to uncertainty at the time of the 
structure plan a conservative allowance was made for the area required for the stormwater basin 
which extended all the way through to Romanes Drive.   Through more detailed analysis and 
optimisation this area has been reduced to only utilise a portion of this area.  The final planform area 
is presented in the drawings in Appendix C.   

As part of the optimisation process ground levels and outlet configurations within both the stormwater 
detention area and Crombie Drain were modified to maximise the amount of useful storage provided.   
The concept level designs showing the general arrangement geometry of both of these structures are 
presented in Appendix C.  

3.7 Whakatomo Place Overland Flow Path 
“Have regard to the existing Whakatomo Place overland flowpath and existing concrete lined open 
swale drain which discharges to the Crombie Drain. Consideration is to be given to the height of 
Brookvale Road and surrounding properties to alleviate ponding. The existing concrete lined open 
swale drain or approved alternative is to be accommodated within the road corridor or drainage 
reserve and vested in Council.” 

There are in fact two major overland flow paths coming from the catchments south of Brookvale Road 
which enter the BSPA.  In addition to the Whakatomo Place overflow flow path there is another even 
larger one, in terms of design flow, coming from Russell Robertson Drive.   Both of these overland 
flow paths will need to be accommodated within the detailed site earthworks and stormwater network 
design.   The required design flows for both overland flow paths are provided in Table 3-1 below.  
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Table 3-1 Design Flows for Overland Flow Paths 

Overland Flow 
Path 

10-year peak flow 
(RCP 6) 

100-year peak 
flow (RCP 6) 

100-year peak 
flow (RCP 8.5) 

Russell Robertson 
Drive 

1.16 m3/s 4.13 m3/s 4.83 m3/s 

Whakatomo Place - 2.17 m3/s 4.31 m3/s 

 
In addition to providing effective conveyance of these overland flow paths adjacent properties will 
need to have minimum floor levels 0.5 m above the 100-year peak flood levels within the overland 
flow paths.  

3.8 Bulk Earthworks 
“Consideration of the need for bulk earthworks to mitigate potential flooding effects within low lying 
areas of the Brookvale Structure Plan.” 

Bulk earthworks will be required to achieve the design Crombie Drain profile and stormwater 
detention area as well as raising low-lying ground within the Crombie floodplain to achieve ground 
levels that are appropriate for achieving minimum finished floor levels 0.5 m above the 100-year flood 
level.   The design geometry for Crombie Drain and the stormwater detention area are provided within 
this SMP along with the required performance standards in terms of minimum floor levels.  The 
detailed design of site earthworks for development is the responsibility of the developer.   

3.9 Finished Floor Levels 
“Consideration of the need for Finished Floor Levels to mitigate potential flooding effects.” 

Minimum finished floor levels must be 0.5 m above the design 100-year flood level for all development 
within the BSPA.  For the areas within the low-lying Crombie floodplain the design 100-year flood 
level is 18.5 mRL so the minimum finished floor level is 19.0 mRL.  For areas above this level the 
design of site earthworks to accommodate overland flow paths and provide appropriate building 
platforms will dictate whether minimum finished floor levels are required.  For areas adjacent to 
overland flow paths the required minimum floor level will be 0.5 m above the 100-year flood level in 
the overland flow path.  For areas not affected by flooding in the 100-year flood event the standard 
Building Code requirements will apply.  

3.10 Timing & Construction Details 
“Provide timing and construction details of any stormwater management infrastructure.”  

The following is provided as appropriate staging for the key stormwater management infrastructure.  

Table 3-2 Timing for key stormwater management infrastructure  

BSPA Development Stage  Stormwater Infrastructure Required 

Area A (Stage 1) or any part thereof Crombie Drain Improvements Romanes Drive to 
Stage 2 Boundary & Russell Robertson Drive 
Overland Flow Path 

Area A (Stage 2) or any part thereof Crombie Drain Improvements from Stage 1 
Boundary to Area C Boundary  

Area B or any part thereof Stormwater Basin 
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Area C or any part thereof Crombie Drain Improvements from Stage 2 
Boundary to Davidson Road & Whakatomo Place 
Overland Flow Path 

 

The concept design drawings providing the planform extent and key levels for the Crombie Drain 
improvements and the stormwater basin are provided in Appendix C.  The required design flows for 
the overland flow paths are presented in Table 3-1 above.  

3.11 Previous Flood Assessment Reports & Peer Reviews 
“Consider and have regard to the fact this area sits within an existing floodplain and details of all 
previous stormwater flood assessment reports and peer reviews.” 

The detailed modelling used as the basis for this SMP is reported on by Barnett & MacMurray with a 
copy of the full report included in Appendix B.  Earlier work4 in relation to dam break flood hazard also 
completed by Barnett & MacMurray is available upon request.  

 

 

 

 
4 Barnett & MacMurrary (2008). Havelock North Dam Break Investigation Vol 1 & Vol 2.  
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4 Summary  

This SMP sets out the key requirements for stormwater infrastructure to manage flood risk effects 
within the BSPA.   This SMP has been based on robust, catchment scale hydrological and hydraulic 
modelling of flood hazards so that flooding effects can be effectively managed and mitigated within 
the site boundaries.   The outcome of successful implementation of this SMP will be residential 
development where flood hazard to dwellings is managed to the appropriate level and that there are 
no increases in flood risk outside the site boundary.    

This SMP achieves the requirements of the Environment Consent Order through the provision of 
design for the key communal infrastructure and setting of clear performance standards in terms of 
network infrastructure and minimum floor levels for future developers of this area to achieve.   
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1. Introduction  

Hastings District Council (HDC) engaged Barnett and MacMurray Ltd (BM) to undertake 
stormwater modelling of the Crombie Drain and the contributing catchments in Havelock 
North. 
The offer of service was accepted by Matthew Kneebone of HDC in his capacity as 
Stormwater Manager. 
The scope of this engagement includes hydrological and floodplain design flood 
modelling in baseline and development scenarios. The design rainfall includes an 
allowance for climate change effects. 
This document describes the modelling methodology, design floods, detention solutions 
investigated and the outcomes of the stormwater modelling. 

1.1 Background 

The Brookvale Structure Plan proposes phased changes from Plains Production to 
Residential zoning to accommodate growth close to the Havelock North town centre. The 
structure plan identifies the Crombie drain and an adjacent stormwater detention area as 
key parts of the stormwater solution for the Brookvale area. The Brookvale Structure Plan 
area is shown in Figure 1.  
 

 
 
Figure 1: Brookvale Structure Plan map 
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A Stormwater Management Plan (SMP) is to be prepared for the Brookvale Romanes 
Urban Growth Area. The objectives of the Stormwater Management Plan (SMP) are to: 

x achieve stormwater neutrality over the entire Brookvale Structure Plan Area and 
the future stage identified; 

x achieve positive environmental outcomes, that are in accordance with best practice 
and; 

x be a long term, cost effective solution for stormwater management. 
 
Initial stormwater modelling of the Brookvale Structure plan area and the Crombie drain 
was completed in 2018 for Landsdale Development Ltd. The current investigation builds 
on that earlier modelling work. 

1.2 Scope 

The project aim is to assess the stormwater effects of the development proposed under the 
Brookvale Structure Plan and determine appropriate mitigation methods so that the 
stormwater neutrality objectives of the SMP are met. Specifically, this project will define 
the final width and profile of the Crombie drainage reserve and the area and volume 
needed for stormwater detention purposes on the northern side of the Crombie Drain.   
 
Hydrological and hydraulic models of the relevant parts of Havelock North were built for 
earlier work on the Brookvale Structure Plan area. Using these models, the steps taken for 
this study were to: 

x Update hydrology to reflect Brookvale Romanes Structure Plan area and the future 
stage identified on the Structure Plan 

x Simulate base and developed scenarios in hydrological model for 10 and 100 year 
Average Recurrence Interval (ARI) with Representative Concentration Pathway 
(RCP) 6 future climate, and RCP 8.5 for the developed scenario only. In base 
scenario, the whole catchment is fully developed according to the District Plan, but 
Brookvale retains its existing zoning. 

x Simulate the base land scenario in hydraulic model for 10 and 100 year ARI with RCP 
6 future climate. 

x Raise ground level above flood levels in extended development area in hydraulic 
model 

x Check and ensure that the development areas A, B, and C have been adequately 
raised above flood levels in hydraulic model 

x Simulate 100 year ARI RCP6 flood with up to five drainage system scenarios to 
optimise dimensions of Crombie Drain and detention area in collaboration with peer 
reviewer Kyle Christensen and Hawkes Bay Regional Council (HBRC) 

x Using optimised drainage system, simulate 100 year ARI RCP 8.5 event to check 
performance in more severe climate scenario. 

x Using optimised drainage system, simulate 10 year ARI RCP6 event to check 
performance in more frequent event. 

x Produce maps and reporting for all simulated drainage system scenarios, including 
cross sections of Crombie Drain and other details of the drainage scenarios.    
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After starting the project, it was decided in consultation with HDC that the area shown on 
the Structure Plan as “Future Stage as Identified in HPUDS” would not be included in the 
present assessment. The main reason was that when that area is developed, the reach of 
Crombie Drain which it contains will be widened into a drainage reserve, and there may 
also be a further stormwater management area. Thus it was considered that the stormwater 
works within the Structure Plan need not be designed to attenuate the runoff from the 
HPUDS area in its future developed state. 
 
A separate investigation into Karamu Stream flood levels was carried out for HDC, and is 
the subject of a separate report. The study found that a Karamu Stream flood level of 
16.9m (Hawkes Bay Datum) was appropriately conservative. With that lower Karamu 
flood level (compared with 17.5m as used in the first set of simulations), the stormwater 
systems in the Structure Plan area would be more effective in mitigating the effects of the 
development, and a reduced set of mitigation measures might be sufficient. Therefore 
additional flood simulations with the lower Karamu Stream flood level were carried out, 
under a new consulting agreement signed by Matthew Kneebone for HDC on 11 May 
2020. The agreed scope of work was as follows: 
 

x Simulate 100 year ARI RCP6 flood with Karamu Stream level 16.9m in drainage 
system Versions 1 and 2. Versions 1 and 2 both have Crombie drainage reserve 
28m wide. Versions 1 and 2 have respectively half and all of the stormwater 
management area as a detention basin. 

x Assess performance of Versions 1 and 2 against results of the base case 
simulations carried out earlier in this project. Satisfactory performance means 
less than minor increase in flood level outside the development area. Changes in 
outflow to the Karamu Stream to be quantified in addition. Discuss results with 
HDC and peer reviewer. 

x If necessary, develop a new drainage system version to optimise the land use in 
the development area, and simulate the 100 year ARI RCP 6 storm event. Assess 
performance as above. 

x As a sensitivity test on the main drainage system components, simulate 100 year 
ARI RCP 8.5 storm event and quantify the increases in flood levels relative to the 
100 year ARI RCP 6 event. 

x Using optimised drainage system, simulate 10 year ARI RCP6 event to check 
performance in more frequent event. 

x Produce flood maps and reporting for all simulated drainage system scenarios. 
Include reporting in the existing report on Brookvale modelling. 
 

Quantifying the changes in outflow to the receiving waters led to a further stage of work. 
The resource consent for the Brookvale development includes a condition that the peak 
outflow in the design flood event must be no more than 80% of that under a future 
scenario without the Brookvale development. The peak outflow is a function not only of 
the runoff from the Structure Plan area, but also of backflow into the Crombie Drain from 
the Karituwhenua Stream during the start of a flood event, inflow from the Crombie Drain 
east of Davidson Road, and overflow of Brookvale Road from catchments to the south, 
outside of the Structure Plan area. The volume of flow into the Structure Plan from the 
Karituwhenua and the eastern Crombie drain is increased by increasing the volume and 
conveyance of the Crombie drain, which on the other hand was required to attenuate the 
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increased peak flow of runoff from the development area. It proved relatively simple to 
meet the requirement of no increase in flood level outside of the Structure Plan area, but 
to satisfy the 80% outflow rule, it was necessary to design bunds to separate the 
conveyance and flood detention functions of the stormwater system. 
 
In the final part of the investigation, the Karamu Stream flood level was further adjusted. 
The 16.9m peak level was retained, but the level was made to vary with time as in the 
flood event of July 2006, as recommended by the Karamu Stream report (BM April 
2020). The peak flood level in the Karamu was made to coincide with the peak runoff 
from the Structure Plan area. The lower initial water level meant that the detention basin 
ground levels could be made lower than in the previous designs. 
 
This report briefly summarises the first parts of the investigation, but flood modelling 
results are presented only for the final stage. 

1.3 Software, datum and units 

The catchment modelling was done in HEC-HMS 4.2, a freeware hydrologic modelling 
programme produced by the US Army Civil Engineers – Hydrologic Engineering Centre. 
The hydraulic modelling was carried out in Tuflow, a 2d floodplain modelling software 
developed and supported by BMT WBM Ltd. 
 
Levels given in this report are in terms of Hawkes Bay Datum (on which mean sea level is 
approximately 10m), and coordinates are in terms of NZGD 2000 New Zealand 
Transverse Mercator (NZTM) unless otherwise noted. 

2. Hydrology 

The Havelock North catchment model consists of 23 catchments starting in the hills to the 
south of the town and draining to the Karamu Stream in the north. With a total area of 
1514 hectares, the catchment includes the Te Kahika, School, Karituwhenua, and 
Mangateretere streams and the dams and reservoirs for the former three streams in the 
hills. Within this greater catchment, the Brookvale Structure plan defined in this study has 
an area of 38.90ha. It is currently mainly in pasture and crops with scattered dwellings 
and a few industrial sites. A catchment location map is in Figure 2, Appendix A. 
The catchment model was constructed for an earlier investigation into development of the 
Brookvale area. The catchment has been represented in HEC-HMS, using the SCS curve 
number method to estimate the runoff from a given rainfall. The runoff is then 
transformed into a flow hydrograph using the kinematic wave routing method across the 
urban catchments and a Clark unit hydrograph method for the rural hill catchments. 
Further details on the model structure and parameters can be found in the Crombie Drain 
Flood Model report (BM, 2018). 
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2.1 Baseline catchment model 

The baseline catchment model represents the existing land use in the Brookvale Structure 
Plan area. The rest of the catchment was assumed to be developed to the maximum 
allowable by the zones in the proposed District Plan as of 2019. This catchment model 
can be used as a baseline against which to assess the effects of the development allowed 
under the Brookvale Structure Plan. 
 
For each catchment, the area within each proposed zone was calculated. The zoned areas 
were used to increase impervious area from existing values where relevant.  
 
For the main zones found in the catchment, the following rules were applied: 
 

Zone Change in impervious area for Ultimate development 
model 

Residential  Increase to maximum for average section size 
Plains production Increase by 10% 
Rural residential Increase by 5% 
Rural Increase by 5% 
Te Mata Special Character No change 
Open space No change 

 
The hydrological models for existing and ultimate catchment development were 
developed in 2018. In brief, zones with low population density (Plains production, Rural 
residential and Rural) have had impervious area increased relative to existing levels, 
based on the policies and rules for each zone. It was assumed that no further significant 
development would occur in the Te Mata Special Character and Open Space zones. The 
Residential zone impervious fraction has been increased to a maximum value related to 
average section size. These practical limits for impervious area are based on 
measurements of representative existing impervious areas in urban Havelock North.  
Further details on these models can be found in the Crombie Drain flood model report 
(BM, 2018). The catchment parameters used in the baseline model are in Table 10, 
Appendix B . 

2.2 Brookvale full structure plan catchment model 

The Brookvale full structure plan catchment model projects the full development allowed 
by the Brookvale Structure plan in that area, together with Ultimate development for the 
surrounding Havelock North catchments. 
 
The Brookvale Structure Plan affects model catchments A1, A2, A3, B, and C1. 
Catchment C2, which is a Future development stage determined in HPUDS, (the 
Heretaunga Plains Urban Development Strategy), has been retained as Ultimate 
Development with existing zoning for this study. The development and any stormwater 
mitigation required for this area will be considered at a later stage. In the full structure 
plan model, the whole Brookvale area (model catchments A1, A2, A3, B, and C1) is 
rezoned to residential. An impervious fraction of 65% was applied to all land not reserved 
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as green space. This is relatively conservative but recognises the trend for modern 
development to include larger houses and garages, and more hardstand area than 
previously. The catchment model also takes into account the Crombie Drainage reserve. 
Proposed roads are accounted for in the 65% impervious area figure. A development 
restriction around an existing industrial site means that no residential dwellings may be 
built within this area (see red hatched region in Figure 1). However, this area could be 
backyard, sheds, or road. Therefore, the catchment model parameters have not been 
adjusted for it. The developed catchment parameters for Brookvale are in Table 11 in 
Appendix B .  

2.2.1 Treatment of stormwater management area 

A stormwater management area is defined in the structure plan north of Crombie drain.  It 
sits between Romanes Drive and Thompson road, in catchment B in the catchment model. 
Excluding the indicative roads in this area, it has an area of approximately 33,000m2. As 
initially it was unclear how much of this space would be needed for stormwater 
management, the full Structure Plan catchment model assumes that this area is fully 
developed with an impervious area of 65%. This is conservative, as some part of this area 
will become green space reserved for stormwater detention, and green space will have less 
runoff than residential properties. Sensitivity tests were done to see what effect retiring 
some or all of the stormwater management area from development would have on storm 
runoff. These alternative catchment models assumed that 15,000m2 (about half) or 
33,000m2 (all) of the stormwater management area was retained as green space.  
With all of the stormwater management retained as green space, in the 100 year ARI RCP 
6.0 design event in catchment B, peak discharge reduced by 7% and total runoff volume 
reduced by 4% compared to no detention area. These differences are small, and it was 
decided to ignore the potential stormwater detention area in catchment B, which is a 
conservative assumption. In a severe storm event, it is likely that as the detention area fills 
with water, the base will become saturated and the infiltration rate in the pond will reduce 
so that effectively most of the rain falling on the pond becomes runoff. Then the pond acts 
as if it has a higher impervious fraction.   

2.3 Rainfall 

2.3.1 Climate change projection 

Outcomes from this project will inform long term planning decisions for Havelock North. 
Therefore, it is relevant to incorporate some measure of climate warming effects in the 
design rainfall estimates. The method chosen is to increase the rainfall based on New 
Zealand regional downscaling of projections given for Representative Concentration 
Pathways (RCP). The pathways were defined by the most recent Intergovernmental Panel 
on Climate Change 5th Assessment in 2013. This approach follows guidance on climate 
change projections from MfE (2016) and is supported by Hawkes Bay Regional Council. 
RCPs are identified by their approximate total radiative forcing in the year 2100 relative 
to 1750 (in W/m2). Each RCP collects results from multiple climate models for a certain 
scenario of global human development and rate of emissions production (which generates 
a concentration of CO2 in the atmosphere). For this study we have used RCP 6.0 and 8.5. 
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The chosen climate warming scenarios are defined in Table 1 (from Appendices MfE, 
2017). 
 
Table 1: Climate representative concentration pathways for modelling 

 
RCP Description Global mean 

temperature 
increase in 2081-
2100 (likely 
range °C) 

6.0 A stabilisation pathway, with moderate emissions 
mitigation, and initial reductions, but gradually rising 
again peaking around 2080. Stabilisation of emissions to 
around 6 W/m2 soon after 2100. Population peaks at 
around 10 billion later this century. 

1.4-3.1 

8.5 Continued high-emissions baseline trajectory with no 
effective emissions mitigation and a rising radiative 
forcing pathway – emissions stabilised only after 2100, 
but radiative forcing continues rising until around 2250. 
Highly energy intensive scenario as a result of high 
population growth (around 13 billion by 2100) and lower 
rate of technology development. Essentially a business-as-
usual trajectory. 

2.6-2.8 

 
The development modelling has used RCP 6.0, termed moderate climate warming, and 
RCP 8.5, termed high climate warming, has been used for a final comparative simulation 
with the optimum drainage arrangement. RCP projections are for the twenty-year period 
2081-2100. This will be referred to here as 2090. 
 
The effect of applying RCP 6.0 to Havelock North design rainfalls used for this modelling 
was to increase short (15 minute to 2 hour) duration rainfall by 22% and 24 hour duration 
rainfall by 14%. RCP 8.5 increased short (15 minute to 2 hour) duration rainfall by 32-
35% and 24 hour duration rainfall by 22%.  

2.3.2 Design rain storms 

The chosen design event magnitudes are the 10 year and 100 year Average Recurrence 
Interval (ARI) storms. Design rainfall depths have been sourced from HIRDS v4, the 
High Intensity Rainfall Design System for New Zealand, produced by NIWA. Design 
rainfalls from HIRDS v4 include estimates for rainfall for a range of climate warming 
RCPs. 
 
HIRDS rainfall data was taken at each of 4 local rain gauges. Details of the source rain 
gauges are in Table 2. 
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Table 2: Local rain stations, Havelock North 

Station E N Site ID 
Elevation 
(m) Data 

Havelock North DSIR 1932946 5602096 D96689 22 Hourly 
Havelock North Te Mata 1935781 5600304 D96691 173 Daily 
Mangarau at Kopanga Auto 1931632 5596560 967810 160 Hourly+ 
Tauroa Station 1934321 5596382 D96791 110 Daily 

 
The design rainfall depths from HIRDS for each RCP, return period and gauge are in 
Table 12 in Appendix B . 
 
Because of the low number of rain gauges and their spread, a manual, semi-thiessen 
polygon division of rainfall from the gauges was applied to the catchments. The 
catchment was divided by lines through points equidistant from the different gauges. 
Catchments or parts of catchments were assigned a rain gauge on this basis.  
The rain gauge locations are shown together with the Havelock North catchments in 
Figure 3 in Appendix A. Areas of the catchment are shaded in a single colour where they 
are assigned to the closest common rain gauge. 
 
TDam was the only catchment to use Mangaroa and Tauroa gauges, so this was simplified 
so that only the closest of these two; Tauroa; was used. The difference in rainfall is only 
7% between the two gauges, and TDam catchment flows into a reservoir controlled by an 
outflow function, meaning that it is less sensitive to small changes in rainfall patterns than 
the downstream catchments. 
 
The rainfall gauge weightings applied to each catchment are shown in Table 13 in 
Appendix B . 
 
Design rainfall depths for durations ranging from 15 minutes up to 24 hours were nested 
one inside the other to form a hyetograph, which then contains the design storm for every 
duration. This is unlikely to occur in reality but does account for extreme events 
sometimes having intense rainfall over a range of durations and is a conservative 
approach to storm construction.  
 
The District Plan rules require that stormwater systems be designed with consideration of 
events of 2, 5, 10, 50, and 100 year ARI. The Plan requirements include:  

x that the piped stormwater system be designed for the 5 year ARI event;  
x that the outfall flows be no greater than in the pre development case in 2 and 10 

year ARI events,  
x that the secondary flow paths be designed for the 50 year ARI event;  
x and that the outfall flows should be no more than 80% of those pre development in 

the 100 year ARI event.  
 
The scope of this project does not include design of the piped reticulation, or of the 
detailed ground forms and secondary flow paths. Therefore the 2, 5, and 50 year ARI 
events were considered not relevant for this study. For design of the main drain and 
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detention area, the 10 year and 100 year ARI events were relevant, and were simulated in 
this project. 

2.4 Runoff results 

The HEC-HMS existing and full structure plan models were used to simulate the 10 year 
and 100 year ARI design storms with RCP6.0 and 8.5 climate warming projections. 
Peak discharge and runoff volume from each catchment in Brookvale are shown for 
existing and full development conditions in Table 3 for the RCP 6.0 climate case. Results 
for the 100 year ARI, RCP 8.5 climate case are in Table 4. 
 
Table 3:RCP6.0 design runoff, Brookvale catchments 

10 year ARI Peak flows (m3/s) Volume (1000m3) % diff Full-Existing 
Catchment Existing Full Existing Full Qp Vol 
A1 0.4 0.5 4.1 4.8 25 17 
A2 0.4 0.5 4.4 5.8 25 32 
A3 0.4 0.5 4.5 5.6 25 24 
B 0.9 1.4 16 20.8 56 30 
C1 0.2 0.4 2.7 4.4 1 63 
Total   31.7 41.4  31 

       
100 year ARI Peak flows (m3/s) Volume (1000m3) % diff Full-Existing 
Catchment Existing Full Existing Full Qp Vol 
A1 0.8 0.9 7.1 7.9 13 11 
A2 0.7 1 7.9 9.5 43 20 
A3 0.7 1 8 9.3 43 16 
B 1.9 2.8 28.7 34.7 47 21 
C1 0.5 0.8 5.1 7.5 60 47 
Total   56.8 68.9  21 

 
The development proposed by the Structure plan would increase the runoff volume by 
30% in the 10 year RCP 6.0 design storm event and by 20% in the 100 year RCP 6.0 
design storm event. The existing and full development 100 year ARI RCP 6.0 
hydrographs are contrasted in Figure 4 in Appendix A . To provide some scale, the largest 
and smallest Brookvale hydrographs (B and C1 respectively) are shown with hydrographs 
from a typical Havelock North urban catchment (Guthrie) and a large river catchment 
(Mangateretere) in Figure 5.  
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Table 4: RCP8.5 climate case design runoff, Brookvale catchments 

100 year ARI Peak flows (m3/s) 
Volume 
(1000m3) 

Catchment   
A1 1.1 8.5 
A2 1.2 10.2 
A3 1.1 10 
B 3.2 37.4 
C1 0.9 8.1 
Total  74.2 

 
In addition to the moderate emissions climate case, the high emissions 100 year ARI 
design event has been modelled to provide a reasonable upper limit on runoff and 
flooding that might be expected. Total runoff volume from the Brookvale catchments for 
the high emissions case was almost 8% higher than for the moderate emissions case.  

3. Flood model 

3.1 Baseline hydraulic model 

3.1.1 Model development 

The baseline hydraulic model was developed in a previous project for Landsdale 
Development Ltd. Details of the model can be found in BM (2018). The main features are 
briefly described here. 

3.1.2 Model domain 

Figure 6 shows the model domain. The two dimensional model domain is contained 
within the red outside border. The streams modelled as one dimensional channels are also 
marked in red as domain boundaries, because they are removed from the two dimensional 
domain so as not to count their volume and conveyance capacity twice. 
 
The southern model domain boundary is placed a short distance upstream of Brookvale 
Road, so that secondary flows from the catchments south of Brookvale Road can pond 
against the road crown and flow over it in a realistic manner. The amount of secondary 
flow was estimated outside the hydraulic model, as described in BM (2018).  
 
The Crombie Drain joins the Karituwhenua Stream in Guthrie Park. Flood levels in the 
Karituwhenua can be the main influence on flood levels in the lower Crombie Drain. The 
model includes the reach of the Karituwhenua in Guthrie Park and its outflow to the 
Karamu Stream through the Napier Road culvert. The Te Kahika Stream joins the 
Karituwhenua in Guthrie Park, and this inflow is included in the model. 
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The Mangateretere Stream downstream of Brookvale Road was included in the model, 
because the flat land between the Mangateretere and the Taco Drain, and between the 
Taco Drain and the Crombie Drain, could allow exchange of water in flood events. The 
model domain boundary to the north of the Mangateretere Stream was selected by 
reference to contour maps of the terrain, derived from the Lidar data, as described in BM 
(2018). The main drains and streams are shown in Figure 6. 

3.1.3 Digital elevation model (DEM) of floodplains 

Lidar data supplied by HBRC, understood to have been captured in 2003, was used to 
generate a DEM over most of the model domain. Surfer was used to create a 2m x 2m 
grid of ground levels from the Lidar points, covering the 2d hydraulic model domain. 
 
For the previous project for Landsdale Development Ltd, Development Nous Ltd (DN) 
supplied a file of ground level points obtained by optical aerial survey which covered the 
Brookvale Structure Plan area and some of the land south of Brookvale Road (referred to 
in this report as the UAV survey data). The UAV levels were considered to be more 
accurate than the Lidar levels, as they are made to conform with multiple ground control 
points. In areas with dense vegetation, the optical UAV survey does not give accurate 
results, and DN cut out the UAV points in those areas and replaced them with points from 
the Lidar. The resulting file of ground level points was processed with Surfer to produce a 
2m x 2m grid representing the existing ground surface. 
 
The UAV data did not cover the whole model domain, therefore Surfer software was used 
to insert Lidar data where necessary (generally, in the Mangateretere catchment, north of 
Thompson Road, and on both sides of the Taco Drain). A colour relief map of the ground 
surface, which accentuates topographic features, is shown as Figure 7. Features visible on 
the figure include 

x Mangateretere and Karituwhenua Streams 
x Napier, Thompson, Davidson and Brookvale Roads 
x Crombie and Taco Drains 
x Lines marking features of the Brookvale Structure Plan as supplied by HDC are 

shown in red. 
An old abandoned stream channel which appears to have once been the lower 
Mangateretere is also clearly visible, running roughly parallel to Thompson Road north of 
the Crombie Drain. The natural levees of that old stream channel form a barrier to 
stormwater flows towards the Crombie drain from the north western catchment of the 
Brookvale Structure Plan area. Thompson Road embankment cuts off the natural outflow 
path of that catchment, creating a ponding area. 
 
Figure 7 also shows that there are no high barriers to exchange of water between the 
Mangateretere Stream, Taco Drain, and Crombie Drain. If flood levels rise above bank 
top levels, water can flow between those watercourses. 
 
A 1m x 1m grid covering Brookvale Road was also created from the UAV data. A 
longitudinal section of the crown of Brookvale Road was extracted from this grid using 
Surfer and was used as a break line in the hydraulic model. An accurate break line was 
important for modelling secondary flows over the Brookvale Road from the catchments to 
the south. 
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3.1.4 Stream and drain cross sections 

The Crombie Drain, Karituwhenua Stream, Mangateretere Stream, and Taco Drain were 
included in the model as one dimensional branches, linked to the two dimensional 
domain. Recently surveyed cross sections on those waterways were provided by DN in 
the previous project for Landsdale Development Ltd. The Mangateretere cross sections 
were supplemented by additional sections surveyed by Hawkes Bay Regional Council in 
2003. The model was set to interpolate additional cross sections where necessary, so that 
the intervals between computational points were between 20m and 30m (Tuflow 
interpolates cross sections at the ends of each user defined computational reach). 

3.1.5 Junction of Crombie and Taco drains 

On the aerial photos it appears that the Crombie and Taco drains are connected. However, 
inspection on site showed that there is a causeway without any culvert, which prevents 
any hydraulic connection at normal water levels. Flow between the two drains could only 
occur if water levels were above the drain banks. In the previous project for Landsdale 
Development Ltd, DN made enquiries of long term local residents, and was advised that 
at one time the Taco was diverted into the Crombie to supply stock water. At some time 
(but not recently) that diversion was reversed. It was unclear whether or not those changes 
to the drain junction were authorised by the relevant local bodies at the time. HBRC made 
enquiries of former staff members and found that the Taco Drain had been deepened to 
carry water past the Crombie junction without exchange of flow. HBRC advised that the 
status quo could be taken as the proper state of the drains at the former drain junction 
(Goodier 2018).  
 
In the hydraulic model exchange of flow between the Crombie and Taco drains is possible 
but only when water levels are high enough to flood the ground around the junction. In 
that case the exchange of flow is controlled by the banks of the drains, and by the features 
of the ground between the drains. 

3.2 Flow resistance and local loss settings 

Culverts were assumed to have inlet and outlet loss coefficients of 0.5 and 1.0 
respectively. Those values are consistent with observations made on the 27 June 2018 site 
inspection. 
 
Manning n values for various elements of the hydraulic model are given in Table 5. They 
are considered to be consistent with the observed condition of the drains and streams in 
June 2018. It was assumed that after development, the Crombie drainage reserve would be 
planted as part of a landscape design, and it was therefore assigned a relatively high 
resistance.  This post development model does not represent the land surface after 
development in detail because it is not known, nor does it represent the major pipes that 
will be included in the detailed subdivision design. In the post development model the 
ground surface performs a flow routing role and it has been assigned an overall 
representative Manning n value.  
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Table 5: Manning n values used in the hydraulic model 

Feature Manning n 
Undeveloped floodplains (mainly pasture) 0.05 
Post development ground surface within 
Structure Plan 

0.05 

Roads (where flow occurs) 0.016 
Crombie Drain pre development 0.04 
Crombie Drain post development 0.06 
Crombie Drain south berm 0.08 
Karituwhenua Stream in Guthrie Park 0.035 
Mangateretere Stream downstream of 
Brookvale Road 

0.035 

3.3 Brookvale structure plan hydraulic model 

3.3.1 Land reforming 

A simplified representation of the post development ground levels was used for this 
project, which is shown as a colour relief map in Figure 8. The colour relief map was 
produced by Surfer from a grid of ground levels made by Tuflow as a check file, 
representing the ground surface after all the specified modifications have been made. 
Figure 8 represents the ground surface of the first version of the post development 
drainage system tested, with red lines representing the Brookvale Structure Plan overlaid. 
Various features of the ground surface are discussed below. 
 
Essentially the ground within the Structure Plan area north and south of Crombie Drain 
was raised above 100 year ARI flood level in the drain, as will be done in due course as 
part of residential development. The post development ground was also sloped towards 
Crombie Drain to represent the expected general final landform. South of Crombie drain 
that slope plays an important part in the model, because it allows the secondary flows over 
Brookvale Road, which occur in the larger design events, to run down into the drain 
without any significant ponding. The purpose of this project is to design the large scale 
drainage features – the Crombie drainage reserve and the adjacent stormwater 
management area - and that purpose would be compromised if there was spurious flood 
detention elsewhere in the model.  
 
In the post development land form, the ground level along the edge of the Crombie 
drainage reserve was set to 19.2m, which gave approximately 0.5m above flood level in 
the previous 100 year ARI event simulations, as carried out for Landsdale Development 
Ltd. The post development levels along the northern edge of Brookvale Road were set by 
extracting a profile more or less along the gutter of the existing road, from the detailed 1m 
x 1m grid derived from the Lidar data. An accurate representation of the crown of 
Brookvale Road is included in the model, as described above; thus the shape of the road is 
maintained in the post development model, so that the hydraulic behaviour of the road 
should be the same as pre development. Tuflow generates a triangulated irregular network 
(TIN) from the points along the edge of the drain, and along the Brookvale Road gutter, 
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which is interpolated to produce a 2m x 2m computational grid covering the area between 
the road and the drainage reserve. 
 
The post development ground surface on the north side of Crombie drain (Area B of the 
Structure Plan) was generated in a similar manner, with the ground sloping down from 
existing ground levels along the edge of Napier Road (which rise gradually from about 
19.3m near the Romanes Drive intersection to about 20.0m at the Thompson Road 
intersection), to 19.2m at the edge of the Crombie drainage reserve or at the edge of the 
stormwater management area. The detention basin in Area B is also visible in Figure 8, 
and is discussed further under the different drainage system versions. 
 
The post development land form is intended to be broadly realistic, but it lacks the final 
road layout (which is not yet known), and any other design details which will affect the 
final land form. For the purpose of this project, it is sufficient that the post development 
land form is above flood level, and that it facilitates flow of water into the drainage 
reserve and the Crombie drainage reserve. 
 
However two features of the post development land form are known reasonably well 
already, and they were included in the model. The extension of Russell Robertson Drive 
which runs from Brookvale Road to the bend in Thompson Road is shown in the Structure 
plan. DN developed a longitudinal profile for the new road, sloping down from 21.6m at 
Brookvale Road to 18.2m at the Crombie drain crossing, and rising from there to 18.5m at 
the Thompson Road bend. The Structure Plan also shows that the existing drainage 
reserve which runs roughly parallel with Davidson Road, about 90m south west of it, will 
be retained. The existing levels in the drainage reserve are about 21.8m near Brookvale 
Road, 21.3m at the south end of the straight reach, and 17.9m near Crombie drain. These 
levels were maintained in the post development ground form. The drainage reserve and 
the Russell Robertson Drive extension were included in the model as 20m wide strips, 
with levels as noted above. 

3.3.2 Drainage systems tested before final design 

As noted in Section 1 of this report several variations of boundary conditions and drainage 
systems were tested in developing the final preferred solution. The drainage system versions 
are briefly summarised below, with a full description of the preferred Version 4 in Section 
3.4.3. 
 
3.3.2.1 Version 1 short description 

In the Version 1 of the post development drainage system, the width of the Crombie 
drainage reserve was 28m, and the detention basin north of Crombie drain occupied only 
the eastern part of the area identified on the Structure Plan (and had an area of 
approximately 2.6ha). 
 
3.3.2.2 Version 2 short description 

In the Version 2 of the post development drainage system, the width of the Crombie 
drainage reserve was 28m, and the detention basin north of Crombie drain occupied all of 
the Stormwater Management Area shown on the Structure Plan (and has an area of 
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approximately 4ha). It is the same as Version 1 except for the addition of the second 
detention basin area. 
 
3.3.2.3 Version 3 short description 

In Version 3 of the post development drainage system, the width of the Crombie drainage 
reserve was 35m, and the detention basin in Area B occupied the full extent of the 
Stormwater Management Area. 

3.3.3 Drainage system Version 4 – final concept design 

3.3.3.1 Short description 

In Version 4 of the post development drainage system, the width of the Crombie drainage 
reserve was 28m, and the detention basin north of Crombie drain occupied only the 
eastern part of the area identified on the Structure Plan (and had an area of approximately 
2.6ha). Version 4 of the post development drainage system occupies the same land area as 
Version 1, but there are important differences: 

- The detention basin and the left (south) side of the Crombie drainage reserve, are 
bunded off from the Crombie drain main channel, so that the rate of outflow to the 
Crombie drain can be controlled by appropriately sized culverts. 

- The ground levels in the detention basin and on the south side of the Crombie 
reserve are 16.75m on average, 0.3m lower than in Version 1. 

- West of the Russell Robertson Drive extension, the Crombie drain main channel is 
realigned to run along the north side of the 28m wide drainage reserve, so as to 
maximise the detention storage on the south side of the drainage reserve.  

 
The ground surface of Version 4 after the modifications for development is shown in 
Figure 8. 
 
3.3.3.2 Crombie drain 

Sketches of the post development Crombie drain cross sections are shown below. 
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Notes: 

1. Drain invert level and bottom width are approximately as existing. It was 
considered better not to make significant changes so as not to disturb the 
groundwater conditions. 

2. The ground level at the true right (north) side of the drain east of the Russell 
Robertson Drive extension is approximately as existing. 

3. The left (south) berm level is 16.7m to 16.8m so as to maximise flood detention 
volume but is above normal water levels in the Crombie drain. A photograph taken 
on 27 June 2018 shows a water level at the Romanes culvert of approximately 
17m (the water appears to be roughly half way up the 1.65m culvert, which has 
invert 16.2m). In the photo the flow rate in the Crombie drain appears to be low, 
and the water level appears to be controlled by a high point on the stream bed 
downstream. Survey carried out by DN for the Brookvale project gives the invert 
level of the Karituwhenua Stream Napier Road culvert as 13.4m, and another 
photo from June 2018 shows just a few centimetres depth of water at the Napier 
Road culvert outlet. The DN survey also shows Karituwhenua Stream invert levels 
sloping down from 15.9m at the Crombie confluence to 13.17m at the upstream 
side of the Napier Road culvert. There may be a high bed level in the channel 
leading from the Romanes Drive culvert outlet to Karituwhenua Stream. This 
should be checked and included in drain upgrade works as necessary. A high point 
on the bed which affects low flow water levels is not considered to have any 
significant effect on the channel conveyance at design flood flows, and therefore is 
not considered to invalidate the flood simulations. No significant restriction at 
higher water levels was observed on the site visit in June 2018. 

4. The bund separating the south side of the Crombie drainage reserve (the south 
bank berm) from the drain channel extends from Davidson Road to Romanes 
Drive, and is assumed to continue through the Russell Robertson extension 
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crossing (the road crossing would need to allow for hydraulic continuity between 
the east and west parts of the south bank berm). It has a crest level of 18.0m. The 
outlet from the south bank berm is through a single 900mm diameter culvert, as 
detailed below. 

5. East of the Russell Robertson extension, the 28m drainage reserve width was 
assumed to be measured from the toe of the true right side slope of the drain. This 
means that the drain invert would remain at its present position on the northern 
edge of the Structure Plan area, and the north bank of the drain would remain as 
currently existing, and thus the drainage function for the properties to the north 
would remain unchanged. 

6. All side slopes are 1V:2H, to maximise the detention volume. The south berm 
bund crest is just 0.5m wide for the same reason. 

7. The drain channel alignment varies so as to maximise the volume of the bunded 
south berm. Thus in the reach west of Russell Robertson extension, it is as close to 
the north side of the drainage reserve as the 1V:2H side slope allows. 

 
3.3.3.3 Detention basin 

The detention basin in Area B of the Structure Plan may be seen in Figure 8. Ground 
levels in the detention basin are 16.7m at the Crombie drain bank, sloping slightly to 
16.8m near the raised ground which will be used for residential development. The 
detention basin is separated from the drain channel by a berm with crest level 17.5m. 
Outflow from the detention basin is through a single 900mm diameter culvert, as detailed 
below. 
 
3.3.3.4 Culverts 

The culverts under Romanes Drive and Davidson Road are as existing, as surveyed by 
DN for the previous project. The invert levels are 16.2m and 16.54m for Romanes and 
Davidson respectively. 
 
The proposed basin outlet culvert is near the western side of the detention basin, with 
diameter 0.9m and invert level 16.71m. The proposed south berm outlet culvert is 
approximately midway between the Russell Robertson extension and Romanes Drive. Its 
diameter and invert level are 0.9m and 16.73m respectively. Both the basin outlet culvert 
and the south berm outlet culvert have floodgates to prevent flow from the drain into the 
detention area. 

4. Flood simulations for drainage system design 

4.1 Overview 

The purpose of the flood simulations was to establish what level of mitigation would be 
required to ensure that the effects of the Brookvale development on flood levels outside 
the development area would be minimal, and to reduce the peak outflow due to runoff 
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from the developed Structure Plan area to 80% of that under a future climate scenario 
without Structure Plan development. The event simulated for those purposes was the 100 
year ARI event with climate change for the RCP 6 scenario during 2080 to 2100. 
 
For assessing the effect of the development on flood levels, the runoff from the whole 
catchment was used. The Structure Plan area is only a small part of the whole catchment, 
which includes the Mangateretere Stream, the Te Mata hills streams, and the land south of 
Brookvale Road. To design for compliance with the rule requiring peak outflow of less 
than 80% of that pre development, only the runoff from the Structure Plan area was 
considered. Because the inflows to the Crombie drain from outside the Structure Plan are 
substantial, it would not be feasible (within a practical scope of works) to comply with the 
80% rule in a whole catchment flood.  
 
In the “base case” for comparison, the drainage system is as existing, and the runoff is as 
would occur with full development of the catchment as allowed under the existing 
planning rules.  
 
As a sensitivity test, the final concept design (Version 4) of the drainage system was 
tested by simulating a 100 year ARI flood event with RCP8.5 climate change projected to 
the twenty years from 2080 to 2100. 
 
To test the performance of the Version 4 drainage system in a less severe event, the 10 
year ARI RCP 6 flood event was simulated. 

4.2 Karamu Stream levels for flood simulations 

Three sets of design flood simulations were carried out, with different Karamu Stream 
flood levels as downstream boundary condition. In the first series of simulations, the 
Karamu Stream was assumed to remain at 17.5m throughout the Brookvale area flood 
event. 
 
It was found that a substantial part of the Structure Plan area would need to be devoted to 
stormwater management, as in drainage system Version 3 described in 3.3.2. Therefore it 
was considered justified to undertake an investigation of the Karamu Stream flood levels. 
This is described in a separate report (BM April 2020), which found that a Karamu 
Stream design flood level of 16.9m at the Karituwhenua Stream confluence would be an 
appropriately conservative boundary for a 100 year ARI design event in the Te Mata 
streams catchment, taking into account expected climate change up to 2090. 
 
In the second series of flood simulations, the Karamu Stream flood level was assumed to 
remain constant at 16.9m throughout the Brookvale flood event. It was found that Version 
1 of the drainage system as described was satisfactory from the point of view of 
producing minimal effect on flood levels outside the Structure Plan area, but that the peak 
outflow from the Structure Plan area was more than 80% of that which would occur 
without the development.  
 
In the final series of flood simulations, a time varying Karamu Stream boundary condition 
was used. BM (April 2020) recommended that the shape of the July 2006 flood level 
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record at the Karamu at Floodgates site should be used to produce a time varying 
boundary condition. This was interpreted as meaning that the time to rise above the initial 
level and fall back to that level should be the same as recorded. The time series boundary 
condition used for modelling rises over 14 hours from 14.7m to the maximum level of 
16.9m at the time of peak runoff from the Structure Plan area, and falls back to 14.7m 
over the following 120 hours. The initial level of 14.7m was estimated by BM (April 
2020) as the 10 year ARI present climate flood level at the Karituwhenua Stream 
confluence.  

5. Flood simulation results for constant Karamu Stream flood 
level 

Results of the flood simulations for Karamu Stream flood levels of 17.5m and 16.9m are 
not presented in this report. Those results can be found in previous drafts of this report 
supplied to HDC.  

6. Flood simulation results with time varying Karamu Stream 
flood level 

6.1 100 year ARI RCP6 simulations 

6.1.1 Whole catchment flood event 

The flood event arising from the whole catchment (including the Te Mata hills 
catchments, the Mangateretere Stream, and the land south of Brookvale Road) was used 
to assess the effects of the Structure Plan development on flood levels on land outside the 
development area. 
 
In the base simulation the hydraulic model has the existing ground surface, the existing 
stream and drain cross sections, and existing culverts. In the hydrological model, the 
catchment is fully developed in accordance with the District Plan, but the Brookvale 
Structure Plan area retains its existing zoning. Figure 9 shows the maximum water levels 
in the 2d model domain for the base case (water levels above the legend range are shown 
khaki coloured). It may be seen that there is a substantial volume of flow over Thompson 
Road to a ponding area north of the bend.  
 
Figure 10 shows maximum water levels in the 100 year ARI RCP 6 flood with Version 4 
of the post development drainage system (water levels outside the range of the legend are 
shown khaki coloured). The flooding north of the Thompson Road is prevented by the 
Version 4 drainage system. The Crombie floodplain near Romanes Drive is not flooded, 
because the land there was raised to a level that would allow residential development. 
Maximum water levels at reference points are given in Table 6, for both baseline and 
developed cases.  
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Table 6: Maximum water levels in 100 year ARI RCP 6 flood event, Version 4 compared with base case, Karamu flood 
level time varying with peak of 16.9m 

Location Maximum flood level (m)  
 Base case Version 4 
Crombie drain near Romanes Dr 18.54 18.29 
Stormwater management area in Area B of Structure Plan 18.46 18.30 
Ponding area north of Thompson Rd bend* 18.42 No flood 
Crombie drain just west of Russell Robertson extension 18.47 18.30 
Arboretum* 18.46 18.30 
Crombie drain just west of Davidson Rd 18.47 18.30 
Crombie drain just east of Davidson Rd* 18.51 18.48 
Crombie drain near Taco drain* 18.52 18.49 

Points outside the Structure Plan area identified by * 
 
Figure 11 shows the difference in flood level between the base case and Version 4, with 
values below zero indicating lower flood levels after development than in the baseline. 
The khaki colour indicates land that was flooded in the baseline and is not flooded in the 
developed case. The grey colour indicates either land that is flooded in the developed case 
but not in the baseline case, or land where the increase in flood level is greater than the 
highest value in the legend. The grey colour only occurs within the Structure Plan area, 
where the land is filled well above the previous land level, where the detention basin 
contains water where none lay in the baseline, and where the smooth filled surface south 
of Crombie drain directs water where none flowed in the baseline. 
 
At all points outside the Structure Plan area, the maximum flood level would be the same 
or lower after development than in the baseline case. Therefore the development would 
have no adverse flooding effect on adjacent land.  
 
Figure 12 shows flows in and out of the Structure Plan area at the Romanes and Davidson 
Road culverts. Flow is positive towards the south west at both culverts, so positive values 
indicate flows out of the Structure Plan at Romanes, but inwards at Davidson. Increasing 
the volume and conveyance of the drainage system within the Structure Plan increases the 
backflow from the Karituwhenua at Romanes, and increases the inflow from the land east 
of Davidson Road later in the event.  
 
Figure 13 shows the total outflow from the Structure Plan area, which is the sum of 
outwards flow at Romanes and Davidson culverts, plus the outflow over Thompson Road 
in the baseline case. The peak outflow occurs in both cases at approximately 8.5 hours, 
and in the developed case the peak outflow is approximately 86% of that in the baseline. 
Thus drainage system Version 4 with its separation of the detention areas from the drain 
channel by bunds, comes fairly close to meeting the 80% rule, even in the whole 
catchment flood event.  
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Figure 14 shows the discharge of the Karituwhenua Stream through the Napier Road 
culvert. The Structure Plan development would have very little effect on peak flow 
(reducing it marginally), and would increase the volume of outflow slightly. 
 

6.1.2 Structure Plan runoff event to design for 80% outflow rule 

The Brookvale Structure Plan development was required to reduce the peak outflow to 
receiving waters to 80% of that in the baseline case, in the design 100 year ARI RCP 6 
flood event.  A substantial part of the flood water in the Crombie drain in the design event 
comes from catchment area outside the Structure Plan area. The main external sources of 
floodwater are:  

x overflow of Brookvale Road from the catchments further south;  
x backflow from Karituwhenua Stream when flood levels there are higher than in 

the Structure Plan;  
x and inflow from the Crombie drain east of Davidson Road.  

 
As the Structure Plan development has limited ability to influence those external sources 
of floodwater, the simulations to design for compliance with the 80% outflow rule were 
carried out using runoff from the Structure Plan area only.  
 
Increasing the conveyance of the Crombie drainage system results in faster carriage of the 
runoff from the Structure Plan to the receiving waters, compared with the present 
Crombie drain. In addition, the peak runoff rate from the Structure Plan area in the design 
event with development is predicted to be 5.9m3/s compared with 4.6m3/s in the baseline 
case. In the initial design, this difference in peak runoff was not successfully attenuated to 
meet the 80% outflow rule by the flood detention volume provided in the detention basin 
and the Crombie drainage reserve.  
 
It was found necessary to separate the flood detention areas from the drain channel in 
order to satisfy the 80% rule. The proposed bunds which would effect the separation are 
described above in Section 3.3.3. An additional note is that the bund crests were set high 
enough so as not to be overtopped in the design event with Structure Plan runoff only, but 
low enough so that they would be below maximum water level in the whole catchment 
design flood, and thus would have practically no effect on flood levels in that larger event.  
 
Figure 15 and Figure 16 show the baseline and developed outflows from the Structure 
Plan areas north and south of Crombie drain, respectively. The developed case outflow is 
less than 80% of that in the baseline, both north and south of the drain. 
 
The baseline case outflow north of Crombie is calculated as the flow over Thompson 
Road plus the flow across the drain bank, while south of Crombie, the outflow is simply 
the flow across the drain bank. The flows across the drain bank were calculated during the 
simulation using the Tuflow plot output facility. In the developed case, no flow occurred 
across the detention bunds, and the outflow is simply the flow through the outlet culverts. 
The sudden changes in flow in the south berm outlet culvert are due to the switching of 
culvert flow mode from inlet control to outlet control, depending on water level in the 
drain. 
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6.2 100 year ARI RCP 8.5 simulation 

As a sensitivity test on the effect of a more severe climate scenario, the 100 year ARI 
RCP 8.5 whole catchment flood was simulated in Version 4 of the post development 
drainage system, with a time varying Karamu Stream flood level with maximum level 
16.9m as for the RCP 6 simulation. 
 
Figure 17 shows the predicted maximum water levels in that event, and Figure 18 shows 
the increase in maximum flood level compared with the 100 year ARI RCP 6 flood. 
Increases in flood level at various locations are given in Table 7. 
 
Table 7: Increases in maximum flood level, 100 year ARI RCP 8.5 compared with RCP 6, with time varying Karamu flood 
level with maximum level of 16.9m 

Location Increase in maximum 
flood level (m) 

Guthrie Park 0.18 
Stormwater management reserve in Structure Plan area B 0.17 
Arboretum 0.17 
Floodplain both sides of Taco Drain 0.07 
Floodplain both sides of Mangateretere downstream of 
Thompson Rd 

0.05 

 
The detention volume provided is sufficient to prevent overflow of Thompson Road in the 
100 year ARI RCP 8.5 flood event. In the main areas of ponding, increases in flood level 
are in the range 0.05m to 0.2m. Where the increased volume of water is enough to flood a 
new area, which was not flooded in the RCP 6 event, (as for example in the ancient 
stream channel north of Crombie Drain) the increase in depth can be relatively large. 
 
Maximum post development flood levels at reference locations in the 100 year ARI RCP 
8.5 flood event are given in Table 8 . 
 
Table 8: Maximum water levels for post development with Version 4 drainage system in 100 year ARI flood event, RCP 
8.5 compared with RCP 6, Karamu flood level time varying with maximum level of 16.9m 

Location Maximum flood level (m)  
 RCP 6 RCP 8.5 
Crombie drain near Romanes Dr 18.29 18.46 
Stormwater management area in Area B of Structure Plan 18.30 18.47 
Arboretum 18.30 18.47 
Crombie floodplain east of Davidson Rd 18.48 18.55 

6.3 10 year ARI RCP 6 simulations 

The performance of Version 4 of the future drainage system in a less severe event was 
checked by simulating the 10 year ARI RCP 6 flood event. Figure 19 shows the 
maximum water levels which are typically 0.6-0.8m lower than in the 100 year ARI 
design event. The flood level in the detention basin is above the crest of the detention 
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basin bund (crest level 17.5m), but the runoff south of the Crombie drain is contained by 
the south berm bund (crest level 18.0m). Flood levels at reference points are given in 
Table 9. 
 
 
Table 9: Maximum flood levels at reference points in the 10 year ARI RCP 6 flood event with Version 4 of the post 
development drainage system, compared with levels for the 100 year ARI RCP 6 event. 

Location Maximum flood level with 
Version 4 drainage 
system (m)  

 10 year ARI 
RCP 6 

100 year 
ARI RCP 6 

Crombie drain near Romanes Dr 17.77 18.29 
Stormwater management area in Area B of Structure Plan 17.66 18.30 
Crombie drain just west of Russell Robertson extension 17.66 18.30 
Crombie drain south berm detention area 17.77 18.30 
Arboretum* 17.66 18.30 
Crombie drain just west of Davidson Rd 17.66 18.30 
Crombie drain just east of Davidson Rd* 17.68 18.48 
Crombie drain near Taco drain* 17.70 18.49 

 
Points outside the Structure Plan area identified by * 

7. Conclusions 

1. Concept design of the major stormwater system elements has been undertaken for 
the Brookvale Structure Plan.  

2. The concept design does not take into account development of the “Future Stage 
as identified in HPUDS”. When that area is developed, additional stormwater 
management systems will need to be designed. 

3. The design has been undertaken assuming rainfalls as predicted in HIRDS version 
4, for climate warming scenario RCP 6 up to the period 2080 to 2100. 

4. The initial design assumed a constant flood level of 17.5m in the Karamu Stream 
throughout the period of the design storms in the Crombie Drain and 
Mangateretere Stream catchment. Following an investigation of Karamu flood 
levels, reported separately, the design simulations were repeated for a constant 
Karamu Stream flood level of 16.9m. In the final design simulations, the Karamu 
Stream water level varied over time as in the July 2006 flood, with a peak level of 
16.9m coinciding with the peak of the Structure Plan runoff. 

5. The base case for assessing the design alternatives comprises the existing drainage 
system, but with the catchment fully developed as allowed by the existing 
planning rules (without the Brookvale Structure Plan). 
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6. Version 4 of the post development drainage system avoids any increase in flood 
level in the design 100 year ARI RCP 6 event outside the Structure Plan area. It 
also reduces the peak outflow from the Structure Plan area to the Crombie drain to 
80% of that in the base case, in the 100 year ARI RCP 6 event with runoff from 
the Structure Plan area only. 

7. The main features of the Version 4 drainage system are a 28m wide drainage 
reserve following the alignment of the Crombie Drain, and a detention basin of 
approximately 2.6ha area on the north side of Crombie Drain, between Romanes 
Drive and Thompson Road. The detention basin, and the southern part of the 
Crombie drainage reserve, are separated from the Crombie drain main channel by 
bunds. 

8. The Version 4 drainage system would prevent the flow over Thompson Road to 
ponding in the Mangateretere catchment that would occur with the existing 
drainage system, in the 100 year ARI RCP 6 storm event, and also in the more 
severe 100 year ARI RCP 8.5 event. 

9. The Brookvale Structure Plan development was predicted to have practically no 
effect on the peak outflow of the Karituwhenua Stream to the Karamu Stream. 
However, the volume of outflow would be increased. 

10. In the 100 year ARI RCP 8.5 storm, the maximum water levels in the detention 
basin and on the land to the north of Crombie Drain outside the Structure Plan, 
would be approximately 0.17m higher than in the RCP 6 event.  
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Figure 2: Havelock North model catchments 
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Figure 3: Rain gauges and division of rain to catchments 
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Figure 4: 100 year RCP 6.0 design runoff hydrographs, existing and with full Structure Plan development 

 

 
 
Figure 5: 100 year RCP6.0 design hydrographs, Brookvale catchments compared to selected Havelock North catchments 
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Figure 6: Hydraulic model domain (within outer red boundary) 
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Figure 7: Colour relief map of the model domain before development with Structure Plan roads overlaid 
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Figure 8: Colour relief map showing the ground surface in the Version 4 of the post development drainage system, with 
Structure Plan roads overlaid. 
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Figure 9: Maximum water level in 100 year ARI RCP 6 whole catchment flood event, for baseline case. Water levels 
above legend range are coloured khaki. 
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Figure 10: Maximum water level in 100 year ARI RCP 6 whole catchment flood event, for developed Structure Plan case. 
Water levels above legend range are coloured khaki. 
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Figure 11: Difference in maximum water levels between developed and baseline cases in 100 year ARI RCP 6 design 
flood. Negative values indicate lower flood levels in the developed case. Khaki colour indicates areas that were flooded 
in the baseline and not flooded post development. Grey colour indicates areas that were not flooded in the baseline and 
are flooded post development, or where the water level difference is greater than 0.5m. 
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Figure 12: Flows into and out of the  Structure Plan at Davidson Road and Romanes Drive in the 100 year ARI RCP 6 
whole catchment flood event, baseline and developed 

 
Figure 13: Total outflow from the Structure Plan in the 100 year ARI RCP 6 event, developed and baseline. The total is 
the sum of outflows at Romanes Drive, Davidson Road,and over Thompson Road (in the baseline case) 
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Figure 14: Discharge at the Karituwhenua Stream Napier Road culvert in the 100 year ARI RCP 6 whole catchment flood 
event, baseline and developed 

 
Figure 15: Flows into Crombie drain from the north in the 100 year ARI RCP 6 event with runoff from the Structure Plan 
area only, for developed and baseline cases.  
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Figure 16: Flows into Crombie drain from the south in the 100 year ARI RCP 6 event with runoff from the Structure Plan 
area only, for developed and baseline cases. 
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Figure 17: Maximum water level in the 100 year ARI RCP 8.5 flood event with version 4 of the post development drainage 
system  
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Figure 18: Maximum water level difference between 100 year ARI RCP 8.5 and 100 year ARI RCP 6 flood events with 
Version 4 of the post development drainage system. Grey colour indicates areas not flooded in RCP6 that are flooded in 
RCP8.5. Positive values indicate that flood levels are higher in RCP8.5. 
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Figure 19: Maximum water level depth in the 10 year ARI RCP 6 flood event with Version 4 of the post development 
drainage system. Levels greater than 21m are coloured khaki.  
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Appendix B  Tables 
 
 
 
Table 10: Baseline catchment model- Brookvale as existing and rest of catchment Ultimate development 

     Planes 

Catchment 
area 
(km2) 

impervious 
fraction Roughness 

SCS curve 
number Id 

Area 
(%) Length Slope 

A1 0.04298 0.25 0.14 83 1 100 209 0.021 
A2 0.05243 0.04 0.15 77 1 100 245 0.017 
A3 0.05143 0.12 0.14 79 1 100 297 0.020 
B 0.19738 0.16 0.14 75 1 100 556 0.009 
C1 0.04472 0.11 0.15 61 1 100 366 0.022 
C2 0.09936 0.55 0.11 72 1 100 273 0.018 
D 0.07005 0.37 0.20 75 1 44 79 0.010 
          2 56 102 0.013 
Arataki 0.15721 0.25 0.13 54 1 55 76 0.007 
          2 45 62 0.010 
Guthrie 0.35125 0.42 0.12 87 1 34 90 0.013 
          2 66 177 0.009 
Karituwhenua 0.84320 0.34 0.13 64 1 70 186 0.136 
          2 30 80 0.077 
Karituwhenua 
Lowest 0.05104 0.29 0.14 85 1 100 126 0.029 
Mangateretere 
East 1.01703 0.13 0.14 82 1 100 1159 0.004 
Mangateretere 
Left 0.15761 0.16 0.15 65 1 22 48 0.006 
          2 78 169 0.004 
Mangateretere 
LowerLeft 0.52963 0.23 0.14 73 1 100 562 0.009 
Mangateretere 
LowerRight 0.40036 0.15 0.15 72 1 100 384 0.002 
Meissner 0.79431 0.31 0.13 79 1 53 346 0.075 
          2 47 313 0.026 
School 1.06316 0.32 0.17 82 1 27 108 0.197 
          2 73 291 0.073 
Tekahika 1.02332 0.43 0.17 86 1 58 202 0.140 
          2 42 146 0.177 
Whakatomo 0.36691 0.63 0.11 86 1 100 557 0.024 
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area 
(km2) 

impervious 
fraction 

SCS curve 
number 

Time of 
concentration 

storage 
coefficient 

Kdam  1.36614 0.05 61 1.6 0.8 
Sdam  0.78896 0.06 57 1.5 0.75 
Tdam  1.94021 0.03 49 2.2 1.1 
Mangateretere  3.73320 0.11 75 2.6 1.3 

 
Table 11: Brookvale catchment full development parameters 

Catchment 
area 
(km2) 

impervious 
fraction Roughness 

SCS curve 
number 

A1 0.04298 0.65 0.10 91 
A2 0.05243 0.65 0.10 90 
A3 0.05143 0.65 0.10 90 
B 0.19738 0.65 0.10 88 
C1 0.04472 0.65 0.10 84 

 
 
Table 12: HIRDS v4 design rainfall depths for Havelock North gauges 

RCP 6.0 for the period 2081-2100 Rainfall duration 
10 year ARI 10m 20m 30m 1h 2h 6h 12h 24h 
Havelock Nth DSIR 11.9 17.3 21.6 31.9 46.4 79.3 106 133 

Havelock Nth Te Mata 12.8 18.4 22.7 32.6 46.2 76.3 101 127 
Mangarau at Kopanga Auto 13.7 19.3 23.7 33.7 47.5 78.8 105 137 
Tauroa 12.7 17.9 22 31.8 46 80 110 146 
100 year ARI  
Havelock Nth DSIR 21 29.9 37.1 53.6 76.6 127 166 206 
Havelock Nth Te Mata 22 31 38 53.8 75 121 157 195 
Mangarau at Kopanga Auto 24.5 33.8 40.9 57 78.7 127 166 210 
Tauroa 22.3 30.7 37.4 53.1 75.4 128 172 224 

 
RCP 8.5 for the period 2081-2100 Rainfall duration 
10 year ARI 10m 20m 30m 1h 2h 6h 12h 24h 
Havelock Nth DSIR 13.1 19.1 23.9 35.2 51 86.2 114 142 
Havelock Nth Te Mata 14.2 20.2 25 36 50.8 82.9 108 136 
Mangarau at Kopanga Auto 15.1 21.3 26.1 37.1 52.2 85.7 114 146 
Tauroa 14 19.7 24.3 35.1 50.6 87 119 156 
100 year ARI  
Havelock Nth DSIR 23.3 33.1 41 59.3 84.4 139 180 220 
Havelock Nth Te Mata 24.3 34.3 42 59.5 82.7 132 170 209 
Mangarau at Kopanga Auto 27.1 37.4 45.3 63 86.7 138 179 225 
Tauroa 24.7 33.9 41.4 58.8 83.1 140 187 240 
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Table 13: Rain gauge weightings Havelock North catchments 

 

  Station 

Catchment 
Total area 
(m2) 

Havelock 
Nth DSIR 

Havelock Te 
Mata Tauroa 

A1 42,984 1 0 0 
A2 52,433 1 0 0 
A3 51,435 1 0 0 
B 197,382 1 0 0 
C1 44,717 1 0 0 
C2 99,361 1 0 0 
D 70,046 1 0 0 
Arataki 157,214 1 0 0 
Guthrie 351,250 1 0 0 
Karituwhenua 843,196 0.61 0.39 0 
KarituwhenuaLowest 51,039 1 0 0 
Kdam 1,366,138 0 1 0 
Mangateretere 3,733,201 0.63 0.37 0 
MangateretereEast 1,017,032 1 0 0 
MangateretereLeft 157,612 1 0 0 
MangateretereLowerLeft 529,629 1 0 0 
MangateretereLowerRight 400,356 1 0 0 
Meissner 794,310 0.74 0.26 0 
School 1,063,163 0.42 0.58 0 
Sdam 788,957 0 1 0 
Tdam 1,940,211 0 0.46 0.54 
Tekahika 1,023,320 0.60 0.40 0 
Whakatomo 366,907 1 0 0 
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