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Disclaimer 

This technical report has been prepared for the use of Waikato Regional Council as a reference 
document and as such does not constitute Council’s policy.  
 
Council requests that if excerpts or inferences are drawn from this document for further use by 
individuals or organisations, due care should be taken to ensure that the appropriate context has 
been preserved, and is accurately reflected and referenced in any subsequent spoken or written 
communication. 
 
While Waikato Regional Council  has exercised all reasonable skill and care in controlling the 
contents of this report, Council accepts no liability in contract, tort or otherwise, for any loss, 
damage, injury or expense (whether direct, indirect or consequential) arising out of the provision 
of this information or its use by you or any other party. 
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Executive summary 
The Pohue community is located on the west coast of the Coromandel Peninsula, 
fourteen kilometres north of Thames on State Highway 25.  In response to the severe 
floods generated by the “Weather Bomb 2002”, Waikato Regional Council established 
the Peninsula Project to address river and catchment issues across the Peninsula 
through soil conservation, river management, animal pest control and flood protection 
measures.  The work included risk assessment, technical investigations, a business case 
to Central Government, community consultation and establishment of a funding system 
to provide for undertaking flood mitigation works. 
 
Pohue is one of the five priority communities identified as having a very high risk to life 
and property, requiring actions that address these risks.  Since the introduction of the 
Peninsula Project in 2004, Waikato Regional Council and Thames Coromandel District 
Council, worked with the Pohue community to develop a flood mitigation strategy to 
address the Pohue Stream flood hazard.  Interim flood mitigation works have been 
completed at Pohue, the details of which are provided in this Design Report. 
 
For the success of this project it was essential that the community was involved with the 
development of the project.  A flood working group was set up with members of the 
Pohue community and representation from TCDC, DOC and the local Iwi.  The working 
group met at regular intervals to scope the issues, discuss options and to work together 
to implement the project. 
 
Engineering investigations were undertaken by Waikato Regional Council to better 
understand the flood issues in Pohue, including a hydrological assessment of the Pohue 
catchment, a hydraulic assessment of Pohue Stream and the development of potential 
flood mitigation proposals.  Several flooding issues were identified at Pohue, including 
the limited capacity of the stream channel and an undersized culvert causing blockages 
and overland flows during flood events. 
 
Consultation was undertaken with the Pohue community with regard to preferred flood 
management options and over the period 2005 – 2008 a number of actions were agreed 
upon and implemented by Waikato Regional Council and Thames Coromandel District 
Council (TCDC), including the following: 

 That annual channel maintenance work be undertaken to ensure blockages in the 
channel are cleared and sediment deposition on the stream bed is removed to 
maintain channel capacity. 

 That the culvert under Pohue Creek Road be upgraded or replaced with a new 
culvert or bridge capable of carrying the bank full flow of the stream channel 
(40m3/s or the flow from the 5% Annual Exceedance Probability (AEP) event). 

 Channel improvement works be undertaken including reshaping the Pohue 
Stream channel upstream of the bridge and partial bank protection. 

 
The Pohue Creek Road culvert was identified as a significant restriction to flow and bed 
load movement.  TCDC commissioned the upgrade of this culvert and a replacement 
bridge has been constructed.  The new bridge is designed to have sufficient capacity to 
pass the existing 1% AEP flood flows (67m3/s).  The bridge design complies with 
Waikato Regional Council’s design assessment. 
 
From initial assessments of the Pohue Stream channel, it was apparent that the capacity 
of the channel was inadequate for greater than the 5% AEP event.  A hydraulic 
assessment was undertaken to design channel works, which along with the new bridge, 
would provide protection to the Pohue community for up to the 1% AEP event.  To 
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improve the existing performance of the Pohue Stream channel the following works were 
recommended: 
1. Channel enlargement from cross sections 1 to 4 inclusive (180m length). 
2. Riprap protection (upper reach) on one side only from cross section 1 to a point 

approximately 20m upstream of cross section 3 (100m length). 
3. Riprap protection (lower reach) on both sides of the channel from a point 20m 

upstream of cross section 3 to cross section 4 (80m length). 
 
The indicative cost estimate for the full engineering works on the Pohue Stream was 
$179,500.  Consultation was undertaken with the Pohue community and the community 
decided that it could only afford to pay for $50,000 worth of works.  Council advised that 
the benefit of doing partial works would be limited, however the community wanted to 
progress on this basis. 
 
Council assessed what works could be undertaken within this budgetary constraint and 
works were undertaken as a part of the Peninsula Project during the summer 07/08.  The 
works focussed on the length of stream from the new bridge upward as far as the budget 
would extend.  The works extended along approximate lengths illustrated in the figure 
below. 
 

 
Completed engineering works at Pohue Stream 

 
At this stage no further capital works are proposed for Pohue Stream.  If at some point in 
the future the community decides it requires additional protection, and is able to fund the 
works, then council would look to extend the works further upstream.  Subsequent 
stages of bank stabilisation and erosion protection works are to be undertaken over a 
longer term and on an as-required basis, using a consistent design approach. 
 
The main channel of the Pohue Stream is monitored and periodically maintained by the 
Waikato Regional Council to remove accumulated sediment and debris.  This work 
maintains the capacity of the Pohue Stream and reduces the risk to adjacent land that 
would otherwise be inundated more frequently. 
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‘Residual flood risk’ is a term used to describe a river flood risk that exists due to the 
potential for ‘greater than design’ flood events to occur.  Residual flood risk applies to the 
Pohue community from factors such as the incomplete nature of the works, the greater 
than the design event, the impact of debris flow during a flood event and that the model 
excludes obstructions such as buildings and walls which may have localised effects. 
 
Based on the flood hazard status of land in the community, TCDC has various planning 

controls in place via the Thames Coromandel District Plan, that restrict what land use 

activities can be undertaken.  Refer to the Thames Coromandel District Plan and TCDC 

staff for details. 

The flood mitigation scheme for Pohue community should be reviewed in accordance 
with the Coromandel Zone Management Plan.  In addition if there are any significant 
changes in land use in the community the scheme would need to be reviewed.  Due to 
funding constraints the full flood mitigation scheme was not constructed.  If feedback 
from the community indicates that the community wants to increase their level of 
protection and are able to fund the works, then the scheme would be reviewed and 
completed if practicable. 
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1 Introduction 

1.1 Background 
The Pohue community is located on the west coast of the Coromandel Peninsula, 
fourteen kilometres north of Thames on State Highway 25.  The Pohue community is 
located immediately adjacent, and to the north, of Waiomu.  Although Pohue and 
Waiomu are located in two separate catchments they are generally regarded as one 
community, however for the purposes of this design report, Pohue is being dealt with 
separately to Waiomu. 
 
In response to the severe floods generated by the “Weather Bomb 2002”, Waikato 
Regional Council established the Peninsula Project to address river and catchment 
issues across the Peninsula through soil conservation, river management, animal pest 
control and flood protection measures. 
 
Under the Peninsula Project WRC and Thames Coromandel District Council (TCDC) 
worked together on flood mitigation plans for five Thames Coast communities, including 
Waiomu/Pohue which are considered to represent one community.  The work included 
risk assessments, technical investigations, development of risk mitigation options, 
development of a business case to central government for funding support and 
establishment of rating mechanisms.  There was extensive community consultation on 
plans for these Thames Coast communities. 
 
Since the introduction of the Peninsula Project in 2004, Waikato Regional Council and 
Thames Coromandel District Council, worked with the Pohue community to develop a 
flood mitigation strategy to address the Pohue Stream flood hazard.  Works have been 
undertaken at Pohue to reduce the flood hazard from Pohue Stream, the details of which 
are provided in this Design Report. 

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

 Catchment overview 

 Scheme design 

 Flood mitigation scheme 

 Agreed levels of service 

 Operation and maintenance 

 Residual flood risk 

 Planning controls, and 

 Scheme review. 
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2 Catchment overview 

2.1 Catchment description 
The Pohue community is located on the west coast of the Coromandel Peninsula, 14 
kilometres north of Thames on State Highway 25 (refer to Figure 1). 
 

 
Figure 1 Thames-Coromandel district 

 
The total area of the Pohue catchment equals 350 hectares (or 3.5 square kilometres).  
Around 96 percent of the catchment is covered by native forest while only 2.9 percent is 
in farmland.  About 77 percent of the catchment is managed by the Department of 
Conservation (DOC).  The urban area adjacent to the Pohue Stream makes up just 0.9 
percent of the total catchment.  Figure 2 below shows the boundary for the Pohue 
Stream catchment. 
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Figure 2 Pohue Stream catchment 

2.2 Pohue Stream 

The Pohue Stream flows out of the Coromandel Ranges and through the Pohue 
community before discharging to the Firth of Thames (refer to Figure 3).  The Pohue 
Stream drains a very steep, hilly area, and the stream channel is deeply incised as a 
result.  The stream is fed by approximately eight smaller tributary streams that are also 
deeply incised.  During periods of heavy rain it takes about 30 minutes for water to get 
from the top of the catchment to the bottom. 
 

 
Figure 3 Pohue community 
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The existing channel performance prior to the scheme works being implemented was 
assessed to be the following for Pohue: 

 Upstream of the culvert  5% AEP (20 year ARI) event 

 Downstream of the culvert  Not assessed 

2.3 Flooding issues 

The Pohue community is located within the valley created by the Pohue Stream.  
Residential development within the main portion of the community is located on the true 
left bank of the Pohue Stream, with many of the houses in the community located 
immediately adjacent to the stream.  The Pohue catchment is susceptible to short 
duration but high intensity rainfall events causing flash flooding and debris flow in Pohue 
Stream with little or no warning. 
 
During significant rain events the Pohue Stream breaks out of its banks and flows along 
Pohue Creek Road before re-entering the stream downstream of Pohue Creek Road 
crossing.  A portion of the Pohue community is subject to a significant flood hazard from 
Pohue Stream.  Figure 4 below illustrates the predominant flooding mechanism. 
 

 
Figure 4 Predominant flooding mechanism at Pohue  

 
The significance of the flood hazard to the Pohue community was demonstrated during 
the storm event that occurred on June 21, 2002 (also referred to as the ‘Weather Bomb’).  
This event brought torrential rainfall to the Coromandel Peninsula (with unconfirmed 
intensities of up to 125 mm in 25 minutes) and caused widespread damage across the 
Thames-Coromandel and South Waikato Districts (Munro, 2002).  The Pohue community 
sustained significant damage during this event. 
 
Figure 5 below illustrates the damage sustained to properties in the Pohue community 
during the ‘Weather Bomb’.  Damage within the Pohue community is focused on those 
properties located on the true left bank of the Pohue Creek. 
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Figure 5 Property damage within the Pohue community during the ‘Weather Bomb’ 

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

2.4 Flood hazards 
During the development of the Peninsula Project, WRC collected a significant amount of 
technical information covering the Pohue Stream catchment.  This information is 
presented in WRC’s Technical Report 2004/13 and includes: 

 Historical research 

 Catchment hydrology 

 Lower channel hydraulics (1 dimensional) 

 Floodplain hydraulics (2 dimensional) 

 Flood hazard analysis (including extent and severity). 
 
The main flooding issues identified in Pohue from these investigations are outlined 
below: 
 
1. Pohue Stream channel capacity 
The initial hydraulic assessment evaluated the bank full capacity of the Pohue Stream to 
be around 40m3/s or the 5% Annual Exceedance Probability (AEP) event, hence the 
stream channel is overtopped in events greater than this, causing damage to some 
residential properties. 
 
2. Channel stability 
Bank stability and erosion have been identified along sections of the Pohue Stream. 
These sections require erosion protection works. 
 
3. Capacity of the Pohue Road culvert 
The Pohue Road culvert was evaluated as having a capacity of approximately 20m3/s, 
which was significantly less than that of the stream channel.  This reduced capacity lead 
to stream channel overtopping and contributed to flooding and associated property 
damage.  This restriction also contributed to the accumulation of sediment within the 
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channel which further reduced the channel capacity and increased maintenance 
requirements. 
 
4. Aggradation of the stream bed 
Channel aggradations and channel blockages are an ongoing issue with the Pohue 
Stream that will require ongoing maintenance. 
 
5. Catchment stability 
While the majority of the catchment appears to be in indigenous forest/scrub vegetation, 
the under-storey vegetation is in poor condition due to pest animals (wild goats and 
possums). 
 
Catchment management initiatives such as pest control, fencing and planting of stream 
banks have been proposed for this catchment and are currently being implemented to 
restore the catchment health and reduce the amount of soil erosion and slips.  These 
catchment management measures are expected to reduce the amount of floating debris 
and soil erosion in the more frequent events (50% - 5% AEP events), however they are 
less effective for more significant events. 
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3 Scheme design 

3.1 Technical information 
During the development of the Thames Coast Project, Waikato Regional Council 
collected a significant amount of technical information covering the Pohue Stream 
catchment.  This information is presented in WRC’s Technical Report 2004/13 and 
includes: 

 historical research 

 catchment hydrology 

 lower channel hydraulics (1 dimensional) 

 floodplain hydraulics (2 dimensional) 

 flood hazard analysis (including extent and severity). 
 
Some of the key data sources and findings that have informed technical investigations 
are summarised below. 
 
Table 1 Summary of technical reports covering flood events on the Thames coast 

Flood Event Technical reports 

April 1981 HCB Report 109 and 123 (Sep 1981 and June 1982) 

February 1985 HCB Report 190 (October 1985) 

Cyclone Bola No technical reports located 

Cyclone Drena No technical reports located 

January 2002 No technical reports located 

June 2002 EW Report 2002/10 (July 2002) 

 
Table 2 Technical reports covering flood mitigation and management at Pohue 

Community Previously completed technical investigations 

Pohue No technical investigations previously completed 

 
Table 3 Summary of completed flood mitigation works at Pohue 

Community Previously completed works 

Pohue No flood hazard mitigation works have been previously completed within 
the Pohue community other than periodic clearing of the channel. 

3.2 Initial investigations 

The performance of the Pohue Stream channel was initially assessed using Manning’s 
equation for open channel flow. 
 
This hydraulic assessment of the Pohue Stream derived the following facts: 
 

 The bank full capacity of the Pohue Stream is around 40 m3/s. This flow was 
assessed as the 5% AEP event. 

 

 The Pohue Creek Road culvert had a capacity of 20 m3/s.  This represents a 
significant restriction in the Pohue Stream channel and has resulted in sediment 
accumulation upstream of the culvert. 
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3.3 Design principles 

To address the flood issues present in Pohue, Waikato Regional Council undertook to 
develop a flood mitigation strategy for the community. 
 
The main flood issues for Pohue included limited channel capacity, a collapsing culvert 
under Pohue Creek Road with insufficient capacity and channel stability issues.  The 
Thames Coromandel District Council agreed to upgrade the culvert to a single lane 
bridge, and Waikato Regional Council agreed to undertake channel works to increase 
channel capacity and stability. 
 
When undertaking the channel design for Pohue Stream, consideration was made of the 
natural processes which occur within a stream.  The channel works have been designed 
for the purpose of reducing flooding; hence channel profiles have been designed to 
accommodate flows in the 1% Annual Exceedance Probability (AEP) events for existing 
climatic conditions. 
 
While the less frequent and more significant events are important to consider for flood 
management purposes, the more frequent and less significant events, or “channel 
forming flows” (all flows up to the annual flood or 50% AEP event), should also be 
considered as these flows are responsible for defining the stream’s velocity profile, 
carrying the majority of the sediment and for forming the natural stream channel.  
Channel forming flows will also have the greatest effect on the ecology and natural 
environment of the stream.  When designing for channel forming flows an attempt to 
mimic the natural stream processes should be made.  The design of a channel should 
include: 
 
1. Retaining the natural velocity profile 
This may be achieved by mimicking the natural cross section up to the annual flood 
water level.  Where this is not possible a similar area to depth relationship should be 
retained.  Also important is the gradient of the stream.  This should not be altered from 
the natural system as aggradation and/or degradation may be accelerated.  Gradient 
control structures may be necessary in some cases. 
 
2. Retaining the native substrate 
It may be necessary to excavate the bed to form a desired profile.  Where the excavation 
causes an alteration to the bed material makeup, the surface layer of excavated material 
should be stockpiled and replaced to retain as much of the native substrate as possible. 
 
3. Retaining natural features 
Where natural features such as pools and overhangs exist, and these features are to be 
removed as a result of the works, consideration should be given to artificially reinstating 
these features. 
 
Whilst the channel works have been designed for the purpose of reducing flooding; the 
design has also been developed to mimic the existing stream features, as outlined 
above, as much as possible.  
 
Streams are complex systems that are constantly in a state of flux, hence while it is 
important to undertake the design so as to retain as many of the natural features as 
possible, it is likely that the natural stream processes will form the long term 
characteristics of the stream. 
 
For small communities costs are always an important factor to be considered when 
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developing a flood mitigation strategy.  The Pohue community is not large; hence the 
rating base cannot fund significant works.  Based on feedback from the community, a 
maximum sum of money was agreed upon that could be financed by the community, it 
was then up to the Waikato Regional Council to assess what could be achieved within 
this budgetary constraint. 

3.4 Hydrological assessment 

To evaluate and design the channel capacity for the Pohue Stream it was necessary to 
undertake hydrological analysis to determine the likely flows in various events.  A similar 
method of hydrological assessment was employed at Pohue Stream catchment as at 
other catchments along the Thames Coast.  This used the Rational Method in 
conjunction with site specific rainfall data produced by the High Intensity Rainfall Design 
System (HIRDS) Version 2.0 (this was the most current version of HIRDS at the time of 
the design). 
 
This rainfall-runoff methodology was validated by: 
 

 Comparing the results with the rainfall intensities and peak flood flows observed 
during the significant event in October 2002 (the ‘Weather Bomb’). 
 

 Comparing the results with the flood frequency analysis for the adjacent 
Kauaeranga River catchment which is a gauged river (Council’s Smiths Recorder 
is located on the Kauaeranga River). 

 
Using the Rational Method and using the physical characteristics as described above, a 
hydrological assessment was undertaken.  A summary of the hydrological assessment 
completed for the Pohue Stream catchment is presented in the following figure. 
 

 
Figure 6 Pohue Stream flood frequency graph 
 
This hydrological data was then used to inform the hydraulic assessment of the Pohue 
Stream. 
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3.5 Model development 

A MIKE-11 one dimensional model was developed to represent the Pohue Stream using 
existing channel cross section information and the hydrological information discussed 
above. 
 
The model inputs included: 
 

 Cross section survey data was used to define the channel dimensions.  The 
survey was undertaken by FW Millingtons Ltd in September 2004 (refer WRC 
DM# 2962965 for details).  Cross sections were surveyed at nominal 50m 
intervals.  These cross sections were input into the MIKE-11 model to define the 
channel capacity. 
 

 Upstream flow hydrograph - representing the 1% AEP flow (existing) of 66m3/s 
for the Pohue Stream. 
 

 Downstream water level - a constant water level equating to the Mean High 
Water Spring in the Firth of Thames at chainage 259.63m in Pohue of RL19.0m. 
 

 A Manning’s n value of 0.06 was applied to the channel design. 
 
The MIKE-11 hydraulic model is located on the WRC system in the following folder: 
 
G:\RCS\Technical Services\Projects\Coromandel Zone\Pohue\Hydraulics\MIKE11\6. 
Proposed Design_Dec 07 (a readme file is located in this folder providing an explanation 
about the model files). 
 
This hydraulic model was then used to develop a design for the channel works and 
associated design components.  
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4 Flood mitigation scheme 

4.1 Overall objectives 
The overall objectives for the flood protection scheme at Pohue included: 
 

 Improvement of the performance of the Pohue Stream channel and floodway 
over the section that is within the Pohue urban area. 

 

 Relieving the restriction created by the Pohue Creek Road culvert. 
 
The key limitation to undertaking engineering works in the lower Pohue Stream was the 
limited number of properties that would directly benefit from any works. 
 
The following sections outline the components of the flood protection works, including 
the upgrade of the Pohue Creek Road culvert, channel improvements and catchment 
management works. 

4.2 Pohue Creek Road culvert upgrade 
The Pohue Creek Road culvert was identified as a significant restriction to flow and bed 
load movement.  TCDC commissioned the upgrade of this culvert and a replacement 
bridge has been constructed. 
 
The new bridge is designed to have sufficient capacity to pass the 1% AEP flood flows 
(67m3/s).  Based on TCDC design drawings dated December 06 (refer Appendix 3 for 
details), the new bridge has been designed as follows: 

 existing culverts excavated to bed level and riprap as directed 

 12.0m nominal span bridge 

 proposed bed level RL5.75m (existing bed level RL7.16m) 

 road design level RL8.86m 

 bridge soffit approximately RL8.35m 

 cross sectional area beneath bridge approximately 25m2 

 300mm reno mattress stream bed protection 

 1m x 1m gabion basket bank protection 

 batters shaped to suit (1:1.5 nominal slope) 
 
The bridge design complies with Waikato Regional Council’s design assessment. 

4.3 Channel improvements 

From initial assessments of the Pohue Stream channel, it was apparent that the capacity 
of the channel was inadequate for greater than the 5% AEP event.  Using the MIKE-11 
hydraulic model discussed above, a hydraulic assessment was undertaken to design 
channel works, which along with the new bridge, would provide protection to the Pohue 
community for up to the 1% AEP event. 
 
Channel excavation works were proposed upstream of the new bridge.  The existing 
channel had sufficient capacity at Cross Section 5; hence only minor works were 
required at this location to tie the bridge structure into the stream channel.  Figure 7 
below illustrates the location of works. 
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Figure 7 Location of works 
 
The design of the channel excavation works was developed to: 
 

 Increase the capacity of the channel so that it can pass the 1%AEP event (67 
m3/s) without spilling out of channel. 
 

 Achieve a similar gradient to the existing channel (0.035m/m). 
 

 Maintain a bed width of 4.0m and a bank slope of 1.25:1 to 1:1. 
 

 Minimise the amount of excavation required to reduce the potential effects on the 
stream and surrounds and the associated costs. 

 
To improve the existing performance of the Pohue Stream channel the following works 
were recommended: 
 

1. Channel enlargement from cross sections 1 to 4 inclusive (180m length). 
 

2. Riprap protection (upper reach) one side only from cross section 1 to a point 
approximately 20m upstream of cross section 3 (100m length). 
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3. Riprap protection (lower reach) both sides of the channel from a point 20m 
upstream of cross section 3 to cross section 4 (80m length). 

 
The works are summarised in Figure 8 below.  Further design details are provided in 
Appendix 1.  Also refer to WRC DM#1073191 for design calculations. 

 
Figure 8 Proposed engineering works at Pohue Stream 
 
A summary of the key dimensions of the existing and proposed channel profile is 

provided below. 

 
Table 4 Existing and proposed channel profiles 

 Existing Proposed 

 Bed width 
(m) 

Top width 
(m) 

Depth 
(m) 

Bed width 
(m) 

Top width 
(m) 

Depth 
(m) 

XS1 3.34 7.11 1.12 4 8.78 1.87 

XS2 2.89 5.81 1.06 4 7.39 1.81 

XS3 3.63 6.06 1.67 4 9.41 2.54 

XS4 3.22 8.67 2.03 4 11.07 2.59 

XS5 3.48 12.21 4.25 3.48 12.21 4.25 
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Design cross sections were developed and then the design was checked using the 
MIKE-11 hydraulic model, to ensure the channel could pass the 1% AEP event (67 m3/s). 
 
A minimum freeboard of 300mm has been achieved at all cross sections except in the 
upper portion of the study area – in the vicinity of Cross Section 2.  At this location it was 
proposed that the left bank would be re-shaped to form a small bund approximately 
120m long (from Ch. 5 to Ch. 125) with a maximum height of 570mm, refer to the long 
section provided in Appendix 1 for details. 
 
A gradient control structure was required at Cross Section 4 (Ch. 178m). 
 
A low flow channel should be created in the base of the channel that meanders across 
the width depending on the alignment of the stream. 

4.4 Channel stability 
Excavation of the channel can lead to increased potential for bank instability.  It would be 
preferable to have a bank slope of at least 1.5:1, however after site inspection it was 
apparent that there is insufficient space for this bank slope taking into account the 
proximity of residential dwellings to the stream.  The bank slope has been increased to 
1:1 for XS1 – XS3 (and steeper for XS2) and is 1.25:1 for XS4, hence bank armouring 
will be required to minimise bank instability, particularly on the outward side of bends.  
Bank armouring will involve the use of debris deposited along the stream bed and 
imported rock and the placement of this material along the stream banks at identified 
locations. 

4.5 Completed works 
The indicative cost estimate for the full engineering works on the Pohue Stream was 
$179,500 (a cost breakdown is provided in Appendix 2). 
 
Consultation was undertaken with the Pohue community and the community decided that 
it could only afford to pay for $50,000 worth of works.  Council advised that the benefit of 
doing partial works would be limited, however the community wanted to progress on this 
basis. 
 
Council assessed what works could be undertaken within this budgetary constraint and 
works were undertaken as a part of the Peninsula Project during the summer 07/08.  The 
works focussed on the length of stream from the new bridge upward as far as the budget 
would extend.  Summer 2011/12, some gabion baskets were placed on the left bank of 
the stream in the vicinity of Cross section 2 to help provide bank stability.  The works 
extended along approximate lengths illustrated in Figure 9 below. 
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Figure 9 Completed engineering works at Pohue Stream 

4.6 Catchment management works 
Catchment management works have been undertaken within the Pohue Stream 
catchment covering the following areas: 
 

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

 

 A continued goat and possum control programme. 
 

 Removal of channel obstructions and accumulated sediment in the Pohue 
Stream and the tributaries to both (where appropriate access is available). 

 

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

These works help to improve the health of the catchment and reduce the potential for 
erosion occurring in the upper catchment which can lead to increased debris flow in the 
stream. 

4.7 Future works 

To achieve the long term community outcomes of safe and healthy living environment, 
the flood mitigation strategy for the Pohue community includes the following: 
 
1. The replacement of the culvert by a bridge, with a waterway capacity to 

accommodate the 1% AEP flow.  This work has been completed. 
 
2. Channel upgrade works to accommodate the 1% AEP flow; this work has been 

partially completed. 
 
3. Stream bank stabilisation and erosion protection works to be undertaken in stages, 
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the first of which was undertaken in conjunction with the channel upgrade works, and 
was designed to address the protection of critical sections of the stream channel (in 
the vicinity of the new bridge and at the stream bends).  The second stage of bank 
stabilisation and erosion protection works are to be undertaken over a longer term 
and on an as-required basis, using a consistent design approach. 

 
At this stage no further capital works are proposed for Pohue Stream.  If at some point in 
the future the community decides it requires additional protection, and is able to fund the 
works, then council would look to extend the works further upstream. 
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5 Agreed levels of service 
The Coromandel Zone Management Plan (River and Catchment Services et al, 2011) 
outlines the agreed levels of service for the Coromandel.  The agreed levels of service 
provided for the Coromandel zone were initially developed when the Peninsula Project 
was established in 2004.  The current service levels were confirmed through an 
extensive consultation process initially undertaken in 2003/04, and subsequently 
updated by the LTP processes in 2006 and 2009. 
 
In the Coromandel Zone Management Plan the Thames coast, including the Pohue 
catchment, is identified as a high priority area for flood protection schemes and for upper 
catchment protection through animal pest control (feral goats and possums).  Additional 
works could focus on hill side erosion and stabilising erosion prone pastoral lands.  The 
Thames Coast has a direct relationship to the Firth of Thames. 
 
The flood protection scheme at Pohue is identified as needing to be maintained and 
managed to ensure the level of service for flood protection assets is maintained.  The 
level of service provided by the Pohue scheme is detailed in Section 4 and in Appendix 
1. 
 
Routine river management is identified for high priority catchments to reduce the risks of 
localised flooding through removal of willow congestion and blockages and to provide 
long term environmental benefits through improved water quality, keeping stock out of 
stream and fencing and planting of stream banks to reduce stream bank erosion. 
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6 Operation and maintenance 
The main channel of the Pohue Stream is monitored and periodically maintained by the 
Waikato Regional Council to remove accumulated sediment and debris (refer to Figure 
10 for extent of maintenance).  This work maintains the capacity of the Pohue Stream 
and reduces the risk to adjacent land that would otherwise be inundated more frequently, 
and also helps to maintain the performance of the flood protection scheme. 
 

 
Figure 10 Extent of channel maintenance 

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

 The stream is walked over at least once a year to undertake a condition survey. 
 

 Removal of accumulated gravel, sand and debris from a 560 m section of the 
Pohue Stream (refer to diagram for proposed extent). 

 

 Some erosion has been repaired immediately downstream of the Pohue Creek 
Road Bridge. 

 

 Pest plant spraying is the primary activity between the SH25 Bridge and the 
Pohue Creek Road Bridge, due to limited access. 

 

 Above the SH25 Bridge, erosion repair work has been undertaken along the first 
300m of the stream channel (several times in the past six years). 

 

 Removal of accumulated gravel, sand, silt and debris from under the SH25 
Bridge across the Pohue Stream. 

 

 Removal of accumulated sand, silt and debris from the Pohue Stream between 
the SH25 Bridge and Firth of Thames (i.e. 40 m length of channel). 

 

 Disposal of excavated gravel, sand and silt on the local foreshore below the high 
tide level. 
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 After rain events, access is gained to the section of stream upstream of the 
Pohue Creek Road Bridge to clear the channel and restack rocks along the bank. 

 
The channel protection works are inspected annually for: 
 

 Any movement of rock rip rap or associated channel erosion and scour and 
potential undermining channel protection works. 

 

 Any necessary repair work is undertaken as required. 

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

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

 

 Due to the financial limitations on what works could be completed at Pohue, the 
works were only partially completed. 

 

 The river flood model used to design the flood protection scheme is based on 
detailed ground level information, but excludes obstructions such as buildings 
and walls.  These obstructions may result in wider, higher and faster flood waters. 

 

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

 

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

 The river flood model is based on the existing condition of the Pohue Stream 
catchment.  Any significant change to this condition will affect the river flood 
hazard that affects the Pohue community.  For example, land use changes, 
deforestation and the intensification of development.  Where significant changes 
do occur, this river flood model and associated flood protection scheme should 
be reviewed. 
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8 Planning controls 
The proposed engineering works if completed in entirety, combined with river and 
catchment management activities, would protect most residential properties in Pohue 
against a 1%AEP event.  Due to the incomplete nature of the works at Pohue, the 
community is generally still at risk from the 5% AEP event.  There remains residual flood 
risk to the community as outlined in Section 7 above. 
 
Based on the flood hazard status of land in the community, TCDC has various planning 

controls in place via the Thames Coromandel District Plan, that restrict what land use 

activities can be undertaken.  The planning controls include measures such as: 

 No development or re-development allowed in the floodway, and in residual high 

risk areas. 

 

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

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

Refer to the Thames Coromandel District Plan and TCDC staff for details. 
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9 Scheme review 
The Coromandel Zone Management Plan outlines agreed levels of service for the flood 
protection schemes on the Coromandel, including commentary on scheme reviews.  It is 
stated that river and flood protection schemes will provide the standard of flood 
protection agreed with the community, and that this will be achieved by: 
 

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

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

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

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

 Undertaking flood protection works within consent conditions. 
 

 Making the likelihood and consequences of greater-than-design flood events clear to 
communities and providing advice for communities on managing these risks 
(residual flood risks). 
 

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

policies. 

 

The following procedures will measure whether performance targets are achieved: 
 

 Annual performance and condition inspections. 
 

 Yearly performance measures reports to subcommittee and Catchment Services 
Committee. 
 

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

 Annual health & safety audits. 
 
The river flood model and hence the design of the flood mitigation scheme is based on 
the existing condition of the Pohue Stream catchment.  Any significant change to this 
condition, for example land use intensification or deforestation, will affect the 
assumptions of the river flood model and hence compromise the basis of the scheme 
design.  Where significant changes do occur, the river flood model and associated flood 
mitigation scheme should be reviewed. 
 
Due to funding constraints the full flood mitigation scheme was not constructed.  If 
feedback from the community indicates that the community wants to increase their level 
of protection and are able to fund the works, then the scheme would be reviewed and 
completed if practicable. 
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Appendix 1 Design information 
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Existing vs Excavated - Cross Section 1 (Ch. 0)
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Existing vs Excavated - Cross Section 2 (Ch. 71.6m)
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Existing vs Excavated - Cross Section 3 (Ch. 125.6m)
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Existing vs Excavated - Cross Section 4 (Ch. 178.0m)
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Existing vs Excavated - Cross Section 5
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Appendix 2 Cost estimate 
The following are preliminary cost estimates. 

Parameters used: 

 Channel enlargement from cross section 1 to 4 inclusive. 

 Riprap protection on one side only from cross section 1 to a point 
approximately 20 m u/s of cross section 3.  (100 metres long). 

 Riprap protection on both sides of the channel from the point 20 m u/s of 
cross section 3 to cross section 4.  (80 metres long). 

1 Riprap protection upper reach  
Bank height av 1.5 m – length 100 metres 
Volume = 3 m3/m x 100 m 

 = 300 m3 solid 
 = say 400 m3 truck 
 = 600 tonne riprap 

Supply and cart rock 600 tonne @ $45 27,000 
Place rock 2 days digger 2,000 

 $29,000 

2 Riprap protection lower reach  
Bank height av 2.0 m – length 80 metres 
Volume = 10 m3/m x 80 
    = 800 m3 solid 

= 1000 m3 truck 
= 1500 tonne riprap 

Supply and cart rock 1500 tonne @ $45 67,500 
Place rock 5 days digger 5,000 
 $72,500 

3 Channel Enlargement 
Amon’s volume for channel enlargement =  1900m3 
Add total volume of riprap displacement 1100m3 

3000m3 
Allow 3 days digger, dozer and 3 trucks 
Excavation cost 3 x $5000 $15000 

4 Summary of costs 
Supply and cart 2100 tonne riprap @ $45 94,500 
Place rock 7,000 
Enlarge channel and excavator for riprap 15,000 
Filter cloth 5,000 
Construct small clay bund 2,000 
Subtotal  123,500 
Consent 20,000 
Design/supervision 19,000 
Archaeology 5,000 
Contingency 12,000 

 179,500 

 Say 180,000 
Note No allowance for protection downstream of the road crossing. 
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Appendix 3 Bridge design details 
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