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Executive Summary 

Introduction 
RiverLink is a partnership project between the Greater Wellington Regional Council (GWRC), 
Hutt City Council (HCC), and the New Zealand Transport Agency (NZTA) with the aim to deliver 
better flood protection, better lifestyle and improved transport links for the people of central 
Lower Hutt.   The RiverLink project area focuses on the three kilometre section of the Hutt River 
and its city interfaces between Kennedy-Good Bridge and the Ewen Bridge. 

Integrated Design Approach 
An integrated design approach has been followed since the partnership was established in 
2014 with the advent of the Options Evaluation Phase (see below).  RiverLink is now in the 
Preliminary Design Phase which is enabled by the three partners working together with an 
integrated design approach.  The project scope comprises the following work programme 
elements:   

• Hutt River Floodplain Management Plan (HRFMP) 
• Making Places City Centre Vision (2009) 
• State Highway 2 Melling Intersection Investigations (2016) 

Riverworks Options Evaluation  
The current Riverworks Preliminary Design phase was preceded by an Options Assessment 
Phase initiated in 2014 and completed in 2015.  The Options Evaluation Phase of RiverLink 
considered ten options in various combinations of flood protection, city centre development and 
transport connections.   

The ten options were evaluated using a multi-criteria analysis method (MCA) and the two best 
performing options relative to the criteria were selected for community consultation to seek 
feedback on preferences.   

The community feedback strongly supported the longer-term flood protection option known as 
“Option A”.  Option A consisted of a 90 metre wide river channel with a 25 metre berm on each 
bank to provide high levels of flood protection at design standard (2,800 cumecs) flood flows. 
Option A requires 117 properties to be acquired to widen the river corridor.   

The Hutt Valley Flood Management Subcommittee and the Councils of Hutt City and Greater 
Wellington adopted Option A in December 2015 as the basis for a preliminary design. 

Riverworks Preliminary Design 
Figure 2.1.1 shows an aerial view of the Hutt River location for Riverworks Preliminary Design 
(river reaches from Ewen Bridge to Melling Bridge, and Melling Bridge to Kennedy Good 
Bridge).  The photo has marked “cross sections” that are location identifiers, project zones, and 
street locations referenced in the report.  
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The River Channel Design, (river channel, edge protections, berms and river infrastructure) was 
carried out by G & E Williams Consultants (Gary Williams).  Other specialist work and inputs 
that supported the river channel design are: 

• Sediment Transport Modelling –carried out by DHI (Graham Mackie). 
• Hydraulic Modelling –carried out by DHI (Philip Wallace). 
• Channel Alignment Selection – reporting by GWFP (Rebecca Polvere) and process design 

by Damwatch (Brendan Paul). 
• Riverworks Design Coordination - Damwatch (Brendan Paul). 

Their technical reports documenting the inputs are included in this report, Sections 2.5 to 2.8.   

The other specialist riverworks design element is the stopbanks and retaining walls.  
Preliminary Design for this work was carried out by OPUS Consultants.  Their brief was to 
design stopbanks and where space is restricted for a standard stopbank to apply retaining walls 
or other options.  Stopbank inside and outside toe lines were provided from the River Channel 
design, and crest levels were an output from the hydraulic modelling.  The OPUS report is 
presented separately from this Riverworks report.  A synopsis of the OPUS work is given in 
Section 2.9. 

Other parties and their project responsibilities that have direct interaction with the Riverworks 
design are discussed in Sections 3, 4 and 5.  These include: services and utilities, landscape, 
ecology, amenity, Making Places and urban design, Melling interchange, Melling Bridge 
replacement and Melling Station relocation, statutory responsibilities and regulatory processes.  

River Channel Options, Option Selection 
The first Preliminary Design step was to refine the adopted Option A channel from the Options 
Evaluation phase.   

Primary considerations are the geomorphology characteristics and sediment transport 
performance of the river channel over the project reach.  To assess these considerations two 
different design channels were drawn up.  The two alignments are shown in Figures 2.5.1 and 
2.5.2.   

Option 1, called the “Consistent” river channel, had a channel width of 90 metre from Ewen 
Bridge upstream to Kennedy-Good Bridge.  On each bank a narrow 5 metre lower berm was 
included within a 25 metre berm to reduce the height of edge protection rock linings and to give 
some flow separation and landscape diversity across the berm.  Upstream of Transpower a 
lower 10 metre wide berm accommodated an edge vegetation buffer.   

Option 2, called the “Variable” river channel, retained a 70 metre wide active channel from 
Ewen Bridge to above Melling Bridge.  On each bank there is a wider low berm within the 90 
metre channel limits, and then the 25 metre berms.  Above Melling there is a long 800 metre 
transition in channel width, from 90 metres to 100 metres, up to the Transpower site.  From 
Transpower to Kennedy-Good Bridge there is the 100 metre design channel as proposed in the 
Hutt River Floodplain Management Plan (HRFMP). 

A comprehensive evaluation of the two channel alignment options was carried out using the 
Multi Criteria Analysis (MCA) approach.  The Variable river channel option was strongly 
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preferred.  The MCA evaluation and results are documented Section 2.8.  Variable channel 
features favoured in the MCA assessment are the upstream sediment deposition zone, the 
efficient sediment transport capability in the city centre section enable by the 70 metre base 
channel, increased overall berm widths, environmental and amenity enhancement opportunities 
in the split berms, similar rock riprap requirements (to the Consistent channel), and lower bulk 
excavation volumes. 

River Channel Preliminary Design 
Preliminary Design refined and confirmed the Variable channel alignment (meander patterns, 
beaches, pools riffles, runs), sediment transport  and bed level performance, along with designs 
for scour, rock edge protections, berms and other design details.  A sediment transport model 
confirmed the design strategy of a deposition zone in the reach above Transpower and an 
efficient sediment transport channel from the transition to Ewen Bridge.   

A subsequent minor realignment of the lower channel to the east enabled lower right bank 
retaining walls at Marsden Street and better Making Places opportunities on the city side of the 
river.  Figures 2.5.4 and 2.5.5 show the Variable channel Preliminary Design alignment.  
Figure 2.5.6 shows two cross section views, at a typical section in each of the lower and upper 
reaches. 

Section 2.5 covers River Channel Design. 

Flood Resilience 
Section 2.10 in the Riverworks Preliminary Design report covers Resilience.  A summary of 
resilience measures included in the RiverLink Riverworks Preliminary Design are: 
• Climate change predictions indicate that the City Centre flood defences upgraded to a 

2,800 cumec design standard could provide the HRFMP recommended 440 year standard 
until 2090.  

• With the Variable channel  alignment the combination of: bank edge protections (including 
rock riprap in high exposure areas); channel / berm separation zones set by the split 
berms; minimum upper berm width of 25 metres; and stopbanks constructed to HRFMP 
parameters, together provide resistance to potential erosion in the 2,800 cumec extreme 
event. 

• Current HRFMP non-structural measures that provide guidelines for redevelopment on the 
floodplain and resilience in the event of the design flow being exceeded or a system failure. 

• Flood warning and emergency management procedures    

There are potential opportunities to add further resilience to the riverworks during the next 
Detailed Design stage, for example through review of bank edge protections and berms design. 

Riverworks Integration – Environment, Community and other Opportunities 
An important aspect of the RiverLink project is to ensure balanced integration of the objectives 
and initiatives of the Project partners where they interface with the river corridor.  The river 
corridor comprises the stopbanks or other flood defences, the buffer zone outside the 
stopbanks, the river berms, bank edge protections and river channel.   
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RiverLink Project elements that interact with the river corridor include: 

• Services and utilities – removal, reconstruction, relocation 
• Landscape, amenity and ecology opportunities 
• Making Places (the promenade and city interfaces, footbridge over the river) 
• The Melling zone - NZTA Melling interchange, Melling Bridge replacement, Melling station 

relocation, roading to replace Block Road and Pharazyn Street 
• Other HCC internal roading    

From a flood protection perspective it is a delicate balance to maximise flood resilience, 
minimise impacts and risks within the river corridor and at the same time integrate the various 
wider project objectives and initiatives.  A major component of the River Channel Preliminary 
Design focussed on this integration.  Many of the project partner opportunities within the 
corridor have the potential to reduce resilience and incur risk to the flood protection system. 

Section 3 in the report describes the various Project initiatives that may impact on flood risk, 
and their mitigation is discussed in the various Riverworks technical reports included in Sections 
2.5 to 2.9.  

Riverworks Construction Methodology Cost Operations and Maintenance  
Construction Methodology 
Opportunities in the Melling zone are at different stages of investigation / design / development.  
Progress on developing the opportunities in the Melling zone will take time and will depend on 
agreement between the parties and commitment to a strategy to move forward.    

One option to progress the RiverLink riverworks may be to isolate the Melling zone.  Riverworks 
in the reaches upstream and downstream of the zone then become the initial focus.  The 
construction methodology proposed in Section 4.1 assumes that the reach upstream of Melling 
to KGB will be the first stage of river channel construction (including the stopbank from Melling 
to Mills Street). The reach between Ewen Bridge and Block Road south is the second stage.  By 
inference the Melling zone will be the third stage of work. 

Construction Cost 
The Riverworks cost estimate (June 2017) is $16,237,000.  The estimate is to provide core 
riverworks without provision for overlay such as environmental, ecology, landscape and amenity 
opportunities, or Hutt City’s Making Places facilities.  The cost estimates for these opportunities 
are provided by the appropriate consultants.   

Appendix A includes a spreadsheet used to develop the Riverworks Cost Estimate.  A 
breakdown of the costed activities to implement the riverworks is contained in the Cost 
Schedule. 

Although part of the Riverworks, the stopbanks and retaining walls are designed by OPUS 
Consultants and BECA.  Their technical design is reported separately and their full construction 
cost will be in those cost estimates. 

The Riverworks cost estimate does not include Preliminary and General (P&G) items, overhead 
items or construction contingency.  These are included in an overall RiverLink Project cost 
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estimate developed by BECA.  BECA may also moderate the technical estimates to ensure 
consistency over the project. 

There are 195,000 m3 (in-situ measure) of surplus berm cut; with moderate processing the 
material is excellent fill.  There may be opportunities for use of surplus berm cut in other 
elements of the Project.  An opportunity may be replacement of imported fill required for 
interchange construction with surplus berm cut.  Another may be to create a raised level 
platform between the proposed right bank stopbank and the railway line / SH2, below Melling.  
The riverworks have been costed on the basis that the 195,000m3 of surplus berm and channel 
cut will be used within the RiverLink project.      

Operations and Maintenance 
A separate report will establish operations and maintenance requirements and costs for 
RiverLink project assets and elements.  The operation and maintenance costs will include 
provision for annualised flood damage estimates for assets within the river corridor.   

Legislative Responsibilities and Regulatory Processes 
 Section 5 discusses various Legislative Responsibilities and Regulatory Processes. 

The Health and Safety at Work Act 2015 imposes a broad set of responsibilities on owners, 
promotors, designers, constructors to anticipate the safety needs of workers and operations 
over the life cycle of a structure that is a place of work.  The specific requirement at this stage of 
the Project is Safety in Design, anticipating lifecycle uses of the structure.  The various 
workstreams in RiverLink Preliminary Design are at different stages of development.  Progress 
and alignment of safety in design for all workstreams will take place in the RiverLink detailed 
design stage, and will be an integrated process over the Project. 

The RiverLink project intends to achieve objectives of the three project partners through a 
variety of initiatives and elements.  Most of these are interlinked and in many situations the 
outcomes have common use, common purpose and occupy the same land in meeting partner 
and project objectives.  

The common use and common benefits of elements in the project afford an opportunity for a 
RiverLink project approach to the regulatory processes. 

An integrated approach to designations and consents will be more effective and efficient, 
reducing confusion that would be created by a variety of different hearings, repeats of similar 
evidence and the technical crossovers between the various objectives and elements.   

If the proposed RiverLink Riverworks were to be implemented as a standalone project separate 
designation and consent processes may be required.     
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1.0 RiverLink Project Introduction 

This technical report, RiverLink Riverworks Preliminary Design (Report T-17/9)1 presents the 
preliminary design for the riverworks as part of RiverLink.  RiverLink integrates the overlapping 
interests of three agencies – Greater Wellington Regional Council (GWRC), Hutt City Council 
(HCC) and New Zealand Transport Agency (NZ Transport Agency) – working in partnership to 
deliver better flood protection, better lifestyle and improved transport links for the people of 
central Lower Hutt.  The project area focuses on the three kilometre section of the Hutt River and 
its city and State Highway 2 interfaces between Kennedy-Good Bridge and the Ewen Bridge.  For 
the full composite description of the design process, influences and the integrated elements of 
RiverLink refer to RiverLink Preliminary Design Report (Report T-17/08)2.  

                                                
1 RiverLink, Riverworks Preliminary Design, Technical Report GW/Riverlink-T-17/09 (Damwatch, May 
2018) 
2 RiverLink, Preliminary Design Report, Report-T-17/08 (Boffa Miskell, April 2018)    
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2.0 Riverworks Preliminary Design 

2.1 Project Site 

Figure 2.1.1 shows an aerial view of the Hutt River location for the RiverLink and Riverworks 
Preliminary Design (river reaches from Ewen Bridge to Melling Bridge, and Melling Bridge to 
Kennedy Good Bridge).  The photo has marked “cross sections” that are location identifiers.  The 
photo has zones showing areas of interest for Greater Wellington Flood Protection (GWFP) and 
other Project Partners.  Their project responsibilities are: 

• Greater Wellington Flood Protection - Hutt River flood protection system improvements, 
and operation and management in the reaches noted above. River park within floodway. 

• Hutt City Council – Making Places (riverside development, city interface and footbridge). 
• Hutt City Council – Traffic design and roading network - Block Road, Pharazyn / Marsden 

Daly streets.  Melling Bridge replacement and Melling interchange connectivity in 
conjunction with NZTA. 

• Hutt City Council – 3 waters services relocation.  
• NZTA – State Highway 2 (SH2), Melling interchange and Hutt City connectivity. 
• Greater Wellington Transport / Trans Metro -Melling Station and transport linkages 

2.2 Riverworks Resourcing Structure 

The specialist fields required to bring together in this report the Riverworks and River Channel 
Preliminary Design (river channel, edge protections, berms, river infrastructure) are:  

• River Channel Design - includes consideration of the geomorphology of the river, design 
comparisons for different channel alignments, widths and meander patterns, channel design, 
berm designs, scour estimation, edge protections design, sediment transport capability 
including transport rates, scour and deposition areas.  The interface between floods, 
sediment behaviour and channel design is critical for an effective channel.  This work was 
carried out by G & E Williams Consultants3,4 (Gary Williams). 

• Sediment Transport Modelling – a specialist field within the river channel design.  A 
computational model is set up to model sediment transport trends for a series of historic and 
simulated flood events.  The sediment model uses the parameters and time sequence of 
flood hydrographs fed through the hydraulic model.  The outputs from this modelling indicate 
how the proposed channel conveys sediment during flood events compared with the existing 
channel.  The model identifies areas of aggradation (build-up of gravel within the river bed), 
degradation (loss of gravel within the river bed) and net sediment transported through the 
reach.  This work feeds into most aspects of river channel design.  Sediment modelling was 
carried out by DHI5 (Graham Mackie). 

 

                                                
3 RiverLink, River Channel Design, Assessment of Options and Preliminary Design. (G & E Williams 
Consultants, May 2018). 
4 RiverLink, River Channel Design, Preliminary Design Project Refinements. (G & E Williams Consultants, 
May 2018) 
5 RiverLink, Riverworks Preliminary Design, Modelling Bed Level Changes of the Hutt River. (DHI, June 
2017) 
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Figure 2.1.1 RiverLink, Riverworks Location Plan  
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• Hydraulic Modelling – this work provides a variety of hydraulic parameters that are 
required for river channel design, stopbank design, sediment modelling and in-channel 
ecological design.  The following parameters are produced for a variety of flood events: 
average and peak velocities at a cross section (for central channel, low berms, upper 
berms, and at stopbanks); parameters for scour estimation and edge protections design; 
parameters for river channel design; water levels at a range of flows for stopbank and 
stormwater outlet design.  Hydraulic modelling carried out by DHI6 (Philip Wallace). 

• Channel Alignment Selection – a Multi Criteria Assessment (MCA) process was adopted 
to select a preferred Channel Alignment from two options developed in the river channel 
design.  The alignment selection process was designed by Damwatch and facilitated by 
Greater Wellington Flood Protection (GWFP).  GWFP (Rebecca Polvere) completed the 
Channel Alignment Selection report7.  The preferred Option 2 river channel alignment (the 
Variable channel) was taken through to the Preliminary Design. 

• Riverworks Coordination - responsibility for coordinating the work of riverworks 
consultants and activities, providing river engineering technical input, involvement in 
riverworks selection processes, riverworks drawings, reporting Riverworks Preliminary 
Design (this report), provide information and liaise with other consultants and parties 
involved in or affected by the riverworks. Report completed by Damwatch1 (Brendan Paul). 

The activities and parties above bring together the core river channel design.  The technical 
reports documenting the specialists’ inputs are contained in following report Sections 2.5 to 2.8.   

Another specialist riverworks design element is the stopbanks and retaining walls.  Preliminary 
Design for this work was carried out by OPUS Consultants8.  Their brief was to design 
stopbanks and where space is restricted retaining walls.  The OPUS report is presented 
separately from this Riverworks report.  A synopsis of the OPUS work is given in Section 2.9. 

Other parties and their responsibilities, that have direct interaction with the Riverworks design, 
are briefly discussed in Sections 3, 4 and 5. 

2.3 Channel Alignment Development 

Background 
The Hutt city centre section of the Hutt River has historically been narrow and confined.  Prior to 
and following European settlement the river gravel bed was high and floodwaters frequently 
spilled onto the floodplain.  In the lower valley there were two significant overflow paths from the 
river; one at Pomare overflowing across the valley into the Waiwhetu Stream at Naenae and the 
other at Boulcott overflowing in the Okouto Stream (otherwise known as Black Creek).  These 
overflows relieved pressure on the channel below Boulcott and it can be inferred that a smaller 
base flow channel developed through the city centre as a result.  GWRC publication The Hutt 
River, Te-Awa-kai-rangi, A Modern History 1840 – 19909 contains background to development 
of the flood protection scheme and contains photos and references to flood extent and 
overflows.   
                                                
6 RiverLink, Riverworks Preliminary Design, Hydraulic Modelling.  (DHI, June 2017) 
7 RiverLink, Riverworks Preliminary Design, Channel Alignment, Options 1 and 2 Selection Process.  
(GWFP, May 2018)  
8 RiverLink, Stopbank  Design & Services Associated with Stopbanks, Technical Report GW/RiverLink -    
T-17/10 (Opus, May 2018)  
9The Hutt River, Te-Awa-kai-rangi, A Modern History 1840 – 1990.  (GWRC, 1991)  
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With early settlement of the lower valley buildings were constructed and land developed on or 
near the banks of the river.  Over the latter half of the 19th century numerous and some very 
large floods resulted in extensive inundation with loss of life and damage to buildings, property, 
loss of crops and stock. 

The first public stopbanks were constructed from the river mouth to Boulcott between 1901 and 
1903.  In the village centre the stopbanks were located close to the river to minimise impact on 
adjacent buildings and landholdings, and the Boulcott overflow was cut off by the newly 
constructed stopbank.  Subsequent raising of the initial city centre stopbanks between 1960 and 
1964, in conjunction with the narrow waterway at Ewen Bridge (the locations of six consecutive 
narrow bridges that preceded the current Ewen Bridge) embedded the narrow channel.  
Construction of a stopbank at Pomare in 1944 and stopbank construction between Kennedy 
Good Bridge and Pomare Rail Bridge between 1964 and 1975, cut off the Pomare overflow.  
Removing the overflows paths increased the volume and frequency of higher flood flows within 
the river corridor. 

The consequence is the current narrow corridor width through the city centre reach.  The width 
is considerably narrower than the required natural width with full flood flows, and most of the 
rest of the system.  The narrow channel does not allow natural river processes to develop and 
the river corridor cannot provide the capacity and required level of security at the design flow.  
The design flow in the 1960’s was 100,000 cusecs (2,800 cumecs). 

The Ewen Floodway Project (1996) 
The project was completed in 1996.  The river corridor at Ewen Bridge is designed for a nominal 
2,300cumec flow.  The bridge waterway was designed with flexibility to be able pass a 2,800 
cumec flow, by accepting minor intrusion into the debris clearance envelope.  To achieve the 
2,800 cumec bridge capacity requires upstream flood defences to be raised.  At the bridge the 
overall river corridor width is approximately 165 metres, the channel width approximately 100 
metres, with approximately 15 – 20 metre berms at the abutments.  

Hutt River Floodplain Management Plan (2001) 
The Hutt River Floodplain Management Plan10 (HRFMP) “2,300 cumec risk based design 
standard” made policy provision for all main channel stopbanks to be designed to a hydraulic 
capacity of 2,800 cumecs.  For most of the system the 2,800 cumec standard is achievable with 
a high degree of security.  The HRFMP made no provision for property purchase to widen the 
corridor and enlarge the channel through the city centre reach between Ewen and Melling 
bridges.  The HRFMP channel through the city centre can pass the HRFMP 2,300 cumec flow 
with high security.  The HRFMP 2,300 cumec flow has an annual recurrence interval (ARI) of 
440 years (the ARI is sometimes called the return period).  It was accepted that the level of 
security to contain the 2,800 cumec flow would be lower in the city centre reach than what is 
achievable in the rest of the system.  That acceptance was considered part of the “risk based 
design standard” balance. 

Options Assessment Phase (2014 – 2015) 
The current Preliminary Design Phase was preceded by a concept design Options Assessment 
Phase initiated in 2014 and completed in December 2015, resulting in a preferred Option A.  

                                                
10 Hutt River Floodplain Management Plan, For the Hutt River and its Environment.  (The Regional 
Council October 2001) 
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Option A comprised a 90 metre channel with minimum 25 berms and a high level of flood 
security. 

The technical and non-technical parameters used to compare the various Concept Design 
options, and to the adoption of Option A were principally focussed on channel capacity and 
system security.  Considerations included hydraulic parameters, stopbank heights, berm widths, 
berm erosion potential, design capacity into the future, system security, risk and potential 
damage, cost, economic efficiency and flexibility within the design.  This approach was an 
appropriate level of detail for concept design. 

A primary consideration for the adopted “Option A” was to include longer term resilience 
including provision to accommodate climate change.  Climate change predictions indicate that 
the City Centre flood defences upgraded to a 2,800 cumec design standard could provide the 
HRFMP recommended 440 year ARI standard until 2090, based on an “average emissions” 
climate change scenario.  This is a future standard comparable with the current HRFMP 2,300 
cumec 440 year ARI risk based design standard.  

Riverworks Preliminary Design (2016 – current) 
River Channel Preliminary Design (this current phase) establishes an optimum channel and 
berm alignment within the Option A corridor - 90 metre channel, 25 metres berms, a high level 
of flood security at 2,800 cumec design standard flood flow.  To establish this optimum channel 
alignment requires consideration and assessment of Hutt River geomorphology, river 
processes, sediment transport, along with the previous parameters and features considered. 

Sections 2.5 to 2.7 of this report detail the specialist technical work that develops the channel 
alignment options and subsequent Preliminary Design of the preferred alignment.  Section 2.8 
describes the selection process (between Option 1 the Consistent channel and Option 2 the 
Variable channel) to reach the preferred alignment. 

Section 2.9 outlines work by OPUS Consultants and the interface between river channel design 
and stopbanks and retaining walls design.  

2.4 RiverLink Preliminary Design Integration 

The RiverLink Project is complex with different design timing and progress through the 
Preliminary Design stage by the project partners and their advisors (in their various project 
disciplines).  The differences in progress have resulted in lag between the provision and 
exchange of information and its application in the various Preliminary Design technical reports. 
The differences do not materially affect the Riverworks design or achievement of Project 
objectives.  Any matters of difference outstanding at the end of Preliminary Design will be 
resolved through the Detailed Design stage. 
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2.5 River Channel Preliminary Design 

A synopsis of the River Channel Design work to develop from the 2015 Concept Design river 
channel to the 2017 Preliminary Design river channel is outlined in Section 2.2. 

The report RiverLink, River Channel Design, Assessment of Options and Preliminary Design by 
Gary Williams (reference 3) is the technical content for Section 2.5 in this Riverworks 
Preliminary Design report.   

The River Channel Design report requires many design figures and tables that are not essential 
to assimilating the report but are relevant to ongoing Detailed Design of the river channel.  
Similarly there is a comprehensive drawings portfolio for both the channel alignment Options 
Selection and the channel alignment Preliminary Design. 

Attachments 1 and 2 to the River Channel Design report schedule respectively the “figures and 
tables” and the “drawings”.  The figures and tables and the full drawings are not appended to 
the River Channel Design report.   

Greater Wellington Flood Protection will make hard copy volumes of the “figures and tables” 
and the “drawings” available at their offices for review by arrangement.  

The volumes available for review are: 

• RiverLink, River Channel Design, Assessment of Options and Preliminary Design 
Volume 1:   
Figures and Tables 
 

• RiverLink, River Channel Design, Assessment of Options and Preliminary Design 
Volume 2:   
Drawings 

Section 2.4 noted progress and reporting timing differences for RiverLink Project disciplines at 
milestones in the Project.  For example at the February 2017 delivery stage for the River 
Channel Design report, the corresponding landscape, amenity and ecology report was not as 
far advanced.  Comment on content and alignment of the designs in the respective reports was 
not possible.  A similar situation applied to design of stormwater outfalls into the river channel, 
the SH2 interchange and the replacement Melling Bridge.     

After subsequent meetings and workshops to exchange information and refine parameters, 
Gary Williams produced a supplementary report RiverLink, River Channel Design, Preliminary 
Design Project Refinements (April 2017)4 that addresses progress since completion of his then 
January 2017 report3.  This Project Refinements report is included in Section 2.5 after the 
Assessment of Options and Preliminary Design report.  Figures that are included in the first 
report and referenced in the second report are not repeated.  It is intended that the two reports 
are read together. 
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GREATER WELLINGTON REGIONAL COUNCIL 

 

HUTT RIVER — RIVERLINK PROJECT 

RIVER CHANNEL DESIGN 

1 INTRODUCTION 
The RiverLink Project for the City Centre Upgrade [Project] covers a length of the 
Hutt River between the Ewen Bridge and the Kennedy-Good Bridge.  The 
upgrading of the flood defence system along this length has been investigated, 
with a range of options being considered.  In December 2015 the Greater 
Wellington Regional Council [GWRC] approved a preferred option.  This option 
involved a 90 m wide river channel with berms of 25 m on both sides, between the 
flood defence stopbanks. 

In April 2016 a request for professional services included a refinement of the river 
channel design of the preferred option, covering the channel alignment and width, 
channel edge and berm protection measures, and a low flow channel within the 
active channel.  This required a consideration of river geomorphology and 
sediment transport, and reference to past investigations of the Hutt River, with a 
number of reports on these investigations being listed. 

This design refinement was to be carried out in conjunction with other 
investigations of flood hydraulics and river ecology, and within a wider context of 
the RiverLink Project investigations.  Proposals to fulfil this brief were accepted in 
June 2016. 

This report covers design investigations that have been carried out to provide 
relevant input to a technical report of Damwatch on the river channel design. 

2 BACKGROUND 
The background to the Project and the investigations and consultation undertaken 
is described in earlier Project reports.  In particular, two reports of June and July 
2015 describe the concept options that were considered for the river corridor, and 
their evaluation.2,4  

For the river reach from Ewen Bridge to Melling Bridge a range of river channel 
widths were investigated from the existing channel and berms to a 90 m channel 
with 50 m berms.  The preferred option is a 90 m channel with 25 m berms. 

Upstream of Melling Bridge, from the Transpower site to Kennedy-Good Bridge, 
the stopbanks have already been upgraded, and the design river channel 
alignment and width had already been determined by earlier studies.  This design 
channel has a 100 m width, with a 20 m wide low berm on each side for a channel 
edge vegetation buffer. 
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Previous investigations included a physical model study of a reach of the Hutt 
River around the Ewen Bridge.  This physical modelling was undertaken as part of 
the assessment of options for the Ewen Floodway Project, and there are reports on 
the modelling itself and the implications of this modelling for the design of the 
river works of this project.1,7  The modelling covered the lower part of the present 
study reach, from the Ewen Bridge upstream to just below Melling Bridge (XS 
410).  Different channel alignments and widths, including 70 and 90 m active 
channels, were studied, as well as different edge protection works and berm 
arrangements. 

The Hutt River Floodplain Management Plan [HRFMP] studies of the 1990s 
included investigations of the natural character and sedimentation processes of 
the Hutt River, alternative management approaches and edge protection works, 
and a determination of channel widths and protection measures along the full 
study reach of the Hutt River, from Te Marua to the river mouth.3,5,6  

A comprehensive survey of the Hutt River, with cross-sections [XS] at around 100 
m intervals was carried out in 1987/88, with a number of repeat surveys on the 
same XS lines since then.  This has provided information on changes in bed levels, 
within the active channel, and volumes of gravel bed material being transported 
down the river.  There is a natural deposition reach along the lower Hutt River, 
due to reducing river grade, and starting in 2006, a reach of the Hutt River from 
Belmont to Melling has been progressively lowered through a managed 
programme of extraction of the gravel bed material of the river.8  This deposition 
within the Project reach is a critical issue, and has been a primary consideration in 
the design of the river channel upstream of Melling. 

3 INVESTIGATIONS 

3.1 REVIEW OF PREFERRED OPTION 
A general review of the design river channel of the preferred (2015) option was 
undertaken first, based on the findings of past investigations and the 
geomorphological and sediment transport characteristics of the Project reach.  A 
90 m channel, of the preferred option design, was modelled in the physical model 
study, and this showed some advantages in very extreme (high flow) floods.  
However, this width is not a natural width of the river channel in terms of 
geomorphology and sediment transport.  The 70 m channel width of the HRFMP 
design was based on the natural character of the river reach, and the existing 
channel, around this 70 m width, has been very stable from below the Transpower 
site to Ewen Bridge.3 The widening of the channel from 70 out to 90 m at the Ewen 
Bridge was also a very important aspect of the river channel design of the Ewen 
Floodway Project. 

To assess the geomorphological and sediment transport impacts of the river 
channel design two different design channels were drawn up.  In one option the 
river channel had a consistent width of 90 m, from Ewen Bridge all the way 
upstream to Kennedy-Good Bridge.  A narrow (5 m) lower berm was included 
within the 25 m berm to reduce the height of edge protection rock linings and to 
give some flow separation and landscape diversity across the berm.  Upstream of 
Transpower there was a lower 10 m wide berm for an edge vegetation buffer. 
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The other option retained a 70 m wide (active) river channel, with a wider low 
berm out to the 90 m channel limits, and then the 25 m berm, to above Melling 
Bridge.  There was then a long transition in the channel width up to the 
Transpower site, with the 100 m design channel, as proposed, to the Kennedy-
Good Bridge. 

One option, thus, had an active channel of a consistent 90 m width (Consistent 
Channel option), and the other a variable channel width, from 70 to 100 m 
(Variable Channel option).  Both options were drawn up with appropriate channel 
meander patterns, of bend curvature and wavelength, and with cross-sections that 
would be characteristic of the option channel.  The channel alignment and cross 
section locations for each option are shown in Figures 2.5.1 and 2.5.2.  The 
corresponding drawing and cross sections sets are referenced in Attachment 2.  

For each option, cross-sections were drawn up for the present bed level, of the 
2014 survey, and for the HRFMP design channel conditions, which were based on 
the 1998 survey.  The channel shape and levels were, though, adjusted to suit the 
channel width and meander pattern of each option.  Above Melling, the river bed 
has been lowered to around the 1998 levels, and thus there is only one bed section.  
The channel sections are, thus, design sections of a meander pattern appropriate to 
the channel width, and a bed shape at the 2014 and 1998 bed levels, that has an 
equivalence to the mean bed levels across the active channel. 

The alignment of the river and bend curvature is very constrained; by the area 
available between the stopbanks, and by the edge works and protection measures 
in place along the Project reach.  The only real bend is between Melling Bridge and 
Ewen Bridge (Marsden Bend), where the river turns away from the valley edge, 
and valley fault line, to flow across the alluvial plains of the valley down to its 
mouth. 

Different potential alignments were considered in drawing up the design channels 
of the two options.  For a 90 m active channel width, there is very little space for 
any variations in alignment or meander pattern.  The channel is necessarily very 
straight, with only a slightly curving pattern to the gravel beaches or bars within 
the channel.  A consistent meander of the low flow channel around the beaches 
could, though, be drawn up, to the curvature and wavelength that suits this 90 m 
width. 

There were more possibilities with the 70 m active channel, however, any pattern 
that retained the appropriate curvature and wavelength required substantial 
alterations to the existing channel.  The main constraint to any alternative 
alignment was the Melling Bridge, and a smooth connection into the downstream 
bend of Marsden Bend. 

NZTA is investigating options for the location of a replacement bridge over the 
Hutt River, as part of an upgrade of the State Highway 2 intersection at Melling.  
The Harvey Norman building on the left bank is to remain, but a new bridge south 
of the existing bridge, with a wider waterway opening would allow a better river 
alignment along the reach. 
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Figure 2.5.1:  Option 1 Alignment (Consistent Channel) 
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Figure 2.5.2:  Option 2 Alignment (Variable Channel) 
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3.2 OPTION INVESTIGATIONS 
Hydraulic modelling runs were carried out for the two channel (alignment and 
width) options and for the two bed levels, based on the design cross-sections, of 
the drawings.  This was done using the MIKE hydraulic modelling programmes, 
which have been used for hydraulic investigations of the Hutt River.  The channel 
geometry that had been used in the hydraulic modelling for the earlier 
investigations of the Project was changed to reflect the option channels, but the 
hydraulic parameter values of the model calibration were retained.  The aim was 
to compare channel options, of different width and bed level, to allow an 
assessment of the relative impacts and differences of alternative channel 
arrangements. 

The MIKE modelling does not directly give the hydraulic output that is required 
for an assessment of channel behaviour, scour and sediment transport, or for the 
design of bank edge rock works.  Thus, the modelling results were used with more 
detailed hand calculations to give the required hydraulic design data for the main 
channel and for the lower and higher berm areas.   

The more detailed hand calculations involved extracting the water surface level 
from the MIKE modelling and calculating the conveyance for the discrete elements 
of the cross section (channel, lower berm & higher berm).  The conveyance 
calculations were based on the Manning’s roughness characteristics and the 
geometry of the discrete element to provide the same overall total cross section 
discharge produced in the MIKE modelling.  

Hydraulic modelling runs were performed for a range of flood flows, and the full 
set of modelling flows is given in Table 1. 

Hydraulic Modelling Runs — Flood Flows  Table 1 

 

FLOOD FLOW 

(m3/s) 

Estimated  
RETURN PERIOD 

(Years) 

770 2 

1080 5 

1280 10 

1460 20 

1580 30 

1900 100 

2300 HRFMP Design 

2800 Project Design 
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There are four different channel geometries considered which include a consistent 
or variable width with two bed level options.  Not all the flood flows were applied 
to the four different geometries, as sufficient information for a relative comparison 
could be obtained without all these modelling runs. 

A plot of the mean bed levels of the design sections is shown on Figure 2.5.3 for 
the Project reach, along with the calculated flood flows for the 20 year return 
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Figure 2.5.3: Options 1 and 2, Flood and Mean Bed Levels 
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period flood flow, as a comparative example.  The hydraulic modelling 
undertaken for the Project is described in a separate project report. 

 

Given this output, and other data on the nature of the river channel, assessments 
of sediment transport and scour potential were undertaken, using empirical 
formulae and data at cross-sections.  Appropriate rock sizes were also determined 
for the hydraulic conditions of the two options and their different bed levels.  
These calculations provided a basis for a more general consideration of the likely 
behaviour of the river when managed to different channel widths and levels. 

Berm velocities have also been used to assess the potential for berm scouring and 
deposition in flood events, on the lower and higher berm areas. 

Tables and figures presenting the data and calculations described above and in 
following sections are referenced in Attachment 1.  Greater Wellington Flood 
Protection will make available, by arrangement, a full hard copy set of the tables 
and figures contained in the spreadsheet noted in Attachment 1. 

 

3.3 SEDIMENT TRANSPORT 
Transport rates for the gravel bed material of the Hutt River have been estimated 
at all cross-sections of the Project reach, using three different formulae.  These 
formulae have been used in earlier investigations of the HRFMP, and their 
formulation and application are described in a report of the Phase 1 studies.5   

The formulae give results at a cross-section for a given flood flow, based on the 
hydraulic values at the cross-section for that flood flow.  They are empirical 
formulae derived from field and laboratory investigations, and are suitable for a 
comparison of channel options. 

A uniform depth to the mean bed level of the design sections was used to calculate 
transport rates for this comparative exercise.  The parameter values used for the 
active channel and the results from the three formulae are given in Tables A-1 to 
A-20 in Attachment 1 for the following selected flows:  5 year, 20 year, 100 year, 
2300 m3/s and 2800 m3/s. 

Tables A-1 to A-5 are for the Consistent option and the 2014 bed; tables A-6 to A-
10 are for the Consistent option and the 1998 bed; tables A-11 to A-15 are for the 
Variable option and the 2014 bed; tables A-15 to A-20 are for the Variable option 
and the 1998 bed. 

Plots of the calculated transport rates for the three formulae are also given in 
Attachment 1, for the 100 year return period flood flow (see Figures A-1 to A4). 

Regardless of the channel geometry (width or depth), there is a length of lower 
transport rates between Kennedy-Good Bridge and the Transpower site.  This is a 
reach where deposition of the gravel bed material occurs naturally.  For the 
Consistent channel option, there is a sharp rise in transport rates downstream of 
Transpower, and then a slow decline along the lower length of the Project reach, to 
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the Ewen Bridge site, especially when the channel is deepened to the 1998 bed 
levels. 

For the Variable channel option, there is a slower increase in transport rates 
downstream of Transpower, especially with the present (2014) bed levels.  
Transport rates then tend to be maintained, but with a pronounced variation just 
upstream of Marsden Bend.  In this area of variation, the channel meander pattern 
is constrained and not well formed, in terms of gravel beaches and riffle cross-
overs — because of the need to join up the Melling Bridge opening with the well-
defined bend of Marsden Bend.  Transport rates are generally higher with the 
deeper 1998 bed levels. 

Below the Ewen Bridge there is a gradual decline in transport rates. 

For the purposes of managing the natural deposition that occurs along the Project 
reach, a deposition zone between Transpower and Kennedy-Good Bridge, and 
then a sustaining of transport rates through the lower part of the Project reach 
would be ideal.  Any extraction of the deposits could then be concentrated in this 
deposition zone above Transpower.  The widening of the active channel in this 
area, to 100 m, is intended to facilitate deposition and provide a larger storage 
area.  Calculated transport rates are lower in this area with the Variable option. 

The long transition, from 100 down to 70 m in channel width, of the Variable 
option, does give rise to a slower increase in transport rates, and then the 70 m 
channel generally maintains transport rates.  This is useful in reducing deposition, 
and hence any extraction to maintain flood capacity, from Melling downstream to 
Ewen Bridge. 

3.4 SCOUR 
Potential scour depths over the range of flood flows have been estimated at all 
cross-sections of the Project reach, using three different formulae.  These formulae 
have been used in earlier investigations of the HRFMP, and their formulation and 
application are described in a report of the Phase 1 studies.6   

These formulae are also empirical formulae that give results at a cross-section for a 
given flood flow, based on the hydraulic and sediment size values at the cross-
section for that flood flow. 

The parameter values used for the main channel and the results from two 
formulae are given in Tables B-1 to B-20 in Attachment 1 for the following selected 
flows:  5 year, 20 year, 100 year, 2300 m3/s and 2800 m3/s. 

Tables B-1 to B-5 are for the Consistent option and the 2014 bed; tables B-6 to B-10 
are for the Consistent option and the 1998 bed; tables B-11 to B-15 are for the 
Variable option and the 2014 bed; tables B-16 to B-20 are for the Variable option 
and the 1998 bed. 

Plots of the calculated scour depths for the Maza & Echavarria formula are also 
given for the 20 year, 100 year and design flood flows (see Figures B-1 to B-12).  
This formula generally gives good results, in terms of actual scour or indications 
of maximum scour in flood events, for gravel bed rivers such as the Hutt River. 
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The plots show the minimum bed level at each section (thalweg levels) as well as 
the mean bed level across the main channel and a low flow level.  On each plot the 
flood level is given as well as the estimated scour for the given flood flow. 

The scour levels generally follow the minimum bed levels of the thalweg, and thus 
there is a consistency between the scour potential and the channel shape of the 
design, based on appropriate section shapes and depths for the meander pattern 
of each design. 

For the Consistent option, the potential scour with a 20 year flood flow is very 
close to the minimum bed level throughout the Project reach for the 2014 bed, and 
somewhat above the lower 1998 bed levels at the downstream end.  At the 100 
year flood flow, there is a small tendency towards deposition above the 
Transpower site, with scour levels above the minimum bed levels, and a more 
pronounced scour potential between Transpower and Melling.  This trend 
increases with higher flood flows, and there is potential scour from Transpower 
downstream at the design flood flow.  The potential scour remains very much the 
same for the two bed levels of 2014 and 1998, but with the amount of scour being 
smaller with the lower levels of the 1998 bed. 

For the Variable option, the potential scour with a 20 year flood flow is also very 
close to the minimum bed level throughout the Project reach for the 2014 bed, but 
with some scour then deposition between Kennedy-Good Bridge and Transpower.  
At the 100 year flood flow, there is some scour downstream of the Transpower 
site, with a generally consistent scour depth below minimum bed levels.  This 
trend increases with higher flood flows, and the potential scour is substantial 
below Transpower at the design flood flow.  The maximum scour depths are, 
though, around the same as for the Consistent option. 

The potential scour is significantly different with 1998 bed levels for the Variable 
option.  The results indicate scour below Kennedy-Good Bridge, with a transition 
through to a deposition tendency below Transpower, where the potential scour is 
above the minimum bed levels.  This scour pattern remains up to the design flood 
flow, but with the potential scour becoming closer to the minimum bed levels. 

There is a progressive ‘drowning out’ of the channel with higher flood flows, with 
the water grade (and energy grade) of the flood flows being steeper downstream 
of Transpower than upstream, while the bed grade becomes less steep below 
Transpower.  This affects the scour potential and the bed material transport 
capacity of the flood flows along the Project reach. 

In general, there is an alignment between the sediment transport results and the 
scour potential trends.  The results for the different bed levels, of 2014 or 1998, also 
suggest there is little point in lowering the bed.  For the Variable option, a 
lowering of the bed would increase the disparity between the scour potential and 
minimum bed levels, of the design and of low flow conditions.  With this option 
and the current bed levels, scouring in high flood flows would naturally lower bed 
levels along the reach from Transpower downstream, increasing flood capacity 
during the event.  In general for New Zealand gravel-bed rivers, there is a pattern 
of aggradation of the lower reaches of rivers, near the river mouth, in small to 
medium flood events, and a scouring out and bed lowering in large events. 
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3.5 ROCK WORKS 
The quantities, and hence cost, of rock bank protection measures has been 
estimated for the channel options from design crest levels of the banks, potential 
scour levels for foundation depths, and rock sizes based on the main channel flow 
velocities.  A medium rock size for bank linings has been determined from 
estimates obtained from five different empirical formulae.  These formulae use an 
effective velocity at the bank and water depth, in different ways, to give a medium 
size of rock and a grading envelope for the placed rock.  Two of the formulae have 
been used in earlier investigations of the HRFMP, and their formulation and 
application are described in a report of the Phase 1 studies.6  The other formulae 
have been used on many rivers throughout New Zealand for the design of rock 
works, and are described in manuals and river management documents. 

The velocity and depth values used for the main channel and the results from the 
formulae are given in Tables C-1 to C-12 for the following selected flows:  20 year, 
100 year and 2800 m3/s. 

Tables C-1 to C-3 are for the Consistent option and the 2014 bed; tables C-4 to C-6 
are for the Consistent option and the 1998 bed; tables C-7 to C-9 are for the 
Variable option and the 2014 bed; tables C-10 to C-12 are for the Variable option 
and the 1998 bed. 

The main channel flow velocities do not vary much along the Project reach and 
with different channel options.  The velocities do not change much with flood 
flows, as well.  This is because of the choking of the channel in large flood events, 
with the channel being ‘drowned out’ and increasing flood flows being 
accommodated more by increasing water levels than increasing flow velocities. 

Flow turbulence is likely to increase with larger flood flows, and channel 
conditions, of bed shape and bed material movement, could change significantly 
in very large flood events.  The stability of rocks in flood events depends more on 
the severity of pulsations of acceleration and deceleration, than on overall flow 
velocities.  The very large flows of the Project design may then have more severe 
impacts on rock works than the formulae based on velocities would suggest. 

For the comparison of channel options, the rock sizes indicated by the 100 year 
flood flow values have been used to dimension rock linings. 

The extent of rock linings in each option (of channel width and bed level) has been 
drawn up based on the location and extent of bends given by the design channel 
shape and meander pattern.  In general, the rock works are between the 
Transpower site and the lower end of the Project reach. 

For the Consistent option the highest linings are along Marsden Bend on the right 
bank and around the Melling Bridge on the left bank.  The medium rock size has 
been taken as 0.60 m for the 2014 bed option, and between 0.50 and 0.65 m for the 
1998 bed option.  The foundation depth of the linings has been taken as the 
average of the estimated scour at the design flood flow given by the Maza & 
Echavarria formula.  The mass of rock per metre is given in Table C-13 for a 
standard thickness lining over the full height from foundation depth to crest 
height. 
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The Variable option has a split berm to above Melling Bridge, where there would 
be rock linings, and the crest level for the linings is the bank level of the lower 
berm.  The highest lining is again at Marsden Bend, with shorter linings oscillating 
between the right and left banks above this bend.  The higher velocities of the 
narrower active channel give rise to larger medium rock sizes, and the size varies 
between 0.60 and 0.70 metre for both bed level options. 

The foundation depth of the linings has been taken as an average of the larger 
estimated scour depths given by the Maza & Echavarria formula for the 2014 bed 
option.  For the 1998 bed option, given the low potential scour depths, the 
minimum bed level plus 0.5 m was used for the foundation depth.  The mass of 
rock per metre is given in Table C-14 for a standard thickness lining over the full 
height from foundation depth to crest height. 

The rock linings of the Variable option are shorter and of less height than that for 
the Consistent option, but they are thicker.   

3.6 BERMS  
Average velocities on the berms have been estimated from the hydraulic 
modelling data.  The modelling does not directly give flows and velocities for the 
different channel compartments, of main channel and lower and upper berms, but 
values can be derived from the modelling output data.  These values are a general 
indication, and do not take into account the dynamics of the actual flow 
interchanges, or the effects of vegetation, other features and structures on localised 
flows and velocities.  They do, though, show the general differences of the options.  

The average velocities of the main channel and berms are given in Tables D-1 to D-
12 for the following selected flows: 100 year, 2300 m3/s and 2800 m3/s.  The 
maximum depth of flow on the berms, at the bank crest, is given as well.  The 
berm levels are the same on both banks for most cross-sections.  Where there are 
differences in the upper berm levels, the flow depth is given for the berm with the 
higher velocity. 

Tables D-1 to D-3 are for the Consistent option and the 2014 bed; tables D-4 to D-6 
are for the Consistent option and the 1998 bed; tables D-7 to D-9 are for the 
Variable option and the 2014 bed; tables D-10 to D-12 are for the Variable option 
and the 1998 bed.  Velocities and berm depths were also determined for smaller 
flood flows, of 2 year and 5 year return periods, as the berms would be covered by 
floodwaters in these flows. 

These depths and velocities of the berm flows are significant from small floods 
upwards, but substantially less than in the main channel.  The greater depth of the 
main channel with the 1998 bed levels does reduce velocities, in the main channel 
and on the berms, but only slightly.  The upper berm velocities are around 0.1 m/s 
less, and the lower berm velocities around 0.2 m/s less, in general, at the extreme 
flood flows of the design standard. 

The wider upper berm of the Variable option would have somewhat higher 
average velocities than for the Consistent option, but the differences are small.  
The lower berm of the Variable option has greater flow depths and the average 
velocities are greater, but overall less than 0.5 m/s. 
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The option differences are, thus, relatively small, and less significant than localised 
variations in berm velocities around berm features and vegetation boundaries.  
The flow velocities do not increase greatly with increasing flood flows, as the 
channel choking at large flows increases flood levels more than velocities.  The 
berm velocities are, though, significant in terms of berm scouring and deposition, 
and regardless of the berm configuration, scour and deposition will occur, 
especially on the lower berms.  In small floods the lower berm velocities are 
around 1.0 m/s plus, while in large flood events these average velocities increase 
to around 2.5 m/s.  

4 ASSESSMENT 

4.1 MAIN CHANNEL 
The river course through the Project length has been straightened and deepened, 
over more than 100 years, and its alignment is very constrained by the available 
space between the flood defences.  The location of the bend away from the valley 
fault line, of Marsden Bend, and the Melling Bridge also constrain the river course, 
and restrict any adjustments in the meander pattern of the active river bed, of low 
flow channel and alternating gravel beaches or bars, that can be made. 

The wider active channel (of 90 m) has advantages in very large flood events, with 
less variation and complexities in the movement of the river bed material, as the 
wider channel with a longer meander better accommodates the flow patterns of 
these large flow events.  The 70 m wide active channel with wide low berms better 
fits the general pattern of flood flows, while retaining much of the capacity of the 
wider active channel.  The edge protection rock linings have less height with this 
channel arrangement, and thus a lesser potential for failure under extreme 
conditions. 

The long transition of the Variable option, from a 100 to 70 m wide channel, is 
worthwhile in terms of consistency of bed material transport and reduced 
scour/deposition variability. 

The sediment transport and scour potential calculations indicate that there is little 
value in lowering the river bed downstream of Transpower to the 1998 design 
levels and that there would also likely be increased issues with bank erosion with 
a lowered river channel.  From an overall design perspective, it is better to have a 
lower, more resilient bank at the channel edge with slightly higher stopbanks to 
offset the reduced capacity associated with a higher river bed.  As well as the 
scour and bank stability concerns in this reach it is also highlighted that 
undertaking gravel extraction is difficult due to the limited access as well as a 
general desire, from an ecological perspective, to minimise “wet” extraction.   

On the basis of the above it is recommended that from Ewen Bridge to 
Transpower the channel remains at its current level and is not lowered to the 1998 
design levels.    From Transpower up to the Kennedy-Good Bridge the river bed 
has already been lowered to around the 1998 levels.8 
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4.2 LOW FLOW CHANNEL 
However, the shaping and reforming of the channel to a design shape and levels 
would involve substantial construction work in the active channel, for any of the 
channel alignments, depths and widths that have been considered.  For any design 
channel, the low flow and beach configuration, which moves within the bounds of 
the channel, would be formed to an appropriate meander pattern and cross-
sectional shape.  This minimises natural re-working by the river following 
construction, and gives rise from the start to a pattern of pools and cross-over 
riffles that suit the channel size and alignment. 

This shaping defines the bends and internal shape of the channel, which is 
relatively stable along the reach from Transpower downstream, and thus the 
extent of edge protection rock linings.  The rock works can then fix the outer bank 
of bends or internal meander forms, with little tendency for channel migration to 
move off or outflank these works. 

The design low flow channel, with its pattern of beaches and cross-over riffles, is 
shown, for the Consistent and Variable options, as a general outline, on the Project 
drawings.  The associated design thalweg, of the line of deepest points along the 
channel, is also shown.  Greater Wellington Flood Protection will make available, 
by arrangement, the full hard copy set of project drawings scheduled in 
Attachment 2.  The drawings relevant to the Consistent and Variable channels are 
scheduled under Options 1 and 2 in Attachment 2    

4.3 BERMS 
Berm velocities are generally not high except in the very rare floods larger than a 
100 year flood event.  When there are substantial flows on the upper berms the 
average velocities would be around 1.5 m/s.  There would, though, be significant 
average velocities on the lower berms in large flood events, sufficient to cause 
some generalised scour and deposition, with average velocities of 2.0 to 2.5 m/s.  
In lesser flood events it is the local velocities (and flow variations of acceleration 
and deceleration) around features and geometric variations on the berms that 
would cause scour and deposition. 

The potential for damage and deposition build-up on the berms is, thus, largely a 
function of the berm cover and features.  It is the layout and arrangement of the 
landscape and environmental features that will affect the potential for damage and 
maintenance requirements. 

It is the detailing of vegetation and structures on the berms that will make the 
difference, not the general channel geometry – of alignment, shape and berm 
levels. 

4.4 CONSTRUCTION 
The design channel does require the re-positioning and widening of the existing 
channel, and this is the case for both channel options, although the work required 
and excavation depths for the Consistent option are substantially greater 
downstream of Transpower. 

From Kennedy-Good Bridge down to Transpower the construction of the design 
channel would require similar works for the two channel options.  The 90 m 
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channel would, though, have a meander pattern very similar to the existing 
channel, whereas the widening to 100 m would require a different, and longer, 
meander pattern.  The extent of the lower berm for the vegetation buffer is greater 
in the Variable option design, although this berm width could be wider or 
narrower in both options. 

Downstream of Transpower, it is the 70 m channel that fits the existing meander 
pattern, and the 90 m channel would require a re-construction of the channel 
meander to a longer form. 

4.5 RESIDUAL RISK 
The rock requirements are very similar for the channel width and depth options, 
indicating similar flow forces along the river banks.  The lower bank and lining 
height, plus the wider reserve area, with the 70 m channel, from Melling 
downstream, means the residual risks of failure (of the flood defences) are lower.  
The more definitely split level of the berm also gives rise to more separate flows 
with reducing velocities from the main channel to the stopbank edges. 

The 70/100 m channel would be easier to manage through small to medium flood 
events, and hence have better pre-conditions before a major event.  The consistent 
90 m channel may, though, maintain a better channel shape through large flood 
events, with less scouring and bed disturbance along the lower reaches than with 
the narrower 70 m channel. 

There are, therefore, pros and cons in regard to the likelihood of failure of the 
flood defences, due to river actions and channel activities, in the extreme flows of 
the design standard. 

5 EVALUATION OF OPTIONS 
The river channel options, as shown on Figures 2.5.1 and 2.5.2 have been 
evaluated using the Multi-Criteria Analysis approach, with people of different 
background and professional experience from the Project team. 

The design objectives for the evaluation were: flood resilience; mana whenua; 
environment and sustainability.  Sub-criteria within the flood resilience objectives 
included: hydraulic parameters; river morphology processes; sediment transport 
management; channel and berm arrangements; asset protection and security; and 
residual risk. 

This resulted in the Variable width option with the 2014 bed levels being 
preferred.  The details of this evaluation and the results are described in a separate 
project report.  

6 PRELIMINARY DESIGN 

6.1 GENERAL 
The preferred channel option, of a 70 m active channel and low berms out to the 
90 m limits to above Melling, and then a long transition to a 100 m channel from 
Transpower to the Kennedy-Good Bridge, is the basis of the Preliminary Design.  
This channel arrangement shown in Figures 2.5.4and 2.5.5  defines the geometric 
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shape and low flow channel and beach layout of the design.  Figure 2.5.6 shows 
typical profiles across the channel at cross sections 380 and 560.  Greater 
Wellington Flood Protection will make available, by arrangement, a hard copy set 
of the Preliminary Design drawings referenced in Attachment 2. 

However, within this general definition, further refinements, additions or 
adjustments will be included because of the interactions and connections with 
other aspects of the project.  In particular, this will include considerations around 
the flood defences, stormwater outflows, infrastructure facilities, aquatic and 
terrestrial environments of the river, landscape features and vegetation, 
recreational uses and access, and the cityscape relationships of urban planning. 

Significant alterations from this project connectivity, which arise from this 
preliminary design and project development stage, are described below.  The 
number and extent of these changes depends on the other studies of the Project, 
and changes will be made as required for the development of this preliminary 
design. 

Sediment transport modelling has also been undertaken for the preferred Variable 
option, from Kennedy-Good Bridge to the river mouth, using the sediment 
transport module of the MIKE 11 computational hydraulic modelling programme.  
This provides additional comparative information about the effects on bed 
material transport and bed levels of the proposed changes in the main channel. 
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Figure 2.5.4:  Preliminary Design Channel Alignment (Ewen Bridge to XS470)
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Figure 2.5.5:  Preliminary Design Channel Alignment (XS460 to Kennedy Good Bridge) 
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Figure 2.5.6:  Channel Cross Sections at XS380 and XS 560
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6.2 ALTERNATIVE ALIGNMENT 
If lower Daly Street became available for the stopbank footprint on the City Centre side, 
then the river corridor (of channel, berms and stopbank) could be shifted to the left (City 
Centre) side.  In this case, the height and extent of the retaining walls alongside Marsden 
Street on the right side could be significantly reduced.  On the left side, the stopbank could 
have a more even alignment, without an embayment area around XS 370. 

This requires a shift in the main channel around Marsden Bend, with a slightly longer and 
flatter curvature.  A 25 m berm would be maintained on the left side, with a wider berm 
on the right side including the extension from the 70 m channel to the 90 m limit, plus a 25 
m berm.  The realigned channel then lines up more directly to the widening channel 
downstream to the Ewen Bridge. 

Upstream of Marsden Bend the meander pattern is not well formed (for any alignment 
option), but the revised alignment around the bend does lengthen the area of minimal 
channel form curvature. 

Figures 2.5.4, 2.5.5 and 2.5.6 reflect the channel shift to the left bank noted above. 

6.3 BERM LAYOUT, SERVICES & VEGETATION 
There are a number of stormwater outfalls, from the reticulated city pipe network, which 
enter the river along the Project reach.  From Melling downstream, these outfalls will have 
to be reconstructed at the new river bank (of the design channel) and positioned in a way 
that fits in with the channel geometry, and in particular the split berm configuration. 

The stormwater outlet and connection to the river flow will be part of the river corridor 
landscape, and many of them will be where there are rock works along the river bank.  
The outlet, connection to the river flow, rock works and berm landscape all need to fit 
together in a well formed and functionally coordinated way. 

The shaping of the berms for landscape and access purposes will affect the 
scour/deposition processes of berm flows, and have implications for flood damage and 
repair costs. 

Upstream of Melling, the vegetation on the lower berm areas will be mainly for the 
management of river flows and the channel edge.  However, a diversity of species could 
be included, especially on the landward side of the vegetation buffer and up the berm 
slopes. 

From Melling downstream, the vegetation will mostly relate to the city connection and 
recreational use of the river corridor.  A band of vegetation along the slope between the 
lower and upper berms would have advantages in terms of hydraulic separation of berm 
flows and protection of the berm edges from flood flow erosion.  The positioning of 
openings can have a pronounced effect on localised scour and erosion of the berm land, as 
well as affecting the pattern, and hence velocities, of the flow streams along the berms, and 
the flow exchanges between berms and with the main channel. 

Between the rock works below Melling, the edge vegetation would be willows for bank 
erosion and channel edge management.  These lengths are alongside beaches or bars of the 
low flow channel on the inner side of the flood flow pattern, where the flow forces are less 
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severe.  However, the bank edge will still need protection, with a vegetative management 
approach being taken in these areas. 

The layout and detailing of vegetation, and the density or openness of the species used, is 
important in minimising flood damage and the deposition of suspended silt and sand 
material. 

6.4 LOW FLOW CHANNEL 
The low flow channel from Transpower up to Kennedy-Good Bridge would be formed to 
a pattern that suits the natural form of a 100 m channel along this reach of the Hutt River.  
The reach has an alternating bar form, where the bars or beaches move within an active 
river channel whose edges are relatively fixed.  The low flow channel and its beaches will 
then move, and there will be a tendency for the low flow cross-overs to tighten and the 
beaches to develop more of a hook shape on their downstream end.  A downward 
migration of the channel and beaches can also give rise to a concertinaing of the bar 
meanders into the more fixed channel below Transpower.  The long width transition in 
this area will modify and assist in suppressing this concertina effect, and the sharp 
meander cross-overs that result from it. 

From above Melling downstream to Ewen Bridge, the river channel will be more fixed, as 
a more stable single meandering channel, and by the proposed rock edge works.  There 
will be some instability, though, between the Melling Bridge and Marsden Bend because 
of the poorly defined channel form and meander pattern in this area. 

Along this more stable and fixed reach, features could be added to the river banks and bed 
to create a more diverse river environment.  This could include low rock spurs out from 
the bank linings at low flow water levels, and larger rocks as bed roughness elements, at 
riffle edges and in the bottom of the pools.  This would increase the stability of the 
channel, as well as adding diversity to the channel form. 

Large logs that were mostly buried could be placed at the upper edge of beaches as a 
substitute for rock or in conjunction with rocks.  The central higher area of the beaches 
along this reach, especially those at the well-formed bends, are less affected by flood flows, 
and some shape variation, of landform or features, may be relatively self-maintaining in 
these areas, provided they align to the local flow patterns on the beaches. 
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7 CONCLUSIONS 
An investigation and assessment of the geomorphological and sediment transport 
implications of the river channel design for the proposed Project has been undertaken 
through the design and hydraulic modelling of channel options.  The river along the 
Project reach has been progressively straightened and deepened, and the river corridor 
that is available is very restrictive in terms of natural river behaviour and dynamics.  
Channel options of different active channel widths and bed levels, which represented the 
range of channel variability that is practically achievable within the defined corridor of the 
Project, were drawn up with appropriate low flow and beach meandering and channel 
cross-section shape.  This was based on previous investigations and designs for the Hutt 
River. 

Analyses of sediment transport rates and scour potential were undertaken using empirical 
formulae and hydraulic data generated at each cross-section along the Project reach.  This 
allowed an assessment of the river responses to the channel options.  A lowering of the 
main channel bed from its present level to that of the HRFMP design basis of 1998 is not 
considered to be the preferred option.  Keeping the bed level at its current level provides 
lower, more resilient river channel banks with the additional capacity provided by slightly 
higher stopbanks which is overall a better solution.  Lowering the river bed to the 1998 
levels would also involve a disruptive and high ecological impact “wet” gravel extraction 
operation which provides further justification for keeping the bed levels as they are 
currently.    

A variable channel width, with a 70 m active channel up to Melling and then a long 
transition to a 100 m channel from Transpower to Kennedy-Good Bridge, is considered 
preferable to a constant 90 m active channel throughout.  The narrower 70 m active 
channel up to Melling provides higher sediment transport capacity through this reach so it 
is more likely that gravel will be transferred through to below Ewen Bridge rather than 
depositing through the City Centre. The Multi-Criteria Analysis evaluation of the options 
concluded that the variable channel was preferred on nearly all criteria. 

A comparative assessment of bank protection measures was undertaken using standard 
thickness rock linings along the banks, with appropriate rock sizes and total mass of rock 
determined for the different options. The Variable options would have shorter rock works 
of less height than the Consistent options, but they would be thicker. 

The potential for scour and deposition on the channel berms was assessed based on 
average flood flow velocities and depths, as calculated from the hydraulic modelling 
output data.  The channel options gave rise to only small differences in berm velocities, 
however, berm velocities and depths are sufficient to give rise to local scouring and 
deposition.  The layout and detailing of berm features and vegetation will have significant 
impacts on berm erosion from flood flows and on the deposition of suspended materials.  
Careful consideration should be given to the flood damage and deposition implications of 
landscape, amenity and environmental enhancement measures within the river corridor. 

The preliminary design of the river channel will be based on the Variable option with the 
existing bed levels.  This design with be further refined through the Project development, 
which involves a number of design teams, and the inter-connections that arise from the 
various aspect of the Project. 

The river management implications of other design matters — including the position of 
the flood defences, stormwater outfalls and other infrastructure, berm shaping, features 
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and vegetation, and in-channel features — have been considered and initial assessments 
undertaken.  The completion of the preliminary design will depend on input from other 
design teams and the finalisation of measures within the river corridor that meet different 
objectives. 
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ATTACHMENT 1 

TABLES & FIGURES 
Greater Wellington Flood Protection will make available, by arrangement, a hard 
copy set of the spreadsheet that contains the Tables and Figures scheduled below.   

The hard copy volume is: 

RiverLink, River Channel Design, Assessment of Options and Preliminary Design 
Volume 1:  Figures and Tables 

 

SEDIMENT TRANSPORT 
Tables A-1 to A-20 give bed material transport rates (in m3/s) for each cross-section 
of the Project reach, along with the main channel hydraulic values and medium 
bed material size used in the formulae, for the following selected flows:  5 year, 20 
year, 100 year, 2300 m3/s and 2800 m3/s. 

Tables A-1 to A-5 are for the Consistent option and the 2014 bed; tables A-6 to A-10 
are for the Consistent option and the 1998 bed; tables A-11 to A-15 are for the 
Variable option and the 2014 bed; tables A-15 to A-20 are for the Variable option 
and the 1998 bed. 

Figures A-1 to A4 are plots of the calculated transport rates for the three formulae, 
for the 100 year return period flood flow. 

 

SCOUR POTENTIAL 
Tables B-1 to B-20 give potential scour depths from the flood level and the 
difference between this depth and the maximum bed depth (in metres), along with 
the main channel hydraulic values used in the formulae, for the following selected 
flows:  5 year, 20 year, 100 year, 2300 m3/s and 2800 m3/s. 

Tables B-1 to B-5 are for the Consistent option and the 2014 bed; tables B-6 to B-10 
are for the Consistent option and the 1998 bed; tables B-11 to B-15 are for the 
Variable option and the 2014 bed; tables B-16 to B-20 are for the Variable option 
and the 1998 bed. 

Figures B-1 to B-12 are plots of the calculated scour depths for the Maza & 
Echavarria formula, along with the flood level, mean bed level, low flow and 
minimum bed levels, for the 20 year, 100 year and design flood flows. 

 

ROCK SIZES 
Tables C-1 to C-12 give the rock size (taken as the median size) for rock linings (in 
metres) along with the main channel velocity and depth values used in the 
formulae, for the following selected flows:  20 year, 100 year and 2800 m3/s. 
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Tables C-1 to C-3 are for the Consistent option and the 2014 bed; tables C-4 to C-6 
are for the Consistent option and the 1998 bed; tables C-7 to C-9 are for the 
Variable option and the 2014 bed; tables C-10 to C-12 are for the Variable option 
and the 1998 bed. 

The mass of rock per metre, for a standard thickness lining over the full height 
from foundation depth to crest height, is given in Table C-13 for the Consistent 
options, and in Table C-14 for the Variable options. 

 

BERM VELOCITIES 
Tables D-1 to D-12 give the average velocities of the main channel and berms, 
along with the maximum depth of flow on the berms, at the bank crest, for the 
following selected flows: 100 year, 2300 m3/s and 2800 m3/s. 
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ATTACHMENT 2 
 

DRAWINGS 
Greater Wellington Flood Protection will make available, by arrangement, a hard 
copy set of project drawings scheduled below.   

The hard copy volume is:  

RiverLink, River Channel Design, Assessment of Options and Preliminary Design  
Volume 2:  Drawings 

 

OPTION 1 (Consistent Channel) AND OPTION 2 (Variable Channel) 
• HRCCUP OPTION 1 – XS – 1 to 500 – Draft for P.W. Modelling 15 Aug 2016.pdf 
• HRCCUP OPTION 2 – XS – 1 to 500 – Draft for P.W. Modelling 15 Aug 2016.pdf 
• RiverLink – OPTION 1 PLAN (ALL – Berm Layout).pdf (3 plans) 
• RiverLink – OPTION 2 PLAN (ALL – Berm Layout).pdf (3 plans) 
• 161014 Option 1 pools riffles, beaches Sheet 1 
• 161014 Option 1 pools riffles, beaches Sheet 2 
• 161014 Option 1 pools riffles, beaches Sheet 3 
• 161014 Option 2 pools riffles, beaches Sheet 1 
• 161014 Option 2 pools riffles, beaches Sheet 2 
• 161014 Option 2 pools riffles, beaches Sheet 3 

RIVERLINK PRELIMINARY DESIGN 
70 – 100 m Wide Channel (Variable alignment) 

• Key Plan        RL-RC-DWG-3001 
• Plans – Stopbank Berm and Channel, (1:1000) RL-RC-DWG-3002 to 3017 
• Plans – Stopbank Berm and  Channel, (1:5000) RL-RC-DWG-3018 to 3019 
• Bank Edge Protections, Typical Details   RL-RC-DWG-3020 
• Channel Cross Sections      RL-RC-DWG-3021 to 3037 
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GREATER WELLINGTON REGIONAL COUNCIL 

HUTT RIVER — RIVERLINK PROJECT 

RIVER CHANNEL DESIGN 

Preliminary Design, Project Refinements 

1 INTRODUCTION 
The preliminary design for the RiverLink Project for the City Centre Upgrade 
[Project] has been undertaken through a number of studies that include a wide 
range of investigations.  This requires the integration of different objectives and 
potential design solutions. 

The river channel design has been carried out through an assessment of different 
channel alignments, widths and bed levels, with two conceptual options being 
investigated. One option had an active channel of a consistent 90 m width 
(Consistent Channel option), and the other a variable channel width, from 70 to 
100 m (Variable Channel option). 

These investigations and the results are outlined in the earlier River Channel 
Design report of January 2017.  Following a Multi-Criteria Assessment evaluation 
of the options, the Variable channel with the existing channel bed levels was 
accepted as the basis for the preliminary design for the Project. 

There are a number of ways in which the river channel design and other design 
work interact, in particular concerning the river ecology, the river corridor 
landscape and the Making Places objectives between Melling and Ewen Bridge, 
services within the river corridor, especially the stormwater outlets, and the 
stopbank or other flood defences along the edge of the river corridor. 

River design considerations around these matters and likely interconnections are 
outlined in the earlier report in Section 6.  The eastward shift in the river corridor 
around Marsden Bend has been incorporated into the Project design, and 
computational modelling of bed material transport has been carried out to further 
assess the sediment management implications of the preferred channel option. 

This report covers refinements to the preliminary design that affect the river 
channel design in relation to the other project work streams, and summarises the 
proposed design and its assumptions and limitations.  

2 PRELIMINARY DESIGN 

2.1 REVIEW OF SEDIMENT TRANSPORT MODELLING 
The transport of bed material and resulting changes in bed form and flood levels 
has been modelled by applying the Sediment Transport (ST) module to the MIKE 
11 numerical hydraulic model of the Hutt River, previously undertaken by DHI 
for the Project.  No further model calibration was carried out.  However, the 
modelling was a comparative exercise and absolute values of sediment transport 
were not required. 
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The proposed design channel of the preliminary design (Variable option) was 
compared with the existing channel, of the 2014 channel survey, with particular 
emphasis on bed level trend differences.  Two sediment transport formulae were 
used, the Engelund-Hansen, which was used in the sectional analysis of sediment 
transport, and the Smart-Jaeggi.  

Trends over single large flood events, using both a 20-year and a 100-year return 
period flood hydrograph, were simulated first, and then longer term trends by 
applying the hydrographic record of 2013, repeated 5 times in succession. 

The results show similar trends and bed level changes as were indicated by the 
sediment transport and bed scour calculations at cross-sections (for given flood 
flows) described in the earlier, January 2017, report.  The general results were the 
same for different sizes of bed material and for the two formulae used. 

The changes in bed levels at the cross-sections of the large flood bed material 
transport modelling show more consistency and less section to section variability 
with the proposed channel compared to the existing channel.  What is notable, 
though, is the greater variability with the existing channel in a 20-year event, than 
in a 100-year event.  Greater bed movement activity in the larger event may then 
even out changes along the reach, and there may be more flood recession infilling 
(see Figures 5-1 to 5-3 of the DHI report). 

The longer-term trends show greater changes with the proposed design, and 
support the design intention of encouraging deposition between Kennedy-Good 
Bridge and Transpower.  Downstream of Transpower, there are some areas of 
deposition and some of scouring, as also indicated by the cross-section 
calculations.  The bed level changes after 5 years are very similar to those after one 
year, but this is because the yearly hydrograph is simple repeated with the same 
flows.  Bed levels would, in fact, continually adjust as the flood pattern changed 
from year to year, with both rises and falls at cross-sections over time. 

The cumulative volume changes along the lower river (Figure 5-7 of the DHI 
report) show the aggradation trend down to Transpower, then an oscillation of 
degradation and aggradation within the Project reach, followed by a 
compensating degradation trend downstream to the river mouth. 

The general depositional trend is shown by the rise in flood levels over time, with 
either the existing or design channel.  The increases with the design channel are, 
though, more variable, with a generally lesser rise along the more critical lower 
reach of the Project. 

2.2 PROTECTION WORKS 
The extent of rock linings along the banks of the design channel that are proposed 
for the preliminary design are shown on plans of the river corridor, which show 
the upper and lower berm areas within the corridor, and the position of the cross-
sections.  These linings are also indicated on the design cross-sections.  This 
information is displayed on the RiverLink plans at a 1:1000 scale (A3 size), along 
with the design low flow meander pattern. 

This is the extent of rock works considered appropriate for the design channel, for 
river bank protection purposes, given the expected bank erosion hazard along the 
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Project reach.  For preliminary design purposes the rock works of the Variable 
option, as described in the earlier report, have been retained.  The general scour 
depths, as estimated at cross-sections, have been used for the foundation depths, 
with a constant lining thickness used throughout, of 2.5 times the design d50 rock 
size.  The lining thickness may differ above and below low flow water levels, and 
depend on the overall height of the linings. The foundation depths may also be 
further refined at the detailed design stage. 

The rock design is based on flood velocities of the estimated 100 year return 
period event, which has been the design basis of rock works along the Hutt River, 
including the Ewen Floodway Project.  The combination of edge rock works, the 
berm width, and some part of the stopbank footprint, provide the overall degree 
of protection from erosion failure for the higher 2,800 cumec design flood flow 
standard.  In very large floods some damage and loss of the rock and incursion 
into the berms, or even the stopbanks may occur in places.  The objective is to 
prevent a breach during the design flood event, with repairs being carried out 
afterwards. 

Where no rock lining is shown, the lower berm area would be planted with 
protection vegetation, including willows along the outer (river channel side) edge 
at least, but with a depth of willows to allow the vegetation to be managed as a 
vegetative buffer zone along the channel margins. 

Below Melling, the batter slope between the lower and upper berms will require 
some surface strengthening, for example a fibre geotextile matting, with a plant 
cover, to secure this slope, and to act as a flow divider of upper and lower berm 
flows.  The lower berm would be flooded relatively frequently (a number of times 
per year on average) and a compacted hard surface would be useful in minimising 
localised scouring.  Maintaining the rock edge at the crest of rock linings is 
important for the integrity of the rock works.  Where there are rock linings, an 
angular rubble material could be placed from the rock across the lower berm and 
keyed into the slope above, underneath the compacted fill.  

Above Melling, the lower berm is wider and relatively lower in terms of flood 
levels.  In this case, a full plant cover across the berm and up the slope to the 
upper berm is proposed, and this would be sufficient to mitigate scouring of these 
areas in flood events. 

2.3 STORMWATER OUTLETS 
The proposed cross-sections of the river channel design mean that stormwater 
outlets would be below the bed level at a number of outlets.  The upgrading of the 
outlets, with larger capacity pipes, means the new pipe inverts will be even lower.  
In all cases where the outlet is below the level of the design cross-section, the bed 
or beach level has not been raised, rather kept the same as the existing channel. 

The stormwater outlets along the Project reach are indicated on the plans of the 
river corridor, which show the extent of the rock linings and the upper and lower 
berm areas within the corridor.  The existing and proposed invert levels of the 
outlet pipes are given on these plans. 
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A comparison of earlier surveys of the cross-sections shows that the outlets that 
have inverts below the design bed levels, and the latest 2014 survey levels, would 
have had a clear outlet earlier, as shown by the 1998 survey levels. 

Any bed lowering locally at stormwater outlets would be ineffective, as the bed 
material would be reworked back to the shape that the river processes dictate.  
The design cross-sections are an initial channel form for construction purposes, 
and the actual channel form and beach levels will depend on the responses of the 
river and what is formed through flood events by river processes. 

The aim of the design is to form a channel that fits the natural processes of the 
river and the form that would arise within the channel alignment and widths of 
the selected Project option.  Any deepening of the river bed would have to be 
undertaken in a consistent way along a reach, and this has many other 
implications than a clear outfall for the stormwater outlets.  

The Greater Wellington Regional Council is undertaking a review of bed level 
changes over time, and from this will produce a gravel bed level maintenance 
envelope.  This will guide gravel management and bed levels, while also 
indicating levels for stormwater outlet design.  Where the gravel bed levels 
preclude gravity discharge for outfalls, it is likely that pumping may be required.   

2.4 RIVER ENVIRONMENT 
The eastward shift in the design channel around Marsden bend would have very 
little impact on the river hydraulics or its low flow pattern.  A revised layout of 
the design low flow channel, with its pattern of beaches and cross-over riffles, 
was, however, drawn up for the Variable option of the river channel design, and 
this is shown in Figures 2.4.4 to 2.4.6 in the earlier (January 2017) River Channel 
Preliminary Design report.  Attachment 2 in that report references the 
corresponding full RiverLink planset. 

Additions to the proposed rock works, as well as rock and wood features have 
been proposed as part of the RiverLink 90% Concept Plan.  This included rock 
extensions off the rock linings, as low groynes and boulder clumps in the low flow 
channel. 

Short rock spurs off the face of rock linings are effective in mitigating the extent 
and depth of scour holes that form along rock linings, especially toward the 
downstream end.  They do add some diversity to the channel bed form, giving rise 
to a more complex bed to bend or meander pools.  A set of short spurs could then 
be positioned along the linings, with a crest height around 0.5 to 1.0 m above low 
flow water levels — taking account of tidal fluctuations where they occur along 
the Project reach.  The spurs at the downstream end of a lining can be longer to act 
as end deflectors, and assist in the crossing over of the meander pattern (and low 
flow channel) to the other side of the channel. 

Boulder clumps that project above low flow water levels would not remain intact.  
Movement of the finer gravel material of the river bed during flood events would 
undermine these substantially larger units and allow the boulders to be washed 
away.  A more general roughening of the bed by a scattering of rocks would be 
feasible, and this would increase the diversity of the bed formation and flow 
patterns close to the bed.  This extra roughness in pool areas alongside rock linings 
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would reduce bed scouring in flood events and hence assist in maintaining the 
integrity of the rock protection works in large flood events.  The rock scattering 
could also be carried out in riffle zones to create a more diverse flow pattern at the 
meander cross-overs. 

Large woody debris, as tree trunks, could be positioned along the edges of the 
wide lower berms above Melling, as protrusions from the vegetation buffer zone, 
to provide additional cover and edge diversity.  This wood could be tied to pile 
and cabling work within the buffer vegetation, and act like sets of permeable 
groynes along the front edge of the buffer. 

These features will add to the detail of the river channel and hence in-channel 
diversity.  At the same time they will increase maintenance complexity and cost. 

2.5 RIVER CORRIDOR BERMS 

2.5.1 STORMWATER WETLANDS 
Wetland areas have been proposed along the lower berm areas at stormwater 
outlets, with the stormwater directed through these wetlands.  Being on the lower 
berms, these wetlands would be flooded relatively frequently, and silt deposition 
would occur from this flooding. 

The stormwater outlets are too low for gravity feed flows to the proposed lower 
berm wetlands on the right side in the Marsden Bend area.  The stormwater outlet 
33, at XS 400, may also be re-directed to the downstream outlets.  These wetlands 
are, thus, not feasible. 

The proposed wetland by the (remaining) car park area on the left side, around XS 
400, would take runoff from the car park, and this wetland would be behind a 
rock lined bank.  This wetland then fits in with the river channel design. 

The wetland in the low lying area just upstream of Transpower, on the left side, is 
also behind a rock lining.  This is, though, the re-entry point for floodwaters that 
flow over the golf course area, when this area is flooded in large events. 

The wetland on the right bank upstream of Transpower, taking the flows from the 
outlets 44 and 45, would replace the vegetative buffer zone, and require an 
additional rock lining to protect the river bank — and the wetland behind it.  This 
would significantly alter the management regime along this reach, where a 
continuous buffer zone of vegetation is proposed. 

The wetland further upstream on the right side is positioned across the berm, 
rather than along it, and would include a step down from the upper to the lower 
berm.  This wetland is part of a more forested berm.  A rock lining is proposed 
here as well, but the channel edge could be managed as a vegetative buffer zone, 
with the wetland outflow through this vegetation.  

  

2.5.2 ACCESS, VIEWS & ADDITIONAL ROCK LININGS 
Access ways are proposed on both sides of the river, along the stopbank crest, the 
higher berm land, and the lower berm, adjacent to the main channel. 



7 

Where there are rock linings along the river banks, the lower access way can be on 
the lower berm beside the crest of the rock lining.  Where there is a vegetation 
buffer on the slope between the upper and lower berm, the path would rise up at 
each end onto the upper berm, behind this vegetation.  The buffer zone vegetation 
will have to be managed and re-established following flood damage, and 
consistently dense vegetation is required to have the required buffering effect on 
flood flows.  The buffer vegetation, or other planting, could be used to provide 
some cover and protection of the path at the steep batter slope area (between the 
lower and upper berms).  The local flow velocities and turbulence of berm flows 
will be relatively high in these areas. 

Upstream of Melling, additional rock linings have been proposed to provide views 
and access to the river.  This is an expensive form of bank protection, and the short 
lengths of rock within a reach otherwise managed by continuous vegetation buffer 
zones, give rise to transition problems and edge damage between different types 
of protection measures. 

A rock lined access area is proposed around XS 470 on the left side, where there is 
a larger area of the upper berm.  There would be a gravel beach on this side of the 
river in the design channel, and this beach is likely to remain as a stable beach, at 
the upper end of the 70 m wide channel.  An access to the river could be provided 
in this area, through the vegetation buffer of the river channel design, with this 
access located a little further upstream at the centre of the beach. 

Access paths and view lines are proposed from the City Centre on the left side in 
the Marsden Bend area.  These paths follow the line of the city streets, but this 
means they are pointed in an upstream direction across the berms, in terms of 
river flows.  These paths could bend at the stopbank and be aligned in a 
downstream direction, or a block of planting could be added on the upstream side 
to give a downstream-aligned face on this upper side of the path. 

In general, the effect on berm flow velocities and turbulence should be taken into 
account when detailing the alignment and slope of paths, and the positioning of 
adjacent vegetation. 

2.5.3 BERM VEGETATION ARRANGEMENTS 
A number of different berm vegetation arrangements have been proposed, using 
both native and exotic vegetation.  This vegetation ranges from all mown grass to 
fully forest, and includes combinations of exotic and native trees with low 
understory, and individual specimen trees in grass areas with the river edge 
protection vegetation. 

Natural re-vegetation (for example by birds) will increase the density of 
understory in any area of trees.  This will include native species as well as the 
rapidly spreading herbaceous and creeper exotics present along waterways.  The 
nature of the vegetation areas will, therefore, change over time, and there will be 
maintenance issues around the management of landscape, amenity and habitat 
objectives, as well as flood mitigation.  Sight lines through trees are likely to 
disappear over time.  The dynamics of waterways makes vegetation areas 
changeable places, with many colonising species taking advantage of the 
variations this gives rise to. 
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Tree vegetation should be kept away from the stopbanks to minimise localised 
constriction flows and turbulence close to the stopbank formations.  As a guideline 
there should be an open space of at least 10 metres from the formation toe to trees 
on the berms.  This still leaves plenty of space for tree vegetation and different 
arrangements.  The tree vegetation is also better aligned with the direction of flood 
flows as long bands of vegetation, rather than short blocks of vegetation across the 
berms.  As has been noted, relatively dense vegetation along the boundary 
between the lower and upper berms would be useful for flow separation 
purposes, and to protect the batter slope between the berms. 

Upstream of Melling, the berm areas are larger, with a wider river corridor, and 
there is more scope for denser forest planting and a range of different types of 
plant arrangements.  Upstream of Transpower, the main channel is wider, and 
floodwaters will spill into the golf course area in large floods.  Thus, there could 
be larger areas of trees on the berm land.  The detailing of the planting, and 
associated wetlands and paths, is, though, still important for the integrity of the 
desired landscape, and to minimise flood damage and hence maintenance costs. 

Continuous trees from the river edge across the berms with an open area at the 
back (landward) side of the berms, would be better than a forest area split in two 
by an open area or pathway. 

2.6 RIVER CHANNEL DESIGN 
The proposed river channel design, based on considerations of flood capacity, low 
flow channel pattern, river geomorphology and sediment transport processes, and 
the protection and maintenance of flood mitigation measures, is shown, in plan 
and cross-section views, in Figures 2.4.3 to 2.4.5 of the earlier (January 2017) River 
Channel Design report, and on the RiverLink plans scheduled in Attachment 2 of 
that report.  These plans cover the channel alignment, width and section shape, 
berm areas and slopes, and channel edge protection measures.   

3 DESIGN ASSUMPTIONS & LIMITATIONS 
The river channel design is based on the investigations that have been undertaken 
for the project, and the past investigations and design work on river management 
and flood mitigation measures along the lower reaches of the Hutt River.  Rivers 
are, however, highly dynamic and ever-changing systems, which depend on 
complex physical and biological processes.  River engineering is very dependent 
on experience and an approach of continual observation and adaptation as river 
systems respond and change.  It is as much based on a practiced art, as on theories 
and guidelines derived from scientific experimentation. 

Most important is an understanding of the nature of the river system and the 
characteristics of its differing reaches.  It is the assumptions made about the river 
processes and how they affect the form and dynamics of the river channel that is 
critical to the design and its effectiveness. 

There are many uncertainties in river dynamics, and about the relative effects and 
influences of climate variations and differing catchment processes.  While there 
may be a general predictability in river responses and the effectiveness of 
management works and measures, local expressions and the detail of impacts can 
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be quite unpredictable.  The ease or difficulties in making repairs or re-
establishing protection measures and berm land or vegetation, is also difficult to 
predict. 

The design channel is an initial state for construction purposes, and the channel 
form and extent will change with flood events.  Repairs and re-establishment will 
be in response to what happens given the constraints of regulations and budgets. 

There are really two different reaches in the Project area, one from Kennedy-Good 
Bridge to Transpower (upper reach), and then a transition to a different reach 
from above Melling to Ewen Bridge (lower reach).  There are significant 
differences in likely river responses and uncertainties between these reaches. 

The uncertainties and limitations of the design that are particularly relevant for 
this project are highlighted as follows, taking account of the different nature of 
these two reaches. 

 The low flow meander pattern and the cross-sectional shape of the main 
channel will vary over time, and this depends on the timing and intensity 
of flood events.  The channel along the lower reach will have a relatively 
stable form and be fixed in place by the bank edge rock linings, but there 
is an area of poorer form and more variable sediment transport between 
Melling Bridge and the Marsden Bend.  The channel form along the upper 
reach will shift and change with flood events, and the management 
approach involves a vegetation buffer zone that allows a moveable edge 
as channel migration takes place. 

 Changes in channel form with meander migration may outflank the 
proposed rock linings and in-channel rock works, and extensions or 
rearranging of these works may be required in response.  Scour hole 
development along the linings may also affect the integrity of the rock 
works, and require topping up and/or re-assembling of the rock works. 

 The design flood for capacity containment is a very extreme event, and the 
impacts on the river bed and banks of such a flood event may be 
significantly different to floods of a lesser size.  The physical modelling 
undertaken of the Hutt River (for the Ewen Floodway project) indicated 
that large bed dune formation and movement could take place, and the 
river activity in such an event may be much more severe than the floods 
that have been recorded and observed in the Hutt River.  The knowledge 
and standards developed for floods up to a 100 year return period event 
may be insufficient for such larger events as the design flood. 

 The rock linings are generally high, with vertical heights of up to 4 to 
5½ m.  In large flood events some damage is to be expected, and in floods 
close to the design standard extensive damage and loss may occur.  A 
primary reason for the 25 m berms is to accommodate bank erosion in 
large events given the failure of bank edge protection works. 

 The proposed vegetation layout and planting arrangements on the river 
corridor berms, along with the pathways and various facilities and 
structures, will give rise to complex flow patterns, and severe erosion and 
deposition is likely in localized area because of this complexity.  The lower 
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berm areas in the narrower lower reach will be inundated quite 
frequently, and some scour and deposition will occur because of this 
flooding.  Along the upper reach, this lower berm area will be fully 
vegetated and loss of edge vegetation will occur as part of the 
management regime.  The lower berm within the narrower lower reach 
will be more impacted, and there are more features and structures that 
will be affected in this reach.  Calculated berm velocities of the hydraulic 
modelling are averages across the area of the berms, and there will be 
significant localised variations around these averages.  Variations around 
vegetation edges, gaps and openings, as well as at structures, will add 
further to these localised fluctuations. 

 The gravel bed material of the river will accumulate along the Project 
reach, as it is a natural deposition area.  The upper reach has been 
designed to act as a storage area, and regular extraction of bed material 
from this reach will be necessary to maintain flood capacity and the river 
management approach.   

 The lower reach of the Project downstream of Melling, where the main 
channel is narrowed to 70 m, is designed to transfer sediment through to 
the natural deposition reach downstream of Ewen Bridge.   Even though it 
is designed to transfer rather than accumulated gravel it is still possible 
that occasional extraction may be required to maintain channel capacity.  

 The reach immediately downstream of the Project (Ewen Bridge to the 
Sea) will continue to be a natural deposition area.  It is possible that the 
amount of deposition will reduce in this reach, due to the increased 
deposition within the Project reach upstream of Melling Bridge.  Ongoing 
monitoring and management of aggradation downstream of Ewen Bridge 
will be required.  

 The amount of maintenance effort will depend on how much the different 
Project objectives are to be maintained, and to what level of service.  The 
range and intensity of use along the lower reach will make maintenance in 
this area especially complex, and undoubtedly trade-offs will be required 
over time, as the impacts of floods are demonstrated by actual events. 

 The confinement of the Hutt River along the Project length, the transition 
nature of the reach with its depositional tendencies, the population and 
assets at risk and the range and intensity of human uses of the river 
corridor, combine to give rise to a relatively high level of unpredictability, 
and hence design and maintenance uncertainties.  The residual risks for 
flood mitigation are likewise more uncertain.  The multiple objectives of 
the project, and the maintenance compromises that will be required, will 
impact on flood security, and in unpredictable ways because of these 
uncertainties. 
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4 CONCLUSIONS 
The preliminary design for the river channel has been based on the Variable 
option of the investigation assessment.  This design channel has been used as the 
base geometry for other design work of the Project.  It defines the inner limit of 
stopbanks or other confining embankments or structural works, and the layout of 
upper and lower berm areas.  The split berms provide a range of amenity, ecology, 
and landscape opportunities. The preliminary design also provides a guide to the 
likely bed levels at stormwater outlets after the channel has been constructed.  The 
river corridor preliminary design layout interfaces directly with Trans Metro 
options for Melling station, NZTA’s proposed SH2 interchange at Melling, Hutt 
City Council’s replacement of the Melling Bridge, and other Hutt City roading 
initiatives. 

Protection measures along the main channel banks are incorporated in this design, 
with mostly rock linings from Melling downstream, and vegetation buffer zones 
upstream of Melling.  However, the type and layout of the berm land vegetation 
has mostly come from amenity, landscape and environmental design 
considerations, including the Making Places objectives downstream of Melling. 

Refinements and additions to the river channel design have been outlined in 
response to these other design considerations.  The implications of the proposed 
vegetation, features and structures have also been assessed, with a commentary 
from a preliminary design perspective.  No alterations to the river channel design 
were considered necessary given the results of the continuous sediment transport 
modelling undertaken from the Kennedy-Good Bridge to the river mouth. 

From a river channel perspective there are issues that will need to be further 
considered and allowances made for during the final design process, and these 
issues have been highlighted in this report.  The most complex ones revolve 
around the scour and deposition effects on the berm land along the lower reach of 
the Project, given the multiple objectives of the Project, and hence the complexity 
of the proposed berm measures. 

The unusually high standard of the Project, in terms of flood flows, means that 
there are more than the usual uncertainties around performance in a design event 
or even significantly below a design event.  Additional space has been made 
available for the river corridor, but the residual risks in a design event are 
relatively large.  There are uncertainties around the nature of the flood flow 
processes and effects in this rare large flood event, and in the performance of the 
types of protection measures that are normally used along a river reach like that of 
the project. 

There are, thus, significant design limitations in terms of what is likely to happen 
and how standard protection measures and reserve allowances will perform up to 
the design flood event. 

Rivers are very dynamic natural systems, and conditions will change naturally 
over time, as well as through maintenance and re-establishment measures.  The 
nature of the river reach, its confinement and entrenchment, and the multiple 
objectives of the Project increase the uncertainties, of both maintenance 
requirements and failure potential. 
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The proposed design channel, including the berm arrangement and bank 
protection measures, has been based on the investigations undertaken and 
engineering experience about the effectiveness of different types of measures. 

Environmental, social and economic factors all bear on the design, and multiple 
objectives have been incorporated in the design process.  The preliminary design, 
as shown on the Project drawings, is an outcome of a combination of designs and 
the evaluation of options, at a general and more detailed level.  

The RiverLink project is complex with different levels of Preliminary Design 
progress, in the various Project disciplines, achieved by the project partners and 
their advisors.  The differences in progress have resulted in lags between the 
provision and exchange of information and its application in the various 
Preliminary Design technical reports. The differences do not materially affect the 
intent of the design or achievement of Project Objectives.  Any matters of 
difference will be resolved through the RiverLink Detailed Design stage. 
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2.6 Sediment Transport Modelling 

A synopsis of the sediment transport bed level modelling work that supports River Channel 
Design (S2.5) is outlined in Section 2.2. 

The report RiverLink, Riverworks Preliminary Design, Modelling of Bed Level Changes of the 
Hutt River, DHI (reference 5), is the technical content for this Section 2.6 in the Riverworks 
Preliminary Design report. 
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1 Introduction 
Greater Wellington Regional Council (GWRC) is a Project Partner in the RiverLink Project 
(previously known as the Hutt River City Centre Upgrade Project).   GWRC’s “Riverworks” flood 
protection role includes  widening a constricted section of the Hutt River, with the aim of 
providing adequate protection to Hutt City against river flooding and stopbank erosion risks.   

The Riverworks extend from Kennedy Good Bridge to Ewen Bridge (Figure 1-1).  They form a 
step in the implementation of the Hutt River Floodplain Management Plan, which established 
strategy and policy for long term flood risk mitigation.  Following identification and assessment of 
concept river channel design options in 2014/2015, GWRC adopted one of these in late 2015.  
Further work in 2016 led to a refinement of that, and in its current form it is known as the 
“Variable Width Option” or “Option 2”. 

DHI was commissioned by GWRC to undertake gravel bedload transport modelling of the Hutt 
River to help understand the impacts of Option 2.  This report documents that modelling and 
findings. 

 

Figure 1-1 RiverLink Project study reach (Kennedy-Good Bridge to Ewen Bridge) 

  

Kennedy-Good Bridge 

Melling Bridge 

Ewen Bridge 

Transpower 
substation 
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2 Purpose of the modelling 
The gravel bedload modelling was intended to examine bed level trends in the Hutt River, 
particularly at and downstream of the reach near Lower Hutt CBD where the channel is to be 
improved according to the proposed Option 2.  The work was proposed as a precautionary 
investigation to determine whether there might be any aggradational or degradational trends that 
might affect the efficacy of Option 2.   

Option 2 includes modifications to the river channel between model chainage 43086m 
(Kennedy-Good Bridge) and 46981m (Ewen Bridge). Melling Bridge is at chainage 45600m. 
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3 Modelling method 
The modelling approach has been to adopt the MIKE 11 component of the existing MIKE 
FLOOD numerical hydraulic model of the Hutt River1, by activating the Sediment Transport (ST) 
module of MIKE 11.   

The ST module allows the sediment transport calculations to be restricted by a maximum bed 
level. This facility was used to ensure that only main channel was modelled as mobile-bed, and 
not terraced “floodplains” or river banks. 

For this precautionary study, calibration of the sediment transport model against measured bed 
level changes was considered quite impracticable. The need to calibrate the model was 
therefore avoided by running and comparing pairs of simulations: one with the proposed Option 
2 channel and one with the existing channel. Any bed level trends with the existing channel are 
disregarded, and attention is focussed on the difference in bed level changes between 
simulations using the Option 2 channel and those using the existing channel. 

This approach is compatible with the assumption that bed levels are generally stable with the 
existing channel. This might or might not be the case, but any rates of change are expected to 
be slow. The stable bed assumption is useful for examining the bed changes attributable to 
Option 2. 

In discussion with Gary Williams, the Engelund-Hansen sediment transport equation was 
chosen for the main body of simulations. Clast sizes applied were 30 mm upstream of the 
Kennedy-Good Bridge, 20 mm from just upstream of the Lower Hutt CBD to the sea, and a 
linear transition in between. 

3.1 Sensitivity tests 

As part of Quality Assurance, some sensitivity tests were carried out, by modelling with gravel 
clast sizes reduced by 20% and (separately) by applying a different sediment transport equation 
(the Smart-Jaeggi equation). These runs are specified below along with the main simulations, 
and provided a test of the robustness of the conclusions from the main simulations.   

  

                                                   
1 DHI (2017); RiverLink Riverworks Preliminary Design: Hydraulic Modelling.  Report to GWRC, June 2017. 



  

4 
 

4 Scenarios modelled 

4.1 Large events:  

Two design large events were modelled, with Average Recurrence Intervals (ARIs) of 20 years 
and 100 years respectively. 

The two sensitivity tests – with the Smart-Jaeggi equation and with smaller clast sizes – were 
carried out on the 20-year ARI event. 

4.2 Long-term simulations: 4 simulations 

Long-term bed level trends were modelled by applying the record for 2013, five times in a row.  
That year’s flow record was chosen by inspection as being a reasonably average one, and the 
idea behind applying the same year repeatedly is to show likely future trends without them being 
obscured by random annual variations. 

Both sensitivity tests - with the Smart-Jaeggi equation and with smaller clast sizes – were also 
applied to this model setup. 

5 Modelling results 
All the graphs which follow plot bed level changes for river chainages between 43000m and 
48000m.  This covers the entire reach in which there are significant differences between model 
predictions for the existing channel and Option 2. 

5.1 Large events 

The computed bed level changes over a single large event are shown in Figure 5-1 and Figure 
5-2, for the 20-year and 100-year events respectively.  To reiterate, the two lines on each graph, 
for the existing channel and Option 2, are results from an uncalibrated model, so more 
importance should be assigned to the difference between the two lines 
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Figure 5-1 20-year ARI event: Computed bed level changes (uncalibrated model): Option 2 and Existing 
Channel simulations. 
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Figure 5-2 100-year ARI event: Computed bed level changes (uncalibrated model): Option 2 and 
Existing Channel simulations 

In Figure 5-3, the difference is plotted between the computed bed level changes with Option 2 
and the existing channel, for both the 20-year and 100-year ARI events. 



  

7 
 

 

Figure 5-3 100-year and 20-year ARI events: Computed bed level changes: difference between the 
Option 2 and Existing Channel simulations.   

This difference for the 20-year event is also plotted in Figure 5-4, where it is compared with the 
comparable model output from the two sensitivity tests.  It is notable from this plot that the 
computed bed level changes are not strongly dependent on gravel clast size. 
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Figure 5-4 20-year ARI event: Computed bed level changes: difference between the Option 2 and 
Existing Channel simulations.  The sensitivity test runs are also shown (dashed lines) 

Bed level changes during these large events are not presented here, but are available for 
analysis.  From a brief inspection of a few locations, the bed can have degraded at peak flow 
only for the recession to result in overall aggradation, or vice versa.  The magnitude of changes 
at flow peak appeared to be no more severe than those at the end of the event. 

5.2 Long-term simulations (5 years) 

The “raw” or “uncalibrated” output data from simulation of five   years of flow are shown in Figure 
5-5 (applying the Engelund-Hansen sediment transport equation). 

The difference between these two lines is plotted in Figure 5-6, with the comparable trace of 
level differences from the first year also shown.  As explained above, these lines have been 
produced as an indicator of the bed level changes that might occur after implementation of 
Option 2. 

Figure 5-7 presents the difference in the form of cumulative volume change downstream of Taita 
Gorge (cross-section 1230) over the five year period.  The slope of the graph indicates whether 
a reach is aggrading (positive slope) or degrading (negative slope). 
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Figure 5-5 5-year simulation: Computed bed level changes (uncalibrated model): Option 2 and Existing 
Channel 
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Figure 5-6 5-year simulation: Computed bed level changes: difference between the Option 2 and 
Existing Channel simulations.  Engelund–Hansen formula 
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Figure 5-7 5-year simulation: Difference in cumulative volume change downstream of Taita Gorge 
between Option 2 and Existing Channel.  Engelund–Hansen formula 

Results from the two sensitivity tests for the long-term (5-year) simulation are shown in Figure 
5-8 and Figure 5-9, for the smaller gravel clasts and for the Smart-Jaeggi formula respectively.  
Again, both graphs show that difference between modelled bed level changes for the existing 
channel and Option 2. 
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Figure 5-8 5-year simulation: Computed bed level changes: difference between the Option 2 and 
Existing Channel simulations.  Engelund–Hansen formula, smaller clasts 
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Figure 5-9 5-year simulation: Computed bed level changes: difference between the Option 2 and 
Existing Channel simulations.  Smart-Jaeggi formula 

5.3 Consequent change to flood levels 

The computed flood levels at the peak of two significant freshes were examined, comparing levels in 2013 
with those from the identical events modelled as occurring in 2017, four years later.  Figure 5-10 shows peak 
water levels from one of those events (occurring on 31st October 2013, peak flow 798 m3/s).  The two lines 
are the modelled changes, mostly increases, in flood level over the four years for the existing channel and 
with Options 2 respectively. 
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Figure 5-10 (Peak flow of 31 October 2013) 

Figure 5-11 shows the difference between the two lines plotted in Figure 5-10, also showing a 
comparable line for an earlier fresh, peak flow 765 m3/s, which occurred on 12th September 
2013. 
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Figure 5-11 Long-term simulation: Computed flood level changes over 4 years: difference between the 
Option 2 and Existing Channel simulations 

6 Discussion 

6.1 Single large events 

Computations for the single events (Figure 5-1 to Figure 5-4) show considerable variability in 
bed changes between adjacent cross-sections, in some cases significant aggradation and 
degradation both occurring within a short distance.  At some locations the model predicts up to 
0.4 m aggradation during the 100-year ARI event, and somewhat more during the smaller 20-
year ARI event. 

However, there are no obvious broad trends.  On this evidence, extensive aggradation along a 
reach is not expected during such events, nor extensive degradation. 

6.2 Long-term (5 years) 

Figure 5-5 shows a more distinct pattern of bed change than is evident for the single large 
events.  The changes are in response to a large number of more moderate flow events.  With 
Option 2, significant aggradation is expected between chainages 43900m and 45200m, and to a 
lesser extent between 45900m and 46600m (at the Lower Hutt CBD).  The difference between 
Option 2 and the existing channel shows clearly in Figure 5-7.  Adopting the nett bed changes of 
Figure 5-6 as representing likely bed changes specific to the implementation of Option 2, these 
reaches may aggrade by about 0.4 m (relative to the existing channel situation), with 



  

16 
 

degradational reaches in between (45200m – 45900m, adjacent to Melling Bridge) and 
downstream of 46700m. 

Most of the change occurred within the first year. 

The nett effect on flood levels, at least for the moderate flow events in the 2013 record, is a 
reduction at most locations downstream of 44900m.  Increases in flood level are predicted 
between 43600m and 44900m, the worst being about 0.1 m at 44000m. 

6.3 Sensitivity tests 

Runs with smaller clast sizes showed only minor variations in bed level changes from the main 
simulations, both for the single large events and for the 5 years’ simulation.  The determination 
of clast size does not need to be especially precise for useful and robust modelling of river bed 
levels. 

Applying the Smart-Jaeggi equation was somewhat problematic, in that in some locations the 
computed gravel transport and bed level changes varied quite markedly along the river channel.  
Nevertheless, the broad trends found with the Engelund-Hansen equation (especially the 
aggradation downstream of chainage 43900 in the 5 years’ simulation of Option 2) were 
generally replicated with the Smart-Jaeggi equation. 

7 Conclusions 

7.1 The numerical model 

A MIKE 11 numerical hydraulic model of the Hutt River has been successful augmented by 
deploying the Sediment Transport (ST) module, to infer bed level changes that may follow 
implantation of Option 2.  This was done without calibration data, by modelling the existing 
channel and then subtracting one set of bed level changes from the other. 

Sensitivity test runs indicated good robustness of the model and its results to changes in gravel 
clast size.  Another sensitivity test, applying the Smart-Jaeggi transport formula, showed some 
differences but replicated the most significant features of the computed bed level changes.  
Results with the Smart-Jaeggi formula appeared more erratic than with the Engelund-Hansen 
formula.  The reasons for this could be explored, but the interim inference is that the Engelund-
Hansen formula is the more robust in these particular flow conditions.   

Overall, these sensitivity tests lend weight to the main inferences that can be drawn from the 
modelling results. 

7.2 Implications of the modelling results 

Modelling of individual large events gives no cause for concern.  There is no overall pattern of 
aggradation or degradation, although individual locations may experience up to about 0.5 m 
aggradation or degradation.  This also implies that the design flood levels for major events will 
not be compromised by bed changes during the event. 

Modelling five years of flow indicates that Option 2 would lead to additional aggradation (relative 
to the existing channel situation) over time of up to 0.4 m between chainages 43900m and 
45200m as well as 45900m to 46600m.  However, this aggradation has only a modest effect on 
flood levels, which in other locations may even improve with time. 
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The worst aggradation predicted to follow implementation of Option 2 is in a relatively accessible 
reach upstream of the Lower Hutt CBD.  The best management policy may therefore be to 
survey bed levels over time and being prepared to abstract gravel from this reach should that 
prove necessary after several years. 

7.3 Future investigations 

While the sediment transport modelling has been useful in examining the bed changes 
attributable to Option 2, i.e. changes relative to what would be expected for the existing channel, 
that the sediment model is uncalibrated limits its use in predicting actual bed level changes for 
Option 2 (or the existing channel). 

Calibration of the model would entail reproducing channel volume changes measured between 
cross-section surveys, taking into account mechanical extraction.  Regular detailed cross-
sections of the river bed are commissioned by GWRC, which would make attempting such 
calibration possible.  It may also be possible to make use of LiDAR data to aid in model 
calibration. 

A calibrated sediment transport model would have value in predicting ongoing river 
management requirements.  This could be useful at the detailed design and consenting stages 
of the RiverLink Project and for addressing resource consent requirements surrounding the 
ongoing river management operations and maintenance activities. 
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2.7 Hydraulic Modelling 

A synopsis of the hydraulic modelling work that supports River Channel Preliminary Design 
(S2.5) is outlined in Section 2.2. 

The RiverLink, Riverworks Preliminary Design, Hydraulic Modelling report by DHI (reference 6), 
is the technical content for this Section 2.7 in the Riverworks Preliminary Design report. 
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1 Introduction 
Greater Wellington Regional Council (GWRC) is a Project Partner in the RiverLink Project 
(previously known as the Hutt River City Centre Upgrade Project).  GWRC’s “Riverworks” flood 
protection role includes widening a constricted section of the Hutt River, with the aim of 
providing adequate protection to Hutt City against river flooding and stopbank erosion risks.  The 
project also provides an opportunity to revitalise the city centre (“Making Places”) and to 
reconfigure transport routes, and thus other partners in the project are Hutt City Council (HCC) 
and the New Zealand Transport Agency (NZTA). 

The Riverworks extend from Kennedy Good Bridge to Ewen Bridge (Figure 1-1).  They form a 
step in the implementation of the Hutt River Floodplain Management Plan, which established 
strategy and policy for long term flood risk mitigation.  Following identification and assessment of 
concept river channel design options in 2014/2015, GWRC adopted one of these in late 2015.   

RiverLink is currently in the preliminary design phase, with the intention that the preliminary 
design will be completed and costed to sufficient detail to allow applications for resource 
consents and Notices of Requirement to be submitted late in 2017.  DHI has been engaged to 
be work as part of a “River Engineering Group” of specialists to refine the river channel design 
option adopted.   

Effectively, there have been two distinct stages in the hydraulic modelling investigations.  Firstly, 
early in this preliminary design phase, two variants of the design option alignment were 
identified and drawn up. DHI modelled these two variants for a range of flood scenarios.  
Results were then fed into a multi-criteria analysis (MCA) of these variants, undertaken by a 
wider group of GWRC staff and consultants, and one of the variants was chosen to be taken 
forward for further refinement.  In the second stage, DHI then undertook further modelling of the 
refinements, although only for the 2800 m3/s design flood scenario. 

This report documents these hydraulic modelling investigations and findings.   
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Figure 1-1  RiverLink Project study reach (Kennedy-Good Bridge to Ewen Bridge) 
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2 Design option variants 
The design channel option adopted in late 2015 consisted of, in general terms, a 90 m wide river 
channel and 25 m wide berms on either side, over the Melling to Ewen reach.  During 2016, this 
design was refined and two variants emerged.  These have been referred to as a Consistent 
Width option (“Option 1”, 90 m wide) and a Variable Width option (“Option 2”, 70 m – 100 m 
wide).  In addition, each of the two options had two indicative bed level assumptions: a “2014 
bed” and a “1998 bed”.  Note that these 2014 and 1998 levels are nominal, based on general 
mean bed levels from those surveys, rather than actual bed levels. 

From cross-section 480 upstream, the 1998 and 2014 bed level assumptions are the same for 
each option.   

Further description of the options is provided in Williams (2017). 

Cross-sections and plan views of each, between Kennedy-Good and Ewen Bridges, were 
prepared by Mr Gary Williams.  GWRC provided these in pdf and spreadsheet format to DHI1. 

  

                                                   
1 Emails from Phillip Cook, GWRC to Philip Wallace, DHI.  26 August 2015 (Option 1) and 30 August 2016 (Option 2).   
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3 Hydraulic model 
A recently updated computer model of the Hutt River (DHI, 2016) has been used to compare the 
hydraulic effectiveness, impacts and implications of the two design option variants.  The model 
uses MIKE FLOOD software and covers the river downstream of Taita Gorge, as well as the 
Lower Hutt and Petone floodplains on the left and right banks respectively, and the Waiwhetu 
and Awamutu Stream channels (Figure 3-1).   

The MIKE FLOOD model dynamically links component MIKE 11 (1-Dimensional flow) and MIKE 
21 (2-Dimensional flow) models.  In this case, the main river and stream channels, as well as 
river berms in some locations, have been represented in the MIKE 11 component, while the 
floodplain and remaining river berms have been represented in the MIKE 21 component.  Flow 
is allowed to spill from the channels to the floodplain (or berms where they are in the MIKE 21 
component) and vice versa. 

MIKE FLOOD version 2014 was used for the initial stages of the modelling, while MIKE FLOOD 
version 2016 (SP3) was used for the second stage of the modelling.  

The model has been calibrated to the flood event of 27-28 October 1998, with verification 
against flood events in June 2002 and January 2005.   

 

Figure 3-1 MIKE FLOOD model of Hutt River and floodplain (MIKE 11 channels and MIKE 21 floodplain) 

MIKE 21 floodplain  
topography (m) 
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3.1 Model simplification 

In order to speed up the model simulations, given that a large number were required, the original 
model was simplified as follows 

• Right berm between Melling and Kennedy-Good Bridges, left berm between 
Kennedy-Good and Pomare Bridges and right berm between Kennedy-Good 
Bridge and cross-section 810 (at the upstream end of the Belmont floodplain) 
were all removed from the MIKE 21 component and put into the MIKE 11 
component. 

• Lateral links in the upper reaches of the Waiwhetu Stream were removed from 
model. 

• The harbour was removed from the MIKE 21 component (but the model remains 
connected to the harbour via the boundary condition applied at the downstream 
end of the MIKE 11 component). 

In order to check the effect of the simplifications, results for a stylised version of an earlier 
(2014) design scenario with the model simplifications were compared to those using an 
equivalent (original) full model set-up, with the 2800 m3/s design flow.  The simplified model 
predicted peak levels typically 50-200 mm higher than the full model, between Pomare and the 
Transpower substation, and around 40 mm lower between Melling and Estuary Bridges (Figure 
3-2).  

Figure 3-2 Effect of model simplification on peak flood levels in Hutt River (2800 m3/s flow)  

Although the effect of the simplification is relatively small over the main reach of interest (Melling 
to Ewen Bridges, i.e. cross-sections 430 to 310), further checks were made for the October 
1998 and January 2005 calibration and verification events.  (Note that both these events were of 
around 1 in 25 year return period.)  

In the case of the October 1998 event, the simplified model gave slightly more scatter to the 
difference between observed levels and model predictions (Figure 3-3), and a slight increase in 
the overall error (Table 3-1).  On the other hand, the simplified model gave a slightly better fit to 
the observed data in the case of the January 2005 event (Figure 3-4 and Table 3-2).  

Overall, at this preliminary stage of design, the simplified model is considered fit for purpose.   
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Figure 3-3 Comparison of model calibration, original and simplified models (October 1998 flood) 

Table 3-1 Comparison of model calibration, original and simplified models (October 1998 flood) 
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Figure 3-4 Comparison of model verification, original and simplified models (January 2005 flood) 

Table 3-2 Comparison of model verification, original and simplified models (January 2005 flood) 
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sections.  Upstream of Kennedy-Good Bridge, the model uses 1998 cross-sections as bed 
levels in that reach have been maintained, more or less, at those levels.   

Vegetative and rock bank protection in the Kennedy-Good to Ewen reach, for each of the 
options, have been represented in the models by increased resistance across the sections at 
locations indicated in correspondence from Gary Williams2.  Rock riprap protection, generally 
where the channel batter slope is 1.5H:1V, has been represented by a relative resistance of 1.5 
(i.e. 1.5 times the Mannings n value assumed for the cross-section).  Vegetative bank 
protection, generally 5-10 m wide, has been represented by a relative resistance of 3.5.  
Typically, this results in the model assuming a Mannings n value of around 0.055 – 0.060 for 
rock riprap and 0.125 – 0.135 for the vegetation strips. 

Debris blockage of the Hutt River bridges has been assumed for all but the 2 year ARI 
scenarios.  In general, the soffit of the bridges has been lowered by 0.5 m and the pier ratio 
increased by 0.1 (over the no-debris situation).  Again, however, a replacement bridge at Melling 
that has no impact on flood levels is assumed.  Further details are given in DHI (2016). 

  

                                                   
2 Emails from Gary Williams to Philip Wallace, DHI, 11 August , 13 September and 4 October 2016 
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4 Flood scenarios 
The design options have been run for the following design flood scenarios (peak flows, all as 
measured at Taita Gorge): 

• 2800 m3/s; 
• 2300 m3/s; 
• 1965 m3/s (approximately 100 year ARI3); 
• 1595 m3/s (30 year ARI); 
• 1494 m3/s (20 year ARI); 
• 1296 m3/s (10 year ARI); and 
• 1089 m3/s (5 year ARI). 

All of these design flow scenarios were applied with a 20 year ARI Waiwhetu Stream flow and a 
tidal boundary condition of 1.3m RL (approximately a 20 year storm surge) 4, with the flow peak 
in the lower river reaches occurring at around the time of high tide.  No allowance has been 
made for sea level rise due to climate change, as the river is reasonably steep; tests have 
confirmed that the sea level conditions do not have any significant effect on flood levels in the 
city centre reach.  Figure 4-1 shows that the effect of 800 mm SLR on peak flood levels is 
insignificant upstream of Ewen Bridge.  

In addition, a 2 year ARI event (777 m3/s at Taita Gorge) has been modelled, for the 2014 bed 
versions of Options 1 and 2.  In this case, a typical daily tide, peaking at 0.9 m RL, has been 
used for the downstream boundary.  A nominal base flow of just under 1 m3/s is assumed for 
this scenario. 

 

Figure 4-1  Impact of 800 mm sea level rise on peak flood levels (Option 2, 2014 bed)  

  

                                                   
3 Average recurrence interval.  A 100 year ARI flood is also referred to as a 1 in 100 year flood, or a 1% AEP (Annual 
Exceedance Probability) flood.   Similarly, for example, a 5 year ARI flood is also referred to as a 1 in 5 year flood or a 
20% AEP flood. 
4 From an analysis of annual peak levels at the Queens Wharf recorder in Wellington Wallace, 2011) 
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5 Results 
Key model results of interest are peak water levels, and central channel velocities and berm 
velocities. These will be used, for example, to set stopbank crest design levels and rock riprap 
sizes, to estimate scour and sediment transport. 

5.1 Peak water levels 

Design levels for stopbanks are to be based on the 2800 m3/s flood levels, with 900 mm 
freeboard.  Figure 5-1 shows the design levels, including freeboard for each of the options and 
bed levels modelled.  Results downstream of Melling Bridge, i.e. cross-section 430 inclusive, are 
taken from the 1-D model component.  Upstream of Melling Bridge, levels are taken from the  
2-D model component, along the line of the stopbank crest. 

2014 bed levels are, on average, higher than those of 1998 and hence the design profiles for the 
2014 bed versions of each option are higher than those of the 1998 versions.   

Option 1 gives lower flood levels than does Option 2, by 100 – 200 mm downstream of Melling 
Bridge, by around 300 mm between cross-section 500 and Melling Bridge and by around 100 
mm upstream of cross-section 510. 

In advance of either Option 1 or 2 being chosen, the River Engineering Group produced an 
interim smoothed profile of preliminary design stopbank levels, to allow costings and preliminary 
geotechnical design work (for example) to proceed.  The smoothed profile is shown in Figure 
5-1 and Table 5-1.  The Group reasoned that, if Option 2 was chosen for example, bed levels 
may be able to be managed to somewhere between the 1998 and 2014 levels.  (Note that the 
2014 bed levels have been subsequently assumed in the Preliminary Design – refer Section 6 of 
this report.) 

Further note that from cross-section 510 upstream, the recent as-built Boulcott stopbank levels 
are higher than the design profiles shown, i.e. no additional topping-up of the Boulcott stopbank 
is needed. 

 

Figure 5-1 Design flood levels (including freeboard), Options 1 and 2 
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Table 5-1  Interim stopbank design levels (smoothed) 

  

5.2 Channel velocity 

Central channel velocity (channel-averaged) results have been supplied to Gary Williams for his 
riprap sizing and sediment transport calculations (Williams, 2017).  Results are summarised in 
Figure 5-2 to Figure 5-5. Figure 5-6 provides a comparison of the options for the 2800 m3/s and 
5 year ARI design events. Amongst the conclusions that can be drawn from these graphs are: 

• Downstream of the Transpower and Safeway Storage sites (cross-sections 520-
510), Option 2 gives higher velocities than Option 1.   

• Upstream of the Transpower and Safeway Storage sites, to cross-section 580, 
Option 1 gives higher velocities. 

• Nonetheless, there is not a great difference in the velocities across the options.  
• Downstream of Kennedy-Good Bridge, from around cross-section 640, velocities 

drop and then increase again after around cross-sections 540-530.  This is likely 
to be due to the river flows leaving the main channel and flowing into the Boulcott 
Golf Course and then returning to the main channel from around cross-section 
530, as is shown in Figure 5-7. 

Further discussion on the velocity results is given in Williams (2017).  
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Figure 5-2  Peak velocities, central channel, Option 1, 1998 bed 

 

Figure 5-3 Peak velocities, central channel, Option 1, 2014 bed 
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Figure 5-4 Peak velocities, central channel, Option 2, 1998 bed 

 

Figure 5-5 Peak velocities, central channel, Option 2, 2014 bed 
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Figure 5-6 Peak velocities, central channel; comparison of options: 5 year ARI and 2800 m3/s flow  

 

Figure 5-7 Velocity vectors and flood depths, Option 2 2014 bed, 2800 m3/s flow, at around time of flood 
peak 

5.3 Berm velocities 

Berm velocities (averaged over the berm) for both the lower berms and upper berms, where 
they exist, have been derived from model results, over the Kennedy-Good to Ewen reach.  
Tables of the berm velocities, and a discussion of these, are provided in Williams (2017).  
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6 Adopted Preliminary Design 
A Multi Criteria Assessment (MCA) of the variant options was undertaken by a wider group of 
GWRC staff and consultants working on the Riverworks design.  In October 2016, Option 2 
emerged as the preferred alignment.   

Subsequently, Option 2 was modified by shifting the channel and stopbank alignment eastwards 
between cross-sections 330 and 380.  The shift was greatest at cross-section 360 (17 m to the 
east).  This modification has been referred to as the “Eastward Bias” alignment in the model 
files.   

This modification to Option 2, with the assumption of the nominal 2014 bed levels, has been 
incorporated into the Preliminary Design.  (Williams (2017) concluded that lowering bed levels to 
1998 levels would be disruptive and not worthwhile.) 

DHI modelled the Preliminary Design for the 2800 m3/s flood scenario.  Predicted design levels 
(including freeboard) are shown in Figure 6-1.  Comparison with the results from the Option 2 
(2014 bed) modelled earlier show that design flood levels are up to 6 cm higher around the 
location of the eastward realignment (the peak difference being at cross-section 370).  The 
earlier interim smoothed levels from Figure 5-1 and Table 5-1, provided for preliminary 
geotechnical design, are also plotted for comparison. 

Table 6-1 gives the Preliminary Design stopbank levels (including freeboard) for the 2800 m3/s 
flood scenario.  In practice, some smoothing of these levels would be applied before levels are 
finalised. 

 

Figure 6-1 Preliminary Design flood levels (with freeboard) 
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Table 6-1 Preliminary Design flood levels (with freeboard) 
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7 Further assessment 

7.1 Model refinements and recalibration 

Minor refinements to the model have been made since the modelling described in this report 
was undertaken.  In addition, there have been two floods of around a 5 year ARI in the Hutt 
River since the modelling.  The first occurred on 15 November 2016, and a several peak flood 
levels were measured from flood debris marks.  The second occurred on 2 February 2017.   

Information from the first of these events has been used to check the model calibration.  Results 
are shown in Figure 7-1.  Although there is some scatter to the debris levels, the model 
predictions are reasonable, especially if the debris level at cross-section 400 is discounted 
(GWRC staff suspect that might reflect surface ponding from local runoff, rather than river flow).  
The one point measured upstream of Melling showed a model underprediction of 200 mm.  

GWRC also measured debris levels in the February flood event, upstream of Melling Bridge.  
This event has not yet been modelled, but once done a better idea can be obtained of whether 
the model needs tweaking upstream of Melling Bridge.  

  

Figure 7-1  November 2016 flood event levels 
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The likely design, layout and location of any replacement Melling Bridge, the size of the resulting 
bridge waterway and the layout of a reconfigured Melling Interchange are still uncertain.  The 
design will require updating once these become clearer. 

In the interim, as noted in section 3.2 above, modelling to date has assumed that a replacement 
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An initial design of a new Melling Interchange, with the road carriageway encroaching into the 
floodway on the western (right bank) has been tested with the hydraulic model.  Indicative 
results suggested that additional encroachment could cause flood levels to rise by around 8 cm 
upstream of Melling, in the 2800 m3/s flood.  However, this would need confirmation once the 
bridge details are further advanced.  The encroachment could also cause significant impacts on 
the river flow patterns in this reach. 
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2.8 Channel Alignment Selection 

A synopsis of the channel alignment selection process is outlined in Section 2.2.  The preferred 
Option 2 Variable river channel alignment was taken through to the Preliminary Design. 

The report RiverLink, River Channel Design, Channel Alignment, Options 1 and 2: Selection 
Process by GWRC (reference 7) is the technical content for this Section 2.8 in the Riverworks 
Preliminary Design report. 
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1. Introduction 
Options to refine the river performance for the preferred Concept Design Option A 
(selected in 2015) were investigated in the River Channel Design.  Section 2.5 of the 
Riverworks Preliminary Design report describes the River Channel Design (Gary 
Williams, May 2018).   

A primary objective of the River Channel Design is to establish the optimum 
channel alignment within the “Option A – 90 metre channel, 25 metre berms 
(minimum) on each bank to provide high levels of flood protection at the design 
standard (2,800 m3/s)”. Refer Section 2.3 Channel Alignment Development, 
Riverworks Preliminary Design (2016 to current).   

Plan views of the two alignment options are shown in Figures 2.5.1 and 2.5.2 in 
Section 2.5. 

The two options were assessed against a number of attributes to select the preferred 
option. A Multi Criteria Analysis (MCA) process was used to select the preferred 
option that was then developed through Preliminary Design.   

This report (Section 2.8 of the Riverworks Preliminary Design Report) summarises 
the process to assess the two channel alignments and selection of the preferred 
option. 
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2. Channel Alignment Options 
Opportunities to refine the river performance for Option A (selected in 2015) were 
investigated.   Two alignments were identified that could improve the river channel 
within the Option A, 140 m (minimum) wide river corridor.  Refer to Section 2.4 for 
a full description of the two alignments. 

A summary of the two channel alignment options are: 

• Option 1 has a consistent channel width of 90 m from Ewen Bridge to Kennedy 
Good Bridge.  The design has a minimum 25 m berm width including 5 m to 
10 m wide lower berms at the river’s edge.    

• Option 2 has a variable channel width from 70 m and 100 m. The 70 m channel 
extending from Ewen Bridge to Melling Bridge, has a lower berm out to the 
90 m channel width.  The 100 m channel extends from the Transpower site to 
the Kennedy Good Bridge.  There is a long channel width transition from 
upstream of Melling to the Transpower site.   

 
For drawings outlining the channel meander patterns of bend curvature and 
wavelength, and cross-sections that would be characteristic of the channel see 
Section 2.4.  

The selection process does not account for any implications arising from the Melling 
Bridge replacement, the NZTA Melling Intersection Improvement project or the 
proposed pedestrian and cycle bridge.  At the time of this selection process details 
for these project components were unknown. 
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3. The Objectives and Attributes for the Channel Alignment  
The objectives used for the evaluation of each channel alignment option are set out 
below.  These objectives are based on the objectives used for the selection of Option 
A and the Hutt River City Centre Upgrade Project Design Objectives (approved by 
HVFMS)1.  

 The objectives identified for the evaluation of the channel alignments were: 

1. Flood Resilience: Hutt Valley people (current and future generations) and 
properties have protection to the level set out in Hutt River Floodplain 
Management Plan (2001) 

2. Mana Whenua: Enhance Mana Whenua values along the river corridor. 

3. Environment: Social, recreational and ecological values are enhanced along the 
river corridor. 

4. Sustainability: The design enables a staged implementation process and 
ensures affordable outcomes in terms of ability to implement and maintain. 

 
Mana whenua representatives were not available to participate in the selection 
process discussions. Inputs from Mana whenua will be provided through discussions 
with workshops held separately with Mana whenua representatives.  

It is essential the project involves Iwi in design development discussions, processes 
and decision-making. Reliance solely on statutory processes to meet Treaty of 
Waitangi obligations does not result in meaningful involvement.  

Each objective was defined by developing criteria, sub-criteria and discussion 
prompts.   The technical experts developed these definitions (see Table 1).  For the 
list of the project technical experts involved in this process see Attachment 1. 

 

 

                                                 
1 Hutt River City Centre Upgrade Project - Design Objectives (Hutt Valley Flood Management Subcommittee Order Paper 20 March 2014) 
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Table 1: Objectives and Attributes (Criteria and Sub-Criteria) 

Objective Objective Attributes 

Criteria Sub-criteria 

Flood Resilience   
Hutt Valley people (current and 
future generations) and 
properties have protection to the 
level set out in Hutt River 
Floodplain Management Plan 
(2001) 

River corridor contains a 
2,800 m3/s flow (to recognise the 
needs of future generations and 
to adapt to climate change 
scenarios, over 100 years ) 

1. Hydraulic parameters within the alignment are manageable at flows up to design discharge 
2. Channel alignment allows the channel to reach a more natural form and better accommodate morphological processes 
3. Channel alignment allows a sustainable sediment management regime 
4. River corridor has sufficient width and allows balance between channel and berms 
5. Combined function of edge protections, berms and stopbanks provide security against erosion in flood events up to design standard 
6. Residual risk in the system is low during design event 

Mana Whenua   
Enhance Mana Whenua values 
along the river corridor 

Cultural/Mana Whenua 1. Impact of loss of Maori values 

Environmental   
Social, recreational and 
ecological values are enhanced 
along the river corridor. 

Amenity and Recreation - 
Diversity of recreation activities 
enabled in river corridor and 
adjacent space 

1. Accessibility to the water (Principle 7) 
2. Visual amenity / naturalness of the river edge 
3. Diversity of pathway experience 
4. Diversity of amenity 

Ecological diversity and water 
quality enhanced through the 
river corridor. 

1. Stormwater management/riparian wetland opportunity 
2. In stream habitat diversity & abundance 
3. Terrestrial (vegetation) diversity and abundance 

Sustainability   
The design enables a staged 
implementation process and 
ensures affordable outcomes in 
terms of ability to implement and 
maintain. 

Alignment will be an optimised 
and economic design, uses 
durable materials, enables a 
flexible construction 
methodology, permits effective 
maintenance and operations 

1. Materials - quantities, volumes and mass 
2. Viable and effective construction methodology 
3. Permits effective and economic maintenance and operational management 
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4. Channel Alignment Selection Process 
The channel alignment selection process allowed for a qualitative assessment of the 
various features of the two alignment options.  The process looked at the 
opportunities each channel alignment provided and identified where there are 
potential issues with an option. The selection process required the evaluators to 
make a judgement about the relative merits of the option being evaluated. 

The selection process was spread over three workshops.  A summary of each 
follows: 

Table 2: Workshop Details 
Workshop Date Description 

1 1 Sep 2016 Technical experts considered the project objectives applicable to 
the riverworks selection process then developed associated 
attributes i.e. criteria, sub-criteria and prompts to be used for the 
appraisal 

2 19 Oct 2016 An initial evaluation of the river alignment options by the 
technical experts and Wellington Regional Council Operations 
team.  The relevant specialist provided an initial score and 
explanation, for discussion. 

3 26 Oct 2016 Review of the completed Workshop 2 evaluation by the 
Wellington Regional Council Flood Protection team with 
explanation by the technical expert. 

 

See Attachment 1 for the list of workshop attendees. 

The selection process involved the following: 

• An “importance” weighting was applied to each objective.   
• The channel alignment performance was scored based on an assessment of the 

attributes.   
• A weighting was applied to each sub-criteria based on the impacts of the design, 

or the opportunity provided.   
• A sensitivity exercise was undertaken by varying the importance weighting of 

each objective. This provided an understanding of the level of influence any 
given objective had on the final selected channel alignment.    

 

The process is discussed in further detail below. 

4.1 Importance of Each Objective  
The importance of each design objective was identified based on the level of 
consideration required for the design of the channel alignment.  The importance 
accorded to each of the objectives was as follows: 

• Flood Resilience 80 %  
• Mana Whenua 5 % 
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• Environment 10 % (Amenity and Recreation 5% and Ecological 5%) 
• Sustainability 5 % 

 

4.2 Scoring the Attributes against the Channel Alignment Options 
The appraisal of the river alignment options was completed through the second and 
third workshops.  A score of one to five was given for each sub-criteria, with one 
being the lowest rating and five being the highest. The aim was to determine the 
relative fit of the opportunities available for each option against the sub-criteria. The 
discussion prompts set out key considerations to focus discussions.  The experts with 
skills and experience in each of the objectives provided an initial score and 
explanation of their rationale. Their information provided was discussed and debated 
with workshop attendees to develop an agreed score.   

The assessment summary of Options 1 and 2 for each objective / criteria / sub-
criteria item is set out in the tables in Attachment 2.  

The score allocated to each sub-criteria item is provided in tables in Attachment 3. 

4.3 Weighting the Significance of the Sub-Criteria 
The sub-criteria were weighted to recognise the relative significance of the attribute 
in assessing the design of the channel alignment options.  A summary of the 
explanation and ranking for the weighting selected is included in the tables in 
Attachment 1.  

The weighting of the sub-criteria used is provided in tables in Attachment 3. 

4.4 Sensitivity Test 
Having agreed the importance, base scores and weights (referred to as the base 
results), the importance rating for each design objective was then adjusted at the 
workshop.  This ‘sensitivity test’ (Attachment 3) provides an understanding of the 
influence of the importance rating when compared with the base results.  In this way 
if the environmental objective, for example, were considered to be more important 
than flood resilience objective then the decision-makers could understand which 
option would be preferable on this basis. The outcome of the sensitivity testing of 
the objective importance confirmed that regardless of which design objectives were 
given greater significance by importance, the outcome was the same vis. Option 2 
Variable Channel is the highest scoring option.   
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5. The Channel Alignment Selection Result 
The appraisal of the two river alignment options identified that the Variable river 
channel option, with base importance percentages, is the highest scoring and most 
favourable option for meeting the objectives and attributes identified.  Table 3 below 
summarises the score by objective for each of the channel alignments. 

Table 3: Summary of the Selection Process Results 
Channel 
Alignment 
Option: 

Option 1: Consistent Option 2: Variable 

Objective Score Weighted 
Score 

Importance 
Score Score Weighted 

Score 
Importance 

Score 
Flood 
Resilience 

20 3.4 2.7  23.5 4 3.2 

Environment 15 4.6 0.46 28 7.3 0.73 
Sustainability 8 2.6 0.13 10 3.2 0.16 
TOTAL 43 10.6 3.29 61.5 14.5 4.09 

*Mana whenua to be addressed separately 
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6. Concluding Comments 
The Variable channel alignment was found to best meet the objectives and 
associated attributes through the base results.  Sensitivity testing confirmed that the 
Variable channel alignment preference was not dependent on the importance of any 
objective.  

The Variable channel alignment was progressed through to Preliminary Design. 
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Attachment 1 

 
Workshop Participants 
 
Project Technical Experts  
Name  Company Title 
Gary Williams G & E Williams Consultants River Engineering Specialist 
Phil Wallace DHI Hydraulic Modelling Specialise 
Brendan Paul Damwatch Engineering Ltd Principal Engineer 
Marc Baily Boffa Miskell Urban Planner, Partner 
Helen Baggaley Boffa Miskell Landscape Architect, Associate Principal 
Brad Dobson Boffa Miskell Landscape Architect 
Dr. Vaughan Keesing Boffa Miskell Ecologist, Associate Partner 
Angie Campbell Boffa Miskell Landscape Planner 
Jade Wikaira Boffa Miskell Kaiarataki; Te Hihiri – Strategic Advisor, Māori 
 
Greater Wellington Regional Council 
Name Title Workshop 

Participation 
Alistair Alan Team Leader, FMP Implementation 1, 2 and 3 
Dayasiri Atapattu Senior Project Engineer, Implementation 1 
Steve Kamo Project Engineer 1, 2 and 3 
Rebecca Polvere Project Manager 1 and 3 
Graeme Campbell Manager, Flood Protection 3 
Jacky Cox Section Leader, Operations Planning 2 and 3 
Colin Munn Team Leader, Ops, Delivery & Planning 3 
Tracy Berghan Principal Planning Adviser 3 
James Flanagan Senior Engineer 3 
Susan Jones Environmental Planner, Flood Protection 3 
Ross Jackson Advisor, Hutt River Upgrade Project 3 



 

 
RIVERLINK CHANNEL ALIGNMENT SELECTION PROCESS REPORT PAGE 15 OF 22 
 

Attachment 2  

Assessment Summary of Channel Alignment Options 
 

The tables below outline the basis for the weighting used for each sub criteria and resulting 
score allocation.  To be read in conjunction with the scored tables in Attachment 3. 
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Flood Resilience 
Objective: Hutt Valley people (current and future generations) and properties have protection to the level set out in Hutt River Floodplain Management Plan (2001) 

Criteria:  River corridor contains a 2800m3/s flow (to recognise the needs of future generations and to adapt to climate change scenarios, over 100 years) 

 Sub-criteria Weighting Explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features Assessment 

1 Hydraulic parameters within the 
alignment are manageable at flows 
up to design discharge 

Essential that the channel is able to 
safely pass the design flood 
Ranking: 1 

The instream channel is larger therefore has a greater 
capacity 
The water level is lower by up to 100 – 200mm downstream 
of Melling Bridge and 200-300mm upstream of Melling 
Bridge when compared to Option 2. 
Resulting crest level is 300mm lower than Option 2 
Velocities are similar between Options and are manageable 
for rock erosion protection requirements  

The instream channel is narrower to accommodate 
lower berms 
Water level is higher in the channel resulting in crest 
level 300mm higher than Option 1 
Velocities are similar between Options and are 
manageable for rock erosion protection requirements 

Both options have the required capacity to pass the 
design flood.  Both options are compatible with the 
Boulcott design. Comparatively, Option 1 
performance is preferred for the design flood due to 
marginally lower water level and therefore lower 
crest level. 

2 Channel alignment allows the 
channel to reach a more natural 
form and better accommodate 
morphological processes 

Allows for a natural behaviour of the 
channel which promotes performance 
and environmental aspects 
Ranking: 3 

• The channel alignment is entrenched and straight with a 
relatively flat bed.  

• There are some parts of the proposed alignment 
upstream of Melling Bridge which provides better 
morphological opportunities than Option 2. 

• Only 1 significant bend, performance poor for providing 
opportunity to improve the morphological process within 
the channel. 

The design will change the meander pattern upstream 
compared to the existing river, while the remainder of 
the meander pattern will be more natural than 
compared to the existing river. 
 

Option 2 alignment has the potential to promote a 
more natural form and support morphological 
processes due to the proposed meander pattern.  
Option 1 forces a straighter and more entrenched 
channel. 

3 Channel alignment allows a 
sustainable sediment management 
regime 

The channel shape and patterns 
dictates sediment transportation 
characteristics 
Ranking: 4 

• Due to channel shape, bed material will be deposited 
throughout the river reach 

• Deposition mainly occurs along urban reach and leads 
to increased bed levels requiring greater active 
management. 

• Lowering the bed level to ’98 does not improve the 
sediment transportation regime and the management 
requirement. 

• Proposed alignment is designed to promote 
sediment deposition upstream of Transpower and 
transport through the city reach 

• The proposed alignment requires a minor 
modification to the current gravel extraction 
consent as there will be an increase in the 
extraction requirements upstream of Melling Bridge 
and downstream of Ewen Bridge while decreasing 
extraction requirements through the middle reach. 

 
 

For both options sediment removal will be required 
from Ewen Bridge to the harbour. For both options 
there will be significant scour at the lower end of the 
river during the design flood. Sediment modelling of 
the river to the estuary is required. 
The 2014 bed level is the better bed level for 
sustainability. 
Option 2 is preferred as it utilises a natural 
deposition zone for future gravel extraction, and a 
natural channel pattern for improved sediment 
transport. 
Option 2 improves the deposition pattern and 
controls the sediment transport to areas of less 
public interaction and outside of pNRP identified 
sites of regional significance. 

4 River corridor has sufficient width 
and allows balance between 
channel and berms 

Ranking: 5 There is less berm width available compared to Option 2. 
The difference is not substantially different to Option 2. 

Rock protection is further away from the toe of the 
stopbank creating better balance between the berm 
and channel  

Scoring is similar as there is not a great difference in 
the options and the resulting impacts are not great.  

5 Combined function of edge 
protections, berms and stopbanks 
provide security against erosion in 
flood events up to design standard 

Important to support channel flood 
carrying capability 
Ranking: 2 

Edge protections will need to be designed to account for 
narrower berms 

The wider berms provide additional sacrificial buffer 
zone  
The split berm creates hydraulic separation which 
provides additional upper berm security. 

There is not a large difference between the options.  
Option 2 is preferred on the basis that the lower 
berms provide additional resilience. 
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 Sub-criteria Weighting Explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features Assessment 

6 Residual risk in the system is low 
during design event 

Ranking: 6 The design water level in the channel is lower than Option 2, 
slightly reducing residual risk 

Performance of the channel is better during the lower 
more frequent flood events when compared to Option 
1. 
There is additional freeboard if there is a future need to 
widen the base flow channel to 90 m wide channel ie. 
Remove the split berms 

Option 1 preforms slightly better than Option 2 in the 
design flood. However there are performance 
uncertainties for both options in this scale of event. 

 
Mana Whenua 
Objective: Enhance Mana Whenua values along the river corridor. 

Criteria:  Cultural/Mana Whenua 

 Sub criteria Weighting explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features 

Assessment 

1 Impact on Manawheua values     

 
Note: Existing information held by GWRC and sites identified in the Natural Resource Plan (NRP) were referenced in development of the options. Mana whenua representatives were not available to participate in the 
selection discussions. Inputs will be provided through discussions and workshops held separately with Iwi representatives.  It is noted that it is in the project interest to involve Iwi in design development discussions, 
processes and decision-making rather than relying on statutory processes to meet Treaty of Waitangi obligations 
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Environmental 
Objective: Social, recreational and ecological values are enhanced along the river corridor. 

Criteria:  Amenity and Recreation - Diversity of recreation activities enabled in river corridor and adjacent space 

 Sub-criteria Weighting explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features 

Assessment 

1 Accessibility to the water 
(Principle 7) 

Matter of National Importance  
(s6d) RMA), key objective of 
Making Places to enable city to 
connect to the river 
Ranking: 1 

The ‘one level’ berm may generate more direct and 
proximate visual access to the river as main pathways can 
be adjacent to the edge.  Option 2 requires movement down 
to the lower berm pathways to achieve this same visual 
adjacency.   
The height of the edge of the berm to the river requires more 
steps/ramps to reach water level where a stepped berm is 
not provided for.  This height difference makes it more 
inhibiting of direct access to the water.  There is also the risk 
of damage and replacement of the 

The lower berm level provides more direct access to 
the water level especially at more normal lower flows. 
This enables more access for various recreational 
purposes such as swimming, use of small boats etc   
The lower level stepped berm reduces the extent of 
steps or longer ramped access to the river’s edge.  The 
reduced extent of formed access structures reduces the 
risk of damage 

Option 2 provides greater opportunities for diversity 
and by providing more space and variety of 
experience.  

2 Visual amenity / naturalness of the river 
edge 

Other Matter RMA (s7f) 
maintenance and enhancement of 
the quality of the environment as 
well (s7c) the maintenance and 
enhancement of amenity values 
Contributes to river identification 
as a part of a natural system and 
to the way in which it is ‘read’ as 
part of the city identity. 
Ranking: 2 

The one level berm will have less of a river adjacency and 
thus may not be perceived as ‘natural’ as the stepped berm.  
There is less opportunity to create a ‘natural’ river edge due 
to the bank height differential to normal water level 

The larger areas of stepped berm creates more 
opportunity to vary planting creating more natural and 
diverse river edge.   
Larger areas of stepped berm provides a more diverse 
landform cross section creating greater visual amenity 

Option 2 is preferred as there are larger areas of 
stepped berm.  This creates greater amenity due to 
its varied landform and greater perceived levels of 
naturalness of the river’s edge as it can be treated 
to generate a less channelised form. 

3 Diversity of pathway experience Contributes to the functionality 
and the variety of ways in which 
people can experience the river  
Ranking: 3  

The primary, secondary, tertiary path hierarchy will be less 
distinct with the one level berm option. 

The full range of path types will be applied with a 
stronger rationale and distinctiveness with the variation 
in berm heights.  The lower berm can have a tertiary 
pathway system that provides a more proximate and 
natural rivers edge experience (in the more vegetated 
parts) with the secondary and primary paths on the 
upper berm and slopes/stopbank top.   
Similarly with a change in levels there is a lateral 
pathway system that connects up and down from the 
lower berm that generates diversity.  

Option 2 is preferred as three distinct pathway types 
can be provided for at different levels (stopbank, 
upper berm, lower berm) creating a more diverse 
pathway experience.   

4 Diversity of amenity Other Matter  (s7 RMA) the 
maintenance and enhancement of 
amenity values 
Key objective of Making Places to 
improve the use and enjoyment 
for people in relation to the river 
Ranking: 2 

The diversity of amenity in Option 1 is less due to the simpler 
nature of the landscape grading. There are some areas 
where having a wider single level berm may be an 
advantage to recreational amenity, but overall there remain 
sufficiently broad berms with Option 2 that mean that 
sports/events/dog exercise can still be conducted.   

• There is more opportunity for greater diversity of 
landscape and functions within that landscape 
space given the varied landscape topography in 
Option2.   

• The floodable nature of the lower berm will create a 
more diverse changing landscape – amenity can 
be gained from the experience of living with the 
river and its natural cycles.  The upper level still 
remains in all but large scale floods as available for 
a variety of uses. 

 

Option 2 is preferred over Option 1 as the stepped 
berm generates a varied landscape form and range 
of functions that it can be used for.   
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Criteria:  Ecological diversity and water quality enhanced through the river corridor. 

 Sub criteria Weighting explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features 

Assessment 

1 Stormwater management/riparian 
wetland opportunity 

Other Matters   (RMA) (s7d) 
intrinsic values of ecosystems; 
(s7f) maintenance and 
enhancement of the quality of the 
environment; (s7h) protection of 
habitat of trout and salmon 
Stormwater management in 
wetlands  improves urban 
stormwater quality prior to 
discharging to the river and 
improves biodiversity through 
habitat development.  Addressing 
stormwater quality has the 
greatest potential to influence the 
environmental outcomes for the 
river habitat. 
Ranking: 1 

The one level berm creates a larger area for wetland 
development but may potentially have less habitat diversity 
than Option 2. 
 

The split berm creates for greater habitat diversity. Option 2 is preferred over Option 1 mainly because 
the form and alignment of the lower berm.  This 
provides for the investigation of potential wetland to 
treat urban stormwater dependent on compatibility 
with stormwater pipe invert levels and berm 
elevation.  The wetlands create more ecotones that 
increase the potential for greater biodiversity.   
 
 
 

2 In stream habitat diversity & abundance (s7f) maintenance and 
enhancement of the quality of the 
environment; (s7h) the protection 
of the habitat of trout and salmon  
The channel form and edge 
treatment will be the primary 
influence on the diversity and 
abundance outcomes. 
Ranking: 2 

Option 1 may slightly improve the potential of slower shallow 
edge habitat abundance during larger flow events. 
 

Option 2 has a more natural meander pattern to 
support habitat diversity. 
 
 

There is little difference between the potential to 
develop instream habitat in Option 1 and Option 2.  
In order to enhance instream habitat, there needs to 
be a diversity of instream depth, substrate, and 
velocity. Because the river system is highly modified 
and the channel alignment follows the same path in 
both options, there will be little difference in velocity 
and depth diversity between the two options during 
typical flow periods.  An option to create the run, 
riffle, glide dynamic will be through the insertion of 
groyn structures.   Both options provide the same 
opportunities for the development of these 
structures. 

3 Terrestrial (vegetation) diversity and 
abundance 

(s7f) maintenance and 
enhancement of the quality of the 
environment;  
Landform and its influence on 
flooding patterns will be the 
primary influence on the terrestrial 
diversity and abundance 
outcomes. 
Ranking: 2 

The single berm system does not allow low event flood 
waters to reach further into the landscape, which creates 
less opportunity for diversity of vegetation communities along 
the plant zonation. 
 

The two berm system creates two distinct areas, the 
lower berm with high frequency/low flow flood events 
and the upper berm with low frequency/high flow flood 
events.  This dynamic creates a greater amount of 
ecotones along the aquatic-terrestrial transect, which 
have the potential to increase plant diversity options.  
The sloping face along the berm separating the upper 
and lower areas creates an additional area for 
vegetation establishment and habitat diversity. 
 

Option 2 is preferred over Option 1 because the 
split berm flooding regime creates  more ecotones 
along the aquatic-terrestrial interface, which in turn 
has the potential to allow for an increase in plant 
and habitat diversity. 
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Sustainable and Economic Outcome 
Objective: The design enables a staged implementation process and ensures affordable outcomes in terms of ability to implement and maintain.  

Criteria:  Alignment will be an optimised and economic design, uses durable materials, enables a flexible construction methodology, permits effective maintenance and operations 

 Sub-criteria Weighting explanation and 
Ranking 

Option 1 
Qualitative Features 

Option 2 
Qualitative Features 

Assessment 

1 Materials - quantities, volumes and 
mass 

This will impact the upfront cost to 
the project. 
Ranking: 1 

More expensive overall but not significant in the order of the 
overall cost to construct 

• The channel width above Transpower is wider and 
requires more instream work during construction. 

• Provides an opportunity to remove historic 
construction debris buried in the river edge. 

Both options are expensive to construct. 
Opportunities to reduce construction costs to be 
investigated through the design process.  

2 Viable and effective construction 
methodology 

The complexity to build. 
Ranking: 2 

Time to construct will be longer due to the higher quantity of 
cut/fill, rock to be placed and greater amount of material to 
removed. 

 Option 2 is preferred.  It takes less time to construct 
and requires lower excavation and rock quantity. 
Both options require the channel left and right bank 
edges to be constructed together.  

3 Permits effective and economic 
maintenance and operational 
management 

The ongoing impact to budgets to 
maintain the river corridor 
Ranking: 1 

• Rock top up requirements are marginally greater than 
that for Option 2 (estimated to be approx.13 tonnes) 

• While berm maintenance is lower than Option 2, there 
will be more instream maintenance and gravel removal 
from city centre. 

• Potential for community concern with higher instream 
maintenance in city centre. 

 

• Rock top up requirements estimated to be slightly 
less than Option 1 (estimated to be approx. 
10,000 tonnes) 

• Channel designed to be easier to maintain in the 
urban reach.   

• Extraction zone above Transpower may generate 
community concern. 

• Debris and silt removal will be required from the 
lower berms following small to large flood event s  

Option 1 and 2, although different, have 
maintenance requirements which will impact 
maintenance budgets.   Rock top up and extension 
requirements are similar for both options.   
 
Both options have been scored equally.  
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Attachment 3 

Alignment Selection Process Tables 
 
Scoring:  

 

 

1 = lowest performance 
5 = highest performance 
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Flood Resilience 
Objective: Hutt Valley people (current and future generations) and properties have protection to the level set out in Hutt River Floodplain Management Plan (2001) 

Attributes Discussion Prompts Project  
Expert 

Weighting 
% 

Score 
1 - 5 

Criteria Sub-criteria Consistent Variable 
River corridor contains a 
2800m3/s flow (to 
recognise the needs of 
future generations and to 
adapt to climate change 
scenarios, over 100 years) 

Hydraulic parameters within the alignment are manageable at flows up 
to design discharge 

Acceptable velocities 
Acceptable flow patterns, velocity distributions 
Acceptable water depths 
Acceptable water surface profiles 
Turbulence at design flow 
(above considered for 2014 bed level profile) 
 

Phil Wallace 25 5 4 

Channel alignment allows the channel to reach a more natural form and 
better accommodate morphological processes 

Acceptable alignment and meander patterns 
Acceptable flow patterns and scour depths 
Acceptable channel width 
Smooth channel transitions 
Channel features minimise flow disturbance 
Sufficient channel width for beach formation 
Sufficient channel width to establish pools, riffles 

Gary Williams 20 1.5 3.5 

Channel alignment allows a sustainable sediment management regime Alignment will transport design bedload through system 
Acceptable volume of deposited sediment 
Suitable in-channel gravel storage/ extraction areas 
Confidence that sediment transport model will perform to design 
Suitable channel access for gravel extraction 
Acceptable gravel transport and disposal arrangements 
Alignment minimises aggradation and need for extraction through city centre 
Need for further sediment modelling (DHI / Graham Macky) 

Gary Williams 
Phil Wallace 15 2 4 

River corridor has sufficient width and allows balance between channel 
and berms 

spatial balance between channel and berms 
Appropriate left and right berm balance 
Acceptable bed and berm height relationship 
Can achieve channel and berm flow separation 
Design recognises more frequent base channel, edge protections and berm inundation with 
climate change 
More frequent flooding of carpark and Connolly Street with climate change 

Gary Williams 10 3 3.5 

Combined function of edge protections, berms and stopbanks provide 
security against erosion in flood events up to design standard 

Combined edge protection and berm resistance will prevent stopbank failure 
Edge protection design can accommodate high bed scour e.g. dune development 
Adequate berm width, minimum 25 metres 
Features with potential to cause erosion will have appropriate treatment 
Berm width impact on stopbank security 

Gary Williams 25 4 4.5 

Residual risk in the system is low during design event Retains floodwaters with notional 95% confidence during design event 
Compatible system  design components 
Constructed works reliably perform as designed 
Berm arrangement reflects ability to prevent stopbank erosion 

Gary Williams 5 4.5 4 

Total  20 23.5 
Weighted Total  3.4 4 
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Environmental 
Objective: Social, recreational and ecological values are enhanced along the river corridor. 

Attributes Discussion Prompts Project  
Expert 

Weighting 
% 

Score 
1 - 5 

Criteria Sub-criteria Consistent Variable 
Amenity and Recreation - 
Diversity of recreation 
activities enabled in river 
corridor and adjacent 
space 

Accessibility to the water 
(Principle 7) 

Proximity of people to river 
Slope to the river edge 
Level difference between terrace/ berm and water 
Opportunity for a mix of organised and spontaneous recreation   

Helen Baggaley 50 2 4.5 

Visual amenity / naturalness of the river edge Enable genuine river processes and aesthetic to develop over time 
Opportunity for a varied river edge aesthetic  
Materiality of river edge 

Helen Baggaley 20 2 4 

Diversity of pathway experience Spatial experience resulting from landform, edges and river structures 
Diversity of planting between pathway types  
Opportunity for primary (promenade) secondary (berm) and tertiary pathways for diversity 

Helen Baggaley 10 2 5 

Diversity of amenity Ability to accommodate structures such as steps, ramps, platforms and seats 
Diversity of planting between within the corridor shade/wind/colour/texture 
Range of amenity gives cues to location in the corridor 

Helen Baggaley 
Brad Dobson 20 2 4.5 

Ecological diversity & 
water quality 

Stormwater management/riparian wetland opportunity Compatibility with stormwater pipe invert elevations 
Land area, size of wetlands 
Landform/slope (drainage & grading) 

Vaughan 
Keesing 
Angie Campbell 

50 2 3 

In stream habitat diversity & abundance Substrate variation 
Depth & wetted perimeter 
Velocity (heterogeneity & maximum velocities) 
Opportunity cost, level of modification of river 

Vaughan 
Keesing 25 3 3 

Terrestrial (vegetation) diversity and abundance Landform (soil composition, slope, variety of flooding frequency, variety of flooding duration, 
variety of sediment loading) 
Land area, space for a diversity of vegetation establishment, areas for habitat units 

Vaughan 
Keesing 25 2 4 

Total  15 28 
Weighted Total  4.6 7.3 

 

  



 

 
RIVERLINK CHANNEL ALIGNMENT SELECTION PROCESS REPORT   PAGE 24 OF 22 
 

Sustainable and Economic Outcome 
Objective: The design enables a staged implementation process and ensures affordable outcomes in terms of ability to implement and maintain.  

Attributes Discussion Prompts Project  
Expert 

Weighting 
% 

Score 
1 - 5 

Criteria Sub-criteria Consistent Variable 
Alignment will be an 
optimised and economic 
design, uses durable 
materials, enables a 
flexible construction 
methodology, permits 
effective maintenance and 
operations 

Materials - quantities, volumes and mass Economic and cost differences for each alignment principally  relate to: 
Total cut 
Total fill 
Assumption for stopbank fill requirements 
Cut to waste 
Demolition material to waste (demolition concrete, rubble - Marsden, Firths, Winstones) 
Total rock 
Maximising reuse of existing site materials in forming berms and constructing stopbanks  
Required rock tonnage will be available and cost viable 
Opportunities for recycled materials 

Brendan Paul 40 2 3 

Viable and effective construction methodology Similar construction methodology for both alignments 
Complexities for both alignments not that different 
Difference between alignment construction methodologies principally relates to volumes and 
quantities  
Ring fence Melling area wrt bridge replacement and interchange  
Assume "standard stopbank" profile for Making Places 

Brendan Paul 20 3 4 

Permits effective and economic maintenance and operational 
management 

Maintenance / operational  differences for each alignment principally relate to: 
Total rock mass (top up rock required) 
Length / areas of lower berms - mowing, debris removal, silt removal 
Access over / around enviromental features 
Areas that cannot be maintained by traditional methods 
Heavy machinery access to rocklines can be provided 
Adequate access to berms for condition assessment and other operations activities 
Appropriate access for maintaining stopbanks, rock lines, willow and native vegetation, 
environmental features 

Brendan Paul 40 3 3 

Total  8 10 
Weighted Total  2.6 3.2 
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Importance  
 
By Importance to Design (base result): 
Design Objective Importance 

% 
Weighted Score Importance Score 
Consistent Variable Consistent Variable 

Flood Resilience 80 3.4 4 2.7 3.2 
Mana Whenua 5     
Environment 10 4.6 7.3 0.46 0.73 
Sustainability 5 2.6 3.2 0.13 0.16 
TOTAL 100 10.6 14.5 3.29 4.09 

 

  



 

 
RIVERLINK CHANNEL ALIGNMENT SELECTION PROCESS REPORT PAGE 26 OF 22 
 

Sensitivity Testing Tables 
Mana Whenua 
Design Objective Importance 

% 
Weighted Score Importance Score 
Consistent Variable Consistent Variable 

Flood Resilience 5 3.4 4 0.17 0.2 
Mana Whenua 80     
Environment 10 4.6 7.3 0.23 0.37 
Sustainability 5 2.6 3.2 0.13 0.16 
TOTAL 100 10.6 14.5 0.53 0.73 

 

Environment 
Design Objective Importance 

% 
Weighted Score Importance Score 
Consistent Variable Consistent Variable 

Flood Resilience 10 3.4 4 0.34  0.4 
Mana Whenua 5     
Environment 80 4.6 7.3 3.68 5.84 
Sustainability 5 2.6 3.2 0.13 0.16 
TOTAL 100 10.6 14.5 4.15 6.4 

 

Sustainability 
Design Objective Importance 

% 
Weighted Score Importance Score 
Consistent Variable Consistent Variable 

Flood Resilience 10 3.4 4 0.34 0.4 
Mana Whenua 5     
Environment 5 4.6 7.3 0.23 0.37 
Sustainability 80 2.6 3.2 2.08 2.56 
TOTAL 100 10.6 14.5 2.65 3.33 
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2.9 Stopbanks and Retaining Walls 

Preliminary Design of the stopbanks and retaining walls is not documented in this report.   
Design for the stopbanks and retaining walls was carried out by OPUS Consultants.  Their brief 
was to design stopbanks and where space is restricted complementary retaining walls to 
contain floodwaters within the river corridor.  The OPUS Stopbank Design Technical Report T-
17/10 (reference 8) is presented separately. 

OPUS was provided inner and outer stopbank lines that define land available for stopbank 
design, including the 5 metre buffer zone on the urban side of the stopbank.  The inner 
stopbank toe is defined by the outer limit of land required to construct the river channel, bank 
edge protections and berms.  The outer line is the boundary with “available” land including part 
or all land indicated as required for purchase from the previous riverworks Options Assessment 
Phase (2015).   

The buffer zone provides security from adjacent land excavations, access for maintenance and 
flood management and at some locations for light underground services construction.    

Earthen stopbanks are the preferred water retaining flood defence: for their impermeable mass, 
durability under flood and seismic loads, a more natural appearance than solid structures, and 
the recreational amenity they provide.   HRFMP policy sets standard stopbank parameters: 

• 3.5 to 1 batters (or slopes), 
• 4 metre crest width 
• Where possible principally using on site materials 

For local conditions these parameters allow all weather maintenance, suitable access along the 
crest for inspection, for flood management and emergency / permanent repairs in the event of 
flood damage.  

Where land is insufficient to accommodate the standard stopbank profile alternatives include 
any combination of steeper stopbank batters, a truncated stopbank section with retaining wall.  
The latter may be cantilever reinforced concrete, mechanically stabilised earth, combinations of 
both and in some circumstances stand-alone retaining walls.   

The work by OPUS was closely coordinated with riverworks and river channel design as there 
are a number of cross-over activities.  For example: the inside and outside toe limits from river 
channel design and property demarcation; providing stopbank crest levels; utilising surplus fill 
from channel excavation for stopbank construction; and ensuring consistency in rates used for 
cost estimates. 
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2.10 Resilience 

A summary of resilience measures included in the RiverLink Riverworks Preliminary Design 
include: 
 
• Climate change predictions indicate that the City Centre flood defences upgraded to a 

2,800 cumec design standard could provide the HRFMP recommended 440 year standard 
until 2090.  

• With the Variable channel  alignment the combination of: bank edge protections (including 
rock riprap in high exposure areas); channel / berm separation zones set by the split 
berms; minimum upper berm width of 25 metres; and stopbanks constructed to HRFMP 
parameters, together provide resistance to potential erosion in the 2,800 cumec extreme 
event. 

• Current HRFMP non-structural measures that provide guidelines for redevelopment on the 
floodplain and resilience in the event of the design flow being exceeded or a system failure. 

• Flood warning and emergency management procedures    

In addition there has been a comprehensive effort to inform the respective councils, NZTA, the 
community and a variety of other community groups of the flood risk, and to involve them in the 
development of solutions.  Awareness of flood risk and emergency provisions are an important 
feature of a resilient community.   
 
There are potential opportunities to consider and add further resilience to the riverworks during 
the next Detailed Design stage, for example through review of bank edge protection and berm 
designs. 
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3.0 Riverworks Integration – Environmental, Community and Other 
Opportunities 

An important aspect of the RiverLink project is to ensure balanced integration of objectives and 
initiatives of the Project partners:  

• Greater Wellington - flood protection and regional transport 
• Hutt City Council – roading, bridging, urban development and NZTA interface 
• NZTA – the Melling interchange 

From a flood protection perspective a key design objective is to maximise resilience, minimise 
impacts and risks within the river corridor and at the same time integrate the various wider 
project objectives and initiatives.  The river corridor comprises the stopbanks or other flood 
defences, the buffer zone outside the stopbanks, the river berms, bank edge protections and 
river channel.  Many of the project partner opportunities are located within the corridor and have 
the potential to reduce resilience and incur risk to the flood protection system. 

The report sections that follow in Section 3 describe at a high level the various Project initiatives 
that may impact on flood risk.  Their mitigation is discussed in greater detail in the River 
Channel Design technical reports (references 3 and 4).      

3.1 Landscape, Amenity, Ecology, Urban Design 

The ideal river channel, berm and stopbank arrangement has smooth, slowly changing contours 
with strong bank edges and well rooted and dense grass cover.   Examples of features within 
the river corridor that may initiate seepage, cause velocity acceleration and potential berm 
scour, and undermine or damage stopbanks, are: 

• Extensive berm vegetation and trees, particularly when aligned across the berm, 
• Pathways with erodible surfaces, 
• Physical features such as seating, fences, edgings, steps, handrails, upstands, projections 

and platforms, 
• Sealed carpark and path areas, 
• Wetland areas developed in berm depressions, 
• Rock structures within and outside the river channel, 
• Sharp ground contour changes,  

Features on stopbanks or equivalent retaining wall:  

• Woody vegetation and trees   
• Invasive tree roots 
• Truncated stopbanks / retaining walls 
• Steps, rails, upstands 
• Compromised buffer zone  

Each feature requires specific consideration in relation to location, diversion of flood flow, scour 
potential, seepage potential, failure mechanisms and mitigation methods. 
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Boffa Miskell Technical Report T-17/16 sets out Preliminary Design status for many of the 
landscape, ecology and amenity features. The River Channel Design Project Refinements 
report (reference 4) discusses in detail the risks and mitigations methods for various features. 

3.2 Services 

GWRC and HRFMP policy is to progressively remove services installed in existing berms or 
stopbanks.  When a berm or stopbank is reconstructed services are relocated outside the river 
corridor (the exception is stormwater outfalls).  The buffer zone outside the stopbanks may be 
made available for light shallow services.  The intent of the policy is to eliminate services from 
the river corridor and remove potential for seepage or erosion failure in berms and stopbanks.  

Stormwater outfalls must be accommodated under stopbanks and berms and each outfall 
requires specific consideration and design. 

The River Channel Design Project Refinements report discusses stormwater upgrades and 
mitigations.  Wellington Water Technical Report T-17/1111 sets out design status for stormwater 
upgrades. 

Opus Technical Report T-17/10 (reference 8) sets out the design status for the relocation of all 
other services from stopbanks and berms within the RiverLink project. 

3.3   Making Places 

Two main features of Making Places are the pedestrian bridge that crosses the river at 
Margaret Street and the promenade that extends from Margaret Street to the lower end of High 
Street (from cross sections 340 to 390). 

The pedestrian bridge will be constructed to HRFMP policy and standard river related 
parameters.  These parameters include acceptable: hydraulic loss, pier diameter, pier spacing, 
pier to width ratio, debris clearance, debris loading, foundation requirements (related to aquifer) 
and bridge orientation.   There can be no provision for the bridge spans to be embedded below 
the stopbank crest at the abutment and the bridge must achieve no less than 1 metre debris 
clearance within 20 metres from the stopbank crest.  The pedestrian bridge design is currently 
at concepts stage.  Boffa Miskell Technical Report T-17/16 contains illustrations of the current 
concept.  

The Promenade slab abuts and is supported on a mechanically stabilised earth (MSE) wall.  
The MSE wall in turn abuts to a “half stopbank facing” on the riverside.  A covered access lane, 
with the top slab forming part of the Promenade, provides entry to adjacent ground floor parking 
and also serves as the buffer strip to allow inspection and maintenance to the MSE wall.  The 
MSE wall is designed as a structure that complies with structural standards and codes including 
earthquake resilience. With the current design more work is required to understand behaviour 
under seismic loads particularly liquefaction.  The promenade design is currently at concepts 
stage.  Boffa Miskell Technical Report T-17/16 contains illustrations of the current concept, and 
the BECA Technical Report T – 17/14 gives concept structural design details.  

                                                
11 RiverLink, Hutt City Three-Waters Services Upgrade, Technical Report T-17/11 (GHD, Date TBC)  
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3.4 NZTA Melling Interchange, Melling Bridge Replacement, Melling Station 
Relocation, Internal Roading 

Figure 2.1.1 shows the locations of the proposed Melling Interchange and Melling Bridge 
replacement zone, Melling Station and Pharazyn Street.  Responsibility for activities in this zone 
rests with NZTA, HCC (roading), HCC (urban development), Greater Wellington Flood 
Protection, Greater Wellington Transport and Trans Metro. 

Respective responsibilities open a variety of opportunities.  Potential work associated with the 
opportunities interfaces directly with the riverworks and riverworks design.  Dependencies and 
opportunities include: 

• Common land requirements for interchange, replacement bridge, roading, a relocated 
Melling station and flood defences,  

• On and off ramps to the interchange could form part of the flood defences, 
• Current Block Road stopbank ramps are a major constriction in the bridge waterway; there 

is potential to incorporate current Block Road capability into the Melling interchange.   
• Realigned Pharazyn Street could run along part of the right bank stopbank 
• Potential to move Melling Station south and link to Making Places / Hutt City Centre  
• Surplus excavated materials from channel excavation may be used in interchange 

construction, 
• Potential to fill land between the proposed right bank stopbank and railway line with 

relocated Melling Station, development and parking opportunities.  

Currently each of the opportunities is at a different stage of investigation / design / development.  
Progress on developing the opportunities in this Melling zone will require agreement between 
the parties and commitment to a strategy to move forward.    

An option to progress the RiverLink riverworks may be to isolate the Melling zone.  Riverworks 
in the reaches upstream and downstream of the zone may then be the initial focus; there are 
however likely to be reduced benefits and opportunities than with an integrated project.  

3.5 Internal Roading 

Current internal roading is affected by riverworks, Making Places and in other areas of the 
RiverLink project.   

The combined stopbank / MSE wall / Promenade impacts on upper and lower Daly Street.  
Provision to manage the riverworks impacts is included in the Riverworks and Making Places 
Preliminary Design arrangements. 

Above Ewen Bridge on the right bank stopbank land requirements impact on Marsden Street 
requiring a road realignment. The use of retaining walls reduces the impact on the realignment.  
An eastward movement of the Variable river channel alignment assisted a reduction in Marsden 
retaining wall height, the shift also assisted Making Places objectives.  
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4.0 Riverworks Construction Operations & Maintenance 

4.1 Construction Methodology 

As noted in Section 3.4 RiverLink opportunities in the Melling zone are at different stages of 
investigation / design / development.  Progress on developing the opportunities will probably 
take time and will depend on agreement between the parties and commitment to a strategy to 
move forward.    

One option to progress the Riverworks may be to isolate the Melling zone.  Riverworks in the 
reaches upstream and downstream of the zone then become the initial focus.  The construction 
methodology proposed below assumes that the upstream reach between Transpower and KGB 
will be the first stage of riverworks construction, and the reach between Ewen Bridge and Block 
Road south the second stage.  By inference the Melling zone will be the third stage of work.  
These stages reflect the complexity of the work in each stage.  Stage 1 is the least complex.  
With the river alignment and berm design completed for the RiverLink project, it is possible to 
treat the three stages separately from a construction perspective.   

Stage 1 Riverworks Construction – Transpower to KGB       

This stage to excavate and widen the current channel on both sides of the river is a significant 
but relatively straightforward construction element.  The left stopbank from Boulcott below 
Safeway Storage to above the current Melling Bridge could also be constructed at the same 
time as the channel work. 

Large areas of existing willow vegetation will need to be cleared and disposed off-site. In 
constructing the channel there will be cut surpluses in the order of 153,000 m3 (cubic metres).  
Approximately 15,000 m3 may be required for Mills Street stopbank, if construction occurs in 
the same timeframe. 

Surplus cut may be reused within the project for interchange construction or filling between the 
right bank stopbank and the railway line below Melling.  However if the timing assumed above is 
adopted, the fill area between the right bank stopbank and the railway line would need to be 
available; or surplus material would need to be stored.  Double handling is not an issue as it is 
likely the excavated material would require basic screening and processing.  There will be some 
buried demolition material that can be recycled.  There could be up to 40,000 m2 (square 
metres) right bank storage area and possibly 20,000 m2 on the left bank.  Assuming the storage 
is available the surplus cut this would require a storage height of approximately 2.5 metres.  If 
on-site reuse is not possible the surplus cut would need to be disposed off-site. 

Access to the channel and berms is available from several entry points on both sides of the 
river.  

There are no rock riprap bank edges in this Stage 1 reach.  Replacement willow bank edge 
planting would be substantial and prior indenting of stock would be necessary.  An alternative to 
storing fill for reuse on the berms is to align work programmes with Melling Interchange and 
Melling bridge construction and / or filling between the new stopbank and the railway line below 
Melling.     
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Possible Stage 1 construction duration may be in the order of 18 – 24 months, including 
construction of the left bank Melling stopbank.  If a start date at early 2020 is assumed, 
completion by the end of 2021 could be possible.  Landscape and amenity opportunities would 
not start until any cut surplus is removed from the berms.   Services and utilities are not a major 
issue in this reach. 

Stage 2 Riverworks Construction – Block Road (south) to Ewen Bridge      

The sequence for Stage 2 construction would commence with services relocation on the right 
bank.  The service relocations, both timing and position will depend on whether land between 
the right bank replacement stopbank and the railway line is filled.  If filling takes place right bank 
services that are required in the future will be decommissioned and relocated after filling.   

There may be in the order of 30,000 to 40,000 m2 of fill area potential.  If filling does not take 
place services that are required will be replaced outside the new right stopbank footprint before 
the new stopbank is constructed.    

The proposed right bank stopbank can be constructed in sections largely behind and over the 
footprint of the existing stopbank.  Some construction methods may reduce the requirement for 
temporary stopbanks.   

Right berm excavation, bank edge protections and berm formation can take place at the same 
time as right bank stopbank construction, or the infilling noted above.  There is approximately 
19,000 m3 surplus right bank cut.   

There will be some demolition material at Marsden Bend (reinforced concrete buried in the right 
berm, after demolition of the sixth Ewen Bridge) that may need to be excavated and may be 
recycled. 

Left bank channel edge construction requires a cut-fill-cut sequence from the bottom of High 
Street to Melling Bridge, and there is a cut surplus in the order of 10,000 – 15,000 m3.   The left 
bank work would follow and be independent of the right bank channel widening. 

The majority of bank edges in Stage 2, on both left and right banks are rock lined.  The balance 
will be willow planting, native tree planting or a combination of both. 

To reduce risk left bank berm excavation and filling, bank edge protections and berm formation 
should take place before left bank stopbank and Making Places MSE wall construction. 

The left bank stopbank and Making Places stopbank / MSE wall combination will typically be 
over and inside/ outside the existing stopbank footprint, and again would be constructed in 
sections.  The MSE wall construction assumes the new “half” stopbank (acting as a cofferdam) 
would be constructed before the MSE wall and would require a cofferdam.   

Services in existing left bank stopbanks or within the proposed stopbank footprint will be 
relocated or made redundant before stopbank / wall construction commences.  New stormwater 
outfalls will be constructed before stopbank / wall construction.  Pumping systems may be 
required. 

Again there will be large areas of existing willow vegetation that will need to be cleared and 
disposed off-site.  
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A possible construction duration for Stage 2 may be in the order of 24 to 30 months; this timing 
will depend on the timing and alignment of Riverworks and Making Places activities.  If the 
activities align and a start date at early 2022 is assumed, completion by mid-2024 could be 
possible. Landscape and amenity opportunities would follow completion of berm, stopbank and 
MSE wall construction.  

Stage 3 Riverworks Construction – Melling Interchange and Bridge Replacement Zone      

The various construction elements in the Melling zone will need to be confirmed before a 
riverworks construction methodology can be prepared.  Some of the Riverworks may be 
constructed before other elements, for example the channel, bank edge protections and berm 
formation.  Flood defences may become part of, and are best constructed in conjunction with 
other work in the Melling zone.  For example the on / off ramps to the interchange may also 
retain floodwaters and would be constructed with the interchange.   

A realigned Pharazyn Street could run on top of the right stopbank or infilled area.  There may 
be a need for temporary stopbanks during construction.  If land between the right stopbank and 
railway is filled the stopbank could become part of the transport precinct.  Land designation 
would be required to protect the stopbank footprint and buffer zone. 

4.2 Riverworks Cost Estimate 

The Riverworks cost estimate (June 2017) is $16,237,000.  The rates applied to produce the 
riverworks cost estimate are considered adequate to meet the cost of the activities.  They are 
median rates without conservative additions or optimistic deductions. 

The estimate is to provide core riverworks without provision for overlay such as environmental, 
ecology, landscape and amenity opportunities, or Hutt City’s Making Places facilities.  The cost 
estimates for these opportunities will be provided by the appropriate consultants.   

The spreadsheet used to develop the Cost Estimate is contained in Appendix A.  The 
spreadsheet comprises the following tabs:   

• Costs Schedule 
• Risks, Assumptions and Opportunities 
• Costs Schedule Quantities 
• CAD Cut / Fill Calculations 
• Riprap and filter Quantities 
• Rates Derivation 
• TreeScape Cost Estimate 

A breakdown of the costed activities to implement the riverworks is contained in the Cost 
Schedule. 

While an integral part of the Riverworks, the flood defences (stopbanks, retaining walls, MSE 
wall) are designed by OPUS Consultants and BECA, and the full cost for construction will be in 
their cost estimates.  Provision is made in the riverworks earthworks balance to compensate 
any earthfill shortfall in existing stopbanks to construct the replacement stopbanks.  The cost for 
meeting the shortfall is included in OPUS cost estimates.  Damwatch and OPUS agreed a 
consistent set of earthworks rates for construction. 
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The Riverworks cost estimate does not allow for Preliminary and General (P&G) items, 
overhead items or construction contingency.  These are integrated into an overall RiverLink cost 
estimate.  The Project cost estimates developed by BECA12 include provision for P&G, 
overhead and contingency.  BECA may also moderate the technical estimates to ensure 
consistency over the project.  

A significant contribution to the Riverworks cost is provision for disposal of surplus berm cut 
material, and berm undercut below willow planting.  There are 195,000 m3 (in-situ measure) of 
surplus berm cut.  The material is suitable for other construction purposes but surplus to 
Riverworks requirements.   

There are opportunities for re-use of the surplus berm cut in other elements of the Project.  One 
opportunity may be replacement of imported fill required for NZTA interchange construction with 
surplus berm cut.  Another may be to create a raised level platform over the current Marsden 
Street between the proposed right bank stopbank and the railway line / SH2.  The cost for re-
use on-site is estimated at around $3.7 million, applying a rate of $15 / m3 to enable reuse.  
This scenario is applied in the Cost Estimate schedule in Appendix A.  The pertinent schedule 
items are highlighted in green. 

If re-use on site is not a viable option the cost for disposal off-site to clean waste is estimated at 
around $18 million, using a disposal rate of $74 / m3.  An additional $14.3 million above the re-
use option.      

There are other less significant cost reduction opportunities that were identified in the Value 
Engineering exercise.  These will be considered and integrated as part of the BECA cost 
estimate moderation. 

4.3 Operations and Maintenance 

A separate report (Technical Report T-17/18) will set out operation and maintenance 
requirements and costs for RiverLink project assets and elements.  The operations and 
maintenance costs will include provision for normal maintenance and annualised flood damage 
estimates.  Riverworks operations and maintenance costs will be separable as a standalone 
estimate. 

4.4 RiverLink Project Cost, Cost and Value 

The Project cost estimates for the various RiverLink project elements are contained in a report 
developed by BECA (Technical Report T-17/17).  A Cost and Value report that covers the 
RiverLink project will also be prepared.   

 

 

 

  

                                                
12 RiverLink Costings Estimate, Technical Report T-17/17, BECA, (April 2018) 
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5.0 Statutory Responsibilities, Regulatory Processes 

5.1 Safety in Design 

Safe design is about the integration of control measures early in a design process to eliminate, 
or if this is not reasonably practicable, minimise the risks to health and safety throughout the 
design life of the structure being designed.  Under the Health and Safety at Work Act 2015 
safety in design applies to “a structure that is to be used - - - as or at a workplace”.  The 
designer is responsible for assessing life-cycle hazards associated with designing, constructing, 
operating and maintaining the riverworks assets and elements. 

Under the Health and Safety at Work Act 2015 everyone including designers will have 
responsibility to mitigate risk, consult and collaborate to improve safety. 

From a riverworks perspective the definition for “a structure that is to be used - - - as or at a 
workplace”  is applied to rock bank edge protections, slopes, berms, stopbanks, mechanically 
stabilised earth walls, any other retaining walls and works created as part of the riverworks, and 
any other relevant structures that form RiverLink.   

For the period of design and construction the anticipated RiverLink outcomes are designated as 
the “workplace” and the parties involved e.g. Greater Wellington, HCC, NZTA and consultants 
are “Persons in Control of a Business Undertaking” (PCBU).  Following construction the 
RiverLink outcomes are the” workplace” in that they must be maintained. 

Ongoing safety for the community within the RiverLink amenity, for example the use of the 
riverside park, roading and interchange, the Making Places outcomes, fall under the relevant 
legislation for each authority.    

Most of the core riverworks components are designed to well established precedent and there 
is not a lot of flexibility in their design.  The GWFP Code of Practice for river management 
activities13 sets out best practice river management activities including management of safety.  

Preliminary risk assessment of Riverworks from a design perspective identifies the most likely 
risks are to people of a slip / slide / fall nature, and the risks associated with operations and 
maintenance of the riverworks elements e.g. rock walls, mowing, earthworks, spraying etc.  In a 
flood the river corridor may well be a dangerous location, for example a person near fast flowing 
floodwaters.  It is likely that most of the mitigation methods for core riverworks will be those that 
minimise rather than eliminate risk. 

As noted in previous sections the various workstreams in RiverLink Preliminary Design are at 
different stages of development.  Progress and alignment of the workstreams will then take 
place through the RiverLink Detailed Design stage.  Safety in design will be managed in an 
integrated approach over the RiverLink project.  The proposed Safety in Design process is 
addressed in the overarching Boffa Miskell RiverLink Preliminary Design Report (reference 2). 

 

                                                
13 Code of Practice, For river management activities, Greater Wellington Regional Council  (August 2016) 
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5.2 RiverLink Project – Joint Designation and Consents 

The RiverLink project intends to achieve objectives of the three project partners through a 
variety of initiatives and elements.  Most of these are interlinked and in many situations the 
outcomes have common use, common purpose and occupy the same land in meeting partner 
and project objectives.  

The common use and common benefits of elements in the project afford an opportunity for a 
RiverLink joint project approach to the regulatory processes. 

An integrated approach to designations and consents will be more effective and efficient, 
reducing the work, complexity and confusion that would be created by a variety of different 
hearings, repeats of similar evidence and the technical crossovers between the various 
objectives and elements.   

Boffa Miskell has prepared a report (Technical Report T-17/20)14 that outlines the various 
pathways for an integrated planning and consenting approach for the RiverLink project. 

5.3 Stand-alone Riverworks  

If the proposed RiverLink riverworks were to be implemented as a standalone project a Notice 
of Requirement to designate under Section 168 of the RMA would be submitted to HCC for the 
Riverworks.  The effect of a designation is to set aside land for flood protection purposes 
outside HCC District Plan processes. 

The designation would enable: 

• Property purchase where land is required to complete the Riverworks, 
• Construction of elements that require building consents 
• District Plan recognition of the designation 

The extent and purpose of the designation would need to be carefully defined.  The designation 
process would be notified.  

Building Consents would be required from HCC in relation to stopbank and retaining wall design 
and construction and any other structures associated with the proposed Riverworks.   

Riverworks would also require resource consents under Sections 9 and 13 of the Resource 
Management Act, and assessment under the Regional Freshwater Plan.  The latter pertaining 
to diversion of floodwater flows. 

  

                                                
14 RiverLink, Scoping Paper: Consenting Pathways. Technical Report T-17/20 (Boffa Miskell April 2018)  
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6.0 Summary Comment 

This RiverLink Riverworks Preliminary Design Technical Report (GW/RiverLink-T-17/09, 
Damwatch, reference 1) brings together the work of specialists and specialist disciplines 
required to develop the Riverworks Preliminary Design.  

The overarching RiverLink Preliminary Design Report (T-17/08, Boffa Miskell, reference 2) 
provides a composite description of the design process, influences and the integrated elements 
of RiverLink. 
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Appendix A 
 

Cost Estimate Spreadsheet 

Tabs 

• Costs Schedule 
• Risks Assumptions and Opportunities 
• Cost Schedule Quantities  
• CAD Cut / Fill Calculations 
• Riprap and filter Quantities 
• Rates Derivation 
• TreeScape Cost Estimate 



RiverLink
Preliminary Design ‐ Riverworks Pricing Schedule
Estimated accuracy +/‐ 30%

River Channel, Berms, Edge Protections, Benches, Willow Planting  Unit Quantity Rate Amount

$ Non bulked 

OR 

1 REACH 1: EWEN BRIDGE TO MILLS STREET (XS0500) W/O voids

Volumes

Channel m3

1.1 River channel bed gravel ‐ cut to fill in channel, shape channel m3 2,068        20.00        41,360                    

1.2 River channel bed gravel cut to stockpile, shape channel m3 27,484      15.00        412,260                  

Subtotal 453,620                  

Left Berm

1.3 Clear willows / trees dispose green waste (incl stumping) m2 41,820      10.00        418,200                  

1.4 LB berm cut to clean waste (to 0.5m below willows) m3 26,138      15.00        392,070                   Bulked volume 125%. $15/m3 reuse rate 20,910    

1.5 LB berm cut to fill LB berms m3 11,754      20.00        235,080                  

1.6 LB lower berm compacted quarry screenings 350mm deep (horizontal) m3 2,604        40.00        104,160                   Rockline areas only

1.7 LB lower berm imported 2nd grade topsoil 150mm deep (horizontal) m2 10,156      9.00           91,404                     Rockline areas only

1.8 LB lower berm imported 2nd grade topsoil 150mm deep (upper slope) m2 985             9.00           8,865                       Rockline areas only

1.9 LB lower berm seeding (horiz. & upper slope) m2 11,141      2.00           22,282                     Rockline areas only

1.10 LB lower berm shadecloth reinforcement, dug in and pinned (upper slope) m2 985             10.00        9,850                       Rockline areas only; shadecloth pinned and trenched top and bottom

1.11 LB berm surplus to clean waste m3 3,993        15.00        59,895                     Bulked volume 125%. $15/m3 reuse rate 3,194      

1.12 Concrete / macadam to unclean waste m3 740             74.00        54,760                     City carpark area

Subtotal 1,396,566              

Right Berm

1.13 Clear willows / trees dispose green waste (incl stumping) m2 33,105      10.00        331,050                  

1.14 RB berm cut  to clean waste (to 0.5m below willows)  m3 20,691      15.00        310,365                   Bulked volume 125%. $15/m3 reuse rate 16,553    

1.15 RB berm cut to fill RB berms m3 4,264        20.00        85,280                    

1.16 RB lower berm compacted quarry screenings 350mm deep (horizontal) m3 2,190        40.00        87,600                     Rockline areas only

1.17 RB lower berm imported 2nd grade topsoil 150mm deep (horizontal) m2 10,313      9.00           92,817                     Rockline areas only

1.18 RB lower berm imported 2nd grade topsoil 150mm deep (upper slope) m2 2,079        9.00           18,711                     Rockline areas only

1.19 RB lower berm seeding (horiz. & upper slope) m2 12,392      2.00           24,784                     Rockline areas only

1.2 RB lower berm shadecloth reinforcement, dug in and pinned (upper slope) m2 2,079        10.00        20,790                     Rockline areas only; shadecloth pinned and trenched top and bottom

1.21 RB berm surplus to clean waste m3 2,943        15.00        44,145                     Bulked volume 125%. $15/m3 reuse rate 2,354      

1.22 RB berm (Marsden buried Ewen Br. demolition) sort, process, cut to waste  m3 1,700        94.00        159,800                   Volume with 30% voids  1200

1.23 RB berm (Firths block plant buried demolition) sort, process, cut to waste  m3 430             94.00        40,420                     Volume with 30% voids  300

1.24 Concrete / macadam cut to waste m3 75               74.00        5,550                       Block Road north

Subtotal 1,221,312              

Left Bank Riprap Edge Protections

1.25 Riprap supply deliver to site tonnes 15,927      120.00      1,911,240               

1.26 Riprap filter, cut stockpile to place 500mm thick  m3 2,563        15.00        38,445                    

1.27 Place riprap, include cofferdams / temporary bunds tonnes 15,927      25.00        398,175                  

Subtotal 2,347,860              

Right Bank Riprap Edge Protections

1.28 Riprap supply deliver to site tonnes 23,717      120.00      2,846,040               

1.29 Riprap filter, cut stockpile to place 500mm thick  m3 3,728        15.00        55,920                    

1.30 Place riprap, include cofferdams / temporary bunds tonnes 23,717      25.00        592,925                  

Subtotal 3,494,885              

Left Bank Vegetation  ‐ Edge / Bench Protections

1.31 Willow planting, channel edge / lower berm  m2 33,060      10 330,600                   Willow areas only

Subtotal 330,600                  

Right Bank Vegetation  ‐ Edge / Bench Protections

1.32 Willow planting, channel edge / lower berm  m2 19,166      10 191,660                   Willow areas only

Subtotal 191,660                  

TOTAL ‐ REACH 1: EWEN BRIDGE TO MILLS STREET (XS0500)  9,436,503              

m3 $

With on site reuse opportunity (in‐situ volume) 43,012     806,475       

On site recycle opportunity (solid volume) 1,500       200,220       

2 REACH 2: MILLS STREET (XS0500) TO KGB

Channel

2.1 River channel bed gravel ‐ cut to fill in channel, shape channel m3 31,732      20.00        634,640                  

2.2 River channel bed gravel cut to stockpile, shape channel m3 2,230        15.00        33,450                    

Subtotal 668,090                  

Left Berm

2.3 Clear willows / trees dispose green waste (incl stumping) m2 24,575      10.00        245,750                  

2.4 LB berm cut to clean waste (to 0.5m below willows) m3 15,360      15.00        230,400                   Bulked volume 125%. $15/m3 reuse rate 12,288    

2.5 LB berm cut to fill LB berms m3 5,036        20.00        100,720                  

2.6 LB lower berm compacted quarry screenings 350mm deep (horizontal) m3 442             40.00        17,680                     Rockline areas only

2.7 LB lower berm imported 2nd grade topsoil 150mm deep (horizontal) m2 2,299        9.00           20,691                     Rockline areas only

2.8 LB lower berm imported 2nd grade topsoil 150mm deep (upper slope) m2 1,230        9.00           11,070                     Rockline areas only

2.9 LB lower berm seeding (horiz. & upper slope) m2 3,529        2.00           7,058                       Rockline areas only

2.10 LB lower berm shadecloth reinforcement, dug in and pinned (upper slope) m2 1,230        10.00        12,300                     Rockline areas only; shadecloth pinned and trenched top and bottom

2.11 LB berm surplus to clean waste m3 30,669      15.00        460,035                   Bulked volume 125%. $15/m3 reuse rate 24,535    

Subtotal 1,105,704              

Right Berm

2.12 Clear willows / trees dispose green waste (incl stumping) m2 33,434      10.00        334,340                  

2.13 RB berm cut  to clean waste (to 0.5m below willows)  m3 20,896      15.00        313,440                   Bulked volume 125%. $15/m3 reuse rate 16,717    

2.14 RB berm cut to fill RB berms m3 4,233        20.00        84,660                    

2.15 RB berm surplus to clean waste m3 124,335    15.00        1,865,025                Bulked volume 125%. $15/m3 reuse rate 99,468    

2.16 RB berm (Winstones plant buried demolition) sort, process, cut to waste  m3 430             94.00        40,420                     Volume with 30% voids  300

Subtotal 2,637,885              

Left Bank Riprap Edge Protections

2.17 Riprap supply deliver to site tonnes 4,020        120.00      482,400                  

2.18 Riprap filter, cut stockpile to place 500mm thick  m3 940             15.00        14,100                    

2.19 Place riprap, include cofferdams / temporary bunds tonnes 4,020        25.00        100,500                  

Subtotal 597,000                  

Left Bank Vegetation  ‐ Edge / Bench Protections

2.20 Willow planting, channel edge / lower berm  m2 25,533      10 255,330                   Willow areas only

Subtotal 255,330                  

Right Bank Vegetation  ‐ Edge / Bench Protections

2.21 Willow planting, channel edge / lower berm  m2 48,594      10 485,940                   Willow areas only

Subtotal 485,940                  

TOTAL REACH 2: MILLS STREET (XS0500) TO KGB 5,749,949              

m3 $

With on site reuse opportunity (in‐situ volume) 153,008   2,868,900    

On site recycle opportunity (solid volume) 300            40,420          

3 OVERALL PROJECT ITEMS

3.1 First 3 years channel maintenance L.S 3 100,000    300,000                   3 years annual maintenance

3.2 Strip topsoil (150mm), stockpile, replace, regrass m2 100,000 7.50           750,000                   Temporary works provision ‐ not covered in rates

Subtotal 1,050,000              

4 OVERALL PROJECT ESTIMATE

TOTAL PROJECT ESTIMATE SECTIONS 1, 2 & 3 16,236,452$   

Total with on site reuse opportunity (in situ volume) 196,020   3,675,375    

Total on‐site recycle opportunity (solid volume) 1,800       240,640       



RiverLink

Risk Register (e.g. design risk, & assumptions, opportunities, site risks, unknowns

Risk / Issue / Assumptions / Opportunities ‐ Description  Liklihood Consequence / Explanation

1 Contract Preliminary & General ‐ not included and not covered by rates   Note Examples ‐ insurance, bond, site establishment, destablishment, setout survey security etc. 

2 Rates used in extension Note Neutral rates, neither conservative or optimistic, cover described activity only 

3 Contingency Note Not included in schedule nor in rates

4 Quantities and cost estimate are based on core river engineering 

requirements

Note Assumed other consultant estimates for their design overlays (OPUS ‐ water retaining structures, 

BOFFA ‐ amenity, landscape, ecology, environmental planting etc.) are fully covered in their 

repsective designs and costings.  And include all works activities. 

5 Existing hard surfaces ‐ Riverbank Carpark, part Block Road Note Provision to cut to waste tar & chip / macadam seals but not replacement.  Assumed carpark 

replacement sealing under landscape / amenity contract cost estimate.

6 Services  Note No provision in Riverworks cost estimates.  However extensive liaison concerning stormwater 

outlets.  Provision for retaining walls around power transformer relocations by OPUS.

7 Roading Note Provision for retaining walls where required covered by OPUS.

8 Property Purchase and demolition Note No property cost included.

9 Opportunity ‐ cut to clean waste Med There is a total volume of approx 195,000 m3 insitu berm materials to be cut to clean waste, at a 

cost estimate of approximately $18 million.  There are several oportunities for inter project use of 

this materials. If the cost were to reduce from $74/m3 to $25/m3 ther could be a cost recution of 

around $12m. 

10 Cut to clean waste ‐surplus berm material Note The schedule volumes for cut to clean waste are based on bulked value (125% of in‐situ).  The 

cheapest waste disposal cost works on truck volume not truck tare weight. 

11 Cut to clean waste ‐ demolition material  Note Rough order estimate.  Minor sorting, removal of protruding rebar, break down size.  Volume 

converted from solid to 30% void for disposal volumes.

12 Opportunity ‐ recycling Med There is a rough order estimate of demolition material (probably mostly reinforced concrete) of 

1,800 m3 solid volume and a cost of $241,000 to process and cut to clean waste.  This may be a 

recycling opportunity.  Moderate cost savings possible

13 Temporary works Note Although temporary works, a provisional quantity / sum has been made in the  "overall" project 

items for topsoil stripping and reinstatement.  This will be applied to essential berm working and 

storage areas (not direct construction areas).  The logic is that the rates used do not make allowance 

for temporary works, other than the rate for riprap placement.

14 Solid measure volumes Note Earthworks measures are based on in‐situ and places volumes.  There is no correction for the 

difference  in in‐site and placed volumes.

15 Opportunity ‐ willow clearance, willow planting, willow retention Note There may be minor opportunities to reduce the amount of willow clearance, retain willows and 

reduce willow planting.  Can be done at detailed design stage.

16 Operational management of channel Note There is likely to be additional maintenace for some period after the channel is upgraded, to allow 

the river processes to settle into a pattern.  A 3 year provision of $100,000 per year is included in the 

cost estimate for additional ongoing maintenance.

17 Vegetation removal / willow clearing Note TreeScape cost estimate of $8.57 / m2 is based on median assumptions i.e. neither conservative or 

optimistic.  The rate has been rounded up to $10 / m2 for this cost estimate.  

18 Rates review Note Rates and cost estimate will require review as better / more consistent information comes to hand

19 Design risks Note Design risks will be covered in RiverWorks Preliminary Design report.  This schedule can be updated 

after completion of the design report.



RiverLink ‐ Riverworks

Adopted Preliminary Design Alignment ‐ 2014 based bed levels

Quantities Calculations 

EWEN BRIDGE TO MILLS STREET (XS0500)

Volume balance and area calcs Bulked

Volume

River Channel for cart to waste

River channel cut m3 29,552           Roger s/s

River channel fill, shape m3 2,068              Roger s/s

River channel cut to stockpile, shape channel m3 27,484          

Riprap filter requirements m3 6,293              Rirap check spreadsheet

Riprap filter shortfall from Mills to KGB from below  m3 1,290             

Net river channel cut m3 19,901          

Channel contribution to stopbanks m3 9,951              Contributes to OPUS fill (LB 42,350m3. RB 53,800m3) 

Contribute 50% to LB & RB stopbanks

Left Berm

LB Cut m3 60,936           Roger s/s

LB riprap volume in cut m3 4,181              Visual plans & xsections

LB riprap filter volume in cut m3 1,194              Visual plans & xsections

LB quarry screenings in cut m3 1,302             

Total LB cut m3 67,613          

LB berm cut to fill  m3 18,628          

LB riprap volume in fill m3 4,202              Rirap check spreadsheet

LB riprap filter volume in fill m3 1,370              Rirap check spreadsheet

LB quarry screening in fill m3 1,302             

Net LB cut to fill berm m3 11,754          

LB available fill m3 55,859          

LB berm cut to clean waste (0.5m beneath willows) m3 20,910           26,138           Root contaminated willow ‐ total area x 0.5m, 125% bulking

LB stopbank requirements m3 42,350           From OPUS (27,350 + 15,000 = 42,350 m3)

RC (Ewen to Mills St) contribution to LB stopbank m3 10,596           From above (application maybe toe filters etc)

LB berm surplus cut to clean fill m3 3,195              3,993              125% bulking

LB Clear vegetation chip stump dispose to green waste m2 41,820           Roger not volume calcs

LB Concrete / macadam to unclean waste tonne 1,000              ignore for volumes not volume calcs

Right Berm

RB Cut m3 47,975           Roger s/s

RB riprap volume in cut m3 12,483           Visual plans & xsections

RB riprap filter volume in cut m3 3,728              Visual plans & xsections

RB quarry screening in cut m3 2,190             

Total RB cut m3 66,376          

RB cut to fill berm  m3 4,264             

RB available fill m3 62,112          

RB berm cut to clean waste (0.5m beneath willows) m3 16,553           20,691           Root contaminated willow ‐ total area x 0.5m, 125% bulking

RB stopbank requirements m3 53,800           From OPUS (53,800 m3)

RC (Ewen to Mills St) contribution to LB stopbank m3 10,596           From above (application maybe toe filters etc)

RB berm surplus cut to clean fill m3 2,355              2,943              125% bulking

RB Marsden (Ewen B demo) cut, sort, process, dispose to clean waste tonnes 2,640              Ignore volume

RB Firths Block Plant cut, sort, process, dispose to clean waste tonnes 660                 Ignore volume

RB Clear vegetation chip stump dispose to green waste m2 33,105          

Mills Street (XS0500) to KGB

Volume balance and area calcs

River Channel

River channel cut, shape m3 33,962           Roger s/s

River channel fill, shape m3 31,732           Roger s/s

River channel cut to stockpile, shape channel m3 2,230             

Riprap filter requirements m3 940                 Rirap check spreadsheet

Net river channel cut m3 1,290             

Channel contribution to stopbanks m3 645                 Contributes to OPUS fill (LB 42,350m3. RB 53,800m3) 

Left Berm

LB Cut m3 38,361           Roger s/s

LB riprap volume in cut m3 2,116              Visual plans & xsections

LB riprap filter volume in cut m3 940                 Visual plans & xsections

LB quarry screening in cut m3 442                

Total LB cut m3 41,859          

Total LB fill (cut to fill) m3 5,036             

LB available fill m3 36,823          

LB berm cut to clean waste (0.5m beneath willows) m3 12,288           15,360           Root contaminated willow ‐ total area x 0.5m, 125% bulking

LB berm surplus cut to clean fill m3 24,535           30,669           125% bulking

LB Clear vegetation chip stump dispose to green waste m2 24,575           Roger

Right Berm

Total RB cut m3 120,418         Roger s/s

Total RB fill (cut to fill)  m3 4,233             

RB available fill m3 116,185        

RB berm cut to clean waste (0.5m beneath willows) m3 16,717           20,896           Root contaminated willow ‐ total area x 0.5m, 125% bulking

RB berm surplus cut to clean fill m3 99,468           124,335         125% bulking

RB Winstones Plant cut, sort, process, dispose to clean waste tonnes 660                 Ignore volume

RB Clear vegetation chip stump dispose to green waste m2 33,434           Ignore volume

Bulked

Vegetation clearance areas / Root contaminated volumes Area Volume Volume

area x 0.5 for cart to waste

m2 m3 m3

Ewen to Mills street left bank 41,820           20,910          

Ewen to Mills street right bank 33,105           16,553          

Mills street to KGB left bank 24,575           12,288          

Mills streetto KGB right bank 33,434           16,717          

Totals 132,934         66,467          

Rock volumes, Filter volumes Rock Filter Rock

m3 m3 tonne

Ewen to Mills Street (both banks) 4,202              1,369              LB

4,180              1,195              LB

7,339              2,258              RB

5,144              1,470              RB

Totals 20,865           6,292             

Mills Street to KGB (left bank) 2,116              940                

By reach & LB RB

Ewen to Mills Street LB

in fill 4,202              1,369              7,983             

in cut 4,181              1,194              7,944             

Totals 8,383              2,563              15,927          

Ewen to Mills Street RB

in cut 7,339              2,258              13,944          

in cut 5,144              1,470              9,773             

Totals 12,483           3,728              23,717          

Mills Street to KGB (LB), predominantly cut 2,116              940                 4,020             

Totals 22,982           7,231              43,664           QED, refer riprap s/s for totals

5 Marsden, Firths and Winstones  "unclean" waste

Buried Ewen Bridge demolition 

All demolition will need to be moved Likely to be within construction zone) Vol

Rough estimate bridge solid RC volume m3 m3

Deck ‐ 104L 13W 0.5D average over beams and slab  676                 Bridge I recall 7 piers @13m: span = 8 x 13

Side walls ‐ 104L x 2, 1H, 0.25T 52                  

Piers ‐ 7no 13W 0.6T 5H 273                

Abutments ‐ 2 x (13+5+5)L 0.6T 5H 138                

 Say 150 piles (under piers and abutments), 10L 0.25D 74                  

Total 1,213             

Use 1,200m3 solid reinforced concrete for estimate 1,200             

Based on 30% voids 1,714             

Marsden volume with 30% voids 1,714              1,700             

Firths loose volume (assume 25% Marsden) 429                 430                

Winstone loose volume (assume 25% Marsden) 429                 430                

6 Topsoil ‐ Strip stockpile replace seed etc (for temporary usage, not works)

Temp works / working area provision



From To Dist Area Notes

m m2

Ewen to Mills street left bank 410 XS 440+50 60                   600                 (240+80 = 320) Allow 10m strip

450 500 510                 10,200           Allow 20m strip

sub‐total 10,800          

Ewen to Mills street right bank 320 410+70 1,040              20,800           (115+248+250+127+250+50 = 1040) Allow 20m strip

Mills street to KGB left bank 500 610+52 1,199              23,980           (130+300+247+250+247+25 = 1,199) Allow 20m strip

Mills street to KGB right bank 490 630 1,575              31,500           (140+252+250+248+247+248+190) Allow 20 metre strip

Total topsoil strip, stockpile, replace, seed 87,080          

USE over project 100,000         Note this is required temporary works

10 Sealed areas ‐ cut concrete / macadam to unclean waste

Left Bank Ewen to Melling

XS from XS to Length Av Width Area

m m m2

Lr c/park 340+50 370+50 350 20 7000

Lr c/park 370+50 390 155 0

Up c/park 390+30 400 90 20 1800

Up c/park 400 410+15 140 45 6300

Harvey Norman 80 15 1200

40 10 400

95 6 570

Total Area 17270 ‐               

Assume 30mm deep 0.03 ‐               

Volume 518.1 m3

Assume 30% voids 740 m3

Right Bank ‐Ewen to Melling

Block Road 175 10 1750

Assume 30mm deep 0.03

Volume 52.5 m3

Assume 30% voids 75 m3

11 Willow Planting

From Rogers spread sheet Area

m2

Ewen to Mills street left bank 33,060          

Ewen to Mills street right bank 19,166          

Mills street to KGB left bank 25,533          

Mills streetto KGB right bank 48,594          

12 Riprap Bench horizontal Displaced Av. rock Hor. Width Rockline Displaced

Area Screenings Vol Net screenings thickness 1.8 factor Length Vol

Quarry screenings 350 mm thick m2 m3 m3 m3 m m2 m m3

Ewen to Mills street left bank 10,156           3,555              950.4 2,604              allocate 50% cut, 50% fill 1.65 1.485 640 950.4

Ewen to Mills street right bank 10,313           3,610              1419.84 2,190              cut 1.7 1.53 928 1419.84

Mills street to KGB left bank 2,299              805                 362.34 442                 cut 1.1 0.99 366 362.34

Mills street to KGB right bank ‐                  ‐                 

22,768           5,236              1934 QED

Topsoil / seed T/soil seed

area

m2

Ewen to Mills street left bank 10,156           treat as overlay over rock / quarry screenings, ignore volume

Ewen to Mills street right bank 10,313           treat as overlay over rock / quarry screenings, ignore volume

Mills street to KGB left bank 2,299              treat as overlay over rock / quarry screenings, ignore volume

Mills street to KGB right bank ‐                 

22,768          

13 Shade cloth upper slope to lower berm (riprap sections only) Slope factor

also topsoil to upper slope 2.24

R/Line Av. slope Slope Topsoil area

Length height Length Cloth area

m m m m2

Ewen to Mills street left bank 347 shade cloth not required, wide berm

293 1.5 3.4 984.5 1.5, 1.4, 

Subtotal 984.5

Ewen to Mills street right bank 560 1.0 2.2 1254.4 1.2, 1, 1, 1, 0.8, use 1.0

368 1.0 2.2 824.3 1, 0, 0, 1.3 1.0 use 1.0

Subtotal 2078.7

Mills street to KGB left bank 366 1.5 3.4 1229.8 2, 0.8, 0.6, use 1.5

Mills street to KGB right bank 0 0.0



Cross Section Cut Fill Dist Cut Fill Dist Cut Fill Dist Cross Section Cut Fill Cut Fill Cut Fill Reach Cut Fill Cut Fill Cut Fill

320 0 0 9.423 11.241 0 0 320 320

69.793 73.104 76.398 0.00 0.00 122.98 163.28 144.08 9.43 60936 18628 29552 2068 47975 4264

330 0 0 7.4 11.094 28.288 1.851 330 500

109.224 109.855 110.555 187.76 0.00 733.61 163.93 828.43 13.64 38361 5036 33962 31732 120418 4233

340 25.786 0 59.38 3.828 46.646 0 340 650

111.589 111.023 110.459 2624.54 0.00 1751.83 98.47 1439.77 0.00

350 209.411 0 98.41 5.041 83.698 350

105.934 111.241 115.945 4735.21 0.00 3903.15 37.38 1550.98 0.00

360 237.585 0 252.463 0 50.071 0 360

101.254 113.181 123.949 2541.59 535.04 3433.02 15.06 719.98 148.85

370 13.426 79.262 50.858 1.996 8.016 18.013 370

106.492 112.095 116.428 95.32 3505.30 1738.13 14.92 4570.26 139.81 Reach Cut Fill Cut Fill Cut Fill

380 0 249.899 104.201 0 384.524 0 380

105.636 114.203 121.293 0.00 5775.65 3535.23 0.00 10055.09 0.00 320

390 0 296.851 205.356 0 444.468 0 390 99297 23665 63515 33800 168393 8497

116.797 111.384 107.41 35.66 5449.67 3862.23 0.00 7618.76 0.00 650

400 4.58 169.742 141.393 0 264.848 0 400

121.244 114.881 110.346 464.38 2333.97 2191.10 1.88 3484.20 141.95

410 33.721 22.76 49.335 0.245 50.904 19.296 410

124.868 122.37 120.564 2925.93 298.86 1339.74 559.59 409.15 2093.77

420 200.601 1.174 60.148 45.484 0 154.369 420 Reach Cut Fill Cut Fill Cut Fill

102.625 106.265 109.548 3086.84 75.96 1008.95 522.35 99.40 1708.96

430 100.187 6.228 34.799 3.671 13.61 1.632 430 320

66.348 68.237 69.718 1270.47 27.55 779.34 16.70 968.94 7.59 75632 29715 159896

440 91.299 0 79.412 0 125.37 0 440 650

81.644 79.948 78.702 935.68 261.26 836.20 44.24 3857.97 0.00

450 23.306 47.999 25.181 8.301 364.83 0 450

114.134 111.629 109.757 3695.13 365.22 1001.59 61.78 2669.51 0.00

460 300.448 0 64.544 0 0 0 460 Total Cut 265243

126.066 121.148 117.236 8372.95 0.00 836.28 70.83 0.00 0.00

470 363.724 0 4.486 8.77 0 0 470

116.44 115.965 114.826 9594.74 0.00 844.82 168.73 0.00 0.00

480 460.283 0 68.365 5.78 0 0 480

104.374 118.259 132.985 10349.11 0.00 956.04 92.58 2619.48 0.00

490 531.258 0 12.478 2.049 295.463 0 490

106.987 106.09 109.623 10020.57 0.00 677.96 35.95 6938.99 0.00

500 405.358 0 51.426 1.34 337.524 0 500

100.048 101.183 101.472 6295.71 0.00 1538.41 9.04 8237.06 0.00

510 223.911 0 100.616 0 474.233 0 510

107.134 108.06 105.871 4503.80 0.00 1472.22 8.68 13563.84 0.00

520 196.478 0 35.625 1.205 806.934 0 520

132.383 122.324 114.785 4045.36 0.00 757.16 239.96 17886.69 0.00 Reach Left Right Left Right Left Right Left Right

530 109.102 0 26.273 18.412 751.344 0 530

117.764 118.879 117.693 856.55 1364.97 722.11 469.75 16481.82 0.00 320

540 0 173.861 34.47 21.103 649.064 0 540 41820 33105 2379 0 10156 10313 33060 19166

114.185 113.637 113.081 1902.38 1323.49 610.95 272.46 14365.26 0.00 500

550 249.907 0 19.293 2.873 621.287 0 550 24575 33434 0 0 2299 0 25533 48594

114.475 113.088 114.185 5819.43 0.00 1473.13 21.66 12739.83 0.00 650

560 258.451 0 110.971 0 494.431 0 560

114.153 114.928 115.717 7145.56 0.00 2529.31 480.22 9665.64 0.00

570 367.512 0 109.107 62.676 340.852 0 570

115.928 116.424 116.656 4626.55 0.00 2918.82 1559.64 7442.56 0.00

580 31.576 0 141.599 71.286 297.14 0 580

116.721 119.149 117.591 245.71 0.00 4082.28 1418.39 3882.16 1627.26 Reach Left Right Left Right Left Right Left Right

590 0 0 201.021 47.757 33.001 207.575 590

106.149 109.857 113.041 38.36 0.00 4203.63 2312.58 1791.72 2503.96 320

600 5.421 0 181.625 162.751 125.501 13.934 600 66395 66539 2379 0 12455 10313 58593 67760

106.814 107.628 109.669 1149.02 0.00 2537.00 5815.61 3659.72 101.88 650

610 102.151 0 54.094 377.593 208.205 0 610

105.354 108.421 111.419 1464.80 1154.86 656.04 4782.43 3719.79 0.00

620 36.885 164.425 6.415 63.505 125.651 0 620

108.839 108.314 107.616 267.64 1193.06 1349.80 3535.79 3090.99 0.00 Totals 132934 2379 22768 126353

630 0 0 118.204 262.934 161.573 0 630

108.833 109.557 110.339 0.00 0.00 4328.51 5450.60 3068.69 0.00

640 0 0 276.888 234.579 116.542 0 640

103.245 104.663 105.886 0.00 0.00 4783.13 5355.31 822.68 0.00

650 0 0 180.115 277.093 0 0 650

Plan Areas of Features

Willow Clearing Sealed Areas Bench Areas Willow Planting

Willow Clearing Sealed Areas Bench Areas Willow Planting

River Channel Right Bank

Totalled Volumes full length

Left Bank River Channel Right Bank

Totalled Volumes full length by Bank/Channel/Bank

Left Bank River Channel Right Bank

Plan Areas of Features

End Areas at Sections (exaggerated scale 5x) Volumes at Sections Totalled Volumes by Reach

Left Bank River Channel Right Bank Left Bank River Channel Right Bank Left Bank



Riprap and Filter requirements

LEFT BANK

Rockline XS Distance  Length Unit wgt. Riprap Crest Level Height Slope Slope length d50 Thickness Riprap Filter  Check riprap Difference

label between Riprap Weight Factor 1.5:1 2.5 x d50 Volume Volume weight Riprap

L t/m L x t/m H 1.5H:1V S = 1.8 x H T V V = L x S x 0.5 V x 1.9 weights

m m tonnes/m tonnes m.D m 1.80 m m m m3 m3 tonnes tonnes

Ewen Bridge to Mills Street (XS0500)

LBRL 1 XS0370+58

50

XS0380 103 22.38 2305.14 3.10 4.03 1.80 7.25 0.65 1.63 1214.14 373.58 2306.86 ‐1.72

106

XS0390 111 26.08 2894.88 3.30 5.08 1.80 9.14 0.60 1.50 1522.48 507.49 2892.70 2.18

116

XS0400 133 20.93 2783.69 3.40 4.08 1.80 7.34 0.60 1.50 1465.13 488.38 2783.74 ‐0.05

75

XS0400+75

Sub‐totals 347 347 7983.71 4201.74 1369.45 7983.31 0.40

LBRL 2 XS0420+24

79

XS0430 113 29.78 3365.14 3.80 4.98 1.80 8.96 0.70 1.75 1772.63 506.47 3368.00 ‐2.86

68

XS0440 75 33.29 2496.75 3.90 5.56 1.80 10.01 0.70 1.75 1313.55 375.30 2495.75 1.01

82

XS0450 105 19.83 2082.15 3.10 3.31 1.80 5.96 0.70 1.75 1094.78 312.80 2080.09 2.06

64

XS0450+64

Sub‐totals 293 293 7944.04 4180.96 1194.56 7943.83 0.21

Mills Street (XS0500) to KGB

LBRL 3 XS0510+52

56

XS0520 122.50 9.62 1178.45 4.50 2.50 1.80 4.50 0.45 1.13 620.16 275.63 1178.30 0.15

133

XS0530 125.50 12.12 1521.06 4.90 3.15 1.80 5.67 0.45 1.13 800.53 355.79 1521.01 0.05

118

XS0540 118.00 11.20 1321.60 5.40 2.91 1.80 5.24 0.45 1.13 695.34 309.04 1321.15 0.45

59

XS0540+59

Sub‐totals 366 366.00 4021.11 2116.03 940.46 4020.46 0.65

LEFT BANK Totals 1006 1006.00 19948.86 10498.74 3504.47 19947.61 1.25

RIGHT BANK

Rockline XS Distance Length Unit wgt. Riprap Crest Level Height Slope Slope length d50 Thickness Riprap Filter  Check riprap Difference

label between Riprap Weight Factor 1.5:1 2.5 x d50 Volume Volume weight Riprap

L t/m L x t/m H 1.5H:1V S = 1.80 x H T V V = L x S x 0.5 V x 1.9 weights

m n tonnes/m tonnes m.D m 1.8 m m m m3 m3 tonnes tonnes

Ewen Bridge to Mills Street (XS0500)

RBRL 1 XS0330+57

55

XS0340 110.50 20.09 2219.95 2.40 3.61 1.80 6.50 0.65 1.63 1166.80 359.01 2216.91 3.03

111

XS0350 115.50 25.62 2959.11 2.50 4.61 1.80 8.30 0.65 1.63 1557.43 479.21 2959.12 ‐0.01

120

XS0360 121.50 30.30 3681.45 2.70 5.45 1.80 9.81 0.65 1.63 1936.86 595.96 3680.04 1.41

123

XS0370 120.50 25.14 3029.37 2.90 4.52 1.80 8.14 0.65 1.63 1593.13 490.19 3026.95 2.42

118

XS0380 92.00 22.38 2058.96 3.10 4.03 1.80 7.25 0.65 1.63 1084.47 333.68 2060.50 ‐1.54

33

XS0380+33

Sub‐totals 560 560.00 13948.84 7338.69 2258.06 13943.52 5.32

RBRL 2 XS0400+45

67

XS0410 127.50 33.30 4245.75 3.60 5.56 1.80 10.01 0.70 1.75 2233.04 638.01 4242.77 2.98

121

XS0420 115.50 29.55 3413.03 3.70 4.94 1.80 8.89 0.70 1.75 1797.30 513.51 3414.86 ‐1.84

110

XS0430 90.00 16.76 1508.40 3.80 2.80 1.80 5.04 0.70 1.75 793.80 226.80 1508.22 0.18

70

XS0440 35.00 17.36 607.60 3.90 2.90 1.80 5.22 0.70 1.75 319.73 91.35 607.48 0.12

Sub‐totals 368 368.00 9774.78 5143.86 1469.67 9773.33 1.45

Mills Street (XS0500) to KGB

No rocklines

RIGHT BANK totals 928 928.00 23723.61 12482.55 3727.73 23716.84 6.77

LEFT + RIGHT BANK totals 1934 1934.00 43672.47 22981.29 7232.20 43664.45 8.02



RiverLink

RiverWorks

Rates Calculations Year Index $/unit $/unit Unit

Factor Indexed

1 Clear willows / trees dispose green waste (incl stumps) 1.03^n

TreeScape rate $85,700 / ha = $8.57 / m2  2017 1 8.57 m2 to follow

HRCCUP 2015 OPUS; Clear trees 2015 1.0609 60 63.65 m2 Unclear whether it includes disposal

USE 10.00 m2 Requires confirmation

2 River Channel bed gravel cut to fill berm, track roll, shape channel

HRCCUP 2015 OPUS; cut to fill stopbanks 2015 1.0609 20 21.22 m3

Jim Cook Park; supply and place to stopbank from river, Aug 2011 2011 1.1940523 10.61 12.67 m3

USE 20 20.00 m3

3 River channel (RC) bed gravel cut to stockpile, shape channel

HRCCUP 2015 OPUS; cut to fill stopbanks 2015 1.0609 20 21.22 m3

Jim Cook Park; supply and place to stopbank from river, Aug 2011 2011 1.1940523 10.61 12.67 m3

USE 15.00 m3 Reduce by $5/m3 no compaction

4 Strip topsoil (150mm), stockpile, replace, regrass

HRCCUP 2015 OPUS; 2015 1.0609 4 4.24 m2 used for both cut from stockpile/place and cut/stockpile/place

Jim Cook/Goodmans; strip and stockpile 2011 1.1940523 2.66 3.18 m3 Assumed that unit meant to be m2 not m3

Jim Cook/Goodmans; Respread from stockpile 2011 1.1940523 6.5 7.76 m3 Assumed that unit meant to be m2 not m3

Total 10.94 m3 Assumed that unit meant to be m2 not m3

Rawlinson strip to stockpile 2009 1.26677008 4.3 5.45 m2

Rawlinson cut to place 2010 1.26677008 3.9‐7.6 m3 0.59‐1.14

Rawlinson cut to place 2011 1.26677008 3.9 4.94

Rawlinson cut to place 2012 1.26677008 7.6 9.63

USE 7.50 m2

5 Cut to waste Build Rate (Winstones Haywards "cleanfill")

Apply to root contaminated berm material and surplus

HRCCUP 2015 OPUS; Cut to waste, remove debris up to 10km 2015 1.0609 50 53.05 m3

Build calculation:

Winstones clean fill, 6 wheeler 7.5m3 $130/truck; $17.33/m3 17.33 m3

6 wheeler truck, $262/hr; 1hour load travel dump travel 35 m3

Driver; $50/hr 6.67 m3

Cut and load truck; use cut to stockpile from above 15 m3

Total 2017 1 74 74.00 m3

USE 74.00 m3

USE (subsequent decision to adopt an on‐site re‐use rate of $15/m3) 15.00 m3

6 Apply Winstones build calculation to Marsden, Firths, Winstones sites buried material

Comprises

Marsden (Ewen Bridge demo buried in berm) Likely all to be in construction zone

Firths Block Plant demolition Uncertain how much will be in construction zone

Winstones gravel processing plant Uncertain how much will be in construction zone

From above cut to waste build calculation 74.00 m3

Allow $20/m3 for cutting protruding steel, breaking to size ‐ intuitive estimate 20.00 m3

USE 94.00 m3

7 Riverbank carpark / Block Road "tar and chip" seal

From above cut to waste build calculation 74.00 m3

USE 74.00 m3

8 Compacted quarry overburden, lower berm and upper slope

Boulcott Goodman; quarry screenings 2015 1.0609 50 53.05 m3

Jim Cook Goodman;quarry screenings 2011 1.1940523 27.41 32.73 m3

Jim Cook Goodman; imported topsoil 2012 1.1940523 50 59.70 m3

USE  40 m3

USE for 0.15m thick 6.00 m2

9 Riprap supply deliver to site

SK email B78‐C100 tonne

HRCCUP 2015 OPUS 89/117/100 tonne

Ron Dixon ‐ $100 / tonne plus $40 / tonne transport 140 140.00 tonne

USE 120.00 tonne

10 Riprap filter, cut stockpile to place 500mm thick 

HRCCUP 2015 OPUS 2015 1.0609 20 21.22 m3

River gravel cut stockpile to place above 15.00 m3

USE  15.00 m3

11 Place riprap, include cofferdams / temporary bunds

SK email 20‐30 tonne

Ron Dixon $20 / tonne 20 tonne

USE 25.00 tonne

12 Willow planting

Mike Jensen, email 2 March 2017 2016

517 poles, $34,000 = $65 / pole

Poles ‐ depths 3.5 ‐ 5 metres, @ 2m spacing, rows 5m spacing 6.50 m2

USE 10.00 m2

13 Shade cloth pinned @ 1 m grid, trenched bottom and top

Meridan 2007 1.34391638 5 6.72 m2

USE 10.00 m2

14 Imported 2nd Grade Topsoil 

Jim Cook Goodman; imported topsoil 2012 1.1940523 50 59.70 m3

USE 60.00 m3

150mm thick 9.00 m2



HUTT RIVER PROJECT ESTIMATIONS ‐ Tree removals including stumps and ground vegetation

Site

Block 1 Hectare

Tree No. stems per hecta 3,000

Item  Units Cost 

Project Ma 1.0 650.00$        

Establishm 0.5 500.00$        

Tree Felling 5.0 15,500.00$   

Chipping 2.0 9,700.00$     

Stumping & 5.0 37,500.00$   

Trucking ch 6.0 22,500.00$   

Excavator M 0.0 ‐$              

Site Levellin 0.0 ‐$              

Total cost per hectare 85,700.00$   

Notes

Item  Day Rate

Project Ma 650.00$        

Establishm 1,000.00$     

Tree Felling 3,100.00$     

Chipping 4,850.00$     

Stumping & 7,500.00$     

Excavator M 1,650.00$     

Site Levellin 1,250.00$     

Trucking ch 3,750.00$     

Tree FellingWillow trees on avergae 200 ‐ 300mm diameter at 2 meter spacings

Average of 30 trees per 100m2 and 3,000 trees per hectare

2 minutes per tree to fell and stack for chipping = 30 trees per hour / 100m2 per hour felled

2 x fallers to fell 100m2 each per hour and 1,000m2 for the day (Based on 12 working and 10 cutting hours)

Equates to cutting 0.2 hectares per day and 1 hectare per week

Chipping PC130 and M20R forestry chipper to process 3 stems per minute / 180 stems per hour

Equates to 16.60 chipping hours or 2 x days (8.5 hours per day)

Chipper will produce 150 ‐ 200m3 of mulch per hour, resulting in 2,490 ‐ 3,320 cubic meters of mulch product per hectare

Stumping aPC200 with pick to pull and split stumps

PC130 to stick rake stumps and ground veg into Tub Grinder

Tub Grinder to grind material into mulch

Estimated to produce 800m3 of mulch product per hectare

Trucking of8x4 Bin trucks with 35m3 capacity to transport mulch away from site to Churton Park Landscaper

1.5 hours turnaround trip equates to average of 6 loads per day

Require 3 trucks rotating around the chipper / tub grinder

Estimated on a quantity of 3,700m3 of product ‐ 3 trucks delivering 6 x 35m3 loads each per day (5.87 days trucking)

PC130 with grapple + M20R incl operator

PC200 with pick + PC130 with rake + Tub Grinder

PC130 with hydraulic mulcher 

PC130 with rake 

8x4 35m3 bin capacity x 3 units

Hutt River (per Hectare)

Project Management per day

Transport Excavator / Loader / chipper plus crew

PC130 with log grapple plus 2 x Fallers with Ute

Resources
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