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1 Introduction 

1.1 Background 

As part of its overall strategic water programme, the Hawke’s Bay Regional Council (HBRC) is 
investigating the feasibility of the Ruataniwha Plains Water Augmentation Scheme to provide 
sustainable irrigation in the Ruataniwha Basin.  The scheme involves water harvesting, storage 
and distribution for servicing, in round terms, up to 22,500 hectares (net) of irrigable land in the 
plains.  Tonkin & Taylor Ltd (T&T) completed a prefeasibility study of water augmentation 
opportunities in June 2009, and this was followed by a more detailed “advanced prefeasibility” 
study, which was completed in February 2011, also by T&T.  

In June 2011, HBRC engaged T&T to undertake a Technical Feasibility Study of the Ruataniwha 
Plains Water Augmentation Scheme covering the Geotechnical, Water Resource and Engineering 
disciplines.  The objectives and scope of the required investigations are contained in HBRC’s 
Request for Proposal (RFP) document dated May 2011.  T&T’s proposed approach and 
methodology for completing the necessary investigations are described in its proposal dated May 
2011.   

This Project Inception Report fulfils the first reporting milestone of the Technical Feasibility Study. 

1.2 Scope 

HBRC’s brief (per the RFP) states the scope of the Project Inception Report, which is: Review of 
work to date and development of detailed technical feasibility plan with allocation of resources 
and requirements of other service providers and HBRC.  

Our understanding is that the purpose of this Inception Report is to: 

- Review the relevance of the balance of the work scope in the proposal given the 
knowledge gained or decisions made in the inception period 

- Note any departures from the work scope as a result, and develop a forward work plan to 
complete the study 

- Identify linkages with studies in other parallel work streams and information needs, both 
as inputs to and outputs from the technical feasibility study.         

A detailed description of the feasibility study methodology and plan has been provided in T&T’s 
proposal (May 2011).  In general, it is proposed that the balance of the feasibility study be 
conducted in accordance with the proposal, unless more recent findings and decisions after 
award of the study necessitate modifications to particular components of the study.  This report 
describes departures from the proposal and offers further elaboration where necessary or 
requested by HBRC.   

A major development at the end the inception period which may significantly change the scope of 
the engineering and indeed other investigations, is the potential abandonment of the storage 
option D5 because of serious uncertainties and risks associated with foundation conditions for 
any potential dam.  Further elaboration is provided in Section 3.4.  However, this decision 
(deletion of D5) is still to be confirmed by HBRC.  Therefore (and also given the time constraint), 
the development of a detailed forward work plan and programme which focuses on the 
development of a scheme based on a single storage dam (A7) has not been attempted.      
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1.3 Activities in the inception phase 

The inception period has covered the six week period from formal award of the study at end June 
2011 to the time of writing 5 August 2011.  Within this period, the substantive work has been the 
reassessment of the concept designs for potential dams at sites D5 and A7 based on recently 
available geotechnical investigation results.  This is discussed in more detail in Section 3.  

Other activities that have been completed include: 

- Engagement of a number of external peer reviewers and external sub-consultants 

- Organisation of internal (T&T) resources and review/refinement of methodologies 

- Meetings in HBRC’s offices: 

o  30 June 2011: discussion of water resource/hydrological/planning aspects  

o  1 July 2011: project kick-off meeting and general discussions  

o 2 August 2011: discussion of hydrological aspects and data requirements  

o 2 August 2011: discussion regarding dam break modelling approach 

- Visit to dam sites D5 and A7 with external peer reviewers and workshop in HBRC’s offices 
to review site investigation findings and potential dam designs on 1 and 2 August 2011 

- Several internal workshops and briefings on various aspects, mostly around dam design    

- Completion of a draft Project Quality Plan specific to this project 

- Review of available/previous information and request for further information 

- Development of a schedule of parameters governing storage requirements 

- Participation in weekly coordination meetings (core project team) 

- Confirmation of peer reviewers and aspects requiring peer review. 

Later sections provide further detail on the progress made in specific work components.  

1.4 Report structure 

Following this Introduction, this report is structured as follows, which is generally in accordance 
with the sequence of the study components as they appear in HBRC’s brief and T&T’s proposal, 
viz.: 

Section 2 Water Resource Investigations   

Section 3 Dam Design Investigations   

Section 4  Distribution System Design 

Section 5 Other Engineering Investigations 

Section 6 Project Programme Update 

Section 7 Schedule of Parameters Governing Storage Requirements  
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2 Water Resource Investigations 

2.1 Progress in the inception phase 

Compared with the other components of the technical feasibility, there are many linkages 
between the water resource investigations and the other work streams of the Ruataniwha Plains 
Water Augmentation Scheme, including the environmental, economic and planning work streams 
that are being progressed in parallel.  A collaborative approach between T&T, HBRC and HBRC’s 
other external service providers is necessary for efficient and timely execution of the work tasks in 
the water resource investigations.   

A briefing meeting/workshop was held in HBRC’s offices on 30 June 2011 which focused on water 
resources and associated science and planning initiatives, and regulatory aspects.  As a result of 
this meeting and follow-up discussions/meetings, the following have been achieved: 

- An understanding of the overall project organization and timeframes, and the strategy to 
manage Council’s role as both the project proponent (applicant) and approving authority   

- Appreciation of the status of the parallel work streams, the internal and external service 
providers of the science and environmental studies and plan change work, and the key 
personnel leading each component 

- Appreciation of the scientific studies and hydrological work recently completed relevant 
to the Ruataniwha scheme 

- Appreciation of the linkages and particularly the information interchange required 
between the technical feasibility study and the environmental science studies and plan 
change work  

- Identification of work scope overlaps and duplication in the technical feasibility and 
science studies, which has led to refinement of work scopes for the irrigation demand 
review (see next section) and sedimentation assessment.     

It was recognised that a number of parameters that have an influence on key technical aspects of 
the scheme, particularly the storage requirement and distribution system capacity, are derived 
from science, environmental, economic and planning considerations.  The full suite of relevant 
parameters is not clear to the other study providers, and thus there has not been, where possible, 
a deliberate alignment of the timetables for assessing or confirming these parameters to achieve 
the milestones of the technical feasibility.   

The following approach is proposed to facilitate the timely information exchange between the 
technical feasibility study and other parallel work streams: 

 in the first instance, T&T will set out a schedule of parameters which govern the storage 
requirements at each dam, and include in the schedule the currently assumed value for 
each parameter – this schedule has now been developed, see Section 2.2  

 the timetable to which each parameter is able to be refined or confirmed will need to be 
assessed by relevant study leaders (engineering, environmental, planning, economic, 
etc.); a high level of commitment is expected of the same to adhere to the programme  

 a main vehicle for transferring information from the technical feasibility to the science, 
environmental and other studies is the Project Description Report; an initial report is 
scheduled for end of October 2011 and a final report for end of March 2012. 
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The inception phase of the project has also been used to organise internal (T&T) resources, refine 
the methodology, and review and request information related to the water resource 
investigations.  Peer reviewers and aspects requiring peer review have been confirmed, viz. 

1. Irrigation demand aspects  –  Dr Terry Heiler  

2. Water resources investigations (apart from irrigation demand aspects) –  Dr David Painter  

3. Engineering hydrology – Dr David Painter. 

2.2 Schedule of parameters governing storage requirements 

Water resource investigations are required to ultimately confirm the required dam storage 
capacity for the required level of water demand and drought resilience with due consideration of 
catchment flow availability, environmental flow requirements  and long term reservoir sediment 
infill. 

A comprehensive schedule of the parameters that influence the scheme’s storage requirements is 
provided in Section 7. There are 26 sets of parameters divided into 5 categories, viz. (1) irrigation 
demand; (2) river flow availability and delivery; (3) environmental requirements; (4) dead storage 
allowance; and (5) other storage demands.     

The table in Section 7 also provides indications, based on experience and judgment, of the likely 
sensitivity of the of the storage capacity to each parameter, and the potential scope for change of 
that parameter from the assumption in the advanced prefeasibility study.  A very brief statement 
of the proposed approach or action for updating each parameter during the feasibility study is 
given, including an indication of the specialist(s) who would provide input to determining that 
parameter, apart from the core project team.  

Of these parameters, the most critical, based on the combination of the presumed storage 
sensitivity and perceived scope for change of the parameter concerned, are marked in bold font, 
in the table, viz.: 

1a Service area 

1c Future irrigated land use mix 

1d Crop water demand 

1e Efficiency of water use/delivery 

1f Supply reliability standard 

1g Climate change adjustment (to demand) 

2k Climate change adjustment (to river flow) 

2l Tributary inflow contribution to take downstream of dam 

4u Reservoir sediment infill  

Of the 9 “critical” parameters, 6 are associated with irrigation demand (1a, 1c to 1g).  A important 
activity to initiate resolution of these parameters is the scheduled irrigation demand review 
workshop planned for mid to late August 2011.       

2.3 Refinement of work scope 
The work scope for the water resource investigations comprises three parts: 

1. Review irrigation demand 

2. Confirm river flow characteristics 

3. Dam storage capacities  

The general approach and tasks outlined in our proposal remain appropriate for parts 2 and 3, 
and no changes are necessary.  If storage D5 is abandoned, then there would be no need to 
investigate the Makaretu River system and the focus would shift to the Makaroro and Waipawa 
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River systems.  The ability of the Makaroro River catchment to sustain a significantly larger 
storage at the A7 site (to compensate for the loss of storage D5) would need to be confirmed by 
catchment and storage behaviour modelling.  We also note HBRC’s interest to closely review a 
specific aspect of this exercise, viz. the generation of the flow time–series used for modelling 
behaviour of the storage and the river downstream of the dam. 

However, for the irrigation demand review (part 1), there will be a number of departures from the 
work scope in our proposal, mainly brought about by potential duplication of several work tasks in 
the parallel science studies.  In particular, a large proportion of the work associated with irrigation 
demand assessment and modelling earmarked for Aqualinc would appear to be already covered 
by other service providers, viz.: 

- assessment of envisaged future land use mix: appears to be covered by work done to date 
by Macfarlane as part of its study of on-farm economics  

- population of climate and soil data for the Ruataniwha Basin: should already be covered 
in the work by Plant and Food Research (Green) using its SPASMO model  

- modelling of irrigation demand time series based on historical climate and future changed 
climate datasets:  we understand that such time series can be readily generated from the 
customised SPASMO model, and while Plant and Food Research’s commission may not 
allow for generating such information, it would be logical to extend its commission to do 
so – this aspect is currently under discussion with HBRC (Benson) Plant and Flood 
Research (Green).  

We are also now aware of several decisions taken by HBRC which have clarified aspects of the 
irrigation demand review work scope, viz.:  

- integration of existing surface and ground water take consents:  insofar as storage 
requirement is concerned, this may no longer be an issue because the intention is 
ultimately for all irrigation in the Ruataniwha Basin to be supplied from storage, which 
implies retiring and transferring all existing take consents to storage based supply 

- climate change scenarios: we understand climate change scenarios for HBRC are being 
developed by NIWA and due by August 2011 (letter received from Lew dated 6 July 2011) 

- the question of surety of supply: there is need for consistency between the terms used in 
the plan change work and the level of reliability provided by the Ruataniwha scheme, 
which will require further discussion and development. 

It is noted that the potential deletion of storage D5 may instigate a potential increase (rather than 
decrease) in the total command area of the scheme, as the serviceable area in zones C and D was 
previously limited by the capacity of storage D5.  This presumes that the catchment above A7 has 
the flow yield to sustain a significantly larger storage.  If the decision is taken to increase the 
command area in zones C and D, some additional infill work may be required by Macfarlane and 
Plant and Food Research.   

2.4 Next steps 

The immediate next steps in the water resource investigations: 

- Finalise work scope and deliverables, including timeframe, for irrigation demand 
modelling by Plant and Food Research    

- T&T and HBRC to confirm a date (mid to late August 2011) and proposed attendees for 
the irrigation demand review workshop which is proposed to be held in HBRC’s offices 
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- T&T’s information needs for hydrological, hydrometric and sediment data for the 
Waipawa River and wider Ruataniwha Basin to be discussed and developed with HBRC 
(Waldron, Christie)  

- Study leaders for the other work streams and relevant HBRC personnel to review the 
schedule of parameters governing storage requirements (Section 7), and specify a 
timetable or target dates for refinement of relevant parameters 
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3 Dam Design Investigations 

3.1 Introduction 

A prefeasibility (including advanced prefeasibility) study has been completed for a number of 
potential storage options that could anchor an irrigation scheme for the Ruataniwha Plains.  The 
prefeasibility report considered a number of storage locations and subsequently recommended 
that two sites were favourable for further consideration.  These were termed sites A7 on the 
Makaroro River and D5 on the Makaretu River.  HBRC’s brief and T&T’s proposal for the technical 
feasibility study focussed on these two sites for the remainder of the development study. 

As is the norm, the prefeasibility assessment was progressed with little subsurface geotechnical 
investigation.  Observations of sites were made from the ground, and assumptions made about 
the subsurface conditions for preliminary dam design, and hence indicative cost estimates. 

HBRC decided to progress the irrigation study to feasibility level.  An early start was made on 
geotechnical investigations of the dam sites prior to engaging a design consultant for the 
feasibility design.  This included seismic refraction lines at the two sites, further geological 
mapping, surface sampling and laboratory testing, and borehole drilling at Site D5.  GNS were also 
undertaking additional work with respect to fault characterisation, particularly in the area of site 
A7.  The results of these investigations were becoming available at the commencement of this 
study. 

The initial results of the geotechnical investigations indicated some potentially significant 
implications for the design assumptions, and hence development cost, for the two dam sites. 

Given the new information, we considered that it would be prudent to undertake a rapid 
reassessment of the two dam sites as a first activity of the feasibility study.  We discussed this 
approach with HBRC and it was agreed that it was a necessary and useful task.  The intentions of 
the reassessment were to: 

 re-evaluate the dam design at both sites and consider whether changes are necessary to 
meet the uncovered conditions 

 undertake, at a concept level, revisions to the design that potentially could address the 
technical issues 

 re-evaluate main quantities/costs to ascertain whether likely development costs are at a 
different scale to that presented in the advanced prefeasibility reporting 

 then consider the most appropriate course of action in progressing the feasibility study. 

It should be clear that the intention of this early activity was not to refine the designs to any 
degree and there is a large scope for significant refinement.  The intent was primarily to try and 
ascertain what impact the uncovered geotechnical conditions at the sites could have on technical 
and financial feasibility before getting too far into the full feasibility study. 

This assessment is currently ongoing and the results could either confirm that the methodology 
(as set out in our proposal) is still valid and will be followed, or if financial/technical issues are 
large enough then a shift in the proposed methodology may be warranted. 

The remainder of this section provides an update of our current assessment for the two sites A7 
and D5.  Initial outline recommendations for adjustments to our proposed methodology are 
given, assuming that following the initial assessment these two sites are progressed further (refer 
to Section 3.4 for an update on this).  Firm recommendations cannot be provided until after the 
initial assessment of the sites is complete. 
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3.2 Dam site D5 

3.2.1 Geotechnical interpretation   

A factual update of the geotechnical investigations at D5 has been prepared (separate scope from 
this Feasibility Study and reported elsewhere).  Two boreholes, a seismic refraction line, and some 
material sampling/testing have been carried out.  An interpretative geological model has been 
postulated based on the available information and background knowledge of conditions with 
similar features.  In essence the following bullet point summary of the main features of the site, 
with respect to dam development, is provided:  

 there appears to be a layer of siltstone close below the ground surface, but this is 
underlain by a layer of varied gravelly sand with artesian water pressures 

 the depth to a lower (reliable) siltstone layer has not yet been confirmed – there are still 
significant assumptions in the concept arrangement developed 

 current thinking is that there will likely be a softened contact at the lower siltstone 
boundary that will be very weak and likely a potential source of sliding failure 

 the gravelly sand layer likely extends sub-horizontally under the abutments 

 the gravelly sand layer is potentially at risk of a piping failure, and of liquefaction (lesser 
risk) during earthquake. 

3.2.2 Preliminary assessment of options and feasibility  

The concept for the dam at prefeasibility stage was a relatively conventional earthfill dam, with 
allowance for some cutoff underneath the core area.  Given the revised geotechnical conditions 
outlined above, several revisions to the arrangement concept have been considered.  There are: 

 significant subexcavation under the embankment footprint, where practical, to remove 
the gravelly sand layer down to a competent foundation 

 install deep filtered drains and buttresses downstream of the main embankment to safely 
pick up seepage that could track around the abutments 

 install a line of grout holes laterally out from the abutments to try and cutoff the gravelly 
sand layer to reduce seepage 

These concepts are outlined in the attached series of drawings in Appendix A: 

- D5-FS-SK01 

- D5-FS-SK02 

- D5-FS-SK03 

- D5-FS-SK04 

3.2.3 Next steps 

As outlined in Section 3.1 it is currently premature to recommend departures from the 
methodology and scope presented in our proposal.  However, the following general path forward 
through the next steps is provided: 

1. Complete the rapid assessment of effect of geotechnical conditions on the technical and 
economic feasibility of the dam site 

2. Discuss outcomes and if the site still appears promising, then; 

3. Develop requirements for further geotechnical investigations 
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4. Develop the geological model to the required level of confidence for feasibility 

5. Complete feasibility assessment in line with our proposed methodology 

3.3 Dam site A7 

3.3.1 Geotechnical interpretation  

Geotechnical investigation at the site to date consists of seismic refraction lines, geological 
mapping, and surface sampling/laboratory testing.  A concept geological model has been 
prepared on the information available at present.  In essence the following bullet point summary 
of the main features of the site, with respect to dam development, is provided: 

 the site (and nearby site) provides material for rockfill (from excavation) and gravel. 

 there is potentially, though currently unproven in terms of quality and suitability, material 
that could be used as an embankment core.  This material appears to be a tertiary 
siltstone. 

 GNS indicates the potential for sympathetic fault movement through the foundation of 
the dam in the event of a large earthquake on one of the several locally identified faults.  
Any dam in this location may need to be able to safely manage deformations in the 
vertical and horizontal sense. 

 There are deep gravels (~15m) covering the right abutment terrace area that will need to 
be managed in the design 

 Some areas on the left abutment appear to have deeply dilated rock that poses a leakage 
and stability risk if left in place or untreated. 

A preliminary structural contour map showing the depth to “intact” rock that would form a good 
foundation for a core of a rockfill dam or for a concrete dam has been prepared (note that there 
has not yet been any drilling at this site).  This contour plan was used in preparing early concept 
arrangements for dam options at the site. 

3.3.2 Preliminary assessment of options and feasibility 

Two main concepts have been developed for the A7 site.  The requirement for the dam to 
potentially manage fault deformation is high in selecting the dam type.  There is precedent for 
both embankment and concrete dams having been designed for fault movement.  Concrete faced 
rockfill dams (CFRD) may also be quite appropriate, but more research and work on this aspect 
will be required.  Accordingly concept designs have been developed for a rockfill dam with central 
core, and a Roller Compacted Concrete (RCC) gravity dam.  A concept design for a CFRD option 
has not been developed at this stage because of time limitations. 

The rockfill embankment dam option includes the following features: 

 subexcavation of overburden down to intact rock over core and filters footprint 

 low level diversion with twin (nominally) box culverts under the dam that later are 
converted to use as irrigation outlet (with intake tower) 

 potentially higher level diversion channels in one of the abutments for large flood 
protection as the embankment level rises 

 service spillway, either a bellmouth spillway leading into one of the diversion culverts, or 
a left abutment chute spillway leading back to the river further downstream 
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 left abutment auxiliary spillway (with fusible embankment) that brings flood protection 
up to PMF level. 

Note that this arrangement is very near to that adopted for the prefeasibility study, and only 
differs in temporary works.  As noted earlier, the current arrangement has not been optimised to 
any degree because of time constraints, and could be modified significantly as part of further 
design development. 

Outline sketches for this arrangement option are attached to this report in Appendix B as follows: 

- A7-FS-SK01 

- A7-FS-SK02 

- A7-FS-SK03 

- A7-FS-SK04 

The RCC dam option includes the following features: 

 subexcavation of overburden down to intact rock over concrete foundation footprint 

 grout enriched vibratible RCC (GEVR) used on upstream face, foundation/abutment 
contacts, and spillway faces for water resistance 

 integral spillway 

 integral low level diversion 

 integral irrigation outlet structures. 

Outline sketches for this arrangement option are attached to this report in Appendix B as follows: 

- A7-FS-SK10 

- A7-FS-SK12 

3.3.3 Next steps 

As outlined in Section 3.1, it is currently premature to recommend departures from the 
methodology and scope presented in our proposal.  However, the following general path forward 
through the next steps is provided: 

1. Complete the rapid assessment of effect of geotechnical conditions on the technical and 
economic feasibility of the dam site 

2. Discuss outcomes and if the site still appears promising, then; 

3. Develop requirements for further geotechnical investigations 

4. Develop the geological model to the required level of confidence for feasibility 

5. Complete feasibility assessment in line with our proposed methodology 

 

3.4 Key outcomes of site investigation review workshop  

A site visit and subsequent workshop was held on 1 and 2 August 2011.  This was attended by 
engineers and geologists from T&T, external peer reviewers, and Graeme Hansen of HBRC.  

The purpose of the visit and workshop was to gain an external (independent) perspective from 
the peer reviewers on whether they agreed with the designs and investigations to date and if they 
considered it appropriate to proceed with the next (feasibility) level of both investigation and 
design. 
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Below is a summary of the key points made by the attendees: 

Dam site A7 (Makaroro River) 

1. There does not appear (at this stage) to be any technical reason why a dam of the 
proposed height at A7 cannot be developed, notwithstanding the economic viability. 

2. Further investigations are required by GNS in relation to possible movements on the 
Mohaka Fault approximately 900 m upstream of the dam location 

3. Reservoir instability and landslides should be investigated in greater detail 

4. Whilst some dam types have advantages over others, no dam type under consideration 
(Central Core Rockfill dam, Concrete Faced Rockfill Dam or Roller Compacted Concrete) 
has yet been ruled out by the team or its reviewers 

5. Further consideration is needed on the zone of inferred relaxed rock on the left abutment 
to quantify the risks and consequences of a failure during the dam design life 

6. There is an opportunity to relocate the dam further upstream by approximately 150 m 
from its current location 

7. The dam would need to be increased in height by around 8 m to accommodate the live 
storage shortfall from not constructing D5 

8. The next stage of investigations is a priority given the likely slow drilling rates in these 
rock conditions 

Dam site D5 (Makaretu River) 

1. Rough order costs for Makaretu (based on the revised concept plans) are significantly 
higher than those presented in the advanced prefeasibility report.  The attendees 
considered that there is a possibility that costs could increase with additional 
investigations rather than decrease. 

2. The dam could suffer from the following failure modes: 

a. Sliding under seismic shaking 

b. Piping of foundation materials progressing into the dam 

c. Leakage of the reservoir 

d. Downstream blow out of the siltstone under reservoir water pressures 

e. Failure of river valley banks within the reservoir 

3. Further investigations are still required before determining whether the site is feasible.  
These investigations would be difficult and costly to undertake, and potentially 
inconclusive. 

4. The team agreed that on balance of increasing cost and risk that this site is not worth 
investigating. 

5. Alternative dam sites in the general area can be expected to have similar issues, as 
geotechnical conditions are regional, including dam sites on the Mangatewai River 
immediately to the north of Makaretu River. 

The details of this workshop are in Appendix C and should be referred to for further detail. 
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4 Distribution System Design 

4.1 Progress in the inception phase 

The main feasibility design phase of the irrigation distribution system is not programmed to 
commence until September 2011.  However, there have been preliminary considerations of 
aspects of the design of the distribution system, such as the level of detail in the design and 
drawings required for resource consents, versus the approach and detail envisaged by T&T at the 
proposal phase.  HBRC has also requested that the potential for micro-generation within the 
distribution network be considered.  The potential abandonment of the Makaretu storage D5 has 
significant implications on the design of the distribution system. 

An internal briefing/kick-off meeting was held in T&T’s Auckland office on 29 July 2011.   

4.2 Refinement of work scope 

The general approach outlined in our proposal remains relevant.  However, if storage D5 which 
was intended to supply to the southern zones C and D is deleted and storage A7 made larger to 
compensate as currently contemplated, then the following modifications are indicated:  

- Zones C and D would be supplied from storage A7 via an extended distribution system 
which connects all four zones, anchored by a continuous head race or pipe main running 
north to south  

- The head race or pipe main in zones B and C would need a significant capacity increase 
besides extension to the edge of the zones to border the upper Tukituki River    

- A connection across the upper Tukituki River between zones B and C would be required, 
and possibly a pumping station if the headrace level is higher in zone C than zone B 

- Potentially, 100% of zones C and D (rather than 73% per the advanced prefeasibility 
study) may be serviced by such a system if storage A7 can be made large enough and its 
surface flow yield not a limiting factor; this would lead to a further increase in the 
required capacity of the distribution system.  

The potential changes above plus a preliminary discussion regarding expectations for land use 
consent and designation applications for the distribution system strongly indicates that a greater 
focus on the distribution aspects than T&T allowed for at the proposal phase is warranted, and 
that the feasibility study effort should be redistributed to boost this area.   

4.3 Next steps 

Prior to the feasibility design of the distribution system, a number of basic design parameters will 
need to be determined, including the areal coverage, system capacity, and integration with 
existing irrigation.  Some of these parameters are required to be assessed and agreed with inputs 
by others.   

The coverage and required delivery capacity of the distribution system will be governed by many, 
but not all, of the irrigation demand parameters which also govern the overall storage 
requirements (set out in the table in Section 7).  These are as follows (with comments in 
brackets): 

a. Service area (in particular, decision required whether to supply 100% of zones C and D)   

b.  Net area conversion factor 
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c. Future irrigated land use mix (however, to be conservative, this should perhaps be biased 
towards crops with a high peak water demand but only for the distribution system design) 

d. Crop water demand 

e. Efficiency of water use/delivery 

It is anticipated that these parameters will be able to be resolved either in conjunction with or as 
part of the activities in the Water Resources Investigations, particularly the irrigation demand 
workshop planned for mid to late August 2011.  Also, the design and indeed cost of the 
distribution system is expected to be highly sensitive to assumptions regarding the peak 
simultaneous demand, both in the overall system and at various sub-system levels (e.g. zones).  
This will require input from irrigation specialists (Heiler, McIndoe, Macfarlane).   

An initial task for the distribution system design would be to identify the irrigation supply end 
points (farm gate).  This is expected to require collaboration with HBRC personnel involved in the 
irrigation demand survey and utilisation of Council’s GIS resources.  In addition, a strategy will 
need to be agreed with HBRC to develop methods to identify, review and supply areas with 
existing irrigation infrastructure.         

It should be noted that that any irrigation distribution system is likely to involve some bywash 
and/or scour discharge from time to time as part of normal operation.  These discharges may be 
subject to resource consents, and will be identified in the feasibility design.  
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5 Other Engineering Investigations 

5.1 Engineering hydrology 

The general approach and tasks outlined in our proposal remain appropriate and no change is 
necessary.  There has been no progress on this work component in the inception phase, except 
that hydrometric data that will be requested for the Water Resource Investigations will also be 
used for engineering hydrology evaluations.   

This work package is now programmed to commence on confirmation of the storage dam 
locations.  

5.2 Sedimentation assessments 

5.2.1 Progress in the inception phase 

The inception phase of the project has been used to organise, refine the methodology and review 
and request information.   

The Peer Reviewer for this aspect of the project has been confirmed as Dr Murray Hicks from 
NIWA.  He has been sent the T&T proposal for his initial review of the T&T methodology.  
Subsequent briefings for Dr Hicks are required. 

The methodology has been reorganised into a task schedule for implementation by T&T.  The 
methodology currently remains as per the T&T proposal.   

A site visit provisionally planned for 1-2 August to coincide with the dam site visit and workshop 
and the return from leave by Gary Clode was postponed, due to concern that there was already 
too much going on for those days.  This was the correct decision as these were already busy days 
for the Project Team.   

The revised date for the site visit has yet to be determined and should remain on hold until a 
decision on the future of the D5 dam site. 

The T&T held information has been reviewed.   An information request has recently been issued 
to HBRC for sediment information including data and reports (sent 8 August).  This includes a list 
of reports held by T&T for HBRC review of completeness and for identification by HBRC of other 
reports not known to T&T.  

5.2.2 Refinement of work scope 

The methodology has been redefined into a task schedule for implementation by T&T.  The 
methodology currently remains as per the T&T proposal. 

The methodology is still dependent on the ongoing literature and information review, as the 
methodology is reliant on desktop review of existing information and is only supplemented by 
field observations. 

The scope of works will be affected by the decision regarding the D5 dam site.  Although, if the D5 
dam site were abandoned, the sediment budget model would still need to include of the upper 
Tukituki River (upstream of Waipawa confluence) as these sediment sources remain important to 
the sediment budget between the Tukituki/Waipawa confluence and the sea. 

The recommendations of the T&T (November 2010) Review of Riverbed Gravel Management 
(“Gravel Management Study”) have been reviewed.  There is the potential for considerable 
synergies between the Ruataniwha scheme and the research studies proposed by the Gravel 
Management Study.   
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The Gravel Management Study was a scoping study that identified issues and information gaps.  It 
identified thirteen issues for further study over a five year period.  A number of these studies will 
have relevance to the Ruataniwha scheme or will benefit from the work undertaken by the 
Ruataniwha scheme including: 

 Review of river hydrology  

 Assessment of gravel supply and transport 

 Preparation of gravel resource inventory 

 Determining the implications of gravel management for flood protection 

 Assessment of effects on in-stream ecology 

 Assessment of effects on river bed birds and vegetation 

 Assessment of the effectiveness of breach-raking. 

Most relevant to the sedimentation assessment aspect of the Ruataniwha scheme is the proposed 
Gravel Management Study for an Assessment of Gravel Supply and Transport.  This study is 
intended to address the fundamental issue of the long-term sources and transport of gravel.  The 
study is anticipated to have an applied science focus on the geomorphology (land and fluvial) of 
the sediment systems.   

The objectives of the proposed Gravel Management Study for the Assessment of Gravel Supply 
and Transport are: 

1. To improve understanding of the sustainability of the gravel resource and the science that 
influences its supply   

2. To identify potential sources and rates of gravel supply 

3. To assess the relationship between river gravel supply and movement and the coastal 
sediment budget 

4. To identify ongoing monitoring needs. 

There is an aspect of overlap with the Ruataniwha scheme as both studies were to undertake a 
sediment budget based on existing cross –sections held by HBRC.  However, there are aspects of 
the Gravel Management Study not covered by the Ruataniwha scope that would support the 
Ruataniwha scheme and these include: 

 Consider changes of ground cover and land use especially in the headwaters for sediment 
supply 

 Influence of vegetation e.g. lupin in the upper sections of the river systems holding 
sediment in the river/valley floor outside the active channel 

 Role of in-channel reserves/sources of sediment 

 Hydraulics of the sediment transport in the channels 

 Hydrological factors and influence of hydrological cycles  

 Seismic events and the role of catastrophic events in the supply of gravel. 

T&T are developing a scope for the Gravel Management Study for an Assessment of Gravel Supply 
and Transport to support the Ruataniwha scheme, while still achieving the objectives of the 
Gravel Management Study.  This scope of the study will be focused only on the Tukituki/Waipawa 
systems at this stage, to best support the Ruataniwha scheme. 

5.2.3 Next steps 

The next steps for the sediment aspects of the study are: 

- Receive and review information from HBRC 
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- Initial meeting with Dr Hicks 

- Sediment budget model 

- Plan for site visit   

5.3 Hydro-electric power evaluation 

Hydro-electric power assessments would be undertaken in conjunction with the detailed Water 
Resource Investigations to determine dam storage capacity and with the feasibility level design of 
the dam.   

T&T’s proposed work scope covers both a conventional power station at the downstream toe of 
the dam and a number of possible enhancements, including daily peaking operation, tailrace 
deepening and potential scheme extensions at A7.  In terms of the latter, HBRC has specifically 
requested a preview of the canal scheme concept at A7 that was noted in our proposal.  This is 
presented as Figure 5.1 overleaf. 

The preliminary scheme concept, which was developed on the basis of the 1:50,000 scale 
mapping with 20 m contours and updated using the recently acquired high resolution LiDAR data, 
has the following features: 

 Total installed capacity of about 6.0 MW (at about 50% plant factor) compared with 
3.6 MW for the basic advanced pre-feasibility option, and would generate, on average, 
about 26 GWh p.a. 

 3.3 km of lined canal plus a 790 m long penstock to develop a gross head of about 95 m   

 Limited in-canal storage as permitted by topography i.e. where the canal alignment 
crosses shallow valleys or depressions 

 Three discrete power stations: (i) residual flow turbine at the toe of the dam (1 m3/s, 0.5 
MW capacity), (ii) power station at the inlet to the canal on the right abutment of the dam 
(6 m3/s, 0.7 MW capacity), and finally (iv) the main power station on the right bank of the 
Makaroro River about 3 km south of the dam (4.8 MW, 6 m3/s) 

The scheme is unoptimised and has not been costed as yet.  Potential variations include: 

 Higher scheme capacities may be justified, say up to 9 MW or so, especially if peaking 
operation is allowed and is shown to have significant premium      

 Replacing the lower 2 km of canal with a pipeline to mitigate geotechnical risks associated 
with a canal on the hillslope, but likely with a significant cost increase 

 Alternatively constructing the lower 2 km of canal at a lower level to match the lower 
level of the terrace (14 m lower) and adding a power station of about 0.7 MW capacity to 
utilise the head difference between the upper and lower canal sections – canal 
embankment heights may become significant at the downstream end of the canal    

 Alternative sites on the Makaroro River for the main power station in order to shorten or 
optimise the alignment of the penstock, taking into account the gain/loss in head.        

As part of further investigations, the possibility of a significantly longer scheme in which the dam 
outlet works are connected directly to the irrigation feeds (in the vicinity of the proposed river 
intake near Holden Rd) without relying on the river channel for conveyance should be explored.  A 
cascade of modest power stations would be integrated into such a scheme to utilise the 200 m of 
head between the dam and the irrigation feeds.  Though, it would appear the topography and 
landforms in the potential scheme corridor may not suit such a concept or would make one very 
costly.   
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In terms of subsequent hydropower evaluations, aspects which require inputs from or 
consideration by others include the following: 

- whether peaking operation in the winter months should be considered further at this 
stage, based on the likely acceptability of the effects on in-stream  values from such 
operation (environmental work stream)  

- the potential effects on in-stream values in the reach of the Makaroro River bypassed by 
the canal in the canal scheme outlined above (environmental work stream) 

- financial parameters that should be used for assessment of net present value of 
generation, including projected energy prices and indicative peaking premium (economic 
work stream, Unison Network) 

- transmission aspects (Unison Network).   

5.4 Dam break hazard assessment 

Our proposal allowed for HBRC to undertake the dam break assessment, particularly the 
hydrodynamic modelling of the flood wave propagation from the dam to coast, using in-house 
expertise and tools.  T&T would fulfil overview and peer review roles as well as provide specific 
inputs related to the dam failure modes and associated dam breach parameters. The general 
approach and tasks outlined in our proposal remains appropriate and no change is necessary.   

An informal meeting was held (Leong/Goodier) on 2 August 2011 in Napier to discuss a number of 
aspects related to the dam break modelling.  The following is a summary of the main points from 
that discussion: 

4.  HBRC (Goodier) has recent experience in undertaking dam break studies (e.g.  for 
another dam in Gisborne District), and has appropriate modelling tools required for dam 
break analysis, i.e. DHI’s Mike 11-HD (including the dam break module), Mike 21 and Mike 
21 FM, although there is limited experience with the latter (Mike 21 FM) 

5. HBRC have existing 1-D models (in Mike 11-HD) of the river systems of the Ruataniwha 
Plains for modelling natural floods, but these models are expected to be supplemented by 
2-D models to map the flooding extents from the significantly larger peak outflows from 
dam break  

6. Dam break hydrographs could either be generated by T&T for HBRC to model, or by HBRC 
in-house based on dam breach parameters advised by T&T 

7. As T&T will be peer reviewing HBRC’s modelling and analysis, no further 
independent/external peer review of the dam break hazard assessment was deemed 
necessary.     

This work package should commence on confirmation of the storage dam locations.  As a first 
step, and well before finalisation of the feasibility design of the dams, trial dam break 
hydrographs should be developed to test the limits of HBRC’s existing 1-D hydrodynamic model of 
the affected rivers. The initial modelling results would assist in determining the scope of the 
model enhancements necessary.   
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6 Project Programme Update 

The initial phase of the engineering studies is now complete. 

The original date for submission of the Project Inception Report was 26 July 2011.  The deliverable 
date for this report was revised to 5 August 2011 with agreement from HBRC.  The reason for this 
was to include the outcomes from the Site Investigation Review Workshop (Section 3.4). 

The recently completed site investigations at site D5 on the Makaretu River revealed 
unfavourable ground conditions1.  Following the workshop it was established that the 
geotechnical risks and subsequent increase in costs required to mitigate these risks is likely to 
make a dam at this site prohibitively expensive to construct.  Furthermore, it may not be possible 
to satisfactorily manage all risks.  

The focus has therefore shifted to the investigations and designs and Makaroro.  Therefore, the 
programme will need to be updated and thoroughly revised to reflect the changes in focus. 

Site investigations for site A7 on the Makaroro River are likely to remain a constraint on the 
programme, and therefore consideration will be given to mobilising additional drill rigs to 
expedite investigations.  The programme will include an estimated duration for these 
investigations.  However, it should be noted that drilling programmes are difficult to predict 
accurately. 

A revised programme will be submitted after HBRC confirms that site D5 and other potential sites 
on the Makaretu or Mangatewai Rivers need not be considered further and after the Stage 2 
geotechnical investigation programme for site A7 has been developed.   

 

                                                           

1
 T&T 22 June 2011 Geotechnical and Geological Feasibility Investigations Brief Summary of Outcomes (in Appendix C) 
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7 Schedule of Parameters Governing Storage Needs 

0 Parameter 
Advanced pre-feasibility approach 

and adopted value 

Sensitivity 
of storage 

to this 
parameter 

1
 Expected 
scope of 

change from 
current 

Refinement in feasibility study 

Proposed approach/action Specialist inputs  

1. Irrigation demand      

a. Service area A7 to service zones A and B per Fig. 3.2; 
12,160 ha net 

D5 to service 73% of zones C and D per 
Fig. 3.2; 7,420 ha net   

Moderate Small or 
medium 
(latter if 
storage D5 
deleted) 

Possibly minor or no change, but to 
be confirmed by HBRC.  However 
with potential deletion of D5, A7 
could be made large enough to 
service 100% of zones C and D 

Possibly Macfarlane 
if required 

b. Net area conversion factor Net area that water is applied to = 0.7 x 
gross service area 

Moderate Small Possibly minor or no change, but to 
be confirmed by HBRC 

Possibly Macfarlane, 
Heiler and/or 
McIndoe if required   

c. Future irrigated land use mix  All pasture equivalent Low to 
Moderate 

Medium To be based on work already done 
by Macfarlane 

Already completed 

d. Crop water demand  Based on the 95
th 

percentile cumulative 
soil moisture deficit, equivalent to 20 
year drought; varies from 3460 
m

3
/ha/season (zone D) to 4300 

m
3
/ha/season (zone A)  

Moderate Medium Irrigation demand schedules to be 
developed based on future land use 
mix and historical climate datasets 

Plant and Food 
Research 

e. Efficiency of water use/delivery  Overall/combined efficiency factor of 
0.90 assumed 

Moderate Small to 
medium 

To be refined following input by 
relevant experts 

Macfarlane, Heiler 
and/or McIndoe 

f. Supply reliability standard Roughly equivalent to 20 year drought 
standard (refer to email Leong/Hansen 
dated 29 July 2011 for definition)  

High Medium Supply standard and criteria to be 
developed in conjunction with 
economic and commercial work 
streams 

T&T, Macfarlane, 
Heiler, economic 
work stream 
(Pechey) 

g. Climate change adjustment Not considered High 
2 

Small to 
medium 

Current and future climate scenarios 
to be modelled – require decisions 
on  whether projecting to 2040 or 
2090, and the IPCC marker scenario 

NIWA, Plant and 
Food Research  
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0 Parameter 
Advanced pre-feasibility approach 

and adopted value 

Sensitivity 
of storage 

to this 
parameter 

1
 Expected 
scope of 

change from 
current 

Refinement in feasibility study 

Proposed approach/action Specialist inputs  

2. River flow availability and delivery      

h. Location of dams On Makaroro River, site A7 

On Makaretu River, site D5 

Low (A7) 

Low (D5) 

Very small 
(A7) 

Large (D5) 

For A7, dam location to be refined as 
part of design, but for D5, 
alternatives are being considered, 
including abandoning this site. 

T&T, Matuschka, 
Carter, GNS 

i. Mean flow  Site A7 estimated mean flow 5.1 m
3
/s,  

Site D5 estimated mean flow 1.78 m
3
/s  

Low to 
moderate 

Small Mean flows to be reassessed, 
including verification using a 
catchment water balance   

T&T, HBRC Science 
(Waldron) 

j. Representative flow records for 
dam sites and period of historical 
flow record used for simulation 

 A7: Makaroro at Burnt Br 1978 to 1987 
and Tukituki at Tapairu 1987 to 2010 

D5: Makaretu at Watsons 1976 to 1982 
and Tukipo at SH50 from 1982 to 2010   

Low Low Review approach and quality of 
available records and refine for dam 
sites   

T&T, HBRC Science 
(Waldron) 

k. Climate change adjustment 
(assume source catchment land 
use change does not need to be 
considered)   

Not considered Moderate 
2
 Small to 

medium 
Current and future climate scenarios 
to be modelled – require decisions 
on  whether projecting to 2040 or 
2090 and the IPCC marker scenario 

T&T, NIWA  

l. Tributary inflow contribution to 
take downstream of dam  

Not factored in  Low to 
moderate 

3 
Small to 

medium 
Inflows from the upper Waipawa to 
the river intake to be modelled 

T&T, HBRC Science 
(Waldron) 

m. Integration of existing surface and 
ground water consents 

Not factored in – conservatively 
assumed all irrigation to be from storage 

Moderate None All irrigation to be storage based (to 
be confirmed) so no need to consider 

None (policy 
decision) 

n. Potential for flow to be lost to 
groundwater 

Current understanding is that the 
sections of river channel used for flow 
conveyance do not include any “losing” 
reaches 

High Small No change expected, but to be 
confirmed by HBRC Science 

HBRC Science 
(Balousha) 

o. Sedimentation regime below dam 
and its effect on usability of the 
flow for irrigation   

Not factored in yet.  However, there is 
recognition that useable take at the 
intakes may be limited by sediment 
content in the flow 

Low 
4
 Small Consider sedimentation regime in 

the release flow, and management 
measures at intakes as required   

T&T, HBRC (Benson) 
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0 Parameter 
Advanced pre-feasibility 
approach/assumption 

Sensitivity 
of storage 

to this 
parameter 

1
 Expected 
scope of 

change from 
current 

Refinement in feasibility study 

Proposed approach and 
comments 

Specialist inputs  

3. Environmental requirements      

p. Residual flow regime at dams At A7, residual flow 0.96 m
3
/s (80% of 7 

day MALF)   

At D5, residual flow 0.21 m
3
/s (90% of 7 

day MALF) 

Moderate Small To be reassessed as part of 
environmental work stream 

Cawthron, HBRC 
Science, EMS (plan 
change)   

q. Flushing flow regime at dams   Not considered Low 
5 

Small to 
medium 

To be assessed in environmental 
work stream; frequency, magnitude 
and duration of flushing required  

Cawthron, HBRC 
Science 

r. Residual flow regime at intake 
sites and further downstream 

Not considered Moderate  Unknown To be reassessed as part of 
environmental work stream 

Cawthron, HBRC 
Science, EMS (plan 
change)  

s. Augmentation/maintenance of 
summer low flows 

Not considered High Unknown To be reassessed as part of 
environmental work stream, 
including benefit versus cost 

Cawthron, HBRC 
Science, EMS (plan 
change) 

t. Minimum reservoir levels for visual 
and recreational amenity    

Not considered High Unknown To be reassessed as part of 
environmental work stream 

social and 
environmental work 
streams  

4. Dead storage allowance      

u. Reservoir sediment infill  At A7, 100 years infill of 8 million m
3
 

allowed for 

At D5, 100 years infill of 3 million m
3
 

allowed for 

High Medium Reservoir sediment infill rates to be 
reassessed as part of engineering 
feasibility 

T&T, NIWA (Hicks) 

v. Sediment management measures   Not considered Low 
6
 Small to 

medium 
Sediment management measures 
and effectiveness of such as part of 
engineering feasibility 

 

 

T&T 
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0 Parameter 
Advanced pre-feasibility 
approach/assumption 

Sensitivity 
of storage 

to this 
parameter 

2
 Expected 
scope of 

change from 
current 

Refinement in feasibility study 

Proposed approach and 
comments 

Specialist inputs  

5. Other storage demands      

w. Industrial and community potable 
water supply 

Not considered Low Small No expected demand but to be 
confirmed by HBRC  

TLAs via HBRC 

x. Hydropower operational buffer   0.2 m lake level range (above NTWL) 
assumed for operational buffer both A7 
and D5  

Low Small Operational buffer to be confirmed 
via hydropower modelling    

T&T 

y. Storage regulation and peaking 
operation for hydropower  

No allowance made Moderate 
7
 Small to 

medium 
Value of daily peaking and shorter 
term peaking (black start capability) 
to be reviewed, as well as additional 
capture of freshes  

T&T, Unison 
Networks 

z. Downstream flood mitigation No specific allowance made for flood 
mitigation 

High Small Storage dams not expected to 
perform a specific/targeted flood 
mitigation role over and above what 
occurs as a consequence of water 
harvesting and subsequent release 
for irrigation    

HBRC (Adye/Clode) 

Notes: 0 Refer to Sections 2.1 and 2.2 for general notes and intent of this table. 

 1 Refers to the expected scope of change of the parameter in question from the assumed value in the advanced prefeasibility study  – both the likelihood of change and the magnitude 
of departure needs to be considered.     

 2 For climate change, the “expected scope of change” is the difference between historical climatic conditions (or flow regimes) compared to conditions under a changed climate.  

 3 For tributary inflow, the “expected scope of change” considers the flow contribution of tributaries below the dam to irrigation supply compared with supply released from the dam.  

 4 For sedimentation, the “expected scope of change” considers the relative amount of flow rendered unusable because of high sediment content.  

 5 For flushing flow, the “expected scope of change” considers the relative amount of artificial flushing compared with a dam outflow regime without a specific flushing flow regime. 

 6 For sediment management measures, the “expected scope of change” considers the potential reduction in reservoir sediment infill from such measures.  

 7 For storage regulation, the “expected scope of change” refers to the potential amount of additional storage relative to the base case storage.   
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8 Applicability 

This report has been prepared for the benefit of the Hawke’s Bay Regional Council with respect to 
the particular brief given to us and it may not be relied upon in other contexts or for any other 
purpose without our prior review and agreement. 

This opinion is not intended to be advice that is covered by the Financial Advisers Act 2010. 
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Appendix A: Site D5 – Conceptual Design Sketches  
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Appendix B: Site A7 – Conceptual Design Skectches
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Tonkin & Taylor 

Minutes 

To: 

Simon Croft, Bernard Hegan, Phil Carter, 
Trevor Matuschka, David Leong, Graeme 
Hansen, Robin Dawson, Stephen Daysh T&T Ref:  

26790.100 

From: Mark Taylor Date: 5 August 2011 

cc: Alan Pickens, David Bouma, Graeme Twose, David Milner, Mark Foley 

Subject: Ruataniwha - Site Investigation Workshop Key Outcomes  

    

Introduction 

This document outlines the key outcomes and themes that have been derived from a two day site visit to the 
two proposed dam sites at the Makaretu River (D5), and the Makaroro River (A7).  This document does not 
record all discussions because it would be a convoluted document of limited use. 

The document is broken into the two sites, and describes the general site walkover for each, and the following 
workshop held at HBRC offices on 2 August 2011. 

The attendees and their roles are: 

Graeme Hansen  Client (HBRC) 

Trevor Matuschka  Geotechnical and seismic external peer reviewer (Engineering Geology Ltd) 

Phil Carter  Dam design external peer reviewer (private consultant) 

Simon Croft  Dam designer (Tonkin & Taylor) 

Mark Taylor  Project manager (Tonkin & Taylor) 

Bernard Hegan  Engineering geologist (Tonkin & Taylor) 

David Milner  Engineering geologist (Tonkin & Taylor) 

David Leong Engineering hydrologist and client liaison (Tonkin & Taylor).  (Attendance at workshop 
only) 

Robin Dawson   Lead designer (Tonkin & Taylor) 

Stephen Daysh  Environmental studies co-ordinator (Environmental Management Services Ltd).  
(Attendance at workshop only) 

Due to technical difficulties with videoconferencing, Robin Dawson’s involvement in the workshop was limited 
to initial discussion relating to dam type at A7.  Robin was not involved in the discussions relating to D5. 

Site walkover 

Makaroro River (Dam site A7): 

The walkover comprised: 

 An inspection of the proposed right abutment and terrace 
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 Views and discussion of the existing landslide approximately 500 m upstream of the dam on the 

right abutment and of the relaxed, dilatant rock mass downstream of the dam centreline on the 

left abutment 

 An inspection of potential core material borrow area on the right abutment 

 An inspection of a greywacke quarry approximately 400 m upstream of the dam site on the right 

abutment 

 Inspection of the Mohaka fault where it intersects with the potential core material borrow 

 The right abutment was visited by vehicle through Smedley’s Farm.  The team walked to the 

highest point on the left abutment with views of the primary and auxiliary spillways, and the crest 

location 

The river gorge itself was not inspected due to high river levels. 

Makaretu River (Dam site D5): 

The walkover comprised: 

 An inspection of the dam centreline (but not the full extent of the ‘wingwalls’) 

 Inspection of the siltstone exposure on the left abutment  

 Inspection of red metals in farm quarry on left abutment 

 Inspection of siltstone exposure in the river bed 

 Inspection of right abutment landslides upstream of the dam centreline 

 Inspection of the two boreholes drilled on the valley floor and right abutment 

 Inspection of bedding planes in the siltstone exposure at Monckton Scenic Reserve (to illustrate 

regional geology) 

Workshop Key Outcomes 

Makaroro River (Dam site A7): 

General notes: 

1. There does not appear (at this stage) to be any technical reason why a dam of the proposed height at 
A7 cannot be developed (notwithstanding the economic viability). 

2. No dam types were ruled out.   

3. The potential core borrow material has low plasticity and could be brittle and erodible – which is an 

issue for seismic stability – therefore the need for carefully considered filters. 

4. There is precedent worldwide of central core rockfill dams being constructed over faults – therefore 

from a consenting perspective it is advantageous.  Although, for these precedents, it is questionable 

whether this was intentional, or only discovered during detailed design or construction.  

5. CFRD (Concrete Face Rockfill Dams) are inherently stable, and therefore should be considered.  They 

have an advantage over the central core dam in that if the face slab is damaged during an earthquake, 

it could be more easily repaired. 

6. Phil has heard of a CFRD dam constructed in California on a fault line. 

7. An RCC dam at this location has the advantages that the diversions and spillways are simplified.  T&T 

rough order costings suggest that an RCC dam might be more than 1.6 - 2 times more expensive than 

the pre-feasibility costings, but costings are highly reliant on the adopted rate for RCC per m3. 

8. A CFRD has an advantage over a central core dam in that a CFRD with a reinforced downstream face 

can withstand a limited amount of overtopping from flood flows during construction.  This may allow a 

reduction in size of diversion culvert/tunnel. 
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9. If D5 is abandoned, then the dam at A7 would need to be around 8 m higher, this may change the 

stability and seepage of the abutments and existing landslides.  
 
Further site investigations required: 

1. Mapping of the dam reservoir for landslides (initially as a desk study using LiDAR, then possible field 

mapping). 

2. Field mapping of the native bush on the left abutment where the auxiliary spillway is shown (if 

realignment of the primary spillway is to be considered). 

3. Field mapping of exposures in gorge and river bed. 

4. Test pits at potential core material borrow site to confirm volume/quality available. 

5. Seismic refraction if a dam 150 m upstream of the current position is adopted (lines along crest of dam 

and along plinth line for CFRD). 

6. Approximate drill hole locations are shown on the attached scans, including inclined borehole to assist 

in defining failure surface and characteristics associated with relaxed rock mass on left abutment. 

7. Gravel investigations for volume and gradings.  
 
Further engineering/design work to be addressed during the feasibility study: 

1. GNS to provide opinion on the width/zone of what a rupture on the Mohaka fault might be. 

2. GNS to provide an opinion on the magnitude of secondary movements under the dam foundation (this 

may not be quantifiable). 

3. GNS to undertake assessment of potential for other faults that may underlie site.  GNS to advise on the 

upstream site.  

4. T&T to look at what would happen if the relaxed rock mass downstream of the left abutment were to 

collapse – probably block the river temporarily – would it damage the toe of the dam, or the outlet 

works and how would it affect proposed hydro power station? 

5. T&T to look at the reservoir extent if the dam is increased and HBRC to consider implications of this 

and confirm if acceptable. 

6. Stability of the reservoir landslides (review LiDAR data) and seepage through reservoir walls. 

7. Consider alternative dam site 150 m upstream of the current site. 

8. Further work is required to confirm source of filter materials, as initial lab results indicate river gravels 

have high sand and silt content (need to check that there is no error in assessment of silt content- 

suggest hydrometer test to confirm silt content). 

9. Identify potential quarry sources for embankment fill as an alternative to river gravels. 
 

Scope items that may increase the dam cost beyond what is reported in the advanced prefeasibility report 
(not an exhaustive list, only what was discussed during the workshop). 

1. Change to an RCC dam (although this is challenged because worldwide RCC are widely chosen, and 

therefore logically, they should be cost competitive with other dam types) 

2. The diversions for the dam (unless it is an RCC), are very expensive and difficult to build, possible 

taking many months.  Tunnelling was discussed as a diversion option, as well as meshing the 

downstream face of the dam (note that this may not necessarily lead to a cost increase) 

3. Removal of the relaxed rock on the left abutment (over what has already been allowed) 
 

Makaretu River (Dam site D5): 

General notes: 
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1. Major geotechnical issues are: 

a. Uplift, leading to blow out of foundations downstream dam  

b. Sliding stability on siltstone based on presumed bedding plane weaknesses within siltstone 

c. Leakage through gravels 

d. Piping  and erosion of sands beneath embankment and through abutments 

e. Liquefaction of sandy soils beneath embankment during strong earthquake shaking leading to 

instability of embankment 

f. Differential settlement of foundations during strong earthquake shaking 

g. The horizontal extent of the siltstone bed and underlying gravels requiring very extensive 

treatments.  

2. Rough order costs for Makaretu (based on the revised concept plans) could be at least double the 

advanced prefeasibility study costs. 

3. If we were able to satisfy ourselves that the siltstones could remain insitu, then there would still be 

issues of reservoir uplift pressures causing piping and a blowout downstream in the siltstone.  This 

may require pressure relief wells and filters downstream of the dam toe.  In addition there are still the 

issues of  liquefaction and stability and differential settlement during strong earthquake shaking 

4. Further investigations would be required to confirm the feasibility e.g. a large diameter borehole in 

the siltstone to check for bedding planes, or a shaft down into the siltstone and underlying gravels.  

However the consensus is that site investigations would never be conclusive. 

5. Traditionally a cut off trench would be constructed to prevent the leakage and blowout issues – but 

this would need to be very deep, and therefore it may be an impractical solution. 

6. Team agreed that on balance of increasing cost and risk that this site is not worth investigating. 

7. For closure, HBRC has requested that T&T confirm rough order costings and confirm that Robin 

Dawson does not have contrary views (Post workshop note – Robin Dawson agrees that on the basis of 

cost that D5 should be abandoned and there should be an increased focus on A7).  The Inception 

Report should include a section on the workshop in relation to the Makaretu site. 

 
Attached: 
 
Sketches of possible arrangements at A7  
 
06 August 2011 
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