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1. Introduction
Williamson Water & Land Advisory (WWLA) was commissioned as the lead contractor with partners Riley
Consultants and a number of other experts by Northland Regional Council (NRC) in August 2019 to undertake
the Northland Water Storage & Use Project (NWSUP): Pre-feasibility Demand Assessment and Design Study.

NRC has previously undertaken two studies1 that identified two areas within the Mid-North and Kaipara worthy
of further investigation for potential irrigation and water supply through reservoir storage.  These areas are
being investigated in conjunction with the Far North District Council (FNDC) and Kaipara District Council (KDC)
respectively, with support from the Provincial Growth Fund.

This Pre-Feasibility Irrigation Demand and Infrastructure Design Study is the next phase in the investigation of
viable water storage and water use infrastructure within the Mid-North (Figure 1) and Kaipara areas (Figure 2).

The goal of the project is to enable environmental improvement and economic development to occur within the
water use command areas, with a net positive socio-economic impact to the surrounding local communities.

The following suite of reports have been prepared to determine the viability of potential schemes:

1. Volume 1:  Command Area Refinement;

2. Volume 2: Water Resources Assessment;

3. Volume 3: Conceptual Design and Costing (this report); and

4. Volume 4: Analysis and Recommendations.

1.1 Report Structure

This report details the conceptual design and costing component of the pre-feasibility assessment, considering
scheme configuration scenarios, storage optimisation, reticulation network and storage (reservoir) design and
costings.

This report is structured as follows and comprises of:

· analysis methodology (Section 2);
· conceptual scheme configurations (Section 3);
· reservoir design considerations (Section 4);
· consideration of the power network (Section 5);
· overview of scheme component costs (Section 6);
· capital costs (Section 7);
· operational costs (Section 8); and
· discussion (Section 0).

1 Opus (2015) Northland Strategic Irrigation Infrastructure Study &
  Opus (2017) Scoping of Irrigation Scheme Options in Northland.
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Figure 1.  Mid-North study area locality.

Figure 2.  Kaipara study area locality.
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To advance toward this objective, potential scheme components, especially storage sites that ranked high
during the previous stages, were selected in preference to those that ranked lower.  The MCA scored each
storage location against 20 criteria including; technical, physical and non-physical attributes.  At this stage of the
project, the intent was to balance cost, risk and value across the whole scheme, but also through the early
periods of uptake, rather than identifying the lowest cost scheme.

Seeking to achieve a cost-effective solution was however embedded in the MCA process through criteria such
as; geotechnical conditions, storage efficiency and potential sensitive land or location issues.  There will be a
direct beneficial impact on scheme costs and risk by advancing sites where these criteria ranked higher.

At a pre-feasibility level assessment, it is inappropriate to lock down a single scheme configuration.  There
remains too much uncertainty, hence, to limit flexibility at this stage is to increase the risk of insurmountable
challenges halting progress in the future.  A secondary objective was therefore to;

Retain flexibility in scheme components and configuration option, including component location, size and
development sequencing.

The development of an irrigation scheme is quite unique in comparison to other large infrastructure
developments.  Typically, for large infrastructure developments a “market” already exists, and the infrastructure
is being developed to increase supply, or service to that market.  As such, it is easier to quantify the level of
value from the development.  For irrigation schemes, the market for the product (i.e. water) typically needs to be
developed in parallel to the supply of the product and associated infrastructure.  On one hand, users typically do
not have a choice of alternative options for supply, which makes signup to the scheme more compelling; yet on
the other hand they do not necessarily have experience with achieving value from the product, hence are
tentative about committing to the scheme until the benefits are better understood.

Collectively this means that uncertainty around how the market will develop (i.e. uptake) dominates project risk.
Therefore, a further secondary objective was to:

Understand and where practical minimise the impact of uptake risk on scheme feasibility.
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2. Methodology
2.1 Definition of Zones

To achieve the primary objective2 requires an understanding of the demand areas, the likely diversity of use in
the demand areas and potential uptake profiles.  Further, all irrigation schemes are designed to have a
maximum limit on supply, beyond which deficits in supply are induced.  These can arise from either:

· capacity constraints - where peak demand exceeds supply capacity; or
· volume constraints - where insufficient storage volume remains to meet demand for the foreseeable

future.

To help quantify these key design considerations, the two regional areas were sub-divided into sub-areas or
‘Zones’.  This allows the variability in expected demand between areas to be effectively captured, and in turn
the implication of potential deficits in supply.  Key attributes considered for each zone includes:

· likely use and associated demand diversity that arises from that use;
· likely uptake, both initially and ultimately; and
· implications on users from the management of supply shortfalls (deficit management).

2.2 Scheme Configurations

Achieving the primary objective also requires a scheme configuration that supports progressive and adaptive
development with time, cognisant of the variable distribution and diversity of use.  Given that there will always
be uncertainty associated with uptake and use, the scheme configuration also needs to meet the secondary
objective of flexibility.

To deliver to these objectives, a “bookends” approach has been utilised for this pre-feasibility assessment.  This
advances two scheme configurations that broadly represent the two reasonable but extreme limits of what is
ultimately anticipated to be delivered.  This approach seeks to deliver two viable development scenarios that
meet the scheme objectives, while recognising that the optimum development scenario almost certainly lies
somewhere between these two “bookends”.  This seeks to avoid selecting a preferred configuration too early in
the development sequence while high levels of uncertainty that will impact on the viability of any given solution
still exist.

A complementary benefit of the bookend approach is that it is easier to consider options for progressive
development of the scheme as the range of overall scheme concepts have been bounded by the two bookends.
Any options for progressive development can draw on components adopted in one or other bookend,
somewhere in between, or may alter their size of configuration to facilitate progressive development.  Put
another way, all the main components that are likely to be required to deliver a final optimised development
solution are contained within one or the other of the bookends.  However, the development order of
components, their ultimate sizing, and how they are integrated together is likely to evolve through subsequent
development stages.

As the irrigation developments in the Kaipara and Mid-North are almost entirely, if not completely, reliant on
stored water, storage is the main attribute that defines the bookends.  In broad terms the two bookends adopted
are:

· Large Storage Scenario – Most of the storage for the scheme is contained at a single location with
conveyance extending from that location to the command areas.  Some minor storages may be included
predominantly for operational reasons, such as to manage conveyance or pump capacity limits during peak
periods of demand.  One or more sources may be required to fill the storage.

2  A reliable water supply that provides a high level of certainty that demand will be met.
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The objectives of the scheme storage optimisation were to determine:

· the command areas serviced by each reservoir;
· inflow requirements from external sources e.g. nearby river takes (in addition to direct catchment inflows);
· transfer rates between reservoirs for the distributed concept schemes; and
· optimum storage volume of each of the storage reservoirs, considering command areas serviced, required

reliability and storage efficiency of each individual reservoir.

The SOURCE modelling framework was utilised for the scheme storage optimisation.  SOURCE is a
hydrological modelling platform developed by the Australian research and not for profit organisation eWater.
The platform is comprised of an interface integrating various models (as plugins) and internal tools designed to
simulate and extract results for all aspects of water resource systems at a range of spatial and temporal scales.

The schematic modelling component of SOURCE was used to develop conceptual scheme models for the
Large and Distributed Storage scheme options for the Kaipara and Mid-North study areas.  A schematic model
is defined as a series of linked nodes, representing individual components of the scheme, and rules and
constraints on the transfer of water between nodes.  The key node types used in the scheme storage
optimisation modelling included:

· Storage Nodes – are used to represent storages such as dams, reservoirs, weirs and ponds.  Storage
Nodes calculate the daily water balance and are governed and constrained by inflows, physical limits on
discharges (i.e. outflow pipe or pump capacities), downstream demands and gains (direct rainfall on
reservoirs) and losses (evaporation for the reservoir surface).

· Inflow Nodes – provide a source (inflow) of water to Storage Nodes.  Inflow Nodes were configured with
time series extracted from the catchment models (described in Volume 2 - Water Resources Analysis),
representing direct catchment inflows to each of the reservoirs, and both low (run-of-river) and high flow
takes from additional sources as required during the optimisation process.

· Supply Point Nodes – define a location where water can be extracted to meet a demand required by Water
User Nodes.  Supply Point Nodes provide a means of constraining extractions (takes) based on physical
constraints such a maximum pumping capacity, or when reservoir storage volumes are above a specified
level.

· Water User Nodes – define a water take demand profile, and are always located immediately downstream
of a Supply Point Node.  These were configured using the irrigation demand models developed in
Volume 1 – Command Area Refinement.  Water user nodes simply represent a water take (demand) from
a Storage Node, on the condition that sufficient volume of water is available within the storage, and the take
is within the constraints of the upstream Supply Point Node.

The schematic models were simulated on a daily timestep over the period 1972 to 2018.

An iterative approach was employed whereby rules were configured and adjusted controlling the inflow pumping
rates (for both low flow and high flow takes from neighbouring sources), the transfer rate and trigger levels for
the transfer of water between reservoirs, and total storage volumes, with the objective of achieving an
approximate 19 in 20-year irrigation supply reliability.

Outputs from the storage optimisation analysis are provided individually for each Large and Distributed Storage
scenarios schemes in Section 3.
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Outputs from the Reticulation Network Analysis are provided individually for each Large and Distributed Storage
scenarios schemes in Section 3.
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3. Scheme Configurations
Sections 3.1 to 3.4 outline the concept scheme configurations and describe the supply, storage, and
reticulation network configuration.  Concept reticulation networks that meet the command area demand are also
described, and schedule of quantities of pipe lengths, diameters, pressure ratings and pump station
requirements provided as input to scheme costings (Section 6).

3.1 Kaipara Large Storage Scenario

3.1.1 Overview of Main Components

The Kaipara Large Storage scenario schematic is shown in Figure 3.  The scenario consists of 
 that supplies the entire command area.  The

reservoir will be filled through direct upstream catchment inflows and a combined low and high flow take from
.  The size of the reservoir and rate of take from the  are detailed in the Storage

Optimisation Section 3.1.3.

Figure 3.  Kaipara Large Storage scenario main structure locations. (Refer A3 attachment at rear).

3.1.2 Storage Features - Compatibility to Command Areas

The site has been selected because it provides a good balance between:

· Proximity to a reliable and large water supply source 
· Proximity to should it be used for urban water supply;
· Excellent storage efficiency and flexibility across a wide range of storage volume; and
· Ability to feed into conveyance systems that can be predominantly aligned along existing roads.

The main consequence of selecting this as  storage design concept is that the command area is
largely located to the south of the storage rather than being distributed around the storage.  This slightly
increases the length and diameter of pipes within the reticulation network and associated pump-stations.  It also
induces an increase in energy demand as the supply has to be pushed further to reach the command areas.

Alternative storage sites examined that were capable of storing the full volume of water required were either
more remote from the source or the command area.  The next best site was , which is one of the sites used
in the Distributed Storage design concept and as such provides a viable alternative should prove less
attractive in the future.

Overall, the concept provides the best balance between proximity to source and command areas as well as
providing flexibility for potential future additional uses.
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the operational cost of the scheme in terms of energy use.  The four storages however do gain greater local
catchment inflow than the Large Storage scenario placing less overall demand on the main river intake.

For the Large Storage scenario,  is the logical source for urban supply to Dargaville.  It is however noted
that the irrigation supply networks from both  and  come within close proximity to Dargaville so could
also be used as the primary storage sites for urban supply.

A principal benefit of the design concept is that the spatial distribution of storage sites along the length of the
command area makes progressive development of the scheme relatively straight forward.  In addition, within the
storage sites used in the concept there is additional capacity which provides flexibility to adjust the concept as
uptake becomes more defined.  A further benefit is that pressurisation from the pump-stations is achieved on a
sub-area basis (centred around each storage) reducing the need for additional booster pumping along the
conveyance system.

The concept provides the best balance between proximity to the most reliable source, alignment with command
areas, as well as providing flexibility for progressive development and potential future additional uses.

A limitation of this approach, however, is the requirement to construct the scheme from north to south with the
reliance on the  as a source.  It has been observed that a significant portion of the water
requirements to fill the storages may be able to be sourced from within the command areas from the existing
local drainage network below the reservoir embankment.  However, these local sources are unlikely to be able
to meet all refill needs particularly following a high demand season (i.e. drought).

This is discussed in further detail in Section 10.2.

3.2.3 Storage Optimisation

The Kaipara Distributed Storage schematic model is shown in Figure 7.  Storage optimisation was undertaken
on the assumption that all direct catchment high flow (above median) into each reservoir are captured, and the
low flow run-of-river take from  operates at all times available, except when reservoir storage is full.
Optimisation modelling was undertaken to determine the required storage volume of each reservoir (taking into
account storage efficiency), trigger levels and transfer rate between reservoirs, and  high flow take
rate required to deliver approximately 19 in 20-year supply reliability.

The optimisation modelling tested high flow transfer rates from the  and between storage reservoirs
ranging from 0.1 m3/s to an upper limit of 0.5 m3/s, above which both pipe size and pump costs were considered
prohibitive.
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4. Reservoir Design Considerations
4.1 Site Suitability

Three primary considerations for confirming technical suitability are the potential impact classification (PIC),
geotechnical conditions at the dam site and reservoir, and flooding.

Potential impact classifications set out a framework for quantifying the consequences arising from uncontrolled
release of the reservoir on people, property and the environment downstream.  Reservoirs are assigned either a
Low, Medium or High PIC which establishes the criteria for dam design, construction and operational safety
assurance.  Further discussions on the consequence assessment and evaluation of potential impacts, along
with initial assessments of PIC’s for each reservoir site, are presented in the sub-sections below.

Gaining a thorough understanding of the geotechnical conditions at a reservoir site is essential for determining
how the dam and appurtenant structures will be designed and perform, and to ensure that it will safely store
water.  This typically involves a comprehensive programme of desktop studies, field geological mapping,
intrusive ground testing with test pits, boreholes and CPT tests, and laboratory testing of retrieved samples.
Geotechnical parameters are then determined, and quantitative modelling of stability performed.

Geotechnical inputs to the concept storages presented herein has involved a desktop study and initial site
walkover of selected sites where access was available.  This has identified the following geotechnical
considerations at the two command areas:

1. Kaipara: All reservoir sites are located along the lower flanks of ridgelines formed of older sand dunes
which have consolidated over time into a weakly cemented sandstone.  Discontinuous hard pan layers and
void/tomo features observed in exposures may dictate leakage rates through the reservoir floor and around
abutments.  Earthfill will likely comprise recompacted sand dune and alluvial deposits which could be highly
variable in composition and behaviour; resulting permeabilities may be higher than desirable meaning that
upstream lining of the dam will probably be required.  There is limited precedent of water tightness of
moderate to large reservoirs in the Kaipara area.  Reservoir and dam abutment slopes will be formed in
dune deposits which appears reasonable stable, with the exception of shallow, surficial failures developed
in more recent deposits toward the coast.  Foundation materials are likely to comprise recent alluvial
sediments of clay, sand and peat to moderate depth which present some geotechnical challenges, i.e. soft
and compressible soils will need to be undercut or treated, high permeability soils cut-off and drained, and
soils susceptible to liquefaction may need to be remediated.  Overall, the sites present some technical
challenges.

2. Mid-North: Regional geology across the Mid-North is highly complex.  Reservoir sites have been split into
two broad groups based on the prevailing geology:

2.1: Northern Allochthon

Known colloquially as ‘chaos’, the Northern Allochthon is a complex sequence of tertiary sedimentary rocks
emplaced during prehistoric faulting.  The rocks are highly sheared and can be unstable even at moderate
slopes.  Whilst no obvious large-scale movement was identified during our desktop study or site walkover,
at least creep type movement is known to exist and surface expressions that are indicative of movement
can be challenging to differentiate in this terrane.  A cautious approach is therefore emphasised at these
sites.  Instability of reservoir slopes initiated by lake filling and fluctuations in water levels during operation
(e.g. rapid drawdown), and temporary cuts formed during foundation preparation, will be a primary
consideration for feasibility stages to understand.  There is limited precedent in the response of slopes to
inundation from a medium to large reservoir.  Bulk permeabilities of on-site materials will generally be low
meaning reservoir losses should be acceptable, and foundation and abutments seepages minimal, and are
expected to perform well as low-permeability earthfill for dam construction.  Foundations may require
localised undercutting of alluvium within valley floors.  Springs emanating in slopes at or near the dam
abutments will require assessment and possible drainage.



Northland Regional Council
Northland Water Storage and Use Project

Williamson Water & Land Advisory Limited 30

2.2: Kerikeri Volcanics: 

These reservoir sites are either located at the lower flanks of volcanic cones or on volcanic flows
comprising andesite, basalt, scoria and tuff.  Older tertiary rocks (at  will
generally have a much deeper weathering profile (in the orders of meters), compared to recent quaternary
rock (at  which is almost unweathered in outcrops.  Basalt flows will typically
have high strength but could be highly jointed that may require foundation grouting beneath dam structures
and possible lining to sections of the reservoir.  Scoria is a weak volcanic rock often containing large voids
requiring specific consideration if identified.  Undercutting of soft and/or potentially liquefiable deposits is
not envisaged to the same degree as in the Kaipara.  Excavated rock could be suitable for reuse as a dam
fill material depending on weathering and properties.  Large-scale land movement in volcanic terrane
appears unlikely but will be assessed as part of feasibility.  Overall, reservoir sites located within volcanic
terrane appear reasonable from a geotechnical perspective, subject to further assessment.

It should be appreciated that a high level of geotechnical input and review, and carefully planned construction
methodology that is cognisant of the challenges with earthworks in and around the geological units, will be
essential for ensuring the safe construction and operation of all reservoirs across both command areas.

Concept designs have been developed for each command area based on experience with large dam design in
broadly consistent geology to those outlined above.  These are further discussed in Section 4.5.

The size and characteristics of the catchment feeding the reservoirs is an important consideration for estimating
useable recharge, and for designing low-flow bypass and spillway facilities under normal and design flood
conditions.  Catchment areas upslope of the reservoir sites vary from around 2 to 8 km2 across an elevation
range of 3 to 124 meters above mean sea level (mAMSL) in Kaipara, and 0.3 to 13 km2 across an elevation
range of 110-160 mAMSL in Mid-North.  The Kaipara area receives around 25% less rainfall and has higher
infiltration rates compared to the Mid-North area with correspondingly smaller floods.  Rainfall distribution
between catchments is also more consistent in Kaipara.

Design standards for, and the level of assessment required in, estimating inflow design floods (IDF) is primarily
dependant on the potential impact classification.  IDFs range from between a 1 in 100 annual exceedance
probability (AEP) event for a Low PIC dam, up to the probable maximum flood (PMF) for High PIC dams.
Temporary flood diversion works are a primary consideration for construction planning and staging of the dam
structure and can be accommodated by a coffer dam and bypass conduit or tunnel.  These works can be
incorporated into the final structure and be used for residual flow bypass/fish passage as required and to house
inflow/outlet pipes into and out from the reservoir.  Further discussion is provided in Section 4.3.

4.2 Evaluation of Reservoir Hazard

Uncontrolled release of the reservoirs’ contents via dam failure has been simulated in order to establish the
criteria for which dam design, construction, and operational safety assurance are based.  This methodology is
termed a potential impact classification (PIC) and aims to ensure that the dams performance requirements are
consistent with the hazard posed by the impounded reservoir.  The PIC is analogous to building important levels
outlined in the Building Act.

The assessment involves determining dam break characteristics for a range of hypothetical failure scenarios,
and hydraulically modelling these across land downstream of the dam.  Dam failures are simulated under
normal operating (‘sunny day’) and flood (‘wet weather’) conditions, which represent the potential and
incremental hazards respectively.  Common mechanisms of failure for embankment dams during normal
operating conditions include internal erosion of materials within or beneath the dam, and slope instability caused
by lack of effective drainage or strong earthquake shaking; under flood conditions this include overtopping and
erosion; often a consequence of inadequate or improperly designed spillway facilities.

For the purposes of dam failure consequence assessment, we have undertaken a preliminary assessment
based on an overtopping failure of the dams during wet weather conditions.  This scenario represents the upper
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Key features of the dam structures in the Mid-North include:

· Zoned earth-fill dam constructed of recompacted allochthon and/or volcanic rock;
· 4 m wide crest with 1(V):3(H) up and downstream batter slopes;
· Internal drainage via fully intercepting chimney drain and foundation drainage blanket/toe drains;
· Minimal undercut and replacement of undesirable soils in foundation;
· Foundation cut-off at abutments and within foundation as necessary;
· Possible foundation grouting in volcanic sites; and
· Low level conduit pipe utilising diversion facility for intake, internal inlet/outlet pipe, upstream control valve

and defensive filter diaphragm surround.

These designs are considered suitable for modification across the range of potential impact classifications.

Design verification based on preliminary quantitative modelling of stability was performed, indicating the designs
meet or exceed target performance criteria as outlined in the NZSOLD Dam Safety Guidelines (2015).
Hydrological and hydraulic analyses were performed for each reservoir to determine construction flood inflows,
size low-level conduits, and assess spillway bypass facilities.  The results of these analyses are presented in
Appendix B.
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5. Power Network
Power demand from both schemes will be dominated by the summer load, arising from the supply of
pressurised water to users.  This includes both capacity (peak demand) and energy (volume) requirements.  In
comparison peak winter demand is only typically 10% of summer peak, and 15 to 25% in terms of energy.

The ability for the existing lines networks to support scheme development has been discussed with both
relevant network providers; North Power and Top Energy.  Based on the existing design concept, it is
anticipated that the Kaipara scheme could be catered within existing transmission capacity.  In the Mid-North a
modest upgrade would be required for either the Large or Distributed Storage scenarios.  An allowance has
been made in the cost estimated for this upgrade (Section 6).

For the purpose of this pre-feasibility scheme design, it has been assumed that the all pump-stations are on
uncontrolled supplies which means they cannot be interrupted by the line companies.  This incurs the highest
connection charges.  Subsequent project stages could establish that a level of interruption in supply is
acceptable and as such lower charges could be incurred.

5.1.1 Options for Reducing Energy Use and Costs

As peak capacity and energy demand is coincident with summer demand there is an opportunity to add
renewable energy generation to the system to augment energy supply.  The pump-stations provide logical
locations where renewable generation such as solar could be included.  This would be primarily to reduce
energy demand from the grid, but at times export energy when irrigation demand is low.

The scale of any generation within the schemes will be small in comparison to the irrigation infrastructure.  The
scheme concepts therefore should be optimised for irrigation supply and not for energy production.  If the
optimised scheme configurations provide opportunities for viable localised renewable generation then these can
be incorporated into the scheme design.

Wind energy has been identified in the past as having significant potential in the Kaipara area.  While previous
prospects were for large scale developments, the focus in this area does indicate the potential.  Smaller scale
wind development may be worth incorporating in to the scheme concept, particularly at later stages of
development to offset the growing energy demand.  It is likely that the ideal location for wind development would
not coincide with specific points of demand (pump stations) and as such the incorporation of wind energy is
more at a level of an overall scheme energy balance.

The schemes as designed at this pre-feasibility stage assume on-demand supply from the storages.  As such
pump and hence energy load is directly related to demand.  There may be opportunity to introduce small buffer
storages (few hours) so pumping can partially avoid peak periods of energy demand and cost.  This would of
course then require re-pressurisation near the area of demand and associated pump costs.  It is likely that any
buffer type storage would be added as the schemes approach full uptake and hence fulfil a dual purpose of
reducing peak energy demand and add additional storage in to the overall scheme.

In the earlier days of scheme development, when uptake is less, there may also be benefit in providing a portion
of peak demand from local diesel generation.  Diesel generators are a low capital cost option but have
significantly higher operational costs.  They therefore provide a useful interim option as demand grows and can
be relocated to different parts of the scheme as growth in different areas changes overtime.  They could also
provide an option for addressing peaks in energy demand that are relatively short in duration but add
significantly to connection costs.  It is also likely that some level of backup diesel generation may be required
anyway to cover for the risk of power outages.  As such, any investment in diesel generation would fulfil a dual
purpose.
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Intake prices have been checked against available examples, albeit most available examples are for larger
intakes.  No allowance has been made for any weir structure in the stream to increase water level.  As pumping
is only occurring when flow is above median, it is presumed that flow depths will be enough to feed pump
sumps and intake structures.

In many situations pump-stations are directly connected to storage reservoirs and as such do not have a
separate intake as this is already incorporated in the dam concept design.

6.3 Pump-stations

Priced based on a cassette-based approach where multiple pumps of the same size are utilised to deliver the
total flow.  All pumps are individually isolated and controlled by dedicated valves but linked by common inlet and
outlet manifolds.

At least four pumps are typically used with some pump stations requiring more.  While this tends to over-
estimate the cost of larger volume pump-stations, it allows for more direct comparison between scheme options
as they are developed.  This is particularly relevant during the pre-feasibility stage while multiple options are
being explored.

In practical terms it also means that the schemes are more flexible in terms of progressive development and
uptake over time.  Use of common pump sizes also assists with lowering operations and maintenance costs
through the ability to utilised common spares.

No installed redundancy has been allowed for.  This is not deemed to be necessary as the greatest risk in terms
of pump failure is only a modest portion of the total capacity at each station.  Because standard pump sizing has
been adopted, and each pump can be fully isolated, replacement of any failed pump will be relatively straight
forward both technically and in terms of outage time.

The pump-station costs estimated include appropriate building, control systems and connection to transmission.
Costs are built up from a combination of fixed costs, flow related cost and head (pressure) related costs.  There
are many pump-station flow and head combinations across the supply areas and under different scenarios.  For
demonstration purposes Figure 18 provides pump station cost curves.

Figure 18.  Pump station cost curves.
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Diversion 30,000 per km2 catchment

Spillway

Kaipara 25,000 per km2 catchment Lower flood yield per square kilometre

Mid-North 60,000 per km2 catchment Higher flood yield per square kilometre

Inlet/outlet works

Low (small) Dam  50,000 Less than 10 m high

Medium (10-20 m)  200,000 10-20 m high

Large  500,000 >20 m high

Key assumptions applied in developing dam costings included:

· Reservoir leakage rates will be within acceptable limits, i.e. no lining of the reservoir with low-permeability fill
or synthetic lining is required.

· Large-scale landslide remediation is not required.
· Liquefaction is not required to be mitigated, apart from removal/undercutting of weak/organic soils in valley

floors.
· Foundation grouting on a large scale has not been allowed for, aside from the nominal allowance to applied

to a few sites in volcanics in the Mid-North.
· Seepage mitigation is required at Kaipara sites by extending the liner partway up the reservoir from the

embankment.  Lining of the full reservoir has not been allowed for.
· Earth-fill for dam embankment construction can largely be obtained from a local borrow source (where

materials are suitable) using conventional earthmoving techniques.  Any specialist materials required (e.g.
filter material) are within reasonable cart distance.

· Some degree of undercutting of unsuitable foundation materials will be required at most sites.
· Due to the small to moderate catchment areas, it is anticipated that a single spillway acting as both the

service and emergency spillway is suitable and can be constructed adjacent to the dam or on a suitable
topographic feature.

· Concreting only a portion of the spillway channel has been allowed for.
· Temporary stream diversion during construction can be achieved via a simple low-level pipe and coffer dam.
· No allowance for fish passage through or over the embankment has been made.

6.5 Pipe Networks

The pipe networks discussed in Section 3 were priced based on installed rates used in comparable irrigation
projects (i.e. Ashburton Lyndurst and Ruataniwha) for the relevant pipe diameters and pressures.  Rates were
adjusted to present values using the cost fluctuation adjustment methodology in Conditions of Contract for
Building and Civil Engineering Construction, NZS3910:2013 which includes adjustment for the Labour Cost
Index and Producers Price Index available from StatsNZ.

All pipe costs are based on HDPE except for a short section of steel pipe in the Kaipara design concept where
pressures exceed the capacity of HDPE.  For smaller, low pressure pipe diameters, for example less than 200
mm diameter and PN10, it is anticipated that PVC could be a more cost-effective option, and this can be
explored further in subsequent project stages.

Prices adopted are provided in Table 22.
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In addition to the above, an allowance of 15% has been made for Preliminary and General costs which allows
for standard: site establishment, quality assurance (physical and environmental etc.) project management, and
disestablishment.

This is comparable to industry examples that range between 13 and 18% where professional services
associated with design and supervision is accounted for separately.
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7.7 Sensitivity Analysis

Sensitivity analysis has been undertaken across the main scheme components based on the pre-feasibility
design.  This does not consider uncertainties that might measurably impact on the design of a particular scheme
component, and hence cost of that component, rather it is undertaken to:

· test the adequacy of contingency provisions;
· provide a relative comparison between main scheme components in terms of impact on cost; and
· highlight obvious areas, both in terms of risk and opportunity, for focus in future stages.

The following figures illustrate the high and low limits for cost sensitivity as well as indicating the overall
contingency provision.  All figures show that the contingency provision is comfortable, sufficient to cover the
largest sensitivity range.  As would be expected, piping and dam costs dominate cost sensitivity.

Cost sensitivity for the four scheme concepts are presented in Figure 19 to Figure 22.

Figure 19.  Cost sensitivity, Kaipara – Large Storage scenario.

Figure 20.  Cost sensitivity, Kaipara – Distributed Storage scenario.
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Pumping high flows upstream to the storage reservoirs from these creeks and drains on the Poutō Peninsula
could provide an alternative source of water supply for the Kaipara distributed scenario.  This option potentially
defers the  and associated infrastructure to a later stage of development, or
indefinitely, depending on scheme update and could potentially reduce scheme capital costs in the order of
approximately .

10.3 Opportunities for Reducing Uncertainty

10.3.1 Flow Monitoring to Improve Catchment Yield Assessment

One of the key design considerations for reservoir location and size is the ability to supply (fill) the reservoirs
from surrounding surface water sources.

All five conceptual design scenarios primarily rely upon high flow river takes, with only proportionally minor run
of river takes being available.

Catchment flow models were developed for both command areas in the Volume 2 – Water Resources
Analysis report, to provide an understanding of flow regimes and quantify the volumes of water available for
harvesting.  The catchment models were calibrated to available measured flow data.  However, this was limited
to sparse low flow spot gauging, particularly along the Poutō Peninsula.

For example, only three low flow gaugings have been collected from Aratapu Creek, while no gaugings are
available along western Poutō Peninsula in the upper catchments where the proposed reservoirs are located.
Therefore, a level of uncertainty exists in the high flow regime of these catchments, and hence ultimate ability to
fill the proposed reservoirs.

Should the actual characteristics of the catchment vary significantly from the modelling, this could have a
considerable impact upon the conceptual designs developed herein.

Both the Kaipara and Mid-North study areas would benefit from targeted flow monitoring for key sites to inform
subsequent feasibility assessments.

10.3.2 Geotechnical Conditions

Specimen design for the dams have been based on the broad characteristics known or suspected to be present
at the dam sites.  These will vary between sites and across a given site.  Three key examples are the depth of
excavation required at a dam site to reach sound foundation material, whether additional foundation treatment
(for liquefaction mitigation or seepage mitigation) is required, or whether leakage rates from the reservoirs are
acceptable (and warrant synthetic lining).

This uncertainty will have a direct impact on the cost of any given reservoir (positive or negative).  Potentially
more importantly, for the distributed scenarios, may shift the distribution of storage across sites to those that
have better characteristics.  This could result in an overall improvement in cost, as a proportion of storage held
at sites where cost increase could be shifted to sites where the cost decreases.

Geological mapping and site-specific investigations are required to reduce this uncertainty.

10.3.3 Pipe Network

The pre-feasibility design for the pipe network typically utilised existing corridors (e.g. roads) to where practical
avoid private land.  Subsequent discussion with landowners may identify opportunities to reduce conveyance
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lengths and associated costs.  Any adjustments to the main storage sites that arise from future hydrology and
dam investigations will also influence the pipe network layout and capacity.

At this time, it is anticipated that resolving uncertainties associated with the layout of pipe networks would
largely confirm or have a slight positive impact on costs.  Given this, and that it is a function of other future
workstreams, further work in this area is not warranted until enhanced certainty around hydrology storage is
available.

Refined scheme definition and landowner input is required to reduce this uncertainty.

10.3.4 Resource Consenting and Land Acquisition

Allowances for the likes of resource consent, environmental enhancement or mitigatory measures, land
acquisition, legal fees have not been included at this pre-feasibility stage due to significant uncertainties that still
exist.

10.3.5 Land Contamination

No assessment of land-contaminating activities has yet been implemented.  The NES-CS7 requires that an
assessment of historic or current MfE HAIL8 activities be done to assess health risk to workers and the public
relevant to soil disturbance, if the land intended to be developed is more likely than not to have had HAIL
activities present which may have caused soil contamination.

For these rural settings, the most likely types of HAIL activities to be present are farm dumps, sheep dips,
storage and use of persistent pesticides (e.g. organochlorine, organophosphorus and organonitrogen
pesticides), asbestos containing materials and/or lead from demolished or dilapidated older sheds, structures
and dwellings, and historic importation of uncertified fill.

The uncertainty associated with the potential presence of contaminants could impact on the configuration and
cost of specific components and in the worst case limit the ability to store water within the reservoirs.

A high-level Preliminary Site Investigation (PSI) should be carried out to assess whether any of the land to be
developed is likely to have soil contamination issues present.  The PSI involves desktop assessment and
includes requests for contaminated land database, spills and compliance information held by Northland
Regional Council (NRC), Far North District Council (FNDC) and Kaipara District Council (KDC); historic aerial
reviews; request and review of relevant property files and discussion with landowners, if required.  The
outcomes of the PSI will inform any intrusive soil testing requirements in particular areas that may be
contaminated.

If contamination is identified which exceeds regional background concentrations and/or relevant health-based
soil contaminant standards, resource consents under the NES-CS will need to be sought from FNDC and/or
KDC.  Under these circumstances a Site Management Plan (SMP) for contaminated soils will need to be
produced to meet consent requirements and to provide guidance to the civil works contractors regarding
management or disposal of contaminated soils.

7 Resource Management: National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human Health Regulations
2011.

8 Ministry for the Environment, revised 2011. Hazardous Activities and Industries List.
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A seismic analysis is also normally performed for the operating basis earthquake (OBE) and Seismic Evaluation
Earthquake (SEE).  However, given the low seismic risk for Northland and uncertainties regarding foundation
conditions, particularly in the Kaipara where liquefiable soils may be present, it is recommended that seismic
stability analyses be performed once site specific geotechnical information becomes available.

B.2 Construction Diversion and Spillway Facilities

Two key elements of dam design are the diversion capabilities during construction and spillway capacity.

Stream diversions protect the working area during construction and are normally provided by an upstream
embankment ‘coffer’ dam with conduit pipe.  The conduit can also be incorporated into the final embankment
design to serve as the inlet/outlet to the reservoir, for residual flow and potentially hydroelectric generation.
Coffer dam heights and conduit diameters have been designed to accommodate a 50-year flood, with a check
of the conduit size against maximum likely operational and residual flows to ensure it is not undersized.  A 50-
year flood is deemed an appropriate balance between risk and cost for a pre-feasibility level assessment.
Subsequent stages will consider site specific flood management requirements and diversion sizing.

Service and emergency spillways are an essential component of dams, providing the ability for large storm
events to bypass the structure without overtopping or damage.  Design flood events for each reservoir are
assigned based on their potential impact classification, and typically range from a 1,000-year flood for a Low
PIC up to the Probable Maximum Flood (PMF) for High PIC dams.

High intensity rainfall data up to a 250-year storm for each reservoir site was obtained from NIWA’s High
Intensity Rainfall Design System (HIRDS9).  The Kaipara area receives around 25% less rainfall and is much
more consistent across sites compared to the Mid-North area – refer Figure below.

1,000-year and 10,000-year rainfall depths were approximated by extrapolating results from the HIRDS v4
database using a logarithmic line of best fit. The peak maximum precipitation (PMP) was calculated using the
method outlined in “Probable maximum precipitation in New Zealand for small areas and short durations”
(Thompson and Tomlinson, 1993) and “A guide to probable maximum precipitation in New Zealand” (Thompson
and Tomlinson, 1995).

Inflows to each reservoir were estimated using the rational formula.  A check of the inflows was made using
HEC-HMS for one representative (average) catchment in each area.  Outflows were then estimated via
reservoir routing applying the simplified method presented in “Preliminary Sizing of Detention Reservoirs to
Reduce Peak Discharges” (McEnroe, 1992).  The routing procedure was undertaken on a range of storm
durations between 10 mins and 120 hours to determine the critical storm duration in terms of outflow.

9 https://www.niwa.co.nz/software/hirds




























