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Waitaki Limit Setting Process: Technical Overview

Summary
Background
The Waitaki sub-region includes most of Canterbury’s largest river catchment, the Waitaki River
catchment, which has a total area of 1.2 million hectares. There is a large variation in climate, soils
and landscape in the sub-region, and a diversity of land use, ranging from extensively farmed high
country stations in the upper reaches to intensive pastoral farming in the flatter areas. Aquaculture,
tourism and recreation are also important sectors, contributing economically, culturally and socially to
the values in the area.
As well as including a number of significant landmarks such as Aoraki Mt Cook and the glacial lakes
Tekapo/Takapō, Pūkaki and Ōhau, the sub-region has a surface water network which is highly
modified; the hydroelectric infrastructure in the upper Waitaki River catchment generates a significant
amount of New Zealand’s power and controls lake levels, and all flow entering the lower Waitaki River.
In 2006, the Waitaki Catchment Allocation Board released the Waitaki Catchment Water Allocation
Regional Plan, which provides a framework for managing water quantity in the Waitaki catchment.
This plan covers most, but not all, of the water resources in the Waitaki sub-region.
Nutrient management through the setting of limits is a national directive under the National Policy
Statement for Freshwater Management 2014. The Canterbury Land and Water Regional Plan
provides default provisions for managing nutrients across the region, with the ability for sub-regionally
specific provisions to be developed collaboratively with zone committees across the region.
In 2013, the Canterbury Water Management Strategy (CWMS) set up two zone committees in the
Waitaki sub-region; the Upper Waitaki Zone Committee, and the Lower Waitaki South Coastal
Canterbury Zone Committee. The committees then worked on the development of community based
outcomes and action plans, aimed to implement the CWMS and provide sufficient direction for
Environment Canterbury planners to write the Waitaki water quality chapter of the Canterbury Land
and Water Regional Plan.

What we did
The aim of the technical work was to develop an understanding of the current state of the water
quality, within the social, cultural and economic setting of the Waitaki sub-region, and then look at
what might happen if factors influencing water quality changed. Changes explored included land use
change and intensification, irrigation, wastewater, aquaculture, resource management practices and
interventions such as limits and nitrogen allocation frameworks.
The Environment Canterbury team worked with the zone committees and the community to collect and
analyse information to improve our understanding of the social, cultural, economic and environmental
state of the sub-region. The committee developed community-based outcomes for each of these four
‘well-beings’.
Scenarios were developed so that we could explore the potential effects of likely change in the Waitaki
sub-region, along with the aspirations of various parts of the community.
The Waitaki sub-region was split into four freshwater management units (FMUs); Upper Waitaki,
Hakataramea, Valley and Tributaries, and Northern Fan. Community groups were formed in these
FMUs, and most of the analysis uses these areas to delineate the sub-region.
We used a number of models to help estimate the nitrogen losses from land use and point sources,
and used that data to predict likely effects on surface water quality, groundwater quality and ecology
for each of the scenarios. Because of the higher level of uncertainty associated with model estimates
of phosphorus losses and other physico-chemical parameters, we relied on measured data, relative
change, and qualitative assessments to look at the effects associated with phosphorus, sediment and
E.coli in each FMU.
The predicted effects on water quality and ecology were then considered alongside estimated
economic gain and changes to social and cultural wellbeing in each FMU. The social, cultural and
economic assessments used both the descriptions of the scenarios (e.g. increased areas of irrigated
land, introduction of mitigations), as well as the water quality assessments in order to gauge likely
effects.
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What we found
The scenario assessments indicated that despite economic gains associated with likely and
aspirational development, some areas (the Ahuriri Arm of Lake Benmore, the Hakataramea Valley,
and Greater Waikākahi) are likely to experience a noticeable degradation in groundwater and surface
water quality (and hence degradation of cultural, recreational and social values) under any scenarios
which involve increased intensification. This would mean that zone committee outcomes relating to
water quality, aquatic and wetland biodiversity, culture, and recreation would not be met.
Intensification does provide more opportunities for economic development and hence confidence for
the community that they will be able to grow their businesses and provide for future generations. The
zone committees were tasked with weighing the benefits of economic growth against the risks to water
quality, cultural values, and recreation.
In general, where there is an increase in intensification, terrestrial biodiversity, recreational, and
tourism opportunities could suffer. Some areas however (the Haldon Zone, the Waitaki Valley and
Tributaries FMU, and the Whitneys Creek Zone) were predicted to experience either a small or
unmeasurable change in water quality under the scenarios explored, which would not necessarily
have large flow-on impacts in terms of social and cultural requirements.
Based on the technical information provided, discussions, and workshops with the communities, the
zone committees developed ‘solutions packages’, which are a combination of statutory and nonstatutory tools aimed to deliver the community outcomes set at the beginning of the process. The
statutory tools (rules and policies that will end up in the CLWRP) recommended by the Upper Waitaki
and Lower Waitaki South Coastal Canterbury Zone Committees are Waitaki specific nitrogen limits,
nitrogen allocation frameworks, and consenting pathways which require consent holders to implement
good management practices and provide biodiversity ‘offsets’ in some zones/FMUs. Non-statutory
tools included in the recommendations were targeted stream rehabilitation, wetland enhancement and
a sub-region wide monitoring framework.
The technical team have assessed the zone committees’ solutions packages (published as addenda
to the Zone Implementation Programmes), and commented on how likely the packages are to deliver
on the community outcomes sought.
What it means
Figure S- 1 below summarises the technical assessments associated with the solutions packages –
key aspects of the solutions packages are summarised, with comments regarding expected changes
to surface water, groundwater, recreation, biodiversity, tangata whenua values, economic
sustainability and communities.
In general, the solutions packages developed by the zone committees have sought to address all
community outcomes; whilst some of them may not be entirely achieved through the implementation
of the planning and non-statutory tools, progress would be made towards all community outcomes.
The context provided by the CWMS and regional planning framework are well suited to continuous
improvement, and for a number of the community outcomes sought, success can only be measured
over time, and informed adjustments to the solutions packages may be necessary in the future.
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Surface Water

Limits FEPs
rehabilitation

N Allocation Framework Stream
Adaptive management

•Currently high water quality will be maintained in the upper Waitaki, with focus on improving areas needing attention.
•Water quality and habitat improvements are expected in the Hakataramea.
•Increased risk of nutrient enrichment in some streams where intensification is likely, or lag effects are at play.
•In-stream limits will be important.
•Monitoring will keep an eye on local effects and lag effects.

Groundwater

Limits

FEPs

N Allocation Framework

•Drinking water in the upper Waitaki and Hakataramea will be safe and secure for most people.
•Groundwater may degrade slightly in the Valley and Tributaries and Northern Fan, but there is unlikely to be a threat
to water supply security.

Recreation & Fishing Limits

Monitoring

Stream Rehabilitation

•Waterbodies will be safe for contact recreation in the upper Waitaki, and be of a standard to attract local and
international tourists.
•People will be able to swim and fish in the Hakataramea
•Localised changes to recreational and amenity opportunities in the Waitaki Valley and Tributaries and Haldon zones

Biodiversity

Offsets N Allocation Framework

•Any incresase in intensification will result in the loss of biodiversity values; in both the Upper and Lower Waitaki,
habitats of high value for indigenous biodiversity will be lost or degraded.
•Small block development and offsets could potentially result in fewer areas of high biodiversity value habitats being
lost in the Haldon than would otherwise be the case.
•Improvements to the river margins in the Hakataramea will occur; some wetlands habitats may still be at risk.
•A substantial programme of wetland enhancement in the lower Waitaki will be required to offest ongoing loss and
degradation of wetland habitats.

Tangata whenua

Limits FEPs Monitoring Stream rehabilitation Adaptive
management

•The solutions package contains some elements which contribute to mahinga kai values. Water quality improvements
will enhance mahinga kai opportunities, and stream rehabilitation will see improvements around nohoanga; however
rehabilitation needs to be extended through the sub-region, and include whanau.
•The adaptive management and monitoring frameworks needs to be robust.

Economics

N Allocation framework Adaptive management FEPs

•Agriculture and aquaculture buisnesses will be able to grow in the Haldon Arm,
•There will be some flexibility for larger dryland farms; however major intensification or land use change will not be
possible in the Ahuriri zone, Hakataramea zone and Waikakahi area.
•The value of the catchment for recreation and tourism in the upper Waitaki should continue to grow.

Communities

Limits N Allocation Framework

•The vibrant community will continue to benefit from the growth of agriculture, aquaculture and tourism industries. The
contribution of hydropower will remain at current levels.
•Significant opportunities for new and existing businesses to grow and develop in the Waitaki Valley and Tributaries
•Where intensification is restricted, communities are expected to remain as they are currently.

Figure S- 1: Predicted effects on community outcomes due to the implementation of the
solutions packages
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Acronyms, abbreviations and definitions

GMP

Good Management Practice for all land use types, as defined in the
industry agreed ‘good management practices for water quality’ developed
for the matrix of good management project.
http://ecan.govt.nz/publications/General/good-management-practices2015.pdf

CWMS

Canterbury Water Management Strategy

Waitaki Catchment

The hydrological catchment of the Waitaki River, including areas which
are part of the Otago Region.

Waitaki sub-region

The area managed by Section 15B of the Canterbury Land and Water
Regional Plan, including the Upper Waitaki FMU, Hakataramea FMU,
Waitaki Valley and Tributaries FMU, and Northern fan FMU.

Lower Waitaki

The portion of the sub-region below the Waitaki dam, including the
Hakataramea FMU, Waitaki Valley and Tributaries FMU, and Northern
fan FMU.

Zone

Nutrient allocation zone (usually a sub-set of an FMU)

Community Outcomes

Zone committee priority outcomes (quantitative and qualitative) under the
CWMS; developed through the community process.

CLWRP Outcomes

Numeric values for lake and river water quality attributes, derived from
Table 1 of the decisions version of the Canterbury Land and Water
Regional Plan, set to implement CLWRP objectives.

Sub-regional outcomes

Anticipated numeric values set in PC5 for lake and river water quality
attributes, specific to the Waitaki sub-region.

Sub-catchment

Area of land draining to a particular surface water body or node point
within the wider Waitaki Catchment.

ZIP

Zone Implementation Programme

FEP

Farm Environment Plan

Intensive land use

Defined in the CLWRP as farms with >50ha irrigation or >20ha winter
grazing

ZCSP

Zone Committee Solutions Package

FMU

Freshwater management unit

NPSFM

National Policy Statement: Freshwater Management (2015)

WCWARP

Waitaki Catchment Water Allocation Regional Plan

PC5

Plan Change 5 to the Canterbury Land and Water Regional Plan. In this
report, PC5 refers to the Waitaki sub-region part of this plan change.
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1

Introduction and background

1.1

Background

1.1.1

Canterbury Water Management Strategy

The Canterbury Water Management Strategy (CWMS) is a collaboration between Canterbury’s ten
territorial authorities and the Canterbury Regional Council, Te Rūnanga o Ngāi Tahu, industry, key
stakeholders, agencies and the community. The vision of the CWMS is:
To enable present and future generations to gain the greatest social,
economic, recreational and cultural benefits from our water resources within
an environmentally sustainable framework.
The CWMS Framework Document was endorsed by all Councils in Canterbury in 2009 and contains
10 target areas:
•

ecosystem health/biodiversity

•

water-use efficiency

•

natural character of braided rivers

•

irrigated land area

•

kaitiakitanga,

•

energy security and efficiency

•

drinking water

•

regional and national economies

•

recreational and amenity
opportunities

•

environmental limits

The zone committees and the regional committee are the key delivery mechanism for the CWMS. The
CWMS divides Canterbury into 10 zones each of which has a committee established. The
Committees are charged with preparing an implementation programme for their zone or region, and
have a terms of reference which states that the purpose and function of each committee is to:
Facilitate community engagement in the development and periodic review of a
Water Management Implementation Programme that gives effect to the
Canterbury Water Management Strategy.
The relevant zone committees for the Waitaki sub-region are the Upper Waitaki Zone Committee (UW
Zone Committee) and the Lower Waitaki – South Coastal Canterbury Zone Committee (LWSCC Zone
Committee). These zone committees were established in February 2011 (UW) and November 2010
(LWSCC), and work began on preparing Zone Implementation Programmes (ZIP) for each zone.

1.1.2

Planning framework

The Canterbury Land and Water Regional Plan (CLWRP) includes ‘sections’ to allow for the
development of provisions at a sub-regional (CWMS zone) level. The CLWRP gives effect to National
and Regional Policy Statements regarding the management of freshwater.
The relevant section of the CLWRP relating to the Upper Waitaki and the Lower Waitaki – South
Coastal Canterbury CWMS Zones is Section 15b. More detail on the links between this document
and the plan is provided in Section 6.
Because water quantity in the Waitaki catchment is managed by the Waitaki Catchment Water
Allocation Regional Plan (WCWARP), Section 15b of the CLWRP will contain rules for water quality
only. The exception is Whitneys Creek in the Northern Fan Freshwater Management Unit (FMU),
where water quantity limits are to be set in the CLWRP, rather than the WCWARP. Because
Whitneys Creek seeps through the gravels and discharges to the sea, but sometimes flows into the
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hāpua of the Waitaki River, it was not included as part of the river catchment for flow management
purposes, but is in the Waitaki sub-region for nutrient management purposes.

1.1.3

Zone community outcomes

The ZIP is a non-statutory document that contains a collection of integrated actions and proposals
that give effect to the vision and principles of the CWMS for the Zone. The ZIPs for the Upper Waitaki
and Lower Waitaki South Coastal Canterbury Zones were published in April 2012 and February 2012
respectively, and contained the priority community outcomes for each zone committee.
These outcomes were re-visited during the development of the Waitaki – South Coastal Canterbury
section of the CLWRP, re-tested with the community, and refined to support the plan writing process.
The following community outcomes are the refined versions, used in the decision making for the ZIP
addenda and statutory plan process. These outcomes are presented for each of the FMUs in the
Waitaki sub-region. FMUs were set by the zone committees following consideration of a number of
options. Subsequent to the original FMU boundaries set, the Waitaki Valley and Tributaries FMU was
enlarged slightly to include a small area on the north bank, which had previously been part of the
Northern Fan FMU but was more closely linked to the Waitaki River.
Priority Community Outcomes – Upper Waitaki
Water quality and quantity provide for aquatic biodiversity, recreational opportunities, and
customary use
• There is no further reduction in water quality in the Zone
• All lakes and rivers are safe for contact recreation
• The water quality for Lake Benmore is at all times of the year consistent with its very high
recreational value
• The biodiversity of the Zone’s water bodies and high quality drylands is protected and
enhanced
• There is improved mahinga kai gathering in the Zone
• Maintain the current water quality delivered to the Waitaki River
Maintenance of communities and sustainable growth
• The Zone has safe and secure drinking water for community and domestic supplies
• Highly reliable irrigation water, to a target of 95% reliability, is available in the Zone
• The Zone’s existing contribution to New Zealand’s security of electricity supply is maintained
or increased
• The contribution to the Zone’s economy from Agriculture and Aquaculture is maintained or
increased, in particular sustainable farming systems
• The economic contribution from tourism based on the Zone’s lakes and rivers and biodiversity
is maintained or increased
• The Zone has a vibrant community, including: improved social infrastructure and a diverse
economy

2
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Priority Community Outcomes – Lower Waitaki
Waitaki Valley and tributaries
• Maintain high water quality in the Waitaki River
• Protection of mauri (life-force)
1
• Reliable supply of water for irrigation
1
• Flows at the river mouth protect ecosystem health
• Enhance wetlands in the Waitaki Valley
• Improving opportunities for mahinga kai across the catchments
• Safe and secure drinking water is available across the catchments
• Maintenance of existing electricity contribution
• Enhancing recreational and amenity opportunities
• Enabling opportunities for new and existing businesses and community services
Hakataramea River
• Maintain water quality and recreational swimming opportunities
• Maintain the significant recreational fishery
• Improve opportunities for mahinga kai across the catchment
• Native fish habitat is protected in the headwaters of the Hakataramea
• Enhanced wetlands and trees and protected native vegetation
• Safe and secure drinking water is available
• There are viable and diverse farming opportunities
• Sustain farms for future generations; family ownership
• Opportunities for further development are available to all farms
• Vibrant and stable community
Northern Fan
• Safe drinking water
• Inclusive, multicultural and safe community
• Strong local economy and growing community, able to retain health and education services
• Local history and culture valued and remembered
• Water quality maintained and improved
• Waterways suitable for range of recreational uses
• Successful and sustainable farming on irrigated areas, with diversity of farming systems
• Wetlands and springs protected

1

Water quantity is covered by the provisions of the WCWARP
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1.1.4

Spatial Framework

There are a number of different ways of spatially ‘splitting’ the Waitaki sub-region. The NPS-FM
(Ministry for the Environment, 2014) defines an FMU as a water body, multiple water bodies, or any
part of a water body determined by a regional council as the appropriate spatial scale for setting
freshwater objectives and limits and for freshwater accounting and management purposes. During
the technical work, it was often necessary to use slightly different ways of defining the area. Some of
these terms are discussed below.
The Waitaki catchment – is considered to be the hydrological catchment of the Waitaki River. This
2
includes some 300 km which is in the Otago region and not the subject of this sub-regional plan. It is
important to consider the entire hydrological catchment when looking at surface and groundwater
flows, and the area influencing in-stream water quality.
Freshwater Management Unit – through discussions with the zone committees, five Freshwater
Management Units (FMUs) for the sub-region have been delineated (Figure 1-1).
Nutrient allocation zones - The FMUs have been split into ‘zones’ for the purposes of applying
specific planning rules and nutrient limits to some areas. The zones in the Upper Waitaki FMU are
the Ahuriri Zone, the Haldon Zone and the Mid-Catchment Zone. The Lower Waitaki has the
Hakataramea Zone, the Valley and Tributaries Zone, the Greater Waikākahi Zone, and the Whitneys
Creek Zone.
Sub-catchment – the stream assessments used water quality data at specific sites in the sub-region.
It was necessary to delineate sub-catchments upstream of these points in order to understand the
factors influencing water quality at those points. In-stream limits were also set at these points to
enable the use of long-term water quality data.

4
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Figure 1-1:

Waitaki sub-region freshwater management units
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1.2

Report purpose

This technical overview report describes the process by which technical information has been used to
inform zone committee decision making in the Upper Waitaki and Lower Waitaki South Coastal
Canterbury Zones (resulting in the ZIP Addenda), and the subsequent development of the subregional chapter of the CLWRP.
The ZIP Addenda describe the zone committees’ agreed community outcomes for the sub-region and
a set of recommendations (the ‘solutions packages’) about the way the Zones should be managed to
achieve those outcomes including a mix of statutory actions (e.g. recommendations for nutrient limits,
nitrogen allocation frameworks, consent requirements in a regional plan) and non-statutory actions
(e.g. community initiatives, restoration, enhancement etc.). It is intended that the ZIP Addenda form
the “writing instructions” for Environment Canterbury planners preparing the Waitaki South Coastal
Canterbury section of the CLWRP. The purpose of this report is to document the technical information
and process used to inform the zone committees’ discussions in reaching agreement on their ZIP
Addenda. The technical information and process described in this report has also therefore informed
the drafting of the CLWRP section. Links between the technical work and section 15b of the CLWRP
are described in more detail in Section 6.
This report references the key technical documents written to support this project. A full list of reports
(internal and external) and supplementary memos is provided in Appendix 1. These reports are all
available on the Environment Canterbury website.

1.3

Report context

A large quantity of technical information was prepared and distributed to the community throughout
this project, which commenced in June 2013 in the Upper Waitaki, and in September 2014 in the
Lower Waitaki. Zone committee ZIPs had already been developed prior to the commencement of this
project, and community outcomes had been set at the Zone level. This report ties this information
together, and illustrates how the data and analyses have been used for both the community process
and the statutory process during the project timeframe. Figure 1-2 below illustrates the report context.
Zone Committee decision making (ZIP Addenda)

Detailed Technical
Assessments

Technical
Summaries

Statutory planning (sub-regional chapter LWRP)

Supplementary
Information

Groundwater
quantity and
quality

Current state
summary

Memos to
Zone
Committees

Surface water
quality

Scenario
analysis
summary

External
Reports

Surface water
quantity

Presentations
to community
groups

Summarised in Technical Overview Report

Biodiversity

Nutrient loss
and transport
modelling
Social and
Economic
effects
Eco-cultural
health

Figure 1-2:
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1.4

Report structure

This report is structured to present the processes followed, the assessments undertaken and their
results, and the use of the data to inform both the community and the Environment Canterbury
planning team. It comprises the following sections:
•

Methodology – an explanation of the approach taken to the technical work supporting
the sub-regional plan project, including process and timeframes, modelling and
assessment methods.

•

Current state – an overview of the technical findings with respect to the current state of
the water resources in the Waitaki sub-region.

•

Scenarios – our assessment of the likely consequences of different land use and nutrient
allocation scenarios.

•

The solutions packages – our assessment of the solutions packages developed by the
zone committees and communities for each FMU.

•

The regional plan – the way in which the Waitaki section of the CLWRP links with the
solutions packages.

•

Technical challenges – discussion of key items of interest and concern that have
emerged throughout the project.

Technical information presented in this report is based on information that has been presented to the
community and zone committees throughout the project, however some of the earlier draft material
presented has been updated to reflect new data, learnings, and community feedback received during
the process. The material presented in this report represents the latest findings.

2

Methodology

2.1

Process and timeframes

The general methodology followed for the limit setting process in the Waitaki sub-region is consistent
with ‘the preferred approach’ for limit setting developed by Environment Canterbury in 2012
(Environment Canterbury, 2012). The Waitaki project has been undertaken by a multi-disciplinary
team including the zone committees and a core team of science staff, planners and CWMS
facilitators. A number of sub-contractors have also been employed by Environment Canterbury to
develop models, and provide social, cultural and economic assessment information to support the
project.
Figure 2-1 shows the overall project milestones and timeframes, as discussed with the community.
Figure 2-2 shows the way in which technical information feeds into the ‘preferred approach’ process.
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Figure 2-1:

The Waitaki sub-regional process and timeframes. The dates shown are for the
Upper Waitaki process; the Lower Waitaki community process began later and
ran from September 2014 to April 2015

Figure 2-2:

Diagram illustrating the technical information flow (green boxes) into the
‘preferred approach’ to limit setting (grey boxes)
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2.1.1

Upper Waitaki timeframes and approach

The sub-regional plan project commenced in June 2013 in the upper Waitaki. The approach taken
was to conduct the technical work across the whole Upper Waitaki FMU and present the same
information to all interested parties, including community groups, the zone committee, and other key
stakeholders. The approach was essentially linear, as per Figure 2-1 above, and community
meetings were held in either both Tekapo and Omarama, or in Twizel to minimise travel distances for
attendees. The main meetings covered current state in July 2014 and scenario analysis results in
October 2014, with other drop in sessions run to ensure the community had access to information if
required.
A land information group (LIG) consisting of local sheep and beef, dairy and salmon farmers, and a
sub-set of zone committee members, met regularly throughout the process until the point at which the
zone committee recommended nitrogen limits. Following this, the group ‘morphed’ into a nutrient
allocation working group (NAWG), tasked with developing nitrogen allocation regimes for the zone.
The recommendations from the NAWG group were provided back to the zone committee for
incorporation into the ZIP Addendum.
Despite the whole of the Upper Waitaki FMU draining to Lake Benmore, there were water quality
differences in between the Haldon Arm and the Ahuriri Arm of the lake; therefore the FMU was
considered as three separate nutrient allocation zones; Haldon, Ahuriri and Mid-Catchment (between
Lake Benmore and the Waitaki Dam).

2.1.2

Lower Waitaki timeframes and approach

The Waitaki sub-regional plan project commenced with the LWSCC Zone Committee in September
2014 – the later start date compared with the UW zone committee process was due to the LWSCC
Zone Committee’s commitment to the South Coastal Canterbury Streams sub-regional process (also
part of Section 15 of the CLWRP). Due to the compressed timeframes for this project, and the
differences in the water quality and social characteristics, the decision was made to split the area into
three separate FMUs, and run parallel processes through the December 2014– April 2015 period.
The parallel processes were run via a series of community meetings in each FMU. These meetings
were to share technical information with the community, and to develop scenarios, nitrogen allocation
regimes and nitrogen limits with each group.
The three FMUs in the Lower Waitaki are the Hakataramea, Valley and Tributaries, and the Northern
Fan.

2.2

Models and technical assessments

2.2.1

Scope of technical assessments

The technical assessments undertaken to inform the development of the solutions packages focused
on key water quality threats and sensitivities in the sub-region.
Key sensitivities looked at with respect to water quality were the biophysical state of the water
resource (groundwater, streams, rivers and lakes), and the corresponding influence on nationally and
locally significant cultural, social and economic values.
The major threats to water quality in both the upper and lower parts of the sub-region are intensifying
land use and management, irrigation, point source discharges (aquaculture, wastewater), and flow
management.
A key requirement of the modelling and assessments was to generate sufficient information to enable
zone-specific limits for nitrogen, phosphorus and other contaminant of concern to be set. Because of
uncertainties involved with the modelling of other nutrients and contaminants, nitrogen losses were
the focus of numerical modelling, with other assessments being undertaken on a more qualitative
basis.
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As indicated in Section 1.1.2, flow management is outside the scope of this report, with the exception
of Whitneys Creek.
Cumulative effects of land use and management are particularly relevant when considering a large
catchment with a single receiving environment such as Lake Benmore at the base of the upper
Waitaki FMU. Irrigated development is a threat, due to the availability of water for further irrigation, in
both the upper and lower Waitaki, coupled with the additional nutrients discharged from farming
activities. Point source discharges can also have a significant impact on water quality; in the Upper
Waitaki FMU, salmon farms discharge nutrients directly into the canals feeding Lakes Pūkaki and
Benmore. In the Lower Waitaki South Coastal Canterbury Zone, there are industrial discharges
directly to land.
Therefore, the most useful information to inform zone committee decisions about water quality is the
prediction of the likely consequences of various possible changes in land use and water quality
management on the resources and values within the sub-region.
The assessments (listed in Figure 1-2) were dependent on one another. In general, the assessments
of likely effects of scenarios followed a similar process, where the nutrient modelling was undertaken
first, followed by the groundwater, surface water and ecological assessments, followed by the social
science, economic and cultural effects assessments. This was essential as the latter assessments
relied upon the results of the former. This is illustrated in Figure 2-3 below. We took a
multidisciplinary team approach to the work, and there was at least one technical expert involved
during each step of the process.
Work has generally been conducted at the stream catchment (sub-catchment), or Freshwater
Management Unit scale, depending on the particular sensitivity or effect being discussed.

Descriptions of
land use and
point source
discharges

Figure 2-3:

2.2.2

Nutrient
modelling

Groundwater
assessment

Surface water
assessment

biodiversity,
social, cultural
and economic
assessment

Technical assessment chain

Background data

The key background data for assessing likely effects of land use change on water quality are land use
type, irrigation, land management practices (e.g. stocking rate, fertiliser use and irrigation), point
source inputs, soils, and climate. Estimates of nutrient losses from land are made using modelderived loss values to populate a ‘lookup table’ where soil/climate/land use/irrigation combinations are
assigned an associated leaching loss.
Full details of the data collection and collation process are provided in Mojsilovic et al. (2015), but
Table 2-1 below provides an overview of the key data used and its source. While some community
groups indicated that more detailed data should be analysed, the level of detail was considered by the
technical team to be appropriate to the scale at which the community outcomes sought were
described, and at a suitable level for catchment scale models. Because of the large scale of the data,
the assessments focused on relative change between current state and scenarios, rather than
absolute values.
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Table 2-1:

Key data sources

Data

Source

Land use and irrigation

The current distribution of land use for the Waitaki catchment was primarily
sourced from the December 2013 AgriBase™ survey. As AgriBase™ is a
voluntary system data can be imperfect. To ensure spatial continuity
across the Waitaki catchment, other data sources including the Land Cover
Data Base 4 (LCDB4) were used. Initial irrigation areas were mapped
using consent documentation, aerial photographs, and scheme maps. A
number of current land use layer versions were deliberated with
stakeholders including the Land Information Group in the Upper Waitaki,
the Waitaki Irrigators Collective, irrigation companies, consultancies and
catchment group members. Broad locations for likely and aspirational
intensification and irrigation were developed with the community groups.
Site visits were used to ground-truth information.
NIWA’s virtual climate network was used to define climate ‘bands’ across
the Waitaki catchment based on annual rainfall.
Broad soil types for the Waitaki catchment were determined using
Landcare Research’s SMap.
Upper and Lower Waitaki lookup table; developed using the Canterbury
Lookup table, and catchment specific OVERSEER modelling. N and P for
the Upper Waitaki FMU, and N for remaining FMUs.
Estimated using industry prepared equations or values (aquaculture,
industrial loads), monitoring data (wastewater discharges) and consent
information.

Climate
Soils
Land
losses
nutrients)
Point source losses

2.2.3

(of

Modelling

Overview of modelling
Various models and equations estimating the application, assimilation and movement of nutrients
through the Waitaki catchment have been used as tools to support the decision making; model results
have been presented to the community and zone committees, and also used in the subsequent
technical assessments. Figure 2-4 below illustrates the main model-based tools that have been used
in this project. The four key models assisting the technical team for this project are listed below.
These models are discussed in depth in Mojsilovic et al. (2015) and Clarke (2015a).
•

OVERSEER– a ‘strategic management tool’ developed by AgResearch, with support from
the Ministry for Primary Industries, and the Fertiliser Association of New Zealand. The
software estimates losses below the root zone for different land uses and farm practices.
This has been used in the Waitaki sub-regional project to estimate losses from ‘model’
farm systems.

•

Source Loads modelling was undertaken at a zone scale by ‘summing up’ loss
estimates based on a lookup table of losses developed using data from the Canterbury
Lookup Table (Lilburne et al., 2013) and the model farms modelling.

•

CLUES (Catchment Land Use for Environmental Sustainability model), built and
calibrated for Environment Canterbury by NIWA, this is a GIS based model which sums
up losses below the root zone for many sub-catchments, and routes them through the
surface water network. The model includes estimates of assimilation in the catchment
(nutrient uptake in groundwater, streams and lakes). The results are in-stream
concentrations and loads.

•

Hydrodynamic-ecosystem model of Lake Benmore- a coupled model built and
calibrated for Environment Canterbury by NIWA in 2009 and updated for this project.
This model predicts nutrients and trophic level state at various points within the lake,
based on inputs provided via CLUES.
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The nutrient modelling ultimately produced nitrogen and phosphorus loads at particular nodes, and for
each FMU, in tonnes/year of nitrogen for the whole Waitaki catchment, and in tonnes/year
phosphorus for the Upper Waitaki FMU. Phosphorus modelling was only undertaken in the Upper
Waitaki FMU to allow the lake model to be run; loss figures for phosphorus were considered to
contain high uncertainties, and were not used to set nutrient allocation zone load limits; phosphorus
limits have been set in-stream based on measured concentrations, rather than using modelled loads.
The CLUES and source models meant that we were able to estimate changes in loads (from current)
under different scenarios. The CLUES model was calibrated to match currently measured loads at
surface water monitoring locations in the sub-region (16 and 12 sites in the upper and lower Waitaki
respectively).
The CLUES model doesn’t allow for lags (consideration of nutrients still ‘in transit’ in the
groundwater). However the risks associated with this omission were investigated by looking at the
the upper Waitaki surface water nodes used for calibration of the CLUES model (Etheridge and Scott,
2015). The conclusion was that at most of these nodes, the surface water quality was likely to reflect
the current land use (i.e. lag effects would be minimal). However, relatively recent land use
intensification and/or the possibility of long groundwater transport pathways in the Wairepo, Omarama
and Willow Burn streams mean that recently measured nitrogen concentrations are unlikely to reflect
the full water quality effects associated with currently irrigated land. The CLUES model is likely to
underestimate the increase in nitrogen concentrations associated with any future land use
intensification at these nodes.
It is acknowledged that there are a number of sources of error in the modelling, including root zone
nutrient loss estimates, land use classification, and lag effects. There was a wide range of differences
(some large and some small) between modelled and measured loads in the CLUES model. However
it was considered by NIWA that the CLUES model was suitable for estimating percentage changes
(relative differences) in loads under different scenarios (Palliser et al., 2015).
At the nutrient
allocation zone scale, the nutrient modelling and use of relative differences is considered to be fit for
the purpose of setting load limits for nitrogen. It is also considered that using the relative differences
between current and scenario results gives us good guidance on the likely effects of changes in land
use, irrigation and point source loads.

Figure 2-4:
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Methods used to model transport and fate of nutrients through the Waitaki
catchment
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Use of nutrient model outputs
The various models have been used in a number of ways to inform the technical team as well as the
community. Table 2-2 below illustrates the key uses of each model output during the project.
Table 2-2:

Model outputs and uses

Model output

Use for decision making

Look up table - land (or farm) based loads
– total N and P loss below the root zone for
particular land uses (kg/ha/yr).

•

Point source loads – total N and P loss
estimated from community wastewater
discharges, industry or aquaculture.

•

Source load model – the sum of the land
(or farm) based loads and point source loads
for a zone.

•

•

•

•
•

In stream loads (CLUES) – N and P loads
at a surface water node, post attenuation.

•
•

Lake nutrient concentrations – in-lake
concentrations of N, P and chlorophyll-a
resulting from the in-stream loads arriving at
the lake, post attenuation and processing.

2.2.4

•

Used as inputs into source loads and
CLUES models
Used to illustrate differences in losses
between land uses and irrigation
types
Used as inputs to CLUES and source
loads model
Able to compare with losses from land
based activities
Broken down to farm scale for
discussions with upper Waitaki
NAWG
Converted into drainage
concentrations for groundwater
assessments
Relative change used by technical
team for in-stream water quality
assessments in the lower Waitaki
relative change used by technical
team for in-stream water quality
assessments in the upper Waitaki
Used as inputs into lake models
Used by technical team for lake water
quality assessments

Assessment processes

The assessment process followed by each technical team member consisted of four stages,
illustrated in Table 2-3 below. The assessment essentially translates the community outcomes
developed by the community and the zone committee into technical indicators, and then uses these
indicators to assess current state, and compare potential scenarios and solutions package with the
current state to determine the likely impact of changes. Figure 2-5 illustrates the way in which we
communicated the predicted impact of a scenario to the communities and zone committees, by
relating it back to the current state.
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Table 2-3:

Assessment process

Stage

Assessment

1. Interpret ZIP
outcomes

Translate ZIP community outcomes into technical indicators and descriptions
– how do we measure values, and ‘what does it mean to meet the
community outcomes?’
Assessment of current state, in relation to indicators.

2. Current state

Use the indicators to compare the scenarios with current state and the
desired community outcomes, identifying whether the scenario is likely to
result in a ‘better’ or ‘worse’ situation from current, and then whether or not
the outcome is likely to be met.
Assess whether the solutions package addresses key issues in order to
achieve the community outcomes.

3. Scenarios

4. Solutions
packages

Scenario Comparisons - compared to current state

A lot worse
Figure 2-5:

A bit worse

No Change from
current

A little bit better

A lot better

Relative scale used to compare technical assessments of scenarios with current
state

A large number of indicators were used by the technical team when assessing the current state and
any likely or aspirational changes in land use or nitrogen allocation regimes. Table 2-4 below provides
the high level indicators used when presenting analysis results to the community and zone
committees, along with our interpretation of the community outcomes, and the data we used when
making assessments. Details of other indicators used are provided in the technical reports (listed in
Appendix 1 and available on the Environment Canterbury website).
Groundwater
Groundwater assessments relied on the nutrient modelling to estimate current state across the
Waitaki catchment as well as predict effects of future scenarios.
The modelled drainage
concentrations (concentration of nitrogen in water infiltrating through the root zone, produced by
Overseer) were used to provide an estimate of current state for the scenario assessments. Generally,
the measured concentrations of nitrogen in monitoring wells was lower than that modelled, and this
could be due to a number of reasons (unrealised lag effects, dilution by other groundwater,
sparseness of monitoring data), however the model results were considered to provide a good basis
for assessing the scenarios at an FMU scale, and in terms of relative change from the current state
Because of the uncertainties, groundwater quality results have been presented as ranges of possible
concentrations, and in some cases these ranges are quite large. Investigations to provide a better
understanding of groundwater concentrations and surface water interaction have been recommended
in those places where we feel that nutrient management could be improved if we understood the
processes better (in the Kellands pond and Waikākahi areas).
The groundwater assessments considered risks of nitrogen concentrations exceeding the drinking
water standards, and risk of E.coli detection – these risks are usually higher when intense land uses
are located in close proximity to water supply wells.
Surface water and biodiversity
Stream assessments used current measured N and P concentrations at surface water monitoring
points as the basis for applying relative changes estimated by the modelling for each scenario.
Surface water concentration data was considered to provide a good representation of the effects of
current land use.
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The stream assessments in the upper Waitaki relied on the CLUES model outputs. However in the
lower Waitaki, the source load model results were used – because CLUES doesn’t explicitly include
groundwater interactions, and results were considered unreliable in the lower Waitaki where
groundwater influences are more dominant. Additionally, modelling was undertaken more iteratively
and at a faster pace in the lower Waitaki, and the source model proved to be more agile in this
respect. The modelling work in the upper Waitaki showed that the relative changes (between two
model runs) from the source load model were similar to the relative changes in the CLUES model.
This provided confidence that comparison of source loads between scenarios is reasonable.
In the Northern Fan FMU, predicted changes in groundwater concentrations were extrapolated to
estimate likely changes in spring-fed streams. This meant that in this area, uncertainties around
groundwater concentrations were carried through to the stream assessments.
Stream assessments considered indicators such as dissolved nitrogen and phosphorus, macrophyte
and algae cover, and sediment and E.coli. Various national guidelines and regional plan objectives
and CLWRP outcomes were used to interpret the community outcomes and assess whether the water
body would meet them.
Trophic Level Index (TLI) was used as an indicator of lake water quality – the annual TLI is a
calculation based on measured concentrations of total nitrogen, total phosphorus and chlorophyll-a at
certain depths in a lake, averaged over the months of sampling. The TLI scale is from less than 1
(very low nutrients) to more than 7 (very high nutrients) TLI predictions for Lake Benmore were
provided by the NIWA model (Spigel, 2015), and other lake TLIs were estimated by Cawthron
Institute using Vollenweider models developed for high country Canterbury lakes (Kelly, 2015, in
Clarke, 2015b). The other key indicator for lakes was the submerged plant index (Lake SPI). Again,
because the outcomes defined by the zone committees were not always expressed quantitatively,
CLWRP outcomes were often used to provide an indication of the extent to which outcomes were
being met under each scenario.
Changes in state of terrestrial and wetland biodiversity were assessed purely by considering the area
of undeveloped land that was likely to become developed (i.e. cultivated) farmland or urban areas, as
well as projected spread of wilding conifers. The assumption was that such development would
largely transform a habitat’s existing indigenous biodiversity value. The assessments included
quantifying the area of additional irrigated land, but also assumed current rates of expansion with
respect to dryland development would continue. Assumptions concerning the spread of urban
development and wilding conifers were also incorporated into these assessments.
Economic, social and cultural
The economic, social and cultural assessments relied partly on the biophysical assessments to
enable estimates of flow-on effects to be made. The social assessment looked at the ways in which
the communities had been changing over recent years, and extrapolated these changes according to
the scenario studied. Types of agricultural land use change assumed for the scenarios, tourism
trends, and urban development proposals were also considered. The economic and social
assessments were both informed by a survey of recreation in the Upper Waitaki FMU, and interviews
with businesses.
The economic assessment calculated the value of certain income sources (dairy, beef and sheep,
tourism, hydropower), and also made a non-market valuation of the recreational value of the Upper
Waitaki FMU. The economic and social assessment did not address the individual scenarios in the
lower Waitaki, as these were developed iteratively with the communities, specifically to assess effects
of changing nutrient loads – the final solutions package has been assessed, however.
The cultural health assessment uses a ‘report card’ framework, where the data for each indicator (a
variety of indicators based on access to sites, water quality, perception) were used to help determine
the current state (the ability to deliver the cultural outcomes and sub-outcomes) for five areas in the
sub-region (slightly different to the FMUs), and the same relative scale in Figure 2-5 was used to
present the results of the scenario assessments.
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High Level Technical Indicators relating to community outcomes
Related community outcomes for FMUs

Indicators
Upper Waitaki

Valley and
Tributaries

Hakataramea

Northern Fan

Surface water quality
•
•
•
•
•
•

Lake Trophic state
General Stream Health
Nitrate toxicity
Nuisance periphyton growth
LakeSPI grade for the main lakes
Water quality of water leaving the Upper
Waitaki FMU over the Waitaki dam

•

There is no further reduction in
water quality in the zone

•

Maintain current high water
quality delivered to the Waitaki
River

•

Maintain water quality
and recreational
swimming opportunities

•

Native fish habitat is
protected in the
headwaters of the
Hakataramea

•

Maintain high water
quality in the
Waitaki River and
southern tributaries

•

Maintain high water
quality in the
Waitaki River

•

Water quality
maintained or
improved

Groundwater quality
•
•
•

Groundwater nitrate-N and DRP
Pathogenic contamination of groundwater
Groundwater quality vs. drinking water
standards

•

The Zone has safe and secure
drinking water for domestic
and community supplies

•

Safe and secure
drinking water is
available

•

Safe and secure
drinking water is
available across the
catchments

•

Safe and secure
drinking water is
available across the
catchments

•

The water quality for Lake
Benmore is at all times of the
year consistent with its very
high recreational value

•

Maintain water quality
and recreational
swimming opportunities

•

Enhancing
recreational and
amenity
opportunities

•

Waterways suitable
for range of
recreational uses

•

•
All lakes and rivers safe for
contact recreation

Maintain the significant
recreational fishery

•

The biodiversity of the zone’s
water bodies and high quality
drylands are protected and

•

Enhanced wetlands
and trees and protected
native vegetation

•

Flows at the river
mouth protect
ecosystem health

•

Wetlands and
springs protected

Recreation and fishing
•
•
•
•
•

Lake Benmore Trophic state
Waterbody’s suitability for recreation
grade (SFRG)
Comparison of E.coli concentrations to
contact recreation standards.
flow and absence of barriers to migration
Habitat, water quality and flow sufficient to
preserve self-sustaining fishery

Biodiversity
•

Stream length adjacent to undeveloped
land or mitigated
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Upper Waitaki
•

Valley and
Tributaries

Hakataramea

Northern Fan

enhanced

Extent of terrestrial, wetland and riparian
habitats of high biodiversity value

•

Enhance wetlands
in the Waitaki Valley

•

Improving
opportunities for
mahinga kai across
the catchments

•

Improving
opportunities for
mahinga kai across
the catchments

•

Protection of mauri
(life-force)

•

Local History and
culture valued and
remembered

•

Maintenance of
existing electricity
contribution

•

Successful and
sustainable farming
on irrigated areas,
with diversity of
farming systems

•

Strong local
economy and
growing community,
able to retain health

Tangata whenua outcomes
•
•
•
•
•
•
•
•
•
•
•
•

Do flows and flow regimes meet cultural
health needs?
Does water quality support mahinga kai
species?
State of mahinga kai species
State of Taonga species
QMCI as indicator of food for taonga
species
Recreational / food gathering
Cultural use likely to continue
Likely satisfaction of mahinga kai
gathering experience
Access to important sites
% sub-catchment accessible for fish
passage
State and coverage of aquatic and
riparian habitats
% land under natural land cover

•

There is improved mahinga kai
gathering in the Zone

•

Improve opportunities
for mahinga kai across
the catchments

Economic opportunities and sustainable systems
•
•
•
•

Change in and economic value of
hydropower in FMU
Change in and economic value of
agricultural production in FMU
Change in and economic value of
aquaculture in FMU
Change in and economic value of tourism
in FMU

•

The Zone’s existing
contribution to New Zealand’s
security of electricity supply is
maintained or increased

•

The contribution to the Zone’s
economy from Agriculture and
Aquaculture is maintained or
increased, in particular
sustainable high country

•

There are viable and
diverse farming
opportunities

•

Opportunities for further
development

•

Sustain farms for future
generations; family
ownership
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Upper Waitaki

Valley and
Tributaries

Hakataramea

Northern Fan

farming systems
•

The economic contribution
from Tourism based on the
Zone’s lakes and rivers and
biodiversity is maintained or
increased

•

The Zone has a vibrant
community, including:
improved social infrastructure,
sustainable population growth,
and a diverse economy

•

All farms with equal
opportunity to become
economically
sustainable

•

Vibrant and stable
community

and education
services

Vibrant communities
•
•
•
•
•

Number of farmers and farm workers
engaged in sheep, beef, deer, dairy, dairy
support, horticulture and arable
Number of people working in aquaculture,
hydro, tourism and conservation
management
Population in Waitaki catchment
Social connectedness and cohesion
Ethnicity, age structure, perceptions of
safety, leadership, participation in
community, level of social conflict,

•

Enabling
opportunities
for
new and existing
businesses
and
community services

•

Inclusive,
multicultural and
safe community
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2.3

Community assessment

A large number of community and zone committee meetings were held during the development of the
ZIP Addenda and section 15b of the CLWRP. The community engagement report presented as part
of the plan change documentation provides further details on this (Smith and Aislabie, 2015), however
the main meetings and discussions involving the technical team can be summarised as follows:
Upper Waitaki:
•

Monthly meetings and/or workshops with the UW Zone Committee from June 2013 to June
2015

•

Six meetings with the Upper Waitaki Land Information Group/Aquaculture Information Group
between September 2013 and September 2014

•

Seven meetings with the Upper Waitaki Nutrient Allocation Working Group between
November 2014 and April 2015

•

Three sets of community meetings; December 2013 (Twizel), July 2014 (Tekapo and
Omarama) and September 2014 (Tekapo and Omarama) to discuss Scenarios, Current state
and Scenario assessment results respectively

•

Four community ‘drop in’ meetings in Omarama, Otematata, Tekapo and Twizel to discuss the
draft ZIP Addendum in March 2015.

•

Various informal face to face meetings with LIG members, stakeholders and community

•

Five hui with rūnanga to discuss the process, science information, the ZIP Addenda and
planning roadmap (with the LWSCCS Zone Committee).

Lower Waitaki:
•

Monthly meetings and/or workshops with the LWSCCS Zone Committee from October 2014 to
June 2015

•

Seven meetings with the Northern Fan FMU community to discuss outcomes, scenarios, limits
and nitrogen allocation frameworks

•

Eleven meetings with the Hakataramea FMU community to discuss outcomes, scenarios,
limits and nitrogen allocation frameworks

•

Three meetings with the Waitaki Valley and Tributaries FMU community to discuss the
process, outcomes and nitrogen allocation options

•

Five hui with rūnanga to discuss the process, science information, the ZIP Addenda and
planning roadmap (with the UW Zone Committee).

Group decision making was an important component to the ZIP addenda development – the Land
Information group, for example, consisted of up to 20 participants, who sought to reach agreement on
the best method for nitrogen allocation in the upper Waitaki; recommendations were then provided to
the zone committee. A large amount of buy-in, or at least understanding and acceptance, was the
benefit of this approach. Sharing the responsibility for decisions was a crucial outcome of the
collaboration process.
The technical assessments of current state and the scenarios were presented to the community, and
the communities were asked which aspects of the predicted effects were most ‘acceptable’. This
information was used to guide the zone committees when considering where the limits should be set,
and identifying other key actions to be included in the ZIP addenda. More than 100 people (Tekapo
and Omarama) attended the two large community workshops in the upper Waitaki; attendance at
other meetings was usually about 20 – 50 people.
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2.4

Documentation produced

A large number of documents have been prepared and presented throughout this process, including
memos and agenda items to the zone committees, community summaries of technical information,
and the main technical reports summarised here, often supported by externally prepared reports.
Appendix 1 lists the main documentation produced and used by the technical team throughout this
process.

2.5

Peer review

External peer review has been undertaken of the key reports referenced in this document. Peer
reviewers were asked to follow this process:
1. Review document
2. Provide a ‘tracked changes’ copy of the report, along with a letter stating a broad opinion of
the report (a ‘fit for purpose assessment’) and key areas which needed to be addressed.
3. Discuss proposed changes / concerns with the report author
4. Discuss/review the final report, and formally advise whether their comments and key concerns
have been satisfactorily addressed.
All reports have reached the satisfaction of the peer reviewer. Final reports presented include the
changes as discussed with the reviewer.
Table 2-5:

Peer reviewers

Report (s)

External Peer Reviewer

Upper and Lower Waitaki surface water quality
and ecology (streams and rivers) – current
state and scenario assessments

Greg Burrell, Instream Consulting Ltd

Upper Waitaki Lakes current state

David Kelly, Cawthron Institute

Upper Waitaki Lakes scenario assessment

Marc Schallenberg, Hydrosphere Research Ltd

Upper and Lower Waitaki groundwater current
state and scenario assessments

Tom Heller, Environmental Associates Ltd

Nitrogen and Phosphorus loss modelling

Melissa Robson, AgResearch

Biodiversity

Nick Head, Department of Conservation

Economic and Social assessments – current
state and scenario assessments

Mark Fenton, Environment & Behaviour
Consultants Ltd

Technical Overview report

Ton Snelder, Land Water People Ltd

Eco-cultural health assessments

Terry Broad, Eco-Dynamic Systems Ltd
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3

Current state

This section provides a summary of the current state of the Waitaki sub-region, and the way in which
the current state was evaluated with respect to the indicators used and the zone committees’ desired
outcomes.
The following summary is at a high level, and draws on all of the individual technical reports to create
an overview of the state of the sub-region and areas needing focus. Detailed descriptions of current
state, with data, figures and maps can be found in the reports referenced, and listed in Appendix 1 of
this report. Those seeking further clarification on matters discussed here should refer to the relevant
reports.

3.1

Current state summary

The Waitaki sub-region is the largest in the Canterbury region. The sub-region includes most of the
2
Waitaki River catchment with the river draining an area of approximately 12,000 km , from Aoraki to
2
the sea. Approximately 350 km of the catchment is within the Otago Region. The sub-region sits
partly in three territorial authorities; Mackenzie, Waimate and Waitaki.
The hydrology of the Waitaki catchment is characterised by three large glacial – fed lakes (Tekapo,
Ōhau and Pūkaki), and a hydropower scheme linking these lakes with large canals which transport
water through eight power stations. Three large artificial lakes have been formed as part of the
hydropower scheme (Lakes Benmore, Aviemore and Waitaki), and there are also a number of smaller
man-made and natural lakes in the catchment. The Waitaki dam forms the demarcation between the
upper and lower Waitaki catchments.
Four freshwater management units (FMUs) have been identified for the sub-region – the National
Policy Statement for Freshwater Management (NPSFM) (Ministry for the Environment, 2014), requires
that FMUs are set by the regional council for the purposes of setting objectives and limits for
freshwater management. The FMUs set for the Waitaki sub-region by Environment Canterbury, with
the zone committees’ support, are illustrated in Figure 1-1. The NPSFM is discussed further in
Section 7.1 of this report.
The Waitaki River has always been a significant waterway for Canterbury and New Zealand, and is of
paramount importance to Ngāi Tahu whānui. Historically whanau and hapū lived on the shores of
lakes, wetlands, streams and at river mouths. They developed use patterns in designated whanau
and hapū managed territories. Modifications to the river catchment have not severed the relationship
of Ngāi Tahu with the lands and waters of the Waitaki. As Manawhenua, through whakapapa, Ngāi
Tahu have an enduring relationship with the Waitaki that is accompanied by a responsibility to assess
how changes to the use and development of freshwater resources within the Waitaki catchment
impact their cultural beliefs, values, practices and most significantly their customary and Treaty rights
to utilise lands and waters in the Waitaki (Tipa, Nelson and Williams, 2015).
Productive and consumptive uses of water provide reliable irrigation, and stock water supplies,
aquaculture and drinking water.
Significant changes in land use have occurred in the Mackenzie District over the past 10 years,
including increased numbers of accommodation providers, other tourism activities, holiday homes, and
dairy farms. Following irrigation of the lower Waitaki plains in the 1970, dairy farming has spread
across the flats and more recently up the valley (Taylor et al., 2015a). Land use maps are provided in
Appendix 3.
Hydro-electricity is a major component of sub-region GDP, as illustrated in Figure 3-1 below.
Agriculture is the next most significant contributor to GDP, and is the major land use in the sub-region.
Tourism is also significant, and alongside agriculture is one of the major sources of employment in the
sub-region. The aquaculture industry is relatively new but has expanded considerably in recent times
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in the Upper Waitaki FMU; five salmon farms produced 1,150 tons of chinook salmon in 2012, and
employed between 150 and 200 people in 2013 (Taylor et al., 2015b)
There are also important recreational, ecological and intrinsic values of rivers, streams, groundwater
and drains, lakes (natural and man-made) and wetlands, and the recreation and tourism sector is a
further major component in the sub-regional economy. The many values associated with water shape
the people and communities of the area, their social organisation, identities, and ways of life. Water
enables people to gain economic livelihoods and therefore meet social needs (Taylor et al., 2015b).

Figure 3-1:

Catchment and regional GDP upper Waitaki

The Upper Waitaki FMU contains large areas of high-altitude unproductive land (40% of the total
FMU). It is also regionally-distinctive in still retaining very high and extensive biodiversity values within
its low-altitude basin and valley floor habitats, reflecting historically low levels of land-use
intensification (Grove, 2014). Currently ~12,200 ha of land is irrigated in the upper Waitaki (1.2% of
the FMU) including an estimated 3,200 ha of border dyke irrigation. Dairy and dairy support land uses
comprise approximately 25% of the irrigated area. Conversely almost 30,000 ha (13%) of land is
irrigated in the Canterbury component of the lower Waitaki catchment, 65 percent of which is
estimated to be via spray irrigation. Conversion of properties from border dyke to spray irrigation is
projected to continue at between 3 and 5 percent per annum.
Compared to many areas of lowland Canterbury, the Upper Waitaki FMU has limited agricultural
intensification and waterways are relatively healthy. One river, the Willow Burn, has been identified as
particularly ‘impacted’ in the Upper Waitaki FMU, and in areas where intensification has occurred
water quality and stream health reflects that through elevated contamination of water and reduced
invertebrate community health (Gray, 2015).
Kellands Pond, a constructed groundwater fed lake, has seen an increase in Nitrate-N concentrations
of 45% per year since a nearby irrigated dairy operation commenced in 2003 (Figure 3-2). Turbidity
has increased significantly over the same period, which is likely to be due to an increase in
phytoplankton production (Clarke, 2015a).

22

Environment Canterbury Technical Report

Waitaki Limit Setting Process: Technical Overview

Nitrate and Nitrite Nitrogen (mg/L)
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Nitrate and nitrite nitrogen concentrations in Kellands Pond 2004-2013

As illustrated by the Kellands Pond example above, there is a large amount of interaction between
surface water and groundwater in the catchment; the groundwater is recharged via rainfall, from rivers,
lakes and canals.
Areas of groundwater storage have been formed by glacial and river movement, and are constrained
by impermeable bedrock; the upper Waitaki zone has three main groundwater basins, Twizel, Tekapo
and Ahuriri, and all groundwater from the Upper Waitaki FMU exits via Lake Benmore (Scott, 2015a).
In the lower Waitaki catchment, there is a groundwater basin in the Hakataramea, and relatively thin
alluvial aquifers flank the mid reaches of the Waitaki River in the Valley and Tributaries FMU. Alluvial
aquifers are also present in the main tributaries on the south bank of the Waitaki River. The alluvial
aquifer in the Northern Fan FMU discharges some groundwater towards the Waitaki River, but flow is
generally parallel to the river and enters other tributaries or discharges to sea (Scott, 2015b).
Groundwater is used as a source of drinking-water supply in most of the major population centres.
Other public supplies rely on surface waters (Scott, 2015 and Scott & Etheridge, 2015). Contaminants
of concern for groundwater are nitrate (when present in high concentrations), and faecal
contamination. Shallow water supply wells are most at risk from faecal contamination, which appears
to be widespread in shallow groundwater in the lower Waitaki.
The quality of groundwater in the Waitaki sub-region is generally better than the regional averages for
Canterbury, and in the Upper Waitaki FMU in particular, concentrations of nutrients are relatively low
in most of the wells sampled.
Nitrogen generally enters surface water via groundwater - aquifer properties and recharge
characteristics affect the time it takes for nitrogen to travel from beneath the root zone and through the
groundwater system from a source to a surface water receiving environment. Estimates of lag times
have been made, and indicate considerable variability may exist (Etheridge and Scott, 2015). In some
locations, this means that current nutrient concentrations measured in streams may not yet reflect the
full impact of current land use in the sub-region, but in others, intensification is either close to surface
water measurement points, or aquifer properties are well enough understood to provide confidence in
current state assessments.
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Streams and rivers in the sub-region include alpine upland, hill-fed upper and lower, upland spring and
lake-fed rivers. The surface water and groundwater are highly connected in many places throughout
the Waitaki catchment - in particular in the Upper Waitaki FMU where highly permeable glacially
deposited gravels result in gains and losses from many of the streams and rivers, with many ‘running’
dry naturally in summer months.
Water quality in rivers in the Lower Waitaki is variable, with a number of water bodies failing to meet
some CLWRP objectives. The differences in monitoring data between hill fed and spring fed systems
in the Lower Waitaki have expected results, where dissolved nutrients are elevated in spring fed
systems compared to hill fed systems. Breaches of algal growth and invertebrate objectives in the
CLWRP signal that some systems are also affected by temperature, sedimentation and flows, as well
as nutrient concentrations.
There are a number of waterbodies in the Waitaki catchment that are considered to be nationally
significant fisheries for eel, trout and salmon. There are small populations of acutely threatened
Canterbury Mudfish in upper Whitneys Creek and Waikākahi Stream (Clarke & Greer, 2015), and
vulnerable native species such as the bignose and lowland longjaw galaxid in some upper Waitaki
wetlands (Gray, 2015a). The Kirkliston stream in the Hakataramea Valley supplies drinking water to
150 people; the scheme is currently on a ‘boil water’ notice due to variable E.coli measurements,
however upgrades will scoped over the next 6-9 months, and a water safety plan is being developed
with the district health board (pers. comm. Martin Schurgers).
In the Northern Fan FMU, irrigation water races and border-dyke practices introduce a significant
amount of water to the groundwater system which then discharges into the rivers and streams (Scott,
2015b), increasing flows in summer time when irrigation is occurring. Whitneys Creek and Waikākahi
Stream have elevated nutrient concentrations, and in some locations have exceeded a number of
limits proposed to protect aquatic communities (Clarke & Greer, 2015).
Water quality in the lakes in the sub-region ranges from very good in the glacial fed lakes, to moderate
in some of the smaller lakes with longer residence times. The trophic level index is an index used
nationally, and is based on concentrations of nitrogen, phosphorus and chlorophyll-a in the lake. Low
TLI scores reflect less enrichment and better water quality. Table 3-1 below provides the average of
the trophic level index measurements taken in the lakes in the Waitaki sub-region over the past five
years, illustrating the range in water quality (from Clarke, 2015a). Lake Alexandrina has had algal
blooms in the past (during the 1980s), and there is a growing body of evidence that algal
(phytoplankton) production in Kellands Pond is increasing. There are a small number of sites where
contact recreation standards have not been met due to faecal contamination. Spigel et al. (2015) note
that the modelling of Lake Benmore in 2009 and 2013 confirms that the Ahuriri basin is particularly
sensitive to increasing nutrient loads. The outcomes documented by the zone committee illustrate that
maintaining the high water quality of these lakes is a key issue for the zone.
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Table 3-1:

Average TLI result 2009/10 - 2013/14 (five years). Orange shading indicates
exceedance of CLWRP objectives
Site name
Tekapo/Takapō
Ōhau
Pūkaki
Benmore at Haldon Arm
Benmore at Ahuriri Arm
Benmore at above dam
Aviemore
Alexandrina
McGregor
Middleton
Kellands Pond

Average TLI
1.7
1.7
1.6
2.5
3.1
2.6
1.9
3.0
3.2
3.6
3.2

CLWRP TLI
objective
2
2
2
3
3
3
3
3
3
3
3

Flow regimes, as well as nutrient inputs, influence water quality in streams and rivers, particularly
when there is significant abstraction. Flows are not the subject of this sub-regional plan, and are
managed through the Waitaki Catchment Water Allocation Regional Plan (WCWARP). This plan is
due for review in 2016, however for the purposes of nutrient allocation, flow regimes have been
assumed to continue as they are currently. This presents issues in some rivers or streams where
amendments to the flow regime could significantly improve (or degrade) water quality – the
Hakataramea River, in particular, has been the subject of much debate regarding suitable allocation
limits for surface water abstraction.
The influence of flow regimes has been referred to many times in the cultural assessment, and the
separation of water quantity management and water quality management for this project has made it
difficult for rūnanga to assess the current state and proposed solutions packages, particularly given
the extent of modification (damming, diverting, irrigation), and the effect this has had on cultural values
(loss of traditional sites, lack of access for species and whanau). For the purposes of this project, we
have assumed that the flow regime is as it stands currently, however rūnanga have, in many places,
commented on the effect that this is having on cultural health. The cultural assessments undertaken
for this study will be re-visited during the WCWARP review.
The ‘report cards’ produced by the Waitaki catchment cultural assessments awarded a ‘C’ to the
+’
Ahuriri Arm sub-catchment, and a ‘D score to the remainder of the Waitaki catchment. This indicates
that in general, some of the indicators measured met desired levels, but there is significant room for
improvement (Tipa, Nelson & Williams, 2015).
Hydrology in the Whitneys Creek sub-catchment is complex, with significant influence from the shallow
groundwater system and the Morven Glenavy Ikawai (MGI) irrigation scheme. Within the headwaters
of the sub-catchment there is little to no seasonality or pattern in the hydrology. A seasonal
relationship is however, evident downstream, with increased flow apparent in December, peaking in
February and receding through to July (Duff and Clark, 2014). These increased flows coincide with
increased irrigation.
There is currently one consented surface water take from Whitneys Creek. This take is located at the
bottom of the sub-catchment. Directly below the take, surface water flows are lost to the gravels
around the Waitaki River hāpua to such an extent that there is no flow and present a ‘natural’ barrier to
fish passage for the majority of the calendar year. The existing surface water take consent allows
35 litres per second of abstraction as long as flows are above 45 litres per second at the point of take
(Duff and Clark, 2014). Upstream of the surface water take there are two groundwater takes defined
as stream depleting in Schedule 9 of the CLWRP. After pumping at the maximum consented rates for
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7 days the assessed combined stream depletion rates are 2.9 litres per second and after 150 days
7 litres per second (Greer, Clarke and Gray, 2015).

3.2

Current state assessment compared to community outcomes
sought

The technical team undertook an assessment of the current state of the Waitaki sub-region’s water
resources in relation to the community outcomes sought by the zone committee and community. This
section provides a summary of the assessment, with tables providing details of the indicators used
and comments made by the technical team, relating the various indicators to each FMU’s outcomes
and other useful measures such as CLWRP objectives.

3.2.1

Current State Assessment: Upper Waitaki:

The technical assessment of water resources in the upper Waitaki (Table 3-2) highlighted that while
the economy and social opportunities in the zone have good prospects, there are some outcomes that
are at risk of not being met if current land use and resource management continued without further
mitigation. The outcomes identified as being at risk are as follows:
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•

There is no further reduction in water quality in the zone

•

All lakes and rivers safe for contact recreation

•

The biodiversity of the zone’s water bodies and high quality drylands are protected and
enhanced

•

There is improved mahinga kai gathering in the zone
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Table 3-2:

Current state assessment: Upper Waitaki

Community outcome

Current State Assessment

Surface water quality

There is no further
reduction in water quality in
the zone
Maintain current high water
quality delivered to the
Waitaki River

• Most lakes meet CLWRP objectives for TLI. Lakes Alexandrina,
McGregor and Middleton regularly fail to meet TLI objective.
Lakes Benmore and McGregor fail to meet CLWRP Lake SPI
objectives. 30% of streams are showing little or no impact of
intensification, Willow Burn is considered to be impacted, and
50% of streams potentially at risk.
• Plant available fractions of nitrogen and phosphorus are generally
very low in the water entering the Waitaki River.

Groundwater quality

The Zone has safe and
secure drinking water for
domestic and community
supplies

• Most of the FMU has low concentrations of nutrients in
groundwater, but areas of more intense and irrigated land use
have elevated concentrations of nitrate, and increasing trends.
There are some areas of moderate to high phosphate leaching
risk in the upper and lower Waitaki, and an indication of increased
phosphorus levels in some shallow wells.
• Some E.coli detections, associated with shallow wells. Some
untreated water supplies.

Recreation and fishing

All lakes and rivers safe for
contact recreation
The water quality for Lake
Benmore is at all times of
the year consistent with its
very high recreational value

• Loch Laird and Waitangi sites @ Lake Aviemore and Lake
Middleton fail to meet plan objectives for contact recreation. All
others meet current plan objectives
• ECan data indicates current plan objectives (TLI<3) met.

Biodiversity

• Some streams fenced, and initiatives are underway.
The biodiversity of the
zone’s water bodies and
high quality drylands are
protected and enhanced
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• Significant loss of high biodiversity value habitats on low-altitude
flats and valley floors have occurred over recent years as a result
of land-use intensification.
• Large areas (= 308,000 ha) of high value habitats for indigenous
biodiversity still remain (<1000 masl).
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Community outcome

Current State Assessment

Tangata whenua outcomes

• Taonga and mahinga kai populations have declined but decline
cannot to solely attributed to land use change. Agriculture is one
of a number of stressors. Initiatives to enhance populations could
be undermined by degrading aquatic environments.
There is improved mahinga
kai gathering in the Zone

• Access varies across the FMU. Ngāi Tahu whanau have access
via a number of nohoanga.

Economic opportunities and sustainable systems

The Zone’s existing
contribution to New
Zealand’s security of
electricity supply is
maintained or increased
The contribution to the
Zone’s economy from
agriculture and aquaculture
is maintained or increased,
in particular sustainable
high country farming
systems

• Hydro generation in the catchment is significant regionally and
nationally.
• Agriculture is a significant economic activity in the FMU.
• Aquaculture is a significant economic activity in the FMU.
• Tourism is a significant economic activity in the FMU.

The economic contribution
from Tourism based on the
Zone’s lakes and rivers and
biodiversity is maintained or
increased
Vibrant communities

The Zone has a vibrant
community, including:
improved social
infrastructure, sustainable
population growth, and a
diverse economy

3.2.2

• Potential for further employment growth in agriculture,
aquaculture, tourism, hydropower and conservation management.
• Population is in decline in some areas.
• High level of community participation evident for many issues
including water management

Current State Assessment: Hakataramea

Water quality in the Hakataramea River is currently considered suitable for recreation, fish, and
invertebrate species, however there is a risk of algal blooms such as those that have occurred
sporadically in the past. Water availability is seen as an issue in terms of future development
opportunities (
Table 3-3). Specifically, the following outcomes are at risk of not being met if current land use and
management continues:
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•

Maintain water quality and recreational swimming opportunities

•

Native fish habitat is protected in the headwaters of the Hakataramea

•

Enhanced wetlands and trees and protected native vegetation

•

Opportunities for further development

•

Improve opportunities for mahinga kai across the catchments

Table 3-3:

Current State Assessment: Hakataramea

Community outcomes

Current state assessment

Surface water quality

Maintain water quality and
recreational swimming
opportunities
Native fish habitat is protected
in the headwaters of the
Hakataramea
Safe and secure drinking water
is available

• Faecal (E.coli) contamination in the main-stem of the
Hakataramea River is low, but there has been increased
incidence of potentially toxic algal blooms in recent years.
Faecal contaminant concentrations in some spring-fed
tributaries regularly exceed limits set to protect human health
during contact recreation.
• Relatively low concentrations of nutrients at most monitoring
sites
• No physical or legislative protection for native fish, or native
fish habitat in the FMU
• Hakataramea water supply scheme sourced from Kirkliston
stream managed by local committee. Currently all 150 people
on scheme –boil water notice in place, but scheme looking at
treatment options (decision due in 6-9 months).

Groundwater quality

Safe and secure drinking water
is available

• Nitrate concentrations in groundwater less than ½ maximum
acceptable value (MAV) where measured. No microbial
groundwater quality data available

Recreation & fishing
Maintain water quality and
recreational swimming
opportunities
Maintain the significant
recreational fishery
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• Water quality, habitat and salmon/trout spawning conditions
generally good, although low flows may impact extent of
salmon/trout spawning
• Faecal (E.coli) contamination of rivers is generally low,
although some spring-fed tributaries are currently impacted.
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Community outcomes

Current state assessment

Biodiversity

Enhanced wetlands and trees
and protected native
vegetation

• Limited riparian planting. Some fencing of streams and
wetland areas.

Tangata whenua outcomes

• Many areas of significance in the Hakataramea FMU
Improve opportunities for
mahinga kai across the
catchments

• Opportunities still exist, however cultural use not likely to
continue in some locations due to perceptions of water quality
and degradation of water quality over time.

Economic opportunities and sustainable systems
There are viable and diverse
farming opportunities
Opportunities for further
development
Sustain farms for future
generations; family ownership

• Dryland opportunities only, as limited access to water
anticipated in the future. Fears that current flow regime and
nutrient limits will mean farming is unsustainable.
• Mostly extensive farming systems with limited flexibility. Some
community members indicate that more flexibility is needed to
facilitate growth.

All farms with equal
opportunity to become
economically sustainable
Vibrant communities
Vibrant and stable community

3.2.3

• Generally active community, however some conflict over water
availability and management.

Current State Assessment: Waitaki Valley and Tributaries

If the current land use and management were to continue in the Waitaki Valley and Tributaries FMU,
most of the streams and rivers would remain in good condition, however the Awakino and
Maerewhenua rivers would likely still have risks of algal blooms and lower invertebrate diversity (Table
3-4). The following outcomes are at risk of not being met if current land use and management
continues:
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•

Protection of mauri (life-force)

•

Improve opportunities for mahinga kai across the catchments

•

Enhancing recreational and amenity opportunities
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Table 3-4:

Current State Assessment: Waitaki Valley and Tributaries

Community outcome

Current state assessment

Surface water quality

Maintain high water quality in the
Waitaki River and southern tributaries
Maintain high water quality in the
Waitaki River

• Nutrient concentrations indicate all waterways except
the Otiake River have the potential to develop
nuisance periphyton growths, but only the
Maerewhenua River has exhibited issues to date.
• Nuisance didymo growths likely to impact on stream
health.
• Nitrate toxicity unlikely to be an issue in most rivers.
Penticotico stream concentrations of nitrate elevated.

Groundwater quality

Safe and secure drinking water is
available across the catchments

• Limited microbiology data available – meets drinking
water standard in some wells. Nitrate concentrations
generally meet standard.

Recreation & fishing
Enhancing recreational and amenity
opportunities

A number of popular fishing and recreation sites in the
catchment.

Biodiversity

Flows at the river mouth protect
ecosystem health

• Mouth is currently always open, and there are no
known reports of nuisance algal growths near the
mouth.

Enhance wetlands in the Waitaki valley
Tangata whenua outcomes

Improve opportunities for mahinga kai
across the catchments

• Control of flows limits opportunities. Many wetlands
that need to be protected.
• Access to some locations is limited.

Protection of mauri

Economic opportunities and sustainable systems and vibrant communities
Maintenance
contribution

of

existing

electricity

• Opportunities for farming expansion within the water
availability constraints

Enabling opportunities for new and
existing businesses and community
services
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3.2.4

Current State Assessment: Northern Fan

Groundwater quality in the Northern Fan is showing the effects of intensification; many of the wells are
at risk of exceeding the drinking water standard on the basis of both nitrate concentration and E.coli
detection. Surface water quality is also showing the effects of intensification in the area, and reflects
the groundwater quality in the lower parts of the FMU. High levels of nutrients have been measured in
some streams, and macrophyte growth is excessive in some areas (due to a combination of factors)
(Table 3-5).
The following outcomes are at risk of not being met if current land use and management continues:
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•

Water quality is maintained or improved

•

Safe and secure drinking water is available across the catchments

•

Waterways suitable for range of recreational uses

•

Wetlands and springs protected

•

Improving opportunities for mahinga kai across the catchments

•

Local history and culture valued and remembered
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Table 3-5:

Current State Assessment: Northern Fan

Community outcome

Current state assessment

Surface water quality

Water quality maintained or
improved

• Nitrogen concentrations in Waikākahi Stream and Whitneys
Creek have the potential to cause toxic effects on stream
communities. Sedimentation of the stream bed, E.coli and
macrophyte growth likely to impact on instream habitat and
values.

Groundwater quality

Safe and secure drinking
water is available across the
catchments

• E.coli exceeds limit in approximately half of the wells tested.
Nitrate meets drinking water standard in most wells, but quality
is deteriorating.

Recreation & fishing
Waterways suitable for range
of recreational uses

• In-stream E.coli concentrations, fine sediment cover and
macrophyte cover exceed threshold values.

Biodiversity

• Waikākahi Stream protection and enhancement project includes
fencing and protection of upper springs, however potentially
high nitrogen concentrations in springs (sources uncertain).

Wetlands and springs
protected

• Wetland area much reduced from historical extent. Ongoing
loss of riparian wetlands in lower Waitaki Valley.

Tangata whenua outcomes

Improving opportunities for
mahinga kai across the
catchments

• Mahinga kai opportunities much reduced.
• Historic wetlands almost entirely gone. Intensive farming limits
access to many sites.

Local History and culture
valued and remembered
Economic opportunities and sustainable systems
Successful and sustainable
farming on irrigated areas,
with diversity of farming
systems
Strong local economy and
growing community, able to
retain health and education
services

• Intensive farming across the area

Vibrant communities
Inclusive, multicultural
safe community

and

• Access to Maori reserve land difficult.

Local History and culture
valued and remembered
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4

Scenarios

4.1

Scenario descriptions

Scenarios used to explore the effects of land use change in the Waitaki sub-region varied across the
zones, but generally followed a pattern of looking at current, likely development and aspirational
development. Current land use reflects land use as at December 2013 in Upper Waitaki, and January
2015 in Lower Waitaki. Likely land use is defined as current and consented (but not yet implemented)
development, including granted but appealed consents. Aspirational and hypothetical land use
scenarios were different for each FMU, and included various options ranging from allowing small
blocks of development on extensive properties (in line with the Mackenzie Agreement (2013), which
promotes using relatively small areas of irrigation to enhance the viability of large pastoral properties),
to full use of allocated water in the FMUs for conversion to intensive land use. Different methods of
nitrogen allocation were explored in these scenarios for the lower Waitaki, ranging from equal
allocation to the use of ‘flex caps’ and max caps’ as per the South Coastal Canterbury Streams
process (a method where N losses, if high, must be reduced below a specified maximum (max cap),
and if low, can increase up to a specified value (flex cap)), equal allocation, and first in first served
approaches.
The scenarios were developed during community workshops and in consultation with the zone
committees. Refer to Appendix 4 for a full description of the scenarios in each FMU. Table 4-1 below
provides a general description of the scenarios used for each FMU in the Waitaki sub-region. As well
as the final scenarios assessed by the technical team, a large number of ‘sensitivity’ analysis model
runs were done to assess different effects as they came up in discussion. Sensitivity testing is outlined
in Mojsilovic et al. (2015), and included exploration of the following using the upper Waitaki models:
•

Wilding conifer control

•

Different land use mixes for aspirational irrigation (sheep and beef vs dairy support)

•

100% of aspirational irrigation modelled within the Haldon Arm

•

Maximum feasible mitigation on dairy land use

•

Dryland development

•

Uncertainty in the discharges from aquaculture

•

Water use efficiency on sheep and beef farms.

In the Hakataramea FMU, sensitivities were explored around the following:
•

Land use capability combinations of LUC and loss rates

•

Various regimes with different nitrogen allocations to flat and river bands.

Northern Fan FMU sensitivity analysis was also done to assess the effects of different land use
capability combinations where hills and flat land was assigned different loss rates. Drainage rates and
the effect of groundwater on surface water quantity under different irrigation practices (border dyke or
spray) were explored. This is discussed below, and detailed in Etheridge (2015) and Greer, Gray and
Clarke (2015).
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Table 4-1:

Overview of Scenarios

FMU
Upper
Waitaki

Hakataramea

Scenarios
Current

As at December 2013

Scenario 1

Current + consented land use as at December 2013

Scenario 2a

Additional small blocks (approx. 100 ha each)of irrigated sheep and
beef / dairy support

Scenario 2b

Additional large blocks (approx. 500 ha each) of irrigated dairy

Scenario 2c

Additional small blocks (approx. 100 ha each) of irrigated sheep and
beef / dairy support in Haldon Arm sub-catchment only

Current

As at January 2015

Current
Consented

Waitaki
Valley
and
tributaries

Brief description

+

LUC

More development on more productive land classes, less on hills
and unproductive land

Flex cap 15

Low leaching land uses can increase to 15 kg/ha/yr*

Max Cap 20

High leaching land uses must decrease to 20 kg/ha/yr

Max Cap small
flexibility

Combination of max cap 20 + 1 kg/ha/yr extra on flat land

Method 2

Combination of flex cap 15 and max cap 20

Current

As at January 2015

Current +
Consented +
WIC
expansion

Current + consented land use as at January 2015 + WIC expansion
(an additional 1,768 ha)

Green Zone
Rules

Per CLWRP - Up to 20 kg/ha/yr on all land.
WIC expansion plus irrigation on remainder of flat land <10°- (an
additional 4,252 ha)

WIC + Flats

Northern Fan

WIC + Flats +
Dryland
expansion

As above, but including additional dryland intensification of 10%
above current.

Border
Spray

Conversion of border dyke irrigation to spray (Northern Riverside
only)

to

LUC

More development on more productive land classes, less on hills
and unproductive land (Northern Riverside only)

Current

As at January 2015**

LUC

More development on more productive land classes, less on hills
and unproductive land

Border
spray
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Current + consented land use as at January 2015

to

Conversion of border dyke irrigation to spray

GMP Dairy
(Whitneys
Creek only)

All land use in Whitneys Creek Zone converted to dairy (assume
3 cows/ha)

GMP Dairy +

As above, with industrial load from Oceania Dairy added on top of
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FMU

Scenarios

Brief description

Industrial
(Whitneys
Creek only)

GMP dairy losses

GMP Dairy (4
cows)
+
Industrial
(Whitneys
Creek only)

Increased intensification on dairy farms

*All leaching rates estimated based on OVERSEER V6.1.3
** no current plus consented in Northern fan, as very few consented but unimplemented consents

4.2

Scenario assessment

The analysis of scenarios was designed to inform the zone committees and community of likely
consequences of particular changes in land use and management throughout the sub-region.
Analysis of scenarios involved a large number of modelling ‘iterations’ throughout the sub-region, and
was not just restricted to the scenarios described above. As discussed in Section 2, the approach was
slightly different for each FMU, with the Upper Waitaki FMU having a more ‘formal’ approach to
scenario development and assessment, and the Lower Waitaki FMUs a more iterative one.
The technical assessments summarised below for each FMU focus on the main scenarios modelled,
and are sufficient to illustrate likely effects of different land use and management choices. Sensitivity
analysis results have been discussed where they shed light on matters such as maximum feasible
mitigation, choice of land use assumptions etc.
The majority of the scenarios explored resulted in increased nitrogen loads from the FMUs due to the
exploration of changes in land use or intensification of existing land use.
It should be noted that the nutrient modelling assumed good management practice was already
occurring in the zones (an underlying assumption of OVERSEER V6.1.3). This is likely to be a fair
assumption for the upper Waitaki, where low intensity sheep and beef farming operations dominate,
and nutrient losses from low intensity land uses are likely to be low. Assuming good management
practice is the status quo may be less appropriate in the lower Waitaki, where nutrient losses at the
farm scale are much higher due to high intensity land uses, and the difference between current
practice and good management practice losses will be more significant. Insufficient data exists to be
able to quantify the change from current practice to good management practice at the farm scale,
however newer versions of OVERSEER may enable us to do this.
The likely impacts of a shift to GMP have therefore been qualitatively assessed in the technical
reports. It is important to take this shift into account when assessing scenarios and solutions
packages, because the enforcement of GMP is being relied on to provide reductions in some
contaminants, such as phosphorus and faecal contaminants. This is discussed further in Section 7.2
of this report, and within each technical report.
The ‘current plus consented’ scenario led to a range of increased N loads from the FMUs. During the
assessments, all of the scenarios have been compared to the current load to enable discussions to
focus on what people can see on the ground. This is slightly different to the planning approach where
‘current plus consented’ is usually considered to be the baseline (‘consented baseline’). Table 4-2
illustrates the difference between current and current and consented loads for each FMU, using the
source load calculations.
The scenarios that resulted in the greatest nutrient loads from the FMUs varied; in the Upper Waitaki
FMU, Scenario 2b resulted in the greatest load, whereas in the Hakataramea, Northern Fan and
Valley and Tributaries FMUs, intensification on the hills (via the land use capability assumptions or
CLWRP green zone rules) generally drove the biggest changes.
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4.2.1

Upper Waitaki

Relative differences in CLUES model results for the Upper Waitaki FMU are summarised in Table 4-2
below, in order to provide context for the assessment discussions. Refer to Mojsilovic et al. (2015) for
full results from CLUES and source load modelling. The Haldon Arm and Ahuriri Arm sub-catchment
loads are provided separately, to illustrate the effect of scenarios where intensification only occurred in
the Haldon Arm (Scenario 2c in particular).
Table 4-2:

Predicted nitrogen changes for Upper Waitaki FMU scenarios
Relative load change from current
Scenario

Total FMU N load
increase

Haldon Arm N load
increase

Ahuriri Arm N
load increase

Scenario 1

13%

19%

2%

Scenario 2a

37%

30%

22%

Scenario 2b

37%

31%

20%

36%

30%

15%

Scenario 2c

The land use in the upper Waitaki FMU is dominated by extensive sheep and beef farming, but also by
large amounts of unproductive (predominantly crown owned) land. Unproductive land and water
comprises 40% of the total area of the upper Waitaki (refer Appendix 3), and contributes
approximately 20% of the nitrogen lost from the FMU. Figure 4-1 illustrates the change in contribution
from different land uses when aspirational development is explored; Scenario 2b includes a significant
amount of ‘big block’ dairy development in the catchment, as well as a new salmon farm in Lake
Waitaki.
Whilst the losses from agriculture and aquaculture increase markedly in the development scenarios,
the unproductive land still contributes approximately 20% of the total load. This is important when
exploring the likely impacts of particular land management practices on the Upper Waitaki FMU as a
whole, because land management changes will only affect productive land, and the 20% of load
contributed by unproductive land is considered to be unmanageable

Total N load 2,365t

Figure 4-1:
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Total N load 2,705t

Source load contribution by land use in the upper Waitaki: Current and Scenario
2b. Modelling was undertaken using Waitaki lookup table, based on OVERSEER
V6.1.2
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Concentrations of nutrients in groundwater can either have a direct effect on an outcome (e.g. drinking
water standards), or an indirect effect via the influence of groundwater on surface water. When a
scenario resulted in increased N losses from the land use activities, concentrations of nitrate in
groundwater were predicted to follow a similar trend. Scott (2015a and 2015b) concluded that anoxic
conditions are not widely encountered in shallow groundwater within the lower Waitaki, and on this
basis the potential for denitrification in groundwater is limited. Denitrification is also unlikely to be a
significant factor in the upper Waitaki.
Most of the scenarios evaluated in the upper Waitaki equated to relatively small increases in the
already low risk that groundwater quality will breach the MAV for nitrate within the three main
groundwater basins (Tekapo, Twizel and Ahuriri). The dominance of low intensity land uses has a
large influence on average groundwater concentrations. It is important to seek to manage localised
effects, however, particularly by looking at the proximity of drinking water supply wells or springs to
areas of intensive land use/ point sources.
Increases in nitrogen loads from a sub-catchment result in an increased risk of algal and macrophyte
growth in rivers and lakes. Some waterbodies are more sensitive to nutrient increases than others due
to their specific morphology and flow characteristics, for example those with broad, open stony beds,
such as the Twizel and Tekapo/Takapō rivers (Gray, 2015b).
Scenario 1 nutrient concentrations showed a modest increase or no change from current. As a result
only a slight increase in the risk of nuisance algal or macrophyte growths was predicted to occur in
some streams.
Scenario 2 is predicted to result in considerable increases in nutrient concentrations depending on the
scenario (and specific land use configuration). The additional irrigated land and elevated nutrient
concentrations under Scenario 2 have the potential to result in a noticeable increase in periphyton and
macrophyte growths, degradation of invertebrate and fish communities, recreational and aesthetic
values. In particular the Omarama Stream and Hen Burn currently have DIN concentrations in excess
of the regional river type median, and predictions indicate that these concentrations are likely to
increase under Scenario 2. The Willow Burn remains impacted and the degree of impact is predicted
to increase.
The current state assessment of impacts of current land uses on Lake Benmore showed that the
Ahuriri Arm was under more pressure than the Haldon Arm, predominantly due to the higher sensitivity
of that arm of the lake to nutrient inputs, and the more degraded current state (Clarke, 2015a). For
this reason, scenario assessment results were reported for each arm of the lake, as well as for the
FMU as a whole, as it was clear early in the process that different management approaches would
need to be explored. CLUES modelling was used to produce N and P loads for each scenario, so that
the Lake Benmore hydrodynamic-ecosystem model could be run to determine TLI predictions.
The Ahuriri Arm of Lake Benmore is currently close to the oligotropic/mesotropic boundary (TLI ≈ 3),
whereas the Haldon Arm’s TLI is considerably lower on the scale (TLI ≈ 2.5). Any increases in N or P
loads means that the risk of crossing the boundary is greater for the Ahuriri Arm (Clarke, 2015b).
Figure 4-2 illustrates the difference between scenarios for each arm (from Spigel, et al., 2015).
Scenario 2b (utilising available water for large block dairy farms in the zone) resulted in TLI predictions
of 2.7 and 3.2 in the Haldon Arm and Ahuriri Arm respectively. While the change in TLI in the Haldon
Arm would not necessarily be noticeable in terms of the recreational, tourism and water quality
outcomes (Clarke, 2015b), the values of the Ahuriri Arm were already considered to be compromised
at a TLI of 2.9. The community workshops held to discuss the scenario results concluded that the risk
of even slight further degradation of the Ahuriri Arm was unacceptable.
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Figure 4-2:

Results of Lake Benmore ecosystem model scenario analysis

Because we do not know for certain where future development may occur, the Upper Waitaki water
quality assessment also looked at the relationship between dissolved inorganic nitrogen (DIN) and
irrigated area in a number of sub-catchments. Table 4-3 below (from Gray, 2015b), provides the
results of this assessment, which illustrates that the sub-catchments with the most irrigation
(Omarama Stream, Willow Burn and Wairepo Creek) also have higher in-stream nutrient
concentrations that those with less irrigated area.
Looking at the irrigable area (also in Table 4-3) helps to identify sub-catchments where there is
potentially room for further development, and hence the threat of increasing in-stream nutrient
concentrations.
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Table 4-3:

The percentage of land area irrigable in each sub-catchment, the percentage
currently irrigated and mean annual dissolved inorganic nitrogen concentration
predicted by CLUES
% irrigable

% currently irrigated

Current DIN (mg/l)

Tekapo/Takapō

37

0.9

0.01

Otematata River

3

0.01

0.01

Twizel River

55

1

0.02

Ahuriri River

20

1

0.02

Quail Burn

50

0.1

0.03

Hen Burn

46

1

0.23

Omarama Stream

25

5

0.19

Willow Burn

75

10

0.64

Wairepo Creek

47

13

0.02

One of the results of the scenario testing was the ability to challenge some of the existing rules we use
for avoiding or mitigating effects, to see if zone committee outcomes can still be met. In Scenario 2c in
the upper Waitaki FMU, for example, we assumed that intensification was permitted in the sensitive
lake zones (which is not permitted under the CLWRP). Modelling results showed that this would result
in degradation in lake water quality for the small high country lakes such as Alexandrina and
Middleton. Lake Alexandrina, for example, was predicted to have a shift in TLI from 3.0 currently to
3.4 under Scenario 2c.
We also explored the use of potential rules requiring ‘maximum feasible mitigation’, where losses are
reduced even further below good management practice losses by using advanced mitigation
techniques such as herd homes. The nutrient modelling showed that due to the relatively low
contribution of high intensity land uses to total loads in the Upper Waitaki FMU, the benefit of
increased mitigation could only be considered on a local scale, not at the catchment level. Total N
losses were only reduced by 2% if there was a 20% reduction in dairy farm losses in the Haldon Arm
sub-catchment (Ahuriri Arm losses reduced by 1% with the same mitigations). There would be
financial implications at this scale of reductions, as discussed in Shaw and Harris (2015).
Irrigated land uses are the most profitable of the land uses modelled (Taylor et al., 2015b). Modelling
of potential development under Scenario 2 in the Upper Waitaki FMU assumed that additional
irrigation was going to occur on flat, undeveloped land in the catchment. There is more undeveloped
land in the Haldon Arm sub-catchment, and therefore in all of the Upper Waitaki aspirational
scenarios, there is more economic growth in the Haldon Arm than the Ahuriri Arm. However, in
Scenario 2b, with large blocks of dairying, and in Scenario 2c, where the irrigation is focused in the
Haldon Arm, the differences between the economic indicators of the two catchments are more
marked, with the Ahuriri Arm’s contribution remaining close to static (Taylor et al., 2015b). Figure 4-3
illustrates this difference.

40

Environment Canterbury Technical Report

Waitaki Limit Setting Process: Technical Overview

Figure 4-3:

Agriculture and aquaculture GDP estimates by sub-catchment and
scenario ($ million/annum) (from Taylor et al., 2015b)

In the upper Waitaki, the economy is much more diverse, and opportunities for growth in tourism,
hydropower, aquaculture and recreational sectors needs to be considered. Overall, the Scenario 2
variants, especially 2b would mean there is significant transformation of Upper Waitaki society over
the next 20 years. Transformative change is not new to the FMU, as evident with hydro construction
in the 1970s, loss of agricultural subsidies including support for pest control in the 1980s, and rapid
expansion of the visitor sector alongside in-migration and tenure review over the past 15 years (Taylor
et al., 2015b).
Under scenarios where intensive land use is predicted to increase (both scenarios 1 and 2) there is
potential for the recreational values of local areas to be impacted by the increased risk to water
quality, which may have flow on effects on camping and sporting opportunities. The effect is likely to
be worse if there is land use change to intensive dairy farming (Scenario 2b for waterways down
gradient of such land use).
Water quality also has an impact on the cultural value of the FMU. The increases in intensification
explored as part of the scenarios were assessed as having limited or no improvements for tangata
whenua. The cultural assessment report (Tipa, Nelson and Williams, 2015) further elaborated that the
aspirational scenarios would increase stressors of concern to tangata whenua, and that in some cases
(particularly Scenario 2c), the opportunities to restore wāhi taonga and/or reverse modification of
particular reaches of waterbodies was greatly reduced.

4.2.2

Hakataramea

Relative differences in the source loads model results for this FMU are summarised in Table 4-4Error!
Reference source not found. below, in order to provide context for the assessment discussions.
Refer to Mojsilovic et al. (2015) for full results from CLUES and source load modelling.
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Table 4-4:

Predicted nitrogen increases for Hakataramea scenarios
Scenario
Current + Consented

Relative
source
load
change
from
current
(whole FMU)
7%

LUC

87%

Flex cap 15

72%

Max Cap 20

0%

Max Cap small flexibility

10%

Method 2

46%

Dryland sheep, beef, and arable farms comprise 85% of the area in the Hakataramea FMU, and many
of the scenarios tested assessed how allowance for intensification could be provided to the farms in
the area. The use of the nitrogen ‘baseline’ as a nitrogen limit in the Hakataramea was considered by
many in the community to be too constraining, given the low losses modelled for much of the
extensive farm land (low losses associated with dryland farming mean there is an inability to ‘offset’
intensification by reducing losses elsewhere).
Consented irrigation and intensification in the FMU has the potential to contribute a further 8% to the
nitrogen load; this is not yet implemented, and whilst some of the consents may lapse in the near
future, these need to be considered.
In February 2015 a band framework was introduced to help with nitrogen allocation discussions.
Initially four bands were delineated for the Hakataramea FMU based on a combination of slope and
geological characteristics. Following consultation with the Hakataramea Group, the number of bands
was reduced to three to better represent productivity areas in the Hakataramea FMU (Table 4-5).
Table 4-5:

Hakataramea management bands

Band

Area (Ha)

Characteristics

River

4,400

The extent of the Holocene river deposit geological unit. (OIS1 as defined by QMAP)

Flat *

55,500

Amalgamation of land with a slope of between 0 and 25 degrees (excluding that defined
as River).

Steep *

4,400

Amalgamation of land with a slope of greater than 25 degrees

*The boundary between the Flat and Steep zone was adjusted in the South Western portion of the
FMU to align with the ‘rabbit proof fence’ a known productivity boundary.
A range of ‘simple’ land use capability scenarios (adjusting nutrient loss allowances based on
topography or soil type) were presented to the Hakataramea community in early December 2014 in
order to demonstrate how making changes to leaching rates according to land use capability would
impact upon the overall FMU source load.
Work done in the nearby South Coastal Canterbury Streams zone used ‘max caps’ and ‘flex caps’
(defined above in Section 4.1) as a way of reducing losses on intensive land in order to provide for
intensification on extensive properties. This method was tested as a scenario in the Hakataramea, but
because of the very small area of intensive land uses compared to total FMU area, would not achieve
the aim of allowing intensification elsewhere because the load ‘gain’ would be so small. In terms of
localised effects, the technical assessments also reached the conclusions that targeting high intensity
land uses next to the river would not result in a significant positive effect on the receiving water body
for a sub-catchment; additionally, economic effects of such interventions were considered to render
some of the land uses unviable, should advanced mitigations be imposed – these assessments apply
to the ‘max cap 20’, ‘max cap small flexibility’ and ‘method 2’ scenarios assessed (Palmer, Shaw,
Harris & Clarke, 2015).
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Scenario assessments on water quality effects indicate that increasing the nitrogen losses from the
FMU will increase the risk of algal growth in the river, however the recent shift in periphyton
community species from filamentous green algae to the mat-forming Phormidium sp makes it difficult
to predict a likely future state in the river. In general, the warm, shallow, and cobbled nature of the
Hakataramea River means it is sensitive to small increases in nutrient enrichment, and prone to
developing nuisance algal blooms. Figure 4-4 illustrates the difference between the scenarios in terms
of dissolved inorganic nitrogen concentrations in the main stem of the Hakataramea River. The graph
illustrates that in-stream nutrient concentrations would rise, commensurate with intensification
increases (largest in LUC and Flex Cap 15 scenarios). Proportional changes in DIN are predicted,
which are large in relative terms, however the absolute concentrations are low. Generally, the absolute
increases predicted under scenarios ‘current and consented’, ‘max cap 20’ and ‘max cap small
flexibility’ are very small.

Figure 4-4:

Predicted instream median dissolved inorganic nitrogen concentrations (mg/L) in
the Hakataramea River under a range of land use scenarios

While current instream nutrient concentrations are generally low in a regional context, changes in N
and P concentrations in spring – fed tributaries of the Hakataramea River are likely to be more
pronounced than in the hill-fed tributaries because of the higher proportion of the spring-fed subcatchments available for development, and the high proportion of stream flow derived from
groundwater resulting from land surface recharge.
Groundwater assessments reach similar conclusions to the surface water assessments, where the
percentage of wells likely to exceed drinking water standards remains similar to current (where 4% of
wells are at risk of exceeding MAV) for the scenarios where loads do not increase considerably. This
risk increases to 15% of wells under the worst case scenario, Flex Cap 15.
Intensification is constrained by water availability, therefore it is unlikely that nitrogen limits under the
LUC and flex cap 15 scenarios would actually be reached. However it is possible that having higher
nitrogen limits could lead to further pressure on the water quantity resource when flows and
allocations are reviewed in future. Because of the short timeframe over which these scenarios were
explored, the economic and social implications of large scale intensification in the FMU have not been
directly assessed. As discussed above, ‘max cap 20’ is likely to put significant pressure on the highly
intensive farming in the area, with social and economic consequences. The current plus consented
scenario is likely to result in an increase in the farm productivity of those with consents, and the social
change experienced with the recent intensification in the lower FMU is likely to remain.
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The cultural assessment of the Hakataramea (Tipa, Nelson and Williams, 2015) does not specifically
assess the scenarios, however includes a list of threats and opportunities at each site visited during
the assessments. There were issues raised regarding the flow regime (to be addressed when water
quantity limits and allocations are reviewed for the Waitaki catchment), but recurring comments related
to restricting stock access and intensification in order to work towards restoration of values in the
FMU’s waterbodies. The wetland at the old mouth of the Hakataramea River was identified as an
area which would benefit from improvements and protection, and as ‘a perfect spot for teaching
tamariki’.
Since most of the scenarios explored look at opportunity to increase intensification the following
comment from the assessment may be relevant:
‘I cannot imagine how further water takes for irrigation, for converting land to more intensive farming
practices such as dairying or how damming the tributary streams will enhance the mauri of the
Hakataramea River (the only major Waitaki tributary that isn’t dammed) or provide healthy ecosystems for
mahika kai species. Where is the information that tells me how this will be achieved? Sometimes I can walk
across the Hakataramea where it meets the Waitaki in my shoes it is so shallow. This means it is also warm,
which in turn means it is not healthy. These rivers have a history of providing our people with their
sustenance. Despite the restrictions on mahika kai over the years, many Kai Tahu continue to exercise these
practices and follow seasonal paths. We shall continue to do so’ (David Higgins, Upoko Te Rūnanga o
Moeraki).

4.2.3

Waitaki Valley and Tributaries

Relative differences in modelled source loads for this FMU are summarised in Table 4-6 below, in
order to provide context for the assessment discussions. Refer to Mojsilovic et al. (2015) for full results
from CLUES and source load modelling. Border to spray conversion was tested for the northern
riverside area of the FMU, however results for this sensitivity testing are discussed in Section 4.2.4
below. Because CLUES was not run for the northern riverside area of this FMU, only source load
results are presented here.
Table 4-6:

Predicted nitrogen changes for Waitaki Valley and Tributaries scenarios

Scenario

Relative modelled source load change from current (whole FMU)

Current + Consented +
WIC expansion

4%

Green Zone Rules

154%

WIC + Flats

7%

WIC + Flats + Dryland
expansion

18%

The Waitaki Valley and Tributaries zone has been classified as a ‘Green’ nutrient zone under the
CLWRP; this, along with the allocation of water in the WCWARP, created the expectation in the
community that there was no issue with water quality in the area, and that significant intensification
would be acceptable. The first scenario explored by the technical team was therefore to test the green
zone rules (at the time, these allowed 20 kg/ha/yr losses from all land).
Current irrigation in the FMU is 15,400 ha. The Waitaki Irrigators Collective (WIC) provided an
indication of areas which were likely to be irrigated in the future (up to 16,800 ha). The WIC + current
+ consented and Green zone scenarios formed the ‘bookends’ for exploring the effects of
intensification. It soon became clear that the green zone rules resulted in a very large potential
nutrient load from the FMU; which was neither realistic nor acceptable in terms of environmental
effects. The WIC + flats with and without additional load for dryland intensification were then explored
as a way of analysing the effects of likely irrigation plus some extra intensification in dryland areas.

44

Environment Canterbury Technical Report

Waitaki Limit Setting Process: Technical Overview

There are a number of shallow wells supplying drinking water in this FMU, including the water supply
for Duntroon. Environment Canterbury do not have a large amount of data, however it is likely that
groundwater is sourced from a combination of land surface recharge and direct river recharge (from
tributaries as well as the Waitaki River) (Scott and Etheridge, 2015). The assessments show that the
risk of exceeding the drinking water standards at present is very low, and this risk is not increased
significantly by the scenarios including the WIC expansion. Green zone rules would, however, put
pressure on the groundwater quality and the Duntroon water supply may be at risk if significant
development were to occur as allowed under these rules.
Surface water assessments predict that under the majority of the scenarios, there will be very little
change in dissolved nitrogen in the streams (Figure 4-5). Therefore the risk of periphyton growth also
remains roughly the same as exists currently. Under the assumption of GMP, the addition of DRP,
sediment and E.coli into the stream should be limited, and no change is predicted under the current +
consented or WIC expansion scenarios.
However, the large areas of intensive land use predicted under the green zone rules scenario will
likely increase the input of these nutrients, sediment and E.coli, and hence increase the risk of
negative ecological effect. The significant nutrient increase would also lead to degradation in the
invertebrate and fish communities (Greer, Clarke & Gray, 2015).

Figure 4-5:

Median DIN (mg/L) concentration under different land use scenarios

The number and diversity of farms and farm workers in the Waitaki Valley and Tributaries area will rise
with increased area of irrigation along with encouragement for efficient water uses such as viticulture
and other horticulture (Taylor et al., 2015b). Recreational fishing values at popular sites such as the
Maerewhenua would be diminished if periphyton growths occurred to the extent predicted under the
green zone rules.
Didymo is expected to remain an issue in the Lower Waitaki River; because it thrives at low nutrient
concentrations, it cannot be controlled through nutrient limit setting, therefore the issue is unchanged
by the scenarios modelled.
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4.2.4

Waitaki Northern Fan

The Northern Fan FMU was split into several parts in order to explore the effects of different
scenarios. The FMU was considered as ‘Greater Waikākahi’ (including Elephant Hill, Waihuna and
Waikākahi sub-catchments), and Whitneys Creek.
In December 2014 a range of ‘simple’ land use capability scenarios were presented to the Northern
Fan community group (also called the Northern Fan Nutrient Allocation Group). The purpose was to
demonstrate how making changes to leaching rates according to land use capability would impact
upon the overall FMU source load. Initial modelling delineated four sub-catchments which were
superseded in later assessment.
A selection of the scenarios were assessed against the zone committee agreed outcomes sought for
the FMU. Relative differences in source load model results for this FMU under the scenarios assessed
are summarised in Table 4-7 below, in order to provide context for the assessment discussions. Refer
to Mojsilovic et al. (2015) for full results from CLUES and source load modelling. Note that some of the
modelling was specifically to explore sensitivities in the Whitneys Creek area.
Table 4-7:

Predicted nitrogen changes for Northern Fan scenarios

Scenario

Relative load change from current
Greater Waikākahi

Whitneys Creek

LUC

25%

3%

Border to spray

-8%

-29%

GMP Dairy

n/a

8%

GMP Dairy + Industrial

n/a

26%

GMP Dairy (4 cows) +
Industrial

n/a

50%

The risks to groundwater quality of increased intensification and hence in stream nutrient
concentrations were considered to be greater in the Northern Fan FMU than elsewhere in the Waitaki
catchment. The assumption made in this modelling is that, over time, groundwater concentrations in
the lower parts of this FMU will equilibrate with drainage water concentrations, because land surface
recharge is the dominant source of groundwater, and intensified land use covers much of the lower
areas (refer Appendix 3 for land use maps). The surface water assessments assume that ultimately,
nutrient concentrations in spring fed streams will match groundwater quality.
Currently, the groundwater information indicates that approximately 25-30% of drinking water wells in
the FMU are at risk of breaching the drinking water standards due to nitrate-nitrogen concentrations –
this risk remains the same for the land use capability scenario explored, but increases under the GMP
dairy, industrial, and border to spray scenario (up to 60% in Whitneys Creek). Because more efficient
irrigation decreases drainage volumes, concentrations of nitrogen in the drainage water are predicted
to increase, despite total loads reducing (Mojsilovic et al., 2015; Etheridge, 2015).
Streams in the Northern Fan FMU are mostly spring fed, and the inefficient use of water via border
dyke irrigation is resulting in increased stream flows in some areas via excess drainage or direct
runoff. The effects of increased nutrient loads are also more noticeable, because the stable spring fed
flows mean that nuisance macrophyte growth is not checked by flows. The effects of conversion to
spray irrigation on groundwater concentrations are likely to propagate into surface water (Greer, Gray
& Clarke, 2015).
Border to spray conversion, while offering a number of positive benefits such as better water use
efficiency and reduced runoff of phosphorus, sediment and bacteria, could also result in significant
increases in in-stream concentrations of dissolved nitrogen due to reduced in-stream flows. Nitrate
nitrogen is potentially toxic to fish, and the border to spray conversion has the risk of increasing
toxicity, pushing the Waikākahi Stream levels into the next NOF band, as illustrated in Figure 4-6.
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While this prediction relies on many assumptions made in our modelling, it highlights a risk that needs
to be considered, and indicates that monitoring data will be an essential management tool in this area.
Lowland spring fed streams draining pastoral land are sensitive to nuisance levels of macrophyte
growth, however increased nitrogen concentrations may not have a large effect in some of the
streams. In Whitneys Creek and lower Waikākahi Stream, macrophyte growth is already so significant
that predicted increases in nitrogen concentrations under these scenarios would not exacerbate the
issue further (Greer, Clarke and Gray, 2015).

Figure 4-6:

Median NNN concentrations (mg/L) in Whitneys Creek and Waikākahi Stream
under different land use scenarios

Because irrigation losses are a major component of the lower Whitneys Creek water budget,
conversion to more efficient irrigation methods will reduce irrigation season stream flows. As more
land in the lower Whitneys Creek sub-catchment converts to spray irrigation the flow rate is predicted
to reduce until it is similar to that recorded at the Old Ferry Road site. Predicted flow changes in
Whitneys Creek are detailed in Table 4-8 (Greer, Clarke & Gray, 2015).
These flows equate to a post-conversion flow reduction of approximately 50% during the irrigation
season flow, or 35% if averaged over a full year at Carrolls Rd. The magnitude of flow reduction will be
similar at the location of the existing surface water take, meaning the supply of water is likely to be
‘less reliable’. The consent holder has indicated that they have the ability to supplement/ replace the
existing take with water from the MGI scheme if flow becomes ‘less reliable’ (Personal communication
Marshall Smith).
Table 4-8:

Projected flow in Whitneys Creek pre and post irrigation conversion

Site
Old Ferry Road
Carrolls Road
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Current flows (L/s)
Irrigation season
Winter
85
35
270
35

Post-conversion (L/s)
Irrigation season
Winter
85
35
100 - 150
35
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5

Solutions Packages

5.1

Descriptions of the Solutions Packages

The zone committee solutions packages (ZCSPs) were developed by the zone committees and
communities in response to the knowledge gained throughout project and documented in the Upper
and Lower Waitaki ZIP Addenda (2015). The results of the technical assessments of current state and
scenarios helped to inform the committees, and ultimately the decisions were made by balancing the
information regarding biophysical, social, economic and cultural outcomes under different possible
futures, and through discussions with the community and key stakeholders. Community groups such
as the Nutrient Allocation Working Group (NAWG) in the Upper Waitaki, and catchment groups in the
Lower Waitaki, provided recommendations to the zone committees, which helped shape the ZCSPs.
Solutions packages include limits for nitrogen loss from the FMUs, but also a host of other nonstatutory actions to be undertaken over the next few years. In brief, the solutions packages contain
the following:
Upper Waitaki
• Nitrogen loss limits which allow for further intensification in the Haldon Arm (to a TLI of 2.7),
but no further intensification in the Ahuriri Arm or sensitive lake zones.
•

A nutrient allocation framework in the Haldon zone which facilitates small block development
on extensive properties.

•

Incentivisation of biodiversity protection via offsets for areas of intensification.

•

A focus on good management practice for all, including aquaculture, agriculture and urban
land uses.

•

Rehabilitation of Willow Burn.

•

Toilets near freedom camping and recreation spots.

•

Improving access to nohoanga.

•

Use of a catchment wide monitoring framework for surface and groundwater to track changes
over time.

Lower Waitaki
• Nitrogen loss limits which allow for further intensification in the Waitaki Valley and Tributaries,
with a small amount of flexibility for existing landowners in the Hakataramea FMU and
Whitneys Creek zone. No change in load for the remainder of the Northern Fan FMU.
•

A focus on good management practice for all, including industrial dischargers.

•

River and riparian management plans around key watercourses in the zone, and protection /
rehabilitation of wetlands.

•

Use of a catchment wide monitoring framework for surface and groundwater to track changes
over time.

•

Setting flow allocation for the Whitneys Creek sub-catchment at current abstraction rates, with
no ability to move the abstraction point into reaches with lower flows.

Table 5-1 below includes the main components of the solutions packages, along with the technical
team’s assumptions regarding the packages as described in the Upper and Lower Waitaki ZIP
Addenda (2015) and discussed with the communities.
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The common assumptions cover both the statutory and non-statutory components of the ZIP Addenda
recommendations. While statutory recommendations (e.g. limits) will be achieved through the subregional plan chapter, non-statutory aspects such as the development of a monitoring framework will
be implemented over the coming years via the zone committees and Environment Canterbury’s ZIP
Delivery team. Figure 5-1 illustrates the nitrogen load limits for each FMU, as set out in the solutions
packages and ZIP Addenda.
Table 5-1:

Solutions Package components assessed by technical team

FMU/Zone

Solutions package key components and assumptions
•

All areas

•
•

•
•
•
Haldon Arm

•
•
Ahuriri Arm

•
•
•
•

Mid Catchment
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•

A catchment wide coordinated monitoring framework is developed,
including surface and groundwater monitoring nodes (lakes, rivers,
streams, groundwater), and incorporating a data sharing approach,
utilising and making available national, regional and consent-based
monitoring data.
All existing land use may continue, but is to be managed at ‘good
management practice’ (GMP), as defined in the ‘Industry-agreed Good
Management Practices relating to water quality’
Farm environment plans are required for all farms with areas of
intensive land use (>50 ha irrigation or >20 ha winter grazing). A less
detailed FEP is required for permitted activities including small areas
of irrigation/winter grazing.
Haldon zone nitrogen load limit set at 737 t/yr at Lake Benmore*,
1962 t/yr at source from land use (OVERSEER 6.1.3), 229 t/yr at
source from point sources (aquaculture and community wastewater)
Total load limit allows for additional intensification equivalent to an
additional 67 t/yr N loss from the zone (at the lake)
The nitrogen allocation regime is based on a ‘modified equal’
approach for the additional headroom (over and above current
consented load), and allows for:
o 6t additional load for aquaculture
o Approx. 1.6 kg/ha/yr additional load (above current and
consented load) for all land <900 masl and <25° slope
(OVERSEER 6.1.3).
Small block development only, with biodiversity offsets.
Ahuriri zone nitrogen load limit set at 209 t/yr at Lake Benmore*,
525 t/yr at source from land use (OVERSEER 6.1.3), 10 t/yr at source
from point sources (community wastewater)
Total load limit allows for no increase in losses from current and
consented land use
Rehabilitation of the Willow Burn sub-catchment
zone nitrogen load limit set at 929 t/yr at Lake Waitaki**, 260 t/yr at
source from land use (OVERSEER 6.1.3)
Total load limit allows for additional intensification equivalent to an
additional 5t/yr N loss from the zone (at the lake)
The nitrogen allocation regime is based on a ‘modified equal’
approach for the additional headroom (over and above current
consented load), and allows for:
o 1.6 kg/ha/yr additional load (above current and consented
load) for all land <900 masl and <25° slope (OVERSEER
6.1.3).

Environment Canterbury Technical Report

Waitaki Limit Setting Process: Technical Overview

FMU/Zone

Solutions package key components and assumptions
•
•
•
•

Hakataramea

•
•
•
•

•

Waitaki Valley and
Tributaries
•
•
•
•

•
Northern Fan Greater Waikākahi
(Waikākahi, Elephant
Hill Waihuna)

•
•
•
•
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FMU nitrogen load limit set at 146 t/yr* at SH82, 580 t/yr at source
(OVERSEER 6.1.3).
The load limit allows for a small amount of additional flexibility to
existing farms in the flat band (4% above current and consented for
the FMU) but is unlikely to result in major land use change.
All intensive (as defined in the plan) land use in the Riverside band
is required to reduce N losses to 10% below GMP losses for their
land use.
A holistic river management programme is to be developed and
implemented by catchment stakeholders (farmers, DOC, Iwi, Fish
and Game), Environment Canterbury river engineers and biodiversity
staff. This programme is to include river channel maintenance,
riparian management and weed control.
Indigenous fish species and their habitat be protected including
galaxiids, longfin eels and torrentfish through co-operation between
land managers and Department of Conservation
12 m buffer strip for intensive land use along the Hakataramea main
stem, 6 m buffer for intensive land use along all tributaries.
FMU nitrogen load limit set at 244 t/yr at SH1*, 790 t/yr at source
(OVERSEER 6.1.3)
The load limit allows for:
o an estimated additional area of 1,768 Ha for the Waitaki
Irrigators Collective is implemented
o additional irrigation on all land with a slope less than
10 degrees (further 4,500 ha irrigation)
o additional 10% nutrient loss for remaining dryland in the FMU.
The nitrogen allocation regime is based on the ‘green zone’ rules,
including:
o allowing (without requiring a consent) nitrogen losses when
land use is below a ‘threshold’ of intensification (e.g. no more
than 50 ha irrigation or 20 ha winter grazing)
o requiring consent for land uses not meeting above threshold
o requiring consent applications to be assessed against instream water quality limits
Provides for ongoing monitoring of water quality including “trigger”
levels that would lead to investigations to inform subsequent actions.
Use of instream limits as well as FMU nitrogen load limits to prevent
intensification in areas already at their limit.
Biodiversity and wetland enhancement is promoted in the Waitaki
Valley.
Assumed location of development relies on the following assumptions:
o There is a water availability constraint, meaning that irrigation
of significantly more area (i.e. beyond the flat areas and WIC
expansion) would not be possible under current practices.
o There is a topographical constraint, meaning that irrigation /
significant intensification of steep country is not feasible.
Zone nitrogen load limit for Greater Waikākahi set at 240 t/yr at source
(OVERSEER 6.1.3).
The load limit equals the current and consented losses from the zone.
All intensive land use is required to reduce N losses to 10% below
GMP losses for their land use.
The N resulting from the 10% reductions in intensive land use are to
be used by current low emitters in the catchment.
The Waikākahi riparian project is to be continued and extended where
possible
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FMU/Zone

Solutions package key components and assumptions
•
•

•
•

Northern Fan Whitneys Creek

•
•
•
•

Land management efforts are to be focussed on potential ‘hot spots’
that may contribute nutrients to the Waikākahi Springs
Investigating the link between groundwater and surface water in the
FMU, in particular the connections between Elephant Hill/Waihuna
and Waikākahi Stream
Zone nitrogen load limit set at 205 t/yr at source (OVERSEER 6.1.3).
Total load limit allows for:
o An 8% increase on current load
o conversion of the remaining low intensity farms to intensive
systems
Farms receiving ‘industry discharge’ must operate at GMP for their
underlying land use
Landowners work with rūnanga to provide appropriate access to
waterbodies
Landowners work with rūnanga to promote the use of native
vegetation in riparian margins where appropriate.
Environment Canterbury work with relevant parties to address current
road runoff issue on Pikes Point Road

*Load limits expressed as in-stream load limits determined through CLUES modelling.
** Cumulative figure, includes Haldon and Ahuriri loads
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Upper Waitaki and
Kurow wastewater
(consented)
920 + 4 t N

Hakataramea
146 t N

Northern Fan (part)1
73 t N

Waitaki Valley &
Tributaries
244 t N

Total Waitaki
Catchment
1447 t N
Otago Fan (part)1
Current Load = 60 t N

1

Contributions inferred from the groundwater flow paths.

Figure 5-1:

52

Estimated Waitaki River nitrogen mass balance under the solutions package
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5.2

Solutions Package Technical Assessments

The solutions package assessment was undertaken in the same way as the scenario assessments.
The technical team has necessarily made a number of assumptions in order to predict the
consequences of changes in land use and management in the future. Sometimes, this led to a
qualitative assessment informing the predictions – in particular, this was required when modelling
uncertainty was considered to be particularly great. Key areas of uncertainty were the inability to
know exactly where irrigation or intensification might occur in the future, the effects and timing of
conversion of border dyke to spray irrigation, and the relative influence of groundwater on surface
water bodies in some areas.
Ultimately, the modelling information and the results of the technical assessments were presented to
the zone committees in a way that encouraged discussion around uncertainty; the final decisions were
made with the knowledge that the science information was not ‘perfect’, but represented ‘the best
information available at the time’. Acknowledging uncertainty in the assessments was an essential
step in the decision making, and encouraged the consideration of the more qualitative assessment
information.
Maintenance or improvement in water quality relies heavily on the success of planting and
management programmes, and on implementing Good Management Practice (GMP) across the whole
Waitaki catchment. There is provision for limited increased intensification throughout the sub-region,
except for the Ahuriri Zone and Waikākahi Zone, largely driven by water being provided for in the
WCARP. The effects of predicted (modelled) increases in nitrogen losses must therefore be
considered alongside the assumed (not modelled) reductions in phosphorus, E.coli and sediment, and
the careful management of location and density of development relating to a shift to GMP. Good
Management Practice assumptions are discussed further in Section 7.2.
In some cases, the nitrogen losses from a catchment are increasing, and there may be a resulting
expected increase in nitrogen concentrations in water bodies, however, the solutions packages have
been designed so that reductions in some parameters (such as phosphorus, sediment and E.coli) due
to the shift to good management practice across the zones, will always accompany increases in
nitrogen losses. The assessments indicate that this will usually result in an improvement in ‘overall
water quality’ – this was the conclusion reached by Wilcock et al. (2013) when they explored the
effectiveness of GMP measures in the Waikākahi. The extent to which this improves or maintains
water quality in a particular stream depends upon the current state of each stream, and is discussed in
detail in the water quality assessments presented in Gray (2015b) and Greer, Clarke & Gray (2015),
Subsequent to the assessments of the solutions package undertaken by the technical team,
commitment has been made to undertake a number of the recommendations in the ZIP Addenda
relating to water quality and biodiversity. These are being worked on by the relevant zone committees.
A summary of the technical assessments of the zone committee solutions packages is presented
below for each FMU. Detailed solutions package assessments are included in each of the technical
reports listed in Appendix 1. To provide a ‘wrap up’ of the assessments, we have aligned the relevant
aspects of the solutions package with the outcomes set for each FMU. We have then drawn on the
assessments in order to provide comment in terms of whether the outcome is likely to be met by the
solutions package. It should be noted that in some cases the technical assessments differ slightly from
those presented to the zone committees or communities during the scenario testing phases – the
technical team felt it was important to present the most up to date information available at every point
in time, particularly when science is moving at a fast rate, and a project runs over several years, as
this one has. Refer to Section 0 for a discussion on evolving science information.
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Table 5-2 below provides a summary of the technical assessments of the solutions package for the Upper Waitaki FMU. The key aspects of the package
likely to contribute to each outcome area are identified and discussed.
Table 5-2:

Upper Waitaki Solutions Package Assessment

Upper Waitaki community
outcomes
Surface water quality

Limits
There is no further reduction in
water quality in the zone
Maintain current high water
quality delivered to the Waitaki
River

Effectiveness in meeting the community outcomes

ZCSP Actions

•

FEPs
•
N Allocation
framework
•
stream
rehabilitation

Nitrogen limits will allow currently consented discharge levels in the Ahuriri Arm and Sensitive lake
zones, while the allocation framework ensures that future intensification within limits is spread
across the Haldon and mid-catchment zones, rather than concentrated.
Water quality in the form of plant available nutrients delivered over the Waitaki Dam is predicted to
remain as it is currently, while the in-stream limits will maintain most water quality attributes in
smaller rivers and streams.
Some increases in nitrate-nitrogen concentrations are expected, however it is anticipated that the
implications of this on water quality will be minor, or offset by improvements in other parameters
due to the FEPs.

Adaptive
management
Groundwater Quality
The Zone has safe and secure
drinking water for domestic and
community supplies

Limits

•

N Allocation
framework

•

Concentrations of nitrate-nitrogen in groundwater are expected to increase with intensification,
however due to extremely low concentrations presently, this is not expected to threaten the
average drinking water quality.
FEPs should ensure that areas of intensification will be located away from drinking water supply
well zones of influence.

FEPs
Recreation & fishing
The water quality for Lake
Benmore is at all times of the
year consistent with its very high
recreational value

Limits

•

FEPs

•

Monitoring

•
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The predicted increases in nutrients arriving at the Haldon Arm of Lake Benmore are not
anticipated to have significant effects.
Nutrient inputs to the Ahuriri Arm have been held at current/consented in an effort to maintain
current water quality. Monitoring will need to assess lag effects to ensure outcomes are achieved.
Some streams and rivers will have increases in nutrients due to intensification, depending on the
location of intensification and the sensitivity of the stream. If water quality is significantly affected,
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5.2.1

All lakes and rivers safe for
contact recreation

Effectiveness in meeting the community outcomes

ZCSP Actions
Toilets

there would be flow on effects in terms of recreational and fishing values.

Biodiversity
The biodiversity of the zone’s
water bodies and high quality
drylands are protected and
enhanced

Offsets

•

N Allocation
Framework

•

Limits

•

Biodiversity offsets may result in the protection of some of the high biodiversity areas in the zones.
However, intensification means that there will still be a net loss in the extent of existing high quality
dryland habitats and associated biodiversity.
The development of small blocks of intensification may provide better opportunities for ecological
linkages of protected drylands habitats than large block intensification.

Tangata whenua values
There is improved mahinga kai
gathering in the Zone

FEPs
Monitoring
Stream
rehabilitation

•
•

Adaptive
management

Although Ngāi Tahu is concerned with the potential increase in irrigated area and the impact that
this could have on the small streams that enter the Haldon Arm there are parts of the solutions
package that are supported by Ngāi Tahu. Further, some of the initiatives respond directly to
whanau concerns.
Holding the nitrogen load limit at current in the Ahuriri zone addresses threats identified by tangata
whenua.
The adaptive management framework needs to be robust to address water quality in smaller
streams, and Ngāi Tahu would like some involvement in the development of the monitoring
framework.

Economic opportunities and sustainable systems
The Zone’s existing contribution
to New Zealand’s security of
electricity supply is maintained
or increased
The contribution to the Zone’s
economy from Agriculture and
Aquaculture is maintained or
increased, in particular
sustainable high country
farming systems

N
Allocation •
framework
•
Adaptive
management
•
FEPs
•

The nitrogen allocation framework allows for intensification in the Haldon Arm. The quantity of
water required will not impact significantly on the hydropower industry.
High country farming systems can access nutrients (as an allocation) to undertake small block
development to ensure continued sustainability, thus the package will go some way to supporting
the tradition of family farming systems on high-country properties.
It is anticipated that tourism will continue to be a growing part of the upper Waitaki economy.
The steady growth in visitor numbers is not expected to be noticeably affected by the small
changes in water quality anticipated.
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Upper Waitaki community
outcomes
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Effectiveness in meeting the community outcomes

ZCSP Actions

The economic contribution from
Tourism based on the Zone’s
lakes and rivers and biodiversity
is maintained or increased
Vibrant communities
The Zone has a vibrant
community, including: improved
social infrastructure, sustainable
population growth, and a diverse
economy

5.2.2

Limits

•

Areas of increased intensification in the agriculture and aquaculture-related industries will create
jobs, with flow on benefits to other sectors. Because additional nutrients have only been allocated
to the Haldon Arm, it is likely that the benefits to the community from agriculture and aquaculture
will be focused around the town of Twizel in particular.

N Allocation
framework

Hakataramea Solutions Package Assessments

Table 5-3:

Hakataramea solutions package assessments

Hakataramea community
outcomes

Effectiveness in meeting the community outcomes

ZCSP Actions

Surface water quality
Limits
Maintain water quality and
recreational swimming
opportunities
Native fish habitat is protected in
the headwaters of the
Hakataramea

•

FEPs
River
management
plan

•

Some increases in dissolved inorganic nitrogen are expected, resulting in a greater risk of
nuisance periphyton growths. However it is anticipated that the implications of this on the
ecological health of the river will be small, and mitigated by improvements in other parameters
due to the FEPs and assuming an effective river management plan is implemented.
Habitat improvements for native fish are likely if suitable stock management and riparian
protection are put in place through the FEPs or river management plan.
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Upper Waitaki community
outcomes
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Effectiveness in meeting the community outcomes

ZCSP Actions

Groundwater quality
Safe and secure drinking water is
available

Limits
N Allocation
framework

•

Average groundwater quality is predicted to be similar to current, with a low risk of wells
breaching drinking water standards.

River
management
plan

•
•

GMP likely to result in reductions in sediment and E. coli inputs to the river.
Habitat and salmon/trout spawning improvements likely if suitable stock management and
riparian protection put in place.

FEPs
River
management
plan

•
•

Protection for native fish and their habitat likely to increase
Small increased risk of nuisance periphyton and other plant growth (exotic weeds, raupō) with
change to wetland nutrient status; reduced wetland habitat diversity and biodiversity.
Reduction in extent and condition of dryland and wetland biodiversity if intensification continues

Limits
River
management
plan
FEPs
Monitoring
framework

•
•
•

There are a number of sites of significance in the Hakataramea FMU.
Most sites should benefit from FEPs
Wetlands at the bottom of the FMU need to be included in the management and monitoring
plans. Flow regimes need to be addressed.

•

Because the solutions package allows for only a small increase in N load, the opportunities to
diversify farming systems are unlikely to include dairy or any significant extension of dairy

Recreation & fishing
Maintain water quality and
recreational swimming
opportunities

FEPs
Maintain the significant
recreational fishery
Biodiversity
Enhanced wetlands and trees
and protected native vegetation

•

Tangata whenua outcomes
Improve opportunities for
mahinga kai across the
catchments

Economic opportunities and sustainable systems
There are viable and diverse
farming opportunities

Limits
FEPs
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outcomes
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Effectiveness in meeting the community outcomes

ZCSP Actions

Opportunities for further
development

•
•

support.
There will still be opportunities in dryland farming, alternative crops, recreation and tourism.
Potentially negative impacts for existing high emitters as a result of the requirements to reduce
losses in the near-river band to 10% below GMP loss rates.

•
•

No significant changes in community structure are anticipated.
Rūnanga engagement in river management plan will strengthen the community.

Sustain
farms
for
future
generations; family ownership
All farms with equal opportunity to
become economically sustainable
Vibrant communities
Vibrant and stable community

River
management
plan
Limits
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outcomes
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Valley and Tributaries Solutions Package Assessment

Table 5-4:

Valley and Tributaries solutions package assessment summary

Valley and Tributaries community
outcomes

Effectiveness in meeting the community outcomes

ZCSP Actions

Surface water quality
Maintain high water quality in the
Waitaki River and southern
tributaries

Limits

•

FEPs

•

Limits
FEPs

•

There is currently a low risk of wells exceeding the drinking water standard in the FMU. This is
expected to remain low, or get slightly worse under the solutions package.

Limits

•

Concentrations of nutrients predicted to remain low in the Waitaki River. Didymo is likely to
remain at nuisance levels but not be further exacerbated.
Water quality in streams is unlikely to improve overall, however, as the benefits of GMP actions
may be offset by the large increase in intensification (where GMP would not reduce losses of
sediment, nutrients and other contaminants to below current, non-intensive land use levels).
Wetland enhancement will improve local amenity values
Aesthetic value of rivers and streams may improve due to planting and FEP implementation

Maintain high water quality in the
Waitaki River

There is an increased risk of nuisance periphyton blooms/biomass including cyanobacteria in
some tributary streams, potentially impairing general stream health.
Inputs of sediment and E. coli may be reduced by the move to GMP, but changes may be offset
by increased intensified land area, resulting in similar to current, or slightly degraded water quality.
Concentrations of nutrients in the Waitaki River main stem are predicted to remain low. Didymo is
likely to remain at nuisance levels, but not exacerbated beyond current.

Groundwater quality
Safe and secure drinking water is
available across the catchments

Recreation and fishing
Enhancing recreational and
amenity opportunities

FEPs
•
Wetland
enhancement
•
•
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Flows at the river mouth protect
ecosystem health

Effectiveness in meeting the community outcomes

ZCSP Actions

Wetland
•
enhancement

Targeted wetland enhancement planned. This is likely to result in fencing and rehabilitation work,
which will improve water quality and ecology nearby.

Enhance wetlands in the Waitaki
Valley
Tangata whenua outcomes
Improving opportunities for
mahinga kai across the
catchments

FEPs

•
•

Protection of mauri (life-force)

Many sites have been surveyed in the Valley and Tributaries FMU; most should benefit from the
implementation of FEPs, however the assessment is that ‘maybe’ tangata whenua identified
threats are addressed.
Monitoring of sites is essential in order to ensure no further degradation and adherence to instream limits.

Economic opportunities and sustainable systems and vibrant communities
Maintenance of existing electricity
contribution

•
•

Enabling opportunities for new
and existing businesses and
community services

Opportunities for new development with additional irrigated area, flexibility of use. Some expected
increase in employment and population flows into community services
No impact on electricity contribution from a water quality perspective

Waitaki Limit Setting Process: Technical Overview

Environment Canterbury Technical Report

Valley and Tributaries community
outcomes
Biodiversity

60

Northern Fan Solutions Package Assessment

Table 5-5:

Northern Fan Solutions Package Assessment

Northern Fan community
outcomes

ZCSP Actions

Effectiveness in meeting the community outcomes

Surface water quality
Water quality maintained or
improved

FEPs
Limits
Groundwater
investigation
Riparian
planting

•

•

•

•
•

FMU nitrogen load is not predicted to increase for Greater Waikākahi Zone under the solutions
package, and is only predicted to increase slightly for Whitneys Creek Zone. Therefore, the
implementation of the zone nitrogen load limits suggested by the solutions package is not
predicted to have a significant effect on instream nitrogen concentrations in the Northern Fan
FMU.
There is, however, potential for the as yet unrealised effects of current land use to significantly
increase instream nitrogen concentrations in Waikākahi Stream and Whitneys Creek, even if the
zone nitrogen loads remains unchanged. There is considerable uncertainty around how much
instream nitrogen concentrations will increase by when these time “lag effects” emerge.
A switch from border dyke irrigation to more efficient spray irrigation will reduce total nitrogen
loads and reduce sediment, phosphorus and E.coli runoff, but will potentially increase nitrogen
concentrations in lower parts of the Waikākahi Stream, and in Whitneys Creek. There is,
however, considerable uncertainty around how long it will take for these increases to be realised
A shift to GMP (and below GMP for intensive land uses) and riparian planting programmes will
reduce phosphorus, sediment and E.coli input, which may offset the nitrogen concentration
increases.
Despite this, water quality is unlikely to improve overall.

Groundwater quality
Safe and secure drinking water
is available across the
catchments

Groundwater
investigation
Limits
FEPs

•

•

Groundwater quality in the Northern Fan FMU is considerably worse than in other parts of the
Waitaki sub-region. Water quality is predicted to stay at current levels in the Waikākahi Zone due
to holding nitrogen loads at current rates, but potentially degrade slightly in the Whitneys Creek
Zone as lag effects arise or irrigation conversion from border dyke to spray continues.
The effects of lag and/or conversion are likely to overshadow any effects due to the small amount
of further intensification predicted.
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ZCSP Actions

Effectiveness in meeting the community outcomes

Recreation and fishing
•

E.coli concentrations and fine sediment input will be reduced by a shift to GMP, conversion from
border dyke to spray irrigation, and riparian planting programmes.
• Fine sediment remains deposited in slow flowing streams for a significant period of time.
Therefore, reducing input by riparian planting and shifting to GMP will not reduce cover. Existing
deposits will need to be removed to meet CLWRP objectives.
• Macrophyte biomass is not likely to be significantly changed by predicted changes in nutrients,
however riparian planting may assist in reducing biomass.

Groundwater
investigation
Waikākahi
project
Hotspot focus

•

Some uncertainty relating to groundwater flows means that it is difficult to identify sources nutrient
enrichment in the Waikākahi Zone.
This will be addressed via a recommended programme of further work to identify hotspots and
understand groundwater interaction, which should improve water quality in the springs if sources
are identified and adequately managed.

Wetland
enhancement

•

Waterways suitable for range of
recreational uses

Biodiversity
Wetlands and springs protected

•

Tangata whenua outcomes
Improving opportunities for
mahinga kai across the
catchments
Local History and culture
valued and remembered

Waikākahi
riparian project
extension

•
•

Wetland enhancement, and the Waikākahi riparian project will address some tangata whenua
concerns.
Access to local reserve beside Whitneys Creek is to be restored.
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Effectiveness in meeting the community outcomes

Successful and sustainable
farming on irrigated areas, with
diversity of farming systems

Limits

•

FEPs

•

Strong local economy and
growing community, able to
retain health and education
services

Industrial load

Restrictions on intensive land uses in Waikākahi may impact on viability of high emitting land
uses, particularly dairy support.
Potential for gains with transfer of loads from high emitters to dryland farmers in the greater
Waikākahi, and for Whitneys Creek farms. Allowance for industrial load will provide for gains in
other sectors.

Vibrant communities
Inclusive, multicultural and safe
community

Riparian
planting

•
•

Rūnanga engagement in riparian planting programme, and improved access to sites will
strengthen the community.
Potential for a more diverse and less connected and cohesive community but with potential to
foster positive social change
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5.3

Solutions Package Implementation

The solutions packages described in the Upper and Lower Waitaki Zip Addenda (2015) are to be
implemented through a number of different channels; these include the development of the subregional section to the Land and Water Plan; the design and implementation of a coordinated
catchment monitoring plan; research into specific areas of scientific uncertainty; stream and wetland
management and rehabilitation; and joint projects between regional and district councils.
While the Waitaki sub-regional plan section in PC5 is the only ‘statutory’ mechanism for achieving the
community outcomes set by the zone committees, commitment has been made to implement the
other recommendations via a combination of investigations funded by Environment Canterbury, but
also via the ‘zip implementation delivery teams’ set up by the Regional Council to work with the zone
committees. While there is more certainty that the planning rules will be implemented, consideration
must also be given to the benefits of the other recommendations, particularly where these initiatives
will result in direct improvements in the environment, and in the community’s ownership of the issues.
Achieving the community outcomes for the five FMUs in the Waitaki sub-region is an iterative process;
the preferred approach (Figure 2-2) developed for limit setting depicts the process as a cycle, where
outcomes and information are continuously revisited and improvements made. The statutory
components of the solutions package (limits, consenting frameworks) have a timeframe for
assessment; 5 and 10 years. The non-statutory parts of the packages, however (e.g. stream
rehabilitation, monitoring framework development) can be updated and improved more regularly.
The technical team consider that the timeframes for review of the plan are appropriate – it often takes
a number of years’ data to detect significant trends in indicators such as TLI and other water quality
parameters. Initiatives such as riparian planting, different land management practices and new
planning rules will take a number of years to implement, and then for effects to become apparent. For
example Wilcock et al. (2013) concluded that monitoring programs should be longer than 10 years in
order to detect changes in water quality due to farmer actions (to allow for slow rates of adoption of
BMPs, climatic cycles, and market forces).
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6

Regional Plan Section

The Environment Canterbury planning team has been working alongside the technical team and the
CWMS team for the entire Waitaki sub-regional project; this has enabled the planners and technical
experts to work with the community to establish a common understanding of issues and preferred
solutions.
The development of the ZIP Addenda has been informed by the technical work, but coordinated
through the CWMS collaborative process. The ZIP Addenda documents informed the drafting of the
Waitaki sub-regional plan which will become chapter 15B of the Canterbury Land and Water Regional
Plan, and is notified as Plan Change 5 (PC5).
The ZIP Addenda recommendations fall into two categories; those which can be turned into planning
provisions (statutory rules), and those which are more suited for implementation through the
Environment Canterbury ZIP Implementation teams (a multidisciplinary team of compliance,
biodiversity and land management officers).
In terms of the development of PC5, there are some areas where the technical team has provided
technical direct input into the plan, in order to assist with the ‘translation’ of the ZIP Addenda into a
policy framework.
The plan development has split the FMUs into ‘zones’ for the purposes of applying specific rules to
some areas. The zones in the Upper Waitaki FMU are the Ahuriri Zone, the Haldon Zone and the
Mid-Catchment Zone. The Lower Waitaki has the Hakataramea Zone, the Valley and Tributaries
Zone, the Greater Waikākahi Zone, and the Whitneys Creek Zone.

6.1

Nitrogen limits

A critical part of the development of the sub-regional plan is the setting of nitrogen limits to establish
the capacity of the sub-region for resource use, and a nitrogen allocation framework to avoid overallocation of that capacity.
Phosphorus is managed via good management practice rules. Estimates of P loss are currently
insufficiently accurate to allow us to set total zone phosphorus limits, however in-stream limits have
been set.
Setting sub-regional limits for nitrogen has the effect of constraining land use
intensification, and is therefore likely to also restrict phosphorus losses. Through the combination of
N limits and FEP requirements, we can be confident that the in-stream phosphorus limits can also be
met.
Nitrogen limits for each zone in the Waitaki catchment were recommended in the zone committees’
ZIP Addenda as part of the solutions packages.
These limits ultimately reflect the maximum amount of land use intensification that can occur within a
zone/FMU, and can be expressed in two ways:
1. As tonnes of nitrogen entering the receiving environment for each zone/FMU, per year
(calculated with the CLUES model).
2. As tonnes of nitrogen from all sources - the sum of losses from each land use or point source
in a zone, per year.
The exception is the Whitneys Creek Zone, which is outside of the Waitaki River catchment boundary
for CLUES modelling purposes and usually discharges to sea via sub-surface flow through beach
gravels. Only source loads figures are available for this area.
The industrial load rules for application of dairy factory effluent to land also only apply in the Whitneys
Creek Zone, and are separately consented, however the effluent N load is to be allowed for within the
land use GMP loss rate for the farming activity occurring on the relevant property, therefore there is
no change to the total load limit due to the industrial load (e.g. if industrial effluent is to be applied to a
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dairy farm, then the total loss for that farm is not to exceed the GMP loss rate for dairy; no ‘extra’ loss
is allowed).

Nitrogen Load limits per FMU/Zone (per year) (from Mojsilovic et al., 2015)

Area

CLUES FMU/Zone load limit
737 t N

209 t N

Valley and
Tributaries
FMU
Greater
Waikākahi
zone
Whitneys
Creek zone

At source load limit (2015)
Agricultural land
Non-agricultural land
Aquaculture
Urban wastewater

1,745 t N
200 t N
185 t N
44 t N

Agriculture and non-agricultural land

525 t N

Urban wastewater

10 t N

929 t N*
•
•

Hakataramea
FMU

Mid
Catchment
Zone

Ahuriri
Zone

Table 6-1:

Haldon
Zone

Table 6-1 below provides the load limits for each zone, expressed as CLUES outputs, or source load
outputs (based on GMP loss rates in 2015).

Agriculture and non-agricultural land
includes Haldon and Ahuriri Zones
modelled inflow to Lake Waitaki

146 t N

270 t N

Agriculture and non-agricultural land

580 t N

Agriculture and non-agricultural land

790 t N

244 t N
•

includes 10 % load increase for
dryland intensification, added
arithmetically

Urban wastewater

4tN

68 t N
•

The load is extrapolated as the
FMU is partially outside CLUES
model boundary

Agriculture and non-agricultural land

Agriculture and non-agricultural land
Not modelled in CLUES, the FMU is entirely
outside the model boundary

Industry
(included above)

240 t N

205 t N

9tN

* the nutrient load limit for the mid catchment zone reflects that arriving at the receiving environment and
therefore includes all upstream loads

One of the issues with the calculation of at-source load limits is that estimates change over time, as
GMP loss rate data in OVERSEER (the model used to inform the lookup tables used to estimate
losses) are updated. At this point in time, OVERSEER updates are occurring every six months,
resulting in changing estimated loss rates. This does not reflect the ‘real’ losses from the FMU or
zone, just our at-source estimates of them.
For this reason, the planning and technical teams agreed that the CLUES model receiving
environment loads would be a more robust estimate of N load for inclusion in Chapter 15 of the
CLWRP; updates will only be necessary on plan review. In areas where CLUES models cannot be
used, a ‘narrative’ limit can be used, which describes a future-proofed land use mix for an FMU or
zone. The at-source load limit can be calculated by applying GMP loss rates to the land use mix.
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6.1.1

Updating limits and catchment accounting

Being able to ‘check’ against the load limit (at source or at the receiving environment) is not
necessary in some areas – for example, the Ahuriri Zone rules state that there are to be no increases
in nitrogen losses from any farm in the zone, therefore under the rule framework in PC5 we can be
confident that over-allocation will not occur. In the Hakataramea Flat Zone and Greater Waikākahi
Zone, PC5 fully allocates the nitrogen up to the load limit by allowing certain areas of intensification as
permitted activities or within a consenting framework (e.g. 50 ha per farm of irrigation may be
permitted). Based on calculations using the number of farms in the zone, this permitted activity would
not result in an exceedance of the N limit. In the Greater Waikākahi Zone, the calculations show that
the load produced by adding 20 ha of winter grazing to all properties is equal to the reduction in
current load achieved by implementing GMP-10% ‘clawback’ on the intensively farmed properties
(refer Appendix D in Mojsilovic et al., 2015).
To implement the plan, it is still necessary for Environment Canterbury to convert the receiving
environment load limits and headroom (the difference between the limit and the current and
consented load) into at-source equivalents in three areas; the Haldon Zone and Mid Catchment Zone
in the Upper Waitaki, and the Valley and Tributaries and Whitneys Creek Zones in the lower Waitaki.
These are the only areas where the load limit has not been fully allocated in PC5 via current
consents, a consenting framework, or permitted activity rules.
It is the intention that the latest GMP loss numbers (from the Matrix of Good Management project) will
always be used.
In the Valley and Tributaries and Whitneys Creek Zones, the source loads are used directly for
catchment accounting; the limit and headroom available can be updated by re-calculating the loads
based on a set land use describing the limit (e.g. allowable intensification and land use). Maps
showing the land use mix used for the calculation are provided in Schedule 27 of PC5. It is important
to note that the maps are only there to enable the calculation of the at source load limit; they are not
intended to be prescriptive, i.e. specify where development can occur or what land uses are
permitted.
In the Haldon and Mid Catchment Zones, the nitrogen headroom is ‘shared’ across the productive undeveloped area in the zones (defined as land areas at less than 900 masl elevation with slopes less
than 25°). An agricultural attenuation factor can be calculated whenever a new set of GMP numbers
is released, by comparing new estimates of source loads from a ‘reference’ land use map provided in
Schedule 27 of PC5 (current and consented) with the set CLUES receiving environment load
(estimated and calibrated for the same land use). This is illustrated in Figure 6-1 below.

Source loads: fixed land use
updated with new GMP loss
rates

Attenuation factor; updated when
source loads change

Receiving environment load limit:
fixed

Figure 6-1:

Link between nitrogen source loads and receiving environment loads
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The agricultural attenuation factor can then be applied to the headroom to estimate the N available at
source for agriculture (90% of the at-source headroom, shared equally across the flat land). A full
description of this calculation is provided in Mojsilovic et al. (2015). The calculations are also included
in PC5, and all ‘fixed’ aspects of the equation (the land use and load limit) are provided in the plan.
Schedule 27 in PC5 contains the land use maps, and associated load limits, as described below in
Table 6-2. For ease of calculation, and because the headroom is relatively small, the same
attenuation factor is used in the Mid Catchment Zone as the Haldon Zone.
Table 6-2:

Fixed inputs for attenuation and source load calculations

Zone

Reference maps in Schedule 27

Purpose of maps

Haldon

Land use – current and consented

VAT

Land use – current and consented
Land use – per solutions package
Land use – current and consented
Land use – per solutions package

Calculate attenuation factor for Haldon
and Mid Catchment Zones
Calculate load limit at source

Whitneys

6.2

Calculate load limit at source

Outcomes and limits tables

Tables 15B(a), 15B(b), 15B(c), 15B(d) and 15B(e) in PC5 present sub-regional outcomes and limits
for various water quality and habitat attributes. These include attributes for rivers, lakes and
groundwater.
The PC5 outcomes tables are included below as Table 6-4 and Table 6-6 for rivers and lakes
respectively.
The values in the PC5 sub-regional outcomes tables are based on the region-wide CLWRP outcomes
stipulated in the decisions version of the CLWRP, however where the current water quality for a
particular river or stream in the Upper or Lower Waitaki zone is better than the value in the CLWRP
table, the expected value (predicted by solutions package modelling) is used for the sub-regional
outcome. This is stated in the introduction to Table 15B(a) in PC5. This is an important aspect of the
tables; in some areas, the water quality in the Waitaki exceeds the quality sought in other parts of the
region, and providing an opportunity to ‘degrade’ the water quality would not meet the community
outcomes.
The sub-regional outcomes table for the Lakes also includes TLI outcomes based on the anticipated
values under the solutions package where these have been modelled – these values are also lower
(i.e. represent better quality) than the CLWRP outcomes for the lake type but are, in the case of the
Haldon Arm of Lake Benmore, higher than the current state. Kellands Pond and the Wairepo Arm of
Lake Ruataniwha have sub-regional outcomes and limits based on their CLWRP classification.
The TLI outcomes set for the Haldon Arm of Lake Benmore has been used to set the total zone
nitrogen limit. The choice of a TLI of 2.7 (rather than 3.0, the oligotrophic/mesotrophic boundary) was
made to incorporate a ‘safety factor’ for lake water quality.
In addition to the CLWRP based attributes, Table 6-4 and Table 6-6 also contain columns describing
suitability for primary (full immersion) and secondary (non-immersion) contact recreation. These
columns stipulate sub-regional outcomes for the concentration of E. coli in water, and cyanobacteria
in lakes. The compliance statistics align with the national objective framework (NOF) set out in NPSFM for the E. coli and cyanobacteria attributes, and the sub-regional outcomes have been determined
by comparing NOF attribute state bands to the current state of rivers, streams and lakes in the upper
Waitaki. The NOF band which encompasses the current E.coli concentrations in the majority of
streams of a given type has been used to set the sub-regional outcome in light of proposed stream
mitigations in the ZIP Addenda. In some cases there are waterbodies with far lower E.coli
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concentrations, but also those that exceed proposed banding. This approach is envisaged to allow
for land use development, but also to represent an aspirational sub-regional outcome for water ways
with currently high levels of contamination.
The tables also include sub regional outcomes for lakes and rivers, which were developed to enable
statutory drivers to provide for mahinga kai community outcomes - many statutory acknowledgement
areas in the Waitaki cite mahinga kai as an important value. The community agreed that
improvement of mahinga kai should be a community outcome for many parts of the Waitaki subregion, and the existence of several nohoanga in the sub-region provides further evidence of the
importance of mahinga kai. These sub-regional outcomes are also consistent with cultural attributes
included in the equivalent sub-regional outcomes tables for variations 1, 2 and 3 to the proposed
CLWRP.
The limits tables for rivers (Table 6-5) presents in-stream limits for phosphorus, ammonia and nitratenitrogen. The intent of these limits is to control the growth of plants and algae in streams in order to
meet outcomes relating to stream health, identified in Table 6-4.
The lake limits table (Table 6-7) requires assessment of in-lake measurements of the components of
TLI (total nitrogen, total phosphorus and chlorophyll-a) as required by the NPSFM (Ministry for the
Environment, 2014), as well as ammoniacal nitrogen. The intent is that meeting these limits will result
in the achievement of the sub-regional outcomes for each lake.
The limits are based on monitoring and modelling data. Where increases in total zone nitrogen losses
have been provided for in the zone nitrogen limits, these increases have been applied to rivers and
lakes across the zone/FMU in an effort to match the nitrogen allocation regime. In the Haldon Zone,
nitrogen ‘headroom’ has been allocated equally across flat areas in the zone, therefore the predicted
increases in nitrate-nitrogen in rivers and streams reflect this (based on modelling predictions). Limits
set for rivers and streams in the Valley and Tributaries Zone are also based on modelled
concentrations in-stream, aligned with assumptions about where irrigation is likely to occur in the
future. To take into account permitted dryland intensification (10% across the zone) in-stream limits
also include a ‘blanket’ increase in N of 10%.
The nitrate-nitrogen limits and lake TLI, TN, TP and chlorophyll-a limits are set at the concentrations
expected under the solutions packages. In some instances, predicted values for nitrogen,
phosphorus, chlorophyll-a and TLI are higher than the currently measured values, however these
increased values are generally accompanied by values for other attributes which are held at current,
or reduced below current (e.g. E.coli in some places) to represent the results anticipated from the
implementation of the solutions package (e.g. reductions in E.coli are anticipated as a result of better
management practices). The limits for phosphorus and ammonia have been set at current levels;
reductions below current levels are not considered necessary at this point to meet the sub-regional
outcomes. Waikākahi in-stream nitrate-nitrogen limits are set in the NOF band below the current
measurements (which are very near the bottom of the B band) – this is due to predicted lag effects
from current land use, rather than any increases permitted.
For the purpose of setting relevant sub-regional outcomes for streams in the Waitaki sub-region, the
river-type of a number of rivers and streams in the Waitaki sub-region needs to be reclassified to
properly reflect hydrological, morphological and physicochemical conditions. Although the entire
network will need to be reviewed at some point, only streams in which Environment Canterbury
conduct monitoring are considered here. These are the specific streams and monitoring sites which
are used to set limits and gauge the efficacy of the plan. Four streams in the Waitaki sub-region have
been identified as needing reclassification, Penticotico Stream, Wairepo Creek, Omarama Stream
and the Willow Burn. The current river-type classification of the reach upon which Environment
Canterbury conduct monitoring is listed in Table 6-3, as is the proposed river-type. Sub-regional
outcomes and limits in Table 6-4 and Table 6-5 assume that this re-classification has taken place.
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Table 6-3:

Current and proposed classification of river-types for streams in the Waitaki subregion

River

ECan site location

Current river-type

Proposed river-type

SH83

Hill-fed lower

Spring-fed plains

Wairepo Creek + Spring
Arm inlet
Creek

Hill-fed upland

Spring-fed upland

Omarama
Stream
Clifton Downs Swamp

SH8

Alpine upland/hill-fed lower Spring-fed upland

Quailburn Road

Hill-fed lower

Penticotico
tributary

Willow Burn

Stream

+

+

Spring-fed upland

For the purpose of setting relevant water quality limits for groundwater in the Waitaki sub-region,
groundwater basins/ management zones have been delineated. These basins/ management zones
reflect the main groundwater bodies and hydrological sub-catchments in the Waitaki sub-region.
Limits specific to each groundwater basin/ management zone are represented in Table 6-8.
The limits values are based on monitoring and modelling data. The nitrate-nitrogen limits are set at
the projected concentration within basins/ management zones under the solutions packages. In all
instances, predicted values for nitrate-nitrogen are higher than the currently measured values. E.coli
and other contaminant limits are set based upon the New Zealand Drinking Water Standards. The
th
E.coli limit in the upper Waitaki is set at the annual 80 percentile measurement whilst the E.coli limit
in the lower Waitaki is set at the annual median. This reflects the difference in existing and projected
E.coli prevalence in each zone under the solutions package.
The outcomes and limits tables are colour-coded to indicate the source of the values in the table,
described in Figure 6-2 below.
values based on outcomes set in Table 1a or 1b of the Canterbury Land and Water Regional Plan
Values based on measured values in waterbody assumed to represent current state
Values based on expected values in waterbody following implementation of solutions package
Values based on national objectives framework 'band' waterbody is currently in
Values based on community outcomes sought
Drinking water standards

Figure 6-2:
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Table 6-4:
River
type

Freshwater outcomes for Waitaki Rivers

Ecological
indicators

health Macrophyte
attributes

QMCI1 Dissolv
ed
oxygen
(%)

Min
score
Natural
state
Alpine upland
Hill-fed
upland
Hill-fed
- lower
Lakefed
Springfed
upland
Springfed –
lower
basin
Springfed
plains
1.
2.
3.
4.

Siltati
on
attrib
ute
Temper Emerg Total
Chlorop Filament Fine
ature
ent
macrop hyll a2 ous
sedim
(°C)
macro hytes
algae
ent <2
phytes (%)
(mg
>20mm mm
(%)
chldiame
s/m2)
(%)
ter

Min
max
saturati
on

Periphyton
attributes

Human health for recreation Tangata whenua
attributes
attribute
Cyanobacteri
a mat
cover
(%)3

Suitab E.coli
ility
(E.coli/100ml)
for
recrea
tion
grade4

(%)
max
max
cover of cover
bed
of bed

max
max
cover cover
of bed of bed

Ann 95th
ual
perce
medi ntile
an

Rivers are maintained in a natural state
6
6

No
Value
set

6
6

No
Value
set

90
20

50

10

10

20

Good

50

10

15

20

Good

200

30

15

50

Good
to fair

200

30

10

50

Good

6

20

30

50

10

10

20

Good

5

30

30

200

30

10

50

Fair

50

No
value
set

5

70

30

50

200

30

20

<260

Freshwater
mahinga
kai
species
sufficiently
abundant
for
customary
gathering. Water
quality is suitable
for their safe
harvesting, and
they are safe to
eat.

<540
<260

<260
<260

<540

QMCI = Quantitative macro invertebrate community index
Outcomes shall only be exceeded in 1 out of 12 samples for rivers classified as default class in the River
Environment Classification system, and only in 2 out of 12 samples for rivers classified as productive class.
Lake-fed rivers shall also meet the cyanobacteria outcomes of <0.5mm3 /L biovolume equivalent for all cyanobacteria
or <500 cells/mL of total cyanobacteria.
SFRG = Suitability for Recreation Grade from Microbiological Water Quality Guidelines for Marine and Freshwater
Recreational Areas 2003.
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Table 6-5:
Freshwater
Management
Unit

Upper
Waitaki

Water quality limits for Waitaki Rivers
River
type

Alpine upland

Hill-fed
upland
Lakefed2

Springfed
upland

Valley
and
Tributaries

Hill – fed
– lower
Springfed
plains
Lake-fed

Hakataramea
Northern Fan

Hill-fed lower
Springfed
plains

River name and
measurement
site

Annual
median

95th
percentile

Ammoniacal
Nitrogen
concentration
(mg/L)1
Annual
Annual
median
maximum

0.002

0.051

0.330

0.007

0.019

Forks Stream - SH8: 0.002

0.012

0.060

0.005

0.069

Otematata River SH83
Twizel River -SH8

0.002

0.013

0.088

0.005

0.051

0.002

0.020

0.093

0.005

0.029

Grays River –
Lower
Tekapo River –
Above
Grays
Confluence
Tekapo River –
Steel Bridge
Henburn
–
Henburn Rd
Omarama Stream
– Omarama (SH8)
Irishman Creek –
SH8
Mary Burn Stream
– Fill
Mary Burn Stream
– SH8
Mary Burn Stream
– Lower
Quail
Burn
–
Quailburn
Rd
Recorder
Sutherlands Creek
Twizel River –
Lower
Upper
Wairepo
Creek
Wairepo Creek –
Arm Inlet
Willow Burn –
Quailburn Rd
Awakino Stream:
Maerewhenua
River at Duntroon
Penticotico Stream

0.005

0.079

0.230

0.010

0.055

0.002

0.017

0.097

0.005

0.029

0.002

0.016

0.144

0.005

0.031

0.004

0.244

0.428

0.010

0.023

0.006

0.195

0.532

0.005

0.021

0.002

0.013

0.059

0.005

0.016

0.002

0.022

0.108

0.007

0.049

0.002

0.034

0.163

0.005

0.036

0.003

0.086

0.243

0.008

0.033

0.003

0.044

0.231

0.005

0.017

0.007
0.002

0.0873
0.019

0.667
0.157

0.007
0.005

0.037
0.029

0.002

0.0203

0.194

0.009

0.018

0.002

0.0203

1.081

0.010

0.067

0.01

0.648

1.047

0.016

0.037

0.001
0.002

0.110
0.144

0.364
0.633

0.007
0.005

0.017
0.027

0.003

1.21

4.307

0.005

0.092

Waitaki River at
Kurow
Waitaki River at
SH1
Hakataramea
River at Main Rd
Whitneys Creek
Waikākahi Stream
at Te Maiharoa Rd

0.001

0.0073

0.036

0.002

0.007

0.001

0.054

0.188

0.002

0.007

0.004

0.050

1.592

0.004

0.012

0.090
0.06

1.76
2.64

3.916
5.45

0.044
0.012

0.56
0.44

Ahuriri River - Ben
Omar

Dissolved
Reactive
Phosphorus
(DRP)
concentration [mg/L]
[annual median]

Nitrate-Nitrogen
concentration (mg/L)

1. Based on pH 8 and temperature 20oC.
2. Excludes Tekapo River above its confluence with Forks Stream, and the Pūkaki River.
3. Modelling predicts no increase from current values
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Lake Type

Freshwater outcomes for Waitaki Lakes
Lake

Large high
country
lakes
Small to
medium
sized high
country
lakes
Artificial
lakes – onriver

Lake Tekapo
Lake Ōhau
Lake Pūkaki
Lake
Alexandrina
Lake McGregor
Lake Middleton

Artificial
lakes - other

Kellands Pond
Wairepo Arm

Lake Benmore
Lake Aviemore
Lake Waitaki

Ecological health attributes

Eutrophication attribute

Disso Temperat Lake SPI1
lved
ure (°C)
oxyg
en
(%)

TLI2

min
max
satur
ation
Hypoli 19
mnion
70%
Epilim
nion
90%

min grade

Max. annual average

Excellent

All Lakes 1.7

High

Lake Alexandrina 3.0
Lake McGregor 3.2
Lake Middleton 3.6

High

Lake Benmore at Haldon
Arm 2.7
Lake Benmore at Ahuriri
Arm 2.9
Lake Benmore at Dam 2.7
All Lakes 4.0

Visual
quality
attribute
Colour

Human health for recreation attributes

Cyano-bacteria
(either mm3/L
or cells/mL)

<0.5 mm3/L
biovolume
equivalent for all
cyanobacteria
Or

whenua

Suitability for E.coli (E.coli/100ml)
recreation
grade*

80th percentile

Natural colour
of the lake is
not degraded
by more than
5 Munsell
units

Tangata
attribute

Good

Good-Fair

Annual
median

95th
percentile

<260

<260

<540

Freshwater
mahinga kai
species sufficiently
abundant for
customary
gathering, water
quality is suitable
for their safe
harvesting, and
they are safe to eat.

<500 cells/mL of
total
cyanobacteria

Hypoli Suitable
Suitable for
Suitable for
mnion for the
the purpose
the purpose of
20%
purpose
of the lake
the lake
of the lake
1. Lake SPI = Lake Submerged Plant Indicators from Clayton J, Edwards T (2002) Lake SPI: a method for monitoring ecological condition in New Zealand lakes (Technical report Version 1 by
NIWA).
2. TLI = Trophic Level Index from: Protocol for Monitoring Trophic Levels of New Zealand Lakes and Reservoirs (Report by Lakes Consulting, March 2000). The scale is from less than 1 (very low
nutrients) to more than 7 (very high nutrients). The TLI is calculated as TLI3 (using TP, TN and Chl. a).
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Table 6-7:
Lake
type

Water Quality Limits for Lakes in the Upper Waitaki Freshwater Management Unit

Lake
name
and
measurement
location

TLI1
[maximum
annual
average]

Total
Phosphorus
(TP)
concentration
[mg/m3]
[annual
median]

Total
Nitrogen
concentration
[mg/m3]
[annual
median]

Chlorophyll a
concentration
(mg/m3)
Annual
median

Annual
maximum

Ammoniacal
Nitrogen
concentration
(mg/L)
Annual
Annual
median
maximum

Large
high
country
lakes

Lake Tekapo
Lake Ōhau
Lake Pūkaki

1.7 for all
lakes

<10

<160
(seasonally
stratified) for
all lakes

<2

<10

<0.03

<0.05

Small
to
medium
sized
high
country
lakes

Lake
Alexandrina

3.0

<10

<350
(seasonally
stratified

<2

<10

<0.03

<0.05

Lake
McGregor

3.2

<20

<350
(seasonally
stratified)

<2

<10

<0.03

<0.05

Lake
Middleton

3.6

<10

<2

<10

<0.03

<0.05

Lake Benmore
Ahuriri Arm

2.9

<10

<160
(seasonally
stratified)
<160
(seasonally
stratified)

<5

<10

<0.03

<0.05

Lake Benmore
Haldon Arm

2.7

<10

<160
(seasonally
stratified)

<2

<10

<0.03

<0.05

Lake Benmore
at Dam

2.7

<10

<160
(seasonally
stratified)

<2

<10

<0.03

<0.05

Lake
Aviemore

2.0

<10

<160
(seasonally
stratified)

<2

<10

<0.03

<0.05

Artificial
lakes –
on-river

Artificial Kellands Pond
4
<10
<500
<2
<10
<0.03
<0.05
lakes –
(polymictic)
other
1. TLI = Trophic Level Index from: Protocol for Monitoring Trophic Levels of New Zealand Lakes and Reservoirs (Report by
Lakes Consulting, March 2000). The scale is from less than 1 (very low nutrients) to more than 7 (very high nutrients). The TLI
is calculated as TLI3 (using TP, TN and Chl. a).
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Table 6-8:

Water Quality Limits for Waitaki Groundwater

Freshwater
Management
Unit

Sub-unit
(Groundwater
Basin)

Upper
Waitaki

Haldon
Arm

Valley
and
Tributaries

Hakataramea
Northern Fan
Catchment

1.
2.
3.
4.

6.2.1

Tekapo
Basin
Twizel
Basin
Ahuriri Arm (Ahuriri
basin)
Mid-Waitaki North
bank
Mid-Waitaki South
bank
Mid-Waitaki South
bank tributaries
Northern Fan
Riverside
Hakataramea

Nitrate Nitrogen concentration

E.coli

E.coli

Maximum
concentration1
(mg/l)

Annual 80th
percentile 2
(MPN/100 ml)

Annual
median
(MPN/100
ml)

<1

N/A

Annual
average
concentration
(mg/l)

Other
contaminants3
Any sample

2.4
1.6
1
2.3
2.6
11.3

<50% MAV
2.1
4.9

N/A

<1

3.1

Greater Waikākahi

4.5

Whitneys Creek

4.9

Maximum concentration in groundwater used for drinking water supply
th
Annual 80 percentile in representative monitoring wells (as defined by Environment Canterbury
Other contaminants of health significance as listed in the New Zealand Drinking Water Standards
Maximum Acceptable Value

Use of the monitoring framework

Although a non-statutory tool, the monitoring framework developed for the sub-region will play a key
role in checking progress towards community outcomes. Checks on in-stream water quality will
inform decisions on consent applications in areas where intensification is allowed, and some current
consents and all future consents will have ‘adaptive management’ conditions, where actions will be
necessary should key water quality parameters indicate deterioration. The framework will also be a
key tool in assessing plan effectiveness.
The monitoring framework is due to have a scope approved by the zone committees in February
2016, and implemented in July 2016.
A key aspect of scoping the monitoring framework will be to develop a comprehensive map of all
water quality monitoring being undertaken in the sub-region, including the following types of
monitoring:
•

Environment Canterbury ‘state of the environment’ monitoring (groundwater, rivers, lakes)

•

Monitoring by key stakeholders (e.g. Ngāi Tahu, DoC, Meridian)

•

Consent monitoring

The aim would be to then consolidate monitoring to ensure that the total ‘network’ of sites is sufficient
to enable us to assess plan efficacy (in terms of progress towards outcomes) and to identify the
source of any contaminants to a sub-catchment level, if necessary as part of an adaptive
management framework (where consent conditions are linked to monitoring data).
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7

Technical challenges

Throughout the project, there were a number of issues which arose many times during community,
project team and zone committee discussions. These relate to particular areas of concern, or to new
information or legislation introduced during the project.
Discussed below are the updated National Policy statement for Freshwater Management (2014),
Industry developed Good Management Practice Guidelines introduced in 2015, uncertainty and how
the technical team has managed it, water quality lag effects from land use changes, changes in the
modelling of nutrient losses, the potential conversion of border dyke irrigation to spray, and the
continuous evolution of science data.

7.1

NPS FM 2014

The Waitaki sub-regional plan chapter will give full effect to the National Policy Statement for
Freshwater Management (NPSFM) (Ministry for the Environment 2014).
The NPSFM includes a National Objectives Framework (NOF) which requires councils to set
freshwater management units (FMUs) at a suitable scale for the management of water quality, and
provides water quality ‘bands’ for particular attributes, ranging from A to D, where being a ‘D’ band is
below an acceptable ‘bottom line’ for that attribute.
In a review of the NPSFM 2014, the Parliamentary Commissioner for the Environment (PCE, 2015)
notes that a weakness of the NPS is that it does not direct councils to take a strategic approach to the
water quality challenges in their regions. The PCE states that ‘water bodies that are very vulnerable
or subject to particular pressures should be considered first’.
The solutions packages developed in the Waitaki sub-region (and in other parts of Canterbury) are
part of a strategic approach by Environment Canterbury, whereby region-wide rules have been put in
place to ‘hold’ water quality while site specific solutions are developed, starting with the most
vulnerable areas. This approach filters down to the sub-regional level where, for example, the Willow
Burn has been identified as being ‘at risk’ in the water quality assessments (Gray, 2015a), and the
Upper Waitaki ZIP Addendum recommends that a rehabilitation plan be implemented for this stream
as a priority. The LWSCC Zone Committee have recommended a whole-of-river plan be developed
for the Hakataramea River, and also have taken a holding position on nutrient losses in the Waikākahi
while the ECan science team improve the level of understanding relating to nutrient sources and fate
in the zone.
The PCE is also concerned that the concept of ‘maintain or improve across a region’ may lead to
degradation in some water bodies. The PCE view is that the science data required to describe offsets
across multiple parameters would be too complicated, and that maintenance or improvement should
be sought throughout a catchment, rather than ‘overall’. There is also the recommendation referred to
by PCE that the interpretation of ‘maintain or improve’ be made by looking at whether a parameter
stays within the same NOF band. There is acknowledgement, however, that degradation may occur
in the future due to decisions already made regarding land use, which may be impossible to avoid.
There are many different interpretations of ‘maintain or improve’ currently being discussed, and while
MfE offer some guidance, they also recommend independent legal advice is sought on this matter.
The limits and outcomes set in PC5 are discussed in Section 6 above, and seek to give effect to the
NPS, and improve most (but not always all) parameters used to assess water quality in all water
bodies across the sub-region. In some cases, the nitrogen losses from a zone or FMU are increasing,
and there may be a resulting expected increase in nitrogen concentrations in water bodies, however,
the solutions packages have been designed so that reductions in some parameters (such as
phosphorus, sediment and E.coli) due to the shift to good management practice across the zones, will
always accompany increases in nitrogen losses. The assessments indicate that this will usually result
in an improvement in ‘overall water quality’ – this was the conclusion reached by Wilcock et al. (2013)
when they explored the effectiveness of GMP measures in the Waikākahi. The extent to which this
improves or maintains water quality in a particular stream depends upon the current state of each
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stream, and is discussed in detail in the water quality assessments presented in Gray (2015b) and
Greer, Clarke & Gray (2015).

7.2

Good management practice assumptions

Throughout the Waitaki project, Good Management Practice (GMP) has been discussed as a way of
improving water quality. GMP is achieved through the development and implementation of farm
environment plans for both agriculture and aquaculture. Schedule 7 of the CLWRP contains
requirements for farm environment plans, and Waitaki sub-region specific amendments to these
requirements are included in PC5. A new schedule (Schedule 26) is also included to provide
guidance for aquaculture environment plans. There is the expectation that all farms in the sub-region
will have FEPs, however it is more realistic to assume that only farms with intensive areas of land use
will have significant risks requiring mitigation to be identified.

7.2.1

GMP for agriculture

The Matrix of Good Management (MGM) Project has been running in parallel to the Waitaki subregional plan development, and definitions of agricultural industry GMP (Industry Agreed Good
Management Practice relating to water quality were published in April 2015 (MGM, 2015). The
document provides guidance on what good management practice is in relation to whole farm, land,
plants, and animal management.
The MGM project has only recently released ‘GMP nitrogen loss rates’ for land uses. This release
was after the technical work had been completed for the Waitaki sub-regional process. These data
will enable every farmer undertaking nutrient budgeting to compare their current losses with industry
expectations under GMP. Farmers will be able to upload their OVERSEER files or farm data to a
portal which will calculate current, and GMP losses for their farm.
Our modelling used OVERSEER V6.1.3 to populate a look up table in order to estimate at-source
nitrogen losses for different land use/soil/climate combinations. This version of OVERSEER was, at
the time, thought to produce N losses for land use operating at, or close to, good management
practice, but did not necessarily use the definitions of GMP that the MGM project has. This could
result in an under estimation of loads from current land use at the farm (at-source) scale, if farms are
not currently operating at GMP.
In the Upper Waitaki, Hakataramea and other hill areas, assuming that ‘current practice is at GMP’ is
not an unrealistic assumption. In December 2014, the Upper Waitaki Zone Committee requested that
the technical team look into ‘what GMP means’, and whether we could quantify the benefits and
costs. The memo produced (Shaw & Harris, 2014) looked into definitions of GMP and MFM used in
Variation 1 to the CLWRP, and the technical team discussed these with the Land Information Group.
The conclusion was that the sheep and beef farming systems in the upper Waitaki were likely to be
aligned with good management practice losses already.
In the lower Waitaki flats however, it is likely that intensive land uses such as dairy and dairy support
(which cover much of the zone) may have current N losses in excess of GMP, however we have not
estimated this at the FMU scale. Work undertaken for Oceania Dairy Ltd by Babbage Consultants Ltd
using a number of farms as a case study, indicated that the shift to GMP in the Whitneys Creek Zone
would significantly lower nutrient losses.
The effects of a shift to GMP are likely to be complex. A study by Wilcock et al. (2013) investigated
the effects on water quality of the introduction of some best management practices over a 10 year
period, which included a range of on-farm actions, and methods of intercepting runoff from land
before entry to natural waters. The study, which included the Waikākahi Stream, concluded that
‘water quality, although poor because of high concentrations of nutrients, sediment and faecal
organisms, has improved’, despite increasing intensification (milk production in Waikākahi grew by
31% during the study).
We are looking into the use of to the MGM findings to assist us in quantifying the shift to GMP in
terms of at-source N losses.
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At the time when the assessments were undertaken, however, the effects of moving to GMP were
only included qualitatively, and considered likely reductions in phosphorus, sediment and E.coli.
Reductions in nitrogen due to a shift to GMP were not specifically modelled (as GMP was already
assumed). This approach is more likely to overestimate the effects of any new intensification
because the benefits of shifting from current practice to GMP may be excluded in some areas. It was
the technical team’s view that a conservative approach to nutrient modelling and assessments is
appropriate, and that a robust monitoring programme is necessary to help us understand the
improvements and changes in nutrient losses at various scales over time.
It is also important to stress that the at-source estimates of FMU / zone nitrogen limits are based on
GMP land use; if current losses are considerably greater, actual losses will move towards modelled
losses over time as GMP is implemented.

7.2.2

GMP for Aquaculture

There is unresolved uncertainty regarding nutrient loss estimates from salmon farms in the Waitaki
sub-region.
Two alternative estimates have been provided; an estimate supplied by the aquaculture information
group (AIG) in the sub-region (50kg nitrogen lost per tonne of salmon produced), and a more
conservative figure of 60 kg N/tonne salmon (estimated by the Cawthron Institute based on literature
values). These are discussed in a memo to the Upper Waitaki Zone Committee (Shaw, 2014).
No estimates of good management practice losses were specifically provided by the AIG or
Cawthron. However, the AIG report suggests that their estimate is reflective of efficient use of
feed. The Cawthron report acknowledges that it is conservative in its approach, and as such
represents the ‘higher end’ of nutrient losses for these systems. The requirement for GMP forms a
critical part of nutrient management throughout the region. GMP for aquaculture is defined in
Schedule 26 of PC5, and as with other industries, it is expected to result in lower nutrient losses from
activities.
Uncertainty still remains with respect to actual losses from the salmon farms. Discussions are still
underway with the industry, and the AIG are working to provide empirical data.
The Environment Canterbury technical team has used a nitrogen loss rate of 50 kg/tonne salmon in
modelling to represent GMP losses from salmon farms.
Nutrients from all of the salmon farms enter the Haldon Arm of Lake Benmore. The total Haldon Zone
nitrogen limit is not sensitive to the uncertainty in salmon farm losses. However, the calculation of
‘headroom’ in the zone is more sensitive to the uncertainty.
Adoption of a nitrogen limit for aquaculture using the GMP estimate would not affect current salmon
farm operations. However, it may mean that some farms could not reach their full consented
production if an NDA were applied to consents and actual losses were higher than GMP. Conversely,
use of the Cawthron estimate for salmon farm losses to calculate the headroom available would result
in less headroom, and significantly reduce opportunities for agricultural expansion in the zone.
It is recommended therefore, that the aquaculture limit continues to be calculated based on losses of
50 kg N per tonne of salmon, until evidence is produced to support actual losses and a GMP loss
rate, at which stage a revised GMP loss rate should be adopted and limits re-calculated on plan
review.
This results in a consented limit of 178 tonnes N per year for aquaculture, with an additional 6.6
tonnes of catchment headroom available for future expansion / new consents (as calculated by
Schedule 27 in PC 5 to the Land and Water Regional Plan).
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7.3

Non-statutory aspects of the ZIP Addenda

There are a number of community outcomes which will not be met by planning rules alone; ‘nonstatutory’ actions have been recommended in the ZIP Addenda with this in mind. Examples include
the provision of new toilets at lakeside recreation spots, a ‘love your lakes’ campaign, support for
catchment groups, protection of spring heads, and river management plans.
The majority of these non-statutory actions have not yet or only recently been fully defined or scoped.
When the technical assessments were undertaken, there was insufficient detail available for the
technical team to make a detailed assessment of the likely impacts of these tools on water quality.
It is likely therefore, that the success of these projects will further improve water quality and work
towards some of the outcomes not fully met by the planning framework.
In particular, tangata whenua outcomes (such as improvements to mahinga kai values) rely heavily on
the non-statutory aspects of the ZIP Addenda. Progress is being made on a number of these nonstatutory projects, and these are being managed through the zone committees, both of which have
rūnanga representation. This will provide an opportunity to address some of the recommendations
raised in the cultural assessment report (Tipa and Williams, 2015).

7.4

Uncertainty

Data derived from models and interpolation/interpretation of monitoring data are always uncertain. It
can be difficult to make decisions with uncertain data. However not making a decision can also have
consequences, so decisions must be made despite the uncertainty. During this project, we used a
number of methods to help the zone committees (and the technical team) deal with uncertainty.
1. The use of scenarios and sensitivity testing – scenarios helped us to explore whether
uncertainty would lead to a different decision being made. A good example is the exploration
of salmon farm load effects on limits. We had two different estimates of nitrogen loss for
aquaculture operations, and used sensitivity testing to show that the effect of using either data
set on nitrogen loads at a nutrient management zone scale were not great, and that the
uncertainty regarding which numbers were most accurate would not lead to a different
conclusion being made with respect to total nutrient loads.
Uncertainty in OVERSEER estimates was also a common discussion point. It was useful to
look at the sub-catchment or zone scale rather than the farm scale for the majority of
discussions, and to talk about the use of relative model results, rather than actual numbers.
Because we had a catchment scale model, there was no need to exactly replicate losses from
each farm or source; however we needed to illustrate that our figures were ‘within the
ballpark’. We then used our catchment scale model to illustrate that when intensification
increased, so too did nutrient loss estimates – at that level, the use of % change was useful
because it was easy to understand, and the results were consistent with expectations.
2. Bookends - creating scenarios helped to establish the tolerance of communities to changes
in water quality (‘bookends’). An example is that one of the scenarios used in a number of
FMUs created a vision of what might happen if land management were left to the constraints
of water availability or topography. In some areas (such as the Ahuriri Arm of Lake
Benmore), development constrained only in this manner would lead to a significant
degradation in the water quality in the lake – the community were quick to identify that this
was unacceptable.
3. The use of outcomes – keeping the community and committees focused on the outcomes
meant that the technical information could be related back to concepts that the committee
understood, and meant that there was less of a tendency to ‘zoom in’ on the detail and
associated uncertainties.
4. Open discussion – the technical team were available for discussions with the committees
and community on numerous occasions, and were open about uncertainty. We often
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presented information and talked about the variation in data, or the likelihood that some
estimates would change. This meant that the committee and community did not ‘hang their
hat’ on a particular number of piece of information – it means that a wider view of an issue
must be taken.

7.5

Lags

The effect of lag times on nutrient concentrations in the Waitaki catchment’s groundwater and surface
water resources has been explored through this process. Lag times are a description (usually in
years or decades) of how long it might take groundwater from one area (e.g. an area of intense land
use) to travel to and be detected in a surface water receiving environment. In the nutrient limit setting
process, the amount of nutrients transported with this groundwater is an important consideration, and
gives us an estimate of the ‘load to come’. The majority of nitrate-nitrogen is generally leached
through soil and transported via groundwater to the receiving environment, whereas phosphorus,
though partially leached, is usually transported with sediment over land.
An understanding of groundwater age and travel time helps with determining whether surface water is
likely to be equilibrated with land use in the sub-region. Scott (2015) indicated that lag times in the
Upper Waitaki are in the order of years to decades. The lower Waitaki groundwater summary (Scott
& Etheridge, 2015) indicates that groundwater in the alluvial gravels (at shallow depths) is likely to
have similar lag times, however there is much older groundwater at greater depths. Groundwater
close to the Waitaki River is also likely to be flushed with sub-surface river water.
For the Ahuriri Arm, exploration into likely lags (refer Etheridge & Scott, 2015) looked at the proximity
of recent land use change to stream monitoring locations, and indicates that many of the sites appear
to have equilibrated with adjacent land use, however there are a small number of areas where nitratenitrogen concentrations in streams may still be increasing due to current land use practices in the
sub-catchment. The lag effects investigation identified that there may be some more ‘load to come ‘in
the Willow Burn, Omarama Stream and Wairepo Stream. The Ahuriri Arm of the lake is already
considered by the community to be in a state where further degradation is unacceptable, and the
extent to which unrealised lag effects will translate into lake impacts is not able to be determined,
however while there will likely be an effect of load to come, the contribution is expected to be small in
terms of the total zone load.
Lags are also a concern identified in the Northern Fan FMU, due to the close connection between
groundwater and surface water, and the already elevated concentrations of nutrients in the
groundwater and streams.
As well as lag effects, the introduction of good management practices, the potential conversion to
spray irrigation, and the improved understanding of groundwater flow paths required are all changes
which may influence both the results of monitoring, but also the way in which these FMUs are
managed. In both the Ahuriri and Waikākahi zones, the approach taken to limit setting is that the
limits are set very close to the present ‘current and consented’ land use. This means that risks are not
being taken by allowing more intensification before the full effects of current land use is properly
understood.

7.6

Nutrient loss rate estimates

Environment Canterbury require the use of OVERSEER by land managers to assist with nutrient
budgeting. The model is a useful tool for estimating losses of nutrients below the root zone, but also
for comparing the effects of different land management choices.
We have used OVERSEER to inform our estimates of nutrient losses from each land use in the
Waitaki catchment (it helped populate our lookup table). The Matrix of Good Management Project
also uses OVERSEER to develop best practice loss rates – farmers will be required to meet these
loss rates in order to illustrate that they are operating at good management practice.
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Throughout this project, we have used our lookup table, based on OVERSEER 6.1.3. In April 2015, a
major update to OVERSEER was released (OVERSEER 6.2).
The update has potential
ramifications in terms of losses from intensively farmed land, and this is discussed in depth in
Mojsilovic et al. (2015). Initial tests with OVERSEER 6.2 indicated that estimated losses from
irrigated dairy, and sheep and beef operations will be much larger under OVERSEER V6.2. The
source-load estimates for the lower Waitaki zone are expected to be most affected by this change,
however it is important to note that the only thing which has changed is our ‘estimate’ of losses, not
the actual land use, nor the relationship between that land use and the water quality in the streams
and groundwater.
It is our understanding that the new model version allows a better representation of ‘actual’ irrigation
practices, whereas V6.1.3 assumed all irrigation was managed to a ‘good management practice’
standard. This may allow us to ‘quantify’ the gains expected from a move to GMP (refer Section 7.2).
In terms of our at-source and receiving environment loads, the use of a calibrated CLUES model
(whereby the lookup table was also adjusted to achieve calibration) means that we do not need to
adjust the zone/FMU receiving environment load limits set in the plan. Re-calibration of CLUES will
be required at plan review. The sum of at-source loads for a zone/FMU will change, however, as
OVERSEER changes. How this is updated in the planning and consenting framework is discussed in
Section 6.1.
It was intentional that all analysis undertaken to support this plan change have been completed in the
same version of OVERSEER – this means that comparisons are not confounded by inconsistent
source load estimates.

7.7

Conversion of border dyke irrigation to spray

The gradual conversion of border dyke irrigated farms to spray irrigation has large benefits in terms of
efficient water and fertiliser use, loss of soil, and the discharge of contaminants carried with soil and
water into surface water.
In the lower Waitaki, and in particular in the Northern Fan FMU, some spring-fed streams have
artificially high flows during the irrigation season, recharged by the excess water from border-dyke
irrigation systems and leakage from supply races (Etheridge, 2015).
With a change to spray irrigation, the amount of nitrogen leached below the root zone will reduce,
however so too will the quantity of drainage water and hence stream flows. Mojsilovic et al. (2015)
has made some estimates of changes in drainage rates and N losses due to conversion.
The groundwater assessment for the lower Waitaki (Etheridge, 2015) makes the assumption that
because the primary source of groundwater is land surface recharge, and because the lower parts of
the Watiaki catchment are almost entirely intensively farmed, the concentrations of N in the shallow
groundwater will generally equilibrate with the drainage water. Further, the stream assessment
(Greer, Clarke and Gray, 2015) applies the same potential increases to in-stream concentrations in
order to simulate what might happen when conversion takes place – flow reduction due to the
conversion to spray irrigation is then also taken into account.
There are so many areas of uncertainty surrounding these assessments, with respect to the rate of
conversion, the effects of good management practice, and the relationships between drainage water,
groundwater and surface water that it is impossible to state categorically what the result of irrigation
conversion from border to spray irrigation will be. The close monitoring of land use, groundwater
quality and surface water quality will be required in this area.

Environment Canterbury Technical Report

81

Waitaki Limit Setting Process: Technical Overview

7.8

Evolving science information

As projects like this progress, new information is always introduced progressively. This might be in the
form of new monitoring data, new technologies and/or additional analysis results. The technical team
have tried to keep abreast of changes during the Waitaki sub-regional project. These include
changes to OVERSEER, the development of the MGM good management practice descriptions and
loss rates, new monitoring data, newly consented intensification, science direction relating to
phosphorus leaching. The aim has been to present the ‘best information available at the time’ at all
meetings and in analysis. For this reason, some of the analysis results presented here differ slightly
from data presented in some meetings and earlier documentation.
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Technical overview of the current status of the Upper Waitaki Zone in 2014
6 October 2014
This overview provides a summary of the cultural, social, environmental and economic information collated to describe the current
state of the Upper Waitaki Canterbury Water Management Strategy (CWMS) Zone as context for the on-going water quality limit
setting process.
This summary is supported by a number of more detailed technical reports which are listed at the back of this document and are
available on the Environment Canterbury website http://ecan.govt.nz/our-responsibilities/regional-plans/regional-plans-underdevelopment/waitaki.

The Upper Waitaki Canterbury Water
Management Strategy Zone

The Crown recognised its importance in the Ngai Tahu Claims
Settlement Act (1998).

The Upper Waitaki Zone encompasses the entire catchment of
the Waitaki River above the Waitaki dam. It includes part of the
Mackenzie District (containing the towns of Twizel and Tekapo)
and the part of the Waitaki District above the Waitaki dam
including the Waitaki River Valley through Ohau to the top of
the Ahuriri River (containing the towns of Omarama and
Otematata). It also includes a small portion of the Waimate
District. The zone is shown in Figure 1.

Figure 2: Historical sites used by Ngāi Tahu
Cultural health is dependent on healthy aquatic systems historically there were in excess of 30 different mahinga kai
species taken from the Upper Waitaki. Focussing on the ten
that were most commonly taken, none of these species are now
found across their historic range. Many of the sites that were
valued as mahinga kai have been lost or are degraded.
At present six of the taonga freshwater fish species are
threatened, with eel in decline. Nine bird species are classed
as threatened, at risk, or critical.

Figure 1: The Upper Waitaki CWMS zone

Ngāi Tahu and cultural values
The Waitaki River is of paramount importance to Ngāi Tahu as
the pathway of the waters from Aoraki to the sea. Association
with the Waitaki extends back to the first human habitation
between 800 and 1000 years ago. The Waitaki River is a
significant element of Ngāi Tahu’s being and identity and there
are many historical sites on the river (Figure 2).

Assessment of the suitability of waterways for gathering taonga
food species highlights that streams that flow into the Ahuriri
Arm of Lake Benmore are a major concern to Ngāi Tahu, as
that area is a closed area recognised as a customary fishery.
Analysis using the cultural health index indicates that the
majority of the eight sites assessed in the Upper Waitaki would
sustain cultural use.
In a survey of ‘the likely satisfaction of mahinga kai gathering’
only 36.9% of respondents believed that the kai gathered in the
Upper Waitaki is safe to eat. 50% of informants believed that
sites need to be restored before it is safe to gather kai.

1

Hydroelectricity generation is a key part of the catchment
economy with a series of dams and canals constructed since
the late 1960s. The catchment now has generation capacity for
8000 Gigawatt hours annually. Revenue is estimated at $660
million and the system requires only a small operating cost
base, mostly capital and fixed costs with small operating costs
and workforce.
Aquaculture is a significant primary industry that has recently
emerged in the Mackenzie Basin, with five sites that farm
salmon. The three companies engaged in aquaculture produce
approximately 1600 tonnes of chinook with revenue of $25
million per annum. The salmon farms also attract large
numbers of visitors who view the operations and purchase their
fish products.
Tourism is a further key component of the Upper Waitaki
economy. While there is a long-standing tradition of summer
camping around the Waitaki lakes, tourism is still an emergent
industry in the area. Revenue associated with tourism within
the catchment is estimated at ~$120 million including GST, and
it is estimated that GDP associated with the tourism sector in
the catchment is $50 million. Tourism employs approximately
800 directly and 900 indirectly, with flow on impacts in the
catchment.
Catchment GDP (Figure 3) is dominated by the hydroelectricity
sector, although this is almost all direct GDP, with only
relatively small amounts of flow on impacts within the
catchment. Farming and forestry is the next largest source of
catchment GDP with greater flow on impacts within the
catchment. Tourism is a significant source of GDP, with
aquaculture currently a smaller part of the catchment economy
relative to the other sectors investigated.
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Figure 4: Employment by aggregated sector (FTE)
Household income (Figure 5) closely follows employment, with
agriculture and tourism being the major sources of household
income, followed by aquaculture and hydroelectricity. The
household income includes profits to business owners as well
as income received by employees.
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Land and resource use drives the Upper Waitaki economy.
The economy in turn drives employment and the size and
composition of the population, its growth, and the services and
community life that sustain social and economic wellbeing.
Agriculture and forestry uses approximately 450,000 of the land
in the upper Waitaki catchment, with sheep and beef the
dominant land use. Revenue from the sector is estimated at
approximately $140 million per annum.
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Figure 5: Household Income by aggregated sector
Populations in the catchment have experienced considerable
change over the last 50 years, with periods of growth and
decline. Over the last 12 years the rural areas of the catchment
have experienced population growth, and while some
settlements have grown (Lake Tekapo and Twizel); others
(Omarama and Otematata) have declined. Overall, school rolls
have declined but places with growing population have seen
increased rolls in recent years, including Twizel School. Social
issues include an aging population, the arrival of new families
associated with large dairying ventures and innovative
industries, the need to travel to larger settlements for key
services and the shortage of volunteers for community
organisations and emergency services.
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Figure 3: GDP by aggregated sector
In terms of employment (Figure 4), tourism is the largest source
of direct and catchment level employment with agriculture a
close second. Electricity generation, despite its massive GDP
contribution, is a small part of the catchments employment
profile, lower than aquaculture on an annual basis. It should be
noted however that major projects in the catchment, such as
the recent upgrade to the Tekapo-Pukaki canal resulted in
significant numbers of workers in the catchment.

The Upper Waitaki includes expanses of outstanding national
landscape and habitats with important biodiversity values.
Table 1 presents a breakdown of habitat values. High
biodiversity value habitats currently cover over 80% of the
landscape. These areas include one or more of; intact native
vegetation, threatened environments supporting indigenous
vegetation and/ or species, naturally rare ecosystems, habitats
for threatened species, wetland and riparian habitats, protected
natural areas and recommended areas for protection from
previous surveys.

2

Moderate biodiversity value habitats generally correspond to
‘semi-improved tussock grassland’ a mix of scattered native
shrubs and/ or tussock amongst pasture. Low biodiversity value
habitats include developed pasture, crops, exotic conifer forest
and urban areas.
Table 1: Valued habitats in the Upper Waitaki
Elevation

Area (Ha)

High value habitats

>1000 m

441,000

High value habitats

<1000 m

308,000

Moderate value habitats

<1000 m

121,000

Low value habitats

<1000 m

50,000

Groundwater Quantity
The Upper Waitaki has three major depressions, the Tekapo,
Twizel and Ahuriri basins which host the majority of available
groundwater (Figure 7). The base of these basins is composed
of greywacke. Surrounding hills have provided deposits, up to
500 metres deep, that have in-filled these basins.
Groundwater in the catchment generally follows surface
topography and flows towards Lake Benmore, the only exit
point. There are some barriers to groundwater flow which
cause the groundwater to discharge to surface water, which
may again lose to groundwater further downstream. These
interactions are part of a pathway of transferring nutrients from
groundwater to surface water.

Land Use and Irrigation
Land use in the Upper Waitaki (Figure 6) is diverse and ranges
from mountainous rock and ice environments to grasslands and
pastoral farming areas.

Major groundwater basins
Ahuriri
Tekapo
Twizel
Roads
UW zone boundary
Lakes and Rivers

Figure 6: Distribution of land use in the Upper Waitaki
Irrigation has developed quickly over the last ten years in
conjunction with land use change. It is a significant factor in the
sustainability of pastoral farming in the Upper Waitaki, providing
additional summer and winter feed.
Currently ~12,200 ha of land is irrigated in the Upper Waitaki
including an estimated 3,200 ha of border dyke irrigation. Dairy
and dairy support land uses comprise approximately 25% of the
irrigated area.

Figure 7: Groundwater basins of the Upper Waitaki
Groundwater use
The main use of groundwater in the catchment is for domestic
and/ or stock supply. Significant numbers of wells are also used
for irrigation. Each of the major population centres relies on
groundwater for at least part of its public water supply (Table 2).
Table 2: Groundwater use for active and proposed wells
Well use

Water Resources

Number of wells

Commercial / Industrial

3

The Waitaki River catchment is the largest in the Canterbury
region with an area of 12,000 km². The landscape and
waterways in the catchment range from areas of pristine
naturalness to highly modified systems. Modifications include
impoundment and diversion of river flow.

Dairy Use

3

Domestic and Stock water

31

Domestic Supply

58

Irrigation

43

In the Upper Waitaki there is a steep rainfall gradient. Extreme
westerly areas receive in excess of 8,000 mm of annual rainfall,
while the barren eastern areas may receive as little as 450 mm
annually. Accordingly, some rivers and streams in the
catchment are water rich, while others may be lacking.

Public Water Supply

15

Small Community Supply

1

Stock Supply

10

Total

164
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Groundwater quality
In general, the average concentrations of major elements of
interest (nutrients) in Upper Waitaki groundwater are lower than
the concentrations in the Canterbury region. There are
differences spatially across the catchment.

Table 3: Classification of waterways
Waterway

Overall Status

Fork Stream

No/low impact

Fraser Stream

No/low impact

Irishman’s Creek

No/low impact

Otematata River

No/low impact

Tekapo River

No/low impact (by land-use)

Ahuriri River

No/low impact except below
SH8, which is at risk

Twizel River

At risk in the lower reaches

Maryburn

At risk downstream of the fill
site, low/no impact upstream of
the fill

Spring and Wairepo Creeks

At risk

Bendrose Stream

At risk

Grays River

At risk

Dissolved oxygen (DO)
Oxygen is supplied to groundwater by recharge with
oxygenated water or by movement of air through the
unsaturated material above the groundwater table. DO is
highest in active river beds and close to alluvial fans and lowest
close to bedrock, within moraine deposits or in low permeability
formations.

Omarama Stream

At risk

Sutherlands (Swamp) Creek

At risk

Henburn

At risk

Quailburn

At risk

Denitrification (resulting in lower levels of nitrate-nitrogen) in
groundwater occurs when DO levels drop below about 1mg/l.
DO monitoring results indicate that most of the sampled wells
have high DO concentrations. As such denitrification in
groundwater is not likely to be significant.

Willowburn

Impacted except upper Wairepo
Creek which is At risk

Nitrate-N
In areas dominated by land surface recharge, rainfall or
irrigation carries nitrate into the groundwater system, resulting
in concentrations above natural levels. Natural concentrations
of nitrate-N in New Zealand groundwater are likely to be below
0.25 mg/l. Average nitrate-N concentrations (of 0.91 mg/l) in
Upper Waitaki groundwater are above natural levels but are
much lower than the average (of 4.74 mg/l) for the Canterbury
region due to less intensive land use.
Environment Canterbury routinely monitors 22 wells in the
Upper Waitaki for nitrate-N. Two of these wells show a clear
increasing trend of nitrate-N associated with land use
intensification. These wells are located in or adjacent to
irrigated areas.

Streams and Rivers
Waterways in the Upper Waitaki have been classified as
impacted, no/low impact or at risk (Table 3). Ecologists
considered the amount of water in streams, the concentrations
of nutrients, quantity of fine sediment and measured occurrence
of E. coli bacteria. Data that describes how much periphyton
grows on the beds of stream; the health of the invertebrate
community and fish populations was also used in this
assessment.
No/low impact and impacted are essentially opposite ends of
the spectrum, indicating streams showing little or no impact of
land-use, and those that are severely affected. A waterway
classified as at risk is one which, although some aspects of
water quality, habitat or fauna may appear relatively healthy,
also shows evidence of the negative impacts from land-use.
This might be due to an increasing trend in nutrients or elevated
sediment cover. Such waterways may retain a considerable
proportion of their ecological value, but are showing signs of
stress. Such streams are quite common in the Upper Waitaki
catchment.

Figure 8: Otematata River at SH38

It should be noted that Environment Canterbury focusses
monitoring on streams which are at risk, or are adjacent to land
use changes, therefore the proportion of ‘impacted ‘ or ‘at risk’
sites in Table 3 appears high, whereas in reality there are a
large number of low or no impact sites in the catchment which
are not monitored.
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Lakes
The Upper Waitaki contains both natural and man-made lakes.
Although a number are artificial, or have been enlarged through
the development of the hydro-electric power scheme, they have
become an integral part of the landscape.
Most lakes in the Upper Waitaki zone are in good
environmental condition, however it is clear that land use in the
immediate and wider catchments of some of these lakes is
having a negative effect on the algae and plant communities, as
well as their suitability for recreational uses including safe
contact recreation.
Trophic Level Index (TLI)
Trophic Lake Index (TLI) is an indicator of lake water quality.
Higher values indicate higher nutrient concentrations and more
algae, and decreasing water clarity. Table 4 provides a
summary of Lake TLI measurements compared with
Environment Canterbury proposed Land and Water Regional
Plan (pLWRP) objectives and Zone Implementation Plan limits.
Generally the larger natural lakes have low TLI scores; Lakes
Tekapo and Pukaki have failed to meet the pLWRP TLI
objectives on just one occasion, and Lake Ohau only once
during the 5 year monitoring period studied. Each time, this was
a result of higher than normal total phosphorus concentrations.
It is likely a flood event in the catchment of these lakes has
increased the sediment load and associated total phosphorus
loads. Generally, there has not been an associated
phytoplankton (algae) response.
Lake Middleton regularly fails to meet current plan objectives.
Because of the limited sampling history in this lake it is not
certain if these TLI results are a derivation from a historic state
driven by changes in land management practices. However,
compared to samples taken in 1996/97 it is likely the lake has
become more productive in recent years. Lake Alexandrina also
regularly exceeds TLI objectives. This lake has a welldocumented history indicating an increase in productivity above
historic levels.
The Ahuriri Arm of Lake Benmore has also exceeded TLI
objectives, and has a much higher level of productivity than the
other large lakes in the area. This is a result of the relatively
small inflows, longer residence time, and higher concentrations
of nutrients in inflowing tributaries than other large lakes in the
area. The Haldon Arm of Lake Benmore is much less
productive. This is a consequence of large inflows of
unenriched water from the hydroelectric canals.
While Kellands Pond currently meets plan objectives, a
significant increase in nitrogen concentration over time has
increased the risk of this water body becoming increasingly
productive.
Very low TLI estimates for a number of lakes (especially those
with shorter residence times) last summer (2013/14) are likely
to be related to the low rainfall and sustained low river flows
over this summer period.

Table 4: Average TLI result 2009/10 - 2013/14 (five years).
Upper
Waitaki ZIP
TLI limit

Average
TLI

pLWRP TLI
objective

Tekapo

1.7

2

Ohau

1.7

2

Pukaki

1.6

2

Benmore at Haldon Arm

2.0

3

2.6

Benmore at Ahuriri Arm

2.7

3

2.6

Benmore at above dam

1.9

3

2.6

Aviemore

1.9

3

Alexandrina

3.0

3

McGregor

3.2

3

Middleton

3.6

3

Kellands Pond

3.2

3

Site name

Highlighted cells breach pLWRP of ZIP limits
These results incorporate monitoring data from NIWA, and may
differ from those previously presented as a result.

Lake Submerged Plant Index (LakeSPI)
LakeSPI results indicate the extent of nuisance plant growth in
the lakes. As shown in Table 5, several lakes in the area have
large invasive macrophyte communities and impacted native
macrophyte communities. Lake McGregor, Kellands Pond and
the Wairepo Arm of Lake Ruataniwha have especially high
coverage of invasive macrophytes. Both arms of Lake Benmore
fail to meet pLWRP LakeSPI objectives, largely as a result of
the invasive oxygen weeds Lagarosiphon major and Elodea
canadensis.
The current state of the macrophyte community in Lake Tekapo
is likely to be close to reference condition, despite not meeting
LWRP targets. LakeSPI was not developed to be particularly
effective or responsive for assessing lakes influenced by glacial
inputs.
Table 5: Waitaki catchment, LakeSPI results
Source

Lake
SPI
result

Overall
condition
score

pLWRP
objective

Date

Alexandrina

57

High

High

May-09

Tekapo

50

Moderate

Excellent

Mar-12

Ohau

78

Excellent

Excellent

May-09

Benmore at
Haldon Arm

37

Moderate

High

2012

Benmore at
Ahuriri Arm

40

Moderate

High

Jan-13

34

Moderate

High

2012

Waitaki

53

High

High

Dec-12

Aviemore

54

High

High

Dec-12

McGregor

48

Moderate

High

Mar-12

Middleton

57

High

High

Mar-12

Kellands Pond

38

Moderate

Suitable for
purpose of
lake

Feb-12

Ruataniwha at
Wairepo Arm

37

Moderate

Suitable for
purpose of
lake

Mar-14

Highlighted cells breach pLWRP limits

5

Suitability for Recreation Grade (SFRG)
Several sites monitored to assess their suitability for contact
recreation did not meet pLWRP targets as shown in Table 6.
High Escherichia coli results at Loch Laird often coincide with
spills from the Benmore Dam directly upstream. This site is
inundated when the Benmore Dam spills, and the high
concentrations periodically recorded at this site are likely to be
a result of inundation of grazed land and re-suspension of bed
sediments containing faecal matter.

Technical References

The drivers for the high E. coli results at the Waitangi
campground are less clear. A site at the Aviemore campground
a short distance away has much better results, so the cause of
the poorer results is likely to be localised.

Grove, P. 2014. Upper Waitaki biodiversity memo current and
Scenario 1a

Faecal contamination at Lake Middleton appears to have
increased in recent years. Possible contamination sources
include the campground on the shores of the lake, increased
construction of dwellings, or pastoral grazing near the western
shore.
Table 6: Lake contact recreation site results from 2012/13

Lake

Year

95%ile
E. coli

Suitability for
Recreation
Grade
(SFRG)*

SFRG
LWRP
desired
outcome

Tekapo at
Beach

2012/13

140

Good

Good

Ruataniwha at
Campground

2012/13

129.8

Good

Good

Aviemore at
Waitangi

2012/13

405

Fair

Good

Aviemore at
Te Akatarawa

2012/13

165

Good

Good

Aviemore at
Loch Laird

2012/13

820

Poor

Good

Benmore at
Sailors Cutting

2012/13

61

Good

Good

Benmore at
Pumpkin Bay

2012/13

231.3

Good

Good

Middleton

2012/13

385

Fair

Good

Clarke, G. 2014. The current water quality state of lakes in the
Waitaki catchment. Draft Environment Canterbury Technical
report.
Gray, D. 2014. Upper Waitaki catchment flows, water quality
and ecology: state and trend. Draft Environment Canterbury
Technical report.

Scott, M. 2014. The current state of groundwater quality in the
Upper Waitaki. Draft Environment Canterbury Technical report.
Taylor N, Harris S, McLintock W, Mackay M. 2014. A socialeconomic profile for the Waitaki Catchment limit setting
processes. Prepared by Taylor Baines & Associates and Harris
Consulting.
Tipa, G. 2014. Cultural assessment of the current state of the
Waitaki catchment. Tipa and Associates.
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*Note – the SFRG grade incorporates an assessment of water quality
results from the last 5 years.

Figure 10: Lake Alexandrina
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Technical overview of the current status of the lower Waitaki River catchment in 2014
This overview provides a summary of the cultural, social, environmental and economic information collated to describe the current
state of the lower Waitaki River catchment (Canterbury) as context for the on-going water quality limit setting process.
This summary is supported by a number of more detailed technical reports which are listed at the back of this document and are
available on the Environment Canterbury website http://ecan.govt.nz/our-responsibilities/regional-plans/regional-plans-underdevelopment/waitaki.

The lower Waitaki River catchment

The Crown recognised its importance in the Ngai Tahu Claims
Settlement Act (1998).

The lower Waitaki River catchment encompasses the
catchment of the Waitaki River below the Waitaki dam. Major
tributaries include the Hakataramea, Otekaieke and
Maerewhenua Rivers.
The catchment includes sections of the Waitaki District and the
Waimate District. A number of the southern tributary
catchments are located in the Otago region rather than the
Canterbury region.
The Canterbury component of the lower catchment as shown in
Figure 1 can be defined in terms of three hydrological subcatchments; Hakataramea Valley, Waitaki Valley and tributaries
and the Northern Waitaki fan catchment

Figure 2: Historical sites used by Ngāi Tahu
Being able to gather and use resources is crucially important for
sustaining the culture and identity of Ngai Tahu. Historically
there were in excess of 30 different mahinga kai species taken
from the Waitaki. Focussing on the ten that were most
commonly taken, none of these species are now found across
their historic range.

Figure 1: The lower Waitaki catchment (Canterbury)

Ngāi Tahu and cultural values
The Waitaki River is of paramount importance to Ngāi Tahu as
the pathway of the waters from Aoraki to the sea. Association
with the Waitaki extends back to the first human habitation
between 800 and 1000 years ago. The Waitaki River is a
significant element of Ngāi Tahu’s being and identity and there
are many historical sites on the river (Figure 2).

The Cultural Health Index (CHI) is a tool for streams, developed
by linking Western scientific methods and cultural knowledge
about stream health. In the lower Waitaki catchment 24
locations have been assessed of which 54% are classified as
very poor in terms of their ability to sustain cultural values. The
CHI also classified 38% of locations assessed as below
average in terms of the state of stream health (Table 1).

Table 2: School rolls in the lower Waitaki, 2001 – 2013

Table 1: CHI assessment, lower Waitaki catchment

Very poor

State sustains
cultural values

State sustains
mahinga kai

State of
stream health

% of sites

% of sites

% of sites

54

<1

Below
average

25

38

Average

33

50

Above
average

25

12

Excellent

46

Area

2001

2013

% change
(05-13)

Glenavy School

51

74

45

Duntroon School

71

61

-14

Morven School

31

29

-6

Papakaio School

91

120

32

Waitaki Valley School

113

105

-7

Total Waimate/ Waitaki Districts

4907

4545

-7

<1

Physical Environment
Communities, economy and employment

Landuse and irrigation

Land and water resource use drives the lower Waitaki
economy. The economy in turn drives employment and the
size and composition of the population, its growth, and the
services and community life that sustain social and economic
wellbeing.

Landuse in the lower Waitaki (Figure 3) is diverse and ranges
from scrub and tussock to pastoral farming. Sheep and beef
makes up over 60 percent of the current landuse.

Arable
Beef
Dairy
Dairy Support
Deer
Exotic Forest
Lifestyle
Native Forest
Rock and Ice
Scrub
Sheep
Sheep and Beef
Tussock
Urban

The lower Waitaki catchment has major assets in the Waitaki
River and tributaries with water quality and ecological status
important to river-based recreation.
There are a wide variety of water based activities in the lower
Waitaki River and tributaries. The Waitaki is notable for its “Big
River” character, especially for jet boating, fishing and hunting,
camping/picnics, scenery/photography, riding and 4WD.
Swimming is restricted to suitable locations in side braids.
Seasonal activity around the hydro lakes spills into Kurow,
Duntroon and Waimate for food and supplies. Kurow is linked
by two state highways and will benefit from the new bridge.
Local initiatives include Kurow Island and the Alps to Ocean
bicycle trail (A2O). The A2O is taking off and has the potential
to boost businesses in the lower catchment
The lower Waitaki River is also a nationally significant trout
(rainbow and brown) and salmon fishery, with Glenavy noted as
a base for a “world-class” salmon fishery. Trout fishing occurs in
middle and upper reaches but there are some access issues. A
recreation survey found that the main reasons anglers chose to
fish the river were, in order of importance: good fishing,
proximity to home and easy access.
The Hakataramea is the largest tributary of the lower Waitaki
with 30km of fishable water. It is known as a “first class” brown
trout fishery and also provides habitat for rainbow trout. The
catchment is regularly used for picnicking and camping.
Land use change spreading up the lower catchment has
brought ongoing social change such as a larger, younger, less
stable and more diverse population. The initial social divide
between dairying and traditional farming has however greatly
reduced, which has increased community resilience. Planning
for major projects brought considerable community disruption
over recent years (Aqua - South Bank/Kurow and North Bank
Hydro).
Schools are a good indicator of social viability. School rolls as
summarised in Table 2 show increasing rolls in Glenavy and
Papakaio, with decreasing rolls in remaining catchment
schools.

Figure 3: Distribution of landuse in the lower Waitaki
Almost 30,000 ha of land is irrigated in the Canterbury
component of the lower Waitaki catchment, 65 percent of which
is estimated to be via spray irrigation. Conversion of properties
from border dyke to spray irrigation is projected to continue at
between 3 and 5 percent per annum.
Water Resources
The Waitaki River catchment is the largest in the Canterbury
region with an area of 12,000 km². The landscape and
waterways in the catchment range from areas of pristine
naturalness to highly modified systems. Modifications include
impoundment and diversion of river flow.
The upper and lower catchments connect hydrologically
between Kurow and the Waitaki Dam through a bedrock gorge
that narrows below Lake Waitaki. Upper and lower Waitaki
groundwater systems are physically disconnected.
The dominant weather patterns in the lower Waitaki catchment
are southerly or south-easterly storms with occasional northeast winds from the coast. Average annual rainfall is low,
approximately 500 mm between Waitaki Dam and the east
coast. Drought occurs in most of the catchment because of the
low and sporadic rainfall, high rates of evapotranspiration
associated with high winds and temperatures, and low soil
moisture.

Groundwater
Groundwater in the Hakataramea Valley
disconnected from groundwater in the Waitaki
base of the Hakataramea Valley below Foveran
narrows with groundwater resurfacing to
Hakataramea River.

is physically
Valley. At the
the catchment
recharge the

Compared to the rest of the Canterbury region, the number of
groundwater takes is small due to readily available surface
water either via direct takes or through water supply schemes.
Groundwater quality
Major ions

On the northern bank of the lower Waitaki River at Stonewall
the basement rock is very shallow with a ridge of greywacke
projecting across the Waitaki River bed towards Black Point.
These two features impede most of the groundwater flow, with
groundwater resurfacing to recharge the Waitaki River.
Below Stonewall the Valley opens with the Waitaki River
recharging groundwater in the Glenavy basin, which extends
eastward to the coast. Whitneys Creek and Waikākahi Stream
receive some runoff from the rolling hills near their ‘headwaters’
however they are primarily sourced from shallow groundwater.
Groundwater flow direction in the main valley and floodplain is
similar to the river, from west to east. In valleys of the main
tributaries, the groundwater similarly follows generally the
direction of the waterway it is associated with (Figure 4).

Concentrations of most major ions in lower Waitaki
groundwater are generally higher than the average for the
Canterbury region due to groundwater interactions with tertiary
sediments and human activities.
Groundwater taken from the confined Taratu aquifer (including
wells near Duntroon) commonly has higher dissolved solids
concentrations, including high concentrations of sulphate, iron,
arsenic and boron. Groundwater from this aquifer may seep
into the gravel terraces along the south bank of the Waitaki
River.
Nitrate-N
In areas dominated by land surface recharge, rainfall or
irrigation carries nitrate into the groundwater system, resulting
in concentrations above natural levels. Natural concentrations
of nitrate-N in New Zealand groundwater are likely to be below
0.25 mg/l. Average nitrate-N concentrations (of 3.1 mg/l) in
lower Waitaki groundwater are above natural levels but are
slightly lower than the average (of 4.74 mg/l) for the Canterbury
region.
It is evident however that nitrate-N concentration in
groundwater in the Glenavy basin is greatly elevated,
associated with high intensity land use. In the Glenavy basin
whilst there are fluctuations, these concentrations have been
trending upwards.
Dissolved oxygen (DO)
Oxygen is supplied to groundwater by recharge with
oxygenated water or by movement of air through the
unsaturated material above the groundwater table. DO is
highest in active river beds and close to alluvial fans and lowest
close to bedrock, within moraine deposits or in low permeability
formations.

Figure 4: Groundwater piezometric map
Groundwater use
The main uses of wells in the lower Waitaki are for domestic
and/ or stock supply. Significant numbers of wells are also used
for irrigation water. There are 12 active or proposed public and
small community supplies within the study area, indicating that
groundwater is an important source of drinking water (Table 2).
Table 2: Groundwater use for active and proposed wells
Well use

Number of wells

Commercial / Industrial

7

Dairy Use

15

Domestic and Stock water

40

Domestic Supply

77

Irrigation

108

Public Water Supply

11

Small Community Supply

1

Stock Supply

39

Total

298

Denitrification (resulting in lower levels of nitrate-nitrogen) in
groundwater occurs when DO levels drop below about 1mg/l.
DO monitoring results indicate that most of the sampled wells
have high DO concentrations. As such denitrification in
groundwater is not likely to be significant.
Surface water quality and ecology
Stream types can be categorised based on the dominant
source of flow; hill-fed, spring-fed and lake-fed. The flow source
is a primary driver in the overall physical habitat, water quality
and ecological functioning of streams.
The current state of surface water quality and ecology in the
lower Waitaki catchment has been assessed by analysing
water quality and ecosystem health data. The key parameters
examined include, nutrient concentrations, faecal contaminant
concentrations, periphyton (algae) and macrophyte (rooted
aquatic plants) cover, invertebrate community health, fine
sediment bed cover and suspended sediment concentrations.
These parameters are key indicators for the major issues
relating to water quality and its impact on instream values.
Hill and lake-fed rivers in the lower Waitaki catchment have
generally had filamentous algae coverage that met pLWRP
objectives. The lower Hakataramea River, however, had high
coverage of cyanobacteria during the summer of 2013/14 that

resulted in warnings being issued to protect human health
during contact recreation (Figure 5). This may be related to
increasing DIN and DRP concentrations at the lower water
quality monitoring site in the Hakataramea River, as well as
sustained low flows and warm water temperatures.

Figure 5: Cyanobacteria (black) mats in the lower
Hakataramea River, Jan 2014.
A high proportion of spring-fed rivers failed to meet pLWRP
objectives for macrophyte coverage, including Whitneys Creek
(Figure 6). It is likely that this is related to the high nutrient
concentrations and the high degree of sedimentation observed
at these sites, as well as lack of riparian vegetation which can
reduce macrophyte coverage by shading.

Invertebrate health (QMCI) scores have generally been
excellent in the hill-fed Hakataramea River and have met
pLWRP objectives for the last four years. Invertebrate (QMCI)
scores have failed to meet pLWRP objectives in some years in
the Maerewhenua River and this may be at least partly due to
regular low summer flows in the lower river. Invertebrate
(QMCI) scores have also been lower than expected in the lakefed lower Waitaki River and failed to meet pLWRP objectives in
some years. The low QMCI results in the lower Waitaki River
may be a result of a number of potential drivers for altered
stream communities downstream of dams, including increased
stability, and homogenous and armoured substrate, and may
also have been influenced by the arrival of didymo. However, it
is likely the lower Waitaki River invertebrate community is much
more diverse than the above long-term monitoring results at
two mainstem braid sites would indicate, because the river has
previously been sampled intensively at multiple sites including
smaller spring-fed side braids and found to support a diverse
invertebrate assemblage. Spring-fed side braids of braided river
systems have particularly high diversity and large numbers of
unique taxa. Analysis of invertebrate communities in a range of
habitats over the wider floodplain of the river would likely result
in an increase in estimated diversity.
Invertebrate health (QMCI) scores from spring-fed systems
regularly failed to meet LWRP objectives, with the exception of
sites in the lower reaches of Waikakahi Stream where higher
flows are likely to have removed the entrained sediment that
affects invertebrate communities in the rest of this waterway.
Faecal contamination was generally low in hill-fed and lake-fed
systems, but very high levels of faecal contamination were
noted in a number of spring-fed streams, including the
Waikakahi Stream and Whitneys Creek.

Technical References
Clarke, G. 2014. Lower Waitaki catchment water quality and
ecology: state and trend. Draft Environment Canterbury
Technical report.
Scott, M. 2014. The current state of groundwater quality in the
Lower Waitaki. Draft Environment Canterbury Technical report.
Figure 6: Submerged macrophytes in Whitneys Creek –
March 2014
Nutrient concentrations at lake-fed and hill-fed sites were
generally close to regional median values, except in Penticotico
Stream, where DIN concentrations were much higher. High DIN
concentrations in Penticotico Stream may be the result of the
stream being spring-fed for a large proportion of the time. DIN
and DRP concentrations at the lower SH8 Hakataramea River
monitoring site have increased over the period monitored, and it
is likely land use intensification occurring in this catchment is
driving this trend.
Whitneys Creek and Waikakahi Stream had elevated DIN and
DRP concentrations. This trend is seen in many spring-fed
streams across Canterbury. Nitrate nitrogen concentrations in
Waikakahi Stream exceeded a number of guidelines proposed
to protect against nitrate toxicity in aquatic communities.
Stream bed sedimentation and total suspended solids
concentrations are generally low in hill-fed rivers in the lower
Waitaki catchment, but bed sedimentation is likely to be having
an impact on aquatic communities in a number of spring-fed
streams (e.g. Whitneys Creek and Waikakahi Stream). The lack
of flushing flows in these systems, because they are springfed,means this bed sedimentation may persist for long periods.
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Appendix 4: Scenario descriptions
Upper Waitaki Scenario components and assumptions
Scenario

Scenario components and assumptions
•
•

Current

•
Scenario 1
Current + consented

•
•
•
•

•

1

Land use : current (Dec 2013)
It explores the impact of this land use mix operating at
assumed good management practice
Current consented and permitted discharges (i.e., urban
point source, aquaculture etc.)
Land use: current (Dec 2013) plus consented irrigation
development
Permitted activities- considering expansion that will
realistically occur
Planned wilding pine removal based on DOC plans
Consented activities, including:
o Consented but unimplemented irrigation development as
of December 2013
o Recently granted but appealed irrigation consents
o Consented but unimplemented aquaculture
o Consented but unimplemented township expansions in
line with district plan
o Consented but unimplemented forestry
2
Operating at assumed good management practice

Scenario 2a
Aspirational land use – small
blocks

Land use: Scenario 1a plus
• Benmore Irrigation Company (BIC) expansion
• Remaining irrigation to 25,000 ha (excluding BIC)
• Recently declined but appealed irrigation consents
3
• Additional irrigated area and land use as advised LIG
• Planned but unconsented aquaculture
• Current operative district plan rules regarding land use
• Planned but unconsented township expansion
• Configuration of irrigation will be in line with
Recommendation 2.7 of the ZIP (i.e. small blocks)
• New irrigated area is assumed to be equally used for
sheep/beef and dairy farming.

Scenario 2b
Aspirational land use – large
blocks

Land use: Scenario 1a plus
• BIC expansion
• Remaining irrigation to 25,000 ha (excluding BIC)
• Recently declined but appealed irrigation consents
• Additional irrigated area and land use as advised by LIG
• Planned but unconsented aquaculture
• Current operative district plan rules regarding land use
• Planned but unconsented township expansion
• Configuration of irrigation will be large irrigation blocks
• New irrigated area is assumed to be dairy farming.

Scenario 2c
Aspirational
headroom

Land use: Scenario 1a plus
• BIC expansion
• Remaining irrigation to 25,000 ha (excluding BIC)
• Recently declined but appealed irrigation consents
• Additional irrigated area and land use as advised by LIG
• Planned but unconsented aquaculture
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Scenario

Scenario components and assumptions
•
•
•
•

Current operative district plan rules regarding land use
Planned but unconsented township expansion
Configuration of irrigation will be distributed in areas where
there is the most headroom for water quality.
New irrigated area is assumed to be equally used for
sheep/beef and dairy farming.

1

Land use = agriculture, aquaculture, and urban uses of land
Good Management Practice = use of nutrient budgets, application of fertiliser according to code of practice,
stock exclusion or no adverse impacts in waterways as per proposed CLWRP, efficient irrigation application (80
% application efficiency), compliant effluent systems, as modelled in OVERSEER V6.1.3
3
LIG = Land Information Group (group formed of local farmers, industry and scientists to help produce robust
farm information for the limit setting process)
2

Hakataramea Scenario components and assumptions
Scenario
Current

Current +
Consented

Scenario components and assumptions
•

Land use and irrigation in the Hakataramea as at December 2014.

•

All land users assumed to be operating at Good Management Practice

•

Land use and irrigation and consented land use and irrigation in the
Hakataramea as at December 2014.

•

Assumes all unimplemented consents will be given effect to.

•

All land users assumed to be operating at Good Management Practice

•

Assumes that all current and consented irrigation continues as per the
Current + Consented scenario at Good Management Practice.

•

Non irrigated land in the LUC 7+ class is assumed to continue as per
current at Good Management Practice.

•

Constant leaching rates are assumed for non-irrigated land (excluding
that in LUC 7+) in the catchment based on a Land Use Capability
(LUC) assessment.

LUC

1.

Non irrigated land in LUC classes 1-3 have been assigned an
assumed leaching rate of 20 kg/ha/yr

2.

Non irrigated land in LUC classes 4-6 have been assigned an
assumed leaching rate of 5 kg/ha/yr

•

Assumes that all current and consented irrigation continues as per the
Current + Consented scenario at Good Management Practice.

•

Non irrigated land in the LUC 7+ class is assumed to continue as per
current at Good Management Practice.

•

Constant leaching rates are assumed for non-irrigated land (excluding
that in LUC 7+) in the catchment based on a Land Use Capability
(LUC) assessment.

Flex cap 15

1. Non irrigated land in LUC classes 1-3 have been assigned an
assumed leaching rate of 15 kg/ha/yr
2.
•
Max Cap 20

Non irrigated land in LUC classes 4-6 have been assigned an
assumed leaching rate of 8 kg/ha/yr

Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate greater than 20 kg/ha/yr
immediately reduces leaching to a rate of 20 kg/ha/yr.
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Scenario

Scenario components and assumptions
•

•

•
Max Cap small
flexibility
•

•

Method 2

Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate less than 20 kg/ha/yr continues
as per the Current + Consented scenario at Good Management
Practice.
Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate greater than 20 kg/ha/yr
immediately reduces leaching to a rate of 20 kg/ha/yr.
Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate less than 20 kg/ha/yr continues
as per the Current + Consented scenario at Good Management
Practice.
In addition 1 kg/ha/yr of additional load is assumed to be applied to all
current and consented land use as at December 2014 that is modelled
as leaching at a rate less than 20 kg/ha/yr that is located within the
Riverside or Flat/ Rolling bands.
Assumes that all current and consented land use located within the
Riverside band as at December 2014 that is modelled as leaching at a
rate greater than 20 kg/ha/yr immediately reduces leaching to a rate of
20 kg/ha/yr.

•

Assumes that all current and consented land use within the Riverside
band as at December 2014 that is modelled as leaching at a rate less
than 20 kg/ha/yr continues as per the Current + Consented scenario at
Good Management Practice.

•

Assumes that all current and consented land use as at December 2014
in the Steep band continues as per the Current + Consented scenario
at Good Management Practice.

•

A constant leaching rate of 15 kg/ha/yr has been assumed in the Flat
band.

•

A constant leaching rate of 8 kg/ha/yr has been assumed in the Rolling
band.

Valley and Tributaries Scenario components and assumptions
Scenario

Scenario components and assumptions
•

Land use and irrigation in the Valley and Tributaries as at December
2014.

•

All land users assumed to be operating at Good Management Practice

•

Land use and irrigation and consented land use and irrigation in the
Valley and Tributaries as at December 2014.

•

Assumes all unimplemented consents will be given effect to.

•

Assumes that an estimated additional area of 1768 Ha for the Waitaki
Irrigators Collective is implemented

•

All land users assumed to be operating at Good Management Practice

•

Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate greater than 20 kg/ha/yr
continues as per the Current + Consented scenario at Good
Management Practice.

Current

Current +
Consented + WIC
expansion

Green Zone Rules
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Scenario

WIC + Flats

WIC + Flats +
Dryland
expansion

Scenario components and assumptions
•

Assumes that all current and consented land use as at December 2014
that is modelled as leaching at a rate less than 20 kg/ha/yr immediately
increases leaching to a rate of 20 kg/ha/yr.

•

Land use and irrigation and consented land use and irrigation in the
Valley and Tributaries as at December 2014.

•

Assumes all unimplemented consents will be given effect to.

•

Assumes that an estimated additional area of 1768 Ha for the Waitaki
Irrigators Collective is implemented

•

Assumes that additional irrigation is implemented on all land with a
slope less than 10 degrees (additional 2,500 ha irrigation)

•

All land users assumed to be operating at Good Management Practice

•

Land use and irrigation and consented land use and irrigation in the
Valley and Tributaries as at December 2014.

•

Assumes all unimplemented consents will be given effect to.

•

Assumes that an estimated additional area of 1768 Ha for the Waitaki
Irrigators Collective is implemented

•

Assumes that additional irrigation is implemented on all land with a
slope less than 10 degrees (additional 2,500 ha irrigation)
Assumes that all current and consented non-irrigated land use as at
December 2014 will 10% additional load on top of their GMP baseline.

•

Border to Spray
(Northern Fan
Riverside only)

LUC
(Northern Fan
Riverside only)

•

All land users assumed to be operating at Good Management Practice

•

Assumes that all current non irrigated land use as at December 2014
continues at Good Management Practice.

•

Assumes that all current spray irrigation as at December 2014
continues at Good Management Practice.

•

Assumes that 100 percent of existing Border Dyke irrigation as at
December 2014 is converted to spray irrigation.

•

Assumes that all current and consented irrigation continues as per the
Current + Consented scenario at Good Management Practice.

•

Non irrigated land in the LUC 7+ class is assumed to continue as per
current at Good Management Practice.

•

Constant leaching rates are assumed for non-irrigated land (excluding
that in LUC 7+) in the catchment based on a Land Use Capability
(LUC) assessment.
1. Non irrigated land in LUC classes 1-3 have been assigned an
assumed leaching rate of 20 kg/ha/yr
2.

Non irrigated land in LUC classes 4-6 have been assigned an
assumed leaching rate of 5 kg/ha/yr

Environment Canterbury Technical Report

95

Waitaki Limit Setting Process: Technical Overview

Northern Fan Scenario components and assumptions
Scenario
Current

Scenario components and assumptions
•

Land use and irrigation in the Northern Fan as at December 2014.

•

All land users assumed to be operating at Good Management Practice

•

Assumes that all current irrigation as at December 2014 continues as
per the Current scenario at Good Management Practice.

•

Non irrigated land in the LUC 7+ class is assumed to continue as per
current at Good Management Practice.

•

Constant leaching rates are assumed for non-irrigated land (excluding
that in LUC 7+) in the catchment based on a Land Use Capability
(LUC) assessment.

LUC

1. Non irrigated land in LUC classes 1-3 have been assigned an
assumed leaching rate of 20 kg/ha/yr
2.

Border to spray

•

Assumes that all current non irrigated land use as at December 2014
continues at Good Management Practice.

•

Assumes that all current spray irrigation as at December 2014
continues at Good Management Practice.
Assumes that 100 percent of existing Border Dyke irrigation as at
December 2014 is converted to spray irrigation.
Assumes that all current irrigated land as at December 2014 is
converted to dairy land use with a stocking rate of 3 cows per hectare.

•
•
GMP Dairy
(Whitneys Creek
only)

•

•
•

GMP Dairy +
Industrial

•

(Whitneys Creek
only)

•
•
•

GMP Dairy (4
cows) + Industrial
(Whitneys Creek
only)

•

•
•
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Non irrigated land in LUC classes 4-6 have been assigned an
assumed leaching rate of 5 kg/ha/yr

Assumes that all non-irrigated land use as at December 2014 is
converted to a spray irrigated dairy land use with a stocking rate of 3
cows per hectare.
Assumes that there is no additional nitrogen load associated with
industrial discharges. Currently consented industrial discharges have
been represented as 0 tonnes
Assumes that all current irrigated land as at December 2014 is
converted to dairy land use with a stocking rate of 3 cows per hectare.
Assumes that all non-irrigated land use as at December 2014 is
converted to a spray irrigated dairy land use with a stocking rate of 3
cows per hectare.
An existing consented industrial discharge accounting for 9 tonnes has
been accounted for.
Assumes that an additional ‘aspirational’ industrial load of 31 tonnes is
to be discharged in the catchment
Assumes that all current irrigated land as at December 2014 is
converted to dairy land use with a stocking rate of 4 cows per hectare.
Assumes that all non-irrigated land use as at December 2014 is
converted to spray irrigated, dairy land use with a stocking rate of 4
cows per hectare.
An existing consented industrial discharge accounting for 9 tonnes has
been accounted for.
Assumes that an additional ‘aspirational’ industrial load of 31 tonnes is
to be discharged in the catchment
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Appendix 5: Current water quality values at sites with
limits
Figure A5-1: Current nitrate-nitrogen values for Waitaki rivers and streams for comparison
with limits set. Note current state is based on data collected within the last five
years. Note in this area it has been assumed that DIN comprises mostly Nitratenitrogen, therefore these values have been directly compared
Freshwater
Management
Unit

River type

River name and measurement site

Dissolved
Inorganic
Nitrogen
concentration (mg/L)
Annual median
Min-Max

Upper
Waitaki

Alpine - upland

Ahuriri River – SH8
Forks Stream - SH8:

0.048
0.011

0.01-0.135
0.007-0.087

Otematata River -SH83
Twizel River -SH8

0.012
0.016

0.007-0.127
0.007-0.061

Grays River – Lower
Tekapo River – Above Grays
Confluence
Tekapo River – Steel Bridge
Hen Burn – Henburn Rd
Omarama Stream – Omarama
(SH8)
Irishman Creek – SH8
Mary Burn Stream – Fill
Mary Burn Stream – SH8
Mary Burn Stream – Lower
Quail Burn – Quailburn Rd Recorder
Sutherlands Creek
Twizel River – Lower
Upper Wairepo Creek
Wairepo Creek – Arm Inlet
Willow Burn – Quailburn Rd
Awakino Stream:
Maerewhenua River at Duntroon
Penticotico Stream
Waitaki River at Kurow
Waitaki River at SH1
Hakataramea River at Main Rd
Whitneys Creek
Waikākahi Stream at Te Maiharoa
Rd

0.055
0.015

0.007-0.174
0.01-0.059

0.012
0.23
0.186

0.007-0.082
0.102-0.48
0.01-0.705

0.01
0.016
0.24
0.06
0.045
0.087
0.015
0.02
0.02
0.635
0.107
0.124
1.112
0.008
0.050
0.023
1.457
2.296

0.007-0.043
0.007-0.054
0.008-0.102
0.017-0.196
0.007-0.25
0.016-1.213
0.007-0.064
0.007-0.411
0.007-0.285
0.231-1.025
0.02 - 0.380
0.009 – 0.590
0.302 – 4.005
0.001 – 0.042
0.018 – 0.408
0.003 – 0.023
0.576 – 3.205
0.745 – 6.311

Hill-fed upland
Lake-fed2

Spring-fed
upland

Valley
and
Tributaries

-

Hill – fed – lower
Spring-fed plains
Lake-fed

Hakataramea
Northern Fan

Hill-fed - lower
Spring-fed
plains

-
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Figure A5-2: Current TLI values for Waitaki lakes for comparison with limits set. Note current
state is based on data collected within the last five years
Lake type

Lake name and measurement location

Large high country lakes

Lake Tekapo

TLI
[5 year average]
1.7

Lake Ōhau

1.7

Lake Pūkaki

1.6

Lake Alexandrina

3.0

Lake McGregor

3.2

Lake Middleton

3.6

Lake Benmore Ahuriri Arm

3.1

Lake Benmore Haldon Arm

2.5

Lake Benmore at Dam

2.6

Lake Aviemore

1.9

Kellands Pond

3.2

Small to medium sized high
country lakes

Artificial lakes – on-river

Artificial lakes – other

Figure A5-3: Current nitrate-nitrogen values for Waitaki groundwater for comparison with
limits set. Note current state is based on data collected between 2005 and 2014
Freshwater
Management
Unit

Sub-unit
(Groundwater
Basin)

Upper Waitaki

Haldon
Arm

Valley
and
Tributaries

Hakataramea
Northern Fan
Catchment
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Tekapo
Basin
Twizel
Basin
Ahuriri Arm (Ahuriri
basin)
Mid-Waitaki North
bank
Mid-Waitaki South
bank
Mid-Waitaki South
bank tributaries
Northern Fan
Riverside
Hakataramea

Nitrate Nitrogen concentration
Maximum
concentration1
(mg/l)

0.4

1.7

0.3

2.7
13
1.2
2.3
25.4
8.4

Annual
average
concentration
(mg/l)

1.2
0.8
0.7
Insufficient
data
3.3

3.1

0.8

Greater Waikākahi

8.4

4.0

Whitneys Creek

7.7

4.2

Environment Canterbury Technical Report

