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Alpine-sourced Central Plains Water Limited (CPWL) irrigation water has been supplied to the Stage 1 area
for ten seasons, to the Sheffield Scheme area for seven seasons and to the Stage 2 area for just under seven
full seasons.

Due to water having been supplied to Stage 1 shareholders for ten seasons this is the sixth report to officially
consider monitoring results against trigger levels and trigger response protocols contained in the Ground and
Surface Water Monitoring Plan, a plan required by water use consent CRC165680 issued by Environment
Canterbury.

Irrigation water was available from 4th September 2024 to 10th May 2025. This is the sixth season that all
three sections of the Scheme were able to operate for the entire season.

The effects of this irrigation water on surface water and groundwater flows, levels and quality are being
monitored at multiple locations within, and downstream of, the CPWL supply area.

A range of environmental trigger values are, or will be in future, used by CPWL to draw attention to changes in
the state of water flows, levels and quality in the Selwyn Waihora catchment that may be attributed to the
operation of the CPWL scheme.

Rainfall

Long term average rainfall at Ridgens Road is 649 mm/yr. The 2024-25 period was markedly wet, with
860mm recorded, compared with 533.5mm the year before and 688mm in 2022-23. The autumn period was
particularly wet with 311.5mm being recorded between March and June 2025. The wetter than average year,
together with a very wet autumn might be expected to result in leaching of nitrate and an increase in
groundwater and/or surface water, but although some sites showed an increase relative to 2023-24, other
sites showed a decrease. However, the effects in terms of impacts on nitrate concentrations may not yet be
apparent.

Surface water quality

Median nitrate/nitrite-N trigger levels were exceeded at seven (out of 25) surface water sites during 2024-25
and 95" percentile concentrations were exceeded at seven (mostly the same sites). This is an improvement
from the 2023-24 year where ten sites had exceedances. The majority of sites have both median and 95t
percentile values for nitrate-N that are below the specified trigger values. At the lower end of the Plains, most
lowland stream sites show nitrate-N concentrations that are below trigger levels. It is not unusual for the
downstream sites to have concentrations lower than upstream sites, possibly due to uptake of nitrogen by
plants and/or dilution.

However, it is notable that the largest contributor to the lake (in terms of average flow) is the Selwyn River
(T3) which also has nitrate concentrations that exceed both the median and 95™ percentile values. Harts
Creek (T8) is the fourth largest flow into the lake and has concentrations that exceed both triggers and a
significantly increasing trend in concentrations (though the upward trend for Harts Creek has been observed
over the past 30 years).

At the conclusion of the 2024-25 period, out of the 25 sites, three surface water sites (including both Harts
Creek sites) showed a statistically significant increase, and two sites a statistically significant decrease, in
nitrate/nitrite-N concentrations. Harts Creek (both upstream and downstream sites) is particularly noticeable in
terms of both being above the trigger levels and increasing in trend. This has been consistent since monitoring
started and is unlikely to be a result of CPWL operations.

A summary of the surface water sites that exceed or are below the trigger levels and their trends is
summarised below:

Exceed trigger Below trigger
Increasing trend 2 1
No statistically significant trend 6 14

Decreasing trend 0 2




Groundwater quality
In terms of nitrate-N concentrations and trends at the groundwater sites:

1 Stage 1 bores: three show 5-year mean concentrations that exceed the trigger. In terms of trends,
three are decreasing, two are increasing and two are indeterminate.

1 Sheffield bores: both have 5-year mean concentrations that are below the trigger level with
indeterminate trends.

1 Stage 2 bores: eight show 5-year mean concentrations that exceed the trigger. In terms of trends, one
is decreasing, two are increasing and seven are indeterminate.

A new maximum annual mean nitrate-N concentration was reached in two bores (both Stage 1) and new
minimum annual mean nitrate-N concentrations were recorded in five bores.

A summary of the groundwater sites that exceed or are below the trigger levels and their trends is
summarised below:

Exceed trigger Below trigger
Increasing trend 3 1
No statistically significant trend 7 4
Decreasing trend 1 4

There were 12 E coli exceedances in 2024-25; of these, one was in a Sheffield bore, one in a Stage 1 bore
and the rest were in Stage 2 bores. As reported in previous years, BX22/0065 (Burnham) and BX22/0067
(Stage 2) were the two main bores impacted.

Lowland groundwater levels

One of the concerns during the consenting process had been that CPWL operations would result in lowland
groundwater level rise and potentially groundwater flooding, and as a result CPWL are required to monitor
responses in several lowland bores. There was a total of 11 high groundwater level trigger exceedances from
seven lowland groundwater level monitoring bores in 2024-25. None of the exceedances were outside of the
historic range in groundwater levels.

The contrary aspect to a rise in groundwater levels in the lowland areas could be increased flow in lowland
streams. Although we did not carry out a statistical analysis of the flow record at Coes Ford, flow over the
2000 i 2017 period was found to be 2.5 m3/s compared to 4.3 m%/s after mid-2017 and there could be an
improvement in low flow at this location since CPWL commenced operation in 2017.Currently, the
groundwater levels are not outside the historic range and do not show an immediate impact from CPWL
operations.

Lake water quality

Total nitrogen concentrations in Te Waihora (Lake Ellesmere) have been rising over the past six years. This is
consistent with the anticipated increase due to the additional nitrogen load permitted under the CPWL
consents, and the concentrations remain below the lake's total nitrogen trigger level. Mid-lake Chlorophyll-a
concentrations and the Trophic Level Index (TLI3) score have also been increasing and currently exceed the
trigger levels set for the lake. However, these values are still within the ranges observed before the initiation of
CPWL irrigation.

The upward trends in Chlorophyl-U, and TLI 3 score are |ikely to be driven
nitrogen (that is in line with what was anticipated when the CPWL consent was granted) combined with the

fact that total phosphorus concentrations in the lake remain about twice as high as the trigger. There was an

intent to reduce both the phosphorus load coming from farming activities in the catchment, and also to reduce

the legacy load of phosphorus in lake-bed sediment by 50%. CPWL has implemented a wide range of

measures and continues to actively monitor and work with and improve practices to minimise phosphorus loss

from scheme properties, as required to contributetotheCant er bury Land and Water Regi ol



(CLWRP) policies to reduce the catchment phosphorus load. The on-farm approaches to minimise
phosphorus losses through good management practices are outlined in the report and show CP WL 6 s
commitment to this issue. For various reasons, it has not been possible to address the legacy phosphorus but
the issues with elevated Chlorophyll-a and TLI are likely to be difficult to resolve without addressing this.

Summary

In general, the monitoring results show that some of the nitrate concentrations in groundwater and surface
water are continuing to increase as they were before the scheme commenced. In other cases, trends are
decreasing. However, the results are not sufficient to enable any definitive statements about the impact of the
scheme on water quality. In many cases, the CPWL results, starting in 2015, reflect existing elevated, or
increasing contaminant levels, caused by historic land uses and practices, the effects of which are time-
lagged. The slight tendency to have more decreasing trends and sites with concentrations below trigger levels
relative to previous years is encouraging, as is the observation that there is no step change in terms of
concentrations or trends that can be attributed to the scheme.

Understanding the drivers of nitrate concentrations in surface waters and groundwater is complex, with

observations reflecting current and historic land use, climatic factors, transport processes (including time lags)

and mitigation practices. Wi t h 10 year sd dat a n owaterqualdy dats togethdar withon- t o as s e
going assessment of CPWL facilitated, and other, land use change patterns in the catchment, to determine

whether any significant change to existing elevated nitrate-N concentrations or increasing/decreasing trends,

can be attributable to CPWL, previous land use changes and/or to improving practices through time.

Next steps

Recommendations have been suggested for further assessment of some of the groundwater quality sites and
the lake to better evaluate whether or not the observed trends are a result of CPWL activities.

These include:

¥ Aninitial investigation into Harts Creek, Selwyn/Waikirikiri River (SWSH) and the Hororata River (1S4).

1 Investigation of groundwater sites in greater detail to assess the likely contributing factors to the
increasing nitrate-N concentrations. Highest priority sites have been identified.

1 Working together with PHF Science, investigate the bores that have the majority of the E. coli
exceedances, including further assessment of bore condition.

It would also be useful to review the current monitoring programme, and based on this review consider:

1 Developing a robust database approach to storing and carrying out QA/QC on data to provide a
secure, consistent and easily accessible record of data.
1 Reviewing determinands and trigger levels set in the Ground and Surface Water Plan Part II.

Additionally, it could be useful to provide further context for reporting:

1 Incorporate flow as well as concentration data for the surface water sites to provide information on
nitrate load.

1 It would be beneficial to analyse groundwater trends, accounting for changes in recharge, for the
periods prior to, and after, the commencement of the CPWL scheme.

1 Conduct eigen modelling of the lowland groundwater bore hydrographs to distinguish climatic drivers
from potential CPWL related effects.
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The requirements for this groundwater and surface water report have developed as a result of both the

original consent requirements as well as changes in the planning framework since the consent was issued.

This chapter briefly outlines the changes in and use and irrigatons i nce CPWL®&ds consents were
consent requirements, and the planning framework, within which, the consents sit.

1.1 Land Use and Irrigation History

The consenting of CPWL meant that many groundwater irrigators swapped to using CPWL water; in addition,
the availability of water enabled many farmers to swap to irrigation from dryland farming.

1.1.1 Consents

CPWL holds two main consents: a water4ise consent and a discharge consent. The water4ise consent
applies only to the area irrigated using CPWL-supplied water.

In contrast, the discharge consent applies to all land within each participating farm, including land that is
irrigated by groundwater or remains as dryland. This means the discharge consent area is larger than the area
irrigated with CPWL water.

Maps showing the distribution of farming land use consents (FLUC), lifestyle blocks and urban areas are
shown in Appendix A.

1.1.2 Irrigated Areas: Permitted, Modelled, Actual

Of the 101,800 ha within the CPWL scheme boundary 63,000ha are permitted to be irrigated with CPWL

water under HDRWL&onwaetndrs 63, 000ha (60, 000ha under CPWLOGOS
present, 45,000ha is actually irrigated using CPWL water leaving 18,000ha that has not been but could be

irrigated within the consented area.

In the original modelling that supported the consent application, it was expected that 27,000ha would become
newly irrigated land, converting from dryland to irrigated land. The remaining 36,000ha were expected to be
land that was previously irrigated by groundwater but would switch to using CPWL surface water instead.

The actual area that is now irrigated by CPWL differs from the modelling. Of the 45,000ha currently irrigated
using CPWL water, 25,000ha represent new irrigation, where dryland has been converted to irrigated land.
The remaining 20,000ha is existing irrigated land, which was previously mainly groundwater4rrigated.

This means the area of new irrigation is 2,000ha less than the 27,000ha originally modelled. The area that
switched from groundwater to CPWL is also lower than expected, with 16,000 fewer hectares converting to
surface water than was modelled.

1.1.3 Total Area Covered by Discharge Consent
Although CPW.L irrigates 45,000ha, the total land area covered by the discharge consent is 73,014ha.

This larger area includes the 45,000ha irrigated with CPWL water on CPWL farms, plus 28,014ha of dryland
or groundwater4rrigated land that is associated with those CPWL farms.

CPWL monitors environmental performance across this whole 73,014ha area, including nitrogen loss
reporting and Farm Environment Plan audits.

The area within the CPWL scheme boundary covers 101,800ha. Of this, 38,800ha lie outside the CPWL
consented area. Land not covered by CPWL consents falls into the following categories:

1 Individual Farming Land4Jse Consents: 12,002 ha

1 Lifestyle Blocks (11 20 ha): 5,248 ha

1 Lifestyle Blocks (>20 ha): 1,272 ha

1 Residential Areas: 543 ha (within the towns of Hororata, Kirwee, Darfield, Coalgate, Springfield, and
Sheffield)

The balance of the land consists of rural or commercial land that does not fall under the above categories or
with CPWL.



1.1.4 Modelled Land ZJse Expectations for New Irrigation
Existing Irrigators

When nitrogen | ost to water modelling was done for CPWLO:
irrigating would keep doing the same types of farming they were doing at that time. In other words, their
activities were treatediasnmant cofal omg fve xihsschkemhgt he ot he
farms.

1 No extra nitrogen was allocated to these existing irrigators.

1 Instead, they must operate below their baseline nitrogen losses.

1 The required reduction differs by farm block, depending on its land use (e.g., dairy, arable,

sheep/beef).

The modelling used 2011 landZise data, which is close to the 20091 2011 baseline period applied to these
farms. This means the model is a reasonable representati:
irrigators current land use compared with that baseline, about 1,750ha that were not in dairy at baseline have
since converted to dairy, mostly from sheep farming.
New Irrigators
For new irrigators, the landZise modelling assumed that the 27,000ha of new irrigation would be split over
three land4ise types:

1 10,800ha (40%) was expected to be dairy,

1 10,800ha (40%) arable, and

1 5,400ha (20%) sheep/beef/dairy support.
For the arable and sheep/beef/dairy support categories, the modelling also assumed intensive winter grazing
would occur, because this is common in mixed farming systems.
Comparing the land use modelled during the consenting of CPWL for the 27,000ha that would swap from
dryland to irrigated, approximately 20% has converted to dairy rather than the 40% expected with the
remaining 80% Arable, Sheep, Dairy Support and / or intensive winter grazing. Therefore, not as much has
converted to dairy as expected.
In reality, only about 20% of the new irrigated area converted to dairy, not the 40% originally expected. The
remaining ~80% is in arable, sheep/beef, dairy support and/or intensive winter grazing.
1.1.5 Observed Land Z4Jse Status and Change Across the Scheme
A comparison of baseline land use (20097 2013, prior to the commencement of CPWL) with current land-use
data shows how the landscape has changed following CPWL development. During the baseline period,
63,342ha were identified as either dairy or beef/dairy grazing. Of this total, 38,203ha were dryland. Post the
development of CPWL the area identified as dairy or beef/dairy is 67,347ha, representing a total increase of
4,005ha in these combined land uses. Other land4ise categories show smaller shifts. The area identified as
sheep farming has decreased by 3,862ha, and there have b
uses.

1.2 Consent requirements

Condition 25 of Schedule 2: Administrative Conditions of Resource Consent CRC165680 requires CPWL to
prepare an annual report for the period 1 July to 30 June each year. The condition requires that:

The consent holder shall prepare a report describing the results of the environmental monitoring
outlined in the Ground and Surface Water Plan, for the period from 1 July to the following 30 June for
each year.

The purpose of the Ground and Surface Water Plan was to outline the measures undertaken to monitor and
mitigate potential adverse effects regarding the following issues:

1 Loss of Waimakariri River seepage on the Christchurch-West Melton and Kaiapoi aquifer systems;



1 Increase in the concentrations of nitrate-nitrogen or other contaminants in the groundwater both
beneath and downstream from the Scheme area;

1 Raised groundwater levels both beneath and downstream from the Scheme area, including any
effects on gravel pit operations;

1 Increase in the concentrations of contaminants, including nitrate-nitrogen and phosphorus in surface
water bodies, in particular lowland streams and Te Waihora/Lake Ellesmere.

CPWL is required to describe results of monitoring, as well as an interpretation of background conditions and
impacts arising from CPWL operations. Under Condition 27 the Ground and Surface Water Expert Review
Panel (GSWERP) should make recommendations to CPWL regarding the validity of the interpretation of
monitoring data and the implementation of mitigation measures undertaken by the consent holder. The
GSWERP may also recommend additional mitigation measures that should be undertaken by CPWL and/or
enforcement or condition review actions that should be undertaken by CPWL. Under Condition 28, In the
event that the trigger levels specified in the Ground and Surface Water Plan are reached, the consent holder
shall undertake measures to avoid, mitigate or remedy any adverse effects related to groundwater levels that
may arise as a result of exercising this consent.

As outlined in Section 3 of the Groundwater and Surface Water Monitoring Plan Report, the Annual Monitoring
Report will serve a key function in terms of the overall management of environmental effects associated with
the CPWL scheme in terms of:

1 Providing a comparison of the current state of water quality and quantity against the trigger levels;

1 Identifying trigger level exceedances and determining likely causes;

1 Documenting actions undertaken in response to trigger level exceedances;

1 Documenting response to complaints received or issues associated with surface water quality and
flows and groundwater quality and levels within and down gradient from the CPWL scheme.

The Ground and Surface Water Monitoring Plan (GSWP) (as required by Condition 18 of Schedule 2:
Administrative Conditions of Resource Consent CRC165680), is in two parts:

1 Partl: includes an outline of CPWLs monitoring programme; and
1 Part ll: specifies (amongst other matters) trigger levels for monitored parameters.

The results from the monitoring programme are included in this report and are compared to applicable trigger
levels.

1.3 Planning framework

1.3.1  Water quality

The limit/target for nitrogen losses in Selwyn Waihora is 5,044.4 tonnes/year by 2037 (Table 11(i) of the

Canterbury Land and Water Regional Plan (CLWRP)). A total of 358 tonnes/year (7% of the total) was

allocated to CPWL to allow for the conversion of dryland into irrigated land. This allocation is in addition to the

assessed dryland nitrogen baseline of 621 tonnes (giving a total of 979 tonnes, as specified in Table 11(j) of

the CLWRP). The limits and targets contained in Table 11(i) and 11(j) of the CLWRP were determined using

version 6.1.3 of O6Overseerd. When newer versions of Over:
these newer versions are also used to re-calculate equivalent limits and targets contained in Table 11(i) and

11(j) of the CLWRP. This allows for a relevant assessment of nutrient losses.

The regulatory planning framework has changed significani
permits were granted in 2010. As a condition of consent with Environment Canterbury (ECan), CPWL was

required to apply to vary the conditions of consent relating to nutrient discharges in a manner consistent with

any new Regional Plan that became operative, and established catchment-wide Nutrient Discharge

Allowances (NDAs). In terms of the timeline:

1 2010:CPWLG6s original Take and Use Water permits were gfr

1 20117 2013: the Selwyn Waihora Zone Implementation Programme (ZIP) and ZIP Addendum were
developed by the Selwyn Waihora Zone Committee. The ZIP identified a range of priority outcomes
for the zone, which was recognised as being over-allocated in terms of consented groundwater takes
and concerns regarding nitrogen contamination of groundwater. Variation 1 to the Land and Water



Regional Plan was subsequently developed to give effect to the recommendations of the Selwyn
Waihora ZIP.

1 February 2014: ECan publicly naotified Variation 1 to the CLWRP. Variation 1 introduced policies,
methods, and rules specific to the Selwyn/Te Waihora catchment, including the establishment of
nitrogen allocation limits for the Central Plains Water Scheme.

1 2015: in the absence of an operative Regional Plan, CPWL was required to review and modify
individual Farm Management Plans and the Sustainability Protocol to ensure consistency with a
developed NDA methodology.

1 November 2015: as a condition of consent with ECan, the Central Plains Water Trust (CPWT) was
required to apply to vary the conditions of consents relating to nutrient discharges in a way that was
consistent with any new Regional Plan becoming operative that sets catchment-wide Nutrient
Discharge Allowances (NDA). In the absence of an operative Regional Plan by November 2015,
CPWT must have reviewed and modified the individual Farm Management Plans and the
Sustainability Protocol so that they are consistent with a developed NOA methodology.

1 May2015:ECanés decisions on submissions to Variation 1 w
appeals to those decisions scheduled to be resolved in early 2016.

1 February 2016: Under Plan Change 1, farming by Scheme shareholders was a permitted activity
provided the Scheme had a discharge permit for nitrogen discharges. CPWL was therefore required
to apply for a discharge permit under Plan Change 1 to discharge nitrogen associated with the
operation of the Scheme. CPWL 6s consent was r eFEebruawye@l6 danggrait€dan on 1s
on 6th April 2016.

The CLWRP and Variation 1 represented a shift from the policy framework under which the CPWL consents
were originally granted. At the time of consent, the Scheme was treated as the primary mechanism for
managing and mitigating the effects of irrigation and farming on water quality in the Selwyn/Te Waihora
catchment. Under the revised planning framework, including the Canterbury Water Management Strategy
(CWMS), responsibility for water quality outcomes was more explicitly shared across multiple stakeholders,
including individual land users.

The CLWRP required all nitrogen dischargers in the Selwyn/Te Waihora catchment to be accountable for their
effects through the implementation of good management practices, the preparation and auditing of Farm
Environment Plans (FEPs), and commitments to staged reductions in nitrogen losses. Under Variation 1,
CPWL was required to obtain a resource consent for nitrogen discharges associated with the Scheme, and
Scheme shareholders are required to implement the management practices specified in Variation 1.

1.3.2 Impacts on groundw ater levels

Whilst reduction in groundwater abstraction for irrigation would potentially have a positive effect on
groundwater resources and surface water flows in the Selwyn Waihora zone, one issue that was identified
through the consenting process was the potential for mounding of shallow groundwater in the lower Plains.
The original Central Plains Water Trust (CPWT) consent decision recognised the trade-off between benefits
associated with increased baseflows in the lowland streams resulting from operation of the Scheme with the
potential negative effects on land drainage and wastewater infrastructure.

Whilst Variation 1 to the Land and Water Regional Plan (CLWRP) provided explicit recognition of the positive
benefits associated with increased baseflows in lowland streams, it did not provide guidance in terms of
thresholds for adverse effects on land drainage and wastewater infrastructure. However, part of the consent
conditions included monitoring of shallow groundwater. Shallow groundwater observations are described in
Section 6 and whilst modelling had suggested there would be an impact, it is difficult to separate out any
actual effect of CPWL operations on shallow groundwater levels from background variability.



22BACKGROUND

The CPWL Irrigation Scheme (the Scheme) is in the Selwyn Waihora Zone, within the Selwyn District (as
shown in Figure 2-6).

The Scheme was developed in a staged manner and now that the full uptake of water is completed it provides
water to up to 47,600ha. The development of the scheme is illustrated in Figure 2-1. In 2024-25:

1

f
f
f

Hectares

Stage 1 had 22,479 ha of irrigated land.
The Sheffield Scheme had 4,464 ha of irrigated land.
Stage 2 had 18,747 ha of irrigated land.
A total of 45,690 ha is irrigated.
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Figure 2-1. CPWL Scheme Area of Land Under Irrigation

As a result of CPWL operations, groundwater abstraction for the zone has decreased steadily over the past
decade (Figure 2-2).

Groundwater Abstracted (Million m3)

Groundwater Abstraction 2013-14 to 2024-25 by Stage
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Figure 2-2. Groundwater abstraction (million m3/year) through CPWL operations



Figure 2-3 to Figure 2-5 show the sources of water to shareholder properties in the various scheme stages
during the irrigation seasons that CPWL has supplied water?. Irrigated land areas have largely

remained constant once each stage was operating (Figure 2-1) so differences in volumes of water used reflect
differences in seasonal application rates.

Both CPWL and groundwater use were very low for the 2024-25 season relative to other seasons, though

total water use was high, the highest of the period to date for Stage 2 and Sheffield. For Stage 1, this season

was the second highest water fuseoon record, only being surpassed by 2017-18. Both these years were

periods of high rainfall an(8ectiorh2e). The lygh rawfalltalsorlimitedttee 6 r ef | e c
need for irrigation which is reflected in the low groundwater and CPWL needs.
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Figure 2-3. Stage 1 water inputs up to the 2024-25 irrigation season

1 The rainfall inputs are calculated based on annual rainfall totals (based on Ridgens Road climate station for Stage 1 and
Stage 2, and the Sheffield area used a Sheffield based rain station and CPWLs climate station for the years since 2020-21
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Figure 2-4. Sheffield water inputs up to the 2024-25 irrigation season
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Figure 2-5. Stage 2 water inputs up to the 2024-25 irrigation season

The location of the scheme within the wider catchment is shown in Figure 2-6 and a scheme overview,
showing the different stages of development is shown in Figure 2-7. Surface water sampling sites are shown
in Figure 2-8 and groundwater monitoring (both groundwater quality and lowland groundwater level sites) are

shown in Figure 2-9
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Figure 2-7: Scheme Overview
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2.1 Scope of Water Monitoring Programme

Monitoring requires consideration of both concentration (state) and trends. The trigger levels set are explained
within this section. Trend analysis was carried out using a Mann-Kendall non-seasonal test. The method is
outlined in Appendix B.

2.1.1 Surface Water? Quality

CPWL is required to monitor surface water quality monthly at 29 river and stream sites (see Figure 2-8). Full

details of the surface water monitoring programmearec ont ai ned i n Part 1 of CPWLO6s Gr
Water Monitoring Plan. The surface water monitoring programme began at the same time as the

commencement of Stage 1 of the scheme in September 2015.

The monitoring plan allows CPWL to rely on data collected on Te Waihora/Lake Ellesmere, lowland streams,
other rivers/streams or drains and the stockwater network by Environment Canterbury (ECan) (or any other
entity) in lieu of establishing new monitoring sites and ECan lake quality data have been used as well as
several river/stream sites.

Parameters that have been analysed are Escherichia coli (E. coli), turbidity, nitrate + nitrate-nitrogen, total
nitrogen, total ammoniacal nitrogen, dissolved reactive phosphorus (DRP), total phosphorus, electrical
conductivity, dissolved oxygen, pH and temperature. However, it is noted that the water quality triggers in
place are only for nitrate-nitrogen (annual median and annual 95 percentile).

Trigger levels for surface water are set based on one year median and 95th percentile nitrate-N
concentrations. After consideration by the GSWERP panel, trigger levels for the CPWL surface water quality
monitoring programme have been established as 75 percent of the water quality limits specified in Variation 1
(specifically Table 11(k)) of the Canterbury Land and Water Regional Plan (Table 2-1).

Table 2-1.Surface water quality triggers (Nitrate  -N (mg/L)) for the CPWL monitoring programme

River type CPWL surface water monitoring

Annual median Annual 9% percentile
Springfed streams 5.2 7.4
Hill-fed lower 1.8 26

The Groundwater and Surface Water Monitoring Plan observed that, prior to commencement of CPWL, water
quality in the majority of lowland streams (except for Harts Creek at Lower Lake Road) were below the trigger
levels for Spring-fed plains streams. However, while Nitrate-N concentrations at some sites (e.g Selwyn
River/Waikirikiri at Whitecliffs site) were well below the trigger level for Hill-fed lower rivers, other sites on the
Selwyn/Waikirikiri River and tributaries on the upper to low plains area (Hawkins River at Deans Road, Selwyn
River/Waikirikiri at Coes Ford) were at or above the CPW.L trigger values. A review of other monitoring data
from the Selwyn River/Waikirikiri and major tributaries suggested nitrate-N concentrations may be similarly
elevated at other locations across the catchment.

It was recognised that a significant lag exists between land use and nutrient losses across the mid to upper

plains and the resulting discharge of nutrient-enriched groundwater via spring-fed streams in the lowland

Central Plains arda.medThetweswml tliamgl d&lseg and resulting wa
areas had the potential to impact on compliance with CPWL surface water quality triggers due to the

2Though fASurtaockdWanheltade | ake water quality, for the purpose o
to stream/river water and consider lake water separately.



cumulative effects of land use which either predate commencement of the CPWL scheme or result from
consented effects associated with scheme operation.

Therefore, while the CPWL surface water quality triggers were considered to represent a conservative
approach to maintaining the nitrate-N limits specified in Variation 1, it was recognised that current or future
baseline water quality was likely to exceed these triggers at certain sites within the monitoring network.
Specific provision was therefore made to account for baseline water quality effects in the trigger response
process (as outlined in Section 3.1.4 of the Groundwater and Surface Water Monitoring Plan).

2.1.2 Lake Water Quality

This report contains water quality data from ECand6s moni |
for a range of parameters but only those required by the Ground and Surface Water Plan (total nitrogen, total

phosphorus, trophic level index (TLIs) and Chlorophyll-a) are included in this report. Figure 2-8 shows the five

locations sampled by ECan. CPWL has water quality triggers in place for Trophic Level Index (TLI3s), Total

Phosphorus, Total Nitrogen and Chlorophyll-a.

Lake water quality limits were established for Lake Ellesmere/Te Waihora in Variation 1 to the CLWRP.

2.1.3 Ground Water Quality

Monitoring bores are distributed across the CPWL scheme area with individual bore locations established in
accordance with requirements of Condition 21(d)(iii) A to ensure a spread of monitoring locations between
both irrigated and non-irrigated properties. These sites include 8 monitoring bores in the Stage 1 area; there
are a further ten in Stage 2 and two in the Sheffield area (Figure 2-9). The CPWL monitoring bores are
screened over the anticipated range of water table variation at each location and are sampled on a quarterly
basis.

2.1.3.1 Long-screened bores

As described in previous environmental reporting, the bores were designed with long screens to enable
samples to be taken from close to the water table. This contrasts with typical Canterbury water supply bores
that can have relatively short (~3m long) screens located at the base of the bore, usually well below the water
table. This difference is important because groundwater contaminants that are lost from the land surface are
expected to be highest close to the water table with concentrations decreasing with depth and are also
expected to reflect land use close to the sampling point, as vadose zone solute transport would be
predominantly vertical. Samples from deeper below the water table could include impacts from local land use,
but could also include components from longer groundwater transport pathways reflecting land use elsewhere
in the catchment. As a result, samples taken from near to the water table are more likely to accurately reflect
nitrate-N being lost from the soils in the immediate vicinity of the bore than samples collected from a bore
screened well below the water table.

The disadvantage of long-screened bores is that they may provide preferential flow pathways: any degree of
iperchi ngo on layeescan reputt in wedeadeduraulating and then cascading down the bore. This
can potentially affect the sampling results. During sampling the expert has noted there may be evidence of
cascading at some of the bores including BX22/0071, BX21/0018 and BX22/0070 (Glenn Rutter, Pers.
Comm., Nov 2025) though there is nothing in the sampling results that suggests there is anything particularly
anomalous about these bores. There have been no reports of cascading at shallower bores.

In order to have two years of monitoring data before the commencement of Stage 1 irrigation, the Stage 1
dedicated monitoring bores were located adjacent to existing water supply bores that had been monitored for
at |l east two year srigptonseason to satis§y Peduiregmentsfofi Coralition 21(d)(v) (Table
5-2). The water supply and long-screen bores were monitored concurrently for two years to establish a
relationship between the two forms of monitoring that may be useful when comparing future results to the
historic record. The results were inconsistent, with some bores showing good correspondence and others
showing poor correspondence. This is discussed further in Section 5.4.

The dedicated long-screen monitoring bores were installed in the Stage 2 area of the Scheme in the first half
of 2015. These bores were monitored for 3.5 years prior to the commencement of Stage 2 irrigation in 2018.



2.1.3.2 Groundwater m onitoring programme

Full details of the groundwater monitoringpr ogr amme are contained in Part 1 of
Water Monitoring Plan Trigger levels for nitrate-N in groundwater are based on five-year annual averages.

It has been recognised that, due to the time lag in the groundwater system, elevated and/or increasing nitrate-
N concentrations may continue to be measured in deep groundwater, lowland streams and Te Waihora for a
period of time, irrespective of improving farm practices that would be expected to result in lower discharges of
nutrients into the environment. However, sampling at the water table (using long screened dedicated
monitoring bores) should highlight any changes as early as is possible.

Groundwater samples are analysed for pH, electrical conductivity, dissolved oxygen, temperature, alkalinity,
bromide, chloride, dissolved reactive phosphorus, nitrate-nitrogen, total nitrogen, ammoniacal-nitrogen,
sulphate and E. coli. The static groundwater level is also measured at the time of sampling.

CPWL has water quality triggers in place for nitrate-N and E. coli. Groundwater quality triggers were
established at 90 percent of the Variation 1 Central Plains Water Limited Groundwater and Surface Water
Monitoring Plan Part 1l 70 target for Nitrate-Nitrogen and as equivalent to the Variation 1 target for E. coli.

2.1.4 Groundwater Level Trigger Levels

CPWL does not carry out any specific groundwater monitoring in the Lowland Central Plains area but instead

utilises data collected by Environment Canterbury (ECan). GSWERP established groundwater level trigger

limits for a series of 12 bores within the ECa  n network ( Figure 2-9Figure 2-9. CPWL Groundwater Quality and Lowland Water Level
Monitoring Sites

). The trigger limits are to be used to provide advance warning of potential groundwater mounding and are
relatively conservative in that they have been set at a level which has been reached in the past. This may
result in occasions where the triggers are reached following, for example, high intensity rainfall events that
lead to elevated groundwater levels. For example, the large, complex low-pressure system that brought heavy
rain and gales to Canterbury during 20-22 July 2017 led to trigger levels being exceeded in 5 out of 12
monitoring bores.

Although there are concerns about groundwater mounding due to the potential for limitations on land use, the
flip side of increasing lowland groundwater levels could be increased spring and stream flow. Flow in the
Selwyn River at Coes Ford is shown in Figure 2-10. The effects of the low recharge winters of 2015-16 are
marked leading to Coes Ford drying in early 2017, as is the recovery in 2017. Flow over the 20007 2017
period was found to be 2.5 m3/s compared to 4.3 m3/s after mid-2017. Whilst not a statistical test, there does
appear to be in improvement in low flow at this location since CPWL commenced operation in 2017.
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Figure 2-10: Average daily Selwyn River f low at Coes Ford pre- and post -CPWL operations commencing .
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Figure 2-11. Potential issues with cascading water in dedicated CPWL long -screen monitoring bores

2.2 2024/2025 Seasonal Climatic Influence

Due to the fact there is no longer public access to CliFlo data, the rainfall data reported here is limited to the ECan rain
gauge at Ridgens Road.

Long term average rainfall at Ridgens Road is 649 mm/year, based on the record from 1990-91 to 2024-25. The 2024-25
period was markedly wet, with 860mm recorded at Ridgens Road, compared with 533.5mm the year before and 688mm in
2022-23. The autumn period was particularly wet with 311.5mm being recorded between March and June 2025.

The highest intensity 24-hour (calendar day) rainfall event measured during the 2024-25 period was 69mm on 26 October
2024 July, while the highest 3-day event was 124mm over 29 April to 1 May 2025. By contrast, during the significant rain
event in July 2017, 98.5mm of rain was recorded over two days.

The wetter than average year, together with very wet autumn might be expected to result in leaching of nitrate and an
increase in groundwater and/or surface water concentrations, but although some sites showed an increase relative to
2023-24, other sites showed a decrease. However, the effects may not yet be apparent, and it will be interesting to observe
whether there is an increase in nitrate concentrations towards the end of the calendar year.
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3.1 Introduction

Monitoring locations for Te Waihora/Lake Ellesmere are shown in Table 3-1. The trigger levels for Lake Water Quality are
listed in Table 3-1.

Table 3-1. Lake Water Quality Triggers

Total
e Chlg:;/pl_h))(/all: -a Total (F:;/sl_p;g?rus Nitrogen TL®)
(mg/L)®
Mid-Lake 74 0.1 34 6.6
Lake Margins no trigger no trigger no trigger 6

() As amaximum annual average determined from
12 (monthly) rounds of monitoring results.

(b) TLI (Trophic Level Index) calculated as TLI3
(using TP, TN and chl a)

3.2 Results

Lake water quality results are shown in Table 3-2 with details in Appendix C. During the 1 July 2024 to 30 June 2025
period, 12 rounds of data were available from Environment Canterbury.

The total phosphorus trigger limit is an annual average of no more than 0.1mg/L. The 12-month average for total
phosphorus at the Mid Lake monitoring site was 0.27mg/L, an increase from 0.23 last year.

The Chlorophyll-a trigger limit is an annual average of no more than 74ng/L. The 12-month average for Chlorophyll-a at the
Mid Lake monitoring site was 177ng/L, an increase from 158 last year (see Table 6, NB: data in red indicates an
exceedance of the applicable trigger limit).

The total nitrogen trigger limit is an annual average of no more than 3.4 mg/L. The 12-month average for total nitrogen at
the Mid Lake monitoring site was 2.63 mg/L, a decrease from 3.02 mg/L last year.

Note that, due to some missing data and some outliers in the Chlorophyll-a data, we have started plots and analyses from
the 1992-93 hydrological year.

Table 3-2. Lake Water Quality Monitoring Results 202  4-2025 (red numbers exceed trigger values)

Chlorophyl Total Total TLs
Te Waihora Site h ® Phosphorus® | Nitrogen ¢)
(my/L) (mg/L) (mg/L)
Mid Lake 170 0.26 257 7.31
Lake MarginOff Selwyn River Mouth 7.28
Lake MargirSouth of Timber Yard 7.18
Lake Marginfaumutu 7.2

(@) Annual Mean



3.3 Results T Mid Lake

3.3.1 Total Phosphorus

Mean annual total phosphorus concentrations are shown in Figure 3-1. The mean annual (July to June) Total Phosphorus

(TP) concentration is 0.27 mg/l. The average annual concentration has not dropped below the 0.1 mg/l value over the

entire period of monitoring. It is useful to note that concentrations do seem to have declined since around 2000, possibly
reflecting improved land management adjacent to waterways and the lake. Therefore, although Figure 3-1 shows that the

result fortotalphos phor us at 282085 ekcaekled the tfigger levelthe level is consistent with previous
yearsd (pre CPWL scheme oper at i ang/)and048mgl ftom 1983484 to 2004k1d.ge d b e

The Groundwater and Surface Water Monitoring Plan (Part Il) also notes that reported TP concentrations always exceeded
the 0.1 mg/l trigger throughout the 10-year period before CPWL started operating. It notes that the trigger for TP is likely to
be regularly exceeded unless and until the historic legacy phosphorus currently being released from lakebed sediments is
addressed by a P inactivation treatment or some other intervention. It notes that such interventions were not a part of
mitigations required by CPWL consent conditions.
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Figure 3-1. Total Phosphorus at Mid Lake in Te Waihora from 1993 i 2025

Trends are as follows:

1 Trend (before CPWL): decreasing, p-value: 0.035, magnitude: -0.004
1 Trend (after CPWL): no trend, p-value: 0.076, magnitude: 0.006
1 Trend (overall): decreasing, p-value: 0.042, magnitude: -0.002

That is, the results indicate a statistically significant decreasing trend before CPWL. The decreasing trend is not observed
in the post-CPWL data but this is unlikely to be related to CPWL as the contribution to the lake is likely to be dominated by
runoff from the hills as well as farms in the lowland areas surrounding Lake Ellesmere/Te Waihora, rather than from CPWL
farms.

Overall, the full record shows a weak but statistically significant decreasing trend (p = 0.049, magnitude = 7 0.002).

3.3.2 Total Nitrogen

Mean annual total nitrogen concentrations are shown in Figure 3-2. The mean annual (July to June) Total Nitrogen
concentration is 2.63 mg/Il. Total nitrogen for the Mid Lake site has only exceeded the 3.4mg/L trigger limit on two
occasions, 1999-2000 and 2000-2001.
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Figure 3-2. Total Nitrogen at Mid Lake in Te Waihora from 1997 i 2024

The trend analysis results show:

1 Trend (before CPWL): no trend, p-value: 0.535, magnitude: -0.014
1 Trend (after CPWL): increasing, p-value: 0.029, magnitude: 0.094
1 Trend (overall): increasing, p-value: 0.045, magnitude: 0.019

That is, the results show no significant trend before CPWL, but a significant increasing trend emerged after CPWL (p =

0.029, magnitude = 0.104). Considering the full record, there is an overall significant increasing trend (p = 0.045, magnitude
=0.019)

Although the concentration is still below the trigger level, if the upward trend continued it would be a concern. However, it is

possible that the concentrations are now levelling out as predicted by modelling. It will be important to observe whether this
levelling off continues.

3.3.3  Chlorophyll -a

Mean annual total Chlorophyll-a concentrations are shown in Figure 3-3 The mean annual (July to June) Chlorophyll-a level

is 177 nmg/L. Figure 3-3 shows that the Chlorophyll-a concentration for the 2024-25 period was one of the highest recorded
to date.
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Figure 3-3. Chlorophyll -a at Mid Lake in Te Waihora from 19 88 - 2025

The trend analysis results are as follows:

1 Trend (before CPWL): no trend, p-value: 0.442, magnitude: -0.845
1 Trend (after CPWL): increasing, p-value: 0.002, magnitude: 13.856
1 Trend (overall): no trend, p-value: 0.159, magnitude: 1.028

That is, the results indicate no significant trend before CPWL. After CPWL, a strong and statistically significant increasing
trend is observed (p = 0.002, magnitude = 15.289). Over the full record, however, no significant overall trend is detected (p
= 0.150, magnitude = 1.028. The annual mean Chlorophyll-a concentration has increased significantly over the past 8
years, from a relative low in 2017-18. It has not been below the trigger level of 74 ng/L since 2018-19.

3.3.4 Trophic Level Index (TLI3 )

The Trophic Level Index (TLIs) is an indicator of lake water quality specifically developed for New Zealand lakes. The TLIs
is derived from total nitrogen, total phosphorus and chlorophyll a (found in Phytoplankton). Monthly monitoring of Total
Nitrogen (needed for TLIs calculation) started in October 1996.

Mean annual TLI3 is shown in Figure 3-4. Mean TLI for the 2024-2025 year was 7.31 (see Figure 3-4). While this is still
within the range observed in the past, the TLI3 is again above the trigger level for the sixth year in a row.
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Figure 3-4. Trophic Level Index 3 at Mid Lake in Te Waihora from 199 2171 2024

Trends are as follows:

1 Trend (before CPWL): no trend, p-value: 0.114, magnitude: -0.019
1 Trend (after CPWL): increasing, p-value: 0.002, magnitude: 0.071
1 Trend (overall): no trend, p-value: 0.497, magnitude: 0.003

That is, before CPWL implementation, there was no statistically significant trend in TLI, with a slight but non-significant
decrease in values. Since CPWL, a significant increasing trend emerged (p = 0.001), suggesting a clear upward shift in the
period following implementation. Overall, when combining both periods, no significant long-term trend was detected (p =
0.497), indicating that the post-CPWL increase is not currently large enough to dominate the full record.

The increasing trend observed in TLI3 since the inception of CPWL irrigation is largely consistent with the increasing trend
in Chlorophyll-a and total nitrogen over the same period. This increasing Mid Lake TLI3 trend may also require a response
in accordance with Section 3.2.4 of the Groundwater and Surface Water Monitoring Plan

3.4 Lake Margin Sites

The three Lake Marginsites6 T LI ar déiguselB&virom 199v-98. These show a similar pattern to the Mid Lake
samples.
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Figure 3-5. Trophic Level Index 3 at Lake Margins in Te Waihora from 1997 1 2025
The trend analysis shows:

Taumutu:

1 Trend (before CPWL): no trend, p-value: 0.236, magnitude: -0.014
1 Trend (after CPWL): increasing, p-value: 0.016, magnitude: 0.073
1 Trend (overall): no trend, p-value: 0.359, magnitude: 0.006

Selwyn River Mouth:

1 Trend (before CPWL): no trend, p-value: 0.143, magnitude: -0.015
1 Trend (after CPWL): increasing, p-value: 0.002, magnitude: 0.075
1 Trend (overall): no trend, p-value: 0.475, magnitude: 0.004

South of Timber Yard:

1 Trend (before CPWL): no trend, p-value: 0.159, magnitude: -0.015
1 Trend (after CPWL): increasing, p-value: 0.002, magnitude: 0.081
1 Trend (overall): no trend, p-value: 0.708, magnitude: 0.002

In summary, at all three sites (Taumutu, Selwyn River Mouth, and South of Timber Yard), there were no significant trends
before CPWL, but each shows a clear and statistically significant increasing trend after CPWL( p O 0. 005, mag
0.0761 0.084). When considering the full record however, no significant overall trends are detected at any site.

3.5 Discussion

For most of the lake monitoring values the range of values measured since the commencement of CPWL activities is within
the range of values prior to the commencement of the CPWL water use. Mid-lake Chlorophyll-a concentrations and the
TLI3 score have also been increasing but currently exceed the trigger levels set for the lake. However, these values are still
within the ranges observed before the initiation of CPWL irrigation.



Total nitrogen concentrations in Te Waihora (Lake Ellesmere) have been rising over the past six years. This is consistent
with the anticipated increase due to the additional nitrogen load permitted under the CPWL consents. Despite this rise, the
concentrations remain below the lake's total nitrogen trigger level.

The upward trends in Chlorophyll-U , and TLI 3 score are |likely to be driven
is in line with what was anticipated when the CPWL consent was granted) combined with the fact that total phosphorus
concentrations in the lake remain at least twice as high as the trigger. There was an intent to reduce both the phosphorus
load coming from farming activities in the catchment, and also to reduce the legacy load of phosphorus in lake-bed

sediment by 50%. CPWL is working to minimise phosphorus loss from scheme properties as required to contribute to the
CLWRPs policies to reduce the catchment phosphorus load through good management practices, as outlined in Appendix

F. The increased commitment to these practices is illustrated by Table 14-1 in Appendix F and include (but not limited to)
actions such as:

Minimum or no till cultivation techniques are used when high risk of wind erosion

Soil nutrient status, specifically Olsen P, is maintained at or around the agronomic optimum levels

Phosphorus fertiliser applied at a time when losses from runoff are likely to be minimal

Grazing plan prepared and used as a guide for grazing particularly during wet winters and grazing high risk areas.

== == —a —a

In the years (prior to CPWL) where phosphorus was closest to the trigger (and total nitrogen was low), Chlorophyll-a and
TLI triggers were achieved. It seems that achieving the Chlorophyll-a and TLI triggers is unlikely to be attainable most of
the time unless the phosphorus is reduced by in the order of 50%. This is technically plausible, and has been done
elsewhere, but is controversial in terms of artificial interference with the lake which provokes various social and cultural
opinions. Options for controlling legacy P have previously been discussed in Robson (2014), Norton et al (2012) and Gibbs
and Norton (2012)3. A wide range of options were taken into account, but most were considered to be controversial and
have not been implemented.

As a result, the long-term vision for lake water quality involves some aspiration that is difficult to see being fully achieved
with currently known technologies and acceptance of current land uses. The CLWRP lists the various actions including a
50% reduction in the catchment annual phosphorus load (i.e., new P entering the lake from its catchment each year) and a
50% reduction of legacy lake internal phosphorus load (i.e. P entering the lake water column from its bed sediments).

The CLWRP recognises that, though the package of actions is significant, to achieve the full vision for the lake would
require wholesale changes in land use in the catchment which would not enable people and communities to provide for
their economic and social well-being. There is, however, potential for further improvement in the management of irrigation
and diffuse pollution as innovation continues to develop within the agricultural sector. This will provide the opportunity for
continual improvement in the health of Te Waihora/Lake Ellesmere and water bodies in the catchment over time.

However, as noted above, given the legacy P issue for the lake, it appears that the increasing Chlorophyll-a and TLI are
going to be difficult to limit, even if nitrogen concentrations are flattening as was predicted through modelling. It will be
important to monitor nitrogen concentrations to ensure that they continue to level off as predicted.

3 Robson, M 2014. Technical report to support water quality and quantity limit setting in Selwyn Waihora catchment. Predicting the
consequences of future scenarios: Overview report (Unpublished ECan report)

Norton et al. 2012 (Updated 2014). Predicting Consequences of Future Scenarios: Te Waihora / Lake Ellesmere. Prepared for ECan.

Gibbs, M and Norton, N 2012 (Updated 2014). Te Waihora/Lake Ellesmere: Water quality remediation and ecosystem restoration
opportunities. Prepared for Environment Canterbury



4.1 Introduction

The Groundwater and Surface Water Monitoring Plan Part Il provide an outline of the surface water quality monitoring sites
established for the CPWL scheme following the requirements specified in Condition 21(d) parts A, B and C. As well as
sites monitored by CPWL the monitoring program also includes several sites sampled by Environment Canterbury as part
of its State of the Environment surface water quality monitoring programme. The site locations are shown in Figure 2-8.

Overall, the monitoring network can be divided into 5 components (Table 4-1).

1 Upstream surface water quality sites (4 sites, located on the Waianiwaniwa, Hawkins, Hororata and
Selwyn/Waikirikiri rivers upstream of the CPWL area) (US)

1 In-scheme surface water quality sites (4 sites, located on the Waianiwaniwa, Hawkins, Hororata and
Selwyn/Waikirikiri rivers within the CPWL scheme area) (IS)

1 Downstream surface water quality site (1 site on the Selwyn River/Waikirikiri immediately downstream of the CPWL
scheme area) (SWSH)

1 Lowland stream water quality sites (16 sites, located in upstream and downstream pairs on the Halswell River, LII
River, Selwyn River/Waikirikiri, Irwell River, Hanmer Road Drain, Boggy Creek, Doyleston Drain and Harts Creek)
(SF)

1 Stockwater terminus sites for SDC stockwater schemes (SWT) (Not reported)

Sites are monitored for a number of determinands (including different nitrogen and phosphorus species) and are also
gauged for flow. Only nitrate-N plus nitrite-N* are reported on.

Table 4-1. Surface water monitoring sites  and trigger values

Site ID | Site Name Location Source Median | 95th %ile
Usl1 HawkinsRiver Upstream | Hill-fed 1.8 2.6
us2 Waianiwaniw&iver Upstream | Hill-fed 1.8 2.6
USss3 SelwyrRiver/Waikirikiri | Upstream | Hill-fed 1.8 2.6
us4 HororataRiver Upstream | Hill-fed 1.8 2.6
IS1 HawkinsRiver In-scheme | Hill-fed 1.8 2.6
IS2 Waianiwaniw&iver In-scheme | Hill-fed 1.8 2.6
IS3 SelwyrRiver/Waikirikiri | In-scheme | Hill-fed 1.8 2.6
1S4 HororataRiver In-scheme | Hill-fed 1.8 2.6
SF1 HalswellUpstream Source Springfed 5.2 7.4
SF2 LIIRiver Source Springfed 5.2 7.4
SF3 SelwyrRiver/Waikirikiri | Source Springfed 5.2 7.4
SF4 IrwellRiver Source Springfed 5.2 7.4
SF5 HanmermRoad Drain Springfed 5.2 7.4
SF6 BoggyCreek Source Springfed 5.2 7.4
SF7 DoylestorDrain Source Springfed 5.2 7.4

4 CPWL monitor for nitrate-N plus nitrite-N in surface waters. Comparison of available data shows that the concentration is
dominated by nitrate-N.



SF8 HartsCreek Source Springfed 5.2 7.4
T1 Halswel River Downstream Springfed 5.2 7.4
T2 LIIRiver Downstream Springfed 5.2 7.4
T3 SelwyrRiver/Waikirikiri | Downstream Springfed 5.2 7.4
T4 IrwellRiver Downstream Springfed 5.2 7.4
T5 HanmemRoad Drain Springfed 5.2 7.4
T6 Bogg\yCreek Downstream Springfed 5.2 7.4
T7 DoylestorDrain Downstream Springfed 5.2 7.4
T8 HartsCreek Downstream Springfed 5.2 7.4
SWSH | SelwyrRiver/Waikirikiri | Downstream Hill-fed 1.8 2.6
4.2 Results

The results are presented for each site and summarised in Table 4-2 and shown in Figure 4-1. Full results are in Appendix
D. Trend analysis has been carried out on the median data rather than the 95" percentile.
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Figure 4-1: Median nitrate concentrations and trends of surface water monitoring sites



Table 4-2: Summary of surface water quality results

orange (for spring -fed sites)

(NO3-N plus NO ,-N mg/l). Exceedances of triggers are highlighted in yellow (for

Trigger Annual measured
Trend (if
Site ID | Site Name Location Source | Median | 95th %ile | Median | 95 %ile | significant)
Us1 Hawkins River Upstream Hill-fed 1.8 2.6 0.16 0.42 | no trend
uS2 Waianiwaniwa River| Upstream Hill-fed 1.8 2.6 0.78 1.28 | no trend
Selwyn
US3 River/Waikirikiri Upstream Hill-fed 1.8 2.6 0.36 0.54 | no trend
usS4 Hororata River Upstream Hill-fed 1.8 2.6 0.44 0.96 | no trend
IS1 Hawkins River In-scheme Hill-fed 1.8 2.6 1.98 3.08 | no trend
1S2 Waianiwaniwa River| In-scheme Hill-fed 1.8 2.6 1.33 1.78 | no trend
Selwyn
1S3 River/Waikirikiri Inrscheme Hill-fed 1.8 2.6 0.86 1.38 | increasing
1S4 Hororata River In-scheme Hill-fed 1.8 2.6 2.06 2.92 | no trend
Spring
SF1 Halswell Upstream | Source fed 5.2 7.4 3.30 3.57 | notrend
Spring
SF2 LIl River Source fed 5.2 7.4 4.85 4.99 | no trend
Selwyn Spring
SF3 River/Waikirikiri Source fed 5.2 7.4 6.37 8.74 | no trend
Spring
SF4 Irwell River Source fed 5.2 7.4 1.98 3.63 | no trend
Spring
SF5 HanmemRoad Drain fed 5.2 7.4 2.11 3.17 | decreasing
Spring
SF6 Boggy Creek Source fed 5.2 7.4 4.19 4.77 | decreasing
Spring
SF7 Doyleston Drain Source fed 5.2 7.4 5.57 6.32 | no trend
Spring
SF8 Harts Creek Source fed 5.2 7.4 11.10 12.00 | increasing
Spring
T1 Halswell River Downstream | fed 5.2 7.4 2.24 2.82 | no trend
Spring
T2 LIl River Downstream | fed 5.2 7.4 3.55 3.70 | no trend
Selwyn Spring
T3 River/Waikirikiri Downstream | fed 5.2 7.4 6.95 8.00 | no trend
Spring
T4 Irwell River Downstream | fed 5.2 7.4 0.82 2.89 | no trend
Spring
T5 HanmerRoad Drain fed 5.2 7.4 1.29 2.81| no trend
Spring
T6 Boggy Creek Downstream | fed 5.2 7.4 3.69 4.73 | no trend
Spring
T7 Doyleston Drain Downstream | fed 5.2 7.4 1.39 4.53 | no trend

hill -fed sites) and




Spring
T8 Harts Creek Downstream | fed 5.2 7.4 8.70 9.00 | increasing
Selwyn
SWSH | River/Waikirikiri Downstream | Hill-fed 1.8 2.6 1.47 2.87 | no trend

4.2.1 Hawkins

US1 (upstream) has both median and 95" percentile concentrations well below the trigger levels (Figure 4-2). IS1 (in
scheme) has both median and the 95" percentile values above the triggers in general, including in 2024/25 (Figure 4-3).

The upstream site (US1) shows a declining trend, as does the in-scheme site (IS1): however, neither of the trends are
statistically significant.
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Figure 4-2: Hawkins River (US1) nitrate -N plus nitrite -N concentrations
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Figure 4-3: Hawkins River (IS1) nitrate -N plus nitrite -N concentrations



4.2.2 Waianiwaniwa River

Both US2 and 1S2 (Figure 4-4 and Figure 4-5) show a great deal of scatter in the data, with several exceedances of trigger
values over the 10 years of sampling. For 2024-25, the annual median and 95" percentile values are below or at the trigger
level. Both sites indicate a downward trend in concentrations, though again neither are statistically significant.
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Figure 4-4: Waianiwaniwa River (US2) nitrate -N plus nitrite -N concentrations
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Figure 4-5: Waianiwaniwa River (IS2) nitrate -N plus nitrite -N concentrations

4.2.3 Selwyn River/Waikirikiri

The upstream Selwyn site (US3) (Figure 4-6) shows very low nitrate-N plus nitrite-N concentrations (< 1mg/l) for both
median and 95% percentile concentrations. There is a non-significant upward trend in concentrations.



In scheme (IS3) (Figure 4-7) concentrations are generally below triggers, though there have been two incidences when 95t
percentile values exceeded the 2.6 mg/L trigger. Values for 2024-25 were both below their triggers. Again, there is an
upward trend, though in this case it is significant.

By SH1 (SWSH) (Figure 4-7) there is considerably more scatter in the data, both in terms of annual values through time
and between the median and 95™ percentile values. For 2024-25 the median concentration was below the trigger though
the 95" percentile was above its trigger.

SF3 (below SH1) (Figure 4-9) shows higher concentrations and even more scatter in the data. Both annual median and
95t percentile values were above their trigger levels for 2024-25 (noting that these triggers are for spring-fed sites and
higher than for the up-stream sites). There is no trend in the data.

T3 (Coes Ford) (Figure 4-10) again shows both annual median and 95" percentile values were above their trigger levels for
2024-25. The trend is increasing though this is not statistically significant.
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Figure 4-6: Selwyn River/Waikirikiri (US3) nitrate  -N plus nitrite -N concentrations
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Figure 4-7: Selwyn River/Waikirikiri ( 1S3) nitrate -N plus nitrite -N concentrations
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Figure 4-8: Selwyn River/Waikirikiri (  SWSH) nitrate -N plus nitrite -N concentrations
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Figure 4-9: Selwyn River/Waikirikiri (SF3) nitrate  -N plus nitrite -N concentrations
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Figure 4-10: Selwyn River/Waikirikiri (T3) nitrate  -N plus nitrite -N concentrations

4.2.4 Hororata River

The Hororata River at US4 shows both annual median and 95" percentile values were well below their trigger levels
throughout the record (Figure 4-11). There is a slight downward trend though this is not significant. The 1S4 site shows both
annual median and 95™ percentile values frequently exceed their trigger levels, including for 2024-25 (Figure 4-12). There
is an increasing trend though it is not statistically significant (p = 0.074).
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Figure 4-11: Hororata River (US4) nitrate -N plus nitrite -N concentrations
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Figure 4-12: Hororata River (1S4) nitrate -N plus nitrite -N concentrations

42411 Halswell Upstream

Both the upstream spring fed source (SF1) and the downstream (T1) sites show concentrations that are well below the
trigger levels for both annual median and 95 percentile throughout the record (Figure 4-13 and Figure 4-14). The T1
samples are lower concentration than the SF samples. There is an apparent declining trend though it is not significant.
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Figure 4-13: Halswell River ( SF1) nitrate -N plus nitrite -N concentrations
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Figure 4-14: Halswell River (T1) nitrate -N plus nitrite -N concentrations

42412 LIl River

Again, both upstream (SF2) and the downstream (T2) sites show concentrations that are below the trigger levels for both
annual median and 95™ percentile throughout the record (Figure 4-15 and Figure 4-16). The T2 samples are lower
concentration than the SF samples. There is an apparent increasing trend for SF2 though it is not significant.
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Figure 4-15: LIl River (SF2) nitrate -N plus nitrite -N concentrations
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Figure 4-16: LIl River (T2) nitrate -N plus nitrite -N concentrations

4.2.4.1.3 Irwell River

Again, both upstream (SF4) and the downstream (T4) sites show concentrations that are below the trigger levels for both
annual median and 95™ percentile throughout the record (Figure 4-17 and Figure 4-18). The T4 samples are slightly higher
concentration than the SF samples. There is no trend for the sites.
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Figure 4-17: Irwell River (SF4) nitrate -N plus nitrite -N concentrations
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Figure 4-18: Irwell River (T4) nitrate -N plus nitrite -N concentrations

42.4.1.4 SF5 Hanmer Road

Generally, both upstream (SF5) and the downstream (T5) sites show concentrations that are generally below the trigger
levels for both annual median and 95" percentile throughout the record, though higher concentrations in 2016-17 and
2017-18 for SF5 resulted in some exceedances of the triggers. There is a decreasing trend for SF5 (statistically significant)
and a slightly increasing trend for T5, though this is not significant.
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Figure 4-19: Hanmer Road (SF5) nitrate -N plus nitrite -N concentrations
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Figure 4-20: Hanmer Road (T5) nitrate -N plus nitrite -N concentrations

42415 Boggy Creek

SF6 and T6 both showed exceedances of the median and 95" percentile triggers pre-2018-19 but have generally been
below trigger levels since (Figure 4-21 and Figure 4-22). Both have a decreasing trend which, in the case of SF6 is
statistically significant.
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Figure 4-21: Boggy Creek ( SF6) nitrate -N plus nitrite -N concentrations
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Figure 4-22: Boggy Creek (T6) nitrate -N plus nitrite -N concentrations

42416 Doyleston Drain

SF7 and T7 both show exceedances of trigger concentrations, though in the case of T7 this was only in 2017-18 and other
than that, concentrations for both median and 95" percentile values are below the triggers (Figure 4-23 and Figure 4-24).
Higher concentrations for the upstream site (SF7) appear to have declined with an overall downward trend (though it is not
significant) but median concentrations are still above the trigger value.
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Figure 4-23: Doyleston Drain (SF7) nitrate -N plus nitrite -N concentrations
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Figure 4-24: Doyleston Drain (T7) nitrate -N plus nitrite -N concentrations

4.2.4.1.7 Harts Creek

SF8 and T8 on Harts Creek both show very similar patterns with significant increasing trends (Figure 4-25 and Figure
4-26). SF8 is above the trigger levels for both median and 95" percentiles throughout the record. T8 tends to have better
water quality than the upstream site and, in the first two years of record, had 95%ile concentrations less than the trigger,
though this has been exceeded since 2017-18.
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Figure 4-25: Harts Creek (S F8) nitrate -N plus nitrite -N concentrations
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Figure 4-26: Harts Creek (T8) nitrate -N plus nitrite -N concentrations

4.3 Discussion

A summary of the surface water site that exceed or are below their trigger is shown in Table 4-3.

Table 4-3: Summary of results for surface water sites

Exceed trigger Below trigger
Increasing trend 2 1
No statistically significant trend 6 14
Decreasing trend 0 2

The majority of sites have both median and 95th percentile values for nitrate-N plus nitrite-N that are below the specified
trigger values. At the lower end of the Plains, most lowland stream sites show nitrate-N plus nitrite-N concentrations that
are below trigger levels. It is not unusual for the downstream sites to have concentrations lower than upstream sites. Only
Harts Creek has very high concentrations and significantly increasing trends for both upstream and downstream sites.
Concentrations here were above trigger levels from the start of the record. Earlier work (commissioned by ESAI) on Harts
Creek and Birdlings Brook had identified a considerable upward trend (with virtual certainty, P value <0.001) in the data
from the mid-1990s. The updated data for ECan monitoring site SQ30992 (approximately 1km upstream of the lake) are
shown in Figure 4-27.
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Figure 4-27. Environment Canterbury monitoring site  SQ30992 (Harts Creek, approximately one kilometre upstream of Te Waihora) nitrate -N + nitrite -N
concentrations.

As outlined in Section 4.1 prior to commencement of CPWL, water quality at some sites (for example, Hawkins River at
Auchenflower Road, Selwyn River/Waikirikiri at Coes Ford) were at or above the CPWL trigger values, and it was
recognised that pre-CPWL baseline water quality was unlikely to meet the nominated triggers across the entire CPWL
network. Rather than adopting tiered triggers to address this issue, the potential exceedance of the nominated trigger levels
due to spatial and/or temporal variations in baseline water quality was specifically provided for in the trigger response
process.

The responses that we are now observing are somewhat at odds with the expectations from modelling presented in the
Groundwater and Surface Water Monitoring Plan Part Il (Table 16, Scenario 1). The main discrepancies are presented in
Table 4-4.

Table 4-4: Main discrepan cies between expected outcomes from CPWL activities and observations (2025)

Annual measured
nitrate (Trigger)
Site ID | Site Name Location Median | 95 %ile | Expectation
2.06 2.92
1S4 Hororata River In-scheme (1.8) (2.6) | Below trigger levels
Selwyn 6.37 8.74
SF3 River/Waikirikiri Source (5.2) (7.4) | Below trigger levels
Selwyn 6.95 8.00
T3 River/Waikirikiri Downstream (5.2) (7.4) | Exceed mean and 95%ile triggers
Selwyn 1.47 2.87
SWSH | River/Waikirikiri Downstream (1.8) (2.6) | Below trigger levels
11.10 12.00
SF8 Harts Creek Source (5.2) (7.4) | Below trigger levels
8.70 9.00
T8 Harts Creek Downstream (5.2) (7.4) | Below trigger levels
1.29 2.81
T5 HanmemRoad Drain (5.2) (7.4) | Exceed 95%ile trigger
3.69 4.73
T6 Boggy Creek Downstream (5.2) (7.4) | Exceed mean and 95%ile triggers
1.39 4.53
T7 Doyleston Drain Downstream (5.2) (7.4) | Exceed 95%ile trigger




That is, the modelling had suggested that mean nitrate-N plus nitrite-N concentrations were likely to exceed triggers at
Boggy Creek (T6) and Selwyn River/Waikirikiri (T3). 95" percentile concentrations were expected to exceed triggers at
Doyleston Drain (T7), Boggy Creek (T6), Hanmer Road(T5) and Selwyn River/Waikirikiri (T3).

This is not entirely consistent with observations for 2024-25 which show exceedances of both triggers at Hororata River
(1S4), Selwyn River/Waikirikiri (SF3), Harts Creek (SF8 and T8), as well as exceedances of the 951 percentile at Selwyn
River/ Waikirikiri (SWSH) and the median at Doyleston Drain (SF7). The only site that does show agreement with
predictions is Selwyn River/Waikirikiri (T3).

After discussion with the GSWERP, it was decided that there will be an initial investigation into Harts Creek,
Selwyn/Waikirikiri River (SWSH) and the Hororata River (IS4) to explore any causes and report back to GSWERP. This will
be reported separately.



5.1 Introduction

CPWL monitor nitrate and E Coli in twenty groundwater quality monitoring bores, listed in Table 5-1: Groundwater quality
trigger-Nis@@5arg/Lf or
based on a 5-year annual average concentration (Table 5-1). The bores that were paired with ECan monitoring bores are
shown in Table 5-2.

triggers for the CPWL monitoring programme and shown in Figure 2-9. CP WL 6 s

The design of the CPWL groundwater monitoring programme utilises low flow sampling techniques in bores screened
across the full range of water table fluctuations. The aim is to obtain water samples from the upper one metre of the

saturated zone and isinten d e d

to provide
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utilised for potable supply in the Central Plains area are screened well below the minimum water table depth (therefore
accessing a mix of groundwater derived from a relatively extensive up gradient recharge area).

Due to their construction and the sampling method of sampling utilised, CPWL monitoring bores are particularly vulnerable
to microbial contamination at levels which may not persist at depths at which groundwater is accessed for potable supply.

Previous work has been carried out by Lincoln Agritech (Robb and Rutter, 2025) on trends in nitrate concentrations in

C P WL graundwater bores. This used the same analytical approach as that applied by ECan, allowing for a direct
comparison of results, with the analysis allocating trends to very likely increasing, likely increasing, indeterminate, likely
decreasing or very likely decreasing. In the analysis presented here, we report whether each bore shows an increasing or
decreasing trend and the associated p-value. Unlike the previous trend analysis, we have not subdivided the trends into

finer categories (e.g., very likely increasing/decreasing). As a result many morebores f al | i nto t he
Table 5-1: Groundwater quality triggers for the ~ CPWL monitoring programme
Contaminant Measurement Trigger
Nitrate-Nitrogen 5-year annual average 7.65 mg/L
concentration®
E coli Median concentration™ <1 organism/100 millilitres
{a) Inshallow groundwater <50 metres below groundwater level
(b} Measured over the length of record
Table 5-2. CPWL monitoring bores toge ther with paired ECan bores
Bore Top screen | Bottom screen GWL Paired with Top screen | Bottom | GWL (m
screen | bgl)
BW22/0041 1 10 5-7 L35/0596 15.65 17.2 4-8
BW22/0042 1 25.3 14-24 L35/0799 32 39
BX21/0017 1.1 111 7-10 L36/0003 11m Hand dug 4-7
BX21/0018 55.1 105.1 7595 L36/1157 98 100 75-78
BX22/0041 10.1 40.1 19-24 L36/0059 42.6 47.2 26-36
BX22/0042 294 69.4 4049 L36/2122 80.4 82.4 46-71
BX22/0043 20.1 70.1 50-65 L36/0424 89 92 51-58
BX22/0044 9 4-8 L36/0107 9.1 5-6

5 Now replaced with BX22/0017 14-22m screen

fiind




5.2 Results

5.2.1 Nitrate 5 year mean concentration

The 5-year mean nitrate-N for the 2020-21 to 2024-25 period is shown in Table 5-3 and shown in Figure 5-1. Trends were
calculated using the Mann-Kendall approach (see AppendixEy\based on 10 yearsdé dat a.

The results are similar to those for the previous 5-year assessment period. The main differences are that BX22/0053 and
BX22/0066 are now below the trigger level. Both these are at the lower plains end of the CPWL scheme area.
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Figure 5-1: Five -year annual mean Nitrate -N concentrations from 2020 -2025 and 10-year trends



Table 5-3: Five-year annual mean Nitrate -N concentrations from 2020 -2025 (highlighting nitrate concentrations greater than 7.65 mg/L

trends , and significance level of the trend.

Base | Fiveyear mean Significance
Bore Stage Top screen screen NitrateN (mg/l) Trend (p value)

BW22/0041 | Sheffield 1 10 5.04 Indeterminate 0.12
BW22/0042 | Sheffield 1 25.3 6.75 Indeterminate 0.44
BX21/001% Stage 1 1.1 11.1 12.23 Indeterminate 091
BX21/0018 Stage 1 55.1 105.1 2.06 Decreasing 0
BX22/0041 Stage 1 10.1 40.1 5.74 Indeterminate 0.14
BX22/0042 Stage 1 29.4 69.4 7.07 Increasing 0
BX22/0043 Stage 1 20.1 70.1 13.88 Increasing 0.01
BX22/0044 Stage 1| 9m deep 5.09 Decreasing 0.003
BX22/0046 Stage 1 1 30 12.88 Decreasing 0.001
BX22/0058 Stage 1 25.3 50.3 6.95 Decreasing 0.003
BX22/0065 Stage 2 10.3 40.3 13.79 Indeterminate 0.15
BX22/0066 Stage 2 15.2 45.3 6.86 Indeterminate 0.17
BX22/0067 Stage 2 15.3 45.3 16.06 Indeterminate 0.28
BX22/0068 Stage 2 39.6 84.6 1210 Indeterminate 0.79
BX22/0069 Stage 2 30.6 65.6 12.53 Increasing 0.01
BX22/0070 Stage 2 60.7 100.7 8.54 Indeterminate 0.29
BX22/0071 Stage 2 35 79 3 Decreasing 0.02
BX22/0072 Stage 2 10 35.2 10.11 Indeterminate 0.55
BX23/0423 Stage 2 20 47.4 15.43 Increasing 0.002
BX23/0424 Stage 2 15.3 60.3 11.66 Indeterminate 0.64

in yellow ), 10-year

A summary of the groundwater sites that exceed or are below the trigger levels and their trends is summarised in Table

5-4.

Table 5-4. Summary of the groundwater sites that exceed or are below the trigger levels and their trends

Exceed trigger

Below trigger

Increasing trend 3 1
No statistically significant trend 7 4
Decreasing trend 1 4

6 All have an anomalous <0.01 value reported from Hill Laboratories for either December 2018 or December 2024. Used
estimated nitrate-N based on total nitrogen value in the analysis of results, apart from BX22/0068 for which the <0.01 value

was removed.



5.2.2 Nitrate concentrations and trends
5.2.2.1 Sheffield

52211 BW22/0041

Nitrate-N concentrations in BW22/0041 are below the 7.65 mg/I trigger on all but two occasions (Figure 5-11). After the low
in 2017 there was a rapid increase in concentrations, with a peak in 2018 and a general downward trend since. The low
concentration in 2017 followed by a peak in 2018 is likely to have been driven by the low recharge winters of 2015 and
2016, followed by the extreme rainfall in 2017. The plots suggest the trend is decreasing (Figure 5-12), however, the trend
is not significant.

This bore was paired with ECan bore L35/0596 which has been monitored since 2005 and is still monitored. Figure 5-46
shows good correspondence between the results from the two bores and shows that current concentrations are much less
than the peak of 14 mg/l recorded in 2013.
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Figure 5-2: BW22/0041 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BW22/0041
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Figure 5-3: BW22/0041 nitrate -N, showing raw data, trend and trigger value

5.2.2.1.2 BW22/0042

Nitrate concentrations in BW22/0042 often exceed the 7.65 mg/l trigger but are seasonal, with the peaks often occurring in
winter and corresponding low concentrations in the summer (Figure 5-4). The yearly mean is usually below the trigger, and
the 2020-21 1 2024-25 5-year mean is below the trigger level. The plots suggest the trend is decreasing (Figure 5-5),
however, due to the large variation in nitrate concentrations the trend is not significant.
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Figure 5-4: BW22/0042 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BW22/0042
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Figure 5-5: BW22/004 2 nitrate -N, showing raw data, trend and trigger value
5222 Stagel

5.2.2.21 BX21/0017

Nitrate concentrations in BX21/0017 are almost always above the 7.65 mg/l trigger (Figure 5-6 and Figure 5-7). Again,
there was a low concentration in 2017 followed by a rapid increase in concentrations, t hough t he peak
June 2019. The 2020-21 1 2024-25 5-year mean is above the trigger level. The analysis for BX21/0017 show the trend as
indeterminate (Figure 5-7).

High resolution monitoring data for this bore suggests there could be some short-circuiting of groundwater recharge and
transport (Figure 5-8). Major rainfall events are usually followed by a sharp decline in nitrate-N concentrations (of up to
~4mg/l), this occurring within two days of the rainfall event (Figure 5-8). Nitrate-N concentrations then gradually increase
again over the next 2-3 weeks, usually resulting in a concentration higher than prior to the rainfall event. This potentially
could be the result of a preferential flow/transport pathway resulting in localised dilution, followed by a more gradual
increase due to a general increase in nitrate-N in the area as a result of the recharge.

di



Site: BX21/0017
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Figure 5-6: BX21/0017 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value

Mann-Kendall Trend (Raw Data): BX21/0017
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Figure 5-7: BX21/0017 nitrate -N, showing raw data, trend and trigger value
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Figure 5-8: BX21/0017 GWH50 nitrate sensor data showing  decline in nitrate -N concentrations following major rainfall events

5.2.2.22 BX21/0018

Nitrate concentrations in BX21/0018 are below the 7.65 mg/I trigger on all sample occasions (Figure 5-9). Again, following
a relatively low concentration in 2017 there was an increase in concentrations, with a peak in 2018 and a clear downward
trend since. The 2020-21 7 2024-25 5-year mean is below the trigger level. A statistically significant decreasing trend was
observed (p < 0.05) (Figure 5-10).
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Figure 5-9: BX21/0018 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value
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Figure 5-10: BX21/0018 nitrate -N, showing raw data, trend and trigger value

52.2.23 BX22/0041

Nitrate concentrations in BX22/0041 are below the 7.65 mg/l trigger on all but one sample occasions (Figure 5-11). There is
no clear response to the high rainfall in 2017 and no clear seasonal pattern. The 2020-21 7 2024-25 5-year mean is below
the trigger level. Although there appears to be an increasing trend (Figure 5-12), it is not statistically significant (p > 0.05).

Limited GW50 data suggest nitrate concentrations can spike with rainfall, taking up to two weeks to recess back to pre-

rainfall concentrations.

Nitrate (mg/L)
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Figure 5-11: BX22/0041 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0041
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Figure 5-12: BX22/0041 nitrate -N, showing raw data, trend and trigger value

52224 BX22/0042

Nitrate concentrations in BX22/0042 fluctuate above and below the 7.65 mg/l trigger (Figure 5-13). There is no clear
response to the high rainfall in 2017 and no clear seasonal pattern. The 2020-21 1 2024-25 5-year mean is below the
trigger level. A statistically significant increasing trend was observed (p < 0.05) (Figure 5-14).

Given the upward trend, it appears likely that the 5-year mean will soon exceed the trigger level.

This bore was paired with ECan monitoring bore L36/2122 which has been monitored since 2006 and is still monitored.
Comparison of the two (Figure 5-49) shows that although there is much greater variability in the shallower CPWL bore than
in the ECan bore, both show a similar trend (and concentrations) which appears to have been consistent since 2006. On
the basis of this, the increasing trend in BX22/0042 appears unlikely to be attributable to CPWL activities.
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Figure 5-13: BX22/0042 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0042
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Figure 5-14: BX22/0042 nitrate -N, showing raw data, trend and trigger value

5.2.2.25 BX22/0043

Nitrate concentrations in BX22/0043 are always above the 7.65 mg/l trigger (Figure 5-15). There is no clear response to the
high rainfall in 2017 and no clear seasonal pattern. The 2020-21i 2024-25 5-year mean is above the trigger level. A
statistically significant increasing trend was observed (p < 0.05) (Figure 5-16), although this site already had high nitrate
concentrations,evenear |l y in CPWLO6s operations.

Site: BX22/0043

Raw Data
Yearly Mean
-== Trigger Value (7.65 mg/L)
16 A
Last 5-year mean
14
-
=
=]
E
[0}
212 4
=
=
=2
10 A
8 -
T T T T T T T T T T
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Date

Figure 5-15: BX22/0043 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0043
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Figure 5-16: BX22/0043 nitrate -N, showing raw data, trend and trigger value

5.2.2.2.6

Nitrate concentrations in BX22/0044 are below the 7.65 mg/l trigger on most sample occasions (Figure 5-17). The
concentrations show a seasonal signal, tending to peak around late winter/early spring. Again, following relatively low
concentrations in 2017 there appeared to be an increase, with a peak in September 2017 and a general downward trend
since. The 2020-21 7 2024-25 5-year mean is below the trigger level. A statistically significant decreasing trend was

BX22/0044

observed (p < 0.05) (Figure 5-18).
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Figure 5-17: BX22/0044 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value




Mann-Kendall Trend (Raw Data): BX22/0044
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Figure 5-18: BX22/0044 nitrate -N, showing raw data, trend and trigger value

5.2.2.2.7 BX22/0046

Nitrate concentrations in BX22/0046 are above the 7.65 mg/l trigger on most sample occasions (Figure 5-19). Again,
following a relatively low concentration in 2017 there was a rapid increase in concentrations, with a peak in September
2017 and a downward trend since. The 2020-21 1 2024-25 5-year mean is above the trigger level. A statistically significant
decreasing trend was observed (p < 0.05) (Figure 5-20).

Site: BX22/0046

Raw Data
221 Yearly Mean
——- Trigger Value (7.65 mg/L)
Last 5-year mean
20 A
18 1
)
S 16 -
E
2
O 14
=
=
12 4
104
e
T T T T T T T T T T
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Date

Figure 5-19: BX22/0046 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0046
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Figure 5-20: BX22/0046 nitrate -N, showing raw data, trend and trigger value

52.2.28 BX22/0053

Nitrate concentrations in BX22/0053 are above the 7.65 mg/l trigger on most sample occasions (Figure 5-21). Again, there
appeared to be an early increase in concentrations, with a peak in September 2017 and a general downward trend since.
The 2020-217 2024-25 5-year mean is below the trigger level. A statistically significant decreasing trend was observed (p
< 0.05) (Figure 5-22).
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Figure 5-21: BX22/0053 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0053
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Figure 5-22: BX22/0053 nitrate -N, showing raw data, trend and trigger value
5.2.2.3 Stage 2

52231 BX22/0065

Nitrate concentrations in BX22/0065 are almost always above the 7.65 mg/l trigger (Figure 5-23). The peak concentration
occurred in September 2017 and there is no clear seasonal pattern. The 2020-21i 2024-25 5-year mean is above the
trigger level. Whilst an increasing trend was observed (not statistically significant) (Figure 5-24) it is clear that this site
already had high nitrate concentrations, even early 1in

High resolution data from the GW50 sensor at this site suggests that rainfall events could result in significant peaks, with
changes of up to ~10 mg/l nitrate-N, the peak lasting for less than a week before returning to pre-event concentrations.
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Figure 5-23: BX22/0065 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value
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Mann-Kendall Trend (Raw Data): BX22/0065
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Figure 5-24: BX22/0065 nitrate -N, showing raw data, trend and trigger value

5.2.2.3.2 BX22/0066

Nitrate concentrations in BX22/0066 fluctuate above and below the 7.65 mg/l trigger (Figure 5-25). There is no response to
the high rainfall in 2017 and no clear seasonal pattern. The 2020-211 2024-25 5-year mean is below the trigger level.
Whilst an increasing trend was observed (not statistically significant) (Figure 5-26) it is clear this site already had high
nitrate concentrations, even early in CPWLG6s operations.

Unlike some of the other bores, nitrate-N concentrations appear to be inversely related to groundwater levels, with the
lowest concentrations occurring when groundwater levels are high and vice versa (Figure 5-27). This is an unusual
response. The land owner, at the time of drilling, observed that groundwater levels in the area responded rapidly to Selwyn
River flows and it is possible that this is impacting on the observed nitrate concentrations, with river water elevating
groundwater levels and diluting nitrate concentrations.
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Figure 5-25: BX22/0066 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value



Mann-Kendall Trend (Raw Data): BX22/0066

e Raw Data
141 —-—- Trend Line
® —== Trigger Value (7.65)
o
12 A o
o o
10 A
o
o
o
® ®
L e . ® e - ]
§ L ] o ==
—————— Bemmmm =TT
64 o __..--—-o—--'o ___________________ ®. o e 04
--------- . e . ® o
o oo ® o .
44 ® L ] P L ] ©
o
2
0 . T T T T T T T ‘ T
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year
Figure 5-26: BX22/0066 nitrate -N, showing raw data, trend and trigger value
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Figure 5-27: BX22/0066 showing inverse relationship between nitrate concentrations and groundwater level

5.2.2.3.3 BX22/0067

Nitrate concentrations in BX22/0067 are always above the 7.65 mg/l trigger (Figure 5-28). There was a peak in September
2017 in response to the recharge at that time but no clear seasonal pattern. The 2020-21 7 2024-25 5-year mean is above
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has not declined since. An increasing trend was observed (Figure 5-29), but it is not statistically significant.

This bore also shows some significant impacts from rainfall events which are apparent from the GW50 nitrate sensor data.
The rainfall on 30 April/1 May 2025 was followed within 2 days by a decrease in nitrate-N concentrations of around 8 mg/I
and recovery to lower concentrations within 1 7 2 weeks (Figure 5-30). Again, this type of response suggests there could
be some short-circuiting of flow and transport from the land surface to depth, although the response is not consistent with

every rainfall event and it may be that there are other influences on nitrate concentrations.



Figure 5-28: BX22/0067 nitrate -N, showing raw data, yearly mean, last 5 -year mean and trigger value

Figure 5-29: BX22/0067 nitrate -N, showing raw data, trend and trigger value















































































































































































































