Auckland Tauranga Wellington Christchurch

PATTLE DELAMORE PARTNERS LTD

Assessment of Groundwater and Surface
Water Quality Effects from Wastewater
Irrigation at Silver Fern Farms, Pareora
Silver Fern Farms Ltd

solutions for your environment

Assessment of Groundwater and
Surface Water Quality Effects from
Wastewater Irrigation at Silver
Fern Farms, Pareora
• Prepared for

Silver Fern Farms Ltd

• February 2017

PATTLE DELAMORE PARTNERS LTD
295 Blenheim Road
Upper Riccarton, Christchurch 8041
PO Box 389, Christchurch 8140, New Zealand

C 01540206R001

Tel +64 3 345 7100 Fax +64 3 345 7101
Website http://www.pdp.co.nz
Auckland Tauranga Wellington Christchurch

i
SILVER FERN FARMS LTD - ASSESSMENT OF GROUNDWATER AND SURFACE WATER QUALITY
EFFECTS FROM WASTEWATER IRRIGATION AT SILVER FERN FARMS, PAREORA

Quality Control Sheet

Assessment of Groundwater and Surface Water Quality Effects from Wastewater

TITLE

Irrigation at Silver Fern Farms, Pareora

CLIENT

Silver Fern Farms Ltd

VERSION

Final

ISSUE DATE

10 February 2017

JOB REFERENCE

C01540206

SOURCE FILE(S)

C01540206R001

DOCUMENT CONTRIBUTORS

Prepared by

SIGNATURE

Hilary Lough Patrick Lees

Jane Alexander

Reviewed and approved by

SIGNATURE

Peter Callander

Limitations:
This report has been prepared by Pattle Delamore Partners Limited (PDP) on the basis of information provided by
Silver Fern Farms Ltd and other (not directly contracted by PDP for the work), including Environment Canterbury
and Lowe Environmental Impact. PDP has not independently verified the provided information and has relied upon
it being accurate and sufficient for use by PDP in preparing the report. PDP accepts no responsibility for errors or
omissions in, or the currency or sufficiency of, the provided information.
This report has been prepared by PDP on the specific instructions of Silver Fern Farms Ltd for the limited purposes
described in the report. PDP accepts no liability if the report is used for a different purpose or if it is used or relied
on by any other person. Any such use or reliance will be solely at their own risk.

C 01540206R001

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

ii
SILVER FERN FARMS LTD - ASSESSMENT OF GROUNDWATER AND SURFACE WATER QUALITY
EFFECTS FROM WASTEWATER IRRIGATION AT SILVER FERN FARMS, PAREORA

Executive Summary
Silver Fern Farms Ltd operates a meat processing plant at Pareora south of
Timaru. Currently wastewater from the plant is disposed of via a combination of
land irrigation and an outfall structure to the sea. These discharges to land and
sea were consented in 2006 (CRC163704 and CRC163849 respectively) and expire
on 29 August 2017.
Silver Fern Farms has engaged Pattle Delamore Partners Ltd (PDP) to prepare this
assessment of effects on groundwater quality and levels and surface water
quality and ecology associated with the renewal of consent CRC163704 for
irrigation of wastewater to land.
This assessment of effects indicates that the potential effects can be considered
either less than minor or can be managed in a way that they can be considered to
be less than minor.
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1.0

Introduction

Silver Fern Farms Ltd operates a meat processing plant at Pareora south of
Timaru. Currently wastewater from the plant is disposed of via a combination of
land irrigation and an outfall structure to the sea. These discharges to land and
sea were consented in 2006 (CRC163704 and CRC163849 respectively) and expire
on 29 August 2017.
Silver Fern Farms has engaged Pattle Delamore Partners Ltd (PDP) to prepare this
assessment of effects on groundwater quality and levels and surface water
quality and ecology associated with the renewal of consent CRC163704 for
irrigation of wastewater to land.
Under CRC163704, Silver Fern Farms is consented to irrigate on two areas of land
referred to in the consent as the terrace discharge area and the river flats
discharge area. The terrace discharge area comprises two irrigation blocks
known to Silver Fern Farms as the terrace block and the village block. The river
flats discharge area is referred to by Silver Fern Farms as the river block . The
consented areas of these blocks are located to the north and south-west of the
processing plant respectively, as shown in Figure 1. Figure 2 shows the locations
of the blocks as referred to by Silver Fern Farms.
Silver Fern Farms is consented to irrigate 167 ha of the terrace area and 62 ha of
the river flats area. At present approximately 141 ha of the terrace discharge
area (the terrace block and the village block) is irrigated. The village block is
irrigated via K-line, while the terrace block is irrigated via three full, and two half,
centre pivot irrigators. These blocks are run as cut-and-carry operations with the
grass removed around four times per year. There is no irrigation occurring on
the river flats area. This area is currently used for dry stock grazing and
providing winter feed. The majority of the terrace block drains to a constructed
wetland adjacent to the coast. Figure 2 also shows a block known as Grants
Block, which is not currently consented for wastewater irrigation but may be
considered for future irrigation.
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Figure 1: Location of processing plant and consented irrigation areas
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Figure 2: Silver Fern Farms block areas

C 01540206R001

P A T T L E

D E L A M O R E

P A R T N E R S

L T D

4
SILVER FERN FARMS LTD - ASSESSMENT OF GROUNDWATER AND SURFACE WATER QUALITY
EFFECTS FROM WASTEWATER IRRIGATION AT SILVER FERN FARMS, PAREORA

CRC163704 specifies that any irrigation on the river flats area (and also on any
portions of the terrace area which do not drain to the wetland) must be managed
according to a soil moisture deficit (SMD). This means irrigation on these areas
can only be carried out when the soil water content is below field capacity, and
only with enough wastewater to bring the soil back to field capacity. Irrigation
on the terrace area that drains to the wetland does not require the same deficit
management approach but is instead managed such that runoff and ponding is
avoided.
Since December 2008, 43% of the total wastewater volume has been disposed of
via land irrigation. The proportion of wastewater discharged to land has
increased steadily throughout the monitoring period, with approximately 65% of
wastewater being discharged to land in the two most recent seasons . Silver Fern
Farms has been exploring options for further increasing and maximising
wastewater irrigation, in order to minimise their discharge to the sea.
PDP has completed an assessment of the potential to achieve full irrigation of
future wastewater from the site, which is presented in PDP (2016). The
investigation concluded that a significant increase in the irrigated land area
would be required, with monthly hydraulic loading on the receiving so ils
considered to be the limiting factor. Extended periods of saturated soil
conditions during wetter months revealed a need for an alternative wastewater
management option during these times (such as storage or ocean outfall)
regardless of the irrigable area available.
Silver Fern Farms has previously completed an investigation into the option of
discharging wastewater to land via infiltration trenches. The results of the initial
investigations with clean water suggested that this may be a viable option , as
discussed in PDP (2006), but further trials using wastewater revealed that rapid
clogging of the trenches occurred (A. Johnstone, Silver Fern Farms Environmental
Advisor, pers. comm., 18 October 2016).
Silver Fern Farms propose to continue to develop the irrigation area, maximising
the amount of effluent that can be irrigated. However, it will s till be necessary to
discharge effluent to the sea when environmental or soil conditions are not
suitable for irrigation.

2.0
2.1

Description of the receiving environment
Climate

Silver Fern Farms maintain an onsite weather station with five years of recent
data available. Data is also available for NIWA weather stations in Timaru, which
the Silver Fern Farms data has been verified against.
Long-term rainfall and potential evapotranspiration data was obtained from
NIWA’s virtual climate network for a station immediately to the north of the
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terrace irrigation area and checked against 24 years of data from the Timaru
Airport weather station. This data indicates there is approximately 520 mm of
rainfall at the site each year, varying between approximately 33 mm in
September and 51 mm in December. The highest rainfall is generally recorded in
December, with the lowest average rainfall measured in June, July and
September. The average monthly potential evapotranspiration varies from
20 mm in June and July up to 135 mm in December and January. These patterns
are generally reflected in the climate data measured at Silver Fern Farms Pareora
over the last five seasons.
Hourly surface wind data was used to investigate predominant wind speed and
directions measured at the Silver Fern Farms Pareora climate station. Data from
2011 to 2016 was imported into AERMET View and analysed with WRPLOT View .
The resultant wind rose is presented in Figure 3. The prevailing wind directions
are from the west and north-west. Figure 4 shows that wind speeds are
generally low, with wind speeds below 5.7 m/s approximately 95% of the time.
Calm conditions occur 1.8% of the time. The highest winds were recorded from
the west and north-west directions.

Figure 3: Wind rose for surface wind speeds at Silver Fern Farms Pareora
weather station (August 2011 - July 2016 inclusive)
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Figure 4: Distribution of surface wind speeds at Silver Fern Farms Pareora
weather station (August 2011 - July 2016 inclusive)
The annual mean temperature in Timaru is 11.2 °C. January is the hottest month
with an average of 15.9 °C, while July, the coldest month, has a recorded average
temperature of 5.0 °C. This is consistent with records from the Silver Fern Farms
Pareora climate station. Ground frost is recorded on around 84 days per year
and bright sunshine occurs approximately 1,826 hours per year.

2.2

Geology and soils

The wider Pareora River catchment is underlain by greywacke and argillite
sediments (Forsyth, 2001; Hayward, Meredith, & Lavender, 2003). The 1:250 000
geological map for the Waitaki Area (Forsyth, 2001) shows these sediments to be
overlain by more recent sandstones and mudstones. These sediments are
overlain by the Kowai Formation, which consists of weathered gravel with silt
and sand beds. Aitchison-Earl et al. (2006) describe how this formation is known
as the Cannington Gravels in this area. Forsyth (2001) indicate that these
Cannington Gravels are overlain by quaternary deposits of at least 50 m
thickness. There is a transition in the quaternary deposits at surface to the north
of the Pareora River. The northern irrigation area (the terrace block) is located
on thick loess deposits (Q8e on Forsyth (2001)), while the southern areas (village
block and the river flats) are located on alluvial sand and gravel deposits
associated with the Pareora River with patchy loess cover on the older terraces
(Q4a and Q1a on Forsyth (2001)).
The terrace block’s topography consists of strongly undulating and rolling land
dissected by large gullies. The loess is overlain by topsoil predominantly
comprising Claremont silt loam, which contains a loam layer with iron
concretions at depths generally between 35 and 61 cm. Areas of Windermere
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soils are also present. A soil assessment prepared for PDP (Greenwood, 2004)
indicated that both the Claremont and Windermere soil types are poorly drained
with low subsoil hydraulic conductivities. They restrict root penetration and
downward transmission of water. Heavy rainfall events may cause water-logging,
runoff and ponding in gullies.
Silver Farm Farms have been recording soil moisture, typically at monthly
intervals, with a handheld soil moisture probe since April 2013 and have
provided data up to June 2016. Measurements are taken at a depth of 19 cm and
are recorded beneath each irrigator at the highest and lowest elevations in that
irrigated area. This indicates that soil moisture is high in the irrigated areas with
a 75 th percentile of 70% in both the low and high elevations, meaning that 25% of
values are greater than 70%. A number of values indicate full saturation.
This high soil moisture is as expected for a non-deficit wastewater irrigation
system on these poorly drained soils. As is described later in this report, a subsurface drainage system has been installed to direct the draina ge water that is
impeded by the subsoil layers, including the loam layer with iron concretions, to
the central gully. The treatment wetland, which consists of a series of rock
filters, was constructed at the base of the gully to provide additional treatme nt
to the drainage water that flows through the gully over and above the treatment
occurring through the soils.
The recent alluvial gravel deposits of the river flats area and the village block are
overlain by topsoil consisting of Waimakariri sandy loam soils. Towards the river
the soil becomes coarser, and the depth to alluvium decreases (Greenwood,
2004). The soil has a good hydraulic conductivity with medium to high water
retention capacity, and there are no structural impediments to root growth or
downward water transmission. Ponding and/or runoff may occur in relict stream
channels during extreme rainfall events or when groundwater levels are very
shallow.
Bore logs for monitoring wells installed in the river flats area indicate the topsoil
layer is approximately 0.4 to 0.8 m deep, and is underlain by sand or gravel to a
depth of 2 to 4 m (PDP, 2004). Below this, the sands or gravels are bound by clay
to the extent of the monitoring bores at around 6 metres below ground level
(m bgl).
Test pits undertaken in the vicinity of the Pareora plant and the village block by
PDP in 2005 indicated the presence of loess or silt extending to depths between
0.25 and 2.2 m bgl, overlying either silt bound or sandy gravels.

2.3

Hydrogeology

Aitchison-Earl et al. (2006) identify the presence of a shallow aquifer within the
wider area of Quaternary alluvium associated with the Pareora River. In this
location, the alluvium and shallow aquifer extend from the Pareora River to the
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old river terrace located directly to the north of the village block. The alluvium is
described by Aitchison-Earl et al. (2006) as consisting of sandy gravels with
varying quantities of silt/clay, which is consistent with the bore logs for the
monitoring bores shown in Figure 7 on page 11 of this report. The logs for these
bores are included in Appendix E.
This shallow gravel aquifer is reasonably permeable. Infiltration tests
undertaken and analysed by PDP in 2006, on land between the Pareora plant and
the coast in the underlying sandy gravel strata indicated hydraulic conductivity
values ranging between 40 and 200 m/day. Estimated hydraulic conductivities of
25 to 1200 m/day were obtained through calibration of a groundwater model
used to assess stream depletion effects from the shallow gallery used to supply
the Pareora plant (Aqualinc, 2013).
A deeper aquifer located within the Cannington Gravels, which Aitchison-Earl et
al. (2006) consider to be beach/marine deposits in this area, is targeted by the
Silver Fern deep plant supply bores (J39/0009 and J39/0010). The logs for these
bores are included in Appendix E. This aquifer unit across the wider Pareora area
is described as consisting of well-rounded gravels and sands with seashells
present in many deposits. Higher yielding aquifers occur in the more gravel
dominated layers and aquifers can be interbedded with swampy deposits of
green-blue silts, clays and sands.
The bore logs for bores J39/0009 and J39/0010 are consistent with the geological
maps. They describe gravels or sandy gravels to around 7 m bgl underlain by
claybound gravels to around 20 m bgl. Clays with some sandy zones are present
to around 50 m bgl. Water bearing gravels with intervening lower permeability
zones appear to extend from around 60 m to 110 m bgl. Aitchison-Earl et al.
(2006) report a transmissivity of around 3,100 m 2/day from testing undertaken
on these bores, which have screens located between 89 and 110 m bgl.
There is an absence of information on shallow groundwater or strata beyond the
extent of the Quaternary gravels, where the terrace block is located. Bore logs
from five geotechnical investigation test pits (shown on Figure 5 and included in
Appendix E) excavated to depths of 1.0 – 4.6 m on the terrace block indicate that
topsoil is underlain by mottled silts with grey clay silt lenses to the full depth of
the test pits. There is one bore log available for bore J39/0710 located on
Campbell Rd (shown in Figure 9 on page 13 of this report and included in
Appendix E). This log shows the presence of low permeability strata (silts and
clays) to a depth of 50 m below ground level.
Overall, based on the log for bore J39/0710, the extent of clay in the logs for
J39/0009 and J39/0010 and the geological information, it is considered that the
low permeability strata beneath the terrace block is likely to extend to around
50 m below ground level and that there is no viable shallow groundwater
resource in this area. Nearer to the Pareora River and underlying the river block
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and the village block, these low permeability deposits are overlain by permeable
alluvial deposits, which form a shallow aquifer that is used for water supply
purposes in the Silver Fern Farms factory via the gallery located near to the river.

Figure 5: Terrace area geotechnical investigation bores

2.4

Groundwater levels and flow direction

The assessment of environmental effects carried out by PDP in 2004 for Silver
Fern Farms’ discharges to land and sea, detailed in PDP (2004), included a
groundwater survey of the river flats area by PDP and a record of groundwater
levels measured by PPCS Ltd (now Silver Fern Farms). This investigation
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considered groundwater levels in seven newly installed monitoring wells and four
existing wells within the river flats area. Figure 7 shows a map of the well
locations overlain by an approximate contour map of groundwater levels in the
river flats area that was created from the initial series of groundwater level
measurements in 2004. The water levels in these wells were monitored during
the 2004-2005 season, and the reduced levels measured in each well are shown
in Figure 6. Further monitoring of groundwater levels and quality in six of these
bores in the river flats area commenced in 2015. These bores are bores BH1,
BH2, BH5, BH6, BH8 and BH9 shown on Figure 7.
The monitoring data shows groundwater movement to be in a south-east
direction towards the coast (parallel to the Pareora River). The hydraulic
gradient across the river flats areas is around 4.5 m/km.
The test pits undertaken in the vicinity of the Pareora plant by PDP in 2005 also
recorded groundwater at shallow depths of between 0.7 and 3.5 m bgl.

Figure 6: Groundwater reduced levels from 2004 to 2016 (river flats area)
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Figure 7: River flats area groundwater monitoring bores and associated
groundwater contours (metres RL)
Aitchison-Earl et al. (2006) present a series of concurrent flow gaugings in the
Pareora River that indicate both losses to or gains from either groundwater or
underflow in the riverbed can occur in the lower section of the Pareora River , as
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shown in Figure 8. Adjacent to the Silver Fern Farms river block, gains are
typically observed between State Highway 1 and the railway bridge at lower
flows, while at higher flows both gains and losses occur . Aitchison-Earl et al.
(2006) suggest that this transition occurs at the median flow.

Figure 8: Sample of simultaneous gaugings plotted along the main channel of
the Pareora River (from Aitchison–Earl et al. (2006))
Aitchison-Earl et al. (2006) suggest the net flow losses recorded between
Brassells Bridge (around 6.5 km upstream of SH1) and SH1 are mostly to the
north side downstream of Brassells Bridge, through what may be old channels
based on information from Waugh (1987). They describe how groundwater is
expected to re-emerge downstream of the Midgleys Track site (around 3 km
upstream of SH1) from the north and south sides. Aqualinc (2013) undertook
concurrent gaugings on three occasions in the Pareora River in spring 2012 and
found no significant losses or gains in the Pareora River between 500 m upstream
of State Highway 1 and the Pareora River mouth (at a location near the bar to the
ocean).
The groundwater level contours shown in Figure 7 indicate that the interaction
with the river does not cause a shift in the groundwater flow direction towards
the river, meaning that the any nutrients or bacteria leached from irrigation on
the Pareora River site would not be expected to enter the Pareora River.
Little information is available on the depth of groundwater on the terrace block .
No groundwater was encountered in any of the test pits shown in Figure 7 at the
time of excavation (January 2007). There is a 15.2 m unused Geological Survey
bore, J39/0348, located to the west of the site Munro Rd (shown on Figure 9),
that has an initial depth to water of 8.8 m. A 14.3 m bore on Campbell Rd,
J39/0243, which was reportedly used by the Geological Survey for water level
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monitoring but has now been filled in, has reported depths to water ranging
between 11.6 and 13.4 m bgl. It is noted that a water level was unable to be
recorded for the 10 m deep bore J39/0296 located to the north of the terrace
block. There are no bore logs available for these three bores.

Figure 9: Bores in vicinity of terrace block
Given that the terrace block is located on an elevated river terrace and based on
the limited available water level information for neighbouring bores, the depth
to groundwater is expected to be in excess of ten metres. The depth to
groundwater is expected to be less beneath the lower lying central gully as it
nears the coast. It is likely that the groundwater flow direction will be similar to
that observed in the river flats area, which is south-east towards the coast.

2.5

Existing groundwater users

The ECan data service (Environment Canterbury, 2016) identified 54 active
groundwater bores within 1 km of the irrigation area, as shown in Figure 10. Of
the 54 bores, 13 are listed as in use for domestic or public water supply. The
listed uses of the other wells include water level observation, irrigation, and
commercial/industrial. Figure 10 shows that the majority of the drinking water
supply wells are in the vicinity of Pareora township.
Of the three public supply bores shown in Figure 10, two are located on the
southern side of the Pareora River, so would not be potentially affected by
irrigation. The other public supply bore is shown to be located on State
Highway 1, to the west of Pareora Township. This bore, J39/0135, is 10.5m deep
with the top of the screen set at 5 m bgl. The location of this bore up-gradient of
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the currently consented village block and river block irrigation areas and more
than 250 m cross-gradient (to the south-west) from the currently consented
terrace block irrigation area means it is expected to be well outside of the zone
of any potential groundwater effects.
Figure 10 indicates that there is an active domestic supply bore located on the
river flats irrigation area. ECan’s historical aerials indicate that a dwelling was
located at the site until the late 1980s, but the area is now vacant . This suggests
that the bore is no longer in use as a domestic supply. It should also be noted
that the locations of the Silver Fern Farms water level observation bores
provided by ECan’s data service appear to be different to the GPS locations
mapped in Figure 7. The GPS coordinates for the bores shown in Figure 6 are
considered to represent the most accurate locations of the monitoring bores.
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Figure 10: Active groundwater bores within 1 km of the terrace and river flats
irrigation areas

2.6

Groundwater quality

As discussed in section 2.4, monitoring of six groundwater bores located in the
river flats consented discharge area commenced in 2015. When more data is
available, seasonal trends and baselines within the groundwater bores may
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become evident. At present, monthly monitoring data is available from
August 2012 to October 2016. A summary of the monitoring results is shown in
Table 1.
Table 1: Groundwater quality summary for monthly monitoring from August 2012 –October 2016

3

Sodium (g/m )

Average
Range

Nitrate-

BH2

BH5

BH6

BH8

BH9

Gallery

14.5

13.5

15.5

15.0

13.5

13.9

14.2

17.4

11.6 - 14.8

12.7 - 46.7

12.9 - 25

12 - 16.7

11.7 - 19.2

11.6 - 16.9

1.8

1.8

1.6

2.0

1.7

2.5

2.0

0.6 - 4.06

0.99 - 3.72

0.92 - 3.18

0.8 - 5.23

0.11 - 8.82

0.6 - 8.85

0.28 - 5.3

12.4 -

Average
3

BH1

nitrogen (g/m )

Range

Conductivity

Average

(mS/m)

Range

E. coli

Average

(cfu/100 mL)

Range

25.9

24.7

25.4

25.7

24.5

26.1

24.8

22.1 - 29

21.7 - 28.7

22.2 - 37.1

22.9 - 34.8

19.1 - 37.8

22 - 47.3

19.2 - 29.6

2

1

59

8

60

5

3

0.5 - 9

0.5 - 4

0.5 - 1000

0.5 - 100

0.5 - 1000

0.5 - 31

0 - 33

Notes:
1.

Where E.coli levels are below the detection limit (1 cfu/100 mL), half the detection limit has bee n conservatively assumed.

A water gallery which is used by Silver Fern Farms for the abstraction of potable
water is located at the south-east end of the river flats area. The south-east
direction of groundwater flow identified in Section 2.3 means that groundwater
that passes beneath the river flats area will subsequently reach the water gallery .
The groundwater quality data has therefore been compared to the maximum
acceptable values (MAVs) specified by the Drinking Water Standards for New
Zealand 2008 (DWSNZ). The following MAVs and guideline values apply to the
sampled parameters (Ministry of Health (MoH), 2008):
•

E.coli: < 1 cfu/100 mL (MAV)

•

Nitrate-nitrogen: < 11.3 mg N/L (MAV)

•

Sodium: < 200 mg/L (guideline value for aesthetic determinands)

Measurements taken in all monitoring bores have been compliant with the
DWSNZ for nitrate-nitrogen and sodium concentrations. Cases of E.coli levels
exceeding the MAVs have occurred in all of the sampled bores. Silver Fern Farms
treat the water before use to kill any bacteria and ensure it complies with the
DWSNZ.
Given the absence of existing bores or a shallow groundwater resource, the
terrace area is not currently sampled for groundwater quality parameters.

2.7

Surface water features

Various surface water features occur within and near to the currently consented
irrigation areas. A site visit was undertaken on 28 September 2016 to help
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characterise these surface water features and to gather water quality samples
and this focused on those features that are in the vicinity of the currently
irrigated areas. Surface water features relevant to each block are described
below.
2.7.1

River block

The river block is bordered by the Pareora River to the south. This block also
contains a shallow pond and surrounding wetland area at the seaward margin,
referred to as sea pond 3 in Appendix A, Photograph 1. There are also numerous
abandoned river channels running through the block. Examination of aerial
photographs dating from 2002 to present indicate that these channels no longer
flow but may form ponded reaches after sustained and heavy rainfall.
As outlined in PDP (2004), a small area of low lying land in the Pareora River
flood plain between the Pareora River and the Silver Farm Farms plant can
occasionally be subject to coastal flooding. This can occur at times of elevated
sea levels (e.g. spring tide or storm surge) combined with a large swell and also
with flood flows in the river. There is also a general risk of flooding caused by
tsunamis.
2.7.2

Village block

There are no surface water features running through the village block, but there
is a shallow pond north-east of the area and seaward of the railway track
referred to as sea pond 1 in Photograph 1, Appendix A. This pond receives
shallow groundwater, occasional surface runoff from the consented irrigated
area and occasionally seawater overtops into the pond (R. Grant, Silver Fern
Farms Farm Manager, pers. comm., 28 September 2016). At the time of the site
visit in September 2016 the pond was part full with macrophyte beds covered in
algae (as shown Photograph 2, Appendix A). There is another pond, referred to
as intermittent sea pond in Photograph 1, Appendix A, which was dry at the time
of the site visit. It appears to be of an intermittent nature based on past satellite
imagery. It also appears that land use consent, CRC163830, provides for the
drainage of this pond by excavation from and fill of material into it above the
mean high water springs line.
2.7.3

Terrace block

The terrace block is dissected by a gully which has been incorporated into the
treatment process. Subsoil drainage has been designed to direct drainage from
the poorly draining soil areas through the gully and a constructed treatment
wetland. Treatment within the wetland is achieved by passing drainage water
through a series of subsurface gravel rock filters and three ponds before
discharge at the mouth of the gully. A shallow pond occurs behind the gravel
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beach, referred to as sea pond 2 in Photograph 1, Appendix A. The discharge
from the treatment wetland flows into this pond.
Following installation of the subsoil drainage, flows in the gully stream are now
consistent from approximately 300 m downstream of the SH1 crossing, while
upstream of this point stream flow is more intermittent and related to irrigation
rates on neighbouring properties and prevailing rainfall events (R. Grant, Silver
Fern Farms Farm Manager, pers. comm., 28 September 2016). The gully stream
throughout its length comprises a narrow, approximately 20 to 40 cm, wide
channel with water depth varying between 10 to 15 cm at base flows. The
riparian vegetation is dominated by rank grasses and flaxes (Phormium tenax)
which are largely unmanaged (Photographs 3, 4 and 5 in Appendix A). The ponds
of the treatment wetland are membrane lined, with gravel placed on top of the
lining on the bars separating the ponds. The margins and bars between the
ponds are regularly maintained by weed spraying. Aquatic plants have colonised
the margins of the ponds and include Glyceria and Rorippa sp (watercress).
Before construction of the treatment wetland and installation of the subsoil
drainage, site photos indicate that the gully had no flowing water for much of the
time. It is likely that during high rainfall events overland runoff would
accumulate and flow towards the coast through the gully, but there appears to
have been no permanent flow and no formed streambed as indicated by
photographs before and after construction (Photographs 6, 7 and 8, Appendix A).
The gully stream continues downstream of the treatment wetland, passing under
the coastal railway and flows into the shallow pond behind the beach gravels
referred to as sea pond 2 (Photograph 9, Appendix A). During the site visit on
28 September 2016, the flow from the culvert outlet downstream of the
treatment wetland was measured at approximately 4.5 L/s.
2.7.4

Grants Block

While there are no current plans to irrigate this block, it may be considered for
future irrigation, so is included here. In addition, it receives some run-off from
the terrace block. An unnamed creek runs through Grants block to the sea. The
mouth of the creek is regularly blocked with gravels pushed up the beach by
wave action, creating a lagoon upstream and causing inundation of paddocks on
the northern bank (Photographs 10 and 11, Appendix A). It is understood that
KiwiRail regularly open the mouth mechanically in order to maintain the footings
of the rail crossing and to provide for land drainage. Due to the slope of the
land, there are a number of surface flow paths that originate in the irrigated
areas in the terrace block and drain towards the unnamed creek and lagoon area
on Grants Block.
Bird species identified within the receding lagoon area of Grants Block included;
black backed gull (Larus dominicanus), paradise shelduck (Tadorna variegate),
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magpie (Gymnorhina tibicen), swamp harrier (Circus approximans) and pied stilt
(Himantopus himantopus).

2.8

Surface water quality and ecology

As described in section 2.7.3, the terrace block includes sub soil drainage which
directs water from poorly draining soils towards the gully and constructed
treatment wetland treatment before ultimately discharging to a seaward facing
pond, referred to here as sea pond 2. Prior to the treatment of wastewater via
land disposal, it is understood that the gully area had no flowing water through it
for most of the time.
Rather than an aquatic habitat, the gully stream should be viewed as a conduit
for the drainage water arising from the wastewater irrigation on the terrace
block to the constructed treatment wetland, which includes a series of three
ponds and rock filters. The discharge from this system flows under the railway
track towards sea pond 2, which is a surface water feature that was present prior
to the development of wastewater irrigation on this land.
During the 28 September 2016 site visit, no fish were observed in sea ponds 1 or
2 or any sections of the treatment system including the gully stream and the
constructed wetland. The gully stream is not expected to be a viable fish habitat
given that there is no method of fish passage through the constructed wetland.
The macroinvertebrates observed during the visit in sea ponds 1 or 2, the gully
stream and the constructed wetland were tolerant species that are not
susceptible to elevated nutrient concentrations.
Surface water quality samples were taken during the 28 September 2016 site
visit to help characterise the quality of the water during its course through the
gully stream, constructed treatment wetland and to the pond referred to here as
sea pond 2.
Surface water quality samples were collected at four sites for laboratory analysis.
These are shown on Figure B-1, Appendix B, and are referred to here as midpoint, inlet (upstream of the constructed wetland), outlet (downstream of the
constructed wetland outlet) and sea pond 2. In addition field parameters were
also measured in the gully stream downstream of SH1 and in sea pond 1, given its
location down-gradient of the village block. The measurements of dissolved
oxygen and temperature are spot measurements (a single point in time) and as
such are not representative of the full diurnal pattern. A separate sample was
also taken at sea pond 1.
In field and laboratory water quality analysis was undertaken for dissolved
oxygen, temperature, nutrients (nitrogen and phosphorus) turbidity, suspended
solids and Escherichia coli (E.coli). A summary of key water quality parameters is
provided in Table B-1, Appendix B.
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Summary water quality statistics were compared against regional objectives
(Table 1a, Land and Water Regional Plan (LWRP) 2013, SCCS variation 3 LWRP,
2014) and where applicable national trigger values (ANZECC 2000, MfE 2000,
Hickey 2013 and the National Policy Statement for Freshwater Management
(NPS FM) 2014). It is recognised that these guideline documents are more
applicable to naturally existing perennial streams, but they have been applied
here to assist with the interpretation of the water quality. They are not
applicable to the gully stream or the constructed wetland, which form the
treatment system so comparison has been made with the guideline values at the
discharge point (the wetland outlet) and in sea pond 2.
2.8.1

Dissolved oxygen

Dissolved oxygen (DO) was measured at all sites within the gully stream. DO
concentrations were generally lowest at the upstream sites and increased
longitudinally down the gully stream as water depth and velocity increased.
Overall, dissolved oxygen concentrations ranged from <0.5 to 7.27 mg/L at all
sites. Likewise, dissolved oxygen saturation (DO SAT) concentrations increased
longitudinally downstream, indicating an improvement in water quality. DO SAT
ranged from < 1 to 74.6 % at all sites. DO SAT values were less than the 80 %
trigger value (ANZEC 2000) for protection of aquatic health and the LWRP table
1a objective of 90% at the discharge point from the wetland and in sea pond 2,
which is not unexpected given the nature of these surface water features.
2.8.2

Temperature

Spot temperature was recorded at all sites. Temperature values ranged between
10.6 °C at the site downstream of SH1 and 13.8 °C at sea pond 2, which is less
than the maximum temperature objective of 20°C in the LWRP (2013).
2.8.3

Nutrients

Nutrient (nitrogen and phosphorus) concentrations in surface waters mainly
affect the growth of periphyton (benthic algae) and macrophyte (aquatic plants).
Soluble nutrients such as dissolved inorganic nitrogen (DIN) and dissolved
reactive phosphorus (DRP) are the bioavailable forms used by plants and are
important in controlling proliferation of periphyton and plant growth in
waterways. Nutrient enrichment is therefore often discussed in relation to
concentrations of DIN and DRP.
Dissolved inorganic nitrogen (DIN) concentrations were indicative of excessive
and enriched nitrogen concentrations (Stevenson et al, 2010) in sea pond 2,
although at the outlet from the constructed wetland the DIN concentrations
were indicative of low level enrichment. The DIN values were greater than the
MfE (2000) protection for aquatic biodiversity threshold of 0.01 mg/L at both the
outlet and in sea pond 2, ranging from 0.015 to 0.509 mg/L. The dominant form
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of DIN at all sites was in the form of nitrate nitrite nitrogen (NNN) (of which
nitrate is dominant over nitrite) except the mid-point site where ammoniacal-N
was significantly greater than NNN. NNN values for the outlet and sea pond 2
(and in fact all sites) were below the trigger value for 95% species protection of
chronic nitrate toxicity (2.4 mg/L, Hickey 2013; > 1.5 and 3.5 mg/L, NPS FM
Attribute State B), although there are not expected to be any sensitive species
present.
Nitrate nitrogen has been sampled biannually by Silver Fern Farms since 2012
from sites at the inlet of the treatment wetland, within the treatment wetland
ponds and at the treatment wetland outlet (Table B-2, Appendix B). Overall,
results indicate that the nitrate nitrogen concentrations generally decrease as
water flows through the treatment wetland and all concentrations were less than
the NPS FM (2014) Attribute State B concentration at all sites sampled. The
nitrate nitrogen samples collected by PDP indicate concentrations similar to
those collected at the inlet and at the outlet of the treatment wetland.
Ammoniacal nitrogen (NH 4N) concentrations were within the NPS FM (2014)
bottom line of 2.20 mg/L at the treatment wetland outlet and at the sea pond 2.
All sites downstream of the mid-point site were less than the NPS FM Attribute
State B concentration which provides protection for 95% of species. Likewise,
NH 4N was below the trigger value used to assess the risk of adverse effects to
aquatic ecosystems from increased weed and periphyton growth (NH 3N = <
0.21 mg/L; ANZECC, 2000) below the mid-point site. Total nitrogen (TN)
concentrations were elevated at all sampling sites within the gully stream, as
expected given the nature of the drainage, with all sites being dominated by
organic nitrogen (i.e. all sites had high Total Kjedahl Nitrogen (TKN)).
A comparison between the TKN and NH 4N concentrations indicate that the
nitrogen content in the drainage water that flows into the central gully remains
mainly in the form of organic nitrogen. The observed downstream reduction in
total nitrogen in the sampling indicates the uptake of nitrogen by plants in the
gully stream and constructed wetland.
Median dissolved reactive phosphorus (DRP) concentrations were indicative of
excessive enrichment (Stevenson et al. 2010) at sea pond 2 (DRP = 0.59 mg/L),
and the constructed wetland outlet (DRP = 0.46 mg/L). Total phosphorus (TP)
concentrations were high throughout the gully stream, but reduced
longitudinally from the mid-point site downstream to the outlet and sea pond 2
sites.
2.8.4

Biochemical oxygen demand

Biochemical oxygen demand (BOD) is the measure of the oxygen required for
bacterial decomposition of organic matter, and provides a useful indicator of
organic pollution. A high BOD concentration indicates that there is an increased
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load of organic matter within the water body that is undergoing decomposition.
The bacteria that are associated with the decomposition of organic matter will in
turn consume the dissolved oxygen within the water column. High BOD
concentrations can lead to a deficiency of oxygen which can lead to anaerobic
conditions.
Overall, the results indicate that BOD concentrations decreased longitudinally
down the gully stream, showing an improvement. The higher BOD values
associated with upstream sites are likely causing the lower dissolved oxygen
levels, as the oxygen that is available in the water is being consumed by aerobic
bacteria consuming the organic matter within the water. As the amount of
organic waste is reduced through the gully and in the constructed wetland, the
amount of bacteria present to decompose the organic waste reduces, thus
reducing the BOD levels.
2.8.5

Turbidity and suspended solids

Turbidity and total suspended solids (TSS) are two different indicators of water
clarity and sediment inputs to waterways. TSS is a measure of the mass of
particles in the water column, while turbidity is a measure of the ‘cloudiness’ of
the water through light scattering of particles suspended in the water column.
Poor clarity (affected by suspended organic and inorganic matter in the water
column) can affect a range of ecological, amenity and recreational values of
waterways. Turbidity and TSS can be naturally elevated during high flow
conditions and through increased overland flow.
Turbidity values and TSS concentrations were highest at the most upstream sites
and reduced significantly at downstream sites. Overall, TSS and turbidity results
suggest that the suspended particles within the water column quickly drop out of
the water column as water flows through the gully stream and between the
outlet and sea pond 2. The lowest values were recorded in the sea pond 2 site,
however, both parameters were still characteristic of high particle suspension
within the water column at this site.
2.8.6

Microbial bacteria

Escherichia coli (E.coli) are the bacteria commonly used in freshwater as an
indicator of the likely presence of pathogenic (disease causing) faecal
contamination. The presence of faecal contamination primarily affects the
suitability of water for human uses such as potable water supply, contact
recreation and stock water supply. Faecal contamination rarely affects aquatic
ecosystems. There are national microbiological guidelines for human drinking
water (< 1 E. coli per 100 mL; MoH 2005), contact recreation (< 260 and < 550
E.coli per 100 mL single sample Alert and Action level respectively;
MfE/MoH 2003) and stock drinking water (100 faecal coliforms per 100 mL;
ANZECC 2000).
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Microbial bacteria (E.coli) was sampled at all sites within the gully stream and at
sea pond 2. E.coli values were excessively high at the two upstream sites (midpoint and inlet) but reduced significantly downstream of the treatment wetlands
and ponds. The sea pond 2 site is the only site that is accessible to the public,
and hence is the only site that may encounter some form of recreation activities
(e.g. dog walking, wading). E.coli values at sea pond 2 were less than the
MfE/MoH action alert levels and were less than the ANZECC guideline for stock
drinking water, although the latter guideline is for faecal coliforms.
2.8.7

Water quality summary

The nutrient composition within the gully stream is characterised by high
concentrations of organic nitrogen species. Overall, all nutrient species
decreased longitudinally down the gully stream on the day of sampling; however
some species increased by a small degree within the sea pond 2 site.
Water quality data indicates that the treatment wetland outlet and the pond
were enriched by nutrients, although the sample at the treatment wetland outlet
indicated low level nitrogen enrichment on the day of sampling. However, most
of the nitrogen remained in the organic form.
Generally poor instream health indicators, including DO, and poor water clarity
was apparent at the outlet and sea pond 2. This is as expected for an outlet of a
treatment system and a shallow pond. A significant reduction in microbial
bacteria through the treatment wetland was recorded.
Microbial bacteria values at the publicly accessible sea pond 2 site were less than
the action guideline value for protection of recreational activity, the LWRP
objective and the stockwater drinking standard.
Overall, the reduction in E.coli, BOD and nutrients indicates that the gully stream
and constructed wetland are resulting in a good level of treatment over and
above that occurring via the land application of the treated wastewater.
2.8.8

Fish

As discussed previously, no fish were observed in the surface water features
visited during the site visit. The New Zealand Freshwater Fish Database (NZFFD)
was searched for fish records within the adjacent catchments to the Silver Fern
Farms property. Fish records were restricted to the Pareora River mouth and its
immediate tributaries. According to the NZFFD, surveys of the fish community
were undertaken in 1975, 1996 and 2008. Nine species of native fish were
identified, one is ranked as ‘threatened – nationally critical’ and five are ranked
as ‘at risk – declining’ by Goodman et al (2013). One introduced species was
identified within the searched area (Table C-1, Appendix C).
Two populations of Canterbury Mudfish were identified in a north bank tributary
of the Pareora River near the mouth. The tributary in which the mudfish
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populations were identified would have historically flowed through the Silver
Fern Farms river block to its confluence with the Pareora River. Sampling was
reattempted in 2008 and at the time of sampling the tributary was dry
(NIWA, 2009). A survey of aerial photographs post 2008 concluded that the
tributary has largely remained dry downstream of SH1 (i.e. through the Silver
Fern Farms river block), while only small residual pools were present in the upper
catchment. Aitchison-Earl et al. (2006) note how anecdotal evidence from a
landowner (B Yates, pers. comm., 2000) indicates that this creek used to flow all
year, and it is only in recent times (last 5-10 years) that the creek has become
dry. In PDP (2004) it was noted that during several site visits the relict streams
appeared to be degraded and dry and that, according to PPCS (now Silver Fern
Farms) staff, the last time water was observed in these streams on their land was
during a flood in 1986.
Based on this information, it is highly unlikely that any populations of Canterbury
mudfish are present in this waterway on Silver Fern Farms consented irrigation
land.

3.0
3.1

Assessment of environmental effects
Effects on groundwater levels

As discussed in Section 2.2, the silts, including the loam layer with iron
concretions, beneath the terrace block have low hydraulic conductivities and
thus a poor connection to the underlying groundwater aquifer. Subsoil drainage
has been designed to direct drainage from the poorly drained terrace soils to the
constructed wetland on the edge of the irrigation area and from there to the sea,
meaning the irrigation activity has minimal interaction with groundwater in the
area. Therefore, effects on groundwater levels are expected to be minimal.
The village block is irrigated under deficit irrigation. Lowe Environmental Impact
Ltd has provided information that indicates between around 300 and 400 mm of
wastewater has been irrigated over the last three seasons. Based on this
application rate, the application via deficit irrigation, the permeable nature of
the gravels and proximity to the sea, effects on groundwater levels beneath the
village block are expected to be minimal.
Due to the proposed deficit irrigation and permeable nature of the gravels,
groundwater mounding and therefore any change in groundwater flow direction
beneath the river block is expected to be minimal. However, it would be prudent
to monitor groundwater levels for at least one year in the monitoring bores on
the river block prior to any irrigation occurring, and to continue this monitoring
during irrigation.
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3.2

Effects on groundwater quality

The irrigation of the terrace block is not likely to create a significant increase in
the amount of nutrients in the groundwater, as the underlying silts, including the
loam layer with iron concretions, have low hydraulic conductivities and a poor
connection to the underlying aquifer and the sub-surface drainage system directs
drainage water to the central gully stream. The key effect of irrigation on the
terrace block is on surface water, which is discussed in the following section. The
average loss of nitrogen to water of 91 kg/ha/year, predicted by Lowe
Environmental Impact using OVERSEER is considered to represent an average loss
to surface water in the terrace block, with a minimal proportion of this being a
loss to groundwater. There are no active abstraction bores located in the vicinity
of the irrigation area.
The groundwater flow direction identified in Figure 7 suggests the irrigation
activities on any of the currently consented areas are unlikely to impact nearby
public or domestic drinking water supplies as groundwater beneath the irrigation
areas will be flowing towards the coast.
The Silver Fern Farms water gallery, which is used for the abstraction of potable
water, is located at the coastal end of river flats irrigation area . This is
downgradient from the river flats irrigation area, meaning if irrigation is carried
out there in the future any impacts on groundwater quality or quantity as a
result of irrigation activities may have an effect on the water gallery . While any
irrigation on the river flats area is expected to be managed as deficit irrigation,
as is currently consented, which would reduce the amount of leaching, it would
be prudent to continue monitoring groundwater quality to ensure no adverse
effects arise, particularly for E.coli and nitrate-nitrogen.

3.3

Effects on surface water quality and ecology

Drainage from the wastewater irrigated onto the terrace block is directed to the
gully stream and constructed treatment wetland via the subsoil drainage system
that was constructed to achieve this.
As discussed in the previous section, the average loss of nitrogen to water of
91 kg/ha/year, predicted by Lowe Environmental Impact using OVERSEER is
considered to represent an average loss to surface water in the terrace block .
This loss has been calculated over a 141 ha area, which includes both the terrace
block and the village block. This leaching rate over this area gives an average
yearly loss of 12.8 tonnes/year, which averages out at 35 kg/day. Given that
most of the irrigation drains to the gully area and the losses are higher for non deficit irrigation, it is likely that the majority of this mass would enter the gully
stream and be treated in the wetland.
By way of comparison, the total nitrogen measured in the gully stream at the
mid-point site in the 28 September 2016 site visit (Figure B-1 and Table B-1,
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Appendix B), was 13.9 g/m 3. Assuming the approximate flow measured at the
outlet of 4.5 L/s was similar to the flow further up the gully, the estimated daily
flux of nitrogen entering the gully can be estimated at 5.4 kg/day. A comparison
with the average predicted flux indicates that the movement of nitrogen into the
gully at the time of sampling was lower than average. Alternatively, it may be
that additional removal of nitrogen is occurring over and above that predicted,
although further nitrogen sampling and flow measurements would be required to
confirm this. Overall, based on the sampling results and comparison with the
predictions, the gully stream and constructed wetland appear to be achieving a
good degree of nutrient removal.
As indicated by the sampling, nutrients and other contaminants (e.g. E.coli)
associated with the wastewater remain relatively high, following irrigation,
within the upper reaches of the gully stream. However, the sampling indicates a
good improvement of water quality through the gully stream and constructed
wetland.
It would be useful to continue sampling for an appropriate range of water quality
parameters at the pond outlet, including a number of nitrogen species.
Over time, silt entering the wetland may cause issues by reducing the gravel
permeability and causing ponding. The gravel area upstream of the first wetland
pond has been designed by PDP to filter and settle as much silt as possible before
it enters the wetlands. However, with time it may need periodic replacement as
described in PDP (2007). This should occur if problematic ponding is observed.
Maintaining suitable vegetation in the constructed wetland should maximise
treatment performance and vegetation could be selected to enhance its
appearance, as described in PDP (2007).
It appears that the irrigated water from the terrace block may at times create
surface run-off towards Grants block and the lagoon in that area. While this
small amount of water may not create any adverse effects, it would be useful to
minimise the run-off at this stage by operating irrigation in that area as deficit
irrigation, as per the current consent. It may also be useful to plant these areas
through which the run-off occurs, with appropriate species, to prevent erosion
and maximise treatment.
The water bodies located on the seaward side of the railway line are the only
water bodies that are accessible to the public, and hence are the only water
bodies that may encounter some form of recreation activities (e.g. dog walking,
wading). It is understood that the coastal strip of land is also used by Silver Fern
Farms for sheep grazing. Bacterial concentrations in these water bodies within
this area will be influenced by a number of other factors, including direct run -off
from the grazed areas and birds. Recorded E.coli values from the largest of these
water bodies (i.e. sea pond 2) were less than the MfE/MoH action alert levels and
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were less than the ANZECC guideline for stock drinking water , although this latter
guideline is for faecal coliforms.
The fish community present within the Pareora River mouth and its tributaries is
naturally variable, and is dominated by diadromous native species. As the land
use at the irrigation area adjacent to the Pareora River mouth (i.e. the river
block) is not currently being irrigated, will only be irrigated when soil water
content is below field capacity and because groundwater moves in a south-east
direction (parallel to the river), it is anticipated that the effects on the fish
species present in the Pareora River mouth and its tributaries will be less than
minor.
This flow direction parallel to the river and towards the coast means that surface
water quality effects are not expected for the Pareora River. Due to the
proposed deficit irrigation and permeable nature of the gravels, gro undwater
mounding, and therefore any change in groundwater flow direction, is expected
to be minimal. However, it would be prudent to monitor groundwater levels and
quality prior to and during irrigation.

4.0

Conclusion

This assessment of effects on groundwater quality and levels and surface water
quality and ecology, associated with the renewal of consent CRC163704 for
irrigation of wastewater to land, indicates that potential effects can be
considered either less than minor or can be managed in a way that t hey can be
considered to be less than minor.

5.0
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Lagoon
n
Central gully stream
Sea Pond 2
Constructed wetland
Sea Pond 1
Intermittent Sea Pond

Sea Pond 3
Pareora River

Photograph 1: Aerial photograph showing surface water feature locations

Photograph 2: Sea pond 1 from northern edge
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Photograph 3: Upper reaches of the gully stream

Photograph 4: Mid reaches of the gully stream
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Photograph 5: Lower reaches of the gully stream before entering constructed treatment wetland

Photograph 6: Constructed treatment wetland during construction 2008
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Photograph 7: Upper end of constructed treatment wetland 2016

Photograph 8: Constructed treatment wetland 2016
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Photograph 9: Sea pond 2 from southern edge

Photograph 10: Unnamed creek Grants Block upstream Photograph 11: Mouth of unnamed Creek on Grants Block
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Field Parameters: Downstream of SH1
pH:

6.56

DO (%):

<1

Clarity (m):

N/A

Temp (°C):

10.6

Cond (us/cm):

468

DO (mg/L):

<0.5

Field Parameters: Mid Point
pH:

7.26

DO (%):

24.2

Clarity (m):

N/A

Temp (°C):
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Cond (us/cm):

404

DO (mg/L):

1.38

Field Parameters: Upstream of Rock Filter
pH:

7.25

DO (%):

38.2

Clarity (m):

N/A

Temp (°C):

11.3

Cond (us/cm):

Field Parameters: Downstream of Outlet
pH:

Cond (us/cm):

Legend:
Field water quality sites

±
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7.30
413

0.223

DO (%):
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Temp (°C):
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DO (mg/L):

Field Parameters: Sea Pond 2

49.4
5.31
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7.45

DO (%):
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Temp (°C):

13.8

Cond (us/cm):

12.2

4.18

Field Parameters: Sea Pond 1

421

DO (mg/L):

pH:

6.81

DO (%):

23.3

Clarity (m):

0.297

Temp (°C):

13.0

Cond (us/cm):

421

DO (mg/L):

7.27

2.75
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SOURCE:
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FIGURE B-1 : RESULTS FROM IN FIELD
SPOT WATER QUALITY MEASUREMENTS
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Lab No:
Date Received:
Date Reported:
Quote No:
Order No:
Client Reference:
Submitted By:
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Patrick Lees

Sample Type: Aqueous
Sample Name:
Lab Number:
Turbidity

NTU

pH

pH Units

D/S Outlet
28-Sep-2016
11:20 am
1656237.1
40

U/S Rockfall
28-Sep-2016
11:55 am
1656237.2
49

Mid Point
28-Sep-2016
12:20 pm
1656237.3
165

Sea Pond 2
28-Sep-2016
10:45 am
1656237.4
12.1

-

7.7

7.7

7.5

7.9

-

Total Suspended Solids

g/m3

77

78

152

6

-

Total Nitrogen

g/m3

5.4

7.1

13.9

5.5

-

Total Ammoniacal-N

g/m3

< 0.010

0.020

4.0

0.199

-

Nitrite-N

g/m3

0.004

0.006

0.074

0.024

-

Nitrate-N

g/m3

0.006

0.72

0.26

0.29

-

Nitrate-N + Nitrite-N

g/m3

0.010

0.72

0.33

0.31

-

Total Kjeldahl Nitrogen (TKN)

g/m3

5.4

6.3

13.5

5.1

-

Dissolved Reactive Phosphorus

g/m3

0.46

0.53

0.61

0.59

-

Total Phosphorus

g/m3

0.71

1.08

1.64

0.74

-

g O2/m3

3

11

26

<2

-

MPN / 100mL

20

> 24,200

> 24,200

52

-

0.028

0.126

0.032

0.0008

-

Total Biochemical Oxygen Demand
(TBOD5)
Escherichia coli
Chlorophyll a

g/m3

SUMMARY OF METHODS
The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.

Sample Type: Aqueous
Test

Method Description

Filtration, Unpreserved

Total Kjeldahl Digestion

Sample filtration through 0.45µm membrane filter. Performed at
Hill Laboratories - Chemistry; 101c Waterloo Road,
Christchurch.
Sulphuric acid digestion with copper sulphate catalyst.

Total Phosphorus Digestion

Acid persulphate digestion.

Turbidity

Analysis using a Hach 2100 Turbidity meter. Analysed at Hill
Laboratories - Chemistry; 101c Waterloo Road, Christchurch.
APHA 2130 B 22nd ed. 2012.

pH

Total Suspended Solids

Default Detection Limit Sample No
1-4

-

1-4

-

1-4

0.05 NTU

1-4

pH meter. Analysed at Hill Laboratories - Chemistry; 101c
Waterloo Road, Christchurch. APHA 4500-H + B 22nd ed. 2012.
Note: It is not possible to achieve the APHA Maximum Storage
Recommendation for this test (15 min) when samples are
analysed upon receipt at the laboratory, and not in the field.

0.1 pH Units

1-4

Filtration using Whatman 934 AH, Advantec GC-50 or
equivalent filters (nominal pore size 1.2 - 1.5µm), gravimetric
determination. Analysed at Hill Laboratories - Chemistry; 101c
Waterloo Road, Christchurch. APHA 2540 D 22nd ed. 2012.

3 g/m3

1-4

This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents New Zealand in
the International Laboratory Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement
(ILAC-MRA) this accreditation is internationally recognised.
The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of
tests marked *, which are not accredited.

Sample Type: Aqueous
Test

Method Description

Total Nitrogen

Calculation: TKN + Nitrate-N + Nitrite-N. Please note: The
Default Detection Limit of 0.05 g/m3 is only attainable when the
TKN has been determined using a trace method utilising
duplicate analyses. In cases where the Detection Limit for TKN
is 0.10 g/m3, the Default Detection Limit for Total Nitrogen will
be 0.11 g/m3.

Total Ammoniacal-N

Filtered sample from Christchurch. Phenol/hypochlorite
colorimetry. Discrete Analyser. (NH4-N = NH4+-N + NH3-N).
APHA 4500-NH3 F (modified from manual analysis) 22nd ed.
2012.

0.010 g/m3

1-4

Nitrite-N

Filtered sample from Christchurch. Automated Azo dye
colorimetry, Flow injection analyser. APHA 4500-NO3- I 22nd ed.
2012 (modified).
Calculation: (Nitrate-N + Nitrite-N) - NO2N. In-House.

0.002 g/m3

1-4

0.0010 g/m3

1-4

Nitrate-N

Default Detection Limit Sample No
0.05 g/m3
1-4

Nitrate-N + Nitrite-N

Filtered sample from Christchurch. Total oxidised nitrogen.
Automated cadmium reduction, flow injection analyser. APHA
4500-NO3- I 22nd ed. 2012 (modified).

0.002 g/m3

1-4

Total Kjeldahl Nitrogen (TKN)

Total Kjeldahl digestion, phenol/hypochlorite colorimetry.
Discrete Analyser. APHA 4500-Norg D. (modified) 4500 NH3 F
(modified) 22nd ed. 2012.

0.10 g/m3

1-4

Dissolved Reactive Phosphorus

Filtered sample from Christchurch. Molybdenum blue
colorimetry. Discrete Analyser. APHA 4500-P E (modified from
manual analysis) 22nd ed. 2012.

0.004 g/m3

1-4

Total Phosphorus

Total phosphorus digestion, ascorbic acid colorimetry. Discrete
Analyser. APHA 4500-P B & E (modified from manual analysis)
22nd ed. 2012. Also modified to include the use of a reductant to
eliminate interference from arsenic present in the sample.
NW ASCA, Water & soil Miscellaneous Publication No. 38,
1982.

0.004 g/m3

1-4

Total Biochemical Oxygen Demand
(TBOD5)

Incubation 5 days, DO meter, no nitrification inhibitor added,
seeded. Analysed at Hill Laboratories - Chemistry; 101c
Waterloo Road, Christchurch. APHA 5210 B (modified) 22nd ed.
2012.

2 g O2/m3

1-4

Escherichia coli

MPN count using Colilert (Incubated at 35°C for 24 hours), or
Colilert 18 (Incubated at 35°C for 18 hours), Analysed at Hill
Laboratories - Microbiology; 101c Waterloo Road, Hornby,
Christchurch. APHA 9223 B, 22nd ed. 2012.

1 MPN / 100mL

1-4

Chlorophyll a

Acetone extraction. Fluorometer. APHA 10200 H (modified) 22 nd
ed. 2012.

0.0002 g/m3

1-4

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.
Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the
client.
This report must not be reproduced, except in full, without the written consent of the signatory.

Ara Heron BSc (Tech)
Client Services Manager - Environmental

Lab No:

1656237 v 1

Hill Laboratories
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Table B-1. Summary of water quality results collected by PDP on 28 September 2016
Temp
DO
DO
Conductivity pH
Nitrite-N Nitrate-N
Site:
°C
mg/L %
μs/cm
g/m3
g/m3
12.6 1.38
24.2
404
7.5
0.074
0.260
Mid-Point
11.3 4.18
38.2
399
7.7
0.006
0.720
Inlet
12.2 5.31
49.4
413
7.7
0.004
0.006
Outlet
13.8 7.27
74.6
421
7.9
0.024
0.290
Sea Pond 2
Triger Values/ Objectives applied to Outlet and Sea Pond 2
LWRP, 2013
3.8a
max20
min90
ANZECC, 2000

6

80

NNN NH4N DIN
TKN
TN
DRP
TP
BOD
Turbidity TSS
E.coli
Chl.a
3
3
3
3
3
3
3
3
3
g/m
g/m
g/m
g/m
g/m
g/m
g/m
g O2/m NTU
g/m
MPN / 100mL g/m3
26
165
152
24200
0.032
0.330 4.000
4.330 13.500 13.900
0.610
1.640
0.720

0.020

0.740

6.300

7.100

0.530

1.080

11

49

78

24200

0.126

0.010

0.005

0.015

5.400

5.400

0.460

0.710

3

40

77

20

0.028

0.310

0.199

0.509

5.100

5.500

0.590

0.740

1

12.1

6

52

0.0008

2.4d

7.2-8.0

0.614
0.44 - > 2.0d

MfE, 2000
3.5

4b

0.03

5.6

1000b,

c

NPS FM, 2014

0.006
0.009 >0.030e

<260 and <550
100 (faecal
coliforms)

2.2b

540

c

Notes:
a)
LWRP Schedule 8 Region Wide Water Quality Discharges Limits
b)
NPS FM bottom line
c)
NPS FM Attribute State B
d)
Hickey (2013) 95% nitrate N species protection level
e)
Recreational/aesthetic guideline indicative of enriched – excessive nutrient condition in Canterbury (40 day accrual) (MfE, 2000; Stevenson et al, 2010)
Bold values indicate that trigger values/ objectives at that Outlet and Sea Pond 2 were not met.

Table B-2. Biannual Nitrate Nitrogen concentrations collected by SFF
Nitrate Nitrogen
Year
Inlet (g/m³)
Pond (g/m³)
Outlet (g/m³)
2011-2012
0.100
2012-2013
0.660
0.320
0.540
2012-2013
0.045
2013-2014
0.130
0.045
0.045
2013-2014
0.045
0.045
0.045
2014-2015
1.230
0.590
0.390
2014-2015
0.250
2015-2016
0.180
0.290
0.080
2015-2016
0.004
Min
0.045
0.004
0.045
Median
0.180
0.250
0.080
Max
1.230
0.590
0.540
N
5.000
7.000
7.000
Average
0.449
0.221
0.178
th
95 percentile
1.116
0.509
0.495
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Appendix C
Fish Species Information

Table C-1. Fish species known to occur within the Pareora River Mouth and its tributaries (data sourced from
the NZFFDB (October 2016), threat status from Goodman et al (2013)).
Common
Date identified
Threat
Scientific name
Name/ Māori
Diadromous Locality
range
Status
Name
Anguilla
Not
Pareora River D/S of SH1
australis
Shortfin eel
2008 Threatened Y
Bridge
Anguilla
At Risk Pareora River D/S of SH1
dieffenbachii
Longfin eel
2008 Declining
Y
Bridge
Cheimarrichthys
At Risk Pareora River D/S of SH1
fosteri
Torrentfish
2008 Declining
Y
Bridge
Galaxias
At Risk maculatus
Inanga
2008 Declining
Y
Pareora River tributary
Pareora River D/S of SH1
Galaxias
Canterbury
At Risk Bridge, Pareora River
vulgaris
galaxias
2008 Declining
N
tributary
Gobiomorphus
Not
Pareora River D/S of SH1
breviseps
Upland bully
2008 Threatened N
Bridge
Pareora River D/S of SH1
Gobiomorphus
Not
Bridge, Pareora River
cotidianus
Common Bully
2008 Threatened Y
tributary
Gobiomorphus
At Risk Pareora River D/S of SH1
hubbsi
Blue Gill Bully
2008 Declining
Y
Bridge
Threatened
Neochanna
Canterbury
- Nationally
burrowsius
mudfish
1975, 1996
Critical
N
Pareora River tributary
Pareora River D/S of SH1
Salmo Trutta
Brown Trout
2008 Introduced Occasionally Bridge

7

Number of species

6
5
4
3
2
1
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Upstream Migration
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Figure C-1. Diadromous migratory times for species identified within the Pareora River Mouth and its tributaries
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Appendix D
Existing Consent CRC163704

RESOURCE CONSENT CRC163704
Pursuant to Section 104 of the Resource Management Act 1991

The Canterbury Regional Council (known as Environment Canterbury)
GRANTS TO:

Silver Fern Farms Management Limited

A DISCHARGE PERMIT:

to discharge contaminants onto land; to discharge contaminants
onto land where they may enter water; to discharge
contaminants to air from the land application of the effluent

TRANSFER DATE:

12 Nov 2015

EXPIRY DATE:

29 Aug 2017

LOCATION:

The Avenue, PAREORA

SUBJECT TO THE FOLLOWING CONDITIONS:

1

The discharge shall only be meat works processing effluent and clean water for irrigation
pipeline flushing and supplementary irrigation.

2

Effluent and clean water shall be discharged to land by spray irrigation. Effluent shall be
screened prior to discharge to land with the final screen aperture size no greater than 0.75
millimetres.

3

Effluent or clean water shall be discharged to land described as “Terrace discharge area”
or “River Flats discharge area” on plans entitled “Figure A1: Terrace Irrigation Area
including Shelter Planting” (“Figure 1”) and “Figure 2:River Flats Irrigation Area including
Shelter Planting” (“Figure 2”) attached to this consent.

4

The average daily depth of discharge to land on the River Flats discharge area shall not
exceed the average daily moisture requirement to refill the soil moisture (“deficit irrigation”)
and not exceed the field capacity of the soil.

5

The non-deficit discharge to land on the Terrace discharge area shall only occur onto land
that drains to the constructed wetland that shall be established in the central gully of the
Terrace discharge area, as shown on Figure 1A attached to this consent. Deficit irrigation
discharge to land on the Terrace discharge area may occur onto land that does not drain to
the central gully shown on Figure 1A.

6

Shelter trees shall be planted and maintained on the boundaries of the Silver Fern Farms
Limited land where the discharge will occur, as shown on Figure 1A and Figure 2 attached
to this consent.

7

There shall be no discharge to land within 50 metres of the boundary of land adjacent to
State Highway 1, or the boundary of property not owned or leased by the consent holder,
until the shelter trees on that boundary, planted in accordance with condition (6), are at
least two metres high. Once the trees exceed two metres in height the discharge from
travelling irrigation equipment may occur up to 25 metres of that boundary and low
pressure fixed sprinklers may be used up to the boundary as long as the use of such
sprinklers does not breach conditions (10), (20) and (21).
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8

Where a fixed sprinkler or K-line is used, the discharge to land shall not occur within 10
metres of a permanent water body, and 5 metres of the bed of an ephemeral stream.
Where a centre pivot or lateral move irrigator is used, the discharge to land shall not occur
within 25 metres of a permanent water body, or 10 metres of the bed of an ephemeral
stream.

9

Notwithstanding condition (5), there shall be no discharge onto land in Pt Lot 10 DP694,
subject to Designation 156 in the Timaru District Plan, until the written consent of the
Timaru District Council has been obtained in accordance with section 176 of the Resource
Management Act 1991.

10

The applicant shall prepare a management plan for the land discharge and exercise this
consent in accordance with the management plan. The management plan shall draw on
best practice information such as Ministry of Agriculture and Forestry’s Best Management
Guidelines for Sustainable Agriculture. The management plan shall provide, but is not
limited to, details of:
a. identification of areas proposed for discharge deficit and non-deficit rates in terms
of soil moisture;
b. timetable for establishing each discharge area identified in condition (10)(i);
c. shelter trees planting and maintenance in accordance with condition (6);
d. development and management of the constructed wetland on the Terrace Block;
e. types of crops to be grown and their location in each discharge area;
f. methods of discharge to be used and location of discharge equipment;
g. methods to monitor and control spray drift onto the community water supply
referred to in condition (9) and spray drift and odour onto neighbouring properties
including defining the maximum allowable wind speed and direction for discharge to
occur in each discharge area by calibrating the weather station data through visual
observation for the range of wind velocities and directions that prevail at Pareora;
h. management of any stock that may be present on the discharge areas from time to
time;
i. management of the discharge of blood products separated from the processing
waste stream and discharged to land, should this be undertaken;
j. methods to prevent runoff and pooling of discharged effluent;
k. monitoring of the discharge volume, flow and effluent quality;
l. methods to ensure that the irrigation of waste water does not result in the field
capacity being exceeded;
m. proposed groundwater monitoring programme for the River Flats discharge area,
and any other discharge area where groundwater is present in an unconfined or
semi-confined aquifer;
n. procedures for identifying potentially affected parties in the event of problems
arising from the discharge;
o. emergency response plan that details procedures for management of abnormal
conditions such as pump failure;
p. actions necessary to ensure the consent conditions will be complied with; and
q. the consent holder shall consult with the Timaru District Council with regard to
condition (10)(vii) in relation to protection from spray drift of the community water
tanks referred to in Condition (9).
The management plan shall be submitted to Canterbury Regional Council prior to the first
occasion that the discharge commences. The management plan shall be reviewed at least
annually by the consent holder. The review shall consider the results of any monitoring
required by conditions of this resource consent. The results of the review and copy of the
revised plan shall be submitted to Canterbury Regional Council by the last working day of
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August each year.
11

The following records shall be maintained for each discharge event: date; time; duration;
area of land; wind speed direction; effluent and clean water application rate; soil moisture
levels. A copy of these records shall be made available to Canterbury Regional Council on
request. A summary of this data shall be provided in the annual monitoring report required
by condition (23).

12

A sample of water from the field tile drainage network to be installed on the Terrace
discharge area discharging to the constructed wetland in the Terrace discharge area shall
be collected in March and October each year and the sample analysed for nitrate-nitrogen.
The results of the analyses shall be provided to Canterbury Regional Council in the annual
report required by condition (23). If the results of any analysis show the concentration of
nitrate nitrogen exceeds 16 grams per cubic metre the consent holder shall report the
result to Canterbury Regional Council within 20 working days of receiving the result, along
with an interpretation of why this concentration is exceeded, and steps that will be taken to
reduce the concentration.

13

If, after two years of sampling in accordance with condition (12), the results of all analyses
for nitrate-nitrogen concentrations in the drainage water from the field tiles in the
designated non-deficit discharge areas on the Terrace discharge area are less than 16
grams per cubic metre then the non-deficit discharge system may be expanded in
accordance with the installation programme identified in condition (10)(ii).

14

If, following the expansion of the non-deficit discharge area in accordance with condition
(13) and subsequent monitoring in accordance with condition (12), the nitrate nitrogen
concentration in two consecutive samples of the drainage water is greater than 16 grams
per cubic metre the consent holder shall resume deficit irrigation on the expanded area
until condition (13) is satisfied.

15

The details of the number, location and depth of groundwater monitoring bores shall be
included in the management plan required in condition (10)(xiii). The number, location and
depth of these monitoring wells shall be determined in consultation with Canterbury
Regional Council. Monitoring of groundwater up-gradient and down-gradient of the River
Flats discharge area is to be undertaken prior to commencement of the discharge and
monthly throughout the year.

16

Groundwater monitoring bores identified in condition (15) and water pumped from
Infiltration gallery J39/005 , shall be sampled monthly and analysed for the following
determinands:
a. Nitrate-nitrogen;
b. Sodium;
c. Conductivity; and
d. Escherichia coli.
The water level in each bore shall be measured and recorded at the time the sample is
taken.

17

At not more than annual intervals the consent holder shall take a minimum of four
representative soil samples from each of the Terrace and River Flat discharge areas. Each
sample shall consist of not less than 15 soil cores. Each sample shall be analysed for; pH,
exchangeable calcium, exchangeable magnesium, exchangeable potassium,
exchangeable sodium, phosphorus (Olsen P), total organic carbon and total nitrogen. In
addition, four representative soil samples shall be collected from each of the proposed
Terrace and River Flat discharge areas before the discharge commences for the first time,
and analysed for the determinands listed in this condition. The location and date of soil
sampling shall be recorded.
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18

A weather station shall be installed at a location where the data collected is representative
of the weather at the discharge areas, prior to commencing discharge to land on the first
occasion. The weather station shall monitor continuously and record at a minimum; rainfall,
temperature, wind speed and direction.

19

The wind speed and direction criteria defined in condition (10)(vii) shall be confirmed by
visual observation at the boundary of the area to be used in any discharge event on at
least three occasions in the first year of operation with at least one observation in spring,
summer and autumn. The observations shall be undertaken at the site during periods at or
about the median wind velocity and in the prevailing wind direction. The observations must
be adequate to enable the calibration of the weather station.

20

There shall be no odour emission resulting from the discharge that is offensive or
objectionable to such an extent that it has an adverse effect on the environment beyond
the boundary of the property on which this consent is exercised.

21

The consent holder shall take all practicable measures to prevent the drift of aerosols
beyond the boundary of the property on which this consent is exercised.

22

The consent holder shall maintain a register of any complaints received relating to any
aspect of the land discharge system. The record shall include the date and time of
complaint, cause of the complaint, weather conditions at the time of complaint and action
taken in response to the complaint. The register shall be made available to the Canterbury
Regional Council on request.

23

The consent holder shall provide to Canterbury Regional Council an annual monitoring
report by the last working day in August each year, and a final report six months prior to
the expiry date of this consent. The monitoring report, as a minimum, shall:
a. identify the land areas used for deficit and non-deficit discharge in the past year,
and any areas where the discharge is expected to commence in the coming year;
b. summarise and interpret (including graphical presentation and statistical analysis)
all data collected as required by conditions of this consent and analyse the
information in terms of compliance with this consent;
c. identify and discuss any important environmental trends in the results;
d. compare results obtained over the reporting period with the results obtained from
previous reporting periods;
e. report and discuss any operational difficulties, changes or improvements made to
the meatworks effluent treatment or meatworks operating processes, which would
result in a notable variation of effluent quality or volume discharged;
f. list any maintenance works needed, proposed or undertaken to ensure compliance
with the conditions of this consent;
g. report and discuss any complaints received regarding the discharge to land or air
and any action taken to address the complaint; and
h. provide an analysis and interpretation of the effects on the environment of the
discharge to land and air.

24

All water and effluent samples required under this consent shall be analysed in accordance
with "Standard Methods for the Examination of Water and Wastewater" prepared and
published by the American Public Health Association, the American Waterworks
Association and the Water Environment Federation - the current edition - or any other
suitable methodology acceptable to the Canterbury Regional Council.

25

The laboratory carrying out analyses required under this consent shall be accredited for
those analyses to NZS/ISO/IEC/17025 or equivalent, as agreed with the Canterbury
Regional Council.
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The Canterbury Regional Council may once per year, on any of the last five working days
of May or November in each year, serve notice of its intention to review the conditions of
the consent for the purpose of;
a. dealing with any adverse effect on the environment which may arise from the
exercise of this consent, which was not foreseen at the time of its granting and
which is therefore more appropriate to deal with at a later stage; or
b. requiring the consent holder to adopt the best practicable option to remove or
reduce any adverse effect on the environment resulting from the discharge.

Issued at Christchurch on 17 November 2015
Canterbury Regional Council

PATTLE DELAMORE PARTNERS LTD
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