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EXECUTIVE SUMMARY
Silver Fern Farms Management Ltd (Silver Fern Farms) are applying to renew an outfall
consent for the meat processing plant at Pareora. As part of the consent application, Silver
Fern Farms require an assessment of the scale and intensity of effects of the discharge on
coastal waters. The Cawthron Institute (Cawthron) has been contracted to provide this
assessment.
Here we provide an assessment of water quality using data from Silver Fern Farms’ consentassociated monitoring programme, and from satellite and aerial imagery of the coastal
waters adjacent to the outfall. The purpose of the present study is to:
 Review and summarise water quality data, and provide an assessment of:
o the scale and intensity of contamination across the sampled area
o the range and concentration of detectable contaminants at the edge of the
1500 m mixing zone.
 Delineate and describe the form and extent of the visible plume from the outfall, and
relate that information to the mixing zone.
Consent monitoring did not indicate any effect of the Pareora outfall on pH, salinity, colour or
concentrations of total suspended solids, total phosphorus, total nitrogen, chlorophyll-a or
dissolved oxygen in the mixing zone. Minor effects on temperature were observed within the
mixing zone. Patchy or occasional effects of the outfall were evident for three nutrient
classes: dissolved reactive phosphorus, ammoniacal-nitrogen, and total Kjeldahl nitrogen.
Bacterial contamination was high, and clearly extended beyond the 1500 m limit of the
mixing zone.
Visual effects of the plume were frequently apparent in satellite/aerial images, and extended
beyond the mixing zone on a number of occasions. Furthermore, these images suggest that
near-shore monitoring may not effectively represent water quality within the plume from the
Pareora outfall. The near-shore area is, however, the part of the mixing zone that is most
accessible to the public.
Over the last decade, Silver Fern Farms have been pursuing a programme of improving
wastewater quality and reducing the volume of wastewater discharged to the sea. We
support these ongoing actions to reduce the nutrient and bacterial loading to the coastal
marine area and suggest that a bridging consent would be an appropriate way of allowing
time for these improvements to be completed.
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1. INTRODUCTION
Silver Fern Farms Management Ltd (Silver Fern Farms) holds a resource consent
(CRC071504) issued by Environment Canterbury (ECAN) to discharge meatprocessing wastewater to the coastal marine area immediately offshore of Pareora,
south of Timaru. Under this consent, an interim water quality mixing zone of 1500 m
radius from the discharge point was established for the coastal receiving waters,
subject to revision under Condition 11 of the Consent. However, the results of an
assessment in 2010 (Barter 2010) concluded that there was little reason to change
the 1500 m radius mixing zone.
Silver Fern Farms are applying to renew the outfall consent to provide a bridging
consent that would allow time to either improve the wastewater quality or establish an
alternative disposal method. As part of the consent application, Silver Fern Farms
requires an assessment of the scale and intensity of effects of the discharge on
coastal waters. The Cawthron Institute (Cawthron) has been contracted to provide this
assessment.
Silver Fern Farms has provided Cawthron with water-quality monitoring data from the
mixing zone collected between 2007 and 2016 (described in Section 3.1 of this
report). The purpose of the present study is to:
1. Review and summarise the data described above, and provide an assessment of:



the scale and intensity of contamination across the sampled area
the range and concentration of detectable contaminants at the edge of the
1500 m mixing zone.

2. Identify representative images of the outfall area from publically-available satellite
imagery. Use GIS software to delineate and describe the form and extent of the
visible plume from the outfall, and relate that information to the mixing zone.
This information is used (to the extent that the data allow) to describe the effect of the
discharge on nearshore waters, and identify the water-quality variables that are most
affected by the discharge. The data provided by Silver Fern Farms are discussed in
the context of data on nutrient sources in the Canterbury Bight (using available data
on riverine nutrient levels and ECAN coastal water quality data).
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2. BACKGROUND
2.1. Water movement and water quality in the Canterbury Bight
2.1.1. Physical environment

The Pareora outfall is located 11 km south of Timaru at the southern edge of the
Canterbury Bight (44° 29.555’ S 171° 13.235’ E). This is a broad and exposed coastal
area of gravel beaches, interrupted by the rocky reefs at Timaru. Beyond the shore
the seabed slopes gradually, reaching 10 m depth at 2.5–3 km from shore and 30 m
depth at 9-19 km offshore.
The area is influenced by the Southland Current, which flows eastward around
Stewart Island and through Foveaux Strait, then north along the east coast (Carter et
al. 1998). The Southland Current is bounded to the east by the Southland Front, the
local component of a large and continuous convergence zone between warm
subtropical and cold sub-Antarctic waters (the Subtropical Front).
Smaller-scale studies of water currents around the Pareora outfall were made in June
2010 using drogues (Barter 2010). These showed flows parallel to the coast and
reversing direction with the tide. The drifters released on the 2 June survey travelled
south at a speed of 10 cm/s whilst those released on 24 June travelled north at a
much faster speed (50 cm/s). The difference in speed cannot be attributed solely to
tidal reversal; other factors like wave-induced longshore drift, wind-induced currents
and the Southland Current could all have an influence. During both releases, the
plume stayed very close to shore (i.e. within 100 m of the breakers). This is consistent
with aerial observations made in November 2004, which showed the plume from the
outfall extending 100–150 m from shore and flowing southwards (Bolton-Ritchie
2006).
Current meters deployed off the Canterbury coast at Clandeboye (32 km north of
Pareora) for 66 d between January and March 2003 also showed tidally-reversing,
along-shore flows (Sneddon 2016). Surface (2 m) water showed a stronger southward
component and deeper (6 m) water showed a weaker, more variable offshore
component. Median surface current speed was 9 cm/s and there was a small net
movement alongshore to the southwest at approximately 1 cm/s. Current direction
was to the southwest for 55% of the time and northeast for 45%.
Nearshore currents at Studholme, 26 km south of Pareora, measured over 63 d
between January and March 2014 (Sneddon et al. 2015), followed the orientation of
the coastline more strongly than those at Clandeboye. This may have been due, in
part, to the steeper profile of the adjacent shoreline. Current velocities again reversed
with the tide, but were generally stronger at Studholme (median 22 cm/s) than at
Clandeboye.
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The rivers entering the sea along the coast of South Canterbury include (from south to
north): Waitaki, Waihao, Otaio, Pareora, Opihi, Orari and Rangitata. There are also
numerous smaller creeks and artificial drains. In addition to the Pareora outfall,
Timaru District Council operates a wastewater outfall at Timaru. The characteristics of
these discharges are summarised in Table 1.

Table 1.

Water flow and nutrient discharges from larger rivers and outfalls (Silver Fern Farms,
Pareora and Timaru District Council waste water) entering the Canterbury Bight and
adjacent coast. Adapted from Bolton-Ritchie (2006) and Sneddon (2016).
Mean flow

NH3-N

NOx-N

DIN

TN

DRP

TP

(m3/s)

(kg/d)

(kg/d)

(kg/d)

(kg/d)

(kg/d)

(kg/d)

Rakaia River

221

173

899

1071

58

115

Ashburton River

18.3

22

981

1003

16

33

1737

Rivers

Rangitata River

100

96

1641

2764

25

104

Orari River

1.41

2.7

299

318

2.7

5.5

Opihi River

5.5

14

258

362

2.7

8.2

Pareora River

3.7

5.5

58

96

1.9

0.33

Otaio River

0.7

1.1

25

41

0.41

0.60

Waihao River

3.7

14

164

247

2.7

11

Waitaki River

4219

38

370

408

175

rivers/creeks a

>16

77

Silver Fern Farms Pareora b

0.08

104

Timaru DC WW

0.19

Small
Outfalls

4726

4803

5416
77

841

167

a. Taumutu Creek in the north to Whitney’s Creek in the south
b. Based on a discharge volume of 2 x 106 m3/year and 304 operating days/year, from data published in
2005 (see Bolton-Ritchie 2006).

Although the Pareora processing plant discharges a small volume of wastewater
relative to that discharged by the rivers shown in Table 1, it appears to have been a
relatively significant contributor to the input of ammoniacal nitrogen and total
phosphorus from the land to the Canterbury coast at the time the data in Table 1 were
collected (prior to 2006). The volume of wastewater and associated nutrients
discharged directly from the Pareora plant to the coast have decreased over time
because of increased disposal of wastewater by land irrigation. Some of these
nutrients are likely to enter coastal waters indirectly via groundwater. However, this
contribution to the groundwater input is likely to be small compared with that from the
intensification of dairy farming in the area.
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2.1.2. Water quality

Environment Canterbury conducted a ‘snapshot’ sampling of water quality across
200 km of the Canterbury coast, from Lake Ellesmere to the Waitaki River mouth, in
November 2004 (Bolton-Ritchie 2006). Samples were collected at four distances from
shore (20 m, 50 m, 100 m and 500 m) at each of 11 locations along the coast (named
transects A–K, from north to south). Location H was 2.4 km north of the Pareora
outfall and location I was 10.5 km south. Water depth at 500 m from shore was 3–6 m.
The variables measured were: concentrations of nitrogen (N) and phosphorus (P)
compounds, reactive silica (Si), iron (Fe) and chlorophyll-a, salinity and pH.
An effect of freshwater inputs on salinity was only apparent at two stations (J and K)
north of the Waitaki River (and south of the Pareora outfall). Concentrations of Si were
also highest at these two stations. The Waitaki River appeared to have a significant
effect on coastal water quality to at least 500 m from shore and 25 km from the river
mouth. Effects of the other rivers were not clearly identifiable. In general,
concentrations of nutrients (N and P compounds and Fe) and chlorophyll-a were
higher in the northern part of the Canterbury Bight relative to those further south.
Bolton-Ritchie (2006) noted that the P loads from rivers south of Timaru (including the
Pareora) are low relative to those further north.
The Timaru discharge appeared to affect water quality in the adjacent coastal waters.
Concentrations of ammoniacal N (NH3-N), P compounds and Fe at transect G, 1.1 km
north of the Timaru wastewater outfall, did not conform to the gradient of increasing
concentrations from south to north. Concentrations of these variables at transect G
were higher than those of all or most of the other stations, particularly at the sampling
station 20 m from shore, suggesting that the outfall was affecting receiving-water
quality.
In contrast to the Timaru outfall, there was little evidence of an effect on most of the
measured variables from the much smaller discharge of the Pareora outfall (mean
flows of 0.08 vs 0.19 m3/s from the Pareora and Timaru outfalls, respectively: Table
1). Concentrations of TN and nitrate-nitrite at the two transects either side of the
Pareora outfall were lower than at all other transects. However, concentrations of
NH3-N were relatively high at the station 20 m from shore on transect H (2.4 km north
of the Pareora outfall). This variable also showed relatively large spatial variability at
some of the stations on this transect, possibly reflecting incomplete mixing of the
wastewater with the surrounding water up to 2.4 km from the outfall.
In summary, there were apparent effects on coastal water quality from the Waitaki
River (salinity and Si) and the Timaru waste-water outfall (NH3-N, P compounds and
Fe). The much smaller discharge from the Pareora outfall may have had an effect on
NH3-N, in terms of concentration and spatial variability, up to 2.4 km downstream.
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3. METHODS
3.1. Seawater monitoring data
Silver Fern farms has supplied the following data to Cawthron:


Sea-water quality August 2013 to August 2016, at seven nearshore and seven
offshore sampling stations (Figure 1). Nearshore stations were at the outfall, and
at 500 m intervals to the north and south, to the edge of the 1500 m radius mixing
zone. Offshore sites were positioned directly offshore from the nearshore sites,
along the edge of the 1500 m mixing zone. Near shore sites were sampled
monthly, while offshore sites were only sampled in June 2015 and June 2016.
Data were provided for the following variables: temperature, salinity, pH, Hazen
colour, oil and grease, total suspended solids (TSS), total phosphorus (TP),
dissolved reactive phosphorus (DRP), total nitrogen (TN), ammoniacal nitrogen
(NH3-N), total Kjeldahl nitrogen (TKN), chlorophyll-a, dissolved oxygen (DO),
faecal coliforms, and enterococci. Current direction and sea state were also
recorded.



Sea-water quality October 2007 to May 2013, from two (presumably) near-shore
sites 1500 m from the discharge. Variables were enterococci, DO and temperature
(numerous blank cells for DO and temperature). Current direction was sometimes
recorded.



Wastewater volume October 2002 to July 2016.

Wastewater quality data were also provided, but were not required for the purposes of
this report.
The seawater data from 2013–2016 were summarised using box plots, to examine
spatial patterns across all times of sampling. Data were plotted as individual sampling
events, to show spatial and temporal variation within and among times.
For variables that indicated an effect of the discharge that extended to the edge of the
mixing zone, seawater data at the 1500-m north and 1500-m south sampling stations
were plotted as bar charts on the same figure as discharge volume (as a line graph).

5
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Location of water-quality monitoring stations in relation to the Pareora outfall and mixing
zone (dotted line). (Source of image: Collins 2015)

3.2. Satellite imagery
3.2.1. Image acquisition

The presence and extent of visible discharge plumes from the Pareora outfall were
assessed and estimated by analysis of satellite and aerial images. Satellite images
were sourced from the United States Geological Society (USGS) Earth Explorer portal
of Landsat 8 remote sensing data1 and from Google Earth historical images. Aerial
images, captured for Environment Canterbury Regional Council, Timaru District
Council and the Canterbury Aerial Imagery Consortium, were obtained from the LINZ
(Land Information New Zealand) data service website2.
3.2.2. Image processing

The resolution of the aerial and Google Earth satellite images was high (40–75 cm
and > 1 m pixel resolution, respectively) and required little or no processing before
analysis. Landsat 8 data is considered moderate resolution and is provided in the form
of nine spectral bands, four of which are in the visible spectrum (Table 2). ESRI
ArcGIS (version 10.4) software was used to combine colour bands 1–4 into composite
1
2

http://earthexplorer.usgs.gov/, accessed November 2016.
http://www.linz.govt.nz/data/linz-data-service, accessed November 2016.

6

CAWTHRON INSTITUTE | REPORT NO. 2969

DECEMBER 2016

tiff files and the resultant colour-space was stretched, enhanced using panchromatic
sharpening based on band 8 and adjusted for brightness and contrast. To provide as
much consistency between images as possible, processing parameters were
standardised (i.e., resampling to reduce pixellation using cubic convolution and
stretching using either two standard deviation cropping of each colour band from
statistical analysis of the entire image scene, or a standard ESRI stretch), with the
exception of brightness and contrast enhancement which was selected per image for
ready inspection of the plume. Analysis results are, however, qualitative and subject
to some uncertainty resulting from variability in image quality, along with differences in
display settings of computer screens and colour interpretation by viewers.

Table 2.

Spectral Bands and associated wavelength bands for the Operational Land Imager (OLI)
sensor aboard the Landsat 8 satellite.
Spectral Band Number - Description

Wavelength (μm)

Resolution

Band 1 - Coastal / Aerosol

0.433 - 0.453

30 m

Band 2 - Blue

0.450 - 0.515

30 m

Band 3 - Green

0.525 - 0.600

30 m

Band 4 - Red

0.630 - 0.680

30 m

Band 5 - Near Infrared

0.845 - 0.885

30 m

Band 6 - Short Wavelength Infrared

1.560 - 1.660

30 m

Band 7 - Short Wavelength Infrared

2.100 - 2.300

30 m

Band 8 - Panchromatic

0.500 - 0.680

15 m

Band 9 - Cirrus

1.360 - 1.390

30 m

3.2.3. Image analysis

When discolouration of seawater was detected at or in the vicinity of the outfall,
indicative measurements of plume length and width were made using ArcGIS (for
satellite and aerial images) and Google Earth Pro measuring tools. In some cases
both a conspicuous and more diffuse area of discoloured water was visible and two
sets of measurements were made accordingly. Information about the direction of
plume flow and the maximum distance offshore was also recorded. Measurements
made by the primary observer were cross-checked by a second viewer to increase
confidence in the measurements. The two interpretations were generally very similar.
Where they differed the most conservative result was selected. Nonetheless, it should
be recognised that an element of subjectivity remains in the analysis.

7
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4. RESULTS
4.1. Physical factors and pH
4.1.1. Temperature

The median temperature was slightly higher at the discharge sampling location than at
locations either side on both north-flowing and south-flowing currents (Figure 2). The
large variation around these values (indicated by the interquartile ranges and the
length of the whiskers in the box plots) is unsurprising given the variation in
temperature with season and with the volumes of the discharges from the outfall and
from the Pareora River.
When spatial variation in temperature is considered over individual sampling
occasions (Figure 2), there are several incidences of temperatures being up to 1–2 °C
higher at the outfall location than at locations either side. On other occasions, there
appears to be a gradient of increasing temperature from upstream to downstream of
the outfall, again consistent with an effect of the discharge. This effect is seen both
when the current is flowing to the north and to the south. On many occasions, there is
no clear pattern among locations.
Comparison of temperatures within the mixing zone with ambient temperature
measured on the same date suggests that temperatures generally return to within
1 °C of ambient by the time water reaches the edge of the mixing zone (Figure 3). The
maximum recorded difference from ambient at the edge of the mixing zone was less
than 2 °C.

8
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Seawater temperature within the mixing zone of the Silver Fern Farms Pareora outfall,
under north-flowing (left) and south-flowing (right) current flows. Box and whisker plots
(top) indicate median values, and upper and lower quartiles (grey box). Whiskers are set
with a factor value of 1.53. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data.

The lowest datum still within 1.5 times the inter-quartile range.
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Figure 3.
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Seawater temperature difference from ambient within the mixing zone of the Silver Fern
Farms Pareora outfall, under north-flowing (left) and south-flowing (right) current flows.
Box and whisker plots (top) indicate median values, and upper and lower quartiles (grey
box). Whiskers are set with a factor value of 1.5. Note that current flows were northerly on
both occasions when offshore samples were collected, but offshore data are presented
on both line graphs for the purposes of comparison between offshore and near-shore
data.
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4.1.2. Salinity

A reduction in salinity was apparent at the southern end of the mixing zone during
both northerly and southerly tidal flows (Figure 4). This is presumably due to flows
from the Pareora River, as the sampling station is located very near the river mouth.
This freshwater input is only minimally apparent 500 m further north (at the 1000 m
south sampling station), and this small effect was most often observed when the
coastal current was flowing northwards. No effect of the discharge on salinity was
apparent on any sampling occasions.
4.1.3. pH

No change in pH was apparent across the mixing zone (Figure 5). pH was apparently
measured to the nearest decimal place, therefore many recordings fell on the same
value, causing the upper or lower quartile and median to coincide on box plots (Figure
5).
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Figure 4.
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Seawater salinity within the mixing zone of the Silver Fern Farms Pareora outfall, under
north-flowing (left) and south-flowing (right) current flows. Box and whisker plots (top)
indicate median values, and upper and lower quartiles (grey box). Whiskers are set with a
factor value of 1.5. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data. Darker lines
connecting symbols indicate that the same values were recorded on multiple sampling
occasions.
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Figure 5.

DECEMBER 2016

Seawater pH within the mixing zone of the Silver Fern Farms Pareora outfall, under
north-flowing (left) and south-flowing (right) current flows. Box and whisker plots (top)
indicate median values, and upper and lower quartiles (grey box). Whiskers are set with a
factor value of 1.5. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data. Darker lines
connecting symbols indicate that the same values were recorded on multiple sampling
occasions.
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4.2. Visual quality and insoluble materials
4.2.1. Hazen colour

Hazen colour4 (measured in ‘Hazen units’) displayed higher variability over time than
across the mixing zone: all values ≥30 Hazen units were measured on two sampling
occasions (Figure 6). The lowest value (2.5 Hazen units) occurred frequently, causing
the upper and/or lower quartile and median to coincide on box plots, and the majority
of points to fall along the 2.5 Hazen unit level on the line graph. The reduction in mean
Hazen values occurring towards the outfall is largely due to the values recorded on a
single sampling occasion. No pattern is apparent regarding Hazen colour across the
mixing zone.

4

‘Hazen colour’ is a colour scale used as a measure of the concentration of dissolved and particulate material in
waste water.
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Figure 6.
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Seawater Hazen colour within the mixing zone of the Silver Fern Farms Pareora outfall,
under north-flowing (left) and south-flowing (right) current flows. Box and whisker plots
(top) indicate median values, and upper and lower quartiles (grey box). Whiskers are set
with a factor value of 1.5. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data. Darker lines
connecting symbols indicate that the same values were recorded on multiple sampling
occasions.
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4.2.2. Oil and grease

Concentrations of oil and grease were often below the detection limit in water samples
(causing the lower quartile and median to coincide on box plots, and the majority of
points to fall at the 2 g/m3 level on the line graph: Figure 7). A minor increase is
apparent in oil and grease towards the outfall, suggesting an effect of the outfall on
water quality. Oil and grease concentrations were not higher at the down-current edge
of the mixing zone, therefore any effect of the outfall does not appear to extend
beyond the 1500 m limit. Offshore values showed moderate to high variability on both
sampling occasions, suggesting that natural factors are an important source of
variability.
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Figure 7.
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Seawater oil and grease concentration (g/m3) within the mixing zone of the Silver Fern
Farms Pareora outfall, under north-flowing (left) and south-flowing (right) current flows.
Box and whisker plots (top) indicate median values, and upper and lower quartiles (grey
box). Whiskers are set with a factor value of 1.5. Note that current flows were northerly on
both occasions when offshore samples were collected, but offshore data are presented
on both line graphs for the purposes of comparison between offshore and near-shore
data. Darker lines connecting symbols indicate that the same values were recorded on
multiple sampling occasions.
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4.2.3. Total suspended solids

Total suspended solid (TSS) concentrations were highly variable in the mixing zone,
with both temporal and spatial variation of at least one order of magnitude (Figure 8).
However, no effect of the discharge on suspended solids was apparent. Offshore
concentrations of suspended solids were lower than at near-shore sampling stations.
This difference is expected where wave action in shallower water causes
resuspension of seabed sediment. It also corresponds to a difference in colour seen
near-shore in satellite imagery (below).
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Figure 8.
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Seawater total suspended solids (TSS) concentration (g/m3) within the mixing zone of the
Silver Fern Farms Pareora outfall, under north-flowing (left) and south-flowing (right)
current flows. Box and whisker plots (top) indicate median values, and upper and lower
quartiles (grey box). Whiskers are set with a factor value of 1.5. Note that current flows
were northerly on both occasions when offshore samples were collected, but offshore
data are presented on both line graphs for the purposes of comparison between offshore
and near-shore data.
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4.3. Nutrients and biological activity
4.3.1. Phosphorus

Occasionally, relatively high concentrations of total phosphorus were recorded but
were apparently not related to the outfall, as they occurred up-current of the outfall
site (Figure 9). Offshore sites have concentrations at the lower end of the near-shore
range.
Concentrations of dissolved reactive phosphorus (DRP) showed some evidence of
occasional increases at and down-current of the outfall (Figure 10). This was reflected
in the variability of the data and summary statistics (outliers, whiskers, and standard
errors), but not in measures of central tendency (median and mean). On only a single
occasion was the concentration of DRP at the edge of the mixing zone substantially
higher than the mean value (0.034 g/m3, compared with mean of 0.008 g/m3, [ Figure
10, left hand line plot], and upper-quartile range of 0.014 g/m3 [Figure 10, left hand
box and whisker plot]).
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Figure 9.
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Seawater total phosphorus (TP) concentration within the mixing zone of the Silver Fern
Farms Pareora outfall, under north-flowing (left) and south-flowing (right) current flows.
Box and whisker plots (top) indicate median values, and upper and lower quartiles (grey
box). Whiskers are set with a factor value of 1.5. Note that current flows were northerly on
both occasions when offshore samples were collected, but offshore data are presented
on both line graphs for the purposes of comparison between offshore and near-shore
data.
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Figure 10.
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Seawater dissolved reactive phosphorus (DRP) concentration within the mixing zone of
the Silver Fern Farms Pareora outfall, under north-flowing (left) and south-flowing (right)
current flows. Box and whisker plots (top) indicate median values, and upper and lower
quartiles (grey box). Whiskers are set with a factor value of 1.5. Note that current flows
were northerly on both occasions when offshore samples were collected, but offshore
data are presented on both line graphs for the purposes of comparison between offshore
and near-shore data. Darker lines connecting symbols indicate that the same values were
recorded on multiple sampling occasions.
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4.3.2. Nitrogen

While occasional peaks in total nitrogen (TN) were observed, no change in TN related
to the outfall was apparent across the mixing zone (Figure 11). Concentrations at or
near the apparent analytical detection limit5 (0.15 g/m3) were recorded at offshore
stations and on many occasions at nearshore stations. This caused the upper and
lower quartile and median to coincide on some box plots, and the majority of points to
fall along the 0.15 g/m3 level on the line graph.
Occasional peaks in ammoniacal nitrogen were observed and were possibly related to
the outfall, but no clear pattern was apparent across the mixing zone (Figure 12).
Concentrations at or near the apparent analytical detection limit (0.005 g/m3) were
recorded at offshore stations and on many occasions at nearshore stations. This
caused the upper and lower quartile and median to coincide on box plots. As noted in
Section 3.1, high concentrations of ammoniacal nitrogen (relative to other locations in
the south Canterbury Bight) were recorded at a location 2.4 km north of the Pareora
outfall in a separate survey (Bolton-Ritchie 2006). These were tentatively attributed to
the discharge from the outfall.
While occasional peaks in total Kjeldahl nitrogen (TKN) were observed, no clear
pattern was apparent across the mixing zone (Figure 13). Concentrations at or near
the apparent analytical detection limit (0.1 g/m3) were recorded at offshore stations
and on many occasions at nearshore stations. This caused the upper and lower
quartile and median to coincide on box plots.

5

Due to the frequent occurrence of values of 0.15 g/m3, we assume this was generally the laboratory detection
limit, although on two occasions a value of 0.015 g/m3 was recorded, which indicates either a data entry error,
or use of a more precise test on that occasion.
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Figure 11.
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Seawater total nitrogen (TN) (g/m3) concentration within the mixing zone of the Silver
Fern Farms Pareora outfall, under north-flowing (left) and south-flowing (right) current
flows. Box and whisker plots (top) indicate median values, and upper and lower quartiles
(grey box). Whiskers are set with a factor value of 1.5. Note that current flows were
northerly on both occasions when offshore samples were collected, but offshore data are
presented on both line graphs for the purposes of comparison between offshore and
near-shore data.
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Figure 12.
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Seawater ammoniacal nitrogen (N) (g/m3) concentration within the mixing zone of the
Silver Fern Farms Pareora outfall, under north-flowing (left) and south-flowing (right)
current flows. Box and whisker plots (top) indicate median values, and upper and lower
quartiles (grey box). Whiskers are set with a factor value of 1.5. Note that current flows
were northerly on both occasions when offshore samples were collected, but offshore
data are presented on both line graphs for the purposes of comparison between offshore
and near-shore data. Darker lines connecting symbols indicate that the same values were
recorded on multiple sampling occasions.
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Figure 13.
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Seawater total Kjeldahl nitrogen (TKN) concentration within the mixing zone of the Silver
Fern Farms Pareora outfall, under north-flowing (left) and south-flowing (right) current
flows. Box and whisker plots (top) indicate median values, and upper and lower quartiles
(grey box). Whiskers are set with a factor value of 1.5. Note that current flows were
northerly on both occasions when offshore samples were collected, but offshore data are
presented on both line graphs for the purposes of comparison between offshore and
near-shore data. Darker lines connecting symbols indicate that the same values were
recorded on multiple sampling occasions.

CAWTHRON INSTITUTE | REPORT NO. 2969

DECEMBER 2016

4.3.3. Chlorophyll-a

Chlorophyll-a (a proxy for the concentration of phytoplankton) was often apparently
below the laboratory detection limit in water samples (Figure 14). This caused the
upper and lower quartiles and the median to coincide on box plots, and the majority of
points to fall along the 0.0015 g/m3 level on the line graph. Concentrations above
detection limit remained low (< 0.01 g/m3). No effect of the outfall was apparent on
chlorophyll-a concentrations.
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Figure 14.
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Seawater chlorophyll-a concentration within the mixing zone of the Silver Fern Farms
Pareora outfall, under north-flowing (left) and south-flowing (right) current flows. Box and
whisker plots (top) indicate median values, and upper and lower quartiles (grey box).
Whiskers are set with a factor value of 1.5. Note that current flows were northerly on both
occasions when offshore samples were collected, but offshore data are presented on
both line graphs for the purposes of comparison between offshore and near-shore data.
Darker lines connecting symbols indicate that the same values were recorded on multiple
sampling occasions.
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4.3.4. Dissolved oxygen

No change in the percentage saturation of dissolved oxygen is apparent across the
mixing zone (Figure 15). On one occasion near-shore water was super-saturated with
dissolved oxygen (120–161% DO, measured on 10 June 2015). The sea was
classified as ‘relatively calm’ on that occasion and concentrations of chlorophyll-a
were not particularly high, so the cause of the supersaturation is unclear. Near shore
values were similar to the commonly-recorded offshore values. Low values that
occurred on two occasions to the north of the mixing zone are not readily explained by
an effect of the outfall, particularly as they occurred both up-current and down-current
of the outfall.
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Figure 15.
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Seawater dissolved oxygen concentration within the mixing zone of the Silver Fern Farms
Pareora outfall, under north-flowing (left) and south-flowing (right) current flows. Box and
whisker plots (top) indicate median values, and upper and lower quartiles (grey box).
Whiskers are set with a factor value of 1.5. Note that current flows were northerly on both
occasions when offshore samples were collected, but offshore data are presented on
both line graphs for the purposes of comparison between offshore and near-shore data.
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4.4. Faecal indicator bacteria
A strong signal from the outfall was seen in concentrations of enterococci at and
down-current of the outfall (Figure 16). High concentrations up-current of the outfall
may be due to other sources of enterococci but, given the high concentrations
associated with the outfall on some occasions, it is possible that these up-current
peaks result from outfall associated material returning in tidally-reversing currents.
This patchiness up- and down-current of the outfall makes it difficult to establish from
the 2014–2016 data set whether enterococcal concentrations are elevated at the edge
of the 1500 m mixing zone.
For this reason, the older dataset provided by Silver Fern Farms was assessed for
enterococcal concentrations at sampling stations 1500 m north and south of the outfall
(the data are not presented here). Data were available from several sampling
occasions per month between October 2007 and May 2013 but on many occasions
the current direction was not recorded. On 64% of the 123 sampling occasions for
which current direction was recorded, and was the same for both sampling stations,
enterococcal concentrations were higher at the down-current edge of the mixing zone.
Down-current enterococcal concentrations were significantly higher under both northflowing and south-flowing currents (p = 0.001 and 0.031 respectively, one-tailed Ttests assuming unequal variances). There was no clear correspondence between
enterococcal concentrations at the boundaries of the mixing zone and the volume of
discharge (Figure 17).

31

DECEMBER 2016

Figure 16.
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Seawater enterococcal concentrations within the mixing zone of the Silver Fern Farms
Pareora outfall, under north-flowing (left) and south-flowing (right) current flows. Box and
whisker plots (top) indicate median values, and upper and lower quartiles (grey box).
Whiskers are set with a factor value of 1.5. The y-axes of the line graphs (bottom) use a
base-10 log scale. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data.
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Figure 17.
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Seawater enterococcal concentrations at near-shore sampling stations at the northerly
(red) and southerly (black) limits of the Silver Fern Farms Pareora outfall mixing zone
(1500 m radius). Grey lines indicate daily volumes discharged via the outfall.

Concentrations of faecal coliforms (the other class of faecal indicator bacteria that
were measured in the 2013–2016 surveys) are more clearly indicative of an extension
of contamination beyond the edge of the mixing zone (Figure 18). Substantially
elevated concentrations of faecal coliforms were frequently recorded at and downcurrent of the outfall. While patchiness is still apparent, faecal coliform concentrations
are overall much higher at the down-current boundary of the mixing zone than at the
up-current boundary, indicating that the contamination is extending beyond 1500 m of
the outfall. There was a broad correspondence between coliform concentrations at the
boundaries of the mixing zone and discharge volume (Figure 19).
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Figure 18.
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Seawater faecal coliform concentrations within the mixing zone of the Silver Fern Farms
Pareora outfall, under north-flowing (left) and south-flowing (right) current flows. Box and
whisker plots (top) indicate median values, and upper and lower quartiles (grey box).
Whiskers are set with a factor value of 1.5. The y-axes of the line graphs (bottom) use a
base-10 log scale. Note that current flows were northerly on both occasions when
offshore samples were collected, but offshore data are presented on both line graphs for
the purposes of comparison between offshore and near-shore data.
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Figure 19.
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Seawater faecal coliform concentrations at near-shore sampling stations at the northerly
(red) and southerly (black) limits of the Silver Fern Farms Pareora outfall mixing zone
(1500 m radius). Grey lines indicate daily volumes discharged via the outfall.
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4.5. Satellite imagery
Thirty-five images of the Pareora outfall and surrounding coastal waters were
acquired and analysed for the presence and extent of visible plumes of discoloured
water. These comprised eight Google Earth / DigitalGlobe satellite images, twentythree Landsat 8 (LC8) satellite images (supplied by USGS) and four aerial images
(captured for ECAN, Timaru District Council and the Canterbury Aerial Imagery
Consortium; supplied by LINZ). The Google Earth images were captured in 2002,
2009, 2011, 2012, 2013 and 2015, and the Landsat 8 images spanned the period
from mid-2013 to August 2016. Exact dates for the aerial images are not available
(see Table 3).
Visible plumes were detected in 14 of the 35 images (Table 3). Where possible,
dimensions were estimated for both conspicuous zones and more diffuse, indistinct
areas of discoloured water (Table 3). Glare on the sea surface precluded analysis of
two of the Google Earth images and the quality of several Landsat 8 images made
plume detection and delineation difficult (see comments in Table 4).
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Dimensions of discharge plumes and direction of flow. Plumes that exceed the 1500 m
mixing zone boundary indicated in light grey. Uncertain estimates due to sea surface
glare (for Google Earth images) or image quality (for Landsat 8 satellite images) indicated
in brackets. Dates of improvements to wastewater treatment and of irrigation to land
(reducing the volume discharged to the sea) are also shown.
Plume dimensions (m)
Conspicuous plume
Diffuse plume
Max.
Max.
Length
Width distance Length Width distance
offshore
offshore

Direction
of plume
flow

Image date
(NZ)

Image
name/source

11-May-2016

LC80740912016133

703

411

591

SE

20-Jan-2016

LC80740912016021

(86)

(37)

(37)

(S)

18-Feb-2015

LC80740912015050

1666

129

253

S&N

17-Jan-2015

LC80740912015018

(102)

(84)

(84)

22-May-2014

LC80740912014143

510

88

137

(304)

(182)

(182)

uncertain
N/NE

Pivot 5 for irrigation of wastewater to land installed December 2013.
30-Aug-2013

Google Earth
LC80740912013204

40
-

37
-

64
-

22-Jul-2013
6-Jul-2013

LC80740912013188

1152

262

344

29-Apr-2013

Google Earth

291

110

301

21-Jan-2013

Google Earth

287

80

98

(1523)

(547)

1142

170

(881)

NE

362

N/NE
N/NE

1258

212

343

14-Dec-2012
Google Earth
122
66
114
Pivot 3 for irrigation of wastewater to land installed October/November 2009. Pivot 4 installed December
2010/January 2011. K-line irrigation progressively installed 2009, 2014/2015 and 2015/2016.
15-Jun-2009

Google Earth

68

45

N/NE
SW & N
S

94

(512)
(148)
(218)
NE
(Plume appears indistinct due to image
quality, it may not necessarily be
“diffuse”.)
Dissolved air flotation and wastewater screens fully operational. Blood irrigation to land begins October 2008. Pivots
1 and 2 (180°) for irrigation of wastewater to land operational November 2008 and extended to 360° May 2009.
Apr 2004 Canterbury 0.75m
782
69
69
2888
585
585
NE
Mar 2010
Rural Aerial
30 Oct 2012 Canterbury 0.4m
194
96
96
399
96
108
NE & SW
28 Mar 2013
Rural Aerial
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List of images in which discharge plumes were not detected (copies of these images are
available on request).

Image date
(NZ)

Image
name/source

31-Aug-2016

LC80740912016245

No plume detected (indistinct dark discolouration of inshore water,
not measured due to uncertainty and low image quality)

14-Jul-2016

LC80740912016197

No plume detected

28-Jun-2016

LC80740912016181

No plume detected

25-Apr-2016

LC80740912016117

Indistinct resurgence of plume to north-east of the outfall.
Dimensions not estimated due to uncertainty.

17-Nov-2015

LC80740912015322

No plume detected

18-Oct-2015

Google Earth

Analysis precluded due to glare on sea surface

16-Oct-2015

LC80740912015290

No plume detected

28-Jul-2015

LC80740912015210

No plume detected

26-Jun-2015

LC80740912015178

No plume detected

23-Apr-2015

LC80740912015114

No plume detected

6-Mar-2015

LC80740912015066

No plume detected

1-Jan-2015

LC80740912015002

No plume detected

30-Nov-2014

LC80740912014335

No plume detected

27-Sep-2014

LC80740912014271

Small indistinct plume, extent unclear. Dimensions not estimated.

10-Aug-2014

LC80740912014223

No plume detected

29-Dec-2013

LC80740912013364

No plume detected

10-Oct-2013

LC80740912013284

No plume detected

29 Oct 2013 27 Mar 2014

Canterbury 0.4m
Rural Aerial

No plume detected

14 & 21 Nov,
4 Dec 2012

Timaru 0.075m
Urban Aerial

Strip of pale discoloured water detected parallel to coast, 40-50m
offshore, in the vicinity of the outfall. Not measured as it is unclear
whether this is related to discharge.

30-Nov-2011

Google Earth

Analysis precluded due to glare on sea surface

30-Aug-2002

Google Earth

Small area of dark discoloured water visible ~300m north along
coast, possible plume resurgence. Not measured due to uncertainty.

Comments regarding confidence of non-detection of plume

Plume extent ranged from relatively small, discrete areas close to the outfall (e.g.
Figure 20), to diffuse areas that extended as far as approximately 2.8 km from the
outfall (Figure 21). In three images the plume extended beyond the 1500 m mixing
zone, as indicated in Table 3 and shown in Figure 21, Figure 22 and Figure 23. Note
that the image in Figure 21 was taken before the installation of dissolved air floatation
(DAF) and screens to remove suspended solids from the wastewater, and of irrigation
of some of the wastewater to land (see Table 3). In two images the area of diffuse
discoloured water approached the mixing zone boundary (Figure 24: 1258 m and
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Figure 25: 1142 m) and in the remaining ten images the plume did not extend beyond
800 m from the outfall.
The form of the plume was similar in most images, tracking either north/north-east or
south/south-west along the coastline, often at a distance of tens to several hundreds
of metres offshore. In one case the plume diffused offshore in a south-easterly
direction (Figure 26) and in three images currents shifted the plume in both directions
along the coast (Figure 20, Figure 22 and Figure 27). In one image the plume is
hardly detectable at the outfall but appears to resurge at several points along the
coast to the north/north-east (Figure 28). It is possible that this behaviour also
occurred in other images although plume extents were not estimated due to
uncertainty (Table 4).
One of the images in which a discharge plume was detected coincided with a
seawater-quality sampling date (18 February 2015). A conspicuous dark discharge
plume extends along the coast in a south/south-westerly direction, at a distance of
80–300 m offshore. The diffuse area of the plume is still visible just beyond the
southern boundary of the mixing zone (Figure 22, Table 3). Observations of the
discharge made on this date did not detect any conspicuous change in sea colour and
the Hazen colour value was low (2.5 Hazen units). The tidal drift direction at the time
of water sampling was northerly, suggesting that the image was taken at a different
time from water samples. Water sampling results were largely unremarkable except
for a low DO reading (88% concentration) at the northern edge of the mixing zone.
High faecal coliform concentrations (1600 cfu / 100mL) were recorded 500 m south of
the outfall.
While it would be expected that the plume on 18 February 2015 was visible from
shore, it is probable that water samples taken at the onshore stations failed to sample
water containing discharge because the plume occurred a short distance off-shore.
This left a narrow band of nearshore water less impacted by the outfall and apparently
no conspicuous change in the water that was visible from shore (according to the
observations included in the data set). Similar plume behaviour was evident in other
images (e.g. Figure 29), presumably also suggesting likely non-detection of discharge
effects from shore-based sampling.
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Figure 20.
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An example of a conspicuous, discrete discharge plume. Note that the dimensions shown
in yellow deliniate the diffuse area of the plume.
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Figure 21.

An example of both a conspicuous, discrete discharge plume at the outfall and a diffuse
plume that extends beyond the mixing zone boundary.

Figure 22.

Landsat 8 satellite image (captured USA time: 19-Feb-2015, NZ time: 18-Feb-2015)
showing diffuse plume extending to the south, slightly beyond the mixing zone boundary.
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Figure 23.

Google Earth satellite image (captured USA time: 31-Aug-2013, NZ time: 30-Aug-2013)
showing diffuse plume extending offshore to the north-east, beyond the mixing zone
boundary. Mixing zone is shown in orange, sampling stations indicated by yellow dots.
Note that these measurements are termed uncertain due to sea surface glare.

Figure 24.

Google Earth satellite image (captured USA time: 30-Apr-2013, NZ time: 29-Apr-2013)
showing diffuse plume approaching the boundary of the mixing zone. Mixing zone is
shown in orange, sampling stations are indicated by yellow dots.
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Landsat 8 satellite image (captured USA time: 23-Jul-2013, NZ time: 22-Jul-2013)
showing diffuse plume approaching the boundary of the mixing zone. Note that these
measurements are termed uncertain due to image quality.
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Figure 26.

Landsat 8 satellite image (captured USA time: 12-May-2016, NZ time 11-May-2016)
showing diffuse plume extending offshore in a south-easterly direction.

Figure 27.

Google Earth satellite image (captured USA time: 22-Jan-2013, NZ time: 21-Jan-2013)
showing plume movement to the north and south-west.
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Landsat 8 satellite image (captured USA time: 26-Apr-2016, NZ time: 25-Apr-2016)
showing diffuse plume appearing to resurge along the coast to the north of the outfall.
Note that this plume was not delineated due to uncertainty and low image quality.
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Figure 29.
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Landsat 8 satellite image (captured USA time: 07-Jul-2013, NZ time: 06-Jul-2013)
showing track of discharge plume parallel to but off-lying the coast, and the location of
seawater sampling stations.
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5. SUMMARY AND CONCLUSIONS
An assessment of the Silver Fern Farms monitoring data (summarised in Table 5) did
not identify an effect of the Pareora outfall on salinity and pH. A low-salinity signal
from the Pareora River was apparent at the southern-most (1500 m) sampling station.
This is unsurprising given the close proximity of the sampling station to the river
mouth. No effect was expected on pH as the cleaning chemicals likely to influence this
variable are no longer used by Silver Fern Farms (Barter 2010). Temperature
variation between the edge of the mixing zone was generally within 1 °C of ambient at
the borders of the mixing zone, and on no sampling occasion was it more than 2 °C
different (a standard of ≤3 °C difference applies to coastal water-quality classes for
the protection of aquatic ecosystems, fisheries and fish spawning in Schedule 3 of the
RMA).
While visual effects were not detected in Silver Fern Farms’ monitoring of Hazen
colour, a plume was apparent on satellite / aerial images on at least 40% of occasions
for which imagery was available. The visible plume was highly variable, but extended
beyond the edge of the mixing zone on three of the 33 analysable images.
Total suspended solids in seawater samples were highly variable, as would be
expected in turbulent near-shore waters, and no effect of the outfall was detectable.
However, the discharge showed a possible effect on concentrations of oil and grease
within the mixing zone. Under north-flowing currents the concentrations are similar at
the northern and southern boundaries of the mixing zone, which suggests that effects
may not extend beyond the mixing zone.
Some effects of the outfall were apparent in seawater measures of nutrient
concentrations. Dissolved reactive phosphorus and ammoniacal nitrogen (NH3-N)
both showed occasional peaks at or down-current of the outfall, including at the
1500 m station. Concentrations of TKN were also slightly increased at and near the
outfall (NH3-N is a component of TKN). Nutrient peaks did not translate into detectable
effects on measured biological activity (as chlorophyll-a). However, changes in levels
of biological activity would not be expected to manifest at or near the outfall site. In the
case of chlorophyll-a, phytoplankton may take several days to respond to an increase
in nutrient availability, at which time currents would have relocated (and presumably
also diluted) the affected water. Dissolved oxygen could be depleted as bacteria break
down organic matter, but at the Pareora site wave action is likely to mitigate any effect
of biological activity on oxygen levels by aerating near-shore waters.
Ranges of nutrient and chlorophyll concentrations from consent monitoring of the
Pareora outfall are comparable to those measured along a 200 km stretch of coast in
2004 (Bolton-Ritchie 2006: TP, DRP, TN, NH3-N, chlorophyll-a). In that survey the
Pareora outfall also had an apparent effect on NH3-N at the closest sampling station
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to the outfall (2.4 km north). The wastewater discharge at Timaru also appeared to
have an effect on concentrations of NH3-N, P and Fe in coastal waters at a sampling
station 1.1 km north of that outfall. In both cases, concentrations of measured
variables were more spatially variable than at other stations. Bolton-Ritchie (2006)
suggested that this indicated that mixing was not complete by the time the water
reached the sampling stations. This is consistent with the patchiness observed in
Silver Fern Farms’ monitoring data.
Bacterial contamination from the Pareora outfall was high. Concentrations of faecal
coliforms and enterococci were regularly much higher down-current of the outfall.
They were also higher at the down-current boundary of the mixing zone than at the
up-current boundary. This suggests that the effect of the outfall on these variables
extends beyond the mixing zone. No indication was apparent that contamination
extended beyond the mixing zone in an offshore direction, either from water samples
taken on two offshore sampling occasions, or in the plume behaviour observed from
satellite imagery.
The coastal marine area immediately south of Timaru is classified as water managed
for shellfish gathering, for contact recreation and for the maintenance of aquatic
ecosystems (Regional Coastal Environment Plan for the Canterbury Region).
Environment Canterbury’s bacteriological water quality standard for contact recreation
is that:
Between 1 November in any year and 31 March in the following year,
all running medians of concentrations of enterococci from any series
of five consecutive samples collected at intervals of between five and
nine days shall not exceed 35 colony-forming units per 100 mL of
water as a result of any discharge of a contaminant or water, with no
single sample exceeding 277 colony-forming units per 100 mL of
water.
Guideline values for contact recreation provided by the Ministry for the Environment /
Ministry of Health (MfE / MoH 2003) specify that for a coastal water body to be
suitable for contact recreation, all water samples shall contain less than
140 enterococci/100 ml. Concentrations in the range 140–280/100 ml require daily
(rather than, for example, weekly) sampling and identification of sources of
contamination. Concentrations greater than 280/100 ml require, in addition, public
notification that a health problem exists.
Enterococcal concentrations recorded at the boundary of the mixing zone during
consent monitoring during 2013–2016 generally complied with the above standards
(based on medians6 and single samples). In the older data (2007–2013), however,

6

Note that the samples were not taken over a period of 5–9 days, as required for assessment under the waterquality standard.
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down-current enterococcal concentrations exceeded the single sample standard on
11 out of 123 occasions, and five-sample medians exceeded the median standard.
Environment Canterbury’s standard for shellfish gathering is that:
The median faecal coliform concentration of not less than five
samples taken within any consecutive 30 day period, shall not
exceed 14 colony-forming units per 100 ml, and no more than 10% of
samples taken within any consecutive 30 day period shall exceed 43
colony-forming units per 100 ml as a result of any discharge of a
contaminant or water.
The MfE / MoH (2003) guideline for shellfish gathering is that the median value over a
shellfish-gathering season shall not exceed 14 faecal coliforms/100 ml and not more
than 10% of samples should not exceed 43/100 ml.
Over the duration of the consent-monitoring programme, concentrations of faecal
coliforms recorded at the down-current boundary of the mixing zone frequently
exceeded these guideline values. This suggests that the discharge may not meet the
water-quality standard required by the shellfish-gathering classification.
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Summary of data provided by Silver Fern Farms.

Variable

Outfall
effect
apparent

Pattern within mixing zone

Effect at
1500m
apparent

Near shore-offshore
comparison

Physical and pH
Temperature

possible
minor

Salinity
pH

Minor elevation

no

No offshore data

no

Pareora River input apparent at northern end
of mixing zone

no

Higher offshore

no

None

no

Offshore similar to
nearshore

no

None

no

Offshore similar to
nearshore

Highest mean values at outfall, decline with
increasing distance. Majority of values at or
below detection limit
Levels at 1500m apparently not elevated

no

Highly variable on one
occasion offshore,
difficult to interpret

High spatial and temporal variation

no

Offshore lower than
nearshore

Visual and insoluble
Hazen colour

Oil and grease

possible

TSS

no

Nutrients and biological activity
TP

no

Possible occasional effect from Pareora River

no

DRP

occasional

No pattern in mean or median variability, but
several high values recorded down-current of
the outfall

possible

TN

no

None. Values often at or below detection limit

no

Ammoniacal-N

occasional

TKN

possible
minor

Chlorophyll-a

no

DO

no

Few peaks at or down-current of outfall,
including at 1500 m. Values usually at or
below detection limit
Minor increase in mean value at outfall.
Values usually at or below detection limit
None. Values usually at or below detection
limit
None

Faecal contamination (bacterial indicators)
Strong occasional signal of outfall. Variability
up-current may be due to other sources, or
outfall associated material returning in tidallyEnterococci
yes
reversing currents. Levels at 1500m difficult to
interpret. Pre-2014 clear signal of downcurrent contamination
Frequent strong signal of outfall.
Variability up-current may be due to other
Faecal coliforms
yes
sources, or outfall associated material
returning in tidally-reversing currents
Levels at 1500m frequently elevated
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possible

no
no
no

Offshore at lower end of
near-shore range
Offshore at higher end of
near-shore range
(excluding near-shore
outliers)
Offshore near, at, or
below detection limit
Offshore at or below
detection limit
Offshore near, at, or
below detection limit
Offshore usually at or
below detection limit
Offshore mid-range of
near-shore

probable

Offshore near, at, or
below detection limit

yes

Offshore near, at, or
below detection limit
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In summary, consent monitoring did not indicate any effect of the Pareora outfall on
pH, salinity, colour or concentrations of TSS, TP, TN, chlorophyll-a or DO in the
mixing zone. Minor effects on temperature were observed. Patchy or occasional
effects of the outfall were evident for three nutrient classes: DRP, ammoniacal-N, and
TKN. Bacterial contamination was high, and clearly extended beyond the 1500 m limit
of the mixing zone. Visual effects of the plume were frequently apparent in satellite
images, and were observed to extend beyond the limits of the mixing zone on a
number of occasions. Furthermore, these images suggest that near-shore monitoring
may not effectively measure effects of the outfall on water quality within the mixing
zone.
Over the last decade, Silver Fern Farms have been pursuing a programme of
improving wastewater quality and reducing the volume of wastewater discharged to
the sea. We support these ongoing actions to reduce the nutrient and bacterial
loading to the coastal marine area and suggest that a bridging consent would be an
appropriate way of allowing time for these improvements to be completed.

5.1. Effectiveness of sampling
It is apparent from the satellite/aerial images that near-shore sampling may not
capture the full effects of the outfall, due to the plume remaining some distance
offshore. Past work has also recognised that the plume is not most concentrated at
the shoreline: rather, it runs long-shore some distance out from land (see sample
design in Barter 2010). However a single observation made in 2004 apparently
described the plume sitting along the shoreline (Bolton-Ritchie 2006). Data collected
at the shoreline and within the plume did not show consistently elevated
concentrations of enterococci, DRP, or ammoniacal nitrogen (NH3-N) within the plume
relative to shoreline samples, however data from only four occasions was available
(Barter 2010). Given these possibly divergent pieces of evidence for near-shore
plume concentration, it is uncertain to what extent shore-based sampling represents
water quality within the plume from the Pareora outfall. The near-shore area is,
however, the part of the mixing zone that is most accessible to the public
Single samples taken at sampling stations separated by 500 m also fail to effectively
reflect small-scale patchiness in water-quality. Variability in samples separated by
30-50 m was thought to provide information on likely mixing patterns in Environment
Canterbury’s sampling along this coast (Bolton-Ritchie 2006).
Some uncertainty also exists regarding background levels of bacterial contamination.
Identification of suitable reference sites would assist in the interpretation of data from
mixing-zone sites.

51

DECEMBER 2016

REPORT NO. 2969 | CAWTHRON INSTITUTE

6. REFERENCES
Barter P 2010. Coastal water quality and mixing zone studies for the Silver Fern
Farms Meat Processing Plant: Pareora. Prepared for Silver Fern Farms.
Cawthron Report No. 1835. 16 p. plus appendices.
Bolton-Ritchie L 2006. Coastal water quality Lake Ellesmere/Te Waihora to the
Waitaki River Mouth. Environment Canterbury Report No. U06/36. 37 p. plus
appendices.
Carter L, Garlick RD, Sutton P, Chiswell S, Oien NA, Stanton BR 1998. Ocean
circulation New Zealand. NIWA Chart Miscellaneous Series No. 76.
Collins K 2015. Silver Fern Farms – Pareora annual monitoring report 1 July – June
2015. 83 p. plus appendices.
Sneddon R 2016. Review of monitoring data and consent conditions for Fonterra’s
Clandeboye outfall. Prepared for Fonterra Ltd. Cawthron Report No. 2702.
51 p. plus appendices.
Sneddon R, Dunmore R, Barter P, Clement D, Melville D, Kelly D, Elvines D 2015.
Ecological investigations and effects of the proposed Fonterra Studholme
outfall. Prepared for Fonterra Limited. Cawthron Report No. 2666. 141 p. plus
appendices.

52

