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EXECUTIVE SUMMARY
The Nelson Regional Sewerage Business Unit (NRSBU) is seeking to renew its consent to
discharge treated wastewater from the Bell Island Wastewater Treatment Plant. As part of
the application process, NRSBU has contracted the Cawthron Institute (Cawthron) to provide
an assessment of environmental effects of the discharge on the receiving environment and
wider Waimea Inlet. We present the assessment of ecological effects in this report.
Discharge is through an outfall at the south-eastern end of Bell Island. The receiving
environment for the discharge from the Bell Island plant is the eastern part of Waimea Inlet.
The treated wastewater is discharged during the first three hours of the ebbing tide, ensuring
that it is not transported landward into the Inlet. Strong current flows and rapid mixing result
in the treated wastewater being rapidly flushed seaward.
Monitoring has not found any evidence of nutrient enrichment of the sediments or water
column of eastern Waimea Inlet or adjacent areas of Tasman Bay because of the discharge.
All of the monitoring studies from 2001 to 2016 have concluded that increases in nutrient
concentrations in the receiving waters are, as predicted, confined to the mixing zone. No
ecological effects from nutrient enrichment, such as changes in phytoplankton community
composition, have been recorded outside the mixing zone. Monitoring has shown the
concentrations of ammonia in the receiving environment to be well below guidelines for
protection of marine life.
Benthic monitoring downstream of the discharge shows normally functioning coastal seabed
habitats and no evidence of abnormal sediment anoxia or other obvious signs of organic
enrichment. Total nitrogen and organic matter contents of sediments from all sites sampled
were typical of those sediments of similar grain-size distributions from moderately productive
estuarine and shallow subtidal habitats within the region. Elevated concentrations of nickel
and chromium in sediments and arsenic concentrations in cockle tissues from the survey
sites are thought to be attributable to natural catchment inputs. Comparisons among
potential impact and reference sites suggest that these elevated concentrations were not
related to the wastewater discharge. Biological communities at all survey sites are in a
relatively healthy and functional condition, similar to equivalent habitats elsewhere in the
Nelson-Marlborough region.
Monitoring also indicates that the discharge (under normal conditions) is unlikely to have a
significant adverse effect on the suitability of areas outside the mixing zone for contact
recreation. Overall, monitoring results indicate that the bacterial component of water quality
of inner Tasman Bay can be affected more by catchment runoff rather than by contributions
from the Bell Island wastewater discharge. Elevated concentrations of faecal coliforms and/or
enterococci have occurred within the mixing zone. However, on some occasions the highest
values for FIB were recorded out in Tasman Bay, suggesting that the wastewater outfall is
not a major source of bacterial contamination relative to other sources in the area. No FIB
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concentration samples downstream of the mixing zone has exceeded the guidelines for
bathing-water criteria (for either enterococci or, in the case of the ANZECC guidelines, faecal
coliforms).
Monitoring using sentinel mussels has recorded several instances when FIB concentrations
exceed the Ministry of Health guidelines for human consumption—at sites outside the mixing
zone (including far-field reference sites)—when they are below guidelines in the mixing zone.
This suggests that contamination derives from a variety of sources, including the Bell Island
discharge. Note that a quantitative microbial risk analysis is being prepared separately to this
report.
The mixing zone originally proposed (1994) for the outfall was the sector of a circle (pie slice)
of 500-m radius extending downstream from the outfall. The radius of the mixing zone was
subsequently reduced to 250 m in the consent conditions. Present channel morphology in
the eastern Inlet is similar to that in 1994 and, consequently, the mixing zone is still likely to
be valid. The absence of any clear relationship between concentrations of nutrients or faecal
indicator bacteria and distance from the outfall suggests that mixing is very rapid and
concentrations reduce to background levels within a short distance.
Consent conditions require that the frequency of monitoring be reviewed if the daily loading
of total nitrogen from the outfall exceeds 400 kg/d when averaged over either summer
(October–March) or winter (April–September). Loading data (kg/d) are provided as monthly
averages and these have only exceeded 400 kg/d three times in the years in which the fiveyearly monitoring has been done (2001, 2006, 2011 and 2016). Consequently, the average
over six months would not have exceeded the consented limit and no review of the
monitoring intervals has been required.
Average daily discharge volumes are predicted to increase by 20% over the present value
over the next 35 years. This is not expected to affect concentrations of contaminants,
including nutrients and toxicants, in the wastewater or in the receiving environment.
Consequently, the toxicity of the discharge is not likely to increase. Contaminant loads will,
however, increase and persistent contaminants could potentially accumulate in the receiving
environment. In the case of metals and organic matter in sediments in Waimea Inlet and
inner Tasman Bay, monitoring data do not indicate that the predicted future increases in
loading are likely to produce adverse environmental effects. Recent hydrodynamic modelling
suggests that it is unlikely that concentrations of contaminants will increase progressively
over time due to incomplete flushing from Waimea Inlet. Effects of increased nutrient and FIB
loads are discussed in two separate reports.
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1. INTRODUCTION
1.1. Scope
The Nelson Regional Sewerage Business Unit (NRSBU) is seeking to renew its
consent to discharge treated wastewater from the Bell Island Wastewater Treatment
Plant (WWTP). Discharge currently occurs under Resource Consent NN000539, via
an outfall at the south-eastern end of Bell Island. As part of the application process,
NRSBU has contracted the Cawthron Institute (Cawthron) to provide an assessment
of environmental effects of the discharge on the receiving environment and wider
Waimea Inlet. The assessment (this report) includes the following (agreed deviations
are indicated in italics):
1. An outline of the ecological values of the receiving environment and wider
Waimea Inlet. Note that the request to include avian ecological values will be
limited to general comments on the use of the area by birds from existing sources
because Cawthron does not have specialist expertise in avian ecology.
2. A description of the extent and nature of the mixing zone of the WWTP discharge.
We comment in a general way on the extent and nature of the mixing zone, based
on the report by Bell et al. (1995) and on dilution factors derived from our
measurements of nutrients in the discharge and receiving environment. However,
it was not appropriate to make this discussion very detailed because new
modelling work has been commissioned by NRSBU from MetOcean Solutions Ltd
(MetOcean), which provides an updated description. We comment on dilution at
the edge of the mixing zone, as predicted by the new model, and compare these
to the previously modelled and empirically-derived dilution factors.
3. An assessment of the effects of the current/historic discharge, both within the
mixing zone, at the edge of the mixing zone, and further afield. This includes both
water quality and sediment quality monitoring results and other ecological
monitoring that has been undertaken by Cawthron or any other organisation
engaged by the NRSBU to assess effects of the WWTP discharge. In respect of
water quality, the report compares the results to the following:


the standards specified in the existing resource consent



the New Zealand Microbiological Water Quality Guidelines for Marine and
Freshwater Recreational Areas 2003



the relevant water quality classification of the receiving waters specified in
the Tasman Resource Management Plan and the Nelson Resource
Management Plan (noting that the potential effects of the discharge occur
within the coastal waters within both councils’ areas)



the 2000 Australian and New Zealand Guidelines for Fresh and Marine
Water Quality document (ANZECC 2000 Guidelines). These were also used
in respect of the sediment quality results.
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Our assessment covers water quality and sediment quality based on results of
work commissioned by NRSBU but excludes work done in association with the
current consent application for unanticipated emergency discharges, and
monitoring associated with other activities around the Inlet (such as for the
fibreboard and fertiliser plants). We compare the results with the standards listed in
in the bullet points above but note that, with regard to ANZECC water-quality
guidelines, the only toxic contaminant for which we have monitoring data is
ammonia. We also provide comment on the continuing appropriateness of nutrient
mass load limits versus concentration limits.
4. Discussion of other inputs of contaminants (limited to those that are present in the
WWTP discharge) into the Waimea Inlet and an assessment of the cumulative
effects of the WWTP discharge and these other inputs. Note that there is limited
information about other sources of contaminants to the Inlet so our discussion and
assessment of cumulative effects is necessarily general (based on Cawthron’s
2001 report on nutrient enrichment potential of the discharge and the 2016 waterquality and benthic monitoring reports).
5. A predictive assessment of the likely effects of predicted future flows and loads.
This assessment includes the same matters outlined in (3) and (4) above and
assumes that the same wastewater quality limits as specified in the existing
resource consent will be met. Information on future flows and loads were provided
by MWH1 and information on dilution factors at the boundary of the mixing zone
were provided by the MetOcean model.

1
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2. ECOLOGICAL VALUES OF THE RECEIVING ENVIRONMENT
2.1. Ecological values of Waimea Inlet
Waimea Inlet is a shallow, bar-built estuary located within Tasman Bay adjacent to the
city of Nelson. According to Hume et al. (2016) it is classified as a shallow drowned
valley. One of the largest Inlets in New Zealand (c. 3,460 ha), it contains
approximately 3,307 ha of intertidal area with the remaining c. 150 ha being subtidal,
e.g., river and tidal channels (Davidson & Moffat 1990; Stevens & Robertson 2014)
(Figure 1 and Figure 2). Within the Inlet, ten islands totalling approximately 296 ha,
contribute to the considerable habitat heterogeneity (Robertson et al. 2002). There are
two tidal openings located at opposite ends of Rabbit Island which forms a barrier
between the Inlet and Tasman Bay. Due to its broad, shallow configuration, and a
spring tidal range of 3.7 m (Hume et al. 2016), the tidal compartment is largely drained
with each ebbing tide resulting in a relatively rapid flushing rate (Robertson et al.
2002).
2.1.1. Freshwater inputs

Freshwater contributions are minor in comparison to the size of the tidal component;
however, reduced salinities have been reported for areas in the vicinity of freshwater
discharge channels (Gillespie & Asher 1999). The main freshwater inflow to the Inlet
is from the Waimea River and its tributaries. The freshwater discharge from the
Waimea River separates into two channels behind Rabbit Island, with the majority of
the flow travelling along the eastern side of the Island towards the eastern entrance to
the Inlet. A number of smaller streams also contribute to the total freshwater inflow.
2.1.2. Catchment characteristics

The Waimea Inlet catchment area is 933 km2 (Hume et al. 2016), with much of the
central lower catchment being relatively flat or undulating, particularly the Waimea
Plain and the river valleys. However the catchment extends south to the Gordon
Range and east to encompass the steep, eastern slopes of the Richmond and Bryant
ranges and Dun Mountain, predominantly draining steeply sloped land. The Dun
Mountain ‘mineral belt’ region contains ultramafic rock formations that are particularly
high in metals such as copper, nickel and chromium and are a source of these metals
to Waimea Inlet and Tasman Bay. The composition of the Inlet catchment and its soils
reflect the complicated geological structure and history of the region. Most soils are
characteristically of low natural fertility, but the fertile, deep, fine soils on the lower
flood plain of the Waimea River are a notable exception (Chittenden et al. 1966).

3
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Map of Waimea Inlet, showing the dominant types of substrata in 2014. Figure prepared by Wriggle Coastal Management for Tasman District Council
(from Stevens & Robertson 2014).
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Map of the area around Bell Island, showing the dominant types of substrata in 2014. Figure prepared by Wriggle Coastal Management for Tasman
District Council (from Stevens & Robertson 2014).
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2.2. Receiving environment of the Bell Island Wastewater Treatment
Plant
The eastern area of Waimea Inlet (East Waimea Inlet) is considered to be the general
receiving environment for discharge from the Bell Island WWTP for the following
reasons:


the outfall is located on the eastern side of Bell Island within East Waimea Inlet



the treated wastewater is discharged on the ebbing tide (within a three-hour
window of high tide) ensuring that it is not transported westward into the Inlet, and
strong current flows and rapid mixing result in the treated wastewater being rapidly
flushed seaward (Gillespie 2011).

2.3. Ecological significance
The following provides a brief description of the ecological values of Waimea Inlet,
including East Waimea Inlet the receiving environment for the Bell Island Wastewater
Treatment Plant.
Waimea Inlet plays a significant role in the integration of terrestrial and coastal marine
ecosystems by, for example, providing critical habitat for a variety of plant and animal
species, maintaining coastal productivity, and nourishing the marine food web
(Robertson et al. 2002). High value is placed on the Inlet’s terrestrial-wetland-coastal
aquatic continuum as habitat for wildlife (e.g., waterfowl), fish and invertebrate, and its
complex, heterogeneous physical and biological structure (Robertson et al. 2002).
Davidson and Moffat (1990) recommended that eleven intertidal, and eight terrestrial
areas, including the whole western Inlet, be protected due to their special biological
assets. The Inlet has also been assessed by the Department of Conservation (DOC)
as meeting the criteria for a wetland of international importance (Cromarty & Scott
1995).
2.3.1. Condition of the Inlet

Based on four State of Environment monitoring stations in unvegetated tidal flat
habitat (two located within West Waimea and two within East Waimea) the Inlet was
considered to be in a generally healthy ecological state compared to a number of
other New Zealand estuaries (Gillespie et al. 2007). However, it has been
considerably impacted by extensive habitat loss/modification and sedimentation
(Tuckey & Robertson 2003; Davidson & Moffat 1990; Robertson & Robertson 2014).
Localised areas of nutrient enrichment are present, and more widespread faecal
bacteriological contamination occurs in regions of freshwater inflows, largely from
agricultural sources within the estuary catchment (see Section 6.2). Stevens and
Robertson (2014) reported that 28 ha of the Inlet was degraded by nutrient
enrichment, high macroalgal growth and accumulation of fine mud. The areas most
6
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affected were locations of high natural deposition, where concentrated catchment
inputs of sediments and nutrients provided suitable conditions for the growth of
opportunistic algae. None of these areas are in the downstream trajectory of the
discharge from the Bell Island outfall.

Figure 3.

Map of Waimea Inlet, showing areas of eutrophication in 2014 (in red). Figure prepared
by Wriggle Coastal Management for Tasman District Council (from Stevens & Robertson
2014).

2.3.2. Unvegetated habitats

Most of the intertidal area in Waimea Inlet (both East and West) is comprised of
unvegetated mud/sand flats (Figure 1) (Stevens & Robertson 2014). At the time of
Stevens and Robertson’s (2014) survey in 2014, soft and very soft mud cover was
extensive (40%, 1,195 ha) and mostly in the upper parts of the central basin and
sheltered arms. Very soft mud was reported to have increased dramatically since
1999, a likely consequence of fine sediment inputs from natural and human-related
catchment land disturbance (Stevens & Robertson 2014).
2.3.3. Vegetation

Twenty estuarine vascular plants have been recorded within the Waimea Inlet
intertidal zone (Davidson & Moffat 1990). The dominant vegetated habitat is
7
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herbfield—primarily glasswort, Sarcocornia quinqueflora) and rushland (primarily
searush, Juncus kraussii). The high proportion of glasswort is considered to be
relatively unusual in comparison to many other New Zealand estuaries (Tuckey &
Robertson 2003). In 2014, saltmarsh vegetation was present in both West and East
Waimea covering 9% of the area as a whole (Figure 4). There has been a 14%
decline in the area of saltmarsh between 1946 and 2014 (Stevens & Robertson 2014).
The Inlet is also home to rare and threatened native plants, such as coastal
peppercress (Lepidium banksii), occurring within West Waimea (No Mans Island and
off Bronte Peninsula), and grey salt bush (Atriplex cinerea), occurring within West
Waimea (No Mans island) and East Waimea (Bell Island West saltmarsh) (DOC
2015). Cromarty and Scott (1995) also noted that the Inlet contains the southernmost
populations of the estuarine tussock, Stipa stipoides, and that the rush Baumea
articulata has been recorded from the Rough Island wetland, the only locality for this
species in the South Island.
Seagrass/eelgrass (Zostera muelleri), an ecologically valuable habitat, is present
within Waimea Inlet. Davidson and Moffat (1990) mapped 58 ha of intertidal seagrass
habitat, largely within East Waimea but with two beds present within West Waimea.
Intertidal seagrass beds (where seagrass was the dominant habitat category) were
estimated to cover 28 ha (revised to 35 ha by Stevens & Robertson 2014) in
1999-2001 and 21 ha in 2006–2007 (Robertson et al. 2002; Clark et al. 2008). In
2014, 34 ha of dense seagrass habitat (where cover was > 50%) and 110 ha of
seagrass habitat overall, was recorded within the Inlet, with no seagrass mapped
within West Waimea (Figure 5) (Stevens & Robertson 2014). It therefore appears that
between 2000 and 2014 the overall area of dense seagrass remained relatively
stable, with some variation either due to differing mapping procedures or actual
contraction/expansion of seagrass beds. However, Stevens and Robertson (2014)
noted specific areas of decline, including loss of approximately 4 ha of seagrass
fringing an area south/southwest of Saxton Island, and the loss of a small area
(< 0.1 ha) of seagrass due to the Monaco-Bell Island pipeline upgrade in 2012 (both
areas in East Waimea). Comparisons with data from 1990 are not appropriate
because the percentage cover of seagrass recorded in the 1990 study was
unspecified, and mapping methodologies were slightly different.
Eight macroalgal taxa have been recorded from the Waimea Inlet intertidal zone
(Davidson & Moffat 1990). Opportunistic macroalgal growth, a possible indication of
nutrient enrichment, was found to be low overall in 2014, although dense beds of both
agar weed (Gracilaria sp.) and sea lettuce (Ulva sp.) were present in localised areas
within West and East Waimea (Stevens & Robertson 2014).
The amount of vegetation (e.g., scrub and forest) immediately surrounding the Inlet
was relatively low in 2014 and was comprised largely of plantation forestry on Rabbit
and Rough islands (Stevens & Robertson 2014). Ongoing restoration efforts, including
native revegetation, within the estuary and its margins are being made by various
8
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groups, including those associated with the Waimea Inlet Forum. The Forum was
created as a result of the Waimea Inlet Management Strategy and includes groups
that have an interest in, and a commitment to, the Waimea Inlet (DOC 2015).

9
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Figure 4.

OCTOBER 2017

Map showing the extent of saltmarsh vegetation within Waimea Inlet in 2014. Figure prepared by Wriggle Coastal Management for Tasman District
Council (from Stevens & Robertson 2014).
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Figure 5.
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Map showing the extent of seagrass cover within Waimea Inlet in 2014. Figure reproduced from Stevens & Robertson (2014). Figure prepared by
Wriggle Coastal Management for Tasman District Council (from Stevens & Robertson 2014).
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2.3.4. Sponge gardens

Sponge gardens (i.e. biologically diverse sponge-associated communities) were found
to be present at two locations within the Waimea Inlet (Asher et al. 2008). The
Traverse (West Waimea) and Saxton-Monaco channel (East Waimea) sponge
gardens covered 1.2 ha and 4.8 ha respectively, and were dominated by the sponge
Mycale (Carmia) tasmani, which is often present in South Island harbour and port
environments. Amphipods, gastropods, encrusting bryozoans and sea lettuce were
also abundant.
2.3.5. Benthic invertebrates

Waimea Inlet is home to a range of benthic invertebrates and 112 species have been
recorded (Davidson & Moffat 1990). Benthic invertebrate composition within the Inlet
was consistent with a range of other New Zealand estuaries, with species richness at
representative locations indicating relatively diverse and healthy sandflat habitats
containing a broad range of feeding types (Gillespie et al. 2007). However, slight to
moderate organic enrichment was indicated at one location (within West Waimea) by
the density of polychaete worms belonging to the family Capitellidae. Losses of some
mud-sensitive organisms (e.g., pipi) were apparent between 2001 and 2014, although
no broad trends of change in macroinvertebrate communities were evident (Robertson
& Robertson 2014). The analysis of historical sediment cores also indicated that large
increases in mud coincided, at times, with decreases in shellfish populations (Stevens
& Robertson 2010).
Shellfish beds are scattered around eastern Waimea Inlet (Figure 6), including oyster
reefs, cockle and pipi beds. The pipi beds along the northern side of Rabbit Island and
off Tahunanui are harvested for seafood2.

2

Information provided at a meeting for local stakeholders, 15 June 2017.
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Figure 6.

OCTOBER 2017

Shellfish beds (circled in red) in eastern Waimea Inlet. Note that cockle beds are defined
as areas dominated by both live and dead cockle shells, some of which may represent
accumulations of dead shells. Figure prepared by MWH/Stantec from data collected by
Wriggle Coastal Management for Tasman District Council (adapted from Stevens &
Robertson 2014).

2.3.6. Fish

Thirty-one marine and eleven freshwater fish species occur in the estuary and tidal
reaches of tributary streams of the Inlet, including the giant kokopu Galaxias
argenteus (Davidson & Moffat 1990; Cromarty & Scott 1995). A number of areas
associated with the Waimea Inlet have also been highlighted as inanga spawning
grounds (DOC 2015). Most marine fish enter the Inlet from the sea (e.g., kahawai,
gurnard and snapper), while others spend their juvenile or adult life in the Inlet (e.g.,
grey mullet, sand flounder and sole). In New Zealand, many freshwater fish species
migrate between fresh and salt water at some stage of their life history, with estuaries
providing an essential link in their life cycle. Whitebaiting is popular in the lower
Waimea River (pers. obs. D. Morrisey).
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2.3.7. Birds

Waimea Inlet was assessed by the Fauna Survey Unit of the New Zealand Wildlife
Service as an ‘outstanding Site of Special Wildlife Interest’ (SSWI), particularly for
Anatidae (ducks) and wading birds. The SSWI is a nationwide wildlife habitat ranking
system officially recognised by the Department of Conservation (Cromarty & Scott
1995). At least fifty bird species have been recorded within the Inlet, including white
heron (Ardea modesta, classified nationally as ‘threatened’), royal spoonbill (Platalea
regia, ‘naturally uncommon’) and Australasian bittern (Botaurus poiciloptilus,
‘nationally endangered’) (Davidson & Moffat 1990; Robertson et al. 2013). The Inlet
also contains populations of banded rail (Gallirallus philippensis assimilis) (Davidson
& Moffat 1990), which is nationally classified as ‘at risk’ due to its restricted range and
declining numbers (Robertson et al. 2013).
Waimea Inlet is recognised as having national and international importance for a
variety of shorebird/wading species (Schuckard & Melville 2013; Melville & Schuckard
2013). This significance relates to two main areas within the Inlet: West Waimea Inlet
(including Grossi Point and No Mans Island) and East Waimea Inlet (including Rabbit
Island east, Bell Island shell bank, Sand Island and Nelson Airport area) (Table 1).
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Sites of International and National importance for shorebirds in the Waimea Inlet. Table
modified from Schuckard & Melville (2013). Light-grey shading indicates national
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Table 1.

West Waimea Inlet

East Waimea Inlet

Waimea Inlet (both West and East) provides important breeding habitat for variable
oystercatchers (Haematopus unicolor) (Schuckard & Melville 2013), a species
nationally classified as ‘recovering’ (Robertson et al. 2013). Important areas within
sites of international significance for shorebirds in Waimea Inlet were also highlighted
by Melville and Schuckard (2013). Waimea Inlet West (Figure 7) contains roosts and
(for variable oystercatcher) breeding sites, while the three Waimea Inlet East sub-sites
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listed below (and shown in Figure 7) were used by the same populations of birds
depending on tide conditions, weather and levels of disturbance.
Sand Island:
 roost site


breeding site for variable oystercatcher, red-billed gull (Larus novaehollandiae
scopulinus—nationally vulnerable), black-billed gull (Larus bulleri—nationally
critical) and white-fronted tern (Sterna striata striata—at risk/declining).

Bell Island shell bank:
 roost site


breeding for variable oystercatcher, Caspian tern (Hydroprogne caspia—nationally
vulnerable (1% of the national population)).

East end of Rabbit Island:
 roost site


breeding site for variable oystercatcher.
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Maps showing important areas for shorebirds within Waimea Inlet West (top) and
Waimea Inlet East. Reproduced from Melville and Schuckard (2013).

Waimea Inlet is listed in Schedule 25D of the Tasman Resource Management Plan
(TRMP) as an area (Area 22) with nationally significant ecosystem values. These
values include the Inlet’s status as the largest barrier-enclosed estuary in the South
Island. The citation also notes that Rabbit Island is the largest barrier island in New
Zealand. The Inlet is one of only two sites where the endangered peppercress plant
(Lepidium banksii) has been recorded and the endangered grey saltbush (Atriplex
cinerea) is also present. The Inlet is ‘considered of outstanding importance to waders’,
and is used by white heron, royal spoonbill, Australasian bittern and banded rail.
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2.3.8. Exotic intertidal organisms

The exotic saltmarsh cordgrass Spartina anglica was introduced into Waimea Inlet
during the 1930s through a series of intentional plantings (Gillespie et al. 1990;
Robertson et al. 2002). After a period of some 50 years it had become well
established, covering > 30 ha and including several dense, monospecific stands. In
view of its impact on the natural character of the Inlet, a highly successful programme
of spraying with herbicide was carried out and Spartina has been largely eradicated
from the Inlet.
A more recent invasion by an exotic bivalve, the Pacific oyster (Crassostrea gigas),
occurred in the Nelson region during the early 1980s (Bull 1981) and subsequently
spread to Waimea Inlet within a few years. It has now become well established in a
number of intertidal locations within the Inlet. The resulting oyster beds and shell
banks result in localised pockets of sediment enrichment, representing a significant
departure from the natural character.
2.3.9. Exotic terrestrial organisms

Vegetation within and immediately surrounding Waimea Inlet contains exotic
terrestrial plant species (DOC 2015). During habitat mapping in 2014, gorse and
introduced grasses and other weeds were observed within the saltmarsh in the upperintertidal reaches. The 200-m wide terrestrial margin was dominated by grassland
(28%), grass-dominated parks and amenity areas (10%) and exotic forest (20%,
located on Rabbit and Rough islands) (Stevens & Robertson 2014). Waimea Inlet is
also under threat from invasion by animal pest species (DOC 2015).
2.3.10.

Recreational use of Waimea Inlet

There is limited use of the eastern part of Waimea Inlet, focussed on the Monaco
peninsula (Figure 8). However, the bathing beaches of Rabbit Island and Tahunanui
and the kite-boarding area at Tahunanui lie downstream of the discharge. Schools
and environmental groups use the area south of Tahunanui for environmental studies
and restoration planting by community groups takes place on Best Island, adjacent to
Bell Island. The Inlet is frequently used by kayakers.3

3

Information provided at a meeting of local stakeholders, 15 June 2017.
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Figure 8.
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Recreational areas near the Bell Island discharge. (Map prepared by MWH / Stantec).
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3. OVERVIEW OF MONITORING ASSOCIATED WITH THE BELL
ISLAND TREATMENT PLANT
The water quality of Waimea Inlet was surveyed in 1975, before the installation of the
oxidation ponds at Bell Island (Updegraff et al. 1977). No further monitoring appears
to have been done between the installation of the ponds in 1983 and 1991 (Gillespie
et al. 1992).
In 1991, Gillespie et al. (1992) surveyed a series of intertidal sites from the outfall to
1 km downstream to assess whether the discharge was causing organic enrichment
of the seabed. They measured concentrations of faecal indicator bacteria (FIB) in
shellfish and trace metals, organic matter, nitrogen, phosphorus and chlorophyll-a in
sediments. They also assessed sediment microbial mineralisation potential, the
composition of the sediment fauna, and the cover of macrophytes (algae and
seagrass). Evidence suggested that the benthic (seabed) biota was able to assimilate
the organic and inorganic nutrients from the discharge, with no indications of adverse
effects. Effects of nutrient (nitrogen) enrichment in eastern Waimea Inlet were
modelled and indicated that long-term, broad-scale enrichment was unlikely but that
short-term, local enrichment was possible. No indication of elevated concentrations of
trace metals or arsenic in sediments or shellfish, nor elevated concentrations of FIB in
shellfish, were demonstrated beyond those observed at reference locations outside
the potential discharge zone of influence. Gillespie et al. (1992) suggested that water
quality monitoring should be initiated to verify these predictions. They proposed
regular monitoring of key descriptors of enrichment to identify seasonal and interannual variation in environmental quality and responses to short-term events. They
also proposed 5-yearly monitoring of a wider range of variables to identify any longterm environmental effects on the water-column and benthic receiving environments.
Potential effects of the Bell Island discharge on bacteriological water quality of the
receiving environment adjacent to the outfall and at nearby swimming beaches
(Tahunanui and Rabbit Island) were assessed by a survey of 19 sites between 1995
and 1998 (Gillespie & Asher 1999). The effects of the outfall were restricted to within
500 m of the outfall, proposed by Bell et al. (1995: see Section 4.1 of the present
report). None of the sites had concentrations of FIB that exceeded Department of
Health (1992) standards for bathing areas but all sites were at times unsuitable for
shellfish gathering. The study concluded that sources other than the wastewater
discharge are important contributors of bacterial contamination to Waimea Inlet.
Monitoring of water quality (FIB, nutrients, phytoplankton abundance and composition,
chlorophyll-a, salinity and temperature) in the receiving environment of the discharge
within Waimea Inlet, at five-yearly intervals, was a condition of the resource consent
issued in 1996. Following an assessment of the relative contributions of the discharge
and land runoff to nutrient enrichment in Waimea Inlet in 2001 (Gillespie et al. 2001b),
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monitoring conditions were revised to include sites around the mouth of the Inlet. The
focus of sampling was further shifted from the Inlet to adjacent areas of Tasman Bay
in 2006 and this sampling design was also followed in 2011 (Gillespie et al. 2011a)
and 2016 (Morrisey et al. 2016).
Monitoring of benthic enrichment has also been done at five-yearly intervals since
1991: in 1996 (Gillespie & Asher 1997), 2001 (Gillespie et al. 2001a), 2006 (Gillespie
et al. 2008), 2011 (Gillespie et al. 2012a) and 2016 (Morrisey & Webb 2017).
Currently, seven intertidal sites are monitored in Waimea Inlet and three subtidal sites
in inner Tasman Bay. The Waimea Inlet sites include one upstream of the outfall, two
within the 500-m mixing zone, one on the mixing zone boundary, one 1100 m
downstream of the outfall and two reference sites (one 500 m upstream of the outfall
and one 2.2 km to the south). At the intertidal sites, the surveys measure the
percentage cover of macrophytes, the composition of the epifauna and infauna
(animals living on and in the sediment, respectively), sediment texture, concentrations
of organic matter, nitrogen, phosphorus, trace metals and arsenic in sediments, and
concentrations of metals and arsenic in shellfish collected from the sites. Subtidal
sites are analysed similarly, except that epifaunal analysis is based on photo-quadrats
of the seabed when water clarity permits.
Following a change to the consent conditions granted in June 2008, the effects of the
discharge on the microbial status of the receiving waters has been monitored every
six months (summer and winter) by taking water samples and deploying sentinel
mussels at four sites in Tasman Bay. Two sites are offshore from the eastern
entrance to Waimea Inlet (i.e. downstream of the wastewater discharge) and two
offshore from the western entrance (reference sites). Mussels are deployed in cages
midway between the seabed and the water surface. They are recovered after at least
three days during which there has been no significant rainfall in the catchment (to
reduce the confounding effect of FIB from land runoff) and analysed to assess
accumulation of FIB during the deployment period. The surveys in winter 2011 and
winter 2016 were integrated into the receiving-environment surveys in those years.
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4. DESCRIPTION OF THE MIXING ZONE
4.1. Definition of the mixing zone
Bell et al. (1995) proposed and described a mixing zone extending 500 m downstream
from the outfall, with wastewater being released during the first 3 h of the ebbing tide.
This was based on a dye-release study during the ebb period of a neap tide on
14 October 1994 (Figure 9). Neap tides represent the worst-case scenario in terms of
dilution of the wastewater because tidal flow is at a minimum.
In the near-field around the outfall (i.e. the area where the plume reaches the surface
of the water column), dilution increased from 9:1 at the start of wastewater release
(20–40 minutes after high tide) to over 38:1 three hours after high tide. Individual
plumes from each diffuser port remained distinct for 150–250 m downstream. The
behaviour of the plume was dependent on the stage of the tide and the amount of
intertidal area exposed on the Bell Island sandbank (north of the outfall: Figure 9).
Early in the ebb, the plume drifted across the sandbank but was progressively
deflected to the east as the sandbank emerged, moving to the eastern side of the
secondary channel and the main channel (Figure 9). Later in the ebb period, the
plume was confined to the main channel. Beyond the entrance to Waimea Inlet the
plume dispersed over a wide area of Tasman Bay and dye was detectable up to 7 km
from the outfall (where the indicative dilution was 4,660:1).
Bell et al.’s (1995) observations were broadly consistent with those from dye studies
in 1980 and 1982 (Westcott 1982, cited in Bell et al. 1995). In these studies, dye
released more than 1 h after high tide remained in the main channel, in contrast to the
1994 study, where the plume followed the secondary channel for a larger portion of
the ebb. This difference was attributed to changes in channel morphology and location
between the two studies, and to differences in the configuration of dye release, the
discharge rate of the Waimea River and wind speed and direction.
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Aerial photograph of the eastern portion of Waimea Inlet showing the mixing (or noncompliance) zone proposed by Bell et al. (1995: stippled area) and the dye tracks (shown
by arrows) from their study on 14 October 1994 (from Bell et al. 1995).

Comparison of the channel morphology in 1994 (Figure 9) with that in 2013
(Figure 10: the most recent GoogleEarth image take at low tide) suggests that there
have been no major changes. This is also indicated by the 2014 aerial photograph
shown in figure 12 of Stevens and Robertson (2014). Consequently, the description of
dispersion of the plume over the ebb tide in 1994 is still likely to be applicable today.
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Site
Dist. (m)

Figure 10.

W2
0

W3
220

W4
290

W5
460

W6
430

W7
990
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W8
1100

W9
1490

W10
1560

W11
2260

T1
3570

T1B
4690

T2
4880

T3
4220

T4
5090

Location of low-tide channels and intertidal banks around the Bell Island outfall (indicated
by the blue marker) in December 2013. Water-quality sampling stations are also shown
(red markers indicate water sampling and deployment of mussels to monitor faecal
indicator bacteria, yellow markers indicate water sampling only). Distances of the
sampling stations from the outfall are shown in the table.

To determine the size of the mixing zone, Bell et al. (1995) first estimated dilutions of
the wastewater at increasing distance downstream of the outfall from measurements
of dye concentrations and calculations based on tidal and discharge flow-rates and
the configuration of the outfall diffuser (Table 2). They then derived the size of the
zone using these estimated dilutions, the concentrations of FIB in the wastewater,
target concentrations of FIB in the receiving environment (based on Nelson City
Council’s water-quality guidelines for contact recreation4), and took into account
variation in wastewater and tidal flow, water depth, neap versus spring tides, wind
climate and ambient concentrations of FIB. They proposed a sector (i.e., a portion of a
circle) directed seaward from the outfall and with a radius of 500 m (Figure 9). Waters
outside this zone would be expected to meet the water-quality standards for
‘moderate use’ bathing waters: a median value of ≤ 35 enterococci/100 ml and no
sample greater than 153 enterococci/100 ml (although it is important to note that
water quality can be compromised by sources of contamination other than the
discharge from the WWTP). The results of water-quality monitoring within and
4

These standards are derived from those of the New Zealand Department of Health (1992) Provisional
microbiological guidelines for recreational and shellfish-gathering waters in New Zealand. Department of
Health, Wellington, New Zealand. 17 p.
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downstream of this mixing zone are discussed in Section 5.1 in terms of compliance
with existing resource consent requirements and with water-quality guidelines.

Table 2.

Estimated dilution of wastewater with distance downstream of the outfall during neap and
spring tides (based on a wastewater flow of 0.93 m3/s). Adapted from Bell et al. (1995).
Neap tide

Spring tide

Distance from
outfall (m)

First 30 min of
discharge

Last 2 h of
discharge

First 30 min
of discharge

Last 2 h of
discharge

< 50

11

30

14

50 (within 90–120 m)

150

40

60

42

75

300

66

70

70

100

500

220

120

225

150

A more refined hydrodynamic model of Waimea Inlet and inner Tasman Bay has
recently been developed (MetOcean 2017) that provides a robust, probabilistic
estimate of the dispersion of the plume and dilution of contaminants from the Bell
Island outfall. The model incorporates near-field modelling of the initial turbulent
mixing of the discharge plume using CORMIX5, a mixing-zone model supported by the
USEPA. CORMIX was run for several different discharge rates and ambient current
velocities. Discharge rates were derived from the time-series of daily discharge
volumes, averaged over the total daily discharge period, for 2016. Discharge rate was
represented in CORMIX by the 10th, 50th and 90th percentiles and the mean of the
annual discharge time series. For each of these four discharge rates, CORMIX was
run for one of five ambient current velocities (Table 3). Wind velocities were held at
0 m/s to provide a conservative, upper estimate of near-field dilution rates.
Based on the annual median discharge rate, and depending on ambient current
velocity, CORMIX predicted that the turbulent mixing would extend from 12–86 m from
the outfall and the discharge would be diluted by factors of 16–99. This suggests that
the earlier model, which predicted dilution by a factor of 100 at 300 m from the outfall,
was relatively conservative.

5

www.cormix.info/

24

CAWTHRON INSTITUTE | REPORT NO. 3006

Table 3.

OCTOBER 2017

Estimated dilution of wastewater at the edge of the turbulent mixing zone for a range of
wastewater discharge rates and ambient current velocities. The discharge rates represent
the 10th, 50th and 90th percentiles and the mean of the annual discharge time series for
2016 and are for each of the two diffuser pipes. Adapted from MetOcean (2017).
Discharge
parameter

Discharge
rate (m3/s)

Ambient
current
velocity (m/s)

Distance to edge of
zone (m)

Dilution factor at
edge of zone

10th percentile

0.24

0.1

12

15

Median

0.45

0.1

33

16

Mean

0.44

0.1

33

17

90th percentile

0.62

0.1

33

11

10th percentile

0.24

0.25

7

15

Median

0.45

0.25

16

23

Mean

0.44

0.25

14

22

90th percentile

0.62

0.25

26

29

10th percentile

0.24

0.5

44

62

Median

0.45

0.5

12

23

Mean

0.44

0.5

61

119

90th percentile

0.62

0.5

19

29

10th percentile

0.24

0.75

47

43

Median

0.45

0.75

79

99

Mean

0.44

0.75

75

91

90th percentile

0.62

0.75

78

126

10th percentile

0.24

1.0

53

30

Median

0.45

1.0

86

84

Mean

0.44

1.0

81

75

90th percentile

0.62

1.0

109

121

The predicted dilutions from the short-term (i.e., during discharge), near-field CORMIX
modelling are incorporated into the longer-term, broader-scale hydrodynamic model.
This model was used to simulate hydrodynamics in Waimea Inlet and inner Tasman
Bay over a full year under two different weather regimes that differ in patterns of winds
and rainfall: la Niña and el Niño. Descriptive statistics (median and 90th percentile
dilution factors) of depth-averaged dilution at 250 m and 500 m downstream from the
outfall indicate high levels of dilution at the boundary of the mixing zones specified in
the consent (250 m) and that proposed by Bell et al. (1995: 500 m):


La Niña:
o

250 m dilution factors: median 8.4 × 105, 90th percentile 235
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o


500 m dilution factors: 7.75 × 105, 90th percentile 746

El Niño:
o

250 m dilution factors: median 5.6 × 105, 90th percentile 204

o

500 m dilution factors: median 5.3 × 105, 90th percentile 450

These longer-term dilution factors take into account successive periods of discharge
of effluent over the course of a year, its dispersal out into inner Tasman Bay and the
return of water containing some of the diluted effluent into Waimea Inlet on the
incoming tide. They indicate that the risk that significant contaminant loads could
return to the estuary on each incoming tide, to combine with the next discharge and
result in accumulation of contaminants over time, is very low.

4.2. Dilution estimates from consent monitoring data
Estimates of dilution with distance from the outfall can also be made from
measurements of nutrient and bacterial concentrations collected during compliance
monitoring. The locations of monitoring sites (see Figure 10) were originally selected
with reference to a 500-m mixing zone proposed by Bell et al. (1995) rather than the
250-m zone that was subsequently adopted (and referred to in condition 10 of
Resource Consent NN000539V2) (Gillespie & Asher 1999). However, two of the sites
selected (3 and 4) are within or just outside the 250-m mixing zone (Figure 10).
Concentrations of FIB were below levels of detection at the majority of sampling sites
during the 2006, 2011 and 2016 surveys of the receiving environment (Gillespie et al.
2006, 2011a; Morrisey et al. 2016), precluding the use of these data to estimate
dilution. Dilution factors (i.e., concentration in the wastewater divided by concentration
in the receiving environment) based on concentrations of nutrients at increasing
distances from the outfall were calculated using data from 2011 and 2016 (Gillespie et
al. 2012a; Morrisey et al. 2016). Sampling was done during the 3-hour discharge
period of the ebb tide on a spring tide (4.4 m) in 2011 and mid-way between neap and
spring (4.0 m) in 2016.
Concentrations were higher in the effluent than at any of the receiving-environment
sites by factors of 2–1,000, depending on the nutrient measured. The dilution factors
for Total Nitrogen (TN) and Total Phosphorus (TP) were in the ranges 42–134 and
46–200, respectively. None of the nutrients measured showed consistent patterns of
increasing dilution with distance from the outfall (Figure 11: nitrite was omitted
because concentrations were all below the level of detection in 2016). These dilutions
for TN and TP are broadly comparable to those estimated by Bell et al. (1995)
(Table 2). However, the dilution factors for TN immediately downstream of the outfall
in 2011 and 2016 were 95 and 91, respectively, and those for TP were 102 and 175
(samples were collected 1 h after high tide, i.e. the early part of the ebb, during both
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surveys). These factors are several times larger than those estimated by Bell et al.
(1995), shown in Table 2: 11–50 fold, depending on stage and height of the tide. The
absence of any trend of increasing dilution with distance from the outfall, including
reference sites several km away in Tasman Bay, suggests that mixing is very rapid
and reduces concentrations to background levels (i.e. those at sites 1.56 km and
2.26 km downstream from the outfall, W10 and W11 respectively), within a short
distance from the outfall. It should, however, be noted that some of the nitrogenous
nutrients do not necessarily behave conservatively and may, as time after discharge
increases, be lost as nitrogen to the atmosphere.
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Figure 11.
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Dilution of nutrients with increasing distance from the Bell Island outfall based on
monitoring data from 2011 and 2016. Vertical black lines indicate the boundary of the
mixing zone (250 m). Names of sampling locations (W2, etc.) are shown on the top left
graph. Missing data reflect concentrations less than the analytical limit of detection for the
nutrient in question or no sample collected.
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5. EFFECTS OF THE HISTORIC AND CURRENT DISCHARGE
5.1. Effects on water quality
The following discussions (Sections 5.1.1 and 5.1.2) are based on the reports on the
receiving-water monitoring surveys (Gillespie & Asher 2001, 2005; Gillespie et al.
2006, 2011a; Morrisey et al. 2016). Sampling sites for these surveys are shown in
Figure 12.

Figure 12.

Study area and sample collection sites for the receiving-water monitoring. Red markers
indicate water sampling and mussel deployment sites, yellow markers water sampling
only. Station T1B was the substitute water-sampling station for T1 in 2016.

5.1.1. Nutrients

Monitoring of the receiving environment is carried out every five years6 as required by
the current consent. As part of this process, samples of the wastewater are collected
immediately above the discharge pipe at half-hourly intervals during the 3-hour
discharge period. These are composited and analysed for nutrients (species of
nitrogen and phosphorus) and FIB. Based on these samples (one composite per time
of sampling), the nutrient concentrations in the wastewater appear to have decreased

6

Monitoring was initially annual (from 2002) but modified to five-yearly from 2006.
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by factors of two or three between 2001 and 2016 (the most recent sampling event:
(Table 4)7.

Table 4.

Year
20011
20052
20063
20114
20165

Nutrient (g/m3) and faecal indicator bacterial concentrations (cfu/100 ml for 2001,
MPN/100 ml for all other times) in wastewater samples collected during the receivingwater surveys. FC = faecal coliforms, EC = E. coli, ENT = enterococci, NR = not
recorded.
NO2-N
NR
< 0.10
< 0.10
0.53
< 0.10

NO3-N
NR
0.16
< 0.10
0.13
< 0.10

NH4-N
NR
26.0
22.0
11.0
12.5

DIN
23.1
26.2
22.0
11.7
12.6

TN-N6
30.1
33.0
27.0
20.0
17.2

DRP
10.0
8.3
7.6
3.1
2.3

TP
10.0
8.9
8.1
4.2
2.8

FC
600
2400
NR
790
13

EC
NR
NR
NR
NR
5

ENT
< 200
33
NR
20
< 10

1

2 Gillespie & Asher 2005
3 Gillespie et al. 2006
Gillespie & Asher 2001
5
Gillespie et al. 2011a
Morrisey et al. 2016
6 Total Kjeldahl Nitrogen (TKN) is specified in the consent conditions but Total Nitrogen (TN) is a more
useful measure. TN measures total elemental nitrogen, in both organic and inorganic forms. TKN is
methodologically defined and, when combined with the concentrations of nitrite and nitrate, provides an
approximate estimate of total elemental nitrogen.
4

Gillespie and Asher (2001) found that concentrations of nutrients (and FIB) in the
receiving water adjacent to the outfall were diluted 15–20 times relative to the treated
wastewater during the monitoring in 2001. Concentrations were enriched relative to
ambient as far downstream as site 6 (the site furthest downstream but still within the
500-m mixing zone: see Figure 12). Beyond the mixing zone, concentrations returned
to background (Figure 13), consistent with the estimates of dilution obtained by Bell et
al. (1995). In 2005 and 2006, nutrient concentrations indicated dilution adjacent to the
outfall (site 2) was greater than estimated by Bell et al. (1995). Enrichment was
evident at site 3 in 2005 and as far downstream as site 9 in 2006. Nutrient
concentrations within the mixing zone were lower in both years than in 2001, even
though concentrations in the wastewater were similar (Table 4).
As discussed in Section 4.3, clear gradients of dilution were not apparent in the 2011
and 2016 data. This is coincident with a reduction in nutrient (and FIB) concentrations
in the wastewater and suggests that dilution to background concentrations occurred
very close to the outfall.
All of the monitoring studies from 2001 to 2016 have concluded that increases in
nutrient concentrations in the receiving waters are, as predicted, confined to the
500-m mixing zone proposed by Bell et al. (1995). Comparison with the 250-m mixing
zone specified in the consent conditions indicates that the same is generally true, with
7

Data on wastewater quality are collected monthly by NRSBU and would provide a more representative
description of the wastewater. However, this information was not available at the time of writing despite
requests to MWH / Stantec.
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some notable exceptions (Figure 13). Nitrate concentrations were particularly high
downstream of the discharge in 2006 and the concentration at site 2 (0.11 g/m3),
adjacent to the discharge, was actually higher than that measured in in the
wastewater (< 0.10 g/m3, Table 4). The highest recorded concentration during the
2006 survey (0.13 g/m3) was recorded upstream of the discharge during the ebbing
tide, suggesting that there was a source of nitrate further upstream, possibly the
Waimea River. However, with the decrease in concentrations evident in the
wastewater in the most recent surveys (2011 and 2016: Table 4), there has been a
corresponding decrease in concentrations in the immediate receiving environment
and increases in concentration relative to background have been confined to the
250-m mixing zone (Figure 13).
In view of the fact that nutrient concentrations do not appear to be increased outside
the mixing zone, ecological effects from nutrient enrichment such as stimulation of
excessive algal growth, are not expected either. This is supported by surveys of
phytoplankton community composition in inner Tasman Bay, which have not shown
any indication of effects from the discharge in terms of increased abundances of
bloom-forming species. Phytoplankton community composition and abundance of
individual species have been measured at sites in Tasman Bay every five years since
2005 as part of the receiving-water monitoring and every six months since 2008 as
part of the mussel biomonitoring. Two of the monitoring sites (T5/21 and T6/22 in
Figure 12) are off the western (Mapua) entrance to Waimea Inlet and two (T3/18 and
T4/19) off the eastern entrance. Given that the generation time for coastal
phytoplankton is normally in the range of a few days rather than hours (Weiler &
Chisholm 1976), the rate of dilution as nutrients travel downstream from the discharge
would be expected to preclude any measurable effluent-related enhancement of
phytoplankton (including nuisance species). Potential effects of nutrients on benthic
habitats within the mixing zone are discussed in Section 5.2.
Note that there are currently no trigger values in the ANZECC guidelines (2000)
designed to protect New Zealand marine and estuarine waters from the effects of
nutrient enrichment. The guidelines suggest that ‘consideration be given to the use of
interim trigger values for southeast Australian estuaries and marine ecosystems until
New Zealand estuarine and marine trigger values are developed’. These trigger
values for south-east Australian estuaries are listed below and shown in Figure 13:


ammonia 0.015 mg/m3 estuarine and marine waters



nitrate/nitrite 0.015 mg/m3 estuarine and marine waters



TN 0.300 mg/m3 estuarine waters, 0.120 mg/m3 marine waters



filterable reactive phosphorus 0.005 mg/m3 estuarine waters, 0.010 mg/m3 marine
waters



TP 0.030 mg/m3 estuarine waters, 0.025 mg/m3 marine waters.
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It is important to note that there are concerns regarding the general inapplicability of
these triggers to New Zealand coastal waters. Nutrient concentrations are often
naturally higher in New Zealand than in southeast Australia, probably because of
relatively high riverine inputs. For example, quarterly monitoring of nutrient
concentrations at locations in western Tasman Bay (Cawthron, unpublished data)
recorded TN concentrations in the range 0.2–0.6 g/m3, compared with ANZECC
trigger values for marine and estuarine waters in southeast Australia of 0.12 g/m3 and
0.30 g/m3, respectively.
Bearing in mind these reservations about the applicability of the ANZECC nutrient
trigger values to New Zealand coastal waters, several of the nutrients downstream of
the Bell Island outfall were recorded at concentrations similar to their respective
ANZECC trigger values (Figure 13). This is particularly so for years after 2001. The
principal exceptions are ammonia and nitrate, which remained above trigger values
out to c. 1500 m from the outfall. However, these nutrients also showed increases in
concentration at some points distant from the outfall, suggesting that other sources of
nutrients were also present.
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Figure 13.
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Concentration of nutrients with increasing distance from the Bell Island outfall based on
five-yearly monitoring data from 2001 to 2016. Vertical black lines indicate the boundary
of the mixing zone (250 m). Names of sampling locations (W2, etc.) are shown on the top
left graph. Dotted black lines indicate ANZECC (2000) water-quality trigger values (for
nutrients).
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Ammonia functions as both a nutrient and, at higher concentrations, a toxicant. The
toxicity of ammonia varies strongly with pH, being more toxic at high pH. The pH
range of seawater is c. 7.8–8.3 and in this range the guideline values designed to
protect 95% of species8 decrease from 1.32 mg ammonia-N/L to 0.51 mg/L (ANZECC
2000). The concentrations of ammonia measured in the receiving environment were
well below these guidelines during all of the monitoring surveys. The highest ammonia
concentrations recorded in each survey were: 0.35 mg/L (2005, site W2), 0.34 mg/L
(2006, site W2), 0.19 mg/L (2011, site W7) and 0.12 mg/L (2016, site W4). Values of
pH measured at the Tascam Buoy in inner Tasman Bay9 from March 20015 to March
2016 ranged from 7.94–8.13, with a median of 8.02 (Cawthron unpublished data).
Consequently, although pH was not recorded during the Bell Island monitoring
surveys, no adverse toxic effects of ammonia in the receiving environment are
expected.
The appropriateness of nutrient mass load limits versus concentration limits

The consent conditions specify load limits for nutrients (TN and TP: see the following
section for details) in the wastewater and concentration limits for metals, FIB,
Biochemical Oxygen Demand (BOD) and Suspended Solids (SS). Load-based limits
are appropriate for nutrients (N and P) and organic matter because it is their
cumulative effects on the receiving environment that are relevant, such as
encouraging nuisance algal blooms. Nitrogen is more commonly the limiting element
in estuarine and coastal environments, making nitrogen load a more relevant
condition than phosphorus load. As mentioned above, given that the generation time
for coastal phytoplankton is normally in the range of a few days rather than hours
(Weiler & Chisholm 1976), the rate of dilution as nutrients travel downstream from the
discharge, coupled with the well-flushed nature of Waimea Inlet, would be expected to
preclude any measurable effluent-related enhancement of phytoplankton or plants
living on the seabed.
Concentration-based limits are more appropriate when the contaminant is toxic and
effects are a consequence of exposure over relatively short periods. Concentrationbased limits are therefore appropriate for metals (and, in the context of contact
recreation, FIB, usually enterococci). Ammonia is an exception in that it functions as a
nutrient (and forms part of the TN load) but is also toxic above certain concentrations.
To date this has not been a problem because concentrations of ammonia measured in
the wastewater—albeit only once every five years—have not exceeded guidelines for
the protection of marine life (ANZECC 2000: see the discussion above).
In the case of FIB, loads are also relevant when they are accumulated by shellfish that
may be gathered for food. However, their ability to cause illness declines over time so
concentration-based limits are appropriate. Water-quality criteria for shellfish-

8
9

The level of protection considered by ANZECC to be appropriate for slightly-to-moderately disturbed systems.
Location 41.05786 S, 173.09123 E.
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gathering areas are expressed as concentrations of FIB (usually faecal coliforms).
They may be supported by limits on the concentration of FIB in shellfish flesh.
Compliance with nutrient load limits

Consent conditions 11d–f specify the following load limits for TN and TP:


Over the period 1 April to 31 July in any year the median mass of TN discharged
daily shall not exceed 500 kg/d and at least 87.5% of samples shall be less than
600 kg/d.



Over the period 1 August to 31 March in any year the median mass of TN
discharged daily shall not exceed 500 kg/d for at least 87.5% of samples taken,
and shall at no time exceed 600 kg/d.



The mass of TP discharged daily shall be less than 150 kg/d for at least 93.75% of
samples taken and shall at no time exceed 180 kg/d.

Assessments of compliance with these (and other wastewater-related) conditions are
not made by Cawthron (and the monthly data are not supplied to us). Although it is
beyond the scope of this report to make such assessments, it is useful to compare
information on actual TN and TP loads with the consented limits to identify potential
for ecological effects in the receiving environment. Monthly data on loads (kg/d) are
provided to Cawthron by NRSBU for the year preceding each five-yearly receiving
environment and benthic monitoring survey.
From these data it is evident that the daily load of TN and TP has not exceeded the
limits specified in the consent conditions (500 kg/d for TN and 150 kg/d for TP) in any
month during the periods May 2000–April 2001, May 2005–April 2006, January–
August 2011 or January–September 2016 (see Table 1 in Gillespie et al. 2001a, 2008,
2012a; Morrisey et al. 2017).
In addition to the load limits in condition 11, consent condition 15A specifies that in the
event that the following trigger level for TN is exceeded, monitoring intervals for the
five-yearly and six-monthly monitoring shall be reviewed:


Average daily loadings for TN for summer (October–March) and winter (April–
September) exceed 400 kg/d.

Monthly average daily loadings have only exceeded 400 kg/d three times (June 2005,
January and June 2011). In none of the years in which the five-yearly monitoring has
been done would the monthly daily loading values averaged across the months of
summer or winter have exceeded 400 kg/d. Consequently, no review of the monitoring
intervals has been required.
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5.1.2. Microbial quality

Based on the five-yearly sampling (Table 4), concentrations of FIB in the treated
wastewater varied greatly over time but were lowest in the most recent sample (2016).
Concentrations of faecal coliforms and/or enterococci were elevated within the mixing
zone in 2005 and 2006 but not in 2011 or 2016 (Table 5, Figure 14). Highest values
for FIB were frequently recorded at sites out in Tasman Bay (see, for example,
Figure 14 and Figure 15), suggesting that the wastewater outfall is not a major source
of bacterial contamination relative to other sources in the area. Other sources of
contamination are discussed in Section 6.

Table 5.

36

Maximum concentrations of faecal indicator bacteria at sites within the mixing zone
(sites 2–4) and sites in low-tide channels outside the mixing zone (sites 5–12), and
concentrations in the wastewater sample from each time of monitoring. MZ = mixing
zone, FC = faecal coliforms, Ent = enterococci.
Mixing Zone

Channels outside MZ

Wastewater

Year

FC

Ent

FC

Ent

FC

Ent

2001

30

30

30

6

600

< 200

2005

240

2

17

2

2400

33

2006

140

< 10

110

10

NR

NR

2011

<2

< 10

5

10

790

20

2016

2

< 10

13

< 10

13

< 10
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Figure 14.
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Concentrations of faecal indicator bacteria in seawater samples from the Bell Island
mixing zone (to the left of the vertical black line) and further downstream. The dotted
horizontal lines indicates the MfE/MoH (2003) green-mode bathing water guideline
(≤ 140 enterococci/100 ml, upper plot) and guideline for shellfish gathering (seasonal
median shall not exceed ≤ 14 faecal coliforms/100 ml). Where values were less than the
analytical detection limits (10 MPN/100 ml for enterococci, 2 MPN/100 ml for faecal
coliforms and E. coli), the values were graphed as half the detection limit.
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Figure 15.

38

REPORT NO. 3006 | CAWTHRON INSTITUTE

Concentrations of faecal indicator bacteria in seawater samples from the six-monthly
sampling sites in Tasman Bay from 2008–2016. Orange coloured bars indicate five-yearly
mixing-zone surveys, yellow bars six-monthly monitoring. Sites T3 and T4 are offshore
from the channel draining the eastern Waimea Inlet. Site T5 and T6 are offshore from the
entrance to the Inlet at Mapua and serve as reference locations. Note different y-axis
scales for T3.
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The major concern relating to increased concentrations of FIB is the potential effect
on human health. There are various sets of guidelines designed to assess the
suitability of coastal waters for contact recreation and shellfish gathering.
Contact recreation

Nelson City Council has adopted contact recreation guidelines proposed by the
Department of Health (DoH 1992) in its Resource Management Plan (NRMP 2012).
These specify that:


The median of samples taken over the bathing season shall not exceed
35 enterococci/100 ml, and



No sample, in the following areas, shall exceed the following limits.
Area

Use Category

Tahunanui (main beach)
Port opposite Cut
Haven (at Atawhai)
Tahunanui (back beach)
Monaco
The Glen beach
Cable Bay

Designated bathing beach
Moderate
Moderate
Light
Light
Light
Light

Enterococci
limit/100 ml
104
153
153
275
275
275
275

A recent revision to the NRMP (Newcombe et al. 2016) has suggested that these
criteria be changed to the more recent, but very similar, MfE/MoH (2003) bathingwater quality classes10. Tasman District Council has also adopted the MfE/MoH
(2003) guidelines11:


Surveillance/Green mode: no single sample > 140 enterococci/100 ml



Alert/Amber mode: single sample > 140 enterococci/100 ml



Action/Red mode: two consecutive samples > 280 enterococci/100 ml.

Under the proposed revision, the ≤ 140 criterion would apply to Tahunanui main
beach, the Port opposite the Cut and the Haven (at Atawhai). The ≤ 280 criterion
would apply in all other areas designated for contact recreation.
The Tasman Resource Management Plan includes water classifications for the
Coastal Marine Area for the management of contact recreation (class CR). The
associated standards include a maximum concentration of enterococci of 136/100 ml.
ANZECC (2000) has proposed the following guidelines for primary contact recreation:

10

It should be noted that these guidelines are not intended to be used as the basis for establishing conditions for
discharge consents.
11 The TDC guidelines also include criteria for faecal coliforms: surveillance <260/100 ml, alert 260–550/100 ml,
action >550/100 ml.

39

OCTOBER 2017

REPORT NO. 3006 | CAWTHRON INSTITUTE

The median bacterial content in samples of fresh or marine waters taken over the
bathing season should not exceed:
 150 faecal coliform organisms/100 ml (minimum of five samples taken at
regular intervals not exceeding one month, with four out of five samples
containing less than 600 organisms/100 ml);
 35 enterococci organisms/100 ml (maximum number in any one sample:
60-100 organisms/100 ml).
Comparing these various criteria to concentrations of FIB downstream of the mixing
zone (i.e. potentially attributable to the wastewater discharge: Table 5), none of the
samples collected between 2001 and 2016 (inclusive) exceeds any of the guidelines
(for either enterococci or, in the case of the ANZECC guidelines, faecal coliforms).
This suggests that (under normal operating conditions) the discharge is unlikely to
have a significant adverse effect on the suitability of areas outside the mixing zone for
contact recreation. Note that a full Quantitative Microbial Risk Assessment (QRMA) is
being done as part of the application for consent renewal.
Shellfish gathering

Both the Nelson and Tasman Resource Management Plans includes water
classifications for the Coastal Marine Area for the management of shellfish gathering
(class SG). The associated standards include a median faecal coliform content of
samples taken over a shellfish-gathering season of not more than 14 MPN/100 ml and
not more than 10% of samples more than 43 MPN/100 ml. These standards are the
same as the MfE/MoH (2003) guidelines. These values have been exceeded in some
of the samples collected downstream of the mixing zone between 2001 and 2016
(note that these were individual samples rather than percentile values derived from
several samples).
Shellfish from naturally-occurring populations of cockles, pipis or green-lipped
mussels (as available) were collected from the sampling sites in Waimea Inlet and
analysed for FIB as part of the original receiving-water monitoring programme. In
addition, green-lipped mussels were deployed in plastic baskets above the seabed at
sites in Tasman Bay for periods of c. 7 d and then sampled to measure uptake of FIB
during the deployment period. From 2011, green-lipped mussels have been deployed
at sites W8, W9, W12 W13 and T1–T6, rather than collecting naturally-occurring
shellfish at the Waimea Inlet sites, to overcome problems with variation in abundance,
species and size of individuals in natural populations. Mussels have also been
deployed at six-monthly intervals at sites T3 and T4 since April 2008, in response to a
modification to the consent conditions in July 2007 (Gillespie & Forrest 2008). The
following discussion is based on the results of the five-yearly receiving-water
monitoring surveys (Gillespie & Asher 2001, 2005; Gillespie et al. 2006, 2011a;
Morrisey et al. 2016) and the six-monthly mussel monitoring (summarised by Morrisey
et al. 2016).
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In 2001, concentrations of faecal coliforms in shellfish exceeded the MoH guideline for
human consumption (≤ 230/100g: MoH 1995) at sites 8, 11, 12 and several locations
further east in Waimea Inlet. None of these sites are within the mixing zone and the
results suggest that sources other than the Bell Island discharge are the main
contributors to bacterial contamination outside the mixing zone. The same general
conclusions were drawn from the results of the 2005 survey. In 2006, high
concentrations of faecal coliforms in shellfish from sites 4, 5 and 7 indicated that
accumulation of faecal bacteria from the discharge had occurred at sites up to
1,300 m downstream. Concentrations of faecal coliforms also exceeded the MoH
(1995) guideline at most of the sites from which shellfish were collected or deployed in
2006, including reference locations. This suggests that contamination derived from a
variety of sources, including the Bell Island discharge. In 2011, concentrations of
faecal coliforms in shellfish (sentinel mussels) were less than the MoH (1995)
guideline at all sites. Concentrations were slightly higher for sites within the estuary
than in Tasman Bay but, overall, much lower than previously recorded from wild
shellfish collected from the estuary. Similar results were obtained in 2016. This
suggested that, although bacterial contamination of the deployed mussels was minor
over the survey period, there may at times be a cumulative effect from multiple
catchment sources over the longer term.
Morrisey et al. (2016) reviewed the mussel biomonitoring results from 2008–2016
(Figure 16). Although FIB concentrations of inner Tasman Bay seawater samples and
deployed mussels varied considerably amongst sites and surveys, no obvious spatial
or temporal trends were noted that might indicate a significant contribution from the
outfall discharge. For example, FIB concentrations in mussels (and seawater:
Figure 15) were often higher at sites T5 and T6 in the vicinity of the Mapua outlet
channel than at sites T3 and T4, closer to the Bell Island outlet channel. For each of
the four sites there was at least one occasion between 2008 and 2016 when mussels
accumulated faecal coliforms to concentrations exceeding the MoH (1995) guidelines
for human consumption. However, the timing of these events was not the same
among the different sites and nor were incidences of high concentrations of
enterococci. Furthermore, high values may not reflect direct effects of the discharge
but may have other causes, such as the resuspension of contaminated sediments
during windy conditions.
These results indicate that the bacterial component of water quality of inner Tasman
Bay can be affected to a greater degree by catchment runoff than by FIB contributions
from the Bell Island wastewater discharge.
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Concentrations of faecal indicator bacteria in sentinel mussels from the Tasman Bay
sampling sites from 2008–2016. Orange coloured bars indicate five-yearly mixing-zone
surveys, yellow bars six-monthly monitoring. Red horizontal lines indicate the MoH (1995)
guideline for human consumption (≤ 230 faecal coliforms/100ml). Note different y-axis
scales for different sites.

5.2. Effects on benthic habitats
5.2.1. Monitoring surveys 1991, 1996 and 2001

An assessment of the enrichment status of sediments in the vicinity of the Bell Island
discharge was carried out in 1991 (Gillespie et al. 1992), following 12 years of
operation of the treatment plant. That study concluded that, based on the physical
regime of the receiving environment, the discharge had not resulted in a significant
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enrichment of the surrounding benthic (subtidal and intertidal seabed) habitats.
However, minor indications of enrichment were noted, including modifications of the
faunal community at some sampling sites.
Based on recommendations by Gillespie et al. (1992), a subset of key indicators of
potential benthic enrichment were monitored in 1996 and 2001 (Gillespie & Asher
1997; Gillespie et al. 2001a: the sampling sites are shown in Figure 17). These
surveys concluded that no major accumulation of nutrients had occurred at the
monitoring sites since the 1991 survey and no other wastewater-related effects (such
as microbial mats, oil slicks, odours, unnatural debris, etc.) were recorded (Table 6).
Although major changes in some habitat characteristics were observed between
surveys, they reflected the dynamic nature of the study location rather than effects of
the discharge.

Figure 17.

Locations of sampling sites for the 1991 and 2001 benthic surveys.
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Summary of major changes in habitat characteristics at sites in the vicinity of the
discharge in 2001 vs 1991. From Gillespie et al. 2001a.
Site

Macrofauna

Macrophytes

Organic
nutrients
D
D

% mud

Core profile

Trace
metals
W1
TG
D
I
W2
TG
D
D
W3
TG*
D
D
W4
TG*
D*
I*
D
I*
W5
TG*
D*
D
I*
W6a
CS, TG*
I*
W6b
CS, TG
W6c
TG
W6d
CS, TG
W7
TG
D
D
W8a
TG*
W8b
CS, TG*
W8c
TG*
W9
D
D
I
W10
D
D
D
I
W11
D
D
D
Notes: I = increase, D = decrease, CS = shift in community structure (as indicated by multivariate
statistical analyses), TG = change in one or more taxonomic groups, shading* = change that are
potentially due to enrichment from the discharge, - = no data, empty cells = no major change.

5.2.2. Current monitoring programme

Subsequent benthic monitoring surveys were carried out in 2006 (Gillespie et al.
2008), 2011 (Gillespie et al. 2012a) and 2016 (Morrisey & Webb 2017) (locations of
sampling sites are shown in Figure 18). Morrisey and Webb (2017) reviewed the
results of these three surveys, and their conclusions are summarised below.
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Locations of sampling sites for the 2006, 2011 and 2016 benthic surveys (in 2016 the
suffix ‘B’ was added to the names of benthic sites in Waimea Inlet, to distinguish them
from water-quality monitoring sites). ‘SoE’ identifies reference sites.
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Organic matter and nutrients

The appearance of the monitoring sites was generally consistent with previous
monitoring surveys and suggested normally functioning coastal seabed habitats.
There was no evidence of abnormal sediment anoxia or other obvious signs of
organic enrichment (e.g., fats or oils, sulphide odours, filamentous bacterial growths
or unusually high abundances of macroalgae).
No adverse cumulative enrichment effects due to the Bell Island wastewater
discharge were detected. Total nitrogen and organic matter contents of sediments
from all sites sampled were generally consistent among sampling times (see
Appendices) and typical of those of similar grain-size distributions from moderately
productive estuarine and shallow subtidal habitats within the region. Although
moderate changes were observed amongst individual indicators of enrichment among
monitoring surveys, these are considered to represent normal temporal variation
within the dynamic intertidal and shallow subtidal environments.
Trace metals in sediments and shellfish

Observations of elevated nickel and chromium concentrations in sediments, and
arsenic, chromium and nickel concentrations in cockle tissues, from the survey sites
(see Appendices) are thought to be attributable to natural catchment inputs.
Comparisons among potential impact and reference sites suggest that these elevated
concentrations were not related to the wastewater discharge, because concentrations
of these metals were also elevated in sediments and cockles from reference sites.
Biological communities

In all surveys, biological communities living on (the epifauna and epiflora) and in
(infauna) the sediments at all survey sites were in a relatively healthy and functional
condition relative to those of similar habitats elsewhere in the Nelson-Marlborough
region. Changes observed among surveys were not indicative of over-enrichment and
are considered to be related to natural variability over time.
Individual sites remained reasonably similar in their epifauna over time (2006–2016),
but there are some differences among years, particularly for W3B and W6B. This is
represented in the non-metric Multidimensional Scaling (nMDS) plot (Figure 19), in
which samples from different sites and years are represented by different shaped and
coloured markers. The proximity of markers to each other indicates how similar their
faunas are in terms of relative abundances of taxa. Broad consistency in the fauna of
individual sites over time is shown by the general clustering of points of each colour in
the nMDS plot. Sites 3 and 5, however show separation by year (shape). Such
variation over time is not unusual in communities of intertidal (and subtidal)
sediments. There is variability among samples from W5B and W7B, apparent in all
three years. Samples from W9B were strongly separated from other sites in 2011 and
2016 (and were omitted from the nMDS plot) but those collected in 2006 were similar
to samples from W5B and W7B. Samples collected at W9B in 2011 and 2016
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contained no, or very few, organisms whereas those collected in 2006 all contained
gastropods (Diloma sp. and Micrelenchus sp.) and many contained burrows of crabs
or snapping shrimps. The sediment profile at W9B contained a layer of shell material
in 2006, with macroalgae and cockle shells present on the surface, suggesting that
the habitat may have changed, possibly due to storm-related physical disturbance.

Figure 19.

Non-metric multi-dimensional scaling (nMDS) plot of epifauna at sites in Waimea Estuary
in 2006 (squares), 2011 (circles) and 2016 (triangles). The proximity of sites in the plot
indicates the similarity of their faunas in terms of relative abundances of the different taxa
present. The stress value indicates how successfully the two-dimensional plot preserves
relationships among the multidimensional sample data (0.14 indicates reasonable
representation). Outlying samples (those from W9B in 2011 and 2016 and W7B-1 in
2016) were omitted to allow discrimination of differences among other samples. Data
were untransformed.

An apparent dieback of seagrass (Zostera sp.) has been observed as a browning of
the leaves within patches in the general vicinity of the Bell Island receiving-water
channels during several monitoring surveys. Histological examination of samples of
seagrass leaves from the monitoring sites in Waimea Inlet indicated that the cause
was the ‘wasting disease’ caused by the organism Labyrinthula sp. The disease has
also been observed in Nelson Haven (Gillespie et al. 2012b) and Grove Arm and
Shakespeare Bay in the Marlborough Sounds (Gillespie et al. 2012c; Berthelsen et al.
2016), and at present there is no evidence to link dieback to the discharge from Bell
Island.
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A comparison among the 2006, 2011 and 2016 infaunal communities in an nMDS plot
(Figure 20) shows that there have been no major changes between years at the
estuarine sites (shown by the clustering of symbols of each relevant colour in
Group F). The obvious exception, however, was site W9B, where the infaunal
community varied widely among years. The community at W9B in 2006 was similar to
that at other sites in Waimea Inlet but changed in 2011 and again in 2016, possibly
reflecting changes in the nature of the sediment habitat (similar changes were seen in
the epifauna: see above). Samples from W9B in 2006 were characterised by relatively
large numbers of cockles, the bivalves Linucula hartvigiana and Macomona liliana, the
polychaetes Heteromastus filiformis and Prionospio sp., and amphipods. Infaunal
diversity and abundance were much lower in 2011, with only cockles present in all
four samples. Abundances and diversity were higher again in 2016 but, apart from
cockles and amphipods, the more abundant taxa were different from those in 2006
and included nemertean worms, psammobiid bivalves, pipis (Paphies australis) and
the polychaete Capitella capitata. Samples from W9B in 2006 were characterised by
relatively large numbers of cockles, the bivalves Linucula hartvigiana and Macomona
liliana, the polychaetes Heteromastus filiformis and Prionospio sp., and amphipods.
Infaunal diversity and abundance were much lower in 2011, with only cockles present
in all four samples.
Temporal changes at the Tasman Bay sites (T19, T22 and T23: Figure 18) were
similar in size to those at Waimea Inlet sites (Figure 20).
Based on changes observed among the 2006, 2011 and 2016 surveys, the fauna and
flora of the intertidal and subtidal habitats downstream of the Bell Island discharge do
not indicate that these habitats are becoming organically enriched. The changes
observed are considered to be related to natural variability over time.
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Figure 20.

OCTOBER 2017

Non-metric multi-dimensional scaling plot of infauna at sites in inner Tasman Bay (T) and
Waimea Estuary (W) in 2006 (squares), 2011 (circles) and 2016 (triangles, as shown in
key). Colour coding for sites as in key. Abundance data were square-root transformed.
Groups are formed at the 35% level of similarity.
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6. EFFECTS OF OTHER SOURCES OF CONTAMINANTS TO
WAIMEA INLET
6.1. Nutrients
Gillespie et al. (2001b) assessed the contribution of land runoff relative to that of the
Bell Island discharge to evaluate the latter as a potential source of nutrient enrichment
within Waimea Inlet and the greater Tasman Bay region. They analysed water-quality
data collected during 1997–1999 from the lower Waimea River and nine small
tributary streams of the Inlet from repeated sampling covering a range of stream-flow
conditions (Table 7). Assessment of the relative contribution of the various sources of
nutrients and suspended solids to Waimea Inlet indicated that:


The main contributor of TN and TP during periods of significant rainfall was the
Waimea River.



During periods of low flow, the TN contributions from the river and the Bell Island
discharge were similar but local TP contributions were dominated by the
discharge.



During periods of low flow, elevated nutrient concentrations in a number of the
small streams (notably Neiman and Borck streams) indicated the potential for
localised enrichment effects at their estuary discharge points.

Table 7.

Comparison of calculated daily (24-hour) mass transport of Bell Island wastewater,
nitrogen, phosphorus and suspended solids (SS) into Waimea Inlet, with contributions
from freshwater tributaries. Based on data collected 1997–1999 (adapted from Gillespie
et al. 2001b).
Flow (m3)

Total N (kg)

Total P (kg)

Total SS (kg)

Source

Low
flow

Rainaffected

Low
flow

Rainaffected

Low
flow

Rainaffected

Low
flow

Rainaffected

Wastewater*

12,050

12,050

252

252

86

86

56

56

Total (all sources)**

293,507

3,478,599

485

3,085

89

228

437

11,983

% small streams

11

3

13

22

2

4

30

4

% Waimea River

85

96

35

70

1

58

59

96

% wastewater

4

0

52

8

97

38

13

0

Notes:

* Wastewater contributions were calculated as arithmetic means from NRSBU monitoring results
(January 1997 – February 1999).
** Total includes small streams, Waimea River and wastewater. Contributions were calculated as
arithmetic means of the low-flow or rain-affected sampling occasions. Low-flow occasions were
4/11/1997 23/4/1998, and rain-affected were 19/6/1997, 11/9/1997 and 12/11/1998.

An assessment of the relative contributions of Waimea Inlet inflows and other sources
of nutrients to Tasman Bay indicated that:
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The major nutrient input to Tasman Bay (based on TN) was from oceanic sources.



Inputs from Waimea Inlet (including the Bell Island discharge) were a minor
component of the overall N budget for Tasman Bay.



Cumulative N input from four wastewater discharges into Tasman Bay was a
minor component of the overall N budget for Tasman Bay12.



Inputs from Waimea Inlet (including the Bell Island discharge) were likely to
contribute to localised enrichment of Tasman Bay in the vicinity of the outwelling
estuarine plume, e.g., in the form of enhanced phytoplankton growth and possibly
organically-enriched sediments.



Although there was no indication that the cumulative level of enrichment outside
the mouth of Waimea Inlet would result in adverse environmental effects, it was
possible that:
o
o

The magnitude and/or duration of any naturally-occurring undesirable
algal blooms could be locally enhanced
Enrichment and related sedimentation could affect seabed habitats in a
localised area.

On the basis of this assessment, Gillespie et al. (2001b) recommended that fiveyearly monitoring required by the consent for the Bell Island discharge should
consider potential effects in the region of the eastern entrance to Waimea Inlet, in
addition to effects around the discharge. This was adopted by incorporating sites in
Tasman Bay into the survey design from 2005. As noted in Section 5.1.1, all of the
monitoring studies up to 2016 have concluded that increases in nutrient
concentrations in the receiving waters are, as predicted by modelling (Bell et al.
1995), confined to the mixing zone. Consequently, ecological effects from nutrient
enrichment, such as stimulation of excessive algal growth, are not expected outside
the mixing zone. This is supported by surveys of phytoplankton community
composition, which have not shown any indication of effects from the discharge.

6.2. Microbial quality
As noted in Section 5.1.2, monitoring of FIB concentrations in the receiving
environment has recorded high concentrations beyond the mixing zone of the Bell
Island discharge, including sites several km away in Tasman Bay. This suggests that
other sources are as important as, or more important than, the Bell Island discharge in
terms of FIB load to the area.

12

These three points are supported by a later, detailed study of nutrient loading to Tasman Bay by Gillespie et al.
(2011b). They concluded that the total discharge of nutrients into the bay from all sources (i.e. freshwater,
wastewater and atmospheric) would not be sufficient to have a negative impact on bay-wide ecology. In
addition to the Bell Island WWTP, the other wastewater discharges are from the Wakapuaka WWTP, a fishprocessing plant in Nelson and a food-processing plant in Motueka (Gillespie et al. 2011b).
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From their review of the contribution of land runoff relative to that of the Bell Island
discharge, Gillespie et al. (2001b) reported that, compared to the Bell Island discharge
and the Waimea River, the small streams were the dominant source of enterococci.
O’Connor Stream exhibited the poorest bacteriological quality of the tributaries.
More recent monitoring by Tasman District Council of bacteriological water quality in
streams draining to the eastern part of Waimea Inlet indicate that concentrations of
E. coli are often high (James & McCallum 2015). The median concentration in
Reservoir Creek during the period 2005–2009 was 75/100 mL, but deteriorated to
200/100 mL during 2010–2014. Sources in the catchment of this stream include
livestock, which had access to the waterway, and ducks. The median concentration of
E. coli in Borck Creek was 1,050/100 mL in 2012 and the 95th percentile during
2010-2014 was over 1,000/100 mL. The catchment of Borck Creek consists of 75%
pasture and horticulture, 15% urban and 10% exotic forest. Neimann Creek (median
concentration 673/100 mL over eight samples) and Pearl Creek (greater
than 1000/100 mL over 30% of samples) also contributed large loads of FIB to
Waimea Inlet. The catchments of these creeks are predominantly pasture and
horticulture.
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7. PREDICTED EFFECTS OF FUTURE DISCHARGE FLOWS
AND LOADS
Average discharge volumes from the outfall (including the peak month for industry)
are predicted to increase from 15,450 m3/day currently to 18,550 m3/day (i.e. by 20%)
over the next 35 years (pers. comm. Garrett Hall, Stantec). Peak flows (as a result of
rainfall) will remain at 25,000 m3/day, with buffering of peak flows within the oxidation
ponds.
Concentrations of contaminants, including nutrients, SS and toxicants, in the
wastewater are not expected to increase over time (pers. comm. Garrett Hall,
Stantec). Consequently, and assuming that dilution factors remain the same,
concentrations of contaminants in the receiving waters will remain at present levels.
As a result, there will be no change in those environmental effects that are dependent
on concentrations of contaminants, such as dissolved and suspended toxicants and
nutrients. This applies to metals and organic toxicants, BOD, SS and ammonia, which
acts as both a toxicant and a nutrient. Potential effects of emerging organic
contaminants13, such as flame retardants, antimicrobial chemicals, plasticisers and
pharmaceuticals, are discussed in a separate report (Northcott & Tremblay 2017).
Total loads of contaminants will increase proportionately as discharge volumes
increase, potentially causing adverse effects if the contaminants accumulate in the
receiving environment. Contaminants may accumulate through incorporation into
sediments and the bodies of animals and plants. They could also accumulate in the
water column if the (diluted) discharge plume, having left Waimea Inlet on the
outgoing tide, returns to the Inlet on the following incoming tide and combines with the
next discharge. Accumulation of nutrients, and their consequent effects on benthic
habitats and the water column (through flux of nutrients from sediments), is assessed
by Gillespie and Berthelsen (2017) and is not considered further here.
The recent MetOcean model indicates that although some of the wastewater leaving
the Inlet on the ebbing tide returns on the following flooding tide, the level of dilution
remains high (dilution factor c. 400 or more) over the three-day scenario modelled
(Figure 21). This suggests that it is unlikely that concentrations of contaminants will
increase progressively over time due to incomplete flushing from the Inlet. It is also
worth noting that the areas in the model animation where the wastewater is not diluted
to background concentrations (i.e. the light-blue areas rather than the white areas in
Figure 21) mainly occur over shallow intertidal areas. Organisms in these areas are
only likely to be exposed to concentrations greater than background for parts of the

13

Emerging Organic Contaminants (EOCs) have been defined as synthetic or naturally-occurring chemicals or
any microorganisms not commonly monitored in the environment, but which have the potential to enter the
environment and cause known or suspected adverse ecological and (or) human health effects.
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tidal cycle, and the likelihood of them absorbing nutrients or toxicants is
proportionately reduced.

Figure 21.

Screen-shot from an animation of dilution of the Bell Island wastewater plume over a
three-day period (1–3 June 1998). Areas of highest dilution are in blue, lowest dilution in
red and background concentrations in white. The time shown is immediately after high
tide, as the outfall starts to discharge on the ebbing tide. The small area of relatively
highly concentrated plume southeast of Bell Island represents the start of the ‘new’
plume, the more diluted areas (white–light blue) are the vestiges of wastewater
discharged on previous tides.

Longer-term modelling by MetOcean, simulating depth-averaged dilution at 250 m and
500 m downstream from the outfall over the period of a year, was done for both
la Niña and el Niño weather patterns (see Section 4.1). The results indicate that the
risk that significant contaminant loads could return to the estuary on each incoming
tide, to combine with the next discharge and result in accumulation of contaminants
over time, is very low.
Monitoring of metal concentrations in sediments and shellfish in Waimea Inlet and
inner Tasman Bay shows no evidence that concentrations have increased as a result
of the Bell Island discharge. Concentrations in sediments are the same near the
outfall as at distant reference sites, including those in inner Tasman Bay away from
the path of the plume. Although concentrations of chromium and nickel in sediments,
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and of arsenic, chromium and nickel in shellfish, are relatively high, these
concentrations most likely derive from natural sources in the river catchments and are
not related to the outfall. Given present concentrations of metals in sediments, it is
very unlikely that a 20% increase in load over the next 35 years will have any
significant adverse effect on sediment quality.
Similarly, concentrations of organic matter in sediments show no consistent spatial or
temporal patterns in relation to the outfall that might suggest accumulation over time
as a result of the discharge. Consequently, it is unlikely that concentrations will
increase from present levels over the next 35 years to a degree likely to cause
adverse environmental effects.
Concentrations of FIB showed considerable spatial and temporal variability among the
five times of sampling between 2001 and 2016 (see Section 5.1.2) and did not
suggest that the Bell Island discharge is a major source of bacterial contamination
relative to other sources in the area. Monitoring data collected to date do not suggest
that a 20% increase in the load of enterococci would lead to a significantly increased
frequency of exceedance of the bathing-water criteria set by ANZECC (2000), NCC,
TDC or MfE/MoH (2003) (see Figure 14). Concentrations of faecal coliforms have
been similarly variable among monitoring sites and sampling times, both inside and
outside the mixing zone. In general, given the lack of a clear relationship between
concentrations of FIB in the wastewater and those in the receiving environment
(Table 5), it is not possible to predict the effects of a 20% increase in average daily
load with any confidence. This uncertainty is compounded by the fact that
concentrations in the receiving environment appear to be influenced by sources other
than the Bell Island discharge, notably the streams entering Waimea Inlet. How the
loads from these other sources will change over the next 35 years is equally difficult to
predict. The public health risk from increased loads of FIB is assessed in more detail
in a separate Quantitative Microbial Risk Assessment14.

14

Quantitative Microbial Risk Assessment for the Bell Island Wastewater Treatment Plant. NIWA Client Report in
preparation.
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8. SUMMARY AND CONCLUSIONS
The mixing zone for the outfall proposed by Bell et al. (1995) is the sector of a circle of
500-m radius extending downstream from the outfall. This configuration was based on
a study of the dispersion of the wastewater plume made in 1994. Present channel
morphology in the eastern Inlet is similar to that in 1994 and, consequently, the mixing
zone is still likely to be valid. Water-quality monitoring for the current discharge
consent, including sites several km away in Tasman Bay, has not identified any trend
of increasing dilution of nutrients or FIB with distance from the outfall. This suggests
that mixing is very rapid and reduces concentrations to background levels within a
short distance from the outfall.
All of the monitoring studies from 2001 to 2016 have concluded that increases in
nutrient concentrations in the receiving waters are, as predicted, confined to the
mixing zone. Consequently, ecological effects from nutrient enrichment, such as
stimulation of excessive algal growth, are not expected outside the mixing zone. This
is supported by surveys of phytoplankton community composition, which have not
shown any indication of effects from the discharge. Monitoring has shown the
concentrations of ammonia in the receiving environment to be well below guidelines
for protection of marine life.
Monthly average daily loadings of total nitrogen from the outfall have only exceeded
400 kg/d three times (June 2005, January and June 2011). In none of the years in
which the five-yearly monitoring has been done would the monthly daily loading
values averaged across the months of summer or winter have exceeded the consent
limit of 400 kg/d at which a review of monitoring intervals is called for. Consequently,
no review of the monitoring intervals has been required.
Elevated concentrations of faecal coliforms and/or enterococci have occurred within
the mixing zone (though not in 2011 or 2016). However, highest values for FIB were
frequently recorded at sites out in Tasman Bay, suggesting that the wastewater outfall
is not a major source of bacterial contamination relative to other sources in the area.
Comparing concentrations of FIB downstream of the mixing zone to bathing-water
criteria, none of the samples has exceeded the guidelines (for either enterococci or,
where they are included, faecal coliforms). This suggests that (under normal operating
conditions) the discharge is unlikely to have a significant adverse effect on the
suitability of areas outside the mixing zone for contact recreation. Monitoring using
sentinel mussels has recorded concentrations of FIB that exceed Ministry of Health
guidelines for human consumption. However, the fact that these exceedances often
occur only at sites outside the mixing zone (including far-field reference sites)
suggests that contamination derives from a variety of sources, including the Bell
Island discharge. Overall, monitoring results indicate that the bacterial component of
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water quality of inner Tasman Bay can be affected to a greater degree by catchment
runoff than by FIB contributions from the Bell Island wastewater discharge.
Benthic monitoring downstream of the discharge shows normally functioning coastal
seabed habitats and no evidence of abnormal sediment anoxia or other obvious signs
of organic enrichment (e.g., fats or oils, sulphide odours, filamentous bacterial growths
or unusual macroalgal abundance). No adverse cumulative enrichment effects due to
the Bell Island wastewater discharge have been detected. Total nitrogen and organic
matter contents of sediments from all sites sampled were typical of those of similar
grain-size distributions from moderately productive estuarine and shallow subtidal
habitats within the region. Elevated nickel and chromium concentrations in sediments
and arsenic concentrations in cockle tissues from the survey sites are thought to be
attributable to natural catchment inputs. Comparisons among potential impact and
reference sites suggest that these elevated concentrations were not related to the
wastewater discharge. Biological (epibiotic and infaunal) communities at all survey
sites are in a relatively healthy and functional condition.
In summary, monitoring to date has not shown any adverse ecological effects from
nutrient inputs from the WWTP on the receiving environment other than at a local
scale. No effects have been detected on the wider environment of the eastern
Waimea Inlet or Tasman Bay. Although elevated concentrations of faecal coliforms
and/or enterococci have occurred in water and shellfish within the mixing zone,
monitoring suggests that these are affected more by catchment runoff than the
WWTP.
Average daily discharge volumes are predicted to increase by 20% over the present
value over the next 35 years. This is not expected to affect concentrations of
contaminants, including nutrients and toxicants, in the wastewater or in the receiving
environment. Consequently, the toxicity of the discharge is not likely to increase.
Contaminant loads will, however, increase and persistent contaminants could
potentially accumulate in the receiving environment. In the case of metals and organic
matter in sediments in Waimea Inlet and inner Tasman Bay, monitoring data do not
indicate that the predicted future increases in loading are likely to produce adverse
environmental effects. Recent hydrodynamic modelling suggests that it is unlikely that
concentrations of contaminants will increase progressively over time due to
incomplete flushing from Waimea Inlet. Effects of increased nutrient and FIB loads are
discussed in separate reports.
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10. APPENDICES
Appendix 1. Sediment organic matter, silt/clay and total nitrogen content at benthic
monitoring sites in 2006, 2011 and 2016 (total phosphorus is also shown for
2016). Sites prefixed with ‘SOE’ are estuary reference sites, those with ‘W’ are
in Waimea Inlet and those with ‘T’ are in Tasman Bay (see Figure 18). Data are
means ± SE (n = 3).
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Appendix 2. Trace metal concentrations (mg/kg dry weight) in sediments from benthic
monitoring sites in Waimea Inlet and Tasman Bay in 2006, 2001 and 2016
(see Appendix 1 and Figure 18 for information on site locations).
Concentrations are compared with guideline thresholds (ANZECC 2000). Blue
shading highlights results exceeding ISQG-High. Values for 2006 are means
and standard deviations, those for 2011 and 2016 are for single composite
samples from each site. ‘NA’ not analysed.
2006:

W3
W5
W6
W7
W9
SOE-A
SOE-B
SOE-C
SOE-D
T17
T19
T20
T22
T23
ANZECC
ISQG-L
ISQG-H

Mercury
mean
sd
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
NA
NA
NA
NA
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
< 0.05 0.0
0.15
1.00

Cadmium
mean
sd
< 0.01
0
< 0.01
0
< 0.01
0
< 0.01
0
< 0.01
0
0.1
0.1
0.4
0.5
< 0.01
0
< 0.01
0
< 0.01
0
< 0.01
0
< 0.01
0
1.5
10

Chromium
mean
sd
51.0
2.0
56.7
3.5
44.7
2.1
26.3
2.1
23.0
1.7
69
45
61
95
20.0
1.7
60.7
1.5
31.3
1.2
51.0
6.2
37.3
2.5
80
370

Copper
mean
sd
12.0
0.0
9.8
0.2
9.0
0.5
4.8
0.4
4.0
0.3
10
9
7
12
3.1
0.2
11.0
1.0
5.9
0.2
10.6
1.6
6.0
0.3
65
270

Lead
mean
sd
8.3
0.4
6.1
0.2
6.4
0.3
3.8
0.2
3.2
0.3
4.2
6.3
7.7
11.3
2.6
0.2
10.0
1.0
4.5
0.1
9.2
1.3
6.5
0.3
50
220

Nickel
mean
sd
72.0
2.0
102.3 24.4
76.7
3.1
47.7
4.0
42.7
2.1
65
72
58
94
31.0
2.0
75.7
1.2
77.0
1.7
67.0
9.5
71.3
0.6
21
52

Zinc
mean
38.0
37.3
34.0
21.3
19.3
44
38
34
50
18.0
41.7
25.0
40.0
29.0
200
410

2011:
Site
W3
W5
W6
W7
W9
SOE-A
SOE-C
T19
T22
T23
ANZECC
ISQG-L
ISQG-H

66

Mercury Arsenic Cadmium
< 0.05
5
< 0.09
< 0.05
6
< 0.08
< 0.05
7
< 0.09
< 0.05
<5
< 0.09
< 0.05
<4
< 0.08
< 0.05
6
< 0.09
< 0.05
5
< 0.10
< 0.05
4
< 0.09
< 0.05
7
< 0.10
< 0.05
7
< 0.09
0.15
1.00

20
70

1.5
10.0

Chromium
42
72
54
44
25
55
49
54
56
48

Copper
7.2
9.0
10.0
6.7
3.7
9.3
8.9
5.7
12.0
7.9

Lead
5.9
5.7
7.0
5.2
3.0
7.9
6.3
5.8
10
8.1

Nickel
55
82
79
65
41
70
64
80
77
76

Zinc
29
38
37
29
19
39
33
26
44
35

80
370

65
270

50
220

21
52

200
410

sd
0.0
1.2
1.0
2.5
0.6

1.0
3.1
1.7
5.6
2.0
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2016:
Site
W3B
W5B
W6B
W7B
W9B
SOE-A
SOE-C
T19
T22
T23
ANZECC
ISQG-L
ISQG-H

Mercury Arsenic Cadmium
0.03
4.0
0.02
0.03
5.0
0.02
0.04
5.0
0.02
0.02
4.0
0.02
0.01
4.4
< 0.01
0.03
5.0
0.03
0.03
4.5
0.02
0.01
4.0
0.02
0.03
6.0
0.02
0.03
7.4
0.02
0.15
1.00

20
70

1.5
10.0

Chromium
52
57
59
31
36
61
56
43
53
59

Copper
9.9
10
11.5
5.5
5.0
11
10.4
6.6
10.9
12.1

Lead
6.7
5.6
7.0
4.3
3.3
7.2
6.8
5.8
9.2
9.8

Nickel
68
80
86
48
49
78
73
72
77
83

Zinc
35
38
41
22
22
40
37
28
40
43

80
370

65
270

50
220

21
52

200
410

67
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Appendix 3. Trace metal concentrations (mg/kg dry weight) in cockle (Austrovenus
stutchburyi) tissue from benthic monitoring sites in Waimea Inlet in 2006, 2001
and 2016 (see Appendix 1 and Figure 18 for information on site locations).
Concentrations are compared with guidelines for human consumption. Blue
shading highlights results exceeding guidelines.
2006:
Site

As

Cd

Cr

Cu

Pb

Ni

Zn

Hg

W3

4.1
1.8
1.9
2.2
2.1
1.4
1**

0.03

0.58

0.55

< 0.09

1.6

7.9

0.012

< 0.01

0.66

0.37

< 0.08

1.5

4.7

< 0.01

< 0.01

0.46

0.44

< 0.09

2.4

6.7

< 0.01

< 0.02

0.63

0.63

< 0.09

1.7

8.1

< 0.01

< 0.01

1

< 0.08

1.6

1.0
na

2.0
2

2*
na

5.1
70

< 0.01

1.0
2

0.38
20.0

W5
W6
W7
W9

MIS
FSANZ

na

na

* Developed for Australia. ** Applies to inorganic, rather than total, arsenic. ‘na’ not available.
MIS: Median International Standards: International standards for trace metals in fish and molluscs (Rasmussen 2000).
FSANZ: Food Standards Australia New Zealand. Standard 1.4.1, Contaminants and natural toxicants.

2011:
Site

As

Cd

Cr

Cu

Pb

Ni

Zn

W3

9.2

0.09

1.1

1.6

< 0.1

1.5

15

W5

6.5

0.06

2.0

1.3

< 0.1

2.1

15

W6

7.3

0.07

1.9

2.2

< 0.1

2.5

14

W7

6.3

0.06

0.76

1.3

< 0.09

1.3

14

W9

5.7

0.07

0.65

1.1

< 0.1

1.2

15

SOE A

7.0

0.08

0.75

1.5

< 0.09

1.6

15

SOE C

8.8

0.08

0.76

1.6

< 0.1

1.6

17

MIS
FSANZ

1.4
1

1.0
2

1.0
na

20.0

2*
na

70

na

2.0
2

na

As

Cd

Cr

Cu

Pb

Ni

Zn

W3B

3.9

0.02

0.68

0.77

0.06

2.4

9.5

W6B

1.9

0.02

0.31

0.67

0.03

1.9

7.8

W9B

2.1

0.01

0.28

0.84

0.04

1.8

8.9

SOE A

3.5

0.02

1.1

0.80

0.16

3.1

8.4

SOE C

2.8

0.02

0.53

0.69

0.07

2.6

7.5

MIS

1.4

1.0

1.0

20

2.0

2*

70

1

2

na

na

2

na

na

2016:
Site

FSANZ

68

0.5
0.5

