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EXECUTIVE SUMMARY
Lyttelton Port of Christchurch (LPC) is proposing to reclaim approximately 10 ha from Te Awaparahi
Bay for Port activities, with its initial use being to expand the present coal stockpile area. The overall
Coal Stockyard Expansion Project (CSEP) is likely to proceed through the construction of an outer
bund/embankment which will be subsequently in-filled behind. The Cawthron Institute (Cawthron)
was contracted by LPC to prepare an Assessment of Environmental Effects (AEE) in respect of
benthic and marine ecological effects of the proposed works.
The approach used was first to characterise the marine environment of Te Awaparahi Bay via a
benthic survey of the site. Data collected in the field was then combined and compared with that of
previous investigations in the area and other available published data. Finally, details of construction
methodology and changes to the coal stockyard operation were evaluated to synthesise an assessment
of the potential marine ecological effects from the project.
The field survey of the site included a subtidal survey carried out by divers involving sample
collection from seven benthic stations in the Bay. Analyses of the collected samples included
sediment texture, organic content, indicative metal contaminants, coal particulates and sedimentdwelling infauna. A semi-quantitative survey of the intertidal shoreline at two locations (at Battery
Point and mid-Bay) was conducted over low tide. In order to evaluate the distribution of benthic
habitats and substrates over the wider area of the Bay, a side-scan sonar survey was also undertaken.
Finally, water column conditions were investigated via a series of CTD instrument casts to generate
hydrographic profiles for a number of parameters including turbidity, salinity and temperature.
The subtidal benthic area of Te Awaparahi Bay within and adjacent to the proposed reclamation
construction footprint comprises a substrate of relatively uniform soft mud at points further than 5080 m from the shoreline with an inshore region of sandy mud and gravel. Organic content of
sediments was consistently low and there was little evidence of the existence of sub-oxic conditions.
Contaminant levels in benthic sediments were uniformly low except for elevated lead and mercury for
the single sample from the station closest to the coal stockyard stormwater outfall in the east of the
Bay. Despite its proximity, the stormwater outfall is not readily explainable as the source of this
contamination since levels were not consistent with reported concentrations in coal and it is possibly
attributable to historical activities (e.g. operation of an incinerator at the site or particulate material
associated with spoil disposal), as are the presence also of coke, slag and char particulates within
inshore sediments. Low levels of particulate coal were found to occur in a general gradient decreasing
away from the stormwater outfall.
Benthic communities were dominated by polychaete and nematode worms and amphipods, comprising
a somewhat limited assemblage of taxa in the finer sediments offshore and greater diversity in the
coarser near-shore substrates. All taxa identified were species tolerant of high turbidity conditions and
capable of relatively rapid recovery following benthic disturbance.
The intertidal shoreline of Te Awaparahi Bay comprises 850 m of artificial hard substrate in the form
of introduced seawall boulders. However, the only natural shoreline is the rock platform reef at
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Battery Point. Intertidal communities were found to be typical of rocky shorelines of the Lyttelton
Harbour area and other South Island inlets and harbours and comprised species tolerant of elevated
turbidity and moderate- to high-energy conditions. Differences between the two intertidal sites were
largely attributable to differences in the physical nature of the habitat and substrate. The Battery Point
platform reef supported numerous small shallow rock pools within which a number of more sensitive
species (gastropod molluscs, anemones, macroalgae) could exist at the mid-low tide level without risk
of drying out. The more 3-dimensional structure of the seawall habitat provides a generally higher
energy environment with greater shelter from predation and incident sunlight within holes, crevices
and overhangs.
No organisms or communities of special scientific or conservation interest were identified during the
survey of the Bay. Water column characteristics showed no evidence of either thermal or salinity
stratification; however, a benthic layer of elevated turbidity was a consistent feature.
Preliminary dredging of soft sediments from the toe of the existing coal stockyard reclamation will not
disturb areas outside the proposed reclamation footprint and is not expected to result in turbidity
plumes which will significantly impact communities adapted to regularly high natural turbidity. Spoil
disposal to the consented maintenance dredge spoil grounds on the northern side of the harbour east of
the reclamation is likely to be accommodated under the allowable limits for that programme.
The construction of a barge loading wharf on the western side of the Cashin Quay stub breakwater will
disturb only a small area of harbour bed in a significantly modified area of the Port subject to ongoing
disturbances. As such, ecological effects are expected to be negligible.
In the area to be occupied by the proposed reclamation, the development will result in the net loss of
approximately 13 ha (10 ha reclamation plus the area to the outer toe of the rock platform) of soft
substrate benthic habitat with comparatively low productivity and diversity but minimal loss of natural
reef substrate. There will also be minimal net change in the quantity of intertidal and shallow subtidal
hard substrate habitat as a result of the reclamation.
Direct disturbance of benthic habitats outside the construction footprint is expected to be limited to a
narrow margin adjacent to the seaward edge of the rock platform which is to be placed as a foundation
for the reclamation embankment/bund.
The construction process has the potential to produce visible turbidity plumes in the immediate Bay
and Port operational areas from resuspension of benthic sediments, especially during placement of
rock material for the platform foundation. The escape of fine sediments to harbour waters is also
possible via displacement of sediment-laden water and with tidal rise and fall during infilling of the
reclamation ‘paddock’ with loess material following construction of the embankment/bund.
It is difficult to predict the strength, scale and propagation of turbidity plumes which may be produced
by elements of the reclamation construction, however, the following points are relevant:
•

The construction process components are of limited spatial extent and duration.

•

Turbidity plumes will be intermittent dependent upon construction activities.
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•

Plume propagation will be subject to tidally reversing currents, meaning exposure of any single
benthic area to elevated levels of suspended sediments and deposition will also be intermittent
over daily time-scales.

•

Strength and scale of turbidity plumes generated by construction activities is unlikely to exceed
those of regular maintenance dredging and spoil disposal activities in adjacent areas of the
harbour and is expected to be significantly less than periodic natural turbidity events generated
by storm and high-wave events.

•

The generally low contaminant status and organic enrichment of Te Awaparahi Bay benthic
sediments indicates that toxic or oxygen-depletion effects will not occur with their resuspension
in the water column.

Due to the nature of the physical environment, Lyttelton Harbour benthic and shoreline communities
are inherently tolerant of turbid conditions, with periods of very high suspended sediments represented
by storm and high-wave conditions. Benthic communities in the central harbour region are also
acclimated to the increased sediment supply represented by the ongoing maintenance dredging
programme.
Suspended sediment associated with turbidity plumes generated by construction of the reclamation is
assessed as having the potential to affect the wider area of the central harbour; however the proposed
construction methodology engenders the means for effective control of sediments and minimisation of
turbidity plumes. Moreover, the similarity between the loess fill material and harbour bed sediments,
and the naturally turbid nature and high sediment fluxes of harbour waters mean that plumes which
propagate from the reclamation area will be indistinguishable from background levels within a few
hundred metres of the construction activity. In view of the current receiving environment and marine
communities in the area and with careful control of sediment sources, effects from the reclamation
project on harbour benthic communities are expected to be minimal, localised and temporary in nature.
The expansion of the coal stockpile area will result in increased stormwater flows with potentially
greater coal particulate loading to harbour waters. An upgraded coal stockpile stormwater treatment
system is being designed to meet the relevant conditions for such discharges in the Regional Coastal
Environment Plan for the Canterbury Region (RCEP).
In order to establish appropriate recommended consent limits for the treated stormwater discharge, a
bench-top dilution series was conducted using grab composite samples from the treated coal
stormwater discharged from the existing system. From stock suspensions at different initial turbidity
levels, clarity change (as change in transmissivity) was measured at each increment in the dilution
series and the point at which the RCEP 50% change criterion was breached established for each
dilution curve. While the results indicated that, even at an effluent turbidity of 130 NTU, the criterion
would be met within a zone of reasonable mixing of radius 100 m from the outfall, it was
recommended that a more conservative limit of 80 NTU be adopted to ensure that the RCEP’s colour
change criterion is also met.
Analysis of pH data from previous work with acidic coal runoff indicates that a relevant receiving
water criterion of no more than a 0.2 unit change will be met at the edge of a 100 m mixing zone if
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consent limits for effluent pH are set at between 4.5-9.0 units. While no specific limits are
recommended for total suspended solids and effluent metals, it is suggested that these parameters are
analysed and recorded as part of a discharge consent monitoring programme.
Previous studies in the area and five-yearly benthic monitoring associated with the current stormwater
discharge consent indicate that the existing outfall does not appear to have resulted in discernible
effects on benthic communities in Te Awaparahi Bay. With the outfall necessarily re-sited closer to
main tidal flows, significant increases in the accumulation coal particulates in Bay sediments are
unlikely. Neither are significant effects on benthic communities expected, mostly due to the relatively
non-toxic nature of coal in the marine environment.
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1.

INTRODUCTION

1.1. Background
Lyttelton Port of Christchurch (LPC) is proposing to reclaim approximately 10 ha from Te
Awaparahi Bay for Port activities, with its initial use being to expand the present coal stockpile
area. The overall construction of the reclamation, adjacent to the existing coal stockyard, is
likely to proceed according to the elements shown in Figure 1.

Figure 1.

Plans for reclamation for the coal stockyard within Te Awaparahi Bay (Details from Opus Drg No.
6-1194-148-5604 sheet 95 R2).
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The construction methodology proposed includes the following basic elements:
1.

Dredging of the “sloppy” material from the toe of the existing Te Awaparahi Bay
reclamation (approximately 100,000 m3) and its disposal in the existing consented dredge
spoil dumping grounds.

2.

Construction of a small piled wharf on the stub breakwater at the eastern end of Cashin
Quay (see Figure 1) for loading of barges.

3.

Construction by barge of a rock platform for the perimeter containment bund
approximately 820 m long by:
i. Placement on the seabed of a 100 m wide high strength geotextile
ii. Placement of a gravel layer up to 0.5 m thick
iii. Placement, in layers, of the 5.5 m thick, 100 m wide rock platform as a base for the
seawall/bund

4.

Place rock seawall/embankment from shore in two layers
i. The first up to RL+3.0 m (MHWS = RL+2.243 m)
ii. The second up to RL+6.5 m

5.

Place armour rock facing on the seaward face of the seawall.

6.

Place a filtration geotextile against the inner face of the embankment/bund where loess
material is to be placed.

7.

Place loess material within the reclamation paddock (formed by the bund) at the base of
the seawall lower platform to RL+3.0 by excavators/dragline.

8.

Place 3.5 m top layer of rock fill within the reclamation paddock using land-based
techniques (e.g. end-pushing with bulldozer) to cap the loess material.

9.

Place surcharge material on the reclamation up to 2-4 m above the finished level. To
remain in place for up to 20 months after which surplus material would be removed,
potentially to an area of the reclamation which is not a priority for early utilisation (the
option being to use the “fillet” in the south-west corner of the reclamation adjacent to the
base of the Cashin Quay stub breakwater).

There is an option of building the reclamation in stages over an extended time period. In this
case, a “thin sliver” reclamation (approximate size 770 m x 70 m; 3.3 ha) would be constructed
first. This stage would entail minor differences in construction methodology, especially at the
ends where it would not be possible to use high-strength geotextile. The use of loess bulk fill
material also is not likely to be a component of the construction of the thin sliver. Other
construction elements would be similar but some steps would be progressed more-or-less
concurrently.
With the increase in the area of the coal stockyard, it is also proposed to upgrade the existing
stormwater treatment system, both to increase capacity and improve performance. The
objective is to meet discharge water quality requirements such that adverse effects on the
harbour marine environment are avoided. A lamella settling treatment stage is being
considered to make more efficient use of the area available.

2
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In August 2008, the Cawthron Institute (Cawthron) was contracted by LPC to prepare an AEE
in respect of benthic and marine ecological effects of works to be completed as part of the Coal
Stockyard Expansion Project (CSEP).

1.2. Scope
Factors affecting marine ecology were divided into those which relate to harbour water quality
and those which impact upon benthic habitats (either directly, or through physico-chemical
changes). Effects were addressed under these broad categories and were further divided into
those specifically associated with the construction phase (short-term) and those potentially
brought about by operation of the expanded coal facility (long-term; Table 1).

Table 1.

Summary of the scope of assessment of marine ecological effects for the Coal Stockyard
Expansion Project (CSEP).

Construction effects
(short-term)

Water quality issues
 Changes to turbidity/water clarity
 Contaminant release

Operational effects
(long-term)

 Stormwater/runoff from increased
operational area

 Hydrodynamic changes

Benthic ecology issues
 Benthic area (both intertidal and
subtidal) directly displaced by
reclamation
 Benthic disturbance outside reclamation
footprint
 Release of historic sediment
contaminants
 Potential increase in fugitive coal
particulate material to harbour
 Bioavailability of particulate coal in
sediments
 Other contaminant inputs
 Altered exposure/energy
 Altered sedimentation regime

1.3. Approach
The approach used was first to characterise the marine environment of Te Awaparahi Bay and
the wider area of Lyttelton Harbour potentially affected by the proposed development. This
involved two basic components:
1.

Field collection of benthic ecological samples and data.

2.

Review of previous investigations in the area and other available published data.

Following characterisation, assessment of both the likely and potential marine ecological
effects from the project was carried out with consideration of the collected data, construction
methodology, changes to the coal stockyard operation and national and international literature
pertaining to the principal issues identified.
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2.

METHODS
In order to characterise the marine benthic environment of Te Awaparahi Bay, a field survey
was conducted over 13-14 August 2008 to cover the subtidal benthic area of the Bay and the
intertidal area of the foreshore. The subtidal survey work utilised a combination of diversampled benthic stations, water quality profile stations and side-scan sonar imaging of the
seabed, and was carried out using the University of Canterbury vessel Rapaki. The intertidal
work was in the form of a semi-quantitative survey of two sites within the Bay over low tide
on 14 August 2008.

2.1. Benthic sample stations
An array of seven benthic sample stations was established within the Bay; three across the
inshore region within the footprint of the proposed reclamation, and four further offshore
towards the edge of the proposed final reclamation boundary and the dredged Port approach
channel (Figure 2).

Figure 2.

4

Aerial photograph of Te Awaparahi Bay showing the outline of the proposed reclamation, the
intertidal area surveyed and the locations of benthic sampling stations.
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At each benthic station, divers collected sediment core samples for the following analyses:
•

Sediment grain size distribution (surficial substrate texture) and organic content

•

Sediment chemistry; specifically indicative metal contaminants (Cr, Cu, Hg, Ni, Pb, Zn)

•

Sediment coal particulates content

•

Sediment-dwelling infauna communities

To ensure representitiveness, all benthic samples were collected in triplicate from an
approximately 5 m2 area of seabed at each station. These triplicate samples were subsequently
composited into a single sample for analyses of metals and coal particulates. Samples for
grain size, organic content and infauna community structure were analysed as individual
replicates.
Each station was located in the field using a vessel-mounted global positioning system (GPS).

2.2. Sediment physico-chemical properties
The analysis of sediment texture (particle grain-size distribution) provides an important
measure of the physical characteristics that can be used to investigate and interpret differences
between sites for other environmental parameters. Chemical contaminants are primarily
retained within fine sediments (Förstner 1995). Metals especially, can adsorb to particulates
and may accumulate over long time periods. As well as playing an important role in
determining the capacity for adsorption and retention of contaminants, both sediment texture
(grain-size distribution) and organic content (enrichment) are primary attributes of the benthic
sediment habitat and provide an important context within which the sediment infauna and
epifauna community structures are supported. Together they enable the assessment of
associations between substrate type and the biota present.
Diver sampling of sediments for physico-chemical properties was conducted using Perspex®
corers (60 mm internal diameter) that were manually driven into the seabed to a depth of 100150 mm. Prior to sample processing on board the support vessel, the colour profiles of cores
and the depths of any apparent redox potential discontinuity (aRPD) layers1 were recorded.
The cores were also photographed to provide a permanent visual record.
The triplicate cores from each station were sub-sampled from the top ~2 cm of the sediment
profile and packed on ice for subsequent analyses. Brief method descriptions for the physical
and chemical analyses are listed in Table 2.
1
The apparent redox potential discontinuity depth (aRPD) refers to the often distinct colour change, between surface and
underlying sediments, brought about by the changing redox environment with depth in the profile. This gradient of colour
change is in reality continuous but may be reduced to an average transition point (sediment depth) for descriptive purposes.
When properly considered in conjunction with local geology and bioturbation levels, the depth and character of the aRPD can
provide profound insights into the interactions between sediment geochemistry and biologic activity. Fenchel & Reidel
(1970) observed that sediments can be divided into oxic, suboxic, and anoxic levels with fundamental consequences for biota.
They defined these boundaries as occurring at the >300 mV (oxidation reduction potential) level for oxic and <100 mV for
anoxic chemoclines (with suboxic in between).
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Results of sediment trace metal analyses were compared against national sediment quality
criteria (ANZECC 2000). These guidelines aim to predict ‘acceptable’ levels of contaminants
in sediments above which adverse ecological effects may occur. The criteria are defined as
Interim Sediment Quality Guideline-Low (ISQG-Low) and -High (ISQG-High) representing
two distinct threshold levels above which biological effects are predicted. The lower threshold
(ISQG-Low) indicates a possible biological effect and is intended as a trigger value for further
investigation, while the upper threshold (ISQG-High) indicates a probable biological effect.

Table 2.

Summary of analytical methods used for sediments from Te Awaparahi Bay benthic stations.

Matrix
Sediment

Analyte
Particle grain size

Method Number
Cawthron SOP No. 33074

Sediment

Organic Content
(AFDW)

Luczak et al. 1997
(modified)

Sediment

Trace metals
(Cu, Pb, Cr, Zn Hg,
Mn)

USEPA 2002 mod./ APHA
metals by ICP-OES

Sediment

Trace metals (Hg)

USEPA 245.5 modified

Sediment

Coal particulate
content

CRL Energy in-house
method

Description
Wet sieved through screen sizes:
>2 mm = Gravel
<2 mm – >1 mm = Coarse Sand
<1 mm - >500 µm = Medium Sand
<500 µm - >250 µm = Medium/Fine Sand
<250 µm - >125 µm = Fine Sand
<125 µm - >63 µm = Very Fine Sand
<63 µm = Mud (Silt & Clay)
Size classes from Udden-Wentworth scale
Sample dried at 105°C then ashed at
550°C
Detected by ICP-OES (inductively
coupled plasma optical emission
spectroscopy).following
nitric/hydrochloric acid digestion
Sample digested with HNO3/H2SO4 +
KMnO4, reduced by acidic solution and
the Hg vapour released by a nitrogen
stream. Determined by cold vapour
atomic adsorption spectroscopy
Wet screen into size fractions followed by
sink-float separation with sodium
polytungstate. Fractions determined
gravimetrically or by binocular
microscope.

2.3. Benthic infauna (macrofauna)
Sediment-dwelling infauna or macrofauna (defined as animals retained on a 0.5 mm sieve
mesh) have been used in pollution monitoring, especially in the vicinity of ports, harbours and
outfalls, for several decades. The presence, absence, and density of different macrofaunal
species provide a long-term indication of the health of the environment, and can also be used
to predict impacts based on their relative sensitivity to physical and chemical stressors. Since
macrofaunal sampling uses a standardised and repeatable method, quantitative comparisons
can be made both spatially and temporally.

6
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Concurrent with the collection of sediment cores described in Section 2.2 above, three
replicate benthic infauna core samples were also collected from each of the seven stations.
Divers used PVC corers (13 cm diameter) that were manually driven approximately 10 cm into
the sediments, withdrawn, and the contents transferred to an attached 0.5 mm mesh bag.
Onboard the support vessel, they were gently sieved through the mesh bag using seawater.
The sieved residue containing the macrofauna was then fixed in 50% ETOH for transport back
to the laboratory, where visible macrofaunal organisms were extracted from the samples,
counted, and identified to the lowest practicable level of taxonomic resolution. For some
groups of infauna, species level identification is very difficult and, in such instances, infauna
were grouped into recognisable taxa (morphologically similar groups). In this manner, a list of
taxa and their relative abundance was compiled for each station.
All macrofaunal data, including station locations and collection methods were entered into a
custom-designed Access® database. This database includes a master species list and
standardised format for the archival and reporting of all benthic macrofauna data collected by
Cawthron.

2.3.1. Infauna data analysis
Infauna count data were analysed to ascertain levels of abundance (individual species density),
species richness (diversity) and standardised indices of community diversity and evenness for
each station (Table 3). These indices were compared between stations and significant
differences interpreted with respect to key factors such as water depth and substrate
characteristics. The infaunal assemblages recorded at each site were contrasted using nonmetric multidimensional scaling (MDS; Kruskal & Wish 1978) ordination and cluster
diagrams using Bray-Curtis similarities between samples in PRIMER v6 statistical software
(v. 6.1.6 ©PRIMER-E 2000; Clarke & Warwick 1994; Clarke & Gorley 2001). Abundances
were fourth-root transformed to de-emphasise the influence of the dominant species (by
abundance). The major taxa contributing to the similarities of each grouping of benthic
stations were then identified using analysis of similarities (SIMPER; Clarke & Warwick 1994;
Clarke & Gorley 2001).
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Table 3.

Descriptions of macro-invertebrate community indices.

Index

Equation

Description

No. species (S)

Count (taxa)

Total number of species in a sample.

No. individuals (N)

Sum (n)

Total number of individual organisms in a sample.

Evenness (J’)

J’ = H’/Loge(S)

Pielou’s evenness. A measure of equitability, or how
evenly the individuals are distributed among the different
species. Values can theoretically range from 0.00 to 1.00,
where a high value indicates an even distribution and a low
value indicates an uneven distribution or dominance by a
few taxa.

Diversity (H’ loge)

H’ = -SUM(Pi*loge(Pi))

Shannon-Wiener diversity index (loge base). A diversity
index that describes, in a single number, the different types
and amounts of animals present in a collection. Varies with
both the number of species and the relative distribution of
individual organisms among the species. The index ranges
from 0 for communities containing a single species to high
values for communities containing many species with each
represented by a small number of individuals.

2.4. Side-scan sonar imaging
In order to validate the uniformity of the sampled benthic habitat over the wider area within Te
Awaparahi Bay, a side-scan sonar survey of the seabed was conducted over the entire area of
the proposed reclamation and into adjacent seabed areas. Outputs were used to evaluate the
variability of the seafloor with respect to low-resolution changes in substrate texture (e.g. a
change from mud to cobble or reef substrate) and to detect benthic features of potential
ecological significance.
A TritechTM sonar ‘fish’ (Figure 3A) was towed at a speed of approximately 2-3 knots, using
a swathe width of 30 m either side of the vessel. GPS position tracks were simultaneously
logged to an onboard laptop computer using TritechTM software, enabling the relocation of
any areas of particular interest for subsequent verification. Where depth permitted, the sonar
fish was towed in a pattern of vessel passes over the site and adjacent waters to achieve
sufficient coverage so that significant seabed features were not missed.
Side-scan sonar output was ground-truthed by comparing image information to information
from benthic sample stations, including diver observations.
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Figure 3.

Survey equipment used.
A. Tritech side-scan sonar ‘fish’.
B. Seabird SBE-19 CTD sensor.

2.5. Water column measurements
To assist in the assessment of typical background water quality parameters and potential
construction effects, a range of parameters were measured using a Seabird SBE-19 CTD
(conductivity-temperature-depth) sensor during the field survey (Figure 3B).
CTD instrument arrays are a primary tool for determining the essential physical properties of
sea water and how they vary with depth. They are particularly useful for evaluation of
stratification (degree of mixing) within the water column.
Profiles were obtained from “CTD casts” at eleven water quality stations within Te Awaparahi
Bay and the surrounding Harbour waters (Figure 4). Parameters measured within the water
column included salinity, turbidity (as optical back-scatterance [OBS]), light (as
photosynthetic active radiation [PAR]), chlorophyll-a (an indication of phytoplankton
abundance) and temperature. At each site, the CTD was lowered over the side of the vessel
and left in approximately 0.5 m water depth for one minute to allow the sensors to equilibrate.
The CTD was then slowly lowered to the bottom and raised whilst readings were logged
internally at 0.5 second intervals in order to obtain a hydrographic profile of the water column.
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Figure 4.

Water quality monitoring stations (CTD casts) carried out in the vicinity of Te Awaparahi Bay.
Hydrographic profiles from these stations are provided in Appendix 4.

2.6. Intertidal habitats
A survey of the shoreline of Te Awaparahi Bay was carried out over low tide on 14 August
2008 (low tide at 0810; -0.78 m relative to MSL). Intertidal habitats and biological
communities were described at two locations (Figure 2):
1.

Battery Point; a natural rock shelf area extending from the Point at the eastern end of the
Bay.

2.

An area of the artificially placed rock/boulder armour that protects the existing coal
stockyard reclamation for the entire Bay shoreline. The survey area was an 80 m section
approximately in the centre of the Bay.

Observations were made describing the general site and the substrate characteristics and
zonation patterns of intertidal fauna and flora (major species and relative abundances). A
photographic record was made to supplement field notes and assist in identification. Where

10
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field identification was not possible, individual animals and plants were collected and later
identified from taxonomic references.
For each site surveyed, the diversity of animals and plants was described, and their density or
percentage cover ranked subjectively as ‘sparse’, ‘occasional’, ‘common’, or ‘abundant’.
While this qualitative approach does not allow quantitative comparison with studies conducted
outside the area or by other researchers, it does allow an assessment of the relative state of the
intertidal biota within the Te Awaparahi Bay area and changes over time where follow-up
studies are instigated.
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3.

RESULTS

3.1. Diver observations and visual description of sediment cores
Diver observations were limited, by zero-visibility conditions on the seabed of the Bay, to the
benthic sampling area of approximately 5 m2.
At Station 1 (see Figure 2), the substrate was semi-consolidated sandy gravel and shell. At
Stations 2 and 3, sandy gravel and shell formed a hard-packed layer beneath a thin (2-3 cm)
covering of silty material, making it very difficult to achieve adequate penetration with
sediment corers. Station 4 comprised relatively firm sandy mud with a surface layer again of
fine silt material. The three offshore stations (5-7) were characterised by deep soft mud which
offered little resistance to the sample corers. Apart from sediment characteristics, no other
seabed features were noted by divers.
The sediment core photographs and individual descriptions are presented in Appendix 1. The
colour of the cores was generally light grey/brown, with slightly darker grey material deeper in
the profile at the offshore stations (5-7). This darker underlying material indicates a less
oxygenated environment but would not be described as anoxic due to the relatively light
colouration and absence of strong odour (i.e. hydrogen sulphide). No distinct aRPD layer was
observed in any of the cores.

3.2. Sediment physico-chemical properties
3.2.1. Particle size distribution and organic content
The particle size distribution profile (Figure 5) for the Te Awaparahi benthic stations was
consistent with visual observations of the cores made in the field. Sediment texture was found
to vary quite markedly from relatively coarse gravel, sand and shell mixtures to fine soft mud.
However this variation followed an identifiable pattern within the Bay. Of the inshore stations
(1-3), a gradient of sediment texture from east to west was apparent, with mean gravel content
decreasing (from 33% to 8%) and silt content increasing (from 6% to 64%) with distance from
Battery Point. Although this inshore gradient appears less dependent upon depth than location,
it is noted that all offshore stations (4-7) were at water depths greater than 8 m and were
characterised by a near-absence of material coarser than fine sands (silt/clay fraction
consistently greater than 97%).
Sediment organic content (as Ash Free Dry Weight) was generally low across all stations,
ranging from 2.4% at Stations 3 and 5, to 4.1% at Station 7 (Figure 5).
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Figure 5.

Offshore stations

Particle grain size distribution and organic content (AFDW) from sediments collected at sample
positions in Te Awaparahi Bay. Error bars represent ±1 standard error for triplicate samples. Red
dashed lines represent interpreted boundaries between inshore and offshore stations with Station 4
regarded as transitional.
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3.2.2. Trace metal levels
Concentrations of trace metals in sediments from the seven sample stations are shown in
Figure 6. Except for Station 1, concentrations of all metals were well below ANZECC (2000)
ISQG-Low criteria.
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Figure 6.
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Offshore stations

Sediment metal concentrations (mg/kg dry weight) at sample stations in Te Awaparahi Bay.
ANZECC (2000) sediment quality guidelines are overlaid for comparison (dashed blue lines).
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The composite sediment sample from Station 1 contained lead (100 mg/kg) at twice the ISQGLow criteria of 50 mg/kg and mercury (3.2 mg/kg) at over three times the ISQG-High level of
1 mg/kg. Although all other metals analysed for Station 1 were present at levels below ISQGLow, copper (22 mg/kg) and zinc (82 mg/kg) also appeared somewhat elevated relative to the
other stations (Figure 6).

3.2.3. Coal particulate levels in sediments
Analysis of coal content of the sediments presented some difficulty due to the significant fines
fraction in most of the sediment samples. All samples were also noted to contain “significant
amounts of coke, slag and char”, some of which was difficult to distinguish from coal
particulates (Newman 2008, Appendix 2).
Coal particulate size distribution and content (dry weight %) of sediments are listed in
Table 4. The percentage of total coal in sediments was generally low for Stations 2-7, ranging
from 0.1% to 0.7%, with the exception being Station 1 at 3.8% coal. Half of the coal present
in the Station 1 composite sample was also in the larger particle size range (>1 mm). The size
distribution of coal particulates at each station generally matched that of the sediment matrix
itself with coarser coal fractions more prominent at inshore stations (Figure 5, Table 4).
Despite the variability in the coal content of sediments sampled from Te Awaparahi Bay, the
results were consistent with a general gradient with distance away from the existing coal
stockyard consented stormwater outfall on the south-western side of Battery Point.

Table 4.

Size distribution of coal particulates and their contribution to total sediments in Te Awaparahi
Bay.

Sample/Station
Size range (%)
>1 mm
<1 mm & >75 um
<75 um
Coal content (%)
+1 mm
<1 mm & >75 um
<75 um
Total coal (%)

1

2

3

4

5

6

7

51.4
40.9
7.7

24.8
27.2
48.0

14.4
18.8
66.8

11.5
20.5
68.0

Trace
1.0
99.0

Trace
0.4
99.6

Trace
2.7
97.3

3.18
0.65
0.02
3.8

0.22
0.42
0.05
0.7

0.15
0.20
0.07
0.4

0.45
0.07
0.17
0.7

0.06
0.05
0.1

0.05
0.05
0.1

0.29
0.10
0.4

3.3. Benthic infauna
No organisms or communities of special scientific or conservation interest were identified
from infauna cores collected in Te Awaparahi Bay. The full count data for the infauna
samples are listed in Appendix 3. A total of 85 taxa were identified from the benthic cores.
This relatively high number most likely derives from an overlap between the muddy gravel
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habitat of the inshore regions and the soft mud offshore. The soft mud benthic habitat
represented by Stations 5-7 provided only 30 different taxa.
The principle diversity indices (see Table 3), derived from this data and averaged for each
station, are presented in Figure 7. The sediments generally supported a broad range of
species. However, the number of taxa recorded were notably higher for the stations further
inshore, with a range of 27 to 46 species per core (Stations 1-3) compared to the deeper
stations with a range from 8 to 17 (Figure 7B). Diversity and evenness (as expressed by the
indices H’ loge and J) were high at the inshore stations but relatively low further offshore
(Figure 7C,D) due to domination, in terms of abundance, by just a few taxa (see interpretation,
Table 3.). Even at the inshore stations, species that were abundant in the sediments generally
belonged to a relatively limited number of higher taxonomic groups. The most abundant
groups overall were nematode and polychaete worms and amphipods.
Station 1 cores were particularly rich in infauna with high and variable numbers of nematodes,
amphipods and a number of polychaetes. This high variability accounts for the high standard
error in Station 1 abundances represented in Figure 7A.
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Figure 7.

Offshore stations

Mean infauna indices (±1 SE) for each benthic station in Te Awaparahi Bay (n = 3). A: Number
of individuals per 0.013 m2 core. B: Number of taxa per core (species richness). C: H’ ShannonWiener Diversity index (H’ loge) D: Pielou’s Evenness (J).

The MDS plot of infauna communities identified in benthic cores from the Te Awaparahi Bay
stations shows that resolution of the individual stations was distinguishable at the 55%
similarity level (Figure 8).
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Group

Key distinguishing characteristics

Inshore group

High abundance of nematodes and amphipods. Moderate numbers of the polychaetes
Heteromastus filiformis and Sphaerosyllis sp. Low to moderate numbers of
cumaceans and a range of other polychaetes. Low numbers of encrusting bryozoans.
No Sigalonid polychaetes or the bivalve Theora lubrica.

Offshore group High abundance of the polychaete Heteromastus filiformis. Moderate numbers of the
polychaete Cossura consimilis. Low numbers of Sigalonid polychaetes and the
bivalve Theora lubrica.

Figure 8.
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Multidimensional Scaling (MDS) plot (top) and dendrogram (bottom) showing the grouping of
benthic stations on the basis of relative similarities in macroinvertebrate community structure.
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The low MDS stress value2 of 0.06 in Figure 8 provides a high level of confidence in the
groupings portrayed and it is noted that they are generally consistent with variations in the key
parameters of depth and substrate texture recorded for the stations sampled (Figure 5).
The inshore stations represent a nematode-amphipod-polychate benthic community
assemblage (Table 5) whereas those further offshore may be characterised as a somewhat
sparser polychaete-dominated assemblage (Table 6).

Table 5.

General
Group
Nematoda
Amphipoda
Polychaeta
Polychaeta
Amphipoda
Polychaeta
Polychaeta
Cumacea
Polychaeta
Polychaeta
Polychaeta
Bryozoa

Average abundance per core for the 12 most commonly occurring taxa in benthic samples from the
inshore stations (1-3; shaded values) in Te Awaparahi Bay, with abundance at offshore stations
(4-7) listed for comparison.

Taxa
Nematoda
Amphipoda b
Heteromastus filiformis
Sphaerosyllis sp.

Amphipoda a
Euchone pallida
Armandia maculata

Cumacea
Goniada sp.
Prionospio sp.

Spirorbidae
Bryozoa (encrusting)

1
132
51
30
44
10
7
19
5
11
8
24
7

Inshore stations
2
3 Mean
9
109
83
11
93
52
17
20
22
5
11
20
18
14
14
8
18
11
7
2
9
12
10
9
6
9
9
9
8
8
0
0
8
7
1
5

4
2
0
90
0
0
0
0
2
3
4
0
1

Offshore stations
5
6
7
Mean
0
1
2
1
0
0
1
0
22
73
85
67
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
1
1
0
1
1
2
1
1
2
0
0
0
0
0
0
0
0

2

Distances on the MDS plot have only relative, not absolute, meaning. Thus the stress value is a dimensionless quantity and
is a measure of the difficulty involved in compressing the sample relationships into two dimensions. A stress value of <0.1
corresponds to a good ordination with no real prospect of a misleading interpretation, while a stress value of <0.2 still gives a
potentially useful 2-D picture. Stress values within the range of 0.2 to 0.3 should be treated with a great deal of scepticism,
particularly if in the upper half of this range and for sample sizes of <50.
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Table 6.

General
Group
Polychaeta
Polychaeta
Polychaeta
Bivalvia
Polychaeta
Nematoda
Cumacea
Polychaeta
Decapoda
Polychaeta
Hydrozoa
Polychaeta

Average abundance per core for the 12 most commonly occurring taxa in benthic samples from the
offshore stations (4-7; shaded values) in Te Awaparahi Bay, with abundance at inshore stations
(1-3) listed for comparison.

Taxa
Heteromastus filiformis
Cossura consimilis

Sigalionidae
Theora lubrica
Prionospio sp.

Nematoda
Cumacea
Goniada sp.
Macrophthalmus hirtipes

Cirratulidae
Hydroida (thecate)
Terebellides stroemi

1
30
0
0
0
8
132
5
11
1
1
0
0

Inshore stations
2
3 Mean
17
20
22
0
0
0
0
0
0
0
0
0
9
8
8
9
109
83
12
10
9
6
9
9
1
0
1
6
3
3
1
0
1
0
0
0

4
90
10
4
1
4
2
2
3
2
0
0
1

Offshore stations
5
6
7 Mean
22 73
85
67
5 13
15
11
1
6
7
4
3
4
2
2
2
1
1
2
0
1
2
1
0
1
2
1
1
0
1
1
1
0
1
1
1
0
3
1
1
1
1
1
1
0
1
1

Consideration of sediment texture would tend to group Station 4 with the other inshore stations
(1-3) on the basis of its higher proportion of very fine to medium sands (see Figure 5).
However, the low proportion of gravel in the Station 4 sediments, and its similar water depth,
may explain the clear grouping of this station with the deeper offshore sites with respect to
macroinvertebrate community structure (Figure 8). On the basis of its distance from shore it
is perhaps appropriate to regard it as transitional between the two groups.

3.4. Side-scan sonar imaging
Total overage of the proposed reclamation area of Te Awaparahi Bay and adjacent seabed by
side-scan sonar is shown in Figure 9 and representative sonar images are presented in
Figure 10.

20

Cawthron Report No. 1509
June 2009

Figure 9.

Side-scan sonar coverage of the proposed development site and surrounding seabed overlaid onto
an aerial photograph with outlines of the reclamation. The shaded blue area represents the seabed
area covered by the 30 m swathe width of the sonar. Positions are also shown for the
representative sonar images shown in Figure 10.
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Figure 10.

22

Representative sidescan sonar images of the seabed within Te Awaparahi Bay with interpretation
of salient features. Locations for each image are presented in Figure 9.
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Inshore areas of the Bay exhibited occasional areas of low- and high-relief substrates that are
likely to have been rock rubble material extending out from the artificial boulder seawall or
patches where the consolidated gravel and shell substrate sampled and described by divers at
Stations 1-3 had been swept clean of overlying silt by wave action (Figure 10A,B,D).
Rippling of the substrate (considered also to result from wave and current action) was also
observed (Figure 10D). Some larger features are believed to have been debris (Figure 10A)
and a relict seabed scar likely to have been a drag mark was also identified near the seawall
(Figure 10B). Also close to the seawall were hollows and mounds which were attributed to
wave-scour effects associated with the seawall boulders (Figure 10C). The subtidal edge of a
natural reef platform associated with Battery Point was identified (Figure 10E) but did not
appear to extend more than 40 m into the Bay.
For most of the Bay away from the immediate shoreline area and in depths greater than 7.5 m
(MSL), the benthic substrate appeared generally uniform and relatively featureless
(Figure 10F) but occasionally showed sporadic small or low-relief features. This substrate
was identified, by diver observations and sediment samples, as soft muds or sandy silts. The
occasional features noted in these offshore areas may be attributable to a range of causes, from
construction detritus to boulders from the reclamation facing armour (Figure 10G,H). Zerovisibility conditions at the seabed meant that these smaller features could not be validated by
diver observations. The sonar imagery showed no features indicative of extensive biogenic
structures (such as macrophyte or shellfish beds) or high-relief subtidal reef areas situated
more than approximately 50 m from the shoreline.

3.5. Water quality parameters
Water column monitoring stations where ‘CTD casts’ were conducted on 14 August 2008 are
shown in Figure 4. Hydrographic profiles of temperature and salinity at the 11 stations
indicate near-complete mixing of the water column with no evidence of either a pycnocline or
thermocline (i.e. density or temperature stratification) in the water column (Appendix 4).
However, there was often a significant increase in turbidity between approximately 1 m and
4 m from the harbour bed, consistent with diver observations of a distinct benthic turbidity
layer. Surface water turbidity (measured as optical back-scatterance) varied from 1.3 FTU to
1.5 FTU3 with benthic turbidity varying 2.0 – 4.5 FTU (Appendix 4).
The hydrographic profiles in Appendix 4 show that chlorophyll-a levels vary with depth in a
way that generally mirrors turbidity. While this can reflect relevant factors such as
phytoplankton density and the resuspension of benthic microalgae, the most likely reason, in
this case, was a fluorometric interference effect from suspended particulates4.
3

Although generally equivalent, Formazin Turbidity Units (FTU; for OBS based on 180 degree scatterance) and
Nephelometric Turbidity Units (NTU; 90 degree scatterance) are not exactly analogous.
4
Consequent to the efficient use of incident light energy, chlorophyll-a absorbs over a broad spectrum of wavelengths.
However, substances comprising water turbidity can themselves be fluorescent, but even where this is not the case, particles
suspended in the water column nevertheless reflect and refract light to varying degrees based on their quantity, shape, size,
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3.6. Intertidal habitats
Most of the shoreline of Te Awaparahi Bay is comprised of introduced rock armour protecting
the edge of the existing reclamation formed to accommodate the present coal stockyard. Much
of this armour is in the form of large (up to 2 m diameter) individually placed boulders
arranged to form a relatively steep profile with a 3-dimensional structure (numerous deep
crevices, overhangs and caves) (Figure 11A). The relatively small rock platform at Battery
Point (less than 0.2 ha) at the eastern boundary of the coal stockyard operational area
represents the only natural substrate in the intertidal zone of the Bay (Figure 11B).

Figure 11.

Intertidal shoreline of Te Awaparahi Bay. A: The rip-rap reclamation wall which occupies almost
all of the shoreline. B: The natural rocky shelf of Battery Point at the eastern extremity of the Bay,
seen from the headland above.

From the perspective of intertidal biota, Te Awaparahi Bay represents a relatively high-energy
shoreline that receives surge from ocean swells penetrating the harbour entrance and at times
the fetch within the harbour can result in a significant wind chop. A moderate swell was
running at the time of survey and some of the boulders of the seawall could be heard moving
with the surge.
Unfortunately, the low-tide intertidal survey on 14 August 2008 coincided with neap tides at
the site which restricted the survey to above approximately 0.5 m from the mean low-water
spring level. On the day of the survey, assessment of the shallow sub-littoral zone was also
limited by the typically high turbidity of the near-shore environment.
The inventory of species recorded during the intertidal surveys at the two sites is listed in
Table 7, with representative photographs in Figure 12. The intertidal assemblage of animals
and plants at both sites was similar and generally characteristic of the region. A total of 27
motion (if any) in and through the water, and particle density. If turbidity is high enough and/or enough of these
compounding factors are involved, transmitted as well as emitted light will be inhibited. Therefore, interference from
turbidity must be rejected at the point of measurement or fluorescence data must be corrected for the effects of turbidity.
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different conspicuous taxa were observed, with diversity generally increasing down the shore
profile. Communities at both sites appeared relatively diverse and healthy. No intertidal
organisms or communities of special scientific or conservation interest were identified. No
invasive or foreign species were noted.

Figure 12.

Intertidal communities in Te Awaparahi Bay. A: Mid-low tide rock pool at Battery Point with
blue mussels, coralline turf, anemones and barnacles. B: Mid-low tide boulder in the reclamation
seawall with Pomatoceros tube worms, sea lettuce (Ulva sp.), velvet weed (Codium sp.) and
coaralline turf.

3.6.1. Battery Point
The upper intertidal zone of Battery Point was predominantly populated with abundant
barnacles (Chamaesipho columna), the brown periwinkle (Nodilittorina cincta), and the little
black mussel (Xenostrobus pulex). Other common species in the high shore zone were the
spotted top shell (Melagraphia aethiops) and limpets (Cellana radians and C. ornata).
The mid-shore rocky substrate was covered by abundant barnacles (Chamaesipho columna)
and Potamoceros sp. tubeworms. The commonly distributed brown macroalgae Neptune’s
Necklace (Hormosira banksii) was a feature of even the smallest mid-tidal pools. Common
intertidal molluscs such as limpets, topshells (Melagraphia aethiops and Trochus tiaratus),
cat’s eyes (Turbo smaragdus) and the green chiton (Amaurochiton glaucus) were noted. The
little black mussel (X. pulex) and the blue mussel (Mytilus edulis galloprovincialis) were both
abundant with the latter increasing from occasional in the upper intertidal to abundant on the
mid- and lower shore (Figure 12A). Green mussels (Perna canaliculus) occurred in the
deeper pools and in fissures further down the tidal profile. The whelk, Cominella virgata
virgata, was occasionally found in the more substantial rock pools of the mid intertidal zone as
was the orange-white anemone, Actinothoe sp. (Figure 12A).
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Table 7.

Presence/absence and relative abundance ranks for intertidal biota at the two shoreline survey sites
in Te Awaparahi Bay. A, C, O, S = Abundant, Common, Occasional, Sparse or single individuals.

Taxa
FAUNA
PORIFERA
SPONGE (Orange Encrusting)
ANTHOZOA
Actinothoe sp.
POLYCHAETA
Pomatoceros sp.
Phyllodosidae
CIRRIPEDIA
Chamaesipho columna
POLYPLACOPHORA
Amaurochiton glaucus
GASTROPODA
Cellana ornata
Cellana radians
Melagraphia aethiops
Nodilittorina cincta
Cominella virgata
Trochus tiaratus
Turbo smaragdus
Calliostoma punctulatum
BIVALVIA
Aulacomya ater maoriana
Mytilus edulis galloprovincialis
Perna canaliculus
Xenostrobus pulex
ASCIDIACEA
Pyura sp.
FLORA
CHLOROPHYTA
Codium sp.
Ulva sp.
RHODOPHYTA
Coralline paint
Corallina sp.
Pleonosporium sp.
PHAEOPHYTA
Cystophora sp.
Hormosira banksii
Macrocystis pyrifera

NZMG_E
NZMG_N
Common name/description

Battery
Point
2489147
5733668

Seawall
2488732
5733578

Sponges
O
Anemones
Orange/white anemone
Polychaetes, bristle worms
Tubeworms
Paddleworms
Barnacles
Columnar barnacle
Chitons
Green Chiton
Snails, Limpets, Paua, etc.
Limpet (elongated)
Radiate Limpet
Spotted topshell
Brown periwinkle

Cat's Eye
Tiger shell
Bivalves
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The low intertidal zone was difficult to observe closely due to the combination of a neap tide
and moderate surge conditions. Larger brown macroalgae such as Cystophora sp. and
Macrocystis pyrifera became more prevalent, along with a thicker growth of coralline turf
(Corallina sp.), especially in the rock pools (Figure 12A).
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3.6.2. Reclamation seawall
Covering the rocks throughout the intertidal zone were abundant barnacles (C. columna) and
Pomatoceros sp. tubeworms (Figure 12B) which formed 100% cover in places. Other
common or abundant species in the high shore zone were the brown periwinkle (N. cincta),
spotted top shell (M. aethiops) and limpets (C. radians and C. ornata).
The mid- to low shore zone was characterised by many of the same common intertidal species
that featured at Battery Point (e.g. tubeworms, barnacles, chitons, gastropods and bivalves)
although, apart from X. plurex, the mussel species were less in evidence. Dominant red
seaweeds abundant in the lower zone were the crustose coralline paint and turf. The green
algae Ulva sp. and Codium adherens also formed part of the assemblage (Figure 12B). The
presence of relatively extensive stands of brown algae at the low-tidal fringe is suggested by
the recent aerial photograph used for the construction drawing in Figure 1 yet this was not
observed during the shoreline survey. Although brown macroalgae species were less
prominent at the seawall site, it is believed that they likely featured further down the profile
and that their existence was obscured by the neap tide and turbid conditions.
Notably absent from the seawall habitat were Neptune’s Necklace (Hormosira banksii) and
other species which require a slightly lower energy environment or the presence of standing
pools. In greater abundance were species that favour higher water movement and the greater
protection from the sun afforded by overhangs and caves. These species included the orange
encrusting sponge, and sea tulips (Pyura sp.), which were occasionally found in the lower
intertidal zone.
The introduced Asian kelp, Undaria pinnatifida, was first discovered in Lyttelton Harbour in
1991 (Hay & Villouta 1993) and was observed on the outer Port structures during a 1994
dredging and spoil disposal survey (Gillespie & Asher 1995; P. Gillespie, pers. comm.).
Undaria was recorded as ‘common’ at White Patch Point during the 1999 survey (Barter 2000)
and was noted as abundant at the subtidal fringe of the same site in 2004 (Thompson & Barter
2005). This alga is believed to have increased in range and abundance since 1999 and is likely
to be a low tide and shallow subtidal feature of Te Awaparahi Bay as well.
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4.

RECEIVING ENVIRONMENT
The ecology and hydrological conditions of Lyttelton Harbour have been reasonably well
studied by a number of researchers and there is a certain amount of existing information
regarding benthic conditions and sediments, both within Te Awaparahi Bay and the adjacent
harbour area. Similarly, there is a limited amount of information on intertidal and subtidal
benthic communities and water quality data from existing and historical consent monitoring
and other investigations. This existing data has been used to augment and compare with the
survey data collected specifically for this investigation.
Most relevant to the immediate survey area has been the periodic benthic monitoring for the
coal stockyard stormwater discharge consent. The most recent stormwater survey in October
2007 (Conwell 2008) utilised a spatial arrangement of four sample stations in Te Awaparahi
Bay and a reference station approximately 400 m east of Battery Point (Figure 13).

4.1. Sediment texture and organic content
Te Awaparahi Bay is flushed by both tide and wave action, with some mixed wave field
penetration of the harbour entrance, wave refraction into the Bay, and weak tidal eddies
produced from the main flows interacting with Cashin Quay breakwater and Battery Point
(Curtis 1985; OCEL 2009). The (at times) significant fetch within the harbour can result in a
significant wind chop. Fenwick (2003) notes that ocean swells penetrate well into the harbour
and that wind waves create significant water movement at shallower depths. In the eastern and
near-shore areas of the Bay, the coarser benthic sediment samples and the side-scan sonar
imagery of the current survey indicate a grading of sediments, with soft harbour muds limited
to depositional areas further offshore. This grading effect is likely to have resulted from
continual wave resuspension of fine sediments near shore.
The spatial distribution of Lyttelton Harbour sediment textures was broadly mapped by Curtis
(1985). The inshore area between the Port and Battery Point was characterised by Curtis as
sandy mud (gravel 12%). A recent, more detailed survey of benthic sediments was carried out
by Hart et al. (2008) focusing mainly on the upper harbour west of the Port, but was in general
agreement with Curtis’ findings. The results of the present study are generally consistent with
Curtis’ finding, with gravel content ranging from 8-33% at the inshore stations in Te
Awaparahi Bay. The results of Conwell (2008) also agree but indicate that the spatial limit of
this substrate may be between Stations “0m” and “50m” (Figure 13), with predominantly fine
soft muds (comparable to Stations 5-7 in the present study) existing further offshore.
The relatively low sediment organic content identified by this study (2.4%-4.1%) is consistent
with previous sampling of Te Awaparahi Bay sediments (2.9% to 3.9%; Conwell 2008).
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Figure 13.

Comparison of station locations for the current survey with those of previous benthic sampling
surveys in Te Awaparahi Bay. The stormwater outfall location is also indicated (solid yellow
line).

4.2. Coal in benthic sediments
Apart from the single elevated coal value (3.8%) for the Station 1 composite, coal content of
the sediments was of the same order as that defined by Conwell (2008). Conwell’s results
showed an apparent gradient in both coal and contaminants in sediments, decreasing
westwards from Station “50m” but with generally low levels at Station “0m” (Figure 13). If
the source is assumed to be the stormwater outfall, this implies a westward, more inshore
dispersion of the discharge, which to an extent by-passes the “0m” station, and may explain the
elevated coal content result from Station 1 in the current survey. The general consistency of
the 2007 and 2008 sediment coal analyses with those of earlier surveys of Te Awaparahi Bay
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(Royds 1996; Barter 2000) suggests that coal particulates are not accumulating in the
sediments of the Bay.
The analysis of the sediments for coal particulates (see report Appendix 2) identified
“significant amounts of coke, slag and char” and suggested that this was a relic from the
dumping of ash into the harbour from coal-fired vessels. These particulates have been a
feature of previous sediment analyses from Te Awaparahi Bay (e.g. Conwell 2008).
Coal-associated contaminants and their potential bioavailability are discussed in Section 4.3
below.

4.3. Sediment contaminants
4.3.1. Metals
The elevated levels of lead and mercury in the Station 1 sediment sample (100 mg/kg and
3 mg/kg, respectively) are notable in that higher metals levels are typically associated (through
adsorption processes) with sediments containing a high fine particulate fraction (Förstner
1995). However, the Station 1 sample was the coarsest of those collected, with a mean fines
fraction (<63 μm) of only 6% (Figure 5). While Conwell (2008) found no sediment lead or
mercury levels exceeding 22 mg/kg and 0.11 mg/kg respectively, elevated levels of these
contaminants in sediments from Te Awaparahi Bay are not unprecedented. Barter (2003)
recorded levels of lead and mercury of 81 mg/kg and 0.3 mg/kg, respectively, for one of two
sediment samples from a location 200 m south of Battery Point in 2002 (“Benthic” station in
Figure 13). Thompson & Barter (2005) reported elevated levels of mercury (0.14 mg/kg) in
sediment samples from a dredge spoil disposal site in Gollans Bay and noted that, at this site,
samples had returned mercury levels of 0.22 mg/kg and 0.14 mg/kg in 1999 (Barter 2000) and
1994 (Gillespie & Asher 1995), respectively.
While the elevated metals result coincides with elevated coal content in the Station 1 sample,
the evidence from the literature does not strongly support an explanation of coal being the
metal source. In an analysis of New Zealand coals, Sim (1977) reported mercury levels
varying 0.12 mg/kg to 0.56 mg/kg, and lead varying 5 mg/kg to 500 mg/kg for South Island
coals. At just 3.8% total coal content for Station 1 sediments (Table 4), coal fines in
stormwater from the stockyard appears unlikely as a principal source. It is understood that an
incinerator (now demolished) near Battery Point was operated by the Port and that ash waste
from this facility may have entered Te Awaparahi Bay in run-off. This may also represent an
historical source for existing sediment contamination.
It needs to be borne in mind that, as a single composite sample, no interpretation of small-scale
spatial variability is possible from the Station 1 result. Both the apparent spatial patchiness of
sediment results for these two metals and the coarse texture of Station 1 sediments raise the
possibility that the mercury and lead may be particulate-based rather than carried as adsorbed
load within the sediments. Both inorganic and organic lead and mercury have been historically
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used as ingredients in hull anti-fouling paints (Johnsen & Engoy 1999) and their occurrence, in
particulate form, in Te Awaparahi Bay and adjacent areas may reflect the proximity of both the
Port and the maintenance dredging spoil disposal areas. There is little evidence, however, for
either widespread high levels of these metals in Te Awaparahi Bay, or of ecological effects
attributable to their presence.

4.3.2. Organic compounds
Although no sediment analyses were undertaken for organic compounds in the current survey,
sediments have been tested for total petroleum hydrocarbons (TPH) and polycyclic aromatic
hydrocarbons (PAHs) for a number of previous surveys associated with the coal stockyard
stormwater discharge consent. None have identified petroleum hydrocarbons in benthic
sediments at levels above analytical detection limits. Conwell (2008) identified levels of a
number of PAHs above the ISQG-Low criteria at Station “50m” and two high molecular
weight PAHs (benzo[a]pyrene and pyrene) at Station “100m” (Figure 13). Overall, high
molecular weight PAHs and total PAHs exceeded ISQG-Low at both of these stations. This
appears to represent a down-current gradient of stormwater-derived PAH contamination that
misses the “0m” station (which had PAH levels comparable to the reference station NE of
Battery Point) and disperses to levels below ISQG-Low by the “250m” station in the middle of
the Bay (Figure 13). Although earlier surveys (Royds 1996; Barter 2003) relied on a single
sample location and hence did not address sediment contamination spatially, a comparison
with the 2007 survey is consistent with a relatively small benthic area being affected.
Both Barter (2003) and Conwell (2008) concluded that the majority of the PAH contamination
was likely associated with coal particulate matter in the sediments. It was further considered
that being bound in this form probably made these contaminants less bioavailable than those
associated with sediment particulate surfaces. In a review of the ecological effects of coal in
the marine environment (Ahrens & Morrisey 2003), it was stated that “Coal particles may
stabilise PAHs by either incorporation into the solid phase matrix or by strong adsorption to
surfaces that probably act quite similarly to activated carbon.” The review later adds that
“even though PAH levels in coal contaminated sediments may exceed sediment quality
guidelines…, the majority of these are probably associated with pitch or coal particles in an
unavailable form”.
A large study by Ottaway et al. (1989) on the Dalrymple Bay/Hay Point Coal terminal in
Queensland, Australia is cited in Ahrens & Morrisey (2003) and concludes that, apart from a
physical smothering effect, “toxic effects from heavy metals and organic toxicants in the coal
were considered unlikely”. It later stated that “Coal is widely considered to be a relatively
inert substance in marine environments, and it also occurs naturally in nearshore coastal
habitats (e.g. off southern Victoria and north-east England) where it appears to exert
negligible effects on local benthic communities”.
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In the current study, the 3.8% sediment coal content measured for Station 1 was significantly
greater than that found at the other stations but there was no evidence of any associated effect
on sediment infaunal communities.

4.4. Benthic communities
In a recent benthic survey of Lyttelton Harbour focusing generally on the upper harbour
reaches, Hart et al. (2008) suggest that;
“… within Lyttelton Harbour there is a continuum of overlapping communities associated
with the mud crab Macrophthalmus hirtipes. This community type has been described
elsewhere in New Zealand. Overall, it is concluded that the Lytteltoin Harbour communities
are related to substrate sediment texture composition and that there is a characteristic fauna
associated with fine sediments.”
Although the mud crab (Macrophthalmus hirtipes) was a feature of Te Awaparahi Bay benthic
sediments at all stations in the current survey, the method of sample collection (diver cores)
would probably have resulted in it being under-represented relative to the dredged samples of
previous surveys. Hence the benthic communities described in the current study (Section 3.3)
are believed to be consistent with this finding. Earlier NIWA studies of Port benthic
communities (Handley et al. 2000; Fenwick 2003; see Figure 13) also identified similar
assemblages, modified in places by dredging practices and discharges from Port operations.
The assemblages identified for Te Awaparahi Bay show variation principally associated with
changes in sediment texture which in turn derives from a direct relationship with exposure to
wave-induced water movement.

4.5. Intertidal communities
Results of the shoreline survey are consistent with previous surveys of the Port area (Handley
et al. 2000; Fenwick 2003) and the outer Harbour shoreline (e.g. Thompson & Barter 2005).
The communities identified for the Te Awaparahi Bay shoreline are typical both of the area
and of many other South Island harbours and inlets with similar physical characteristics.

4.6. Water column characteristics
Thompson & Barter (2005) previously generated hydrographic profiles from CTD
deployments at a number of locations within Lyttelton Harbour over 22-23 November 2004.
All eight profiles generated from the outer harbour (east of the Port) in that study showed the
presence of a high-turbidity benthic layer that varied in thickness from 1 m to 5 m. On that
occasion, surface turbidity values ranged from 5 FTU off Godley Head, just outside the
harbour entrance, to 8 FTU south of Gollans Bay. Benthic turbidity was consistently greater
than 15 FTU and reached an extreme value of 60 FTU for a site in the central channel area
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south of Livingstone Bay. In shallow areas of the upper harbour (in the vicinity of Quail
Island), water column values ranged from 12 -24 FTU. It was noted from these data and those
for previous studies (Gillespie & Asher 1995; Barter 2000) that an increase in temperature and
corresponding decline in water clarity occurred at the inner harbour sites (west of Quail Island)
relative to the outer harbour sites. This trend was not unexpected given turbid freshwater
inputs and greater levels of sediment resuspension that occurs at the shallower sites.
The presence of a persistent benthic turbidity layer for much of Lyttelton Harbour and inshore
Pegasus Bay has been frequently reported and is a recognised feature of diving conditions
within the harbour. While benthic turbidity appeared fairly low during the fieldwork for this
investigation relative to other surveys (2.0 – 4.5 FTU), divers still reported effectively zero
visibility conditions at the harbour bed. Although Lyttelton Harbour is frequently turbid,
actual values for this parameter can vary considerably dependent upon the conditions such as
wind, tide and sea state and the amount of preceding rainfall. The data collected for this and
other surveys therefore represents a “snap-shot” of the conditions at the time.
Benthic sites throughout Lyttelton Harbour are subjected to a continual state of disturbance
due to the high degree of sediment mobility, swell penetration and the relatively large fetch
distances for wave generation. To a large degree, sediment resuspension and mobility is
naturally induced in the Harbour, resulting in a benthic habitat characterised by high and
sometimes extreme levels of suspended sediments and turbidity. Consequently, benthic
communities are made up of assemblages well-adapted to survive in these conditions.
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5.

ASSESSMENT OF EFFECTS

5.1. Habitats lost or altered
The reclamation represents the direct displacement of an area of soft sediment benthic habitat
of up to approximately 13 ha (10 ha reclamation plus the area out to the toe of the proposed
rock platform and allowing for the existing hard substrate shoreline; see Figure 1). The loss of
this soft sediment benthic habitat to reclamation represents approximately 0.3% of the total
benthic area found in Lyttelton Harbour (approximately 4,180 ha). In view of the type of
habitat involved and its distribution in the wider area, the loss of this area would be expected
to have a less than minor effect on the functioning and productivity of benthic ecosystems in
Lyttelton Harbour as a whole.
The project also represents the loss of hard substrate intertidal and shallow subtidal
communities along a stretch of artificial rock-wall shoreline of approximately 800 m. Apart
from potentially a very small area of natural rock shelf on the western side of Battery Point, all
of the intertidal area which will be directly displaced by the reclamation is of recent man-made
origin. Furthermore, this boulder and rock habitat will be replaced by a similar shoreline
length of very similar substrate, which will be rapidly colonised by a similar community
assemblage to that currently existing.
The intertidal and subtidal surveys identified no habitats, communities or organisms of special
scientific or conservation interest within Te Awaparahi Bay; nor were the described
communities identified as being limited in occurrence within the wider area of Lyttelton
Harbour.
The recolonisation of artificial hard substrates in the form of seawall armour facing materials
has been observed and described for other developments in New Zealand. A recent survey of a
breakwater in Napier for a proposed small reclamation gave valuable insights into the process
of colonisation and species succession on such substrates (Barter & Keeley 2002). The
installation time (and thus colonisation period) for each of seven individual rock wall sections
varying between 30 m and 50 m in length ranged from as little as four months to just under
two years. Based on these observations and other studies, the following colonisation and
recovery process would be expected for the low tidal and shallow subtidal zone of newly
constructed seawall in Te Awaparahi Bay.
Bare introduced rock will initially be colonised with filamentous green algae and microalgal
mats. Fast-growing algae such as Ulva sp. are also likely to be evident in the early stages.
Mobile scavenging macrofauna, such as sea stars (e.g. Patiriella regularis) and grazing
gastropods, are likely to be present during the first few months in small numbers but lack of a
substantive food supply will preclude large populations of these biota. Within six months, the
turf-forming and encrusting coralline red algae are likely to become established, which will
help promote the settlement and establishment of other species. This establishment is known
to be an important step in recolonisation as it provides settlement cues for many species
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including sea urchins, gastropods and other marine invertebrates (e.g. Pearce & Schiebling
1990; Rodriguez et al. 1993; Roberts 2001). Within twelve months, the establishment of
larger macroalgae (e.g. Carpophyllum maschalocarpum, Cystophora sp., Macrocystis
pyrifera), tube worms (Pomatoceros sp.) and ascidians (e.g. Pyura sp.) will provide food and a
protective canopy for fish and large scavengers such as crabs. The area will also have been
subject to at least one settlement phase of the many organisms that rely on planktonic
dispersal. Within two to three years, recolonisation should be nearly complete and the
assemblage will be virtually indistinguishable from the existing community and those in
similar, non-impacted areas.
Biosecurity
The introduction of virgin substrates into the marine environment brings with it potential
concerns regarding competition from introduced or nuisance species. The appearance of
relatively large areas of entirely new and uncolonised hard substrate is something that occurs
naturally only rarely in coastal marine areas. Where this is coupled with the presence of
artificial vectors for the introduction of new species (in this case shipping), the biosecurity
implications should be considered. A regionally relevant example of an opportunistic invasive
species is the brown algae Undaria pinnatifida, indigenous to the temperate regions of Japan,
China and Korea, which was introduced to New Zealand in the 1980s and has since become
established over large stretches of coastline, including Lyttelton Harbour.
These issues are of concern nationally but do not necessarily engender a specific threat in the
context of an individual development. Since the proposed port development represents only
the incremental expansion of an existing activity, it is concluded that biosecurity issues do not
constitute a risk requiring specific actions in this case.

5.2. Construction effects
Effects from construction activities associated with the proposed reclamation project may be
classified as those that result from direct physical disturbance of habitats and those from
indirect processes. Indirect effects in this case are likely to be principally due to the escape
and resuspension of fine sediments to form turbidity plumes that subsequently disperse with
currents to cover wider areas of the harbour.

5.2.1. Benthic disturbance
Dredging
It is proposed to dredge approximately 100,000 m3 of soft sediments from the toe of the
existing Te Awaparahi Bay reclamation before the establishment of the rock platform and
bund wall. It is assumed that the seabed area to be dredged is within that defined by the edge
of the constructed rock platform (reclamation toe; Figure 2). As such, the area directly
disturbed by dredging will not extend beyond that subsequently covered by reclamation
structures.
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Construction of the barge loading wharf
The small piled wharf proposed to be constructed for the loading of barges will be located on
the western side of the stub breakwater adjacent to Cashin Quay (location shown in Figure 2).
A possible design for the wharf (shown in OPUS drawing No. 6/1194/128 5604 01 R0) shows
an unsupported span extending some 20 m offshore from the breakwater to a piled frontage of
length 30 m. It would also be an option to install piled dolphins on either side to better secure
two barges simultaneously. Hence the benthic footprint of the construction is small and
effectively limited to the offshore piled structures.
The shoreline at this location is introduced armour rock boulders similar to that of Te
Awaparahi Bay itself; however the site is more protected from swell waves penetrating the
harbour. Intertidal biota at this location were described in detail by Handley et al. (2000) who
reported a similar range of taxa to those identified at the Te Awaparahi Bay sites in the current
study. Although also not specifically investigated in the 2008 survey, previous investigations
(Barter 2000b; Handley et al. 2000) indicate that the benthic substrate at the toe of the
breakwater and adjacent to Cashin Quay is soft sediment similar to other offshore regions in
the vicinity of the Port and supporting a similar range of infaunal taxa. This benthic habitat is
already modified by the sheltering presence of the breakwater and subject to ongoing
disturbance from dredging of the berth pocket and vessel movements. Handley et al. (2000)
concluded that benthic infauna within the Port area comprised species found elsewhere within
the harbour although the faunal diversity and abundances were lower. In a follow-up survey,
Fenwick (2003) commented on the year 2000 data, reporting a 60-80% similarity between
infauna samples from three stations within the dredged area outside the inner Harbour.
In view of the lower ecological value of this area and given its modified and disturbed status
and the limited area of additional disturbance represented by pile-driving and other
construction activities for the loading wharf, effects on benthic ecology are assessed as less
than minor.
Reclamation
With reference to the summary outline of construction elements in Section 1.1, the activity
expected to result in the greatest physical disturbance to benthic habitats outside the
approximately 10 ha reclamation footprint is the construction/placement of the initial seabed
rock platform to support the reclamation seawall/bund. Although the cross-sectional
schematic in Opus Drg No. 5604 sheet 95 R2 (Figure 1) is not dimensioned in the horizontal
plane, it appears that this approximately 100 m wide platform will extend into the harbour
beyond subsequent construction elements by a margin of some 30 m. As such, even the final
placement of seawall rock armour should not add to physical disturbance of benthic habitats
beyond the toe of the platform.
Some benthic disturbance effects are likely from the initial placement of the underlying highstrength geotextile, as well as the physical displacement of soft substrates through the weight
of the rock platform and potential scatter of rock material along the platform’s seaward toe.
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However, it is considered that the proposed construction methodology will limit significant
benthic disturbance to a very narrow margin around the edge of the proposed reclamation.
There will potentially be a further narrow zone (tens of metres) of relatively heavy
deposition/smothering, decreasing rapidly with distance offshore from the site of disturbance.
However, the benthic communities supported by these areas towards the dredged channel
(represented by benthic Stations 5-7; Figure 2) are highly tolerant of deposition impacts and
capable of rapid recovery following disturbance. It is likely that such areas will be
indistinguishable from unaffected areas after a period of months.

5.2.2. Sediment resuspension and turbidity effects
Estuarine and harbour benthic communities are generally well-adapted to periodic highturbidity events that are usually brought about by extreme weather and run-off from land. It is
only when the severity of these natural events is significantly exceeded, or when high levels
are sustained for long periods, that such communities will be adversely affected.
Dredging
The dredging of approximately 100,000 m3 of soft benthic sediments from the toe of the
existing Te Awaparahi Bay reclamation is considered necessary to provide a more stable
substrate for the proposed new reclamation. An excess of soft sediments has resulted from the
technique (“mud-waving”) previously used for construction of the original reclamation, where
material was end-tipped from shore, causing a wave of soft material to be displaced ahead of
the advancing reclamation front of denser fill material.
Te Awaparahi Bay is within the Port operational area and is approximately 500 m north of the
regularly dredged Port channel. It is also bounded to the east by the dredge spoil grounds for
disposal of maintenance dredgings of approximately 500,000-900,000 m3/year (consented by
CRC 930648). Hence the area between the proposed reclamation and the channel is already
subject to turbidity plumes generated by these ongoing activities and it is not expected that
dredging for the reclamation within Te Awaparahi Bay will add significantly to plume
exposures for soft-sediment communities adapted to the natural effects of wave resuspension.
Disposal of the dredged sediments from the Bay is likely to be within the current spoil grounds
for maintenance dredging and within the consented volume limits for that programme.
Reclamation construction
The proposed construction methodology places an emphasis on the avoidance, where possible,
of significant sediment resuspension. This avoidance is to be achieved largely through
bunding of the reclamation area before subsequent infill, the use of material placement
methods that result in less disturbance of the existing seabed, and the use of geotextile
materials that serve to both contain sediments and limit the escape and movement of sedimentladen water. Due to the nature of the site and benthic sediments and the engineering
requirements of the project, practical options for further mitigation of sediment resuspension
during the construction process would appear to relatively limited.
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As with physical disturbance, resuspension of benthic sediments is expected to result
principally from the construction (by barge) of the rock platform, which will serve as the
foundation for the reclamation perimeter containment bund and seawall/embankment. The use
of relatively clean rock rubble for building up the seawall embankment following placement of
the base platform is expected to limit the release or suspension of fine sediments from this
stage. Due to substantial resuspension processes and benthic sediment fluxes operating
naturally within Lyttelton Harbour (Curtis 1985; OCEL 2009) and dispersive tidal flows,
additional resuspension of such material due to the reclamation construction is expected to be
within the tolerance of benthic communities even relatively close to the construction footprint.
Escape of fines associated with fill materials
The potential release of fine sediments from loess fill material may be of more concern than
resuspension of benthic sediments. Placement of a filtration geotextile against the inner face
of the embankment/bund to the seabed, will serve to limit the flow of fine-sediment-laden
water through the rock bund. However, the geotextile will not completely prevent the escape
of fine sediments, especially since a large component of such release will be driven by tidal
rise and fall during the construction process. Another release mechanism is the necessary
displacement of seawater contained within the ‘reclamation paddock’ as a substantial quantity
of loess fill material is deposited. Consideration must be given to the minimisation of
entrained loess fines in any such water that drains to the Harbour.
Where deposited sediments are distinctly different to those of the receiving environment,
impacts may be significant with even relatively thin deposited layers. In studies of the effects
of thin deposited layers of terrigenous5 sediments, NIWA found that cockles (Austrovenus
stutchburii, a species found extensively in upper Lyttelton Harbour) were more affected by
suspended terrigenous sediment than resuspended marine sediment. Even so, this species
exhibited the ability to continue feeding in levels of suspended sediment as high as 400 mg/L
over the short-term (less than one week) and was found to be relatively unaffected by
deposition of such sediments until layers of greater than 3 mm thickness were reached (Gibbs
& Hewitt 2004). It was also found that wedge shells (Macomona liliana, another species
known from Lyttelton Harbour) were adversely affected at levels of suspended terriginous
sediments above 300 mg/L. These very high levels of suspended solids are not expected to
occur during the reclamation project except potentially within direct discharge displaced from
the reclamation paddock or near the seabed immediately adjacent to the rock platform
construction. Plumes will be rapidly dispersed by tidal currents and are expected to be
indistinguishable from natural background turbidity within a short distance from the source
(OCEL 2009).
It is also generally accepted that Lyttelton Harbour sediments are predominantly of terrestrial
rather than marine origin (OCEL 2009). Hart et al. (2008) report that the main source of
material for sedimentation in the upper harbour is catchment erosion of loess and loess
colluvium (volcanic detritus). ECAN (2008) reports that, through thousands of years of

5

Of terrestrial rather than marine origin. Often defined as “clay” newly arrived from land recently eroded.
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accretion, eroded soils from the hillsides has infilled the harbour basin with up to 47 m of
sediment.
The terrestrial origin of harbour sediments, and a rigorously controlled construction
methodology which effectively limits the washing-out and escape of loess fill is expected to
result in benthic ecological effects which are highly localised to the margins of the reclamation
and no more than temporary in nature.
Background levels of suspended sediment and sediment fluxes
Levels of suspended sediments greater than 300 mg/L (0.3 g/L) represent those typical of
storm conditions for many New Zealand estuaries and inlets, but are likely to be frequently
reached for benthic turbidity layers typically occurring in Lyttelton Harbour. Curtis (1986)
identified the presence of a benthic layer of fluid mud in several regions of the central to outer
harbour with suspended sediment concentrations up to 260 g/L occurring within and along the
line of the current channel, including a large area south of Te Awaparahi and Gollans Bays.
Accurate assessment of the scale of sediment resuspended or discharged by specific
construction elements is not possible. Tidal current patterns identified by OCEL (2009) show
that Te Awaparahi Bay represents a backwater set away from the main tidal flows in the
harbour. This will limit the immediate propagation of any high-strength turbidity plumes.
However, once entrained in the main tidally reversing flows, residual plumes will be carried in
both up-harbour and down-harbour directions. Curtis (1985) measured tidal velocity in the
central part of the harbour at up to 0.23 m/s. This tidal flushing of the area immediately south
of Te Awaparahi Bay will serve to effectively remove and disperse plumes of suspended
sediments generated by the various construction components well before they reach levels
which are significant for benthic communities.
Curtis (1986) reported that ongoing inputs to the harbour from erosion of the catchment were
on the order of 50,000 tonnes per annum, concluding that this was minimal compared to that
routinely dredged from the channel. However, Hart et al. (2008) reported that catchment
erosion rates are an order of magnitude greater in the upper harbour. Hart et al. further
acknowledge current information suggesting that;
“… due to the harbour current patterns, and the lower harbour and dredged channel being an
efficient sediment sink, little sediment entering the harbour from Pegasus Bay, or recirculated
from dredge spoil deposition in the northern bays of the lower harbour, is transported into the
upper harbour.”
This suggests that additional inputs from reclamation construction into the high-flux system
existing in the lower harbour are not likely to add appreciably to typically high sediment loads;
nor are they likely to significantly affect the benthic environments of the upper harbour.
It is possible that near-shore currents will see construction sediment plumes carried into the
shoreline north-east of Battery Point and potentially also into Gollans Bay. Intertidal habitats
in these areas are expected to be very similar to those at Battery Point, with a relatively high
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tolerance of periodic elevated turbidity due both to natural events and disturbances such as
channel dredging and spoil disposal. Benthic communities in outer Lyttelton Harbour are
similarly well-adapted to frequently very high turbidity and also to high rates of sediment
deposition. The tidally intermittent nature of construction-generated turbidity plumes is not
expected to result in stresses to intertidal or benthic communities that exceed their inherent
tolerance of such effects.
Guidelines
There are no strict rules for New Zealand coastal conditions as to what would constitute an
unacceptable level of suspended solids arising from human activities. However, ANZECC
(2000) gives some guidance with which workable criteria might be established. It states that:
“Where there is insufficient information on ecological effects to determine an acceptable
change from the reference condition, use an appropriate percentile of the reference data
distribution to derive the trigger value.”
For Condition 2 ecosystems (slightly–moderately disturbed), where the objective is to maintain
biological diversity, the 80th percentile is suggested as an arbitrary (though conservative) lowrisk trigger value. With its history of shoreline and catchment modification and exposure to
anthropogenic activities, Lyttelton Harbour as a whole would fall within this criteria. Given
typical turbidity conditions and tidal flows through the central Lyttelton harbour region, the
area affected by a construction-derived turbidity plume which may exceed such a limit is
expected to be relatively small.
Enrichment effects
The relatively low level of organic enrichment of Te Awaparahi Bay sediments indicates that
their resuspension will not result in measurable effects to dissolved oxygen levels in adjacent
harbour waters. It is also indicative that the release of nutrients and subsequent nuisance
blooms of algae is not an issue of concern in this case.
Contaminant effects
Although accumulation of sediment contaminant concentrations above background levels has
been documented for an inshore area of the Bay near the coal stockpile stormwater outfall, the
principal source of this contamination is unclear. Furthermore, the survey results indicate that
the spatial area affected is relatively small and that, even within this area, toxic effects to
benthic biota are not apparent. Consequently, the potential resuspension and dispersion of
these sediments is not considered to be a significant toxicity threat to the ecology of the wider
harbour area.

5.3. Operational effects from the expanded coal stockyard
While the reclamation is being proposed for Port activities, it is understood that the reclaimed
area will initially be utilised for expansion of the current coal stockyard. As such, it represents
the incremental expansion of an existing activity and it must be assumed that the quantity of
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coal moving through the Port will also increase following this expansion, with a corresponding
increase in loading activity and shipping traffic.

5.3.1. Hydrodynamic effects
Te Awaparahi Bay is a relatively shallow embayment that does not afford any effective shelter
to its inner shoreline from harbour sea and wind conditions. Hence, although the proposed
reclamation will result in the displacement of much of this embayment between Windy Rock
Point and Battery Point, the increase in exposure of the new reclamation shoreline will be
relatively minor.
There will potentially be some change to near-shore circulation on either side of Battery Point
that may affect the extent and distance to which sediment texture is graded close to the
shoreline (as was noted in Section 4.1). The benthic area affected will, however, be very
small.
The minimum width of Lyttelton Harbour between natural shorelines at Windy Rock Point is
approximately 1.6 km. The maximum distance to be reclaimed into harbour waters is some
210 m (in the centre of the Bay) or 14% of this distance. However, since the proposed
reclamation will be entirely within the flow boundary set by the line between Battery Point and
the Cashin Quay breakwater, it will not present a restriction to tidal flow and effects on wider
harbour circulation will be minimal (OCEL 2009).

5.3.2. Stormwater
Lyttelton Port of Christchurch (LPC) holds a Resource Consent (No. CRC960549 - granted
on19 February 1997) allowing it to discharge stormwater from its existing coal stockpile area
after treatment in a settling tank. Together with untreated hillside stormwater, the treated
stockyard stormwater is discharged at near the high tide mark into the coastal water at Te
Awaparahi Bay adjacent to Battery Point. The Consent requires the sampling of the treated
stormwater discharge three times a year for suspended solids levels, turbidity and pH, and fiveyearly monitoring of the seabed in the vicinity of the outfall.
It is proposed to increase the existing coal stockyard catchment area from the current area of
about 7.1 ha to a total area of approximately 15.6 ha (OPUS 2009). This represents a 120%
expansion of the coal stockpile catchment area and it is the intention to replace the existing
stormwater treatment plant and ponds with a mechanical lamella plant. Due to the increase in
the area drained, it can be expected that the discharge from the upgraded stormwater plant will
also be approximately double the existing volumes.
In order to establish defensible discharge quality criteria for a renewed coal stockyard
stormwater discharge consent, clarification on the following points was required:

Cawthron Report No. 1509
June 2009

41

1.

The level of treatment required to meet the standards set under ECAN's operative
Regional Coastal Environment Plan (RCEP 2005).

2.

Establishment of appropriate discharge limits in terms of pH, total suspended solids
(TSS) and turbidity.

To accomplish this, a bench-top seawater dilution series was conducted using a range of
different coal stormwater effluent concentrations. The dilution series were then compared
against the MFE (1994) guidelines for colour and clarity. The main criterion assessed was
whether a change in clarity of less than 50% can be met after minimal dilution.
In addition, historical effluent pH, TSS and turbidity data collected under the current
Discharge Consent monitoring programme were reviewed. The need for such a review is due
to the existing Consent conditions being largely based on predicted treatment performance
rather than from an effects perspective. The existing Consent also predates the RCEP which
became operative on 30 November 2005. The Consent has the following effluent limits (based
on three annual samples) listed in Condition 5:
Following a commissioning period of one year, the median concentrations of the following
determinands in the discharge from the stormwater collection and treatment system serving
the coal stockpile area shall not exceed the following values:
Determinand
suspended solids
turbidity

Concentration
30
30

Units
g/m3
NTU

The acidity of the discharge shall be between 6 and 9 pH units.

Colour and Clarity
Clarity is a measure of the transparency of a water body, and decreases as suspended solids
concentration and associated turbidity increases. Untreated coal stockpile stormwater is a
cloudy, almost-black liquid, the cloudiness resulting primarily from the presence of fine
suspended coal particulates. Discharge of this untreated effluent has the potential to reduce
visual clarity in the receiving environment, with an associated change in water colour, to an
extent that may be conspicuous (e.g. to an observer in a plane, from a boat, or on the cliffs over
the Harbour), and/or may reduce light penetration to plants (especially phytoplankton in the
water column). Deposition of particulates to the seabed in the vicinity of a discharge can also
lead to changes in seabed biota, for example through smothering and alteration of sediment
textural properties, however coal is relatively inert in the marine environment (see Section
4.3.2; Ahrens & Morrisey 2003, 2005).
Waters in the inner Lyttelton Harbour in the vicinity of the coal stockyard are usually
relatively turbid (see Section 4.6), with the natural clarity regime dominated by wave resuspension of sediments and inputs from run-off and river discharges, particularly during and
after heavy rain. The low natural clarity in the region is likely to reduce the potential for
conspicuous visual effects from the discharge to some extent.
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Assessment of conspicuous changes in water clarity
Rule 7.2 b (ii) of the Regional Coastal Environment Plan permits the discharge of stormwater
subject to a number of conditions. Within waters classified as Coastal AE (aquatic
ecosystems) or Coastal CR (contact recreation), there is a condition which states that the
colour of the receiving water shall not be changed by greater than ten points, as measured
using the Munsell Scale, and the visual clarity of the receiving water shall not be reduced by
greater than 50%. These conditions are to be achieved within a 100 m mixing zone.
Other guideline documents pertaining to water clarity and colour aim to provide criteria that, if
met, will avoid ‘conspicuous’ changes in receiving waters (after reasonable mixing) following
wastewater discharge or other activities :
•

ANZECC (2000) Guideline for Slight to Moderately Disturbed Ecosystems: Low risk
Trigger Values (TVs) for clarity should be determined as the 80th percentile of the
reference system(s) distribution.

•

MfE (1994) Water Quality Guidelines No. 2: A detailed review of colour, clarity and
fine suspended solids criteria from various countries has been presented in this
document. For Class A Waters, where visual clarity is an important characteristic of the
water body, clarity should not be changed by more than 20%. For more general waters,
the visual clarity should not be changed by more than 33% to 50% depending on site
conditions.

For the coal stormwater clarity investigations, the RCEP limit was adopted (which is also
consistent with the MfE approach) and it is recommended that potential effects should be
assessed relative to receiving water trigger levels of 50% clarity change after reasonable
mixing (e.g. at the edge of a 100 m mixing zone as per RCEP 7.1 b (ii)).
Bench-top clarity study
The seawater/coal stormwater dilution series was run at various starting concentrations to
determine the amount of dilution necessary to achieve the MfE (1994)/RCEP 50% change in
clarity guideline. Dilutions were carried out on grab composite samples of treated coal
stormwater (collected on 29 May 2009 and used as stock solution) using unfiltered seawater
from Tasman Bay. Clean Tasman Bay seawater served as a ‘worst case’ substitute for
Lyttelton Harbour water due to its relatively high clarity (85% transmittance for this study).
The dilution series were conducted in a PVC trough specifically designed for laboratory-based
transmissivity studies. A 34 step series was conducted from 0% to approximately 20%
stormwater with increasing incremental volumes of stock effluent (from 2 mL to 100 mL)
added at each step.
The series was used to determine the relationship between the coal stormwater dilution factor
and percentage change in clarity. Percent transmittance was measured using a 25 cm pathlength Chelsea Alphatracka transmissometer.
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Suspensions at three different turbidity values were used for the stock ‘effluent’: 30, 80 and
130 NTU. These suspensions were prepared by diluting the supplied coal stormwater sample
with freshwater until the desired NTU value was reached. Turbidity (as NTU) was determined
using a Hach 2100p turbidimeter.
Results of the seawater dilution series for all three effluent turbidities are presented in
Figure 14 along with the (RCEP) 50% change in clarity as a gridline reference. The resultant
dilution curves show that all three ‘effluents’ (i.e. 30, 80 and 130 NTU) required very little
dilution to meet the 50% standard. For example, the 30 NTU coal stormwater suspension
required only 5:1 dilution to meet the guideline while the 80 NTU effluent took until 10:1
dilution.

Change in Clarity (%)

100
80
60

10:1 dilution = 50% change in clarity (80 NTU)
50% Change in Clarity

40

5:1 dilution = 50% change in clarity (30NTU)
30 NTU Effluent
80 NTU Effluent
130 NTU Effluent

20

50

100

150

200

250

Effluent dilution factor (X:1)

Figure 14.

Clarity versus dilution factor curves for three coal stormwater effluent concentrations.

Although field dilution studies have not been conducted for the actual discharge, a 10:1
dilution should be met within a very short distance of the outfall and well within the 100 m
specified for permitted activities in Rule 7.1 b (ii) of the RCEP. The existing outfall is
positioned in the intertidal region near mean high water and it is understood that a new outfall
may be similarly positioned, but could also potentially be located in the shallow subtidal which
would improve initial dilution.
These results suggest that a discharge limit of 80 NTU would easily meet the clarity
requirements stipulated in the RCEP. It could further be argued that a 130 NTU limit would
also meet these limits since this too requires only 12:1 dilution; however, by adopting the more
conservative 80 NTU concentration, there is more assurance that the colour standard will be
met as well.
pH
pH is used as a way of expressing the relative acidity or alkalinity of receiving waters or
wastewaters, where the relative pH is controlled through the equilibrium achieved by dissolved
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compounds in the aqueous system. The pH measures the concentration of hydrogen (H+) or
hydroxy (OH-) ions in solution. The actual definition of pH is the negative log of the hydrogen
ion concentration. The pH scale ranges from 0-14 with a pH of 7 being neutral, a pH below 7
acidic and a pH above 7 basic (or alkaline). Because values of pH are based on a logarithmic
scale, each whole unit change in pH represents an order of magnitude change in
acidity/alkalinity. In other words, a pH of 5.0 is 10 times more acidic than a pH of 6.0.
During photosynthesis, hydrogen atoms are used by phytoplankton and the pH in a water body
can rise, becoming more basic/alkaline. Respiration and the breakdown of organic matter will
lower the pH, making the water more acidic. In seawater, the pH does not change appreciably
because of the natural buffering capacity of the carbonate-bicarbonate system. A buffer resists
change in pH due to chemical reactions occurring which balance changes in the concentration
of hydrogen ions. The average pH of seawater is around 8.2; slightly basic. In general, the
surface seawater in areas affected by large freshwater river plumes usually has a pH of
between 7.8 and 8.3. However, the pH in some nutrient-enriched bays can be higher (i.e. more
alkaline) during large phytoplankton blooms. During times of hypoxic or anoxic conditions,
the pH can be much lower. The input of contaminated wastewater into the sea can also change
the pH. When the pH is outside the normal range, plants and animals in the sea and on the
seabed can be adversely affected, with planktonic and larval forms being particularly
susceptible.
Effects on receiving water pH from coal stormwater discharge
Acidic runoff from coal mining (and stockpiling) is well documented (e.g. Carlson 1990; Barry
et al. 2000; Ahrens & Morrisey 2003 etc.). Historical monitoring of stormwater from the LPC
coal stockyard (2004-2008) shows pH ranging from 4.7 to 7.3. There are no pH limits
specified in ECAN’s RCEP; however, there are guidelines on acceptable pH changes in marine
waters, as follows:
•

ANZECC (1992): In marine waters the pH should not be permitted to vary by more than
0.2 units from the normal (background) values.

•

NZECC (2000): No guidelines have been developed for New Zealand as yet. South East
Australia guidelines state that, in marine waters, the pH should not be permitted to vary
outside the range of 8.0 to 8.4.

Based on these guidelines, a criterion of no greater than a 0.2 change in receiving water pH
after reasonable mixing is recommended. The adoption of the ANZECC (1992) guideline over
the more recent ANZECC (2000) guideline reflects the nature of Lyttelton Harbour waters
which are subject to significant inputs of freshwater and could naturally have a pH that is
below 8.0 and hence may at times not meet the pH 8.0-8.4 guideline regardless of discharge
effects.
Previous work with acidic coal runoff has shown that a discharge of pH 4.5 requires only 10:1
dilution in order to meet the ANZECC (1992) pH guideline of less than a 0.2 unit change in
seawater (Conwell et al 2009). This is due to the large natural buffering capacity of seawater
described above. Therefore, even the ‘worst case’ discharge pH of 4.7 (taken from the historic
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monitoring data), the pH change criterion would likely be met in the immediate vicinity of the
outfall (i.e. similar to the clarity effects described above which also require only 10:1 dilution).
A recommended range of 4.5-9.0 pH units for the effluent will ensure that potential adverse
effects from pH change are avoided.
Total suspended solids (TSS)
Potential adverse effects from high suspended solids in the coal stormwater are two-fold.
Firstly, increased TSS can cause a reduction in visual clarity and/or changes in colour.
Secondly, deposition of suspended material on the seabed can cause smothering of benthic
epibiota and/or infauna.
A review of the TSS data collected under the existing Consent shows a reasonable linear
relationship (R2=0.8566) with turbidity (NTU) up to TSS values of 150 mg/L (Figure 15)6.
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Figure 15.

Linear relationship between Coal stormwater TSS and turbidity (NTU) from 2004-2008 effluent
monitoring data.

Based on these results, adopting the turbidity limit of 80 NTU suggested above would mean
that TSS is kept below 40 mg/L, which would ensure that both potential clarity effects as well
as smothering effects are minimised. It is therefore suggested that a TSS limit under a
renewed stormwater discharge consent is unnecessary, since the potential effects from this

6

Two values with very high TSS and NTU were removed from the dataset. These values adversely affected the linearity of
the data and were discarded as outliers for the range in question (i.e. up to TSS 150 mg/L).
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constituent are covered by the recommended 80 NTU turbidity limit. However, in the absence
of a consent limit, regular monitoring of stormwater discharge TSS is still recommended.
Effects on benthic ecology
The Water Quality Standards for Class Coastal AE Water in Schedule 4 of the RCEP states
that:
In the Operational Area of a Port, there shall be no significant adverse effects on aquatic life
or any significant loss of indigenous biological diversity.
Non-coal contaminants in stormwater
While non-coal-based contaminant inputs (e.g. from vehicles and heavy machinery operation)
will potentially also increase with increases in coal throughput and catchment area, a
significant proportion of contaminants from these sources are also likely to be removed by
flocculation/coagulation treatment in the new plant and discharge loads are expected to be
minor compared to those in untreated run-off from other areas of the Port and the town of
Lyttelton.
Potential accumulation of coal fines in harbour sediments
Although minor accumulation of some contaminants within Bay sediments near the outfall has
been indicated by monitoring to date, discernible ecological effects to the benthic receiving
environment which may be attributable to the accumulation of coal particulates have not been
identified. This is consistent with a dispersive receiving environment and the relatively nonbioavailable nature of coal-based contaminants in marine environments (see Section 4.3.2).
Since the reclamation will largely replace the present embayment, the current stormwater
outfall will need to be relocated at least to its new shoreline, further out into the harbour.
Hence dispersion of the stormwater discharge is likely to be increased via the increased
exposure to harbour tidal flows. Consequently, the potential increase in coal particulate loads
to the harbour may not result in a greater accumulation of coal fines in sediments and it is
likely that effects on harbour benthic communities outside a 100 m mixing zone will continue
to be minimal. It is assumed also that potential accumulation in sediments will continue to be
monitored under the Consent associated with the stormwater discharge.
Chemical treatment additives
The likely chemical dosing additives identified for the new stormwater treatment plant are a
poly-aluminium chloride (PAC)-based coagulant and flocculent in the form of an organic
polymer (MWH 2009). While aluminium coagulants contain high concentrations of ionic
aluminium, in flocculated sludges this is tightly bound over a wide range of redox conditions
and stable in all but highly acidic environments. Control of the pH of the discharge, and the
considerable buffering capacity of seawater, preclude a potential ecological risk from
aluminium toxicity. While the specific organic polymer is not identified, it is assumed that the
general use of such additives for wastewater treatment dictates that they be relatively nontoxic. Moreover, residues in the effluent from the clarifier under normal operating conditions
are expected to be minimal.
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Recommendations for stormwater Consent monitoring
Monitoring frequency
The existing Consent has a stormwater monitoring frequency of three events per year, which is
insufficient, especially given that median values are stipulated. It is therefore recommended
that effluent monitoring be increased to once every calendar month during which discharge
takes place. In other words, if there is no discharge during a month without sufficient rainfall,
then no sample is required. This frequency will ensure that sufficient samples are collected for
compliance analysis but will not be overly burdensome on the applicant.
Monitored parameters
As is currently required for the existing consent, monitoring of the effluent for TSS, pH and
turbidity (NTU) are recommended, but with the following limits:
•

pH in the range of 4.5 to 9.0 pH units;

•

Turbidity annual median of less than 80 NTU;

•

TSS - no limit specified.

In addition, one annual sample for effluent metals (copper, lead, chromium, zinc, mercury, and
manganese) is also recommended. While no effluent metals limits are recommended, the
inclusion of metals in the monitoring programme will tie in with the 5-yearly benthic
monitoring stipulated in Condition 6 of the existing consent.
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6.

SUMMARY

6.1. Characterisation of benthic environment
The intertidal shoreline of Te Awaparahi Bay comprises approximately 800 m of artificial hard
substrate in the form of introduced seawall boulders. The only natural shoreline is the rock
platform reef at Battery Point, which is effectively outside the proposed reclamation footprint.
Intertidal communities are typical of rocky shorelines of the Lyttelton Harbour area and other
South Island inlets and harbours and comprise species tolerant of elevated turbidity and
moderate to high-energy conditions.
Differences between the two intertidal sites surveyed were largely attributable to differences in
the physical nature of the habitat and substrate. The Battery Point platform reef supported
numerous small shallow rock pools within which a number of more sensitive species
(gastropod molluscs, anemones, macroalgae) could exist at the mid-low tide level without risk
of drying out. The more 3-dimensional structure of the seawall habitat provides a generally
higher energy environment with greater shelter from predation and incident sunlight within
holes, crevices and overhangs.
The benthic area of Te Awaparahi Bay within and adjacent to the proposed reclamation
construction footprint is characterised by a sediment substrate of relatively uniform soft mud
offshore and an inshore region of sandy mud and gravel within 50-80 m of the shoreline.
Organic content of sediments was consistently low and there was little evidence of the
existence of sub-oxic conditions.
Benthic communities were dominated by polychaete and nematode worms and amphipods,
comprising a somewhat limited assemblage of taxa offshore and greater diversity in coarser
near-shore substrates. All taxa identified were considered tolerant of high turbidity conditions
and capable of relatively rapid recovery following benthic disturbance.
No organisms or communities of special scientific or conservation interest were identified
during the survey of the Bay.
Particulate coal content in sediments ranged from 0.1% to 3.8% and occurred in a generally
decreasing gradient away from the coal stockyard stormwater outfall in the east of the Bay.
Contaminant levels in benthic sediments were uniformly low except for elevated metals at the
sample station (1) closest to the stormwater outfall and comprised of the coarsest substrate.
Water column characteristics showed no evidence of either thermal or salinity stratification;
however, a benthic layer of elevated turbidity was a consistent feature.
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6.2. Assessment of potential effects
Dredging of approximately 100,000 m3 of soft sediments at the toe of the existing reclamation
will not result in harbour bed disturbance outside the reclamation footprint and turbidity effects
will be no more than those arising from the regular dredging of the adjacent channel. Spoil
from dredging in Te Awaparahi Bay is expected to be deposited in the consented maintenance
dredging spoil grounds within the allowable volume limits for that programme.
The construction of a loading wharf on the western side of the Cashin Quay stub breakwater
for the barges to be used in the reclamation represents the physical disturbance (through
installation of piles) of only a small benthic area in a region already subject to significant
ongoing disturbance. Potential ecological effects from this construction are assessed as being
minimal and extremely localised.
In the area to be occupied by the proposed reclamation, the development will result in:
•
The net loss of approximately 13 ha of soft substrate benthic habitat with comparatively
low productivity and diversity,
•
Effectively no net loss of natural reef substrate,
•
Minimal net change in the quantity of intertidal and shallow subtidal hard substrate
habitat.
Direct disturbance of benthic habitats outside the construction footprint is expected to be
limited to a narrow margin adjacent to the seaward edge of the rock platform placed as a
foundation for the reclamation embankment/bund. Recolonisation and recovery of this margin
will be rapid. Colonisation of introduced hard substrates will also occur according to a process
of succession, resulting in communities similar to those existing presently on the rock armour
shoreline of the Bay.
The construction process has the potential to produce locally visible turbidity plumes from
resuspension of benthic sediments, especially during placement of rock material for the
platform foundation. The escape of some fine-sediment-laden water to the Harbour is also
possible during infilling of the reclamation ‘paddock’ with loess material following
construction of the embankment/bund, either through direct displacement or percolation
through the rock bund with tidal rise and fall.
It is difficult to predict the strength, scale and propagation of turbidity plumes which may be
produced by elements of the reclamation construction, however, the following points are
relevant:
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•

Construction process activities are of limited spatial extent and duration.

•

Turbidity plumes will be intermittent dependent upon construction activities.

•

Plume propagation will be subject to tidally reversing currents, meaning exposure of any
single benthic area to elevated levels of suspended sediments and deposition will also be
intermittent over daily time-scales.
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•

The strength and scale of turbidity plumes generated by construction activities are
unlikely to exceed those of regular maintenance dredging and spoil disposal activities in
adjacent areas of the Harbour and are also expected to be significantly less than periodic
natural turbidity events generated by storm and high-wave events.

•

The generally low contaminant status and organic enrichment of Te Awaparahi Bay
benthic sediments indicates that toxic or oxygen depletion effects will not occur with
their resuspension in the water column.

Due to the nature of the physical environment, Lyttelton Harbour benthic and shoreline
communities are inherently tolerant of turbid conditions, with periods of very high suspended
sediments represented by storm and high-wave conditions. Benthic communities in the central
Harbour region are also acclimated to the increased sediment supply represented by the
ongoing maintenance dredging programme.
Suspended sediment associated with turbidity plumes generated by construction of the
reclamation has the potential to impact benthic communities in the wider central Harbour
region. However, the proposed construction methodology engenders the means to limit both
the escape of introduced material and the resuspension of benthic sediments. With careful
control of construction components, the similar nature of the harbour bed sediments to the
loess materials proposed to be used in the reclamation and the naturally high benthic fluxes of
resuspended sediments mean that such effects are likely to be minimal, transient and restricted
to immediately adjacent areas.
The expansion of the coal stockpile area will result in increased stormwater flows with
potentially greater coal particulate loading to harbour waters and an upgraded stormwater
treatment system is being designed to meet the relevant conditions for such discharges in the
RCEP.
Bench-top dilution tests using treated coal stockyard stormwater indicated that, at an effluent
turbidity of 80 NTU, the RCEP criterion (of less than a 50% change in water clarity) would be
met within a zone of reasonable mixing of radius 100 m from the outfall.
Analysis of pH data from previous work with acidic coal runoff indicates that a relevant
receiving water criterion of no more than a 0.2 unit change will be met at the edge of a 100 m
mixing zone if consent limits for effluent pH are set at between 4.5-9.0 units.
While no specific limits are recommended for total suspended solids and effluent metals, it is
suggested that these parameters are analysed and recorded as part of a discharge consent
monitoring programme.
Despite potentially increased loadings of coal particulates to the Harbour, it is considered that
the relatively inert nature of coal in the benthic environment, coupled with increased
dispersion available at a re-sited outfall located closer to main tidal flows, will result in
minimal change to both sediment accumulation and benthic ecological effects..
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8.

APPENDICES

Appendix 1. Sediment cores

Station: 1
Depth (MSL): 6.7 m
Location (NZ Map Grid): East 2488995
North 5733598
Depth to aRPD: NA
Description: Sandy gravel and shell

Station: 3
Depth (MSL): 6.7 m
Location (NZ Map Grid): East 2488748
North 5733520
Depth to aRPD: NA
Description: Silty sand with some gravel and shell
overlain by a layer of fine silt material.
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Station: 2
Depth (MSL): 7.3 m
Location (NZ Map Grid): East 2488873
North 5733543
Depth to aRPD: NA
Description: Sandy gravel and shell with a 2-3 cm
surface layer of fine silt material.

Station: 4
Depth (MSL): 8.6 m
Location (NZ Map Grid): East 2488625
North 5733329
Depth to aRPD: No distinct layer but darker material
below ~ 6-7 cm in the profile.
Description: Firm sandy mud.
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Station: 5
Depth (MSL): 8.5 m
Location (NZ Map Grid): East 2489029
North 5733514
Depth to aRPD: No distinct layer but darker material
below ~ 8 cm in the profile.
Description: Soft silty mud

Station: 6
Depth (MSL): 8.5 m
Location (NZ Map Grid): East 2488862
North 5733378
Depth to aRPD: No distinct layer but darker material
below ~ 10 cm in the profile.
Description: Soft silty mud

Station: 7
Depth (MSL): 8.9 m
Location (NZ Map Grid): East 2488669
North 5733200
Depth to aRPD: No distinct layer but darker material
below ~ 8 cm in the profile.
Description: Soft silty mud
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Appendix 2. Coal content in sediments (Newman 2008)
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Appendix 3. Infauna (and flora) count data from triplicate cores from benthic stations in Te Awaparahi Bay
Taxa
Porifera
Hydrozoa
Hydroida (thecate)
Anthozoa

Common Name
Sponges

Station 1
Station 2
Station 3
Station 4
Station 5
Station 6
Station 7
1A 1B 1C 2A 2B 2C 3A 3B 3C 4A 4B 4C 5A 5B 5C 6A 6B 6C 7A 7B 7C
1
1

2

2

5

9
1

Filter feeder
Proboscis worms
Roundworms
Peanut Worms
Chitons

1

2

1

1

1

1

2

2

2

1

1

1
1
241

Infaunal deposit feeder

40 116
1

2
2
1
13 123 106
2
1

1
97
1

4

3

3

1

Leptochiton inquinatus

Gastropoda
Xymene plebeius
Gastropoda (Rissoid like)
Gastropoda (Unid. Juv.)

1

Anemones

Anthopleura aureoradiata

Nemertea
Nematoda
Sipuncula
Polyplacophora

Feeding

Snails
1
Unid. gastropod
Unid. juvenile gastropod

Caecum digitulum
Sigapatella novaezelandiae
Trochus tiaratus

3
2
1
Epifaunal suspension feeder
13

1

1

1

1
1
3

1
4

1
1

1
1

Opisthobranchia
Philine auriformis

Bivalvia
Arthritica bifurca
Dosina zelandica zelandica
Hiatella arctica
Lasaea hinemoa
Leptomya retiaria retiaria
Nucula nitidula
Ruditapes largillierti
Theora lubrica

Oligochaeta
Polychaeta

White Slug
Bivalve molluscs
Small bivalve

9

1

1

1
1
Nut shell

Infaunal deposit feeder

Window shell
Oligochaete worms
Bristle worms

Infaunal filter or deposit feeder
Infaunal deposit feeder

6
1

1
1
2

1
1

1
1

1

1
10

2

1

3

3

3

2

2

4

1

2

8

3

2

13

9

9

22

13

2

1

1

1

79 100

76

2

1

Paraonidae
Cossura consimilis
Polydora sp.
Prionospio sp.
Scolelepis sp.
Spiophanes kroyeri
Heteromastus filiformis

Bamboo Worms

Armandia maculata

Phyllodocidae
Polynoidae
Sigalionidae
Hesionidae
Syllidae

Infaunal deposit feeder

1

1

Sphaerodoropsis sp.
Orbinia papillosa

Maldanidae

1

Paddle worms
Scale worms

Sphaerosyllis sp.

Glyceridae
Goniada sp.
Aglaophamus macroura
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Infaunal deposit feeder
Infaunal deposit feeder
Deposit feeder
Surface deposit & filter feeder
Surface deposit feeder
Surface deposit feeder
Surface deposit feeder
Infaunal deposit feeder
Infaunal deposit feeder
Infaunal deposit feeder
Carnivore & scavenger
Infaunal carnivore
Infaunal carnivore
Carnivore and deposit feeder
Omnivorous
Omnivorous
Infaunal carnivore & deposit feeder
Infaunal carnivore
Infaunal carnivore

1
1

1

15

4
1

39
2
19

24
12
14

9
5
77
1
21

1
10
5

10
2
4

27
12
24
2

4
2
45
1
8

2
1
7

7

13

3
5

21
1
4

14

16
2
10
3

21
1
1
4

6

1

1
8

9

13

4

3

8

16

12

7

4

2

2

2

1

1

82

2
99

89

18

20

27

57

82

80

3

18
1
2

1

1
3

7

1

1

1

2

5

2

11

4

4
1

1

1

1

2
7

22

9

6

2

1

5

1
4

5

7

4

4

9

15
2
6

1
9

2
10

14

8

1

3
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Appendix 3.

Infauna (and flora) count data from triplicate cores from benthic stations in Te Awaparahi Bay
Taxa

Common Name

Lumbrineridae
Dorvilleidae
Owenia petersenae

Polychaete

Ampharetidae
Cirratulidae
Pectinaria australis
Sternapsis scutata
Terebellides stroemi
Euchone pallida
Serpula sp.

Spirorbidae
Mysidacea
Cumacea
Tanaidacea
Tanaid sp.

Isopoda
Natatolana pellucida
Anthuridea
Munna schauinslandii

Asellota
Valvifera
Amphipoda
Caprellidae
Amphipoda a
Amphipoda b
Amphipoda c
Amphipoda d
Decapoda
Halicarcinus cookii
Macrophthalmus hirtipes
Petrolisthes novaezelandiae

Ostracoda
Copepoda
Pycnogonida
Phoronida

Feeding
Infaunal carnivore & deposit feeder
Facultative carnivore
Infaunal deposit feeder
Surface deposit feeder
Deposit feeder
Infaunal deposit feeder
Infaunal deposit feeder
Infaunal deposit feeder

Fan worm

Mysid shrimp
Cumaceans
Tanaid Shrimp
Tanaid Shrimp
Isopods
Fish lice
Isopod
Isopod
Isopod

Suspension feeder
Suspension feeder
Filter and deposit feeder
Infaunal filter or deposit feeder

Station 1
Station 2
Station 3
Station 4
Station 5
Station 6
Station 7
1A 1B 1C 2A 2B 2C 3A 3B 3C 4A 4B 4C 5A 5B 5C 6A 6B 6C 7A 7B 7C
1
1
3
6
4
3
4
4
3
1
2
1
1
1
1
2
1
6
8
5
7
1
1
1
1
3
3
2
2
3
3
1
1
1
1
1
2
1
1
1
1
1
6
1 14
6
7 11 16 20 17
1
4
43 20
8
1
1
9
1
5
8 20
8
3 13 14
5
1
3
1
3
3

Epifaunal scavenger

1

Epifaunal scavenger

3
2

1
1

2

1

3
2

2

1

3
10
103

6
26

Epifaunal scavenger
Epifaunal scavenger
Epifaunal scavenger
Epifaunal scavenger
Decapods
Pill-box Crab
Stalk-eyed Mud Crab
Red false crab
Ostracods
Copepods
Sea spiders
Horseshoe worms

Eats small organisms & some weed
Deposit feeder & scavenger
Omnivorous scavenger

1

1

13
25
1

17
7
1

28
6
3

Patiriella regularis

Ophiuroidea
Holothuroidea

3
9

1
1
2

Callithamnion sp.
Corallina (encrusting pink)
Coralline officinalis
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1
8 10
73 118
17 14
1

1

1
1

1
1

1

2

1

1
1

1
1
9

2

3
3
1

10
10
1
Sea stars
Cushion Star
Brittle stars
Sea Cucumbers

10
10

2

5
5

5
5

1
4

3

1
2

1

2

1

1

2

2

3

3

1

1

1

1

1

1

1
1

10
5

2
1

1
1

1

1
1

1

1
1

1
6

1

2
1

Epifaunal deposit feeder

1

1

Ascidians
1

Polycarpa zeteta

Rhodophyta

6
23
87
7

Bryozoans

Paracaudina chilensis
Trochodota dendyi

Ascidiacea

8
20
1

2

3

Watersipora spp.

Asteroidea

4
1
1

Amphipods

Phoronus sp.

Bryozoa
Bryozoa (encrusting)
Bryozoa (erect)

1
1

Red algae
Photosynthetic
Photosynthetic
Photosynthetic

1
2
1

3
1

1
1
1

1
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Appendix 4. Hydrographic profiles for water column characteristics (from CTD casts). Parameters plotted
are dissolved oxygen (mg/L), turbidity (NTU), photosynthetic active radiation (PAR; μmol/s/m2),
chlorophyll-α, temperature (°C) and salinity (ppt).
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