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1. INTRODUCTION
1.1. Background
The Port of Lyttelton suffered significant infrastructural damage in the 2010–2011
Christchurch earthquakes. Environment Canterbury (ECan) and Lyttelton Port
Company Ltd (LPC) have been directed to prepare a Lyttelton Port Recovery Plan
(gazetted 19 June 2014). The plan will examine a broad scope of associated issues,
including requirements for the recovery of the Port to ensure safe, efficient and
effective operations, the impact on the coastal marine area and the community and
the current and future needs of users of both the Port and its surrounding areas.
Under the direction, LPC is required to undertake consultation and prepare and
provide ECan with an initial information package from which a preliminary draft can be
developed.
The proposed recovery works comprise four broad project components that have a
degree of spatial and operational separation which allow them to proceed
concurrently:


Reclamation of up to 37 ha in Te Awaparahi Bay for a new container terminal.



The reinstatement of Cashin Quay.



Inner Harbour redevelopment, including wharves, seawalls, a reconfigured Oil
berth and a commercial marina facility.



Development of a cruise ship berth.

Each component has a number of associated works arising from the need for
demolition or alteration of some existing structures and establishment of supporting
and ancillary infrastructure.
The Cashin Quay projects have the shortest timeframe, with completion projected at
late 2019. The proposed three stages of reclamation run consecutively out to 2026,
with Terminal infrastructure completed in 2028. A number of Inner Harbour projects
are set to run concurrently from 2015, with others not set to start until 2020.
Completion of the Stage Two marina development and general roading infrastructure
for the Inner Harbour is projected to be 2022.

1.2. Scope
Much of the detailed design regarding the proposed project components for the
Recovery Plan has yet to be finalised, with some major components still at the options
stage. For this reason, parts of this assessment have been undertaken at a
necessarily high level or with broad assumptions regarding construction methodology.

1
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Where projects are effectively extensions of work which has already commenced (e.g.
reinstatement of Cashin Quay, reclamation) or have been previously considered in an
alternative configuration (reclamation), the assessment has been able to draw upon a
number of earlier reports.
While not treated as part of the recovery projects, the proposed deepening of the
Harbour channel to accommodate larger vessels (Mersk S-class vessels ~ 6,600
TEU) is assumed for the purposes of this assessment.
This report does not cover effects to marine mammal or avian fauna; nor does it
consider specifically effects to kai moana1 or address the effects of underwater noise,
all of which are being covered by separate reports.

1.3. Structure of this report
After describing the physical attributes and marine ecological resources of Lyttelton
Harbour as a whole, the report considers each of the four project groups in turn. The
outline details of the proposed projects which are considered to have potential for
marine ecological effects are first listed. The outline details of the proposed projects
which are considered to have potential for marine ecological effects are first listed.
These details have been compiled directly from project description information issued
by Tonkin & Taylor Ltd and LPC.
For each project group, the immediate marine receiving environment is described
before providing assessments of direct loss of habitat, near- and far-field construction
effects and longer-term operational effects.
The more generalised areas of Lyttelton Harbour water quality, including stormwater
from ongoing Port operations are outlined in a separate section. Consideration is also
given to cumulative effects from co-occurring projects in terms of the projected
timeline and potential spatial overlap in predicted impacts.

1

2

Seafood, shellfish (source: Māori Dictionary Online; http://www.maoridictionary.co.nz).
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2. LYTTELTON HARBOUR ENVIRONMENT
2.1. Physical
Lyttelton Harbour is a large rock-walled inlet approximately 14 km long by 1.9 km
wide, covering an area of ~43 km2. It has negligible freshwater inputs and hence is not
estuarine in character. Tidal range at Lyttelton varies 1.4 m–2.1 m. Below the Port,
routine maintenance dredging is employed to maintain a navigation channel for
shipping, with the dredged material being deposited in established spoil disposal
zones along the northern side of the outer Harbour.
Lyttelton Harbour sediments are predominantly of terrestrial rather than marine origin.
Hart et al. (2008) reported that the main source of material for sedimentation in the
upper Harbour is catchment erosion of loess and loess colluvium (volcanic detritus).
ECan (2008) reported that, through thousands of years of accretion, eroded soils from
the hillsides has in-filled the Harbour basin with up to 47 m of sediment. As a result of
this accretion and the high rates of resuspension, the seabed of the Harbour is
unusually flat in profile. Only at two locations are rocks exposed on the Harbour floor;
Parsons Rock, north of Ripapa Island, and Shag Reef, north-east of Quail Island
(Knight 1974).
Hart et al. (2008) found that silts and clays dominated the surface of the upper
Harbour sea bed, with sediments becoming finer from east to west, and clay
increasing south to north. Gravels and sands dominated south of the dredged channel
and in pockets within the upper Harbour.
The shoreline of Lyttelton Harbour adjacent to the shipping channel is characterised
by relatively steep rocky profiles and ranging from the exposed high-energy regions of
Godley and Adderly Heads to moderately sheltered areas further into the inlet.
The lower and central regions of the Harbour are characterised by wave and surge
conditions arising from penetration by ocean swells and wind waves. This can create
significant water movement in shallower areas of the lower Harbour and contributes to
high turbidity from resuspension of fine benthic (seabed) sediments. There is only
limited penetration of swell waves past the Port and into the upper Harbour (Goring
2014) where the wave climate is instead dominated by wind waves generated locally
across moderate water fetches. The extensive shallows of the upper Harbour flats
mean that these short period waves also maintain high levels of sediment suspension.

3
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2.2. Ecological
2.2.1. Benthic communities

Lyttelton Harbour benthic communities are inherently tolerant of turbid conditions and
are adapted to periods of very high suspended sediments resulting from persistent
wave resuspension of fine sediments. Knight (1974) characterised the biota of the
central and upper regions of the Harbour from 71 benthic samples collected by
orange-peel grab, box dredge and epibenthic sledge. This study remains the most
comprehensive survey of the benthos of the Harbour, although it may now be
augmented and updated by a number of studies with broader objectives or narrower
spatial scope, including Hart et al. (2008) and Bolton-Ritchie (2013a) as well as
monitoring required for Lyttelton Port consents (e.g. Sneddon & Bailey 2010).
Noting that the soft sediment benthos of harbours varies with water movement and
the resulting variations in sediment grain size composition, Knight (1974) identified
four different macrobenthic communities or assemblages for Lyttelton Harbour:
1. The extensive muddy regions were characterized by an assemblage dominated by
the mud crab Macrophthalamus hirtipes and the sea pen Virgularia gracillima.
Second order species (defined as those that are found in only part of the
community, but in at least 50% of samples and composing 5% of the biomass)
were the gastropods Xymene plebeius and Micrelenchus huttoni.
2. A second characteristic community occurred widely over sandier Harbour
substrates, defined by the dominance of the gastropod Zeacolpus vittatus and the
polychaete tube worm Pectinaria australis. Second order species in this
community were the gastropod Trochus tiaratus, and the bivalve Myadora striata
which were reported to form small but locally dense beds.
3. Knight (1974) defined the third grouping as an association rather than a
community, being composed of the oyster Ostrea heffordi, the crab Halicarcinus
whitei and the gastropod Sigapatella novaezelandiae. These were characterized
as opportunists since establishment of this association required the presence of
empty shells or other hard substrate fragments and it was consequently more
irregularly dispersed over the Harbour.
4. The final community was dominated by the cockle (Austrovenus stutchburyi)
which formed dense beds in shallow areas around Quail Island and attained
biomass of up to 9 kg/m2. Second order species included the shrimp Pontophilis
australis, the anemone Anthopleura aureoradiata and, towards the edges, the
bivalve M. striata.
In a mapping survey of bathymetry, sediments and benthos of Lyttelton Harbour
focusing generally on the upper Harbour reaches, Hart et al. (2008) was in broad
agreement with the findings of Knight (1974) suggesting that;

4
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“… 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 Lyttelton Harbour communities are
related to substrate sediment texture composition and that there is a
characteristic fauna associated with fine sediments.”
Hart et al (2008) did not find evidence of extensive subtidal shellfish beds within
Lyttelton Harbour. It was noted that, while Knight (1974) recorded several shellfish
species, the size of the individuals was not given. The 2008 survey found mostly
juvenile shellfish (including surf clams) and it was considered that these were likely to
be more widely distributed than adults.
The shallow reefs of the more exposed coastline near the Harbour entrance are
dominated by giant kelp (Macrocystis pyrifera) and bull kelp (Durvillea antarctica), with
a variety of other algae and associated species extending subtidally (DOC 2007). In a
study of subtidal reef habitats on the east coast of the South Island, Schiel & Hickford
(2001) characterised the algal cover at Godley Head as follows:
“The giant kelp Macrocystis pyrifera occurred at 2–4 plants per m2 at 3–6 m
depth but the canopy covered an average of 55–85% of the substratum. The
fucoids Carpophyllum maschalocarpum and Landsburgia quercifolia occurred in
the understorey at 3–6 m but had only minimal cover. The most abundant plant
was Ecklonia radiata, which occurred at 13–15 plants per m2 at 9–12 m depth
and had a canopy cover of 10–30%.”
At the Godley Head and Taylor’s Mistake sites, they also described a very high
abundance of the stalked tunicate Pyura pachydermatina, and a rich understorey of
bryozoans, mussels (Perna canaliculus), ascidians and sponges. Mobile gastropod
species were also abundant, predominant species being the paua Haliotis iris, the
topshell Trochus viridis and the turbinid Cookia sulcata. The sea urchin Evechinus
chloroticus also occurred at 3–5 m depths. It was reported that, while the invertebrate
understorey was notably rich, this type of habitat is extensive around Banks
Peninsula.
2.2.2. Fish

A wide variety of fish species have been anecdotally reported as occurring in Lyttelton
Harbour (Table 1). Recreational fishing is known to occur in the Lyttelton outer
Harbour, and regions in the proximity of the upper Harbour mudflats are recognised
as important habitats for fish species such as sole (Peltorhamphus novaezeelandiae),
red cod (Pseudophycis bachus), spotted stargazer (Genyagnus monopterygius) and
flounder (Rhombosolea sp.) (DOC 1990)

5
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List of fish species targeted or caught incidentally by recreational fishers within Greater
Lyttelton Harbour. Based on historical data and reliable anecdotal evidence (Canterbury
Anglers Club, Lyttelton dry dock, Ministry of Fisheries [Recreational Fisheries], University
of Canterbury [School of Biological Sciences]) adapted from Bennett and Sneddon
(2006).
Common name

Scientific name

Red cod

Pseudophycis bachus

Sand flounder

Rhombosolea plebeia

Sole

Peltorhamphus novaezeelandiae

Quinnat Salmon

Oncorhynchus tshawytscha

Monkfish / Stargazer

Kathetostoma giganteum or
Genyagnus monopterygius

Trevally

Pseudocaranx georgianus

Ling

Genypterus blacodes

Kahawai

Arripis trutta

Tarakihi

Nemadactylus macropterus

Blue cod

Parapercis colias

Butter fish

Odax pullus

Blue moki

Latridopsis ciliaris

Red gurnard

Chelidonichthys kumu

Garfish / piper

Hyporhamphus ihi

Yellow eye mullet

Aldrichetta forsteri

Spotted wrasse

Notolabrus celidotus

Puffer fish

Contusus richei

Conger eel

Conger vereauxi

Stingray or skate

Sasyatis brevicaudatus

Spiny dogfish

Squalus acanthias

Sevengill shark

Notorynchus cepedianus

School shark / lemon shark

Galeorhinus galeus

Rig

Mustelus lenticulatus

During summer, the port area is frequented by juvenile fish of species such as red cod
(Pseudophycis bachus), yellow eye mullet (Aldrichetta forsteri), blue warehou
(Seriolella brama), spiny dogfish (Squalus acanthias) and green pufferfish (Contusus
richei). Adult fish such as red cod and quinnat salmon (Oncorhynchus tshawytscha)
have also been caught from the wharves. No stock abundance figures were available
for the Harbour itself but the sheltered, relatively shallow waters of the wider Harbour
area cannot be neglected as possible spawning and nursery grounds for many of
these species. In a study of the reproductive biology of the pufferfish (C. richei) from
Lyttelton Harbour, Habib (1979) found pufferfish start to spawn at summer time from

6
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October to March. While reporting that juvenile rig spend their first 6-8 months of life in
estuaries and harbours before departing for deeper water in autumn-winter, Blackwell
& Francis (2010) noted that new-born pups have been found in Pegasus Bay as well
as the Avon-Heathcote Estuary and Lyttelton Marbour.
Knight (1971) collected some samples using an otter trawl to identify the most
common fish in the upper and central areas of the Harbour. There were: puffer fish (C.
richei), sole, (P. novaezealandiae), red cod (P. bachus), scaly gurnard (Lepidotrigla
brachyoptera), spotted stargazer (G. monopteryqius), trevally (Pseudocaranx
georgianus) and flounder (Rhombosolea plebia). Apart from the puffer fish, sole, and
flounder, most of these species were juveniles. Through tagging surveys, Coleman
(1978) established that R. plebeia spawned in the coastal waters near Akaroa Heads
and in the vicinity of Timaru during the late winter-spring months. The planktonic eggs
and larvae are then carried northwards by the Southland Current to colonise the bays
and harbours of Banks Peninsula and Pegasus Bay.
A number of the fish species frequenting the Harbour are noted to be prey species for
Hector’s dolphins. These include yellow eyed mullet, red cod and flatfish species.
Ahuru (Auchenoceros punctatus) are also taken in large numbers (Miller et al. 2013).
While the dolphins are not particularly selective in their choice of prey (which also
includes arrow squid), they are known to frequent the Harbour more in the summer
period, possibly following the available food source (pers. comm. L. Slooten,
University of Otago).
2.2.3. Ecologically sensitive marine areas

Lyttelton Harbour has a number of features and areas of high marine ecological value.
These include the fringing reefs of the outer heads and the salt marshes and tidal flats
of the upper Harbour which support a range of wading birds and waterfowl and are
likely to represent nursery grounds for a number of fish species. But the current
conservation status of brachiopods in Lyttelton Harbour marks them out as
representing a special case for consideration.
Brachiopods

Brachiopods are hard-shelled, filter feeding organisms also known as roman lamp
shells although they are not molluscs. They are known in fossil records from early
Cambrian times, some 540 million years ago, appearing along with trilobites and
graptolites in the early sedimentary rock layers. At their height they included some
30,000 species, but only about 300 are left now globally. They prefer cooler waters in
habitats from low tide to depths greater than 200 m deep. There are 32 brachiopod
species known from New Zealand waters. Nine of these species (of which eight are
endemic) occur at depths of less than 30 m, giving New Zealand a greater diversity
and abundance of shallow-water brachiopods than any other comparable region in the
world (MfE 2014).
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The brachiopod species Pumilus antiquatus is small (≈5 mm in length), relatively
inconspicuous and may be rare or very limited in distribution. It is recorded from
Otago Harbour, Karitane and Lyttelton Harbour and is listed by MfE as nationally
endangered (Hitchmough et al. 2007), making it one of a very few marine
invertebrates that has a 'threatened' classification2. It has been known to occur on
hard substrates near low tide, although little is known about its distribution, population
biology, reproduction or ecology. Similarly, little is known about the environmental
factors that drive its distribution.
Moreover, there is a record for Lyttelton Harbour of P. antiquatus’ unique cooccurrence, intertidally, with two other brachiopod species Calloria inconspicua and
Notosaria nigricans at Ripapa Island. Consequently, the Island is listed as a sensitive
site in Environment Canterbury’s Marine Oil Spill Contingency Plan (MOSCP,
Annex 4), which states;
“Three endemic genera of brachiopod occur on Ripapa Island and are
only known in New Zealand at this location. They are of international
significance, being the only place in the world where three such species
coexist.” (ERM 2013)
Ripapa Island is also listed in schedule 1 the Regional Coastal Environment Plan
(RCEP) as an area of significant natural value for “ecosystems, flora and fauna
habitats”. What is less clear is how well studied this community is (especially in terms
of distribution beyond the Ripapa Island setting) or even whether it has been revisited
since 1960 to establish its current status.
History of occurrence

Pumilus antiquatus was first described from specimens collected from Lyttelton
Harbour (Atkins 1958) and was later found to occur “on boulders off Gladstone Wharf”
by Rickwood (1968). It was discovered in Otago Harbour in 1964, and was collected
ca. 2007 from Pudding Island but no published studies on the species have been
carried out there since 1968. It is also known incidentally from Karitane (~1990), from
a small piece of rock collected by a diver working in low visibility conditions to collect
C. inconspicua at ~15 m water depth. Rickwood (1968) searched for, but failed to find,
P. antiquatus “on the exposed seaward shores of the Banks and Otago Peninsulas,
the rocky shores between these points and the shores of the west coast of South
2
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The listing process requires the establishment of an expert panel and panel leader. It includes a period of public
consultation and call for submissions, and a meeting(s) to discuss and agree on threat listings. The outcome of
the classification process is peer-reviewed and published. For Pumilus antiquatus, the expert group identified
pollution and habitat disturbance as the key threatening processes. The available information suggested that
this endemic species was known only from Lyttleton and Otago harbours. Under the NZ Threat Classification
system, it was listed as ‘Nationally Endangered’, as the best available information showed that its total area of
occupancy was probably less than 10 ha, and its ongoing or predicted rate of decline was probably in the order
of 10%–50% due to existing threats (taken over the next 10 years) (pers. comm. Debbie Freeman, DOC).
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Island from Karamea to Jackson’s Bay”; nor was it found at Rangitoto Island or
Halfmoon Bay, Stewart Island.
Robinson (2010) carried out a dedicated search for P. antiquatus at seven sites within
Otago Harbour; the three from which it was previously recorded and four more where
the conditions were judged to have been suitable. This was conducted by up to four
observers wading in the water at very low tides and diving where the water was too
deep for wading. In addition, two stretches of coastline at Karitane and Moeraki were
included in the survey. P. antiquatus was not found at any of the surveyed sites, but a
2013 study by an Otago University student once again found specimens in the
Pudding Island locality. It was noted that the sites in Otago Harbour were often quite
muddy with thin layers of silt on most surfaces and suggested that sediment build-up
in the Harbour had encroached onto previously ‘clean’ areas.
However, although there is a perception that brachiopods generally prefer clear
waters and low levels of sediment deposition, C. inconspicua (with which Pumilus
usually co-occurs), is known from highly turbid and muddy habitats such as Rangitoto
Island (Auckland). Furthermore, the description of the ‘brachiopod pool’ at Ripapa
Island by Percival (1960) states that “a deposit of very fine material normally rests on
the brachiopods as elsewhere. It consists almost entirely of organic matter; there
remains only a trace of ash on ignition. This itself indicates very quiet conditions
among the stones”.
A cursory search for P. antiquatus at Ripapa Island on 9 August 2014 identified what
is believed to be the ‘brachiopod pool’ described by Percival (1960) but no trace of
any brachiopod species was found.

2.3. Regulatory context
2.3.1. Banks Peninsula Marine Mammal Sanctuary

Lyttelton Harbour is located within the Banks Peninsula Marine Mammal Sanctuary.
The Sanctuary was established in 1988 to protect the endangered Hector’s dolphin
(Cephalorhynchus hectori) from bycatch in set nets. It was extended in 2008 and now
encompasses approximately 413,000 ha and 389 km of coastline. It extends from the
mouth of the Rakaia River to the mouth of the Waipara River and seawards 12 Nm
from the coast.
The main fishery restrictions in place within the sanctuary which are pertinent to
Lyttelton Harbour are:


Fisheries (South East Area Amateur Fishing) Regulations 1986
o

Clarence Point to Slope Point: set net prohibition
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o

Lyttelton Harbour: A person may only use a drag net if the net length
is< 40 m; and the total warp length is < 600 m

o

Inner Lyttleton Harbour: Flatfish set pet permitted from 1 April–30 September

Fisheries (Canterbury Set Net Area Amateur Prohibition) Notice 2006 (No. F389)
and Notice 2007 (No. F392)
o
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Canterbury set net area: No amateur fisher may use or set a set net from
1 Oct–31 March inclusive except for the Banks Peninsula flounder area

Fisheries (South East Area Commercial Fishing) Regulations 1986
o

Pegasus Bay: Trawl prohibition inside a line from Godley Head to Baleine
Point.

o

Inner Lyttelton Harbour: Use of flatfish set net permitted in area described
from 1 April to 30 September.

2.3.2. Regional Coastal Environment Plan

The Regional Coastal Environment Plan (RECP) for Canterbury specifies three water
quality classes within Lyttelton Harbour:
 Water managed for the maintenance of aquatic ecosystems (Coastal AE)
o


Water managed for contact recreation and the maintenance of aquatic
ecosystems (Coastal CR)
o



Applicable to the central and upper Harbour excluding the Port operational
area.

Water managed for shellfish gathering, contact recreation, and the maintenance of
aquatic ecosystems (Coastal SG)
o

10
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3. RECLAMATION PROJECTS
It is proposed that the reclamation will be constructed within Te Awaparahi Bay in
three consecutive stages with final completion of the structure from 2024–2026. The
first (10 ha) stage is currently progressing under Resource Consent CRC111659,
using earthquake rubble from Christchurch central business district (CBD).

3.1. Outline of reclamation projects
a. 10 ha reclamation
i. Land use emphasis on vehicle imports and container terminal
activities.
ii. Christchurch CBD earthquake rubble is being end-tipped into the 10 ha
reclamation area consented under Resource Consent CRC111659 Estimated five years, forecast completion June 2016
b. Land for Stage 1 Container Terminal (~ 8 ha reclamation)
i. To be used to support the various trades serviced by Lyttelton Port, in
particular container terminal activities
ii. Will proceed after the completion of the 10 ha reclamation. Will likely
advance by end-tipping southwards towards the wharf location
iii. Construction time - Two to five years
c. Land for Stage 2 Container Terminal (~19 ha reclamation) 2017 start; 4–7 yrs
i. To support the various trades serviced by Lyttelton Port, in particular
container terminal activities
ii. Land reclamation may be progressed by either;
1. Forming a rock bund around the perimeter of the Stage 2
Container Terminal for marine fill to be encased on the inside.
Imported material might be used instead of marine fill
(estimated 2 million m3) or
2. End-tipping or leader berm construction.
d. Associated works: Upper and lower haul roads already currently consented
(CRC 111660 in conjunction with 10 ha reclamation),
i. Lower haul road
1. Access to the Gollans Bay Quarry to source armour rock and
fill material. Secondary use may support the removal of excess
material from Sumner Road.
2. New proposed alignment differs slightly to that on the consent.
The excavated levels are being cut deeper than originally
proposed and creating a trench rather than battering the face.
Rip, excavate and some blasting will be required to construct
this haul road behind the coal terminal. Rock will be end-tipped
into the reclamation, and loess will likely be disposed offsite or
if considered an appropriate material, may be used on site.
ii. Upper haul road
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iii.

iv.

v.

vi.

1. Access to the Gollans Bay Quarry to source armour rock and
fill material. Secondary use may support the removal of excess
material from Sumner Road
2. Where the lower and upper haul roads connect, this will be
excavated deeper than originally consented to provide a better
grade for the lower haul road.
3. Rock will be end-tipped into the reclamation, and loess will
likely be disposed offsite or if considered an appropriate
material may be used on site.
Sumner Road enabling works: Transfer of Sumner Road rock from
Christchurch City Council (CCC) to LPC. Optimise the use of rock from
above Sumner Road3.
Terminal development—enabling works: Identification and early
movement or construction of structures, buildings, utilities, services,
transportation elements, and ancillary works in advance of Terminalspecific development.
Terminal development—wharf: Berthing ships for new container
terminal.
1. Construct two 350 m wharves along the to-be-consented
alignment, with a width of approximately 35 m.
2. Earliest 2018 for Terminal 1 Wharf; 2 yrs each wharf
Terminal 1, 2 development: Civil mechanical and electrical
1. Construction of pavements, drainage system and services,
establishment of cranes, gantries

3.1.1. Reclamation fill material

Currently, Christchurch City earthquake rubble is the main fill source at the
reclamation. As at the end of July 2014, 660,000 m3 had been delivered to the port. It
is predicted that there is around 950,000 m3 of rubble that could be delivered to the
port over the next ten years with the volume tapering off over time. Material may be
sourced from other locations, either internally or externally. Earthquake rubble will be
used only in the currently consented 10 ha (Stage 1) reclamation.
Internally, fill material will be generated through construction of the lower and upper
haul roads. These haul roads provide access to the Gollans Bay Quarry where further
rock is available. Construction of the Lower Haul Road is expected to generate
approximately 175,000 m3 which is a mixture of rock and loess. Construction of the
upper haul road is expected to generate approximately 20,000 m3 of rock and loess.
Gollan’s Bay Quarry currently holds 27,000 m3 of stored rubble and provides access
to an estimated 3,100,000 m3 of solid rock.

3

This project is not within the scope of the Recovery Plan.
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Construction of the lower and upper haul roads also provides an access path for
external fill material which could be sourced from Sumner Road (1,000,000 m3).
The reclamation will also require some externally sourced material from quarries
around Christchurch. This is not limited to, but is likely to include, pit run and base
course material, sand and possible armour rock. Pit run and base course will be used
to build up the reclamation to the underside of the pavement. The pit run may also be
imported to surcharge the reclamation. Once surcharging is completed that material
would likely be distributed elsewhere on the reclamation.
Marine hydraulic fill may also be used to reclaim land and there will be approximately
1,900,000 m3 of marine fill available from proposed dredging operations.

3.2. Te Awaparahi Bay benthic environment
3.2.1. Historical surveys

The seabed of Te Awaparahi Bay has been surveyed and sampled relatively
frequently in the last 14 years (Figure 1). As the immediate receiving environment of
stormwater from LPC’s coal storage yard, benthic sampling has been an ongoing
requirement, with the last such sampling conducted in October 2013 (Sneddon 2014).
The Bay was surveyed more comprehensively in 2008 for a proposal to expand the
coal yard via reclamation. In addition to benthic sampling for sediment physicochemistry and macrofaunal communities, side-scan sonar was used to establish the
relative uniformity of the seabed and the extent of subtidal hard substrate (Sneddon &
Barter 2009). Following the Christchurch earthquakes, LPC gained approval, under
Canterbury Earthquake (Resource Management Act Port of Lyttelton Recovery) Order
211, to use clean earthquake rubble to reclaim 10 ha of land for more general port
operations. In May 2011, another six stations further out in the Bay were sampled to
better establish baseline conditions prior to the work commencing (Sneddon 2011a).
In August 2011, this was followed up by sampling of benthic sediments just offshore
from the tipping face, along with analysis of water samples and mussels from Battery
Point (Sneddon 2011c). The six May 2011 stations were resampled in December
2013 (Sneddon & Dunmore 2014).
Semi-quantitative surveys of intertidal ecology at Battery Point and the coal yard
seawall were conducted in 2008 (Sneddon & Barter 2009). The Battery Point survey
was repeated in 2013 to gauge any effects from the current reclamation work, using a
similar intertidal rock platform in Livingstone Bay as a reference site (Sneddon &
Dunmore 2014).
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Historical benthic sampling locations in Te Awaparahi Bay with an outline of the proposed
reclamation project elements overlaid.

3.2.2. Benthic substrate

The inner part of Te Awaparahi Bay (up to 200 m from shore) was comprehensively
surveyed using side-scan sonar in 2008 (Sneddon & Barter 2009). Areas of the Bay
close inshore exhibited occasional areas of low- and high-relief substrates. These are
likely to have been rock rubble material extending out from the artificial boulder
seawall and some larger features were believed to have been debris. The subtidal
edge of a natural reef platform associated with Battery Point was identified, extending
no 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 at mean sea level (MSL), the benthic substrate appeared generally uniform
and relatively featureless. This substrate was identified, by diver observations and
sediment samples, as soft muds or sandy silts. 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.
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The texture of surficial benthic sediments within Te Awaparahi Bay was found to vary
quite markedly from relatively coarse gravel, sand and shell mixtures close inshore
near Battery Point to uniform fine soft mud further offshore. Over much of the Bay in
water depths greater than 8 m sediments have been characterised by a silt / clay
fraction consistently greater than 80%. Sediment organic content (as ash-free dry
weight) has generally been low to moderate across all stations monitored, ranging
from 2.4%–4.7% and corresponding to total organic carbon of 1.4 g/100 g or less.

3.2.3. Sediment contaminants
Trace metals

Concentrations of trace metals in Te Awaparahi Bay sediments have generally been
below ANZECC (2000) ISQG-Low criteria4, although isolated spikes in mercury, lead
and zinc have occurred at spatially disparate stations (Figure 2). A very high value for
mercury (3.2 mg/kg), as well as elevated lead, was measured in one analysis sample
from Station 1 near Battery Point (Sneddon & Barter 2009). Upon resampling the area
in triplicate, significantly lower, though still elevated, values were obtained (Sneddon
et al. 2010). Mercury and lead were again slightly elevated in a sample collected close
inshore to the Cashin Quay breakwater (Sneddon 2011c) and zinc exceeded ISQGLow for a single sample in 2013 while remaining consistently low at five other stations
in the Bay (Sneddon & Dunmore 2014). Mercury has also been found at similar levels
(on the order of ISQG-Low) occasionally in sediments from neighbouring Gollans Bay
(Sneddon 2013a).
Using a weight-of-evidence approach, the sporadically occurring high levels of some
metals in these sediments appears to be related to the occurrence of contaminated
large particulate material which is likely to be historical in nature. Certainly there has
been no suggestion that benthic community structure has exhibited effects consistent
with significant sediment toxicity at stations where elevated metals have been
measured in specific samples. Analyses for coal particulates in Te Awaparahi Bay
sediments has consistently noted quantities of coke, slag and char particulates that
were not considered to be associated with a coal source. The analytical laboratory
furthermore reported difficulty in duplicating mercury results in the resampled
(Station 1) sediments (Figure 2), indicating a lack of homogeneity consistent with the
influence of discrete particulates containing elevated mercury. A comment was also
provided on the occurrence within samples of visible particulate material of the nature
of paint flakes. In terms of the likely source of this contamination, information in the
available literature was inconsistent with high mercury being associated with coal
fines in stormwater run-off (Sneddon & Barter 2009).
4

The Interim Sediment Quality Guideline-Low (ISQG-Low) and -High (ISQG-High) criteria for marine sediment
quality provided by ANZECC (2000) represent two distinct threshold levels under which biological effects are
predicted. The criteria have been established using statistical models to determine the levels at which effects
can be predicted with a degree of certainty. The lower threshold (ISQG-Low) indicates a possible biological
effect while the upper threshold (ISQG-High) indicates a probable biological effect.
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It was noted by Sneddon and Barter (2009) that there had been an incinerator
operated by the Port near Battery Point (now demolished). Ash waste that may have
entered the Bay in run-off from this facility represents a potential historical source for
existing sediment contamination. Hence while dispersive processes likely operate
within the near-shore environment, there also appears to be a tendency for some
material to be retained in sediments over the longer term. Notwithstanding the noted
spikes in the metals data, there has been no trend observable which suggests
significant inputs from the earthquake rubble used in the current reclamation since
April 2011 (Sneddon 2012, Sneddon & Dunmore 2014).
Organic contaminants

Te Awaparahi Bay 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. For the 2013 survey, Sneddon (2014) listed four instances where the
applicable ISQG-Low criterion was exceeded for individual PAH analytes, three of
these occurring in a single sample (CY50, Figure 1) and one from a reference station
in neighbouring Gollans Bay.
Comparisons between the sediment PAH results in the 2007 (Conwell 2008) and
2013 surveys were confounded by significantly higher analytical detection limits
(ADLs) in the earlier survey. For acenapthylene and acenapthene, the 2007 ADLs in
fact exceeded the ISQG-Low values. However, where individual PAH analytes were
detected in samples from the same station in both surveys, only roughly half (21 of 40
instances) were at higher concentrations in the 2014 survey. Furthermore, patterns of
PAH concentrations relative to ANZECC (2000) trigger values for the Te Awaparahi
Bay stations were generally very similar between surveys.
In a recent revision of the ANZECC sediment quality guidelines, Simpson et al. (2010)
have recommended that the ISQG-Low trigger values for individual PAHs be removed
on the basis that it is uncommon that an individual PAH will, by itself, dominate the
total PAHs concentration. Using revised and improved effects data and guideline
derivation approaches, they have further increased the low trigger of 4 mg/kg for total
PAHs to a SQG-Low value of 10 mg/kg. This work brings the total PAH criterion, and
other values, into alignment with the threshold effects level (TEL) values of
MacDonald et al. (2000) which are believed to be more reliable than the effects range
low (ERL) values of Long et al. (1995) which lie behind the ANZECC (2000)
guidelines. This adjustment to the relevant guidelines effectively puts all of the 2007
and 2013 PAH results well below the SQG-Low value where an ecological effect may
possibly occur.
A review of the ecological effects of coal in the marine environment by Ahrens and
Morrisey (2003) concluded that PAHs specifically associated with coal may be
16
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significantly less bioavailable than those adsorbed to sediment mineral surfaces. 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 was cited by Ahrens and Morrisey (2003) as concluding 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 northeast England) where it appears to exert negligible effects on local benthic
communities”. Consistent with this, macroinvertebrate community analysis of inshore
samples by Sneddon and Barter (2009) indicated no apparent effect attributable to
toxicity in Te Awaparahi Bay sediments.
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Historical sediment trace metals data for Te Awaparahi Bay. Station names correspond to those in Figure 1. Resampled stations are represented by
adjacent bars. Diagonal line fill indicates sampled after commencement of current reclamation. Duplicate variability in Station 1 re-sampled sediments is
indicated for mercury. In 2011, arsenic was measured in S1–S6 sediments at concentrations 6–8 mg/kg.
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Coal particulates

Coal content in Te Awaparahi Bay sediments varied 0.15%–1.53% in 2013 (Sneddon
2014) compared to 0.13%–0.84% in 2007 (Conwell 2008). For the inshore stations
sampled in 2008 (Sneddon & Barter 2009), coal content varied 0.1%–3.8%, with the
high value recorded for Station 1. This station was significantly closer to the
stormwater outfall than the stations employed for consent monitoring (Figure 1). Half
of the coal present in the Station 1 composite sample was in the larger particle size
range (>1 mm) and 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. The higher coal content at Station 1 could therefore be at least
partly explained by hydraulic grading of benthic particulates in general.
The occurrence of coke and char in the samples, and slag reported by Conwell
(2008), suggests additional sources of anthropogenic material that may be historical
rather than ongoing.
Given acknowledged limitations in the accuracy of the sediment coal content analysis
by Coal Research Ltd (CRL) and allowing for sampling variability, it is perhaps not
surprising that neither strong spatial gradients nor clear correlations with other
sediment variables have been identified. However the results of these surveys do
suggest that there has been no trend of coal accumulation in sediments over time.
3.2.4. Bioaccumulation

A triplicate sample of the green-lipped mussel (Perna canaliculus) collected from
Battery Point in August 2011 returned tissue concentrations for trace metals within
typical ranges established for this species and for the blue mussel (Mytilus edulis)
(Sneddon 2011c). The samples exhibited very low, but detectable, tissue
concentrations for eight of the 12 high molecular weight PAH analytes. Barter (2003)
had also reported the detection of low levels of PAHs in M. edulis from the intertidal
area of Te Awaparahi Bay, noting that this was consistent with Royds (1996) findings.
However, for the six PAHs detected in both samples, the 2002 tissue concentrations
for M. edulis exceeded those in 2011 by a mean factor of six.
The organochlorine pesticides DDT and DDD were also detected at very low levels in
the 2011 P. canaliculus samples, along with three polychlorinated biphenyl (PCB)
congeners. However these contaminants are fairly ubiquitous in harbour environments
and were not outside the ranges measured for shellfish tissues elsewhere in New
Zealand.
It was concluded by Sneddon (2011c) that tissue contaminant concentrations did not
exceed those expected for a slightly to moderately disturbed harbour environment and
that reclamation activities were not leading to contamination of shellfish on the
adjacent shoreline at levels exceeding those of background for Lyttelton Harbour.

19

NOVEMBER 2014

REPORT NO. 2583 | CAWTHRON INSTITUTE

3.2.5. Benthic communities

Macrofaunal communities in Te Awaparahi Bay have been surveyed in 2008 (inshore
stations) and in 2011 and 2013 (offshore stations). Community structure at the
offshore stations (8–13; Figure 1) has been similar to that described for locations
generally north of the dredged channel in the central and outer Harbour (Sneddon &
Bailey 2010). These communities are relatively depauperate in terms of species
richness (8–12 taxa per station but 41 taxa overall over two surveys) with polychaete
worms numerically dominant.
The inshore stations sampled in 2008 (Stations 1-3; Figure 1) were notably different
with a range of 27–46 species per core. Diversity and evenness were also higher at
the inshore stations. Even at the inshore stations, however, species that were
abundant in the sediments generally belonged to a relatively limited number of higher
taxonomic groups (principally nematode and polychaete worms and amphipods). It
was noted that community sample groupings were generally consistent with variations
in the key parameters of depth and substrate texture recorded for the stations
sampled. The assemblages identified for Te Awaparahi Bay have shown variation
principally associated with changes in sediment texture which in turn was considered
to derive from a direct relationship with depth and exposure to wave-induced water
movement (Sneddon & Barter 2009). Shifting patterns of species dominance
observed between 2011 and 2013 may have had a seasonal component, although
such changes are not unusual in shallow coastal waters.
3.2.6. Hard substrate intertidal communities
Battery Point

The intertidal area of Battery Point comprises a natural rock shelf extending from the
Point at the eastern end of the Bay (Figure 1). The shelf features numerous small to
medium-sized rock pools, and extends over an intertidal distance of up to 25 m. Semiquantitative intertidal surveys (presence/absence and relative cover/abundance of
conspicuous biota) were carried out in August 2008 (Sneddon & Barter 2009) and
again in December 2013 (Sneddon & Dunmore 2014).
The upper intertidal zone was dominated by barnacles (Chamaesipho columna), the
brown periwinkle (Nodilittorina cincta and Nodilittorina unifasciata), and the little black
mussel (Limnoperna pulex). Limpets (Cellana ornata and Siphonaria zelandica) were
also common in the high shore zone. The polychaete tube worm Pomatoceros sp.
was common to abundant from the high to mid-shore.
Mid shore rocky substrates were covered by barnacles (C. columna and Epopella
plicata). The ubiquitous brown macroalga Neptune’s necklace (Hormosira banksii)
was also abundant, particularly in and around rock pools. Common intertidal molluscs
such as limpets (C. ornata, C. radians, S. zelandica, Patelloida corticata and
Notoacmea parviconoidea), topshells (Diloma aethiops), cat’s eyes (Lunella
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smaragdus) and the snakeskin chiton (Chiton pelliserpentis) were noted. The little
black mussel (L. pulex) was abundant, and a number of brown and green seaweed
species were common (e.g. Cystophora scalaris, Colpomenia sp. and Ulva spp.).
The low shore was dominated by blue and green mussels (Mytilus edulis
galloprovincialis, Perna canaliculus), barnacles (E. plicata and Austrominius
modestus), the brown invasive alga Undaria pinnatifida and coralline turf. Limpets
(Notoacmea spp., P. corticata and C. radians), topshells and cat’s eyes were
common. Encrusting corallines (‘paint’) were also common, as were a number of
brown seaweed species, including Flapjack (Carpophyllum maschalocarpum),
Halopteris sp., Splachnidium rugosum, and Colpomenia sp. Giant kelp (Macrocystis
pyrifera) was prevalent along the subtidal fringe.
Reclamation seawall

The seawall of artificially placed rock / boulder armour that protects the existing coal
stockyard reclamation along the entire Te Awaparahi Bay shoreline was surveyed
along an 80 m section in August 2008 (Sneddon & Barter 2009). Covering the rocks
throughout the high intertidal zone were abundant barnacles (Chamaesipho columna)
and Pomatoceros sp. tubeworms that formed 100% cover in places. Other common or
abundant species in the high shore zone were the brown periwinkle (Nodilittorina
cincta), spotted topshell (D. 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 L. pulex, the mussel species were less prevalent.
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. The presence of relatively extensive stands of brown algae at the lowtidal fringe was suggested by recent aerial photographs yet this was not observed
during the shoreline survey. Although brown macroalgae species were less prominent
at the seawall site, it was noted that they likely featured further down the profile and
that their presence was obscured by the neap tide and turbid conditions.
The principal difference between the seawall habitat and that of the Battery Point rock
platform was the absence of Neptune’s necklace (H. banksii) and other species that
require a slightly lower energy environment or the presence of intertidal 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
observed to occur in the lower intertidal zone.
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3.3. Assessment of effects: Reclamation
3.3.1. Displacement of seabed habitats

The area of seabed to be reclaimed is already modified to some extent:


It is bounded to the north and west by the artificial structure of the existing
coalyard seawall and the breakwater protecting Cashin Quay.



It is in close proximity to periodic dredging of the Harbour main channel to the
south and the disposal of dredge spoil in Gollans Bay to the east.

A number of intertidal and subtidal surveys conducted between 2008 and 2013 have
identified no habitats, communities or organisms of special scientific or conservation
interest within Te Awaparahi Bay; nor were the communities described identified as
being limited in occurrence within the wider area of Lyttelton Harbour.
Soft sediment habitat

The loss of soft sediment benthic habitat to reclamation represents approximately
0.7% of the total benthic area of Lyttelton Harbour (approximately 4,180 ha). In view
of the type of habitat involved and its distribution in the wider area (e.g. Knight 1974,
Sneddon & Bailey 2010), the displacement of this area would be expected to have
very little effect on the functioning and productivity of benthic ecosystems in Lyttelton
Harbour as a whole.
Hard substrate habitats

The reclamation represents the loss of hard substrate intertidal and shallow subtidal
communities along a stretch of artificial rock-wall shoreline of approximately 1,000 m.
Apart from 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 is likely to be replaced by
600 m–700 m of very similar substrate/facing material, which will be rapidly colonised
by a similar community assemblage to that currently existing.
Fish

The benthic area in the vicinity of the proposed reclamation is not particularly
sheltered from surge and survey data indicates that it possesses no benthic
characteristics (e.g. benthic communities, biogenic structures) which would suggest its
specific importance in regard to either feeding or spawning activity for the principal
fish species using Lyttelton Harbour. Of the species likely to comprise the majority of
the recreational fishing catch from within the Harbour (e.g. flatfish, red cod, and
gurnard); all are considered to be fairly wide-ranging in their habits.
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3.3.2. Construction impacts
Direct physical disturbance

Depending on the construction methodology used, direct physical disturbance of
benthic habitats is unlikely to extend more than a few tens-of-metres from the edge of
the structural footprint of the reclamation. Hence the additional area of disturbance will
be very small relative to the size of similar benthic habitats occurring within Lyttelton
Harbour.
Historical survey data indicates that the seabed area which will be significantly
disturbed by the project contains no specialised habitats or food sources which may
be limited in the wider area. On this basis, effects on fishery and other ecological
resources resulting from direct disturbance to habitats are expected to be minimal.
Resuspended sediments

Potential far-field ecological effects during construction of the reclamation will be
effectively limited to underwater noise and temporary turbidity plumes generated by
construction activities such as dredging, spoil disposal, placement of the bunding
structure and, potentially, water displaced from the (Stage 3) reclamation paddock
during infill.
During the current construction of the Stage 1 reclamation, the use of a large crane to
place larger rubble (mostly sections of reinforced concrete) out from the shoreline was
observed to result in increased turbidity inside a containment boom less than 200 m
from the reclamation face (Sneddon 2011c). However, this activity did not result in the
propagation of plumes which were visibly distinct when viewed from sea level. Endtipping of brick rubble into the Harbour from the shoreline resulted in visibly distinctive
shoreline plumes which extended out to the floating boom. Although not considered
conspicuous at points further out into Te Awaparahi Bay, these plumes were
detectable via transmissometer readings at ~300 m from the boom (see Appendix 1).
While reduced water clarity and elevated levels of turbidity and total suspended solids
(TSS) measured adjacent to the containment boom were attributed directly to the
reclamation activity, these were not considered high compared to those which may be
attained within Lyttelton Harbour during periodic storm resuspension and run-off
events.
Observations suggested that a significant proportion of the suspended sediment
contributing to visible turbidity plumes came from disturbance of the seabed by
deposited rubble rather than from entrained fine sediment within the rubble itself. It
was further concluded that the sediment load carried by such plumes would have
negligible effect upon sediment transport and deposition processes operating within
the wider Lyttelton Harbour. While it was considered that any ecological effects
resulting from construction turbidity plumes would be limited to Te Awaparahi Bay
itself and its immediately adjacent waters, subsequent monitoring of both benthic and

23

NOVEMBER 2014

REPORT NO. 2583 | CAWTHRON INSTITUTE

intertidal environments did not show any effects clearly attributable to the activity
(Sneddon & Dunmore 2014).
Escape of fines associated with fill materials

As noted, there is potential for the release of fine sediments from loess or marine fill
material placed in a bunded reclamation ‘paddock’. However, there is insufficient
methodological detail to assess the significance of such a source relative to the
resuspension of benthic sediments by end-tipping of rock / rubble. Depending on
construction methodology, some permeability of the bund may be required both for
the necessary displacement of seawater contained within the reclamation paddock
and for the dewatering of marine fill. Placement of a filtration geotextile against the
inner face of the embankment / bund would serve to limit the flow of fine sedimentladen water through an otherwise permeable rock bund. Consideration should be
given to the minimisation of entrained fines in any such water that drains, or is
pumped, to the Harbour.
Siltation of intertidal habitats

Relative to an intertidal survey conducted for the Battery Point intertidal area in 2008,
the 2013 follow-up survey by Sneddon and Dunmore (2014) found no significant
differences in the presence, zonation and abundances of taxa. There had been
effectively continuous reclamation activity in Te Awaparahi Bay involving the endtipping and placement of clean earthquake rubble material for the previous 30 months.
Furthermore, relative to a similar rock platform habitat 2 km east in Livingstone Bay,
there were no observable differences at Battery Point that could be attributed to the
construction of the reclamation. Depending on the relative proportion of entrained fine
material, it is likely that the same end-tipping construction method using quarried rock
would result in a similar absence of significant effects on nearby intertidal and shallow
subtidal habitats.
Construction stormwater

The construction of the haul roads to access the quarry has the potential to generate
increased silt loads to the Harbour via stormwater run-off. Due to the turbid nature of
the Lyttelton Harbour receiving environment and the prevalence of sediment
substrates derived from the surrounding catchment, the waters offshore from Te
Awaparahi Bay are not considered to be highly sensitive to elevated sediment in runoff flows. However, the scale of the proposed earthworks must be considered
alongside the co-occurrence of multiple sediment sources. Best practice sediment
management should be a component of any process involving excavation or that
otherwise exposes earth to erosion by run-off flows, especially where there is a high
possibility that such run-off will be discharged directly into adjacent surface waters.
Since the haul roads are likely to carry significant numbers of heavy vehicles during
construction of the reclamation, features which minimise the generation of highly
turbid run-off during usage should be incorporated into the design.
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Suspended sediment guidelines

There are no strict rules for New Zealand coastal conditions as to what constitutes 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) low-risk 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 appropriate attention to sediment control during
construction, the turbidity conditions typical of the Harbour and data and observations
compiled for the currently progressing reclamation section (Sneddon 2011c), the
Harbour area affected by any resulting turbidity plumes which exceed such a limit is
expected to be relatively small.
Potential for contaminant effects

Although low levels of some trace metal contaminants have been measured in some
sediment samples from Te Awaparahi Bay, historical measurements of higher
concentrations have not been consistent and appear to result from the heterogeneous
distribution of discrete particulate material rather than being representative of bulk
sediment concentrations. This contamination is likely to be less bioavailable than
sediment adsorbed load, this being supported by the absence of observable effects
on co-occurring benthic communities. Its resuspension by construction activities is
consequently not considered to represent a significant contamination risk for the wider
Harbour area.
Even with rigorous screening, there remains the potential for contaminant inputs to the
Harbour in the use of earthquake rubble from the Christchurch CBD. However,
benthic sediment analysis subsequent to the introduction of this material in August
2011 and December 2013 has not identified consistently discernible increases in
indicative contaminants. With the exception of a single high result for zinc (190 mg/kg,
Sneddon & Dunmore 2014), all sediment concentrations for trace metals have been
within ranges established for Te Awaparahi Bay sediments prior to commencement of
reclamation activities. Of a comprehensive suite of organic contaminants, only 11
PAH compounds were measured above detection limits in the six composite sediment
samples (Sneddon 2011c). Although four of these exceeded the ISQG-Low trigger
level, all were within ranges previously established for Bay sediments.
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Limited sampling and testing of water samples during end-tipping of rubble by
Sneddon (2011c) has also not recorded increases in contaminant concentrations
attributable to the activity (Appendix 1). The low risk represented by the use of this
material is further supported by the generally low contaminant concentrations in
green-lipped mussels collected from Battery Point5 in August 2011 (Section 3.2.4).
The use of quarried rock material for reclamation fill or armour facing is not
considered to represent a significant contamination risk. The utilisation of dredged
sediments which are otherwise unsuitable for ocean disposal (see Section 5.3.2) may
be considered for fill behind a constructed rock bund. However, the use of sediments
with established levels of contamination would be dependent upon the level of
containment represented by the reclamation structure, and such a scenario may be
unlikely due to the need to dewater such material once in place.

3.3.3. Operational impacts
Stormwater from identified land uses

LPC holds a Resource Consent (No. CRC960549 - granted February 1997) allowing it
to discharge stormwater from its coal stockpile area after treatment in a settling tank.
This consent expires in 2032. 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 (Figure 1). The Consent requires the
sampling of the treated stormwater discharge three times a year for suspended solids
levels, turbidity and pH, and five-yearly monitoring of the seabed in the vicinity of the
outfall (e.g. Sneddon 2014). The construction of the reclamation would necessitate the
relocation of the outfall; either in its current form or with any modifications or additions
to the discharge (see Section 4.3.2).
The total area of reclamation proposed represents a significant increase in the
immediate catchment area for run-off from Port operations. Consideration will need to
be given, in any chosen design, to the effective management of stormwater. This
would encompass a mixture of best-practice approaches to minimisation of all
potential contaminant sources as well as to any treatment features such as strainers,
sediment traps and oil separators (see Section 7.5.2). Consideration will also need to
be given to outfall location. Assuming a sound design approach has been taken to
contaminant source control, outfalls distributed along the new seawall and wharf front
would maximise the utilisation of natural tidal dispersion processes.

5

Although contaminants measured in the tissues of green-lipped mussels collected from Te Awaparahi Bay were
not able to be compared with a suitable control sample, comparison with local and national data-sets for both P.
canaliculus and M. edulis indicated that levels did not exceed those expected for a slightly to moderately
disturbed harbour environment. As such, the data was consistent with a conclusion that reclamation activities
were not leading to contamination of shellfish at levels exceeding those of background for Lyttelton Harbour.
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3.3.4. Hydrodynamic effects of the reclamation
Effect of wave energy on intertidal and shallow subtidal communities

As well as the effect of the vertical emersion gradient produced by tidal rise and fall,
the structure of ecological communities on rocky shores is also affected by a
horizontal gradient of exposure to wave action, from sheltered bays to exposed
headlands. The extent of wave action on a particular shore is determined by its aspect
to both prevailing winds (coupled with the fetch over which such winds blow) and its
position with respect to protection from longer period oceanic swell waves, which may
propagate into otherwise sheltered inlets through refraction.
Exposure to wave action affects the distribution of organisms. Increasing exposure
reduces the potential for siltation and increases the supply of dissolved oxygen and
particulate food, favouring a number of sessile, filter-feeding taxa. But, increasing
exposure also carries an increased risk of dislodgement and physical damage, limiting
the range of susceptible and physically fragile species. Morphological differences can
be observed between members of the same species from wave-exposed versus
sheltered sites (e.g. Hodge et al. 2011).
Such horizontal exposure gradients are typically less well defined than the vertical
emersion gradient. Some species thrive on wave-exposed shores, some do best at
sheltered sites and others under intermediate conditions. Effects from wave exposure
on intertidal and shallow subtidal communities are furthermore overlaid on those from
other environmental variables such as turbidity, nutrient status, substrate and climatic
factors. The wave exposure gradient is observed clearly within Lyttelton Harbour for
three historical intertidal monitoring sites associated with LPC’s maintenance dredging
program (Sneddon & Bailey 2010):
1. Godley Head: Wave-exposed bedrock and boulder shoreline.
2. White Patch Point (eastern Breeze Bay): Partially sheltered, frequent surge.
3. Rapaki Bay: Sheltered. Minimal exposure to swell waves. Wind waves from
moderate fetch.
The 2010 survey inventory of conspicuous intertidal biota at the three sites showed
distinct differences in the presence and prevalence of key taxa; however, there was
considerable overlap in taxa present at the Godley Head and Rapaki Bay sites with
the ‘transitional’ site of White Patch Point.
Predicted changes in wave climate

Goring (2014) modelled the wave climate in Lyttelton Harbour for the present situation
compared to a number of reclamation scenarios. It was shown that, moving up the
Harbour, dissipation in swell wave heights is rapid from the entrance to a point 6 km in
(corresponding approximately to Battery Point) and thereafter is more gradual.
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The results of modelling of waves for different scenarios of Port structures (principally
the size of the proposed reclamation) showed changes in significant wave height to be
variable throughout the Harbour (Goring 2014). However, the relative changes in
wave height predicted for the upper Harbour were uniformly small. Changes for the
upper and central Harbour shoreline areas ranged from a 5% increase at Rapaki Bay
(Scheme 3 only; full reclamation with breakwater) to up to around a 30% decrease for
Diamond Harbour and Purau Bay.
Changes in wave climate within the lower and central Harbour areas were identified
as resulting from all reclamation scenarios; however, it was established that relatively
little difference in outcome could be expected between the various options
considered. The small difference between scenarios could result from more than one
factor. For the outer Harbour shorelines, this was perhaps due to a proportionately
greater influence on wave climate in this part of the Harbour from a deepened channel
and swing basin (which were common to all scenarios) than from the reclamation
itself. For the upper Harbour, it may derive from the relative dominance of wind
waves, which would be less affected by Port structures since they are principally
generated over immediately adjacent fetches of water and from a range of wind
directions.
The change along the length of the Harbour in the relative dominance of swell waves
compared to wind waves means that overall changes as a result of Port structures
would be greatest in transitional central Harbour areas such as off Diamond Harbour.
It was concluded that the changes predicted for Diamond Harbour would result in a
decrease in the amount of time during which bed velocities exceeded the threshold for
sediment resuspension and that this may have implications for sedimentation over the
longer term at this location.
Goring (2014) showed that the reclamation structures would have significantly more
effect on swell waves than on sea waves and that changes in the latter would be far
more localised to these structures. While any change to the wave climate carries the
potential for corresponding changes to sediment resuspension rates, modelling of the
transport of neutrally buoyant particles did not indicate a change in net sediment
transport. Although a change in resuspension rates could also logically be expected to
result in changes to general levels of turbidity, this is considered unlikely to be more
than negligible for the upper Harbour where wind waves tend to dominate
resuspension processes in the extensive shallows.
Changes in tidal currents

Under all of the modelled scenarios, tidal currents were predicted to decrease in the
vicinity of the reclamation, increase in the shipping channel and increase slightly along
the north-western shorelines (Cass to Governors bays) with no significant change
elsewhere. The largest changes were predicted for areas near the reclamation, with
current speeds being almost halved under Scheme 3 (reclamation with breakwater).
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Goring (2014) noted that the significance of the differences in current speed was not
readily apparent. Even with a 14% decrease in the mid-flood and mid-ebb tide speeds
in Diamond Harbour, trajectories of neutrally buoyant particles (and hence potential
for net transport of suspended sediments) were essentially unchanged.
Ecological implications of hydrodynamic changes

As one of the key drivers in species distribution, significant changes in wave energy
will affect community structure in intertidal or shallow subtidal areas. However, for
Lyttelton Harbour, it is likely that such changes will be measurable only in areas where
swell waves dominate the wave climate. Even in the central and outer regions of the
Harbour, such changes will be relatively subtle and will manifest as spatial shifts (upor down-harbour) in transitional areas between ranges of overlapping taxa. In areas
where wind waves currently dominate (shallow upper Harbour regions); changes due
to the hydrodynamic effects of the proposed Port structures are unlikely to be large
enough to be measurable above current natural variability in such habitats.
Since all benthic communities within the Harbour system respond to all changes in
conditions (cyclic, episodic, random or permanent), it is difficult to predict how much
the wave climate would have to change before the ecological response becomes
discernible by routine monitoring or by Harbour users. Since the mean wave energy
varies along the Harbour length, this change in energy is reflected in the community
structure at any point, which itself forms an effective continuum along the Harbour
axis, especially on intertidal hard substrates. Any change related to wave climate
would therefore manifest as a spatial shift in where species favoured by high- or lowenergy conditions begin to occur.
Steep rocky shorelines and flat expanses of subtidal sediment are features of
Lyttelton Harbour, extending over most of its length; so the full range of wave energy
is already represented for these habitats. If other key variables such as substrate,
aspect and water quality are held constant, an incremental change in wave energy will
cause a shift in benthic and shoreline communities over time towards those which are
currently subject to a similar wave climate. The modelling outputs show that the
majority of the additional wave energy which would be expended in the outer Harbour
comes from that which is currently part of the central Harbour wave climate. Hence
the upper reaches of the Harbour would remain essentially the same. The small (5%)
increase in mean wave height identified for Rapaki Bay under scheme 3 is unlikely to
result in observable changes to benthic communities due to the already low wave
energy at the site and the dominance by wind waves.
There may also be less direct effects on benthic communities. For a shallow harbour
system, part of the effect of wave climate concerns patterns of sediment deposition. If
conditions shift to lower energy, it is likely that the physical nature of the substrate will
also change. The problem for monitoring is that, if such shifts can be measured at all,
they would only become discernible in retrospect, possibly after relatively long time
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periods. In the presence of other significant influences and variability, linking them to a
specific cause may be very difficult.
Changes to subtidal benthic communities are likely to derive principally from any
changes in sediment texture. The vicinity of the reclamation is characterised by fine
soft muds, as are areas with already substantially lower current speeds such as the
Inner Harbour. It is therefore considered unlikely that sediment texture near the
reclamation would change to an extent that significantly altered the communities
supported, despite the predicted decrease in current speeds.
Increased deposition of fine particulate material is likely to be most prevalent where
the greatest decreases in current velocity occur. Since these align principally with the
deepened swing basin, the effectiveness of this area to function as a sediment trap
will be enhanced. However the continuing need to maintain navigable depths in the
swing basin means that consequent changes in the benthic communities supported, if
they occur, will be less meaningful. It should be noted, furthermore, that the effective
transfer of fine sediment material out of the Harbour system by annual maintenance
dredging in the central Harbour is supplementary to any flushing processes which
occur with circulation.
The area of Diamond Harbour features sandy muds (sand 10%–50%; Hart et al.
2008) so there is potential for the substrate texture to become finer if conditions
become more depositional. But here again, the change in benthic communities is
likely to be relatively small and manifest as shifts in the prevalence of certain taxa
rather than a fundamental change in the species occurring. Clear changes to the
abundance of specific organisms are likely to occur only where conditions are already
marginal for them.
Apart from changes in the substrate, a decrease in current speeds at any location
would also tend to favour deposit feeding organisms over filter feeders which utilise
the currents to bring them food. Knight (1971) reported an obvious lack of filter
feeders in muddy areas of the Harbour although a noted exception was the sedentary
pennatulid Virgularia gracillima which was found to be very widespread in Lyttelton
Harbour but was restricted almost entirely to the muddy regions.
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4. CASHIN QUAY PROJECTS
4.1. Outline of Cashin Quay projects
a. Cashin Quay (CQ) 2, CQ3, CQ4: Rebuild CQ2, CQ3, CQ4—operational
emphasis on container trade. CQ2 currently under construction (2 yrs). CQ3
start Oct 2015. CQ4 start 2016.
i.
Demolition, dredging, excavation, pile driving, stone columns,
concrete construction.
b. Cashin Quay sea wall: Berth protection, land has settled.
i.
Re-establishing land to original elevation above sea level. 2015,
three months.
c. Coal handling: Repairing various damage (as yet unscoped).
i.
Returning existing coal export facility to its pre-earthquake state.
d. Cashin Quay 1: Berthing of coal vessels, repair to various damage plus
upgrade.
i.
Capital expenditure on existing facility to support the coal trade.
ii.
12-month demolition, construction as yet unscoped.
e. Associated works
i.
Container storage: Pavements to support new ECY FCY operations.
ii.
Maintenance building, crane, LCT admin building.
f. Coal stormwater treatment
i.
Treatment of stormwater from in and around the coal yard.

4.2. Cashin Quay benthic environment
The benthic area of potential direct impact from the works proposed for Cashin Quay
exists entirely within the present berth pocket and swing basin area. As such, it is
subject to routine maintenance dredging to maintain operational depths.
4.2.1. Historical surveys and assessments

Cashin Quay berth pocket and swing basin sediments were sampled by Keeley and
Barter (2001) as part of a broader synoptic survey of antifouling contaminants which
used copper and zinc as indicative of general distribution patterns. For a 2009
proposal for an upgrade to the Cashin Quay 2 (CQ2) wharf, the 14 wharf-front sample
stations were resampled for sediment chemistry (Figure 3). Assessments of impacts
to benthic communities and sediment contaminant concentrations were provided to
LPC in the form of two Cawthron letter reports (Barter 2009a, b). However, the
planned upgrade did not go ahead at the time. Two additional sediment samples were
collected from the Cashin Quay berth pocket in 2013 (Figure 3). These samples were
analysed for a broad range of contaminants and nutrients (Sneddon 2014b).
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For the currently progressing stabilisation and construction works to reinstate pile and
seawall structures for a 260 m wharf section at CQ2 / CQ3, an assessment of effects
was provided by Sneddon (2013b), utilising the earlier survey data. Given that the
additional wharf reinstatement work proposed for the Recovery Plan will be of a very
similar nature, the 2013 report can form the basis of the current assessment.

Figure 3.

Plan of Cashin Quay overlaid with wharf section boundaries and historical sediment
sample locations.

4.2.2. Nature of surficial substrate

Historical sampling of sediments in the vicinity of Cashin Quay has focused on
contaminants and there exists no detailed analysis of sediment physical properties;
however, the significant uniformity of sediment texture and organic enrichment within
the Port operational area, combined with survey observations, allows a degree of
certainty in their description. Keeley and Barter (2001) noted the following:
Sediment types were comparatively uniform throughout the Inner
Harbour and Cashin Quay regions. All samples contained cohesive
grey muddy sediments with an oxidised layer starting 5-10 cm below
the surface, at which point the sediments turned black and anoxic
(indicated by hydrogen sulfide “rotten egg’ odour). Although similar in
type, the sediments closest to the wharves were notably looser than
those mid harbour and off shore from Cashin Quay. Some samples
toward the eastern end of Cashin Quay also contained visible coal
particulates.
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For the two samples collected from the Cashin Quay berth pocket in 2013, no notable
difference in character compared to Inner Harbour sediments was recorded (Sneddon
2014b). The following description was provided:
All samples were comprised of fine soft mud. Grain size analysis was
not carried out; however, historical results from investigations of
benthic conditions at these sites indicate that substrates are
predominantly in the silt/clay fraction (<63 µm) with very little coarser
material. Colour variation down the sediment profile was a noted
feature, with grey/brown sediments overlying darker anoxic material.
Depth to the apparent redox potential discontinuity (aRPD) varied 6–
10 cm in the (Inner Harbour) swing basin samples but was less
regular in berth pocket samples, consistent with greater physical
disturbance from vessels.
4.2.3. Sediment contaminant status
Trace metals

Copper and zinc are two of a number of metals used as indicative of contamination
from urban/industrial sources. Due to their specific prevalence in antifouling hull
paints, copper and zinc are particularly applicable to the monitoring of port
environments where vessel hulls represent a source of both passive leaching to the
water column and particulate material to the seabed. The plots for copper and zinc
(Figure 4) show only sporadic incidence of elevated concentrations of both metals in
2001. Since these spikes tend to coincide for copper and zinc and do not occur in the
2009 survey [for which the coarse fraction (> 63 µm) was sieved out], they are
concluded to show the influence of discrete coarse paint fragments within the 2001
samples. The two samples collected in 2013 showed copper and zinc in general
agreement with the 2009 results (Table 1) and are considered to better represent true
bulk sediment concentrations in these sediments. Other trace metal contaminants
were also at generally lower concentrations than for any of the Inner Harbour samples
and enrichment parameters (total organic carbon, total nitrogen and total phosphorus)
were not atypical of undisturbed harbour environments (Table 1).
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Figure 4.

Plots of zinc and copper concentrations within sediment samples collected along the
Cashin Quay wharf frontage in 2001 and 2009 (from Sneddon 2013b).

4.2.4. Other contaminants
Tributyltin

Both the 2001 and 2009 sampling studies investigated the concentrations of tributyltin
(Tbt) within Cashin Quay sediments. Keeley and Barter (2001) conducted Tbt analysis
on six of the samples collected from the vicinity of Cashin Quay, including three from
the wharf frontage. These samples were chosen on the basis of representing pairs of
‘low’, ‘medium’ and ‘high’ relative concentrations of copper / zinc. Tributyltin exceeded
ISQG-High (70 µg Sn/kg) at wharf-front stations CQ-10 (112 µg Sn/kg) and CQ-12
(1160 µg Sn/kg), but was otherwise at or near ISQG-Low (5 µg Sn/kg). While these
exceedances coincided with the two elevated copper results visible in Figure 4, such a
correlation was not prevalent for the (Inner) Harbour-wide data set as a whole.
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Sediment chemical parameters for two samples collected from Cashin Quay berth pocket
in October 2013. All concentrations expressed on a dry weight basis. Units of mg/kg
unless otherwise stated. Trace metals as total recoverable fraction. From Sneddon
2014b.
ANZECC (2000)

Trace metals
Chromium
Copper
Lead
Mercury
Zinc
Nutrient/organic enrichment
Total recoverable phosphorus
Total nitrogen (g/100g)
Total organic carbon (g/100g)
Tributyltin (as Sn)
Polycyclic aromatic hydrocarbons
Phenanthrene
Total low-MW PAHs*
Pyrene
Fluoranthene
Total high-MW PAHs*
Total PAHs*

CQ2A

CQ2B

ISQG-L

ISQG-H

24
12.2
22
0.078
77

24
13.3
23
0.066
80

80
65
50
0.15
200

370
270
220
1
410

950
0.11
1.2
< 0.004

860
0.11
1.16
< 0.004

-

-

0.108
0.36
0.150
0.158
0.56
0.92

0.103
0.36
0.138
0.129
0.53
0.89

0.005
0.24
0.552
0.665
0.60
1.70
4.00

0.07
1.5
3.160
2.6
5.1
9.60
45.00

* Summation values for PAHs listed by ANZECC (2000) were calculated by substituting non-detects with
ADL/2 (normalised to 1% organic carbon).

The near absence of the organotin breakdown products dibutyltin (Dbt) and
monobutyltin (Mbt) in the 2001 samples was attributed at the time to the
contamination having arisen from a recent rather than historical source. However, the
effective encapsulation of Tbt within relatively large paint fragments would prevent its
rapid weathering to its breakdown products, as well as limiting its immediate
bioavailability. Hence, taking into account also the substantial disparity in Tbt
concentrations between these samples, it is more likely that the results were indicative
of the influence of paint flake material.
Barter (2009b) conducted analyses for organotins only on a single composite (sieved
at 63 µm) made up from the CQ2 samples (i.e. CQ-04, CQ-05, CQ-06 and CQ-07;
Figure 3) and found all organotin compounds to be below levels of detection). The two
samples collected in 2013 were likewise below detection for Tbt (< 4 µg Sn/kg;
Table 2). The 2009 result was somewhat compromised by a detection limit
(8 µg Sn/kg) slightly higher than ISQG-Low. However, this and the 2013 results are
considered to be more indicative of true bulk sediment Tbt concentrations than the
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isolated outliers in the 2001 data. Since 2008, Tbt has been subject to an effective
global ban as an antifouling agent; hence its release to port environments is likely to
have decreased significantly6.
Significance of paint flake material

Although the contaminants contained within paint flakes must be seen to be ultimately
bioavailable, there are several factors which suggest that their exclusion from analysis
samples (where fine sediment texture allows) gives a truer reflection of both real
sediment concentrations and environmental risk:


Chance inclusion within samples for analysis of paint flakes significantly larger
than the modal peak of the grain-size distribution will result in a spike which bears
little relation to the concentration of these contaminants in the bulk sediments.



The substrate within the wider area at these depths is dominated by fine
sediments, with typically 95%–98% finer than 63 µm grain size.



The greater quantity of antifouling agents encapsulated within the paint matrix is
not immediately bioavailable; hence these particulates will contribute
proportionately far less to toxicity than contaminants adsorbed to sediment
particulates.

Semi-volatile organic compounds

Keeley and Barter (2001) tested the same six Cashin Quay samples analysed for
organotins also for concentrations of semi-volatile organic compounds (SVOCs). Only
the CQ-01 station at the eastern end of Cashin Quay recorded moderately elevated
levels of low molecular weight (LMW) polycyclic aromatic compounds (PAHs) and this
was attributed to the visible presence within the sample of coal particulates7. Six LMW
PAH compounds exceeded the corresponding ISQG-Low guideline and one (2Methylnaphthalene) exceeded ISQG-High. However, even the CQ-01 result for total
PAHs (7.91 mg/kg) was well below the revised SQG-Low trigger value of 10 mg/kg
(Simpson et al 2010; see Section 3.2.3). Due to the coal association, it was concluded
by Keeley and Barter (2001) that the PAHs were unlikely to be bioavailable at the
measured concentrations. Four non-PAH SVOCs were also detected; however, these
were all at low concentrations.
For the 2013 samples, only the PAHs phenanthrene, pyrene and fluoranthene were
detected at low levels (less than ISQG-Low) in both samples. Non-PAH SVOCs,
PCBs and petroleum hydrocarbons were below analytical detection limits

6
7

As of July 2013, 65 contracting states representing 82.25% of global shipping tonnage (IMO 2012).
Cashin Quay 1 is the only section of the wharf used to transfer coal to vessels, so the higher incidence of coal
particulates adjacent to CQ1 is not unexpected.
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4.2.5. Benthic communities

Although there is no historical data which specifically characterises benthic
communities within the dredge pocket and batter slope areas of Cashin Quay, there is
sufficient data concerning adjacent areas and the wider Lyttelton Harbour to indicate
the likely community structure and range of taxa occurring.
Handley et al. (2000) assessed the assemblage of soft-sediment fauna present within
the operational area of the Port as being characteristic of similar substrates covering a
larger area of greater Lyttelton Harbour. Lower diversity and species richness
observed for the Inner Harbour was considered attributable principally to modification
of subtidal benthic habitats by dredging activity so is likely to be indicative also of the
Cashin Quay area. A repeat survey conducted by Fenwick (2003) sampled two
locations just outside the Cashin Quay berth pocket. When compared to other
samples collected from the Port operational area, differences in macroinvertebrate
community structure were not found to be statistically significant.
These surveys reported benthic communities dominated by the mud crab
Macrophthalmus hirtipes, the bivalve Theora lubrica and several families of
polychaete worms (Sigalionidae, Aglaophamus sp./Nephtyidae). In total, 29
macroinvertebrate taxa were identified from the operational areas of the Port (Handley
et al. 2000, Fenwick 2003). It was reported that the low diversity was at least partly a
natural consequence of prevailing benthic conditions in the area. Benthic macrofaunal
samples collected from similar depths and substrates in neighbouring Te Awaparahi
Bay by Sneddon and Barter (2009), Sneddon 2011 and Sneddon and Dunmore
(2014) showed a similarly sparse polychaete-dominated community.
In terms of differences in communities inhabiting berth pockets, Fenwick (2003)
acknowledged that dredging to establish and maintain adequate working depths for
large vessels has the potential to result in major effects on the biota. However,
samples collected from the Oil Wharf berth pocket in 2003 produced no evidence of
any significant differences in the infauna compared with that at other stations. A key
factor here is that the benthic communities are dominated by small-bodied taxa with
short life cycles and which are capable of rapid recolonisation. The sampling was
carried out in May 2003 and no maintenance dredging had been carried out since
before 2000. With the acknowledged limitation of disturbance from vessel movements,
this would have allowed comprehensive recovery from dredging effects. Because of
its location in a higher energy zone outside the Inner Harbour, Cashin Quay
experiences greater rates of infill and is consequently dredged (using both back-hoe
and trailer suction) more regularly than Inner Harbour berth pockets (Table 3).
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Spoil volumes dredged from Cashin Quay, 2000–2011.
Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
May-09
Dec-09
Dec-10
Dec-11
Mean

Dredged (m3)
9,192
2,988
14,591
9,092
1,356
3,012
2,060
3,582
5,734

4.3. Assessment of effects: Cashin Quay projects
4.3.1. Construction impacts

Although little methodological detail has been provided for the Cashin Quay group of
projects, work to reinstate the wharf structure along CQ2–CQ4 is likely to be generally
similar in nature (demolition, dredging, excavation, pile driving, stone columns,
concrete construction); hence, as stated above, the assessment provided for the
currently progressing work on CQ2@3 (Sneddon 2013b) is entirely relevant.
The work on CQ2@3 requires the excavation of the existing batter slope beneath the
wharf section to the new profile. This entails removal of both armour rock and
reclamation bulk fill, with dredging of further marine sediments from the toe of the
batter also possibly required. Excavation may either be by plant operating off a barge
(e.g. long reach excavator and/or crawler crane and grab), or by land-based plant, or
by dredge, or by a combination of these methods. Re-profiling of the batter slope
would then occur before, replacement of the rock armour and installation of piles.
Direct impacts from activities

Excluding underwater noise and the possible deposition of some excavated material
at the consented maintenance dredge spoil grounds, direct impacts upon marine
habitats from this work will be limited to within the berth pocket and swing basin, areas
that are both heavily modified and frequently disturbed. The batter slope beneath the
wharf is an introduced substrate where benthic communities are subject to high levels
of shading and physical disturbance from vessel movements (e.g. propeller wash, hull
turbulence, noise from engines and loading activities). The berth pocket area at the
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toe of the batter slope is subject to periodic maintenance dredging to remove infill
material.
Direct effects on benthic communities

In terms of potential effects on the benthos within the works footprint, the scale of
excavation will represent the total loss of the communities established therein.
However, the scale and significance of these effects will be very low based on the
following factors:
1. The benthic communities of the Port and wider Harbour are well-documented and
are understood to support no species of special scientific or ecological value.
2. The area is already subject to regular maintenance dredging; hence the proposed
works do not represent a significant change from existing activities.
3. The footprint of the works is very small in the context of the area affected by the
routine maintenance dredging programme.
Although the batter slope habitat is not subject to as much disturbance as the berth
pocket and will be colonised by a range of organisms, it is entirely artificial nature and
its exposure to ongoing significant disturbance entails, by definition, a low ecological
value. It must furthermore be considered that the reinstated batter slope (as well as
the berth pocket and new pile structures) will be rapidly recolonised from the adjacent
areas and hence represents no long term loss of habitat.
Plume generation and propagation

Dredging and excavation are likely to be the major activities responsible for the
generation of plumes of resuspended sediments. However, the site is adjacent to the
shoreline at a location where the Sticking Point breakwater provides a level of
protection from reversing tidal flows. It is further not expected that the proposed
construction activities have the potential to produce larger or more intense plumes
than those associated with routine maintenance dredging of the Cashin Quay and
associated swing basin area.
The spatial area of disturbance for pile driving operations is generally very limited and
despite the likely significant numbers of piles to be installed, the generation and
propagation of turbidity plumes is not expected to be of particular ecological concern
for the wider Harbour area. The main ecological issue with piling operations of this
scale is likely to be underwater noise.
Contaminant implications for resuspension and spoil disposal

Due to the generally low contamination status of sediments within the proposed area
of construction activity, migration of contaminants with turbidity plumes or their
potential release to the water column are not considered to be of ecological concern.
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It is acknowledged that the only information available regarding contamination status
applies to surficial marine sediments within the berth pocket. However, while there is
no contaminant data for batter slope areas or points deeper in the sediment profile,
the relatively small volumes involved, and its likely source or history, means this
material is not considered to represent a significant risk in this regard.
It is not yet entirely clear whether the work required on Cashin Quay 1 is of a similar
nature to the reinstatement of the wharf structure for the other berth sections. The
contaminant status of sediments within the berth pocket at CQ1 is potentially
influenced by the accumulation of coal fines (Section 4.2.4) from loading operations.
However, since this record dates from 2001, it is possible that maintenance dredging
of the berth pocket has since removed this material or at least limited its accumulation
in the case of ongoing inputs. Despite indications that PAHs associated with coal
particulates have low bioavailability (Section 3.2.3, Ahrens & Morrisey 2003, 2005), a
sampling survey to characterise CQ1 sediments prior to any physical disturbance may
be prudent.
Construction stormwater

Best practice sediment management should be a component of any process involving
excavation or that otherwise exposes earth to erosion by run-off flows. In particular,
this applies to demolition of existing structures, earthworks to establish foundations for
new buildings and ground preparations for the laying of pavement surfaces.
4.3.2. Post-construction operations
General stormwater

With the exception of coalyard stormwater treatment, most of the works associated
with the Cashin Quay projects are unlikely to have a significant effect on stormwater
quantity or quality.
Coalyard stormwater

No details are yet available concerning the reinstatement / upgrade works for coalyard
stormwater treatment. In work associated with an earlier unrealised proposal to
expand the area of the present coal stockyard, the existing stormwater treatment plant
and ponds were replaced with a mechanical lamella plant. A number of bench-top
dilution and turbidity trials were used to assess the potential effects from the
discharge and other factors such as the use and implications of coagulant/flocculent
and dust suppressants was also considered (Sneddon & Barter 2009, Sneddon et al.
2010). Depending upon the nature of the upgrade works, these earlier assessments
may remain highly relevant.
The establishment of the Te Awaparahi Bay reclamation will require the re-siting of
the current coalyard stormwater outfall. If it is re-sited to the reclamations outer edge,
greater dispersion of the discharge is likely to be achieved by increased exposure to
tidal flows. While it is important that the loading of coal particulate material to the
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Harbour waters be minimised, this greater dispersion is not considered to have
significant implications for marine ecology.
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5. INNER HARBOUR PROJECTS
5.1. Outline of Inner Harbour projects
a. No.1 breastwork: Wharf and landside that serves the Holcim Cement facility.
i. Will likely include partial or full demolition of the existing wharf deck
and removal of piles. The entire seawall and batter slope will need to
be excavated, re-graded and rock armour replaced. The wharf and
associated infrastructure will then need to be replaced. This will likely
include installation of piles (approx. no. 30) and construction of a wharf
deck and associated services.
ii. Demolition and construction: Nine months.
b. Dry dock: Minor damage attributable to earthquake on the dock itself but
pumphouse destroyed.
i. Pumphouse: Reinstatement or replacement.
ii. Wastewater treatment: Upgrade to avoid discharge of zinc and copper.
iii. Seepage and structure: Evaluation of freshwater seepage into dock
and installation of control measures.
c. Oil berth: Bulk fuel delivery to tank farm also used for bunkering.
i. Will likely include partial or full demolition of the existing wharf deck
and removal of piles. The current proposal involves relocating the
wharf 22 m seaward from the existing berth line and constructing a
new wharf to accommodate the bulk fuel vessels. This will likely
include the installation of piles (approx. no. 48) and construction of a
wharf deck, gangway tower, MLA’s and associated services.
ii. Demolition and construction: Nine months.
d. Jetty 7 bulk cargo loading and unloading including cars: Damaged.
i. Replacement or repair will likely include partial or full demolition of the
existing wharf deck and removal of piles. The seawall and batter slope
will require remedial works; this is likely to include partial or full
excavation and reinstatement of the seawall. If the replacement option
is pursued it is anticipated that the wharf will be replaced on a like for
like basis.
e. Marina Dampier Bay development:
i. Current piled moorings to be replaced by modern floating pontoon
marina. Provision of improved sealed car parking. Commercial
development.
1. Marina phase 1 (200 berths)
2. Ferry terminal
3. Marina phase 2 (300 berths)
f. Jetty 2, Jetty 3: Bulk cargo loading / unloading including cars. Damaged wharf
and seawall.
i. Replacement or repair will likely include partial or full demolition of the
existing wharf deck and removal of piles. The seawall and batter slope
will require remedial works; this is likely to include partial or full
excavation and reinstatement of the seawall. If the replacement option
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is pursued it is anticipated that the wharf will be replaced on a like for
like basis.
g. Demolition of jetties 4,5,6: End-of-life structures: Five months.
h. Pavements and storage:
i. Review options for replacement of existing infrastructure and carry out
repairs/replacements in line with LPC requirements. Will involve typical
civil works associated with rebuilding pavements (excavation,
importation of hard-fill, grading, compaction and placement of asphalt).
i. Maintenance straddle workshop, administration and general buildings.
i. The work requires the demolition and pavement overlay of the existing
facility following the construction of a new facility. The new facility may
be positioned in the ‘Boxing Ring’ which is the western corner of the
Container Terminal.
ii. Construction of a new LPC Admin building at the main Container
Terminal entry point. Possibly two-storeyed.
iii. Review of entire LPC building portfolio and analysis of appropriate
consolidation and or repair of assets.

5.2. Inner Harbour environment
The Inner Harbour is an enclosed basin of surface area 40 ha with depths ranging
from the shoreline to approximately 11 m–12 m in the entrance, swing basin and
deeper berths. Although depths over much of this area are maintained by dredging,
very slow rates of infill mean that campaigns occur only infrequently (approximately 5yearly).
The predominant benthic substrate in the Inner Harbour is deep soft mud, light grey in
colour and with little evidence of anoxia in the surficial 100 mm. At some points closer
to shore and within berth pockets, sediment cores have exhibited the dark colour and
sulphide odour of anoxic conditions, possibly associated with increased organic
enrichment from run-off and deposition (Bennett & Sneddon 2006, Sneddon 2011b).
Conspicuous fine woody debris has also been a noted feature of benthic samples
from some Inner Harbour locations in the north and east.
The shoreline is significantly modified with a predominance of artificially placed
volcanic and conglomerate rocks and concrete. This modified shoreline extends
outside the Inner Harbour for the entire Port operational area, extending east to
Battery Point and west to the boat ramp at Naval Point Yacht Club. Wharf structures
within the Inner Harbour provide additional intertidal substrate and shading.
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5.2.1. Distribution of sediment contaminants
Historical contamination associated with the dry dock

Elevated concentrations of several trace metals, organotins and a range of organic
compounds have been recorded in sediments extending offshore from the dry dock.
This contamination is considered to be associated principally with long-term inputs
from vessel maintenance activities at the dry dock (Patent Slip and Graving Dock)
facilities.
Contamination of the seabed in the vicinity of the dry dock has been investigated and
monitored since the mid-1990s. The spatial arrangement of historical sediment
sampling efforts for the Inner Harbour is indicated in Figure 5. URS (2002) carried out
a review of then available information on seabed contamination at the site, including
earlier work by Cawthron (Forrest 1995; Stevens & Forrest 1996) and carried out new
sediment sampling and analysis as part of an assessment of potential remedial
options. Approximate concentration contours were mapped for the contaminants
mercury (Hg), copper, lead (Pb), zinc and tributyltin.
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Historical sediment sampling within Lyttelton Inner Harbour. Shaded areas require rigorous pre-dredge characterisation (consent CRC135318C).

45

NOVEMBER 2014

REPORT NO. 2583 | CAWTHRON INSTITUTE

Bennett and Sneddon (2006) reported an updated assessment of the key
contaminants in sediments from the dry dock zone and investigated levels of
bioaccumulation in selected marine organisms. As with earlier studies, it was found
that sites in the immediate vicinity of the dry dock exhibited contaminant levels
exceeding ANZECC (2000) sediment guidelines. Bioaccumulation of trace metals was
evident in resident populations of blue mussels, and elevated concentrations of
organotins were evident in mussels, crabs and several fish species relative to
samples collected in the outer Harbour.
As part of a longer-term initiative to monitor changes in seabed contamination in the
vicinity of the dry dock, sampling was carried out at five designated benthic stations
corresponding to the approximate seaward extent of elevated contaminant
concentrations defined by earlier studies (Conwell 2008). By monitoring these
locations over time, inferences can be made concerning migration, dispersion and
degradation (in the case of organotin compounds) of contaminants. In 2009, the
survey was expanded to encompass a larger baseline area of seabed and examine
spatial concentration gradients (Sneddon 2010). This employed three sample stations
along each of six 150 m transects running offshore from the dry dock and served to
identify six ‘sentinel’ stations (identified as representing a general transition contour
from the higher levels of contamination further inshore) for ongoing monitoring.
Since 2010, sediment samples have been collected from the sentinel stations
annually, sieved at 250 µm to exclude large paint flakes and analysed for key
contaminants. The compiled results indicate that concentrations have remained
relatively stable for most analytes, with no clear temporal trends exhibited. Of the
monitored contaminants, organotin compounds, and to a lesser extent mercury, have
exhibited the greatest spatial and temporal variability (Sneddon 2012, Woods 2013).
In addition to the annual monitoring of the sentinel stations, further sampling was
carried out in the southern sector of the contaminated zone in 2011 to provide
information for the assessment of options for dredging following the Christchurch
earthquakes. As well as grab sampling, limited vibra-coring was carried out to
establish contaminant status at deeper levels (up to 1.5 m) in the sediment profile
(Sneddon 2011b). The contaminants of greatest ecological concern in these samples
were tributyltin and mercury. Both were present throughout the sampled 1.5 m profile,
although Tbt was more prevalent in surface sediments while mercury concentration
exhibited an increasing trend with depth. Copper and lead were also found at
concentrations above background levels. Although present, the other trace metals
analysed were either near to background levels (chromium, nickel) or not elevated to
levels believed to be ecologically significant (zinc). The updated historical data set
was used to generate new estimates for the concentration contours for copper, Tbt
and mercury (Figure 6, Appendix 3). In terms of contours for ANZECC (2000) ISQGHigh values, those for mercury and tributyltin were found to extend furthest into the
Inner Harbour basin.
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Estimated sediment concentration contours for copper, mercury and tributyltin (Tbt) near
the dry dock in terms of ANZECC (2000) ISQG guideline values. Adapted from Sneddon
(2013c). Source data depicted in Appendix 3.

Inner Harbour outside the dry dock zone

The historic discharges from the dry dock and patent slip have undoubtedly
contributed the largest contaminant load to the Inner Harbour. However, the localised
nature of this sediment contamination adjacent to the western shoreline and the
presence of multiple smaller sources mean that it is less clear how much this has
contributed to sediment contamination in the rest of the Inner Harbour basin.
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Even in the absence of specific vessel maintenance activities, port marine
environments are exposed to a wide range of contaminant sources. Accidental spills
during loading and material handling processes, along with wind-blown particulate
material, represent direct discharges to Harbour waters. Most port operations with
potential for direct discharges are now subject to specific controls which significantly
limit their severity compared to historical practices. Passive leaching of biocidal
agents from antifouling coatings on vessels is subject to regulation and approvals in
terms of specific compounds and rated fluxes (e.g. NZEPA 2013). Stormwater run-off
and the engine exhausts of vessels and other machinery represent more diffuse
sources of contamination.
Levels of contamination documented for areas outside the dry dock contaminated
zone (>150 m from the dry dock) are generally consistent with those found in inner
port areas elsewhere, both nationally and internationally. A summary analysis of
compiled sediment data was provided by Sneddon (2013c) which examined this area
with respect to three specific zones; berth pockets, swing basin and the north-eastern
inshore region. This has been updated to include sampling in October 2013 (Sneddon
2014b) and is presented in Table 4.

Table 4.

Summary of historical contaminant data for different zones of the Lyttelton Inner Harbour
excluding the area of contamination adjacent to the dry dock. All concentrations in mg/kg.
Copper

Zinc

Lead

Mercury

Tributyltin

Berth pockets
Geometric mean
Average
Rel. std deviation
Range
Samples (n)

32.8
35.3
41%
14–70
31

114.9
117.9
24%
74–190
31

28.5
28.7
12%
24–34
7

0.173
0.178
27%
0.13–0.26
7

0.0187
0.0771
192%
0.0017–0.410
7

Swing basin
Geometric mean
Average
Rel. std deviation
Range
Samples (n)

16.1
17.0
32%
8.3–31
35

85.9
87.1
17%
58–120
35

19.5
20.1
24%
10–31
21

0.146
0.183
73%
0.05–0.45
21

0.0035
0.0103
157%
0.0004–0.061
21

Breastwork and inshore areas up to No. 2 Wharf
Geometric mean
40.7
164.1
55.7
Average
41.9
171.7
67.3
Rel. std deviation
26%
35%
54%
Range
27–62
120–320
16–130
Samples (n)
10
10
5

0.441
0.484
46%
0.22–0.79
5

0.0644
0.1228
140%
0.017–0.428
5
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There has been little sampling of the north-eastern sector of the Inner Harbour and
there is no available record of any previous dredging. While Cu and Zn concentrations
were slightly higher than for the berth pocket data set, some of this increase, and the
generally elevated concentrations for other contaminants, was due to the influence of
four samples collected from the Tug Berth area by Bennett and Sneddon (2006). This
small area immediately east of the base of No.2 Wharf (Figure 5) appears likely to
have accumulated higher levels of contamination than adjacent seabed regions;
hence the summary data in Table 4 may overstate the general contaminant status of
the breastwork area as a whole.
Very high variability of Tbt is a noted feature of sediment samples from all of the
zones in Table 4, along with levels of mercury frequently exceeding the ANZECC
ISQG-Low trigger value of 0.15 mg/kg. Tbt variability is typical of port environments
and is believed to be associated with the heterogeneous distribution of paint
particulate material. As such, a significant proportion of this Tbt may have limited
immediate bioavailability. Furthermore, the difficulty of establishing true bulk sediment
concentrations in the face of such variability is an acknowledged challenge in
characterisation of dredge spoil (DEWHA 2009).
Relatively less information is available for the occurrence of a range of organic
compounds in Inner Harbour areas outside the dry dock offshore zone although the
presence of a number of anthropogenic compounds is expected in port benthic
environments generally. Christchurch Regional Council (1998) found concentrations
of total PAHs and total DDT isomers at a mid-Inner Harbour site of 0.78 mg/kg and
0.53 µg/kg, respectively; well below their respective ISQG-Low values of 4 mg/kg and
1.6 µg/kg. Sneddon 2013a covered the occurrence of key organic contaminants in the
paired samples from nine Inner Harbour dredge hopper sampling events recorded
since 1994 but the results were mostly below detection limits. Only the samples
collected in 2011 exhibited low but detectable concentrations of PCBs (marginal
detection) and the occurrence of DDT isomers in two berth pocket samples.
Environment Canterbury sampled surficial sediments for analysis of organic
contaminants at 11 sites within and just outside the Inner Harbour in June 2009
(Figure 7). Although the BTEX suite of compounds8 was tested (at the soil screening
level) none of these analytes were at detectable levels. The analytical results for trace
level PAHs and petroleum hydrocarbons are listed in Table 5. ANZECC (2000) ISQGLow triggers were exceeded for most PAH analytes in sediments from all of the
stations along the northern shoreline (S4–S8) and for the oil berth pocket (S3). High
molecular weight PAHs and phenanthrene exceeded ISQG-High in sediments from
S5 and S8,and pyrene and dibenzo[a,h]anthracene exceeded ISQG-High at S3. Long
chain petroleum hydrocarbons (C15–C36) also tended to be at detectable
concentrations at these stations. It is notable that some of the highest PAH values
8

Benzene, toluene, ethylbenzene, m&p-xylene and o-xylene.
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were associated with the tug jetty area (S8) which was found to carry elevated
sediment concentrations of metals by Bennett and Sneddon (2006).

Figure 7.

Locations of sites sampled for sediment organic contaminants by Environment
Canterbury in June 2009. (L. Bolton-Ritchie, ECan unpublished data).

Apart from the oil berth station (S3), the samples collected from the southern sector of
the Inner Harbour returned significantly lower (although still detectable) concentrations
of PAHs. For the two stations just outside the entrance (S10, S11) only a range of
high molecular weight PAHs and phenanthrene were at low but detectable levels.
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Polycyclic aromatic hydrocarbons (PAHs) and petroleum hydrocarbons in Inner Harbour sediments sampled by Environment Canterbury in 2009
(L. Bolton-Ritchie, unpublished data). Units in mg/kg dry weight. Grey- and black-shaded cells denote exceedance of ISQG-Low and –High criteria,
respectively, although concentrations have not been normalised to organic carbon. Station locations shown in Figure 7.

Station
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Anthracene
Phenanthrene
Pyrene
Fluoranthene
Benzo[a]anthracene
Chrysene
Benzo[a]pyrene (BAP)
Benzo[b]fluoranthene +
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Indeno(1,2,3-c,d)pyrene
Benzo[g,h,i]perylene
Dibenzo[a,h]anthracene
Petroleum hydrocarbons
C7-C9
C10-C14
C15-C36
TPH (C7-C36)

S3

S4

S5

S6

S7

S8

S9

S10

S11

ANZECC (2000)
ISQG-L
ISQG-H

S1

S2

0.03
0.015
0.007
0.014
0.032
0.11
0.22
0.23
0.11
0.1
0.12

< 0.015
0.0053
< 0.0029
0.0048
0.0098
0.037
0.075
0.075
0.034
0.031
0.038

0.14
0.16
0.019
0.07
0.72
0.97
4.9
4.4
1.4
0.92
1.2

0.051
0.066
0.012
0.047
0.25
0.52
1
1.1
0.6
0.42
0.5

0.44
0.41
0.057
0.32
1.1
6.6
15
14
5.7
5.3
6.2

0.057
0.045
0.0089
0.036
0.12
0.39
0.64
0.69
0.35
0.24
0.3

0.054
0.15
0.016
0.1
0.38
1.1
1.5
1.6
0.87
0.6
0.69

0.16
0.17
0.073
0.17
0.56
2.8
8.2
7.7
3.2
3.3
3.6

0.018
0.021
0.004
0.015
0.054
0.16
0.29
0.31
0.17
0.12
0.16

< 0.016
< 0.0032
< 0.0032
< 0.0032
< 0.0032
0.012
0.02
0.021
0.009
0.0094
0.0096

< 0.017
< 0.0033
< 0.0033
< 0.0033
< 0.0033
0.011
0.017
0.017
0.0066
0.0068
0.0065

0.16
0.044
0.016
0.019
0.085
0.24
0.665
0.6
0.261
0.384
0.43

2.1
0.64
0.5
0.54
1.1
1.5
2.6
5.1
1.6
2.8
1.6

0.21
0.081
0.079
0.087
0.028

0.074
0.025
0.025
0.031
0.0083

1.4
0.66
0.89
1.1
0.35

0.74
0.3
0.33
0.32
0.11

7.3
2.7
3.6
5.1
0.94

0.52
0.19
0.23
0.2
0.079

0.99
0.43
0.51
0.47
0.19

4.7
1.7
2.1
3
0.56

0.3
0.1
0.11
0.1
0.037

0.021
0.0067
0.0073
0.0068
< 0.0032

0.016
0.0054
0.0051
0.0057
< 0.0033

0.063

0.26

< 19
< 27
< 38
< 60

< 15
< 21
< 30
< 60

< 15
< 21
88
90

< 17
< 24
< 34
< 60

< 16
< 23
170
180

< 16
< 22
31
< 60

< 18
< 25
81
84

< 13
< 20
730
740

< 29
< 40
67
< 75

< 27
< 38
< 53
< 71

< 29
< 41
< 57
< 75

550*

* Screening level recommended for TPH by DEWH (200().
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The spatial arrangement of stations yielding sediments with elevated PAH
concentrations is consistent with expected proximity to inputs from stormwater and
Port operations over long time periods (Figure 7). These shoreline locations are also
likely to be outside the influence of dredging operations which may have limited the
longer term accumulation of contaminants in berth pockets and the swing basin.
In samples collected for sediment pre-characterisation for a 2013 Inner Harbour
dredging campaign (Figure 5), Sneddon (2014b) found semi-volatile organic
compounds (SVOCs) to be below detectable levels for all chemical classes except for
polycyclic aromatic hydrocarbons (PAHs) and a single plasticiser [Bis(2ethylhexyl)phthalate]. PAHs were detected in all eight samples and exceeded the
corresponding ISQG-Low trigger value (where available) within two berth pocket
samples for seven of the 18 PAH analytes.
Inglis et al. (2008) reported an indication of contamination by PAHs “from a source
close to or at the western end of the Oil Wharf”, noting corresponding lower densities
of total benthic fauna and of most major benthic invertebrate taxonomic groups.
Potential sediment toxicity

There are strong indications of contaminant effects in specific Inner Harbour areas
with significantly elevated sediment concentrations (Bennett & Sneddon 2006).
However, the benthic communities in the more routinely dredged swing basin and
berth pocket areas do not show clear signs of toxicity effects relative to communities
in the wider area (Handley et al. 2000; Fenwick 2003).
Using surficial sediments from five localities within the Inner Harbour and two
reference sites just outside the entrance, Hickey & Martin (1997) conducted direct
toxicity tests on the amphipod Chaetocorophium c.f. lucasi and the bivalve Macomona
liliana (Figure 8). All five samples from within the Inner Harbour (including one from
the swing basin area) exhibited some toxicity, but with a declining gradient with
distance from the dry dock. The reference samples from outside the Inner Harbour
showed no toxicity to the bivalves but still showed some measurable toxicity to the
amphipods with polycyclic aromatic hydrocarbons (PAHs) being implicated at one site
near the western end of Cashin Quay by increased lethality upon exposure to
sunlight.
Despite a positive finding for sediment toxicity and apart from Tbt, contaminant levels
in all three toxicity test samples collected from outside the dry dock offshore zone
(Sites 5, 6 and 7; Figure 8) were consistently below guideline triggers where a toxicity
response would be expected. In the case of Tbt, the highest concentration for these
three samples was for that from the swing basin sample (Site 5) at 61 µg Sn/kg. Given
that the very low guideline levels for Tbt are predicated by chronic effects (specifically
the expression of imposex in neogastropod snails), an acute toxicity response in
amphipods (in this case 38% mortality in the 10-day exposure test) would not
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generally be expected at concentrations below ISQG-High (70 µg Sn/kg). In relation to
guidelines available at the time, ESR (in CRC 1998) noted the following:
Data on sediment quality criteria exceedances predict that sediments
from sites 1 and 2 would be the most toxic. Sites 3 and 4 could also
show some toxicity while sites 5, 6 and 7 are unlikely to show any
overt toxicity.
Possible alternative reasons for the observed expression of toxicity were not explored.

Figure 8.

Locations of sediment samples analysed for toxicity by Martin and Hickey (1997) relative
to Inner Harbour dredging consent boundaries.

In 2009, Environment Canterbury analysed for PAHs in samples (S10 and S11;
Figure 7) taken in close proximity to the 1997 outer Harbour samples (S6 and S7,
respectively; Figure 8). At well below ISQG-Low trigger levels, an overt expression of
toxicity would again not be expected.
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5.2.2. Benthic ecology

Handley et al. (2000) assessed the assemblage of soft-sediment fauna present within
the operational area of the Port as being characteristic of similar substrates covering a
larger area of greater Lyttelton Harbour. Although diversity and species richness was
found to be somewhat lower within the Inner Harbour, this was attributed principally to
modification of subtidal benthic habitats by dredging activity. The repeat survey
conducted by Fenwick (2003) reported that differences in macroinvertebrate
community structure between stations within and outside the Inner Harbour were not
statistically significant and concluded that the composition of the infauna within the
Lyttelton Port area was generally similar to that found in other harbours in the region
(Port Levy, Pigeon Bay).
Just 29 soft sediment macroinvertebrate taxa were identified from the operational
areas of the Port by the 2000 and 2003 surveys (Handley et al. 2000, Fenwick et al.
2003). These communities were dominated by the mud crab Macrophthalmus hirtipes,
the bivalve Theora lubrica and several families of polychaete worms (Sigalionidae,
Aglaophamus sp./Nephtyidae). Although they included benthic sampling stations
within berth pocket areas, neither survey sampled from within the zone of
contaminated sediment situated offshore from the dry dock.
Employing four benthic stations within each of the dry dock contaminated area and
the vicinity of the tug jetty near the north-west shoreline, Bennett and Sneddon (2006),
identified totals of 29 and 39 soft sediment taxa, respectively. All of these stations
were located in areas exhibiting elevated contaminant status relative to the main Inner
Harbour swing basin. The infauna were largely dominated by opportunistic species of
polychaetes and nematodes, with lower abundances of the bivalves Arthritica bifurca
and Theora lubrica also present. Community characteristics attributable to the
presence of significant environmental stressors were identified for both areas;
however, clear and statistically significant differences between them were identified
for indices of abundance, taxa richness, diversity and evenness. Lower species
richness and much lower abundances were recorded for the more contaminated
sediments near the dry dock.
Intertidal communities

The surveys by Handley et al. (2000) and Fenwick (2003) also described and listed
the fauna and flora of the intertidal rocky shores within the Port operational area,
reporting very similar results for most monitoring stations. The artificial structures of
the Port were found to be well colonised by intertidal and sub-tidal species, and there
was a high diversity of species considering the modified habitats present. A greater
diversity of intertidal species was found outside the Inner Harbour and seaward of the
Port, the difference being mainly attributed to greater wave and current exposure;
although the potential for effects from changes in water quality was acknowledged.
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Brachiopods

The rare brachiopod species Pumilus antiquitus (see Section 2.2.3) was found to
occur “on boulders off Gladstone Wharf” by Rickwood (1968). Since then, it appears
that the species has not been further studied in Lyttelton Harbour. Percival (1944) also
studied the brachiopod Calloria inconspicua at this location, stating that:
“The animals were found on the breastwork of a disused jetty at
Governors Bay and on the inner face of the retaining wall at the
Gladstone Wharf of the Inner Harbour at Lyttelton. The animals are
abundant at the latter place and in both localities, the brachiopods
occur up to about half tide mark. They are attached to stones and
other solid objects but are hidden in places where the water is gentle
in its movements.”
The ecological investigations with intertidal and shallow subtidal components carried
out in the eastern Inner Harbour basin by Handley et al. (2000) and Fenwick 2003 did
not identify the presence of either P. antiquitus or C. inconspicua. Comprehensive
biosecurity surveys within the Inner Harbour were carried out in 2002 and 2004 (Inglis
et al. 2006, 2008). These sampled a variety of habitats within the Port operational
area, including epibenthic fouling communities on hard substrata and soft-sediment
communities. The surveys recorded 245 and 269 species or higher taxa, respectively.
Of the 109 and 127 native species identified from pile scraping samples in the
consecutive biosecurity surveys, none were brachiopods. However, only 69 species
(41% of the total number) were recorded from both surveys, reflecting the large
number of comparatively low abundance species in the assemblage. It was suggested
that non-detection of many sparsely occurring species probably accounted for much
of the difference observed between the two surveys (Inglis et al. 2008).
5.2.3. Occurrence of fish species

Bennett and Sneddon (2006) reported triplefins (Forsterygion / Grahamina sp.) and
spotted wrasse (Notolabrus celidotus) to be both abundant and ubiquitous throughout
the Inner Harbour. Spiny dogfish (Squalus acanthias) and yellow-eyed mullet
(Aldrichetta forsteri) were also reported. However, collection of these species was
primarily for bioaccumulation assessment and not intended as a part of any effort to
generate a species inventory. During the baseline biosecurity survey for Port Lyttelton,
Inglis et al (2005) set fish traps within the Inner Harbour and in addition to the above
species caught tarakihi (Nemadactylus macropterus) and speckled sole
(Peltorhamphus latus). Two species of triplefin were identified as Grahamina capito
and G. gymnota, with a third unidentified species in the same genus.
The operation of the dry dock frequently results in the stranding of fish which are
caught inside when the dock gates are closed. Many of the species reported have
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been known from just a few individuals and were no doubt remembered in part
because their occurrence was unusual. Species frequently stranded within the dry
dock, either occasionally or in some quantity, have included yellow-eyed mullet (A.
forsteri), sand flounder (Rhombosolea plebeia), New Zealand sole (Peltorhamphus
novaezeelandiae), spotted wrasse (N. celidotus) and red cod (Pseudophycis bachus).

5.3. Inner Harbour projects assessment
The Inner Harbour projects proposed for the Recovery Plan are numerous but are yet
to be comprehensively scoped. They collectively cover almost all of the wharf
structures and potentially involve a number of seawalls. In assessing the potential
effects from the proposed projects, there are several features of this area which are
notable:








The level of shoreline modification, number of artificial structures and historical
contamination means that the Inner Harbour environment should be
considered a moderately to highly degraded system.
The range of operations undertaken within such a small spatial area means
that ongoing disturbance of these habitats is an intrinsic part of the current
situation.
The status of the majority of Inner Harbour soft sediment benthic habitats
under the current maintenance dredging consent is such that significant
periodic disturbance of these communities is likely even in the absence of the
proposed projects.
The relatively enclosed nature of the Inner Harbour affords a degree of
containment for limiting far-field effects for some categories such as
underwater noise, suspended sediments and contaminants.

Many of the projects involve repair or re-establishment of existing facilities in the same
or very similar configurations and therefore have only limited potential for longer-term
structural alteration of the Inner Harbour marine environment. Consequently, activities
associated with these projects may be considered more-or-less collectively. The
exception to this is the development of a marina facility in the north-western sector of
the Inner Harbour and is assessed separately below.
5.3.1. Displacement of habitats

As a whole, the proposed projects do not substantially reconfigure the benthic
environment of the Inner Harbour. However, the demolition of a range of longestablished structures such as wharves and seawalls represents the total loss of wellestablished hard substrate encrusting communities. The pile communities have been
documented by Inglis et al. (2005, 2008) and seawall and other shoreline communities
by Handley et al. (2000) and Fenwick (2003). While relatively diverse, such
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communities are strongly influenced by the artificial nature of the substrates and also
support a range of non-indigenous species. The staggered staging of the Inner
Harbour projects will facilitate the recolonisation of newly established structures but
the new surfaces also represent a degree of risk in potentially allowing settlement of
organisms newly arrived via international or coastal shipping vectors. These
biosecurity aspects are being covered in a separate report.
5.3.2. Dredging and excavation

No dredging within the Inner Harbour has been specified in the current project
description, however a number of projects list excavation as a stage in the
reinstatement of seawalls:


No.1 breastwork



Jetty 7



Jetty 2, Jetty 3

This work is likely to affect some soft sediment habitat in previously undredged areas
of the Inner Harbour as well as intertidal and low-shore boulder and riprap substrates.
Although not identified from more recent biological survey work, it must be assumed
that there is some potential for the continuing occurrence of the rare brachiopod
Pumilus antiquatus on the eastern shoreline of the Inner Harbour where it was
observed on boulders near Gladstone Wharf by Rickwood (1968).
There may be some dredging required for a number of projects to reinstate berth
pockets following the construction of new wharves; however, it is probable that where
berth pockets are reinstated at the same location, such work would be carried out
under the existing maintenance dredging consent. Although the Oil Wharf berth
pocket is proposed to be relocated 22 m seawards from its present position, the
displacement of benthic habitat is not considered to be a significant issue since the
area is already subject to periodic maintenance dredging.
Current requirements for dredging of the Inner Harbour

Consent for maintenance dredging of the Port’s channel, swing basin and Inner
Harbour areas was granted in April 2014 (Resource Consent CRC135318). The
requirements of the consent relating to the Inner Harbour area are considered to
represent a suitable approach for any dredging operations proposed for this area
under a recovery plan.
Specifically, condition 16 of the consent concerning pre-characterisation (prior to
dredging) of Inner Harbour sediments requires that:
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Prior to any maintenance dredging campaign commencing in the
Inner Harbour, the consent holder shall carry out a sampling survey
to pre-characterise the contaminant status of the sediments of the
Inner Harbour subject to proposed dredging.
Furthermore, in specific regions of the Inner Harbour outside those of routine and
historical maintenance dredging (Figure 5, Appendix 2), the application of a specific
decision tree is required to establish whether the spoil material will be suitable for sea
disposal at the spoil grounds (Appendix 4). It is additionally required for these areas
that a sediment management plan is prepared to set out the practices and procedures
for dredging “in a manner that avoids or mitigates any actual or potential adverse
effects on the receiving environment”.
Implications for disposal of material

As is the case for dredge spoil, contamination status may have implications for
disposal of excavated material and it may be convenient to be able to use this
material as (Stage 3) reclamation fill rather than alternative disposal routes. However,
this would be contingent upon the ability of the reclamation paddock to effectively
encapsulate any associated contamination.
5.3.3. Resuspension of benthic sediments

In assessing the effects on the Inner Harbour marine environment, it is acknowledged
that the moderately disturbed nature of benthic habitats is largely typical of inner port
environments and often includes levels of contamination above background levels.
However, it is well established that contamination of benthic sediments is not
uniformly distributed within the Inner Harbour and efforts should be made to prevent
or significantly limit the migration of contaminants occurring with resuspended
sediments.
Increases in sediment contaminant concentrations have implications for the ability of
sediment environments to support healthy benthic communities and also for their rate
of recovery following disturbance. In the case of Lyttelton Inner Harbour, there is
furthermore the potential for corresponding increases in contaminant loading to spoil
ground areas in the outer Harbour or for the suitability of such sediments for sea
disposal under the existing consent to be compromised.
Of particular concern is the proximity of recovery and development projects to an area
of known contaminated sediments immediately offshore from the dry dock on the
western side of the Inner Harbour basin (Section 5.2.1). The only project components
which overlap this area spatially are the Dampier Bay marina development and the
repairs to dry dock support structures. Dry dock repair work appears to be effectively
limited to land-side facilities (specifically the pumphouse) with little potential for
benthic disturbance.
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However, disturbance of sediments at locations beneath existing wharves or at the
bases of seawalls has the potential to resuspend material which has been previously
undisturbed by maintenance dredging. The available data suggests that such areas
may carry elevated contaminant loads (e.g. Table 5). Hence it is considered prudent
to carry out pre-characterisation of the sediments to be excavated to determine
whether any sediment resuspension measures are necessary. Details of such
sediment pre-characterisation should be set out in a Sediment Analysis Plan (SAP),
the required scope of which can be a component of Construction Environmental
Management Plans (CEMPs).
Without detail on specific methodologies, it is difficult to assess the potential for
resuspension of sediments from individual project activities. However, all demolition
and excavation work carries the possibility of significant resuspension. Piling work is
likely to be more controlled and the disturbance effects more localised, but it also
carries this potential. Projects which are likely to include these activities include the
following:


No.1 breastwork: Demolition of wharf and associated infrastructure,
excavation / reinstatement of seawall, installation of piles (approx. 30).



Jetty 7: Partial or full demolition of the existing wharf deck and removal of piles,
excavation and reinstatement of the seawall including batter slope, installation of
piles



Oil berth: Partial or full demolition of the existing wharf deck and removal of piles,
installation of new piles (approx. 48) during construction of new wharf to
accommodate bulk fuel vessels.



Jetty 2, Jetty 3: Partial or full demolition of the existing wharf deck and removal of
piles, remedial works to seawall and batter slope (partial or full excavation and
reinstatement of the seawall).



Jetties 4, 5 and 6: Demolition and removal of end-of-life structures.

There exists little data to identify contamination hot spots occurring within the Inner
Harbour other than for the dry dock or tug berth areas. However, such areas may be
tentatively identified from the location of stormwater outfalls or other run-off points or
where specific historical land-uses or operations have occurred (e.g. bulk fertiliser
handling at No.2 Wharf), especially where there is limited water circulation.
It is recommended that a sediment management plan be developed where a precharacterisation survey of Inner Harbour sediment reveals significant levels of
contamination. This Plan will typically include recommendations on measures to avoid
or manage sediment migration.
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5.3.4. Potential for propagation of sediment plumes

Ocel (1997) assessed that processes expected to cause resuspension of seabed
sediment from near the dry dock were limited to disturbance resulting from vessel
operation and that natural processes of currents and wave action were not enough to
resuspend bed sediments at that location. There was concern that sediment from the
dry dock area, once disturbed into suspension, had the potential to be distributed
throughout the Inner Harbour basin and out into the main Harbour. However, annual
monitoring of sediments at the six sentinel stations just offshore from the dry dock
since 2009, suggests little significant migration of contaminated sediments has
occurred (Sneddon 2012, Woods 2013).
Goring (2011) examined the movements of neutrally buoyant particles in the western
part of the Inner Harbour using data from the MetOcean Solutions hydrodynamic
model (Figure 9). Tidal currents were found to be essentially non-existent in the northwest corner and it was concluded that particles suspended in the water column would
be unlikely to be carried out of this area without the influence of other transport factors
such as wind-induced surface currents and the hull turbulence and propeller wash
associated with vessel movements.

Figure 9.
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Trajectories of three neutrally-buoyant particles released at various locations in the Inner
Harbour for a period of 3.5 days either side of a perigean spring tide. Each red square
marks the particle's initial position. From Goring (2011).
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URS (2011) developed a sediment management plan for limited dredging and
construction work carried out in the dry dock zone. Based on the conclusions of
Goring (2011) and observations of trial dredging in the area, it was recommended that
mitigation measures for sediment plume dispersion be limited to the type of dredge
used (clam-shell bucket and barge), limiting bucket lowering and retrieval speeds and
visual monitoring of subsequent plumes.
Depending upon the significance of plume generation by any demolition and
excavation activities, more stringent measure such as floating silt curtains may be
appropriate. These involve high strength woven geotextiles or monofilament fabrics
suspended from a floating boom structure. They can be used to effectively enclose
and isolate the work area, helping to contain turbid water and facilitate settling of
suspended sediments. The low water movement and wave climate of the Inner
Harbour should ensure both the practicality and efficacy of such deployments.
5.3.5. Dampier Bay marina

It is the intention to complete the marina development in two general consecutive
stages. There will be both shore-side and in-water components. Shore-side, a
commercial development is planned with provision of improved sealed car parking,
although no further detail has been provided with which to assess potential marine
ecological effects. However, there are unlikely to be issues beyond those normally
associated with construction and earthworks on land areas adjacent to the coastal
marine area (CMA). The marina will employ a modern floating pontoon configuration,
with 200 berths installed in Stage 1 and a further 300 in Stage 2.
Construction

The present pile moorings for recreational vessels are located within a region outside
the area of the Inner Harbour subject to routine and historical maintenance dredging
(Figure 5). It may be the case that depths in the area are currently adequate for the
establishment of the marina and that deepening by dredging will not be required.
However, some excavation of seabed sediments may be necessary to establish
shoreline structures and this will require similar precautions in terms of the proper
disposal of potentially contaminated sediments.
The current moorings are furthermore located at least partially within ANZECC (2000)
ISQG contaminant contours for copper, mercury and tributyltin (Figure 6, Appendix 3);
that is, they extend into the zone of contaminated sediments associated with the dry
dock. Special consideration therefore must be given to limiting any migration of these
sediments either elsewhere within the Inner Harbour or to the outer Harbour.
Seabed occupation

Although it is the intention to provide for 500 vessel berths on floating pontoons, no
spatial dimensions for the marina are available. However, it is understood that the
second stage of the marina would constructed to the east of No. 7 Wharf.
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Furthermore, much of the area which would be occupied by the Stage 1 marina is
presently occupied by the pile moorings for recreational vessels. Floating pontoons do
not generally allow vessels to be moored at greater densities than pile moorings. The
floating structures themselves will contribute to greater shading of the seabed, but this
is unlikely to be a significant issue given the generally high turbidity of the water
column.
While there is little ecological data compiled specifically for this north-western section
of the Inner Harbour, it can be expected that the soft sediment habitat within the
footprint of the proposed marina is fairly representative of the swing basin area
generally. As such, it supports a relatively depauperate benthic community dominated
by small-bodied polychaete worms. These communities have been shown to reestablish rapidly after any significant disturbance. While intertidal communities may be
affected by construction activities, floating pontoons do not generally displace much
area in the intertidal zone and impacts over the longer term would be predicated by
the design of incidental shoreline structures and facing materials.
Operation

The greatest source of contamination historically associated with marina operations is
with specific vessel maintenance and hard-stand facilities. In this regard, the marina is
likely to be served by the existing facilities, principally at Naval Point Yacht Club. So,
despite supporting a potentially larger number of recreational vessels, the marina is
unlikely to constitute a significantly increased source of contaminants apart from
passive leaching of biocidal agents (principally copper) from an increased area of
antifouled hull surface (see Section 7.5.3).
The commercial area associated with the marina project will have no direct discharges
aside from stormwater and is unlikely to comprise an increased area from which such
run-off arises. As with other shore-side developments, the construction of this facility
represents an opportunity for a net increase in stormwater quality through
implementation of best-practice design approaches.
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6. CRUISE SHIP BERTH
There has been no project detail supplied for the cruise ship berth options apart from
concept plans and the requirement to cater to Quantum class ships (348 m × 8.5 m
draft). Two options are considered:
1. A berth at the present Inner Harbour location of Gladstone Pier which would entail
the removal of the Z berth section of the eastern entrance mole.
2. A Naval Point wharf option located just west of the entrance to the Inner Harbour.
Although there is little accompanying detail, when these plan images are rectified
against NZ hydrographic chart NZ6321 (Figure 11, Figure 12), a number of general
observations may be made.

6.1. Benthic receiving environment
The foreshores of both Naval Point and the eastern mole are introduced substrates
established as erosion protection for the reclaimed land behind. The original Harbour
moles were first established in the 1870s although significant reclamation and
modification was carried out subsequently.
Information is sparse regarding habitats and communities along these artificial
shorelines and immediately offshore. However, two related marine ecological surveys
were carried out within the Port operational area by Handley et al. (2000) and Fenwick
(2003). These surveys examined community structures for both intertidal and subtidal
environments encompassing a range of situations from protected Inner Harbour
waters to more exposed locations outside the Harbour moles (Figure 10). They
sampled benthic communities at three subtidal stations just offshore from Naval Point,
the eastern mole and Cashin Quay. Substrates were found to be uniform soft muds.
They found a significant degree of similarity between these stations and also with
stations inside the Inner Harbour.
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General layout of Gladstone Pier cruise berth option overlaid on part chart NZ6321. Note
that this option would entail the removal of the Z wharf section of the current breakwater.

Although the change to hydrodynamic conditions in the western section of the Inner
Harbour as a result of the removal of the Z-berth section of the breakwater is
predicted to be small, two possibilities need to be considered for any development
which increases flushing in the basin:
1. Re-distribution of contaminated sediments within the Inner Harbour over time
which may eventually compromise the maintenance dredging of areas which
currently have low levels of contamination.
2. An increase in any existing rate of migration of contaminants and contaminated
sediments to the outer Harbour.
Although shear at the seabed from neither the predicted wave regime nor tidal
currents will be great enough to resuspend benthic sediments within the Inner
Harbour basin, any current circulation has the capacity to move sediment plumes
caused by benthic disturbance from vessel movements, dredging and construction
activities.
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6.1.2. Naval Point ‘fixed-access berth’

A plan of the general layout of the Naval Point cruise berth option is presented in
Figure 12. This option would entail dredging to enlarge the current swing basin and
Inner Harbour approach by approximately 18 ha (including the cruise berth pocket
itself). It therefore represents a larger footprint of direct impact than the Gladstone
Pier option. However, the potential for secondary effects are arguably less. Some
disturbance and modification to intertidal shoreline is likely.

Figure 12.

General layout of Naval Point fixed cruise berth option overlaid on part chart NZ6321.

It is noted that the area which would need to be dredged includes the location from
which a sample of sediment was collected in for direct toxicity analysis (Martin &
Hickey 1997). The results of that analysis demonstrated a low level of toxicity to the
amphipod Chaetocorophium c.f. lucasi (see Section 5.2.1).
6.1.3. Far-field effects

Shag Reef is situated 1.1 km from the entrance to the Inner Harbour and represents
one of only two offshore reefs in Lyttelton Harbour (the other being Parson’s Rock.
Both the removal of Z berth for the Inner Harbour berth option and the dredging
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required for the establishment of the Naval Point berth have the potential to produce
turbidity plumes which would affect Shag Reef on the incoming tide. However, it is
noted that this site would be subject to such plumes of resuspended material during
annual dredging of the current swing basin area. The degree to which either of the
cruise ship berth options may exceed plumes from maintenance dredging in either
duration or scale is uncertain, being predicated by dredging/excavation methodology
and duration.
Due to the proximity to the Inner Harbour of the benthic areas which would be
disturbed for either option, the contaminant status of such suspended material is also
potentially of concern, especially since they include seabed which is previously
undisturbed. Pre-characterisation of sediment chemistry within the area of disturbance
for a chosen option is recommended. Depending upon the results of sediment
characterisation and the scale of the activity, some monitoring of Shag Reef habitats
may be appropriate (e.g. baseline and follow-up intertidal monitoring and
bioaccumulation assays). No ecological information was sourced for Shag Reef.
Unlike Ripapa Island, it is not listed in the Regional Coastal Environment Plan (RCEP)
as an area of significant natural value, although it is listed under schedule 2 (areas of
high natural, physical, heritage or cultural value) for Māori cultural values.
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7. WATER QUALITY IN LYTTELTON HARBOUR
7.1. Water quality classes
Schedule 4 of the Regional Coastal Environment Plan (RCEP) sets out the minimum
standards of water quality. These apply (after reasonable mixing) to each of three
classes applicable to areas of Lyttelton Harbour (Coastal AE, CR and SG). The spatial
boundaries within the Harbour to which the water quality classes apply are shown in
Figure 13.

Figure 13.

Boundaries to water quality classes within the Regional Coastal Environment Plan
(RCEP). From Bolton-Ritchie (2011).

Water Quality Class Coastal AE (water managed for the maintenance of aquatic
ecosystems) applies to the operational area of the Port. However, due to this
operational designation, only three standards apply:
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The natural temperature of the water shall not be changed by more than 3°C, and
shall not exceed 25°C at any time, as a result of any discharge of a contaminant
or water.



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.

It is considered unlikely that any of the recovery projects considered herein will result
in significant changes to water temperature.
While all of the proposed recovery projects will take place within the boundaries of the
operational area of the Port, there is potential for water quality effects to be carried to
adjacent areas of the Harbour by tidal flows and general dispersion. The Port
operational area sits within a wider region designated as Water Quality Class Coastal
CR (water managed for contact recreation and the maintenance of aquatic
ecosystems; Figure 13). Standards are specified for the following water quality
parameters:


Microbiological quality—specifically concentrations of enterococci over the
summer period.



Dissolved oxygen not to be reduced to less than 80% of saturation concentration



Bacterial or fungal slime growth visible to the naked eye



Temperature change as for water quality class Coastal AE



Biochemical oxygen demand (BOD5) of receiving water not to exceed 2 g/m3.



Concentrations of the dissolved fractions of metals not to exceed the following:
o

Arsenic; 50 mg/m3

o

Cadmium; 2 mg/m3

o

Chromium; 50 mg/m3

o

Copper; 5 mg/m3

o

Lead; 5 mg/m3

o

Nickel; 15 mg/m3

o

Zinc; 50 mg/m3

Water Quality Class Coastal SG (water managed for shellfish gathering, contact
recreation and the maintenance of aquatic ecosystems) applies to Rapaki Bay in the
upper Harbour and Harbour waters east of Gollans Bay (Figure 13). In addition to the
standards applicable for class CR waters, these carry a standard for faecal coliform
concentrations.
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7.2. Applicable water quality guideline criteria
Under the ANZECC (2000) water quality guidelines, values for four distinct levels of
protection are presented for a range of contaminants. These levels (99%, 95%, 90%,
80%) are defined as a nominal percentage of aquatic species that will likely be
protected, with 99% being the most conservative and 80% the least. For most
contaminants, the 95% level represents the default value applicable to slightly to
moderately disturbed systems. The other levels are used for systems that are
recognised as varying from this type for specific reasons (e.g. 99% protection may
apply to pristine areas such as marine reserves). The ANZECC approach to the
application of these guidelines may be summarised as follows:
1. Identification of the environmental values that are to be protected in a particular
water body’
2. Identification of the management goals along with the selection of relevant water
quality guidelines for measuring performance;’
3. Development of performance criteria and monitoring to meet these objectives’
4. Identification of management responses to attain or maintain these objectives.
Section 3.1.3 of the guidelines recognises three main categories of ecosystem
condition:
1. High conservation/ecological value systems
2. Slightly to moderately disturbed systems
3. Highly-disturbed systems.
The last of these is defined as “…measurably degraded ecosystems of lower
ecological value.” A number of examples of such “highly disturbed” systems are
presented, including “…some shipping ports and sections of harbours serving coastal
cities, urban streams receiving road and stormwater runoff, or rural streams receiving
runoff from intensive horticulture.”
This classification recognises that “degraded aquatic ecosystems still retain, or after
rehabilitation may have, ecological or conservation values, but for practical reasons it
may not be feasible to return them to a slightly to moderately disturbed condition”.
The wider Lyttelton Harbour clearly fits the default category 2 system (slightly to
moderately disturbed) due to the mix of land uses in its catchment and the 95% level
of protection would apply. However, as a harbour serving a coastal city, the Inner
Harbour better reflects the ANZECC archetype for a category 3 system (highly
disturbed), in particular because of its historical contamination issues. Hence the 80%
protection criteria for water quality are likely to be more appropriate.
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7.3. Mixing zones
The standards listed for Water Quality Class AE (covering the Port operational area)
are limited in their direct applicability to the assessment of zones of reasonable
mixing. In considering areas where coastal water quality classes have not been
assigned, Policy 7.1 of the RCEP recognises that “a reasonable mixing zone will be
applied that, amongst other matters, recognises the assimilative capacity of open
coastal water, the present use of the particular area and the effect on the naturalness
of the area.”
Policy 7.6 of the RCEP identifies matters that are relevant when establishing
reasonable mixing zones. It is stipulated that “a reasonable mixing zone should be
determined by considering, amongst other matters, the following:
a. the volumes, contaminant loading and contaminant concentrations
involved with the discharge;
b. factors such as sea conditions, tides, wave action, water depths, water
velocity, and flushing characteristics that will normally affect the
assimilative capacity of the receiving water and the dispersion of the
contaminants or the discharge water;
c. the presence of an Area of Significant Natural Value at the site or in
close proximity;
d. the existing use of the immediate area, including the presence of other
discharges;
e. if in any area within which a water quality standard is set, the size of
the area in relation to the mixing zone;
f. the proximity of adjacent areas where water quality standards have
been set; and
g. the natural values of the receiving environment.
The general requirements for the zone of reasonable mixing (as outlined in “Resource
Management Ideas No 10 – A discussion on reasonable mixing in water quality
management [Rutherford et al. 1994]) include that:


the mixing zone be kept as small as possible



the sensitivity and value of the receiving environment be considered



any adverse effects within the zone of reasonable mixing should be no more than
minor.
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7.4. Background data
7.4.1. Lyttelton Harbour water quality

Environment Canterbury collected monthly water quality data from sites within
Lyttelton Harbour over four year-long periods between 1992 and 2008. The focus of
this monitoring was nutrient concentrations but suspended solids were also included
over 2007–2008. An analysis of this compiled record, together with microbiological
data from routine summer monitoring at popular swimming sites, was provided by
Bolton-Ritchie (2011). The data did not include metal or hydrocarbon concentrations
in sea water. Notable findings and those relevant to Port operations were as follows:


There were significant differences in nutrient, suspended solids and chlorophyll-a
between sites but typically, turbidity and total phosphorus (TP), dissolved reactive
phosphorus (DRP), and total suspended solids (TSS) concentrations decreased
from the upper to lower Harbour.



A significant proportion of turbidity and TSS was attributed to wave resuspension
of benthic sediment by wave action in shallow water but inputs of fine sediments in
runoff to the Harbour would also contribute.



At one or more sites, there was a significant decrease in TP and DRP over time,
but there tended to be an increase in total nitrogen (TN), including for a site at the
entrance to the Inner Harbour.



The highest concentrations of nitrate and nitrite nitrogen (NNN) appeared to result
from heavy rainfall prior to sampling.



Variations in salinity indicated a considerable influence upon water quality from
freshwater inputs to the Harbour.



At the entrance to the Inner Harbour, there were peaks in nutrient concentrations
at times and significantly higher NNN, ammonia nitrogen (NH3-N), DRP and TP
concentrations at this site compared to two or more of the other Harbour sites.



NH3-N concentrations were not at levels of concern for toxicity at any site.



Dissolved oxygen levels were less than the ANZECC guideline trigger value of
90% saturation for 30% of samples but the minimum recorded was 85%.



Microbiological criteria applicable to waters managed for contact recreation
(western part of Harbour) were being met.



Criteria applicable to waters managed for shellfish gathering were typically not
being met for Rapaki Bay but levels of faecal coliforms tested in shellfish tissue in
2009 were not at levels of concern for human health.

7.4.2. Inner Harbour water quality

In June 2013, Environment Canterbury also sampled surface water on two occasions
within the Port operational area for the analysis of dissolved and total recoverable
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metals (Bolton-Ritchie 2013b). Except for copper and zinc, the majority of dissolved
metals9 were below the ultratrace analytical limit of detection (ADL) for both sampling
events. All samples collected from the four stations outside the Inner Harbour were
below ADL for all dissolved metals. Only copper exceeded its corresponding ANZECC
(2000) trigger level at the 95% level of protection (1.3 µg/L; eleven samples and three
samples from the first and second sampling events, respectively).
The two sampling events were a week apart. The first event was preceded by
significant rainfall (86 mm in the previous 48 hours). For both events, samples with the
highest dissolved copper concentrations were collected from the vicinity of the dry
dock discharge in the western Inner Harbour, that from the first event (3.3 µg/L)
exceeding the ANZECC trigger at the 90% level of protection (3 µg/L).
It was noted by Bolton-Ritchie (2013b) that dissolved copper concentrations were
typically greater for samples collected adjacent to the shoreline. The data suggested a
clear link between copper and zinc concentrations (both dissolved and total
recoverable) and stormwater run-off within the Inner Harbour. While stormwater does
not represent a continuous source, elevated metals loads have been well documented
and volumes entering harbours from the impervious surfaces of urban areas can be
relatively large. Stormwater from commercial/industrial areas of urban catchments can
have median values for copper concentration of 30 µg/L -50 µg/L (Kennedy 1999).
The depressed salinity in samples from the first sampling event following significant
rain strengthens this association. However, where there is a distinct surface layer of
low salinity water, the results of surficial sampling may not reflect the entire water
column.
The link to stormwater for copper is notable since it is the principal active agent in the
majority of hull antifouling paints and a constant flux leaching from these coatings on
vessel hulls can be expected. The computer model MAM-PEC (Marine antifoulant
model to predict environmental concentrations) was developed by the OECD and has
been adapted for New Zealand marinas and ports by NIWA. NZEPA (2012) used
MAM-PEC for predicting concentrations of antifouling active agents emitted from
vessel hulls in three New Zealand exposure scenarios, one of which was Lyttelton
Harbour. Using a mean copper leaching rate for antifouling coatings of 18 μg/cm2/day,
the predicted environmental concentration (PEC) for copper in Lyttelton Inner
Harbour, was calculated as 2.5 μg/L. The fact that this concentration was generally
reached in the Inner Harbour only for the first ECan sampling event when significant
run-off inputs were suspected suggests that the model is suitably conservative10. It is
noted that for class CR and class SG waters, the RCEP stipulates that a standard for
copper of concentration 5 μg/L must not be exceeded.
9

Metal analytes included cadmium, chromium, copper, mercury, nickel, lead and zinc. Organotin compounds and
total suspended solids were also analysed.
10
An earlier application of MAM-PEC for Lyttelton by Gadd et al. (2011) used used a lower leaching rate of
2
8.2 μg/cm /day, arriving at a predicted environmental concentration of around 1 μg/L.
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7.5. Assessment of effects on water quality
Generally, with the exception of operational effects such as stormwater, the
assessment of effects on water quality is considered in more detail within each section
pertaining to a specific project group. The following section provides an overview of
water quality effects with respect to general activity categories.
7.5.1. Construction phase effects
Seabed disturbance: turbidity plumes

The construction activities with the greatest potential to generate turbidity plumes are
those of reclamation, dredging and excavation. However, the scale and duration of
dredging and excavation work required for most projects is unlikely to eclipse that
annual maintenance dredging. The possible exceptions to this would be dredging of
an expanded swing basin for the Naval Point cruise ship berth option or the removal
of Z berth (Section 6).
Monitoring during the current reclamation work in Te Awaparahi Bay (end-tipping and
placement of earthquake rubble) suggests that significant plumes from reclamation
work will likely be quite localised to the area of construction (Sneddon 2011c,
Appendix 1). But this is highly dependent upon the construction methodology and fill
material used. Use of dredged marine sediments or other loess material as fill for a
bunded area has the potential for loss of fine material to the Harbour. As the
reclamation face progresses further out towards the main channel, any plumes
generated may also have the potential to propagate over greater distances with tidal
flows less impeded by the Cashin Quay breakwater.
The semi-enclosed nature of the Inner Harbour will confer a degree of containment for
plumes generated within its breakwaters, although significant short term turbidity
increases within the Inner Harbour are likely to be unavoidable during
excavation/dredging work unless containment measures such as silt curtains are
employed.
Some demolition and wharf/seawall construction work may have the potential to
resuspend significant quantities of benthic sediments, but this is more likely for Inner
Harbour projects. Although the available project detail indicates that piling operations
will be extensive, turbidity effects arising from this work are likely to be small in scale
and very localised.
Sediment loading within run-off from construction areas

Land-based construction activities adjacent to the Harbour can be the source of
significant entrainment of fine sediment in run-off, especially when those activities
involve earthworks or other ground preparation (e.g. for pavement surfaces). There is
not enough information to assess the significance of such inputs from recovery
projects; however, best practice sediment management should be part of any process
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that exposes earth to erosion by run-off flows. It is expected that minimisation of such
sources or interception and containment of flows will be a component of the
Construction and Environmental Management Plans or any other site-specific
management plans for all such work.
Contaminant release from sediments

Areas of the Inner Harbour generally represent the greatest potential for contaminant
migration and release from sediments during construction activities, particularly the
identified contaminated zone offshore from the dry dock. Compiled data concerning
contaminant distribution within the Inner Harbour is presented in Section 5.2.1 and the
implications for sediment resuspension and migration are assessed in Sections 5.3.3
and 5.3.4.
It is important to note that shoreline areas of the Inner Harbour and those very close
to or beneath current structures may have a different contaminant status to berth
pocket and swing basin areas where depths have been maintained by occasional
dredging. Where practicable, pre-characterisation of sediment chemistry may be
necessary for decision processes around spoil disposal. However, due to the
negligible current velocities in the Inner Harbour, there is only limited potential for the
migration of sediment plumes, especially to outer Harbour areas (Section 5.3.4).
Depending upon the scale of an activity (demolition, excavation) and the contaminant
status of the sediments affected, there may be cause to consider some form of
containment of sediment suspensions in environmental management planning for
Inner Harbour projects.
Projects which may more directly expose outer Harbour waters to contaminants
associated with resuspended sediments are:


Removal of Z berth mole (Inner Harbour cruise ship berth option).



Dredging of swing basin for Naval Point cruise ship berth option.



Construction of the Te Awaparahi Bay reclamation.

The contaminant status of sediments which would be disturbed by either of the cruise
berth options is unknown and spatial sampling to assess this ahead of these projects
(should they occur) is recommended.
The contaminant status of benthic sediments within Te Awaparahi Bay is reasonably
well known. There appears to be an area of slightly elevated contamination (mercury,
lead, copper) close inshore near Battery Point) and low levels of PAHs more generally
distributed and possibly associated with coal particulate material (Section 3.2.3). It is
considered that there is significantly less potential for resuspension of these
sediments with reclamation construction compared to dredging. Moreover, the site
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near Battery Point is potentially within an area of the reclamation for the Stage 2
container terminal which may be constructed by infilling following bunding of the area
into a reclamation “paddock” (Section 3.1). This methodology would be expected to
significantly limit the escape of benthic sediments within the paddock perimeter.
The release of nutrients or organic matter from benthic sediments with implications for
the stimulation of algal blooms and dissolved oxygen suppression is not considered a
significant risk for recovery projects. The relatively low level of organic enrichment of
Te Awaparahi Bay sediments and other fine surficial sediments in the outer Harbour
(2%–4% LOI; Sneddon & Bailey 2010, Sneddon & Dunmore 2014) indicates that their
resuspension will not result in measurable effects to dissolved oxygen levels in
adjacent Harbour waters.
Some Inner Harbour berth pockets have yielded higher organics levels (4%–9% LOI;
Bennett & Sneddon 2006), and also elevated levels of total nitrogen and phosphorus,
relative to swing basin areas (Sneddon 2013a). However, the enrichment is
considered moderate (TN 900 mg/kg-1300 mg/kg) and the areas affected appear to
be small. Loading of fertiliser occurs at No. 2 Wharf within the Inner Harbour. Removal
of pilings may mobilise sediments which have accumulated high levels of nutrients. As
discussed earlier (Section 5.3.3), construction works that have the potential for
resuspension of significant quantities of sediments in the Inner Harbour should be
subject to a pre-characterisation survey which will determine whether any mitigation
measures need to be taken.
7.5.2. Stormwater discharges

Stormwater represents one of the principal ongoing mechanisms by which
contaminants may enter the marine environment from Port operations, with the quality
and quantity of stormwater being directly related to the types of land-use occurring
within Port run-off catchments. The assessment of specific contaminant loads to the
Harbour would require a systematic analysis of current and projected land uses and
practises, with validation from direct sampling of catchment run-off (e.g. Barter 2002,
Sneddon 2005). Table 6 lists stormwater contaminant classes associated with generic
land uses typical of port operations.
The historical monitoring record focussing on Lyttelton Port stormwater discharges
has investigated contaminants in benthic sediments and has principally focused on
impacts associated with coal fines (e.g. Barter 2003; Conwell 2008, Sneddon 2014)
although many of the parameters measured are ubiquitous stressors in
urban / industrial stormwater. Polycyclic aromatic hydrocarbons (PAHs) and trace
metals at low levels (but above background) have been a feature of these studies and
are typical of port areas generally.
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Biochemical, and chemical, oxygen demand, respectively.

The proposed reclamation would lead to an increase in the quantity of stormwater
discharged to the near-shore marine area from the Port; however the increased
volume is considered to be of secondary significance compared to contaminant
loading. It is understood that a significant proportion of the area of the proposed
reclamation will be utilised for container operations. The activities associated with this
land-use arguably have relatively less impact on stormwater quality than those
associated with bulk material handling (e.g. log / chip, coal or bulk fertiliser). While this
was generally supported by stormwater analysis carried out by (Barter 2002) at the
Port of Napier, moderately elevated levels of some metals (lead and zinc) were
observed in first flush samples from container yard catchments.
Stormwater discharges are likely to be a concern mostly for the introduction of
contaminants and nutrients to receiving waters. Barter (2002) and Sneddon (2012b)
found that stormwater runoff from container marshalling areas at Napier consisted of a
similar suite of contaminants to that generally associated with urban stormwater,
which typically contains both trace metals and hydrocarbons in concentrations above
natural background levels (e.g. Kennedy 1999). However, semi-volatile organic
compounds (SVOCs, which include a number of pesticides and herbicides) were, for
the most part, below analytical detection limits in the container yard run-off samples.
Taking into account the peak nature of first flush concentrations, the results from this
monitoring work was considered to represent relatively low overall stormwater
contaminant levels for the container marshalling catchment.
The design and operation of stormwater systems can be optimised to minimise the
concentrations of contaminants in the discharge. Typical design and best practice
source control elements include:
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Sound house-keeping practices with respect to large impervious surfaces,
stockpiles and storage areas



Effective reporting of, and response to, spills



Inclusion of emergency shut-off valves on silt trap outlets.



Bunding of high-risk areas for spills



Dust suppression / containment



Wash-down pads provided (vehicles, containers) with run-off directed to sewer



Contaminant sources covered where possible



Well-maintained silt traps in stormwater lines



Strainers / screens to separate debris (e.g. for log storage yards).

Stormwater discharge is episodic in nature rather than a continuous source of
contaminants. Therefore, toxicity from chronic exposure is likely only if contaminant
loading to the receiving environment results in accumulation in environmental
compartments such as sediments, biota and the water column. Such accumulation
can be mitigated via designing for spatially distributed outfalls discharging to locations
that are dispersive rather than depositional.
Nutrients and microbiological quality

Although any increase in the scale of Port operations and the catchment area has the
potential to increase contaminant loading, implications for changes to the nutrient
status of Harbour waters as a result of stormwater run-off from the proposed recovery
projects would appear to be limited. Similarly, changes to microbiological quality of
Harbour receiving waters are not suggested by the project detail specified.
Colour and clarity

Clarity is a measure of the transparency of a waterbody, and decreases as suspended
solids concentration and associated turbidity increases. Discharge of highly turbid runoff has the potential to reduce visual clarity in the receiving environment. An
associated change in water colour ay occur 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 such discharges can also
potentially lead to changes in seabed biota, for example through smothering and
alteration of sediment texture.
The waters of Lyttelton Harbour are usually relatively turbid, with the natural clarity
regime dominated by wave re-suspension of sediments and inputs to the wider area
from run-off and river discharges, particularly during and after heavy rain. This makes
the Harbour waters to some extent less sensitive to such effects than situations where
background water clarity is greater.
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Rule 7.2 b (ii) of the Regional Coastal Environment Plan (RCEP) currently permits the
discharge of stormwater subject to a number of conditions. It stipulates that, within
waters classified as Coastal AE (aquatic ecosystems) or Coastal CR (contact
recreation), the colour of the receiving water shall not be changed by greater than 10
points on the Munsell Scale, and the visual clarity of the receiving water shall not be
reduced by greater than 50%.
The primary problem with these standards is that they were derived for freshwater
environments and may be overly restrictive to harbour and estuarine areas that
naturally undergo changes well in excess of the guideline values. A recommendation
to replace such numerical limits with narrative standards for the Lyttelton Port
Operational area is supported on the grounds that it is likely that natural run-off from
most storm events would frequently exceed these limits.
OCEL (2014) noted that turbidity in Lyttelton Harbour varies spatially, both across the
Harbour and vertically with depth. This variability is dependent principally upon
weather and sea-state conditions and vessel movements. The presence of
background turbidity variation at a magnitude similar to that allowable by Rule 7.2 b
(ii) was indicated by observations and measurements made during the monitoring of
reclamation plumes by Sneddon (2011c), the spatial plots from which are reproduced
in Appendix 1 (see Figure A1.5).
7.5.3. Discharges from general Port operations

Port marine environments are exposed to a wide range of contaminants from a
similarly wide range of sources. Direct discharges to Harbour waters may occur in the
form of spills during loading and material handling processes and from wind-blown
particulate material. Vessel maintenance activities are also a source of direct
discharges. The discharge from the Lyttelton dry dock facility is principally responsible
for the high levels of contaminants in the benthic sediments adjacent to the Inner
Harbour basin’s western shoreline. Levels of sediment contamination documented for
areas outside the dry dock contaminated zone (> 150 m from the dry dock) are
generally consistent with those found in inner port areas elsewhere, both nationally
and internationally (see Section 5.2.1).
Most direct discharges to the Harbour are nowadays subject to specific controls which
significantly limit their severity compared to historical practices. Even the passive
leaching of biocidal agents from antifouling coatings on vessels is subject to controls
and approvals over specific compounds and rated fluxes (e.g. NZEPA 2013, IMO
2001). More diffuse sources of hydrocarbon compounds may be represented by the
engine exhausts of vessels and other machinery.
The dry dock discharge is subject to consent limits on discharged effluent quality but
any upgrade to the current treatment system has the potential to have a positive effect
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on water quality (copper, zinc and co-biocides) within the Inner Harbour. However,
there is also the potential for an increased input of these contaminants due to the
larger area of antifouled hull surface represented by an expanded Dampier Bay
marina.
Gadd et al. (2011) and Gadd and Cameron (2012) used the MAM-PEC model to
predict copper loadings to Auckland marinas due to leaching of antifouling paint from
vessels. Auckland’s Half Moon Bay marina has ~500 vessels with roughly half of this
number in the 5-11 m size range and half 11 m–20 m. The capacity of this marina is
therefore similar to that of the proposed Dampier Bay marina (although vessels sizes
in Lyttelton may be slightly smaller). The MAM-PEC-predicted total copper loading to
Half Moon Bay marina was calculated at 2.0 kg/day based on a standard leaching
rate11 for copper of 8.2 μg/cm2/day.
While the resultant predicted environmental concentration for Half Moon Bay is not
transferable to Lyttelton Inner Harbour due to disparate flushing characteristics, the
total copper loading may be put in the context of that predicted for shipping emissions.
The modelling inputs for Lyttelton Inner Harbour used by Gadd et al (2011) were
based on 16.5 ships in Harbour distributed among five size classes (< 50 m to 250 m–
300 m) and giving a total wetted surface area of 44,500 m2. At the 8.2 μg/cm2/day
leaching rate, this amounts to a total copper loading from shipping of 3.7 kg/day.
Adjusting for the ~90 recreational and small fishing vessels currently using the pile
moorings in the Inner Harbour, the additional loading rate attributable to the proposed
500 berth Dampier Bay marina represents around 45% of the value calculated for
current shipping. But since the demolition of Jetties 4, 5 and 6 is also proposed (and is
necessary to allow space for the Stage 2 marina development), the contribution from
commercial shipping will likely decrease somewhat. Nonetheless, the marina will
represent a significant relative increase in copper loading from this source. In the
context of total inputs of copper to the Inner Harbour, it is possible that the proposed
Port recovery scenario will not eclipse historical loadings. This is due to the operation
of the dry dock, for which the effluent was discharged untreated to Inner Harbour
waters prior to the mid-1990s.
Gadd et al. (2011) noted that the PEC for copper in Lyttelton Inner Harbour was
among the highest for New Zealand ports, this being due to its relatively small size
and narrow entrance (~170 m) that results in only limited flushing. Increased shipping
would also add to inputs via passive leaching of antifouling agents but this is presently
unquantified and may be offset somewhat by fewer but larger vessels using the Port.
11

There is considerable range in the leaching rate estimates that can be used in risk assessments.
NZEPA (2012) used 18 μg/cm2/day in their preliminary risk assessment. Although the lower leaching
rate used by Gadd & Cameron (2012) is below that which is recommended for effective antifouling
control (10 μg/cm2/day), this rate accounts for the many vessels that have biofilm growths, have not
recently been repainted or are not adequately maintained.
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7.5.4. Other longer-term effects

While changes to wave climate have the potential to change the rate of benthic
resuspension, such changes arising from altered Harbour hydrodynamics will have
only localised effects. They will moreover be effectively balanced over the scale of the
wider Harbour region, with resuspension increasing slightly in some areas while
decreasing in others. Hence changes in Harbour turbidity are expected to be
negligible on a harbour-wide basis and also in the upper Harbour regions where wave
energy changes are predicted to be very small (Goring 2014).
Hydrodynamic changes are furthermore not expected to affect the flushing
characteristics of the Harbour. The change to the Harbours tidal prism will be very
small, hence tidal water exchange will be largely unaffected.
There is likely to be an increase in the amount of maintenance dredging required on
an annual basis. This will be commensurate with the incremental increase in the
swing basin and berth pocket area required for the recovery project options.
Maintenance dredging represents an ongoing periodic source of resuspended
sediments affecting the Port operational and adjacent areas. A sometimes overlooked
source of benthic resuspension is the propeller and hull turbulence associated with
shipping movements, especially larger, draft-constricted vessels. Hence increases in
shipping traffic also represent a factor contributing to turbidity in the outer Harbour.
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8. POTENTIAL FOR CUMULATIVE EFFECTS FROM PROJECT
ACTIVITIES
8.1. Cumulative effects from co-occurring projects
The 15+ year timeframe currently projected for the recovery projects is preliminary
and does not yet include provision for the establishment of a cruise ship berth. While
the reclamation is likely to be a staged activity completed over a significant time
period (whichever configuration is finally chosen), schedules for many of the projects
will be subject to change. Hence any attempt to comprehensively assess the shortterm cumulative effects from co-occurring projects is of questionable value. However,
a number of observations may be made regarding the potential for spatial overlap in
predicted impacts. The principal far-field effects of project activities are considered to
be altered hydrodynamic conditions, underwater noise and turbidity plumes. The
effects of underwater noise are beyond the scope of this report and are being covered
separately.
Spatial separation is such that significant reinforcement of plumes from effectively
unrelated project activities is likely to be an issue mainly within the relatively confined
area of the Inner Harbour. However, there remains some potential for overlapping
plumes within the outer Harbour. For instance, excavation of the Cashin Quay batter
slope by barge-mounted excavator could be undertaken at the same time as dredging
of the Naval Point cruise ship berth. However, due to the dispersion and natural
attenuation of such plumes over these intermediate distances (OCEL 2014), it is very
unlikely that the overlap of such plumes would compound their individual effects to a
measureable extent. Hence project scheduling to avoid such co-occurring effects is
not a recommended requirement.
The migration of contaminants released from and bound to resuspended sediments is
also of potential concern, chiefly for projects within the Inner Harbour and its
immediate approaches. The limited area of the Inner Harbour means that elevated
turbidity from co-occurring activities involving seabed disturbance will tend to overlap.
Moreover, limited flushing is likely to see these conditions persist while such projects
are progressed. This situation is considered to be practically unavoidable; however,
containment measures may be employed to limit the migration of sediment-associated
contaminants.

8.2. Potential effects on fish species
8.2.1. Fish movements

Movements associated with spawning cycles for a number of key species are known
or inferred. Coleman (1978) established that offshore spawning sites for sand flounder
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from Lyttelton Harbour occur in deeper waters off Akaroa and in the Canterbury Bight.
Yellowbelly flounder (Rhombosolea leporina) are similarly believed to spawn in
deeper waters. Spawning grounds for red cod have not been identified. Spawning is
believed to occur in deeper waters over the continental slope. Red gurnard
(Chelidonichthys kumu) are similarly believed to spawn over inner and mid-shelf areas
(Hurst et al. 2000).
Red cod appear to represent a common prey species for Hector’s Dolphins (Miller et
al. 2013). While the greater usage of Lyttelton Harbour waters by dolphins during the
summer may be related to food availability, it is noted that spawning time for red cod
appears to be variable with running ripe fish12 being recorded from all seasons
(NABIS lineage document—Spawning distribution of red cod).
Francis et al. (2011) reported that Lyttelton Harbour is known to represent a nursery
ground for two small ovoviviparous13 shark species; school shark (Galeorhinus
galeus) and rig (Mustelus lenticulatus) although it was noted that few data exist to
quantify the importance of the Harbour in this regard. Rig aggregate in shallow
inshore waters around most of mainland New Zealand during spring to give birth to
live young, and to mate. The general area of Pegasus Bay appears to be one of a
number of broad hot-spot areas for juvenile school sharks around the New Zealand
coastline, but the species is considered to comprise one biological stock in New
Zealand waters based on documented ranges for tagged individuals (Blackwell &
Francis 2010).
Since they do not require specific habitats for egg-laying, school shark and rig are
likely to avoid the immediate areas of benthic disturbance without significant
disruption to the life cycles of populations utilising Lyttelton Harbour. It has been noted
that pregnant female rig can travel large distances in a short time (www.nabis.govt.nz
lineage document; spawning rig). With the possible exception of these small sharks,
there is little information suggesting the importance of Lyttelton Harbour as a
spawning or nursery area for key offshore fish species.
8.2.2. Turbidity

Turbidity increases will occur for a number of project components and these effects
are likely to be greatest in intensity and spatial scale for dredging operations. With the
possible exception of the cruise ship berth options, the dredging operations outlined
for the project groups covered in this report will not exceed annual maintenance
dredging in either scale or duration. Significant turbidity plumes may also be
associated with reclamation activities, depending upon the construction methodology
adopted, but high strength plumes are likely to be spatially limited.
12

During the spawning period, females are referred to as 'ripe' when they have nearly-mature eggs scattered
throughout their gonad and 'running ripe' once these mature eggs have ovulated and are ready for release.
13
Mode of reproduction whereby eggs are hatched within the body, so that the young are born alive but without
placental attachment.
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Fish which utilise Lyttelton Harbour either year round or as part of seasonal cycles will
be adapted to tolerate the elevated turbidity that is a natural feature of the area. While
some avoidance behaviour may potentially occur for areas of extreme sediment
resuspension, these areas will not be of an extent that will significantly hamper fish
passage up and down the Harbour.
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9. SUMMARY AND CONCLUSIONS
9.1. General
Lyttelton Harbour features expanses of mud-flats in its upper reaches and significant
wind-fetch and wave penetration. This contributes to a naturally turbid environment.
Water column suspended sediment concentrations can also vary through quite wide
ranges. Species frequenting the Harbour year-round, or as part of their natural
range / life cycle, will be naturally tolerant of these conditions.
With the exception of hydrodynamic effects from the reclamation and underwater
noise, marine ecological effects from the proposed activities and developments will
occur over limited spatial areas. For the project activities considered, turbidity plumes
may occur over intermediate distances (hundreds of metres) but are unlikely to
eclipse those of annual maintenance dredging and, with the possible exception of
reclamation construction, will be of limited duration.
Piling operations are common to all of the four recovery project groups. Most effects
from pile driving are very localised to the immediate vicinity of seabed disturbance; the
exception being underwater noise. The relatively enclosed nature of the Inner Harbour
is likely to afford a degree of containment for limiting noise propagation from piling
operations.
Due to co-occurring project timelines, there is potential for cumulative effects from
project construction components to occur, but these are expected to be effectively
limited to underwater noise and turbidity plumes. The spatial separation of project
activities is such that significant reinforcement of plumes of resuspended sediments is
likely to be a possibility only for projects within the Inner Harbour. The management of
suspended sediment both from land-based and marine-based construction is
expected to be addressed in the Construction Environmental Management Plan
(CEMP) and any further detailed management plans that follow on from this overarching Plan.

9.2. Reclamation
The proposed reclamation will result in the permanent loss of up to 37 ha of soft
sediment benthic habitat. Current design options suggest that only a very small area
of natural reef substrate will be displaced by the reclamation. The riprap facing
structure of the current coalyard represents the majority of the intertidal and subtidal
hard substrate habitat within the reclamation footprint and will be replaced by a similar
area of facing material on the new reclamation.
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Intertidal and subtidal surveys have identified no habitats, communities or organisms
of special scientific or conservation value within Te Awaparahi Bay; nor were the
communities described identified as being limited in occurrence within the wider area
of Lyttelton Harbour. On these bases, effects on fishery and other ecological
resources resulting from direct displacement or disturbance to habitats are expected
to be minimal.
The generation and propagation of turbidity plumes from construction of the
reclamation depend strongly upon the design of the chosen option and the
methodology and materials employed to build it. Direct monitoring of plumes from the
end-tipping and placement of clean earthquake rubble for the currently progressing
(Stage 1) reclamation project indicated that plumes were relatively localised, and the
effect on far field turbidity was unlikely to exceed that of natural variation from periodic
land run-off and wave resuspension of sediments. However, the use as reclamation fill
of mixed rock / loess material from the construction of the haul roads has the potential
to generate plumes of greater strength and persistence than has been the case for
earthquake rubble.
Although low levels of some trace metal contaminants have been measured in some
sediment samples from Te Awaparahi Bay, elevated concentrations have not been
consistently present and appear to result from the heterogeneous distribution of
discrete particulate material rather than being representative of bulk sediment
concentrations. This contamination is not considered to represent a significant risk to
adjacent Harbour areas if disturbed by construction processes.
The use of quarried rock material for reclamation fill or armour facing is similarly not
considered to represent a significant contamination risk. If the use of marine hydraulic
fill from dredging operations is considered, its contamination status should be
established. Handling and possible containment measures can then be set
commensurate with an assessed risk from the escape of fine material.
9.2.1. Effects from altered hydrodynamics

In terms of wave energy, Lyttelton Harbour shorelines represent a roughly continuous
spectrum from high energy conditions at the heads to low energy shallow mud-flats in
the upper reaches. Shoreline and shallow subtidal communities are inherently
adapted to the conditions under which they are established. Changes to these
communities as a result of changes in significant wave height will manifest as
horizontal shifts (generally up- or down-harbour) in the pattern of species dominance
along the current continuum.
Since only a limited number of species occur just at the current wave exposure
extremes of the Harbour, and the predicted changes in wave climate at the shorelines
are generally not large, most of these shifts will be relatively subtle. The hydrodynamic
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modeling suggests that such community shifts will occur - and may be discernible - in
the outer Harbour (increased wave energy east of Battery Point) and the central
Harbour (e.g. decreased wave energy at Stoddart Point, Diamond Harbour).
Relative changes in wave heights for the upper Harbour are predicted to be very
small. This is because the wave climate of the upper Harbour is dominated by wind
waves which are affected only in close proximity to the Port structures. Hence any
changes in upper Harbour shoreline and shallow subtidal communities resulting from
alteration of the wave climate are expected to be negligible.
Changes in tidal current velocities are predicted to occur mostly in the vicinity of the
reclamation, shipping channel and associated swing basins. However, the net
transport potential for resuspended sediments will be essentially unchanged. While
lower water currents tend to favour deposit feeding organisms over filter feeders, the
subtidal soft sediment communities of the central and outer Harbour areas already
tend to be dominated by the former.
Limited changes in sediment texture will potentially occur at some sites in the central
Harbour due to changes in wave climate, and these will affect the harbour-bed
communities supported. But based on the present range of soft sediment communities
harbour-wide, these changes are likely to be small and affect limited spatial areas.

9.3. Cashin Quay projects
Direct impacts upon marine habitats from construction/reinstatement work on Cashin
Quay will be limited to areas within the berth pocket and swing basin. These areas are
both heavily modified and frequently disturbed by shipping movements and
maintenance dredging.
Dredging and excavation are likely to be the major activities responsible for the
generation of plumes of resuspended sediments. However, the proposed construction
activities at Cashin Quay are not considered to have the potential to produce larger or
more intense plumes than those associated with routine maintenance dredging of the
current swing basin area.
The compiled sediment contaminant data for the Cashin Quay berth pocket suggests
that bulk sediment concentrations of trace metals and tributyltin tend to be below
levels of ecological concern in the context of either spoil disposal or resuspension
processes.
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9.4. Inner Harbour projects
The Inner Harbour projects proposed for the Recovery Plan collectively cover
significant works to almost all of the wharf structures and potentially involve a number
of seawalls. However, the level of shoreline modification, number of artificial
structures and historical contamination means that the Inner Harbour environment
should be considered a moderately to highly degraded system. Seabed habitats within
the Inner Harbour support a relatively depauperate benthic community dominated by
small-bodied polychaete worms.
The potential migration of contaminants from the zone of high concentrations offshore
from the dry dock is a key concern for any activities which result in direct disturbance
of these sediments. The current pile moorings for recreational vessels, and likely the
proposed Dampier Bay marina, extend into this zone of contaminated sediments.
Project operations which have the potential for resuspension of significant quantities
of sediments in areas previously undredged should be identified in environmental
management plans which set out mitigation and control measures to be taken.
Nonetheless, tidal currents have been shown to be essentially non-existent in the
north-west corner of the Inner Harbour. Hence particles suspended in the water
column would be unlikely to be carried out of this area without the influence of other
transport factors such as wind-induced surface currents and the hull turbulence and
propeller wash associated with vessel movements.
In the Inner Harbour sediment should be pre-characterised to determine its
contamination status before dredging and subsequent sea disposal of spoil is carried
out. The practices and procedures to carry out this pre-characterisation work should
be set out in a Sediment Analysis Plan (SAP). This approach is required under the
maintenance dredging coastal permit issued in April 2014.

9.5. Cruise ship berth
Two options are considered for the establishment of a cruise ship berth; one at the
present Gladstone Pier within the Inner harbour (requiring the removal of the Z berth
section of the eastern mole) and the other a fixed pier at Naval Point just west of the
entrance. Both options are located adjacent to highly modified shorelines and over
soft sediment benthic substrates similar to those occurring throughout the Port
operational area.
Although the change to hydrodynamic conditions in the Inner Harbour as a result of
the removal of the Z berth section of the breakwater is predicted to be small, any
increased circulation carries some potential for the migration of sediment
contamination both within the Inner Harbour and to the outer Harbour.
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Due to uncertainties still remaining regarding levels of sediment toxicity for areas just
outside the Inner Harbour, it would be prudent to extend the requirement for sediment
pre-characterisation (as part of an SAP) to potential capital dredging or excavation
associated with either option.

9.6. Lyttelton Harbour water quality
Localised resuspension of benthic sediments and turbidity plumes are identified as the
principal source of effects upon water quality for construction activities. The activities
with the greatest potential to generate such plumes are those of reclamation, dredging
and excavation. It is noted that a degree of containment of plumes will be afforded for
Inner Harbour projects by its partially enclosed configuration and consequently limited
flushing.
Source control for sediment entrainment within run-off from land-based earthworks
and ground preparation activities will need to be a focus of environmental
management plans.
Areas of the Inner Harbour generally represent the greatest potential for contaminant
migration and release from sediments during construction activities, particularly the
identified contaminated zone offshore from the dry dock. Areas close to seawalls and
stormwater outfalls and beneath wharf structures may also carry elevated sediment
concentrations. The release of nutrients or organic matter from benthic sediments is
considered to generally be of lesser concern.
Reclamation will result in the generation of an increased quantity of stormwater
discharged to harbour waters, although the spatial expansion of container marshalling
operations is not expected to result in poorer run-off quality. In any case, the
redevelopment of existing Port land areas represents an opportunity to effect a net
positive improvement in the quality of stormwater run-off discharged to the Harbour
through best practice design incorporating source control features.
Improvements to the treatment plant for dry dock effluent may decrease the input to
Harbour waters of antifouling active agents from this source. However, it is estimated
that the increase in antifouled hull surface area represented by the proposed Dampier
Bay marina will increase inputs from passive leaching by as much as 45%.

9.7. Potentially sensitive ecological receptors
9.7.1. Fish

Many of the effects identified for recovery projects are spatially limited and fish
species, if they are affected at all, will be able to avoid areas of stress. While the
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proposed reclamation will ultimately displace up to 37 ha of benthic habitat, the
specific area involved possesses no attributes that mark it as potentially more
important to fish species than similar habitats harbour-wide.
Elevated turbidity in the vicinity of dredging, excavation, reclamation and construction
activities and at points down-current may also represent a stressor to some fish
species. However, the naturally turbid nature of the Harbour environment and the
highly elevated turbidity associated with episodic storm events makes it likely that fish
would respond principally by avoiding the immediate area of the source, in which case
effects to populations would be minimal. Even where such avoidance behaviours
occur, turbidity plumes are not expected to interfere with fish movement up- or downharbour.
9.7.2. Brachiopods

The status and possible distribution of the brachiopod Pumilus antiquatus in Lyttelton
Harbour is at present unknown. However, its formal national status as endangered
means that activities involving the disturbance of potential intertidal and shallow
subtidal habitats where the species may exist will need to be preceded by surveys to
establish its non-occurrence or wider distribution.

9.8. Monitoring
Due to the current lack of detail and uncertain schedules for many of the recovery
projects, it is difficult to formulate clear and comprehensive recommendations for
environmental monitoring. It is anticipated that appropriate monitoring will be designed
and implemented as necessary for those specific activities that require resource
consent.
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11. APPENDICES
Appendix 1.

Results and graphical interpretation of data from monitoring of turbidity plumes
from reclamation activities on 24 August 2011 (from Sneddon 2011c).

Figure A1.1. Aerial photograph (2010) with overlay showing spatial layout of water sample collection in
Te Awaparahi Bay, 24 August 2011. The extent of the reclamation is not shown, but the
arrangement of the containment boom relative to the reclamation front was similar to that
shown in Figure A1.2 below.

Figure A1.2. Aerial photograph of the reclamation taken on 22 September 2013 showing positioning of
the floating containment boom.
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Table A1.1. Total recoverable metals concentrations and physical and optical parameters of water samples collected in the vicinity of Te Awaparahi Bay during
reclamation activities on 24 August 2011. Values in bold font denote where metals were measured above the ADL. Cadmium, chromium and mercury
were below ADL for all samples. All parameters were measured within the water sample itself except for OBS turbidity and transmissivity, which are
derived from readings taken simultaneously with sample collection. Due to the relatively “noisy” OBS turbidity data, the values listed in the table were
generated as averages of measurements taken at sample collection ± 15 seconds. Shaded cells represent the two control or reference samples
collected further off-shore and up-current.

Sample
WQU01
WQU02
WQU03 (Cntl1)
WQU04
WQU05
WQU06
WQU07
WQU08 (Cntl2)
WQU09
ANZECC (2000)
95%
90%

Time
(NZST)
10:49
11:32
11:44
13:34
13:47
14:04
14:09
14:51
15:05

Arsenic
< 4.2
< 4.2
< 4.2
< 4.2
< 4.2
< 4.2
< 4.2
4.5
< 4.2
-

Metals / metalloids
(total recoverable fraction)
(mg/m3)
Copper
Lead
Nickel
< 1.1
< 1.1
10.8
< 1.1
1.4
17.3
< 1.1
< 1.1
12.1
< 1.1
2.7
11.9
1.2
2.2
9.7
< 1.1
< 1.1
12.2
< 1.1
< 1.1
10.9
< 1.1
< 1.1
8.6
< 1.1
< 1.1
9.0
1.3
3

4.4
6.6

70
200

TSS
(g/m3)
Zinc
< 4.2
8.8
< 4.2
7.4
6.7
5.7
6.6
< 4.2
8.3

10
18
16
20
31
31
37
8
25

Turbidity
(NTU)
(Lab)
(field)
2.1
7.9
7.6
9.7
8.9
10
11.2
22
16.5
16
15.5
22
21.3
3.4
5.1
13
12.7

OBS *
Turbidity
(FTU)
(field)
7.2
14.0
10.4
16.0
14.6
19.4
16.4
9.8
17.6

Transmissivity
(%)
(field)
48
20
25
19
17
9
6.5
39
16.5

15
23

* The OBS turbidimeter used to gather this data had a custom 5× gain setting which was overlooked in the reporting of these values in Sneddon (2011c) so ranges listed in this table
have been adjusted accordingly (divided by five):
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Figure A1.3. Timeline of the water clarity (turbidity and transmissivity) record as measured by the survey vessel throughout the monitoring period, showing the total
suspended solids (TSS) concentrations of water samples taken at various points (green bars). The axes have been scaled to superimpose the
simultaneously recorded OBS turbidity (red) and transmissivity (black) plots. Over this period, the vessel was moving in and out of the Bay and through
both background- and reclamation-associated turbidity plumes (see tracks, Figs A1.4–A1.8). Placement of rubble in Bay waters was sporadic before
11:30 NZST and construction-related plumes were not distinct before this time. There is some indication of a change in background clarity of Harbour
waters occurring after 13:30 NZST believed to result from the ebb flow bringing water from up-harbour areas.
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Figure A1.4. Tide incoming: Fully developed clockwise gyre in Te Awaparahi Bay. Water of lower
clarity near Battery Point and Cashin Quay breakwater is not particularly turbid (minimum
35% transmissivity) and likely to be associated with current and surge resuspension of
near-shore benthic sediments rather than reclamation activities.
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Figure A1.5. Last hour of incoming tide: The clockwise gyre had weakened and contracted in size. The
patch of water of lower clarity offshore from Cashin Quay breakwater (transmissivity
20%–27%) did not appear to have propagated from activities within Te Awaparahi Bay.
However, low clarity near the floating boom and along the breakwater (min 14.5%
transmissivity) was affected by construction plumes.
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Figure A1.6. Turn of the tide at 12:08: The Te Awaparahi Bay gyre was no longer operating and the
drogue tracks reflect a change in direction of the generalised water movement in the
Harbour. At this time, the placement of rubble within the Bay by crane was proceeding
without pause after an earlier delay. A resultant turbidity plume was consistent along the
outside of the boom but the transmissivity record showed that this did not extend far out
into the Bay.
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Figure A1.7. The ebb flow gains momentum: A small anti-clockwise gyre had begun in the lee of the
Cashin Quay breakwater, resulting in the propagation of a construction turbidity plume
from the southern end of the Bay out into the Harbour. South-east of the breakwater, this
became entrained within the main ebb flow. Edge tipping of brick rubble by bulldozer had
commenced at 13:00, producing a visible increase in turbidity within the boomed area.
Inshore turbidity along the outside of the boom had intensified, with plumes in the range
5%–18% transmittance. The absence of a vessel track close to the northern shore means
that propagation of the plume along this shoreline has not been detected.
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Figure A1.8. Full ebb flow established with an anti-clockwise gyre occupying the whole Bay. Areas of
high turbidity (2.5%–12.5% transmittance) associated with reclamation activities were
essentially contained within the gyre with only limited propagation into the main tidal flow.
With the gyre filling the entire Bay, the northern shoreline is relatively unaffected by
suspended sediment. Note that background clarity of the Harbour water has decreased to
35-40% transmittance with the outgoing tide compared to 45%–50% on the incoming tide
(10:00-12:00 NZST, Figures 1 and 2).
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Plan for maintenance dredging of the Inner Harbour attached to consent CRC135318.
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Spatial plots of surficial sediment analytical results for copper, mercury and
tributyltin offshore from Lyttelton dry dock showing estimated concentration
contours corresponding to ANZECC (2000) Interim Sediment Quality
Guidelines. The reports to which the legend survey items relate are as follows:
Sentinel stations 2013
Cawthron 2011
Cawthron 2009
Cawthron 2006
URS 2002 / Cawthron 1995

Woods (2013)
Sneddon (2011a)
Sneddon (2010)
Bennett & Sneddon (2006)
URS (2002) / Stevens & Forrest (1996)
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Decision tree for application to results of a sediment analysis plan for
maintenance dredging of the Inner Harbour.

