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1.

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Executive summary

This report comprises an annotated bibliography on the current state of knowledge of
circulation and sedimentation patterns and processes operating in Whakaraupō Lyttelton Harbour,
including a brief review of the current state of knowledge, plus recommendations for future activity and
research. Numerous studies have examined patterns of sedimentation and/or circulation within parts of
Lyttelton Harbour, predominantly to assess upper harbour mudflat growth, which has been an ongoing
concern to residents and recreationists, or port operation effects in the central and outer harbour.
Materials reviewed here include: journal papers, student theses, published and unpublished reports
from Lyttelton Port Company, Environment Canterbury, National Institute of Water and Atmospheric
Research, Cawthron Institute, plus maps, aerial photographs, hydrographic charts and structure plans.
Coastal inlets like Whakaraupō Lyttelton Harbour are naturally prone to infilling over geological
time, where mudflat growth and harbour infilling occur under relatively stable sea level conditions.
Rates of infill of this harbour have, however, been accelerated by anthropogenic processes, including
catchment land use changes and port activities. Patterns of sedimentation in the upper harbour over the
past century have been dominated by accretion in response to catchment sediment inputs and, very
likely, port activities, while sedimentation in the central to lower harbour has been variable and
responsive to port dredging and spoil dumping.
There are two main components to understanding and influencing rates of harbour seabed
accretion: these are (i) sediment inputs and (ii) hydrodynamic conditions that facilitate sediment
accumulation. The main external sediment inputs for Lyttelton Harbour have been identified for each
sub‐catchment of Whakaraupō Lyttelton Harbour. Using this existing information, there is significant
scope to take action to reduce sediment inputs and thereby influence harbour sedimentation processes.
Over the last 5 or so years there have been significant advances in understanding the effects of
present‐day port activities on harbour sedimentation and circulation, but questions remain regarding
the effects of historical changes in port structures and bathymetry.
Within existing Whakaraupō Lyttelton Harbour research, there is the general dearth of studies
that show how the harbour operates as a whole system. In reality, processes operating in one area of
the harbour have flow‐on effects for other areas. The effects of catchment or harbour activities cannot
be fully assessed in terms of their contribution to the inlet’s sediment budget by examining areas
directly involved in, and immediately surrounding, such operations alone. Curtis (1985a) comprises the
only publically documented whole‐harbour study that attempts to understand the harbour from a
systems perspective. Although sound, this piece of research is significantly dated in terms of the
scientific and measurement possibilities of today. Most other studies have focussed either in the upper
harbour or in the central to lower harbour, meaning that techniques used on one area are not
equivalent or to those used in another, making comparisons of sedimentation patterns and trends
difficult.
Several possibilities for further investigating the sediment and circulation systems of Whakaraupō
Lyttelton Harbour have been outlined in the final section of this report. Most of these would require a
whole‐harbour perspective and, perhaps, a greater level of community–industry collaboration.
Importantly, there are also a number of actions highlighted in existing research such as Environment
Canterbury (2008) and Bolton‐Ritchie (2011) that could be taken to reduce the external inputs of
sediment into Lyttelton Harbour. Following the main recommendations of these reports would have
positive outcomes for the Lyttelton Harbour environment.
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Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Scope & purpose

This report comprises an annotated bibliography on the current state of knowledge of circulation and
sedimentation patterns and processes operating in Whakaraupō Lyttelton Harbour (43°41’ South,
172°41’ East). It includes a brief review of the current state of knowledge on these patterns and
processes, highlighting key gaps, plus recommendations for future research directions.
Whakaraupō Lyttelton Harbour is a large, rock‐walled inlet situated on the northern side of Te Pataka o
Rakaihautu Banks Peninsula, Canterbury, New Zealand. The harbour waters and surrounding hills are a
popular recreational resource and its port comprises the main shipping access for the adjacent city of
Christchurch. This annotated bibliography was commissioned by the Canterbury Regional Council (ECAN)
in response to a recommendation of the Banks Peninsula Zone Committee that a summary of
information on sediment processes in the harbour was needed to assist in monitoring future changes
and impacts from water resource management.
Materials reviewed for the bibliography include journal papers, theses and honours reports, published
and unpublished reports from the Lyttelton Port Company (LPC), ECAN and crown research institutes
such as the National Institute of Water and Atmospheric Research (NIWA) and the Cawthron Institute,
along with maps, aerial photographs, hydrographic charts and structural blueprints and plans. In
addition, a brief field investigation was conducted on 4/6/13 and meetings were held with LPC
representatives and a resident of Rāpaki.
This report is structured as follows:
 Part I contains a brief review of key findings and gaps from the annotated bibliography sources;
 Part II contains useful figures and tables from key bibliography sources, ordered alphabetically
by author and source and used to illustrate the findings in Part I; and
 Part III contains annotated bibliographies of literature and other sources of information on (1)
circulation and sedimentation patterns and processes operating in Whakaraupō Lyttelton
Harbour and (2) harbours elsewhere dealing with similar challenges and/or research techniques
that could useful for addressing some of the research gaps for Lyttelton.
Both sections in Part III are formatted alphabetically by author with each source’s complete reference
provided. For written sources, keywords are also given (either from the document or created if absent),
followed by a summary or abstract from the document where available.
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Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Sediment patterns & processes

Lyttelton Harbour setting
Situated on the northern side of Banks Peninsula, Whakaraupō Lyttelton Harbour is a 15ikm long,
rock‐walled inlet with an average width of approximately 2 km (Figures 10 and 21). In the upper
harbour, the inlet widens to form the three bays, Governor’s Bay, Head of the Bay and Charteris Bay,
separated by peninsulas and Quail Island (Figure 17). The harbour has a low‐tide area of approximately
43 km2 and a central, long axis oriented in an ENE‐WSW direction. For a review of literature on the
Lyttelton geology, soils, and land covers, including GIS maps, see Shearer’s (2011) thesis (Figures 34 to
37 and Tables 10 to 11).
The wider area of Banks Peninsula comprises two large Miocene (11 to 8 million years old) composite
volcanic cones, the central areas of which have collapsed and been eroded (Neumayr 1998). Subsequent
drowning by the sea has formed the Lyttelton and Akaroa inlets (Speight 1917). The base of the
peninsula is engulfed by the glacial outwash gravels of the Canterbury Plains, which also form the
surrounding continental shelf. The underlying volcanic rocks of the peninsula are commonly mantled by
deposits of loess, up to 20 m thick and blown from the Canterbury Plains during the Pleistocene
(approximately 2.6 million until 11.7 thousand years ago), and loess colluvium (volcanic detritus). This
fine sediment is readily eroded from the hill slopes and transported to the sea (Tables 7 and 11).
Compared with the Pegasus Bay, there has been little research into the diversity of beaches within
Banks Peninsula, including Whakaraupō Lyttelton Harbour. Pocket beaches are common here, typically
confined between two headlands with limited longshore transfers of sediment between adjacent bays.
Ranging from 200 to 800 m long and 85 to 200 m wide, these beaches were classified by Dingwall (1974)
into three main groups according to mineral, morphological and wave‐exposure characteristics: (i)
predominantly‐sheltered sand beaches with intermediate proportions of greywacke and volcanic
deposit derived sediments (e.g. Flea Bay within Whakaraupō Lyttelton Harbour); (ii) steep and relatively
exposed, medium‐grained, heavy‐mineral sand beaches derived from volcanic deposits (e.g. Taylors
Mistake); and (iii) relatively sheltered, fine‐grained, light‐mineral sand beaches formed of
greywacke‐derived continental shelf deposits and with extensive dune backshores (e.g. Okains Bay).
The landward boundaries of Banks Peninsula’s beaches are variously characterised by mudflats, sand
ridges, dunes, boulder banks and steep cliffs while their seaward progradation and valley plain extension
are a function of the effects of headland sheltering and the amount of sediment accumulated in and
supplied to each bay. At their seaward limits, small volcanic cobble and boulder deltas occupy bays
nourished predominantly by local, heavy‐mineral sediments, while sands and silts comprise the
relatively flat sea beds of beaches built from wave‐transported continental shelf sediments (Dingwall
1974).
Māori have seasonally occupied and gathered mahinga kai from the Whakaraupō Lyttelton Harbour
area, including Rāpaki Bay or Te Rāpaki o Te Rakiwhakaputa, since around 800 AD but, according to Goff
(2005) had no discernable impact on catchment erosion and harbour sedimentation rates. With
European farming settlement over the last 150 years, vegetation cover and land cover on the peninsula
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have, however, changed dramatically (Figures 1 and 20). Before 1860, mixed Podocarp forests and
dense tussock grasslands covered approximately two and one thirds of the Lyttelton Harbour catchment
respectively. From 1860 to 1900, over 90% of the forests were removed as a result of timber extraction,
widespread burning and agricultural land clearance (Johnston 1969). In turn, these land use changes led
to increased catchment soil erosion and stream sediment yields. Today, much of the cleared land
around the harbour catchment is still in grassland, although efforts to reforest particular areas have
been slowly increasing over the last decade since formation of the Banks Peninsula Conservation Trust in
2001 and in accordance with the plans of the Rāpaki Rūnanga.
Inside Whakaraupō Lyttelton Harbour, steep rocky slopes descend to a near‐flat seabed, with an
average gradient of 1:1000, and a maximum depth of 15.5 m below mean low water springs (MLWS)
near the harbour entrance (Bushell and Teear 1975). Due to the rocky nature of the inlet sides, harbour
adjustments to coastal processes are largely limited to changes in the bed. The heads of coastal inlets,
such as Whakaraupō Lyttelton Harbour, are naturally infilling features. The large areas of flat land at the
head of Governor’s Bay and Head of the Bay, for example, represent thousands of years of accretion,
with sediment sourced from erosion of the surrounding catchment, blown from the Canterbury Plains
and transported from within the marine environment. The existing natural process of infilling has, since
the arrival of Europeans, been influenced by anthropogenic modification of the harbour catchment and
seabed sediment systems as well as by changes to the hydrodynamics after construction of the port
structures. Catchment erosion, combined with hydrodynamics processes within the harbour that allow
and encourage sediment accumulation, are estimated to have produced harbour basin infilling to depths
of up to 47 m.
The port of Lyttelton is situated 9ikm from the harbour entrance on the northern side of the harbour
(Figures 22). Construction of the main breakwater arms enclosing the inner harbour was carried out
during the period 1863 to 1876, with significant additions in the 20th century and another major phase
of reclamation and repair work currently ongoing associated with the February 2011 Christchurch
earthquake emergency works and reclamation consent.
Port access has been maintained since 1849 through extensive channel dredging. Figure 40 illustrates
the spoil deposition that has occurred over the last decade or so as a result of this dredging. Large‐scale
dredging began in 1876 and, up until 1969 dredge spoil was commonly dumped both on the southern
and northern sides of the harbour at Camp Bay, in Little Port Cooper and in Gollans Bay. From 1969 to
1990 spoil was dumped predominantly on the northern side of the harbour in Livingston, Breeze and
Mechanics Bays and at White Patch Point. Since 1990 all spoil dumping has been confined to the
northern side of the harbour (Sneddon 2013), including an increased emphasis on the Godley Head spoil
ground since 2009 (Figure 40). Today the 7 km long harbour channel is dredged to a depth of 12 m
below the mean low water springs level (MLWS), at an average rate of about 600 000 t y‐1 and maximum
rate of 1 500 000 t y‐1 (sediment bulk density 1.68 g m‐2).

Quantifying sediment processes and patterns
Present day sources of catchment inputs for the Whakaraupō Lyttelton Harbour sediment system
include sediment sourced from streams and overland flow from various land use areas, the erosion of
subdivision development sites, road cuttings, quarries, landfills and storm water runoff (Curtis 1985a;
Environment Canterbury 2008; Wyering et al. 2010; Bolton‐Ritchie 2011; Shearer 2011) as well as
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rockfall, landslide and other forms of mass movement produced during the 2010‐2011 Canterbury
Earthquake Sequence (Hancox and Perrin 2011).
There is also significant recirculation of sediment within various parts of the harbour as a result of
seabed disturbance by the action of waves and currents as well as a result of port dredging and dumping
activities (Curtis 1985a; Kirk 1992, 1993; OCEL 2009; Goring 2009b, 2010; McLaren 2012). Little sediment
is currently believed to enter the harbour from Pegasus Bay (McLaren 2012) although evidence suggests
that continental shelf sand inputs into the lower harbour were likely significant in the past (Hart et al.
2008b). A considerable volume of dredge spoil sediment is thought to be exported to Pegasus Bay in
association with the dumping practices opposite Godley Head post 2009 (McLaren 2012).
Of concern to catchment stakeholders are: rates of sedimentation, which affect harbour recreational
use, particularly in the upper harbour, and industrial use in the port and entrance channel areas; water
column suspended sediment concentrations, which affect biota and can be responsible for moving
deposits from one part of the harbour to another; and variation in the texture of the seabed, which can
affect the distribution and productivity of benthic ecology, particularly filter feeding shellfish.
Methodologies for estimating catchment and other inputs of sediment into a harbour system, and rates
of accumulation or erosion, include:
1. approaches that quantify catchment materials currently moving into the harbour, either via
whole catchment analyses or studies of particular features such as streams or road cuttings (e.g.
Environment Canterbury 2008; Wyering et al. 2010; Shearer 2011);
2. approaches that core into the harbour bed, analysing different layers within the deposits and
establishing marker dates in order to determine net rates of seabed accumulation, erosion and
transport and, therefore, phases of infilling over historical and geological time (e.g. Goff 2005;
de Vries 2007; OCEL 2009);
3. approaches that compare modern and historical hydrographic charts or sediment levels on
structures to determine net accumulation rates for different locations (e.g. Curtis 1895a, Hart
2004; Hart et al. 2008b);
4. approaches that analyse harbour seabed surface sediments in order to determine pathways of
sediment transport and estimate areas of erosion and accretion (e.g. Curtis 1985a; McLaren
2012);
5. approaches that measure suspended sediment and/or chemical concentrations in the water
column and correlate these with environmental parameters indicating catchment sources (e.g.
rainfall, chemical composition) versus seabed resuspension (e.g. current and wave
characteristics) versus other activities such as dredging or spoil dumping (e.g. Goring 2009b,
2010; OCEL 2009; Bolton‐Ritchie 2011); and
6. approaches that examine the chemical, isotope or other characteristics of harbour deposits in
order to trace their source and thereby build a budget of contributions for sub‐catchment areas
of particular land use (e.g. Swales et al 2011; Sneddon 2013 ).
Concerning the first of these approaches, Lyttelton Harbour currently receives catchment inputs of
sediment from erosion processes via several mechanisms, including continually‐flowing and
epheremeral streams, overland flow and storm water discharges during heavy rain events (Environment
Canterbury 2008; Wyering et al. 2010; Shearer 2011; Bolton‐Ritchie 2011).
Environment Canterbury (2008) provides a detailed spatial analysis of the sources of sediment and other
contaminants in the harbour’s nine main sub‐catchments areas. Subdivision developments, wastewater
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discharges, port activities, landfills and quarrying were found to be important sources of sediment
and/or sediment contamination in specific sub‐catchments while historic and active erosion, road
cuttings, waterways and stormwater were found to be widespread catchment contributors to the
harbour sediment system. The report also comments that the quantities and flow of sediment and
stormwater into the sea is influenced by rainfall. Surface textural results and observations of
sediment‐laden runoff during high rainfall events by Hart et al. (2008b) offer supporting evidence that
increased development in the upper harbour sub‐catchments was contributing fine sediments to the
upper harbour seabed at the time of their report.
Early estimates of fluvial water inputs into harbour suggest that these are generally small, averaging
approximately 1 m3s‐1 annually (Heath 1976) and that they and their sediment load are concentrated in
the upper harbour. Due to the spatial and temporal variability of catchment fluvial and sediment inputs,
it is very difficult to accurately produce figures on contributions to the harbour sediment system.
Shearer (2011) demonstrated that the American‐developed technique of estimating catchment
sediment yield via the modified universal soil loss equation does not translate well to the Lyttelton
setting due to soil, lithology and climate differences. More locally, Shearer also points out that the NIWA
WRENZ model may be used to estimate sediment via stream discharges but does not take into account
ephemeral stream or overland inputs. For Lyttelton harbour this is likely to lead to a significant
underestimation of total catchment inputs. Shearer (2011) provides a summary of the NIWA model
results applied to Lyttelton sub‐catchments (Table 11). These WRENZ results should be regarded as
indicative only as local adjustment by the model developers would be needed to adjust them to the
Lyttelton context.
In a report reviewing 16 years of harbour sample data, Bolton‐Ritchie (2011) found that both catchment
inputs and harbour seabed sediment recirculation are likely contributors to the poor rates of water
quality, including turbidity, experienced during heavy rain and wind events. Regardless of the
uncertainties around the exact contemporary contributions of each sub‐catchment to harbour sediment
inputs, it is clear from the literature that catchment inputs are contributing to seabed accumulation and
water column suspended sediment concentrations in parts of the harbour, and that stricter on‐land
erosion control measures are needed.
The second set of techniques listed above includes analysing sediment cores. This category includes two
published upper harbour studies, Goff (2005) and de Vries (2007), as well as an account of LPC sediment
coring in the eastern harbour by OCEL (2009). LPC has also taken numerous core samples as a part of
their engineering investigations for port development. However the analyses have focussed on
properties relevant to structural performance rather than sediment transport and accumulation. As a
result there is no record from LPC cores of sediment properties in the near seabed layers, other than
inferred strength (Mr Neil McLennan, LPC, pers. comm. 2013).
In order to understand upper harbour rates and sources of sediment infilling, Goff (2005) analysed the
grain size, micropaleontology, chemistry and used isotope dating on two cores from Head of the Bay and
Charteris Bay (Figure 9). From this he was able to estimate annual rates of sediment accumulation (Table
2) and to relate them to different phases of activity in the catchments and harbour. His report indicates
linkages between the sediment systems of the upper, central and lower harbour today and in the past,
as well as a complex change in sediment accumulation rates related to European land clearance, and the
rapid infilling of available accommodation space in the upper catchment. Goff’s detailed records (Table
2) can be summarised in terms of four main upper harbour sediment accumulation phases, using rates
of millimetres per year (mm y‐1), as follows:
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1. Low net accumulation (0.35 to 0.8 mm y‐1) occurred between the constraining dates 4498
before present (BP) and AD 1800. This is attributed to the low inputs from predominantly
forested catchments before significant European modification of the peninsula, possibly with
some sediment removal by a significant tsunami event in the 1600s.
2. Rapid net accumulation (2 to 8.4 mm y‐1) occurred between the constraining dates AD 1800 and
1900. This is attributed to clearance of native forest and its replacement with grassland cover in
the harbour catchments during early European modification of the peninsula.
3. A return to low net accumulation (0.9 mm y‐1) occurred between the constraining dates AD
1900 and 1953. This is attributed to a hiatus in development of the harbour and peninsula
environment.
4. A second phase of relatively rapid net accumulation (3.7 to 5 mm y‐1) occurred between the
constraining dates AD 1953 and 2005. This is attributed to anthropogenic development of the
harbour and peninsula environment.
Concerning the most recent phase (4) of sediment accumulation in the upper harbour above, there is
significant evidence that contemporary human catchment activities are producing high sediment yields.
For detailed analyses of the key sediment contributors from each sub‐catchment see Boffa Miskell
(2007) and Environment Canterbury (2008). Catchment sediment yields have also been boosted by the
immediate (Hancox and Perrin 2011) and ongoing effects of the Canterbury Earthquake Sequence
2010‐2011 on harbour slopes, cliffs and rocky shores.
Another influence on this recent phase of rapid sediment accumulation may be alterations to the
harbour hydrodynamic environment. As evidenced by MetOcean Solutions Limited (MetOcean 2009 and
2011) and discussed in the circulation section of this review, construction of the port structures and
deepening of the dredged areas has slightly reduced the wave and current energies of the upper
harbour and has directed currents away from the northern side of the upper harbour towards Quail
Island. This reduction of hydrodynamic energy could have affected sediment processes on the northern
side of the upper harbour, including encouraging intertidal mudflat accumulation and extension in the
upper harbour, and played a role in the fining of seabed surface deposits in Rāpaki Bay. Comparisons
between structural plans and contemporary bed levels around the Governor’s Bay jetty, for example,
indicate that approximately 2.5 m of vertical accretion has occurred at the head of this bay since the
early 1900s, after Goff’s main phase (2) of forest‐clearance induced harbour sedimentation (Hart 2004).
These gaps in understanding accumulation and sediment texture variation could be examined via
several methods including a detailed comparison of depth soundings, Goff’s (2005) core data, and
harbour and catchment changes over time. Other possible approaches include the analysis of sediment
core accumulation rates and textures from sites on the northern side of the upper harbour and
elsewhere or modelling the individual effects of each significant stage of port structure development
(e.g. Cashin Quay, the Magazine Bay breakwater) on harbour hydrodynamics and potential sediment
transport and accumulation rates. Modelling sediment transport and accumulation is significantly more
complex than modelling harbour hydrodynamics alone (Byun and Wang 2005; Wang and Andutta 2013)
but there are a number of models and modellers who have this capacity today.
Goff (2005) makes no direct mention of the existence or possible influence of the port structures on
upper harbour sediment accumulation in his report but does mention the influence of dredge channel
initiation: “It is possible that scouring in Governors Bay, noted by Curtis (1985), was indicative of local
conditions brought about by changes to the sediment transport regime at the start of harbour dredging
in 1876” (Goff 2005, 13). He comments further: “In general terms the Upper Harbour appears to be
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controlled by more immediate (proximal) sediment sources than the rest of the harbour. Extended
periods of scour or accretion noted by Curtis (1985) in the central and lower sections do not necessarily
correlate [to Goff’s core results] as expected. The hiatus between 1900 and 1953 correlates well, as do
large amounts of accretion between 1953 and 1964 (Curtis’ period was 1951‐1976), but rapid sediment
accumulation is found between 1850 and 1900 [by Goff], as opposed to an apparent period of scouring
between 1849 and 1903 reported by Curtis (1985)”. Such comparisons are difficult since the techniques
used by Goff and Curtis (1985a) were so different, with Goff’s results spanning a far greater time period.
Evidence as to the relationship between upper, central and lower harbour sediment accumulation rates
would be strengthened by replicating detailed sediment core analyses for selected central and lower
harbour locations and then comparing them to Goff’s (2005) results.
In addition to core analyses, de Vries (2007) monitored variability in Head of the Bay mudflat
morphology over a winter season (Figures 7 and 8). He described a two‐part division across the
mudflats, between a relatively‐stable upper‐intertidal zone above mean sea level dominated by fine silts
and clays, and a more‐dynamic lower‐intertidal zone dominated by sandier sediments and shell hash.
His profile of the Head of the Bay mudflats (from shore to seaward limits) exhibited an erosional
concave‐up shape during his wintertime surveys; suggesting that, although the mudflats are accreting
over the long‐term, erosion processes may dominate for short periods. This study highlights the
short‐term dynamics of muddy intertidal sea beds that need to be taken into account when investigating
longer‐term trends via techniques that focus on intertidal and subtidal areas.
de Vries’ (2007) analysis of auger samples from the Head of the Bay revealed a substantial increase in
the intertidal width measured from the shoreline to the level of mean low water springs (MLWS): from
700 m during the period 1860 to 1900, to 2000 m in 2007. Cores further indicated that mean yearly
sedimentation rates have been substantially lower in the upper intertidal zone than in the mid to lower
intertidal zone, with the average gradient of the mudflat surface decreasing with seaward extension
over time. de Vries (2007) concluded that it is likely the intertidal area of the mudflats will continue to
increase into the future if the current catchment landuse and harbour conditions prevail.
OCEL (2009) provides one of the only published descriptions of seabed sediment layers in eastern areas
of Lyttelton. He describes the existence of an unconsolidated bed sediment layer throughout the central
and outer harbour and outside the harbour heads. This semi‐consolidated seabed layer is of possible
Pleistocene and/or volcanic origin and is located below the bed level of the current 12 m deep dredged
channel. Such a layer is not believed to exist in Otago Harbour, the nearest harbour to Lyttelton in terms
of location, geomorphic history and physical setting.
The third and fourth set of techniques listed at the beginning of this section include the seabed surface
sediment analyses by Curtis (1985a, 1985b), de Vries (2007), Hart et al. (2008b) and McLaren (2012);
brief analyses of Governors Bay accumulation by Hart (2004); and comparisons of upper harbour bay
seabed depths in Curtis (1985a) and Hart et al. (2008b). Since Curtis’ (1985a) work comprises the only
substantial study quantifying whole harbour sediment processes, albeit with patchy sampling in some
areas (Figure 3), it is commented upon here in detail and used as a point of comparison with more
recent and spatially limited studies.
Curtis (1985a) found the bed sediments to be generally poorly sorted and fine, ranging from clay to
gravel, with a predominance of fine silt and clay, with a north/south division in central and lower
harbour seabed textures (Figure 4). This latter finding was similar to the earlier conclusions of Brodie
(1955), who observed a well‐defined boundary between mud in the north and sandier sediments in the
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south, attributing this pattern to spatial differences in tidal current velocities across northern and
southern sides of the harbour.
McLaren (2012) provides an update on Curtis’ work for the eastern area of the harbour via a spatially
detailed seabed surface sediment trend analysis methodology (Figure 23), which is used to infer
patterns of sediment circulation and transport (Figures 24 and 25). He found that “(1) Mud dominates
the central portion of the outer harbour area and steadily increases in its areal extent from the west end
of the study area into the open ocean. (2) Both the north and south sides of the harbour are
characterized by a greater variety of sediment types ranging from sandy mud through to sand. No gravel
sized sediment and larger (>2 mm) are present. (3) The north and south sides of the harbour show
significant differences. These include: (i) Hard ground (i.e., a scoured bottom too hard for the grab
sampler to penetrate) is found only on the south side. (ii) Sediment types on the south side tend to
parallel the shoreline and generally become finer with increasing distance from the coast. This pattern is
less pronounced on the north side with each sediment type appearing to occur more or less randomly.
(iii) Sand increases to the west on the south side whereas on the north side sand increases in the seaward
direction culminating with a significant sand body adjacent to the northeastward facing shore of Godley
Head” (McLaren 2012, p5‐6).
Hart et al. (2008b) provides an update of Curtis’ work for the upper and central southern areas of the
harbour seabed. In these areas the distribution of silts was found to be roughly aligned to the harbour
bathymetry, with fine material increasing shoreward (Figures 18 and 19). Gravel occurred in isolated
pockets related to its sources, which predominantly comprised biogenic shell production. The
distribution of clay sized material increased along the south to north axis of these areas. Given the
limited and mostly different spatial coverage of the surface sediment results in Hart et al. (2008),
McLaren (2012) and various other sources such as the Cawthron Institute reports, there exists a
research gap in terms of an up‐to‐date sediment texture map of the complete harbour seedbed system.
From analyses of the seabed sediments and hydrographic charts from 1849, 1903, 1951 and 1976, Curtis
(1985a) was able to estimate accumulation rates for different periods over the last 150 years and to
develop an early and approximate sediment budget for the harbour (Figures 2 to 5 and Table 1). The
historical surveys of seabed levels are typically highly accurate but it should be noted that their
frequency for this harbour is not high. Further, apart from detailed surveys of the port, dredged channel
and spoil dumping grounds, the bathymetry of the harbour as a whole has rarely been updated (Hart et
al. 2008b). The main phases of harbour sediment accumulation according to Curtis were:
1. From 1849 to 1903 considerable scour occurred at the head and in the centre of the harbour,
whilst accretion occurred towards the entrance. Averaged over the entire harbour, erosion of
the bed occurred at rates of 209 000 t y‐1 (tonnes per year).
2. From 1903 to 1951 a large amount of accretion occurred at the harbour head and entrance,
whilst a small degree of scour occurred in the central section. Averaged over the entire harbour,
accretion of the bed occurred at rates of 351 000 t y‐1.
3. From 1951 to 1976 small amounts of accretion occurred at the head and entrance to the
harbour and a moderate amount of scour occurred in the central section. Averaged over the
entire harbour, accretion of the bed occurred at rates of 73 000 t y‐1.
Over the entire period from 1849 to 1976, bed levels at the head of the harbour accreted up to 1 m of
sediment vertically, the central harbour underwent up to 1.5 m scour, and bed levels towards the
harbour entrance accreted up to 1.5 m of sediment. Averaged over the length of the harbour,
accumulation occurred at a rate of 49i000it y‐1, totalling 3 740 000im3 (cubic meters) of deposition.
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Curtis (1985a) commented that at the time of his investigation accretion was ongoing in the upper and
entrance areas of the harbour, while central areas were eroding. He estimated sedimentation to be
occurring at a rate of less than 600 000im3 throughout the harbour, the bulk of which was re‐circulating
dredge spoil in the central and lower harbour.
Curtis (1985a) concluded that change from the regime of predominant bed erosion during the late 1800s
to one of predominant accretion during the early 1900s was a direct response of the harbour to the
increases in erosion and runoff that resulted from major forest clearance and land use change around
the harbour catchment up to 1900 (e.g. see Figures 1 and 20). In line with Brodie (1955), he also
concluded that the significant bed erosion found for the central and outer harbour and the
accumulation that occurred in the upper harbour from 1849 to 1903 did not represent a ‘natural’ regime
but instead a response to early dredging operations and port infrastructure constructions.
For his sediment budget, Curtis (1985a) calculated that roughly 44 300 tonnes of loess and loess
colluvium was being eroded from the harbour catchment on average each year, the bulk of which was
deposited within the marine environment of the inlet (Figure 5). He also suggested that catchment
erosion rates were an order of magnitude greater in the upper harbour between Cass Bay and Head of
the Bay, than along the hill slopes adjacent to central and lower areas of the harbour, although this
finding is not entirely consistent with some recent studies (for a summary of the debate see Shearer
2011). Curtis’ (1985a) conclusion that catchment erosion is the most important source of external
sediment for the upper harbour was robust. As mentioned earlier in this section, it should be noted
when interpreting the significance of this finding that seabed accumulation requires both sediment
inputs and hydrodynamic conditions that promote sediment accumulation.
Curtis (1985a) combined his sediment textural and accumulation rate studies with current and wave
observations to investigate the sediment transport pathways of the central to lower harbour. He
suggested that along the northern side of the harbour the dumping of dredge spoil maintained high mud
concentrations in the form of near‐bed fluid mud layers and bed deposits, with material from the
northern dumping grounds contained on the north side of the harbour and re‐circulated into the
dredged channel, while low concentrations of mud were maintained on the south side of the harbour.
Similar to Curtis but focussing solely on the central to lower harbour, McLaren (2012) found that
sediments were generally transported westwards on the south side and eastwards on the north side,
with the finest materials driven from each side towards the middle axis of the harbour from where they
are transported seaward into Pegasus Bay (Figures 24 and 25). He suggests that dredge spoil dumped on
the north side of the central to lower harbour is unlikely to be transported westwards towards the
upper harbour but rather follows pathways taking it seaward into Pegasus Bay (Figure 25). He comments
that the south side of the harbour received dredged material prior to 43 years ago but that there is no
longer any evidence of this material today. As suggested earlier and in‐line with McLaren’s (2012)
transport pathway diagrams, it is likely that some of this material was transported into the upper
harbour and some of it moved towards the centre of the harbour and then out to Pegasus Bay. McLaren
(2012) appears confident that his SedTrend technique is able to distinguish between dredged and
non‐dredged deposits. It would be interesting to see the SedTrend technique applied in a whole harbour
study to complete the transport pathway analysis. Lastly, McLaren (2012) suggests that the effects of
dredge spoil dumping could be minimised if the northern disposal sites are dispersed and each one used
as infrequently as possible.
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Focussing on the upper harbour and central areas south of the dredged channel, Hart et al. (2008b)
found silts and clays dominated the surface of the seabed, 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. They suggest that the distribution of sand and finer sediments
in the upper harbour is likely the combined product of tidal and wave sediment‐transport processes,
fine‐sediment catchment inputs and lower‐harbour continental‐shelf sand inputs. In contrast, almost all
of the upper harbour gravels were biogenic, the result of shell production. Hart et al. (2008b) compared
their measured bathymetry with that from 1951 upper harbour surveys, revealing a shallowing of up to
0.2 m at the mouth of the three major upper harbour bays, and possibly more along the northwest side
of the harbour from Rāpaki Bay to Governors Bay.
The fifth set of approaches listed at the start of this section includes those that compare concentrations
of suspended sediment or turbidity levels in the water column to environmental parameters that
indicate catchment sources versus re‐suspension from the harbour bed or other activities such as
dredging or spoil dumping (e.g. Goring 2009b, 2010; OCEL 2009; Fletcher 2010; Bolton‐Ritchie 2011).
Changes in the natural turbidity and suspended sediment regimes of the harbour environment may be a
concern for several reasons including: visually; suspended sediment transport; potential negative
impacts on filter feeding animals and/or photosynthesis by water column or seabed plants; and in terms
of the ability of organisms to establish on solid surfaces.
Kirk (1993) commented that that Lyttelton Harbour was a naturally turbid environment, with high rates
of suspended sediment associated with periods of rainfall, strong winds and/or energetic swell so that it
was difficult to distinguish contributions due to dredging activities against background rates. While
several other reports repeat these assertions, it is worth considering the complexity of water column
sediment and biotic system interactions. For example, on the one hand the wintertime dredging season
production of suspended sediment plumes tends to coincide with periods of relatively calm wave
activity and, thus, low levels of natural re‐suspension and sediment mixing in the water column. As such
dredge plumes could represent a change in natural patterns of harbour turbidity levels. On the other
hand, dredging potentially coincides with seasonal increases in catchment runoff and sediment inputs to
harbour waters. In this situation, the duration and timing of anthropogenic sediment inputs to the water
column may be important. Filter feeding organisms, for example cockles, can survive short periods of
high suspended sediment concentration as occurs during a rainfall event. However within the upper
harbour elevated suspended sediment concentrations occur regularly as a result of re‐suspension of
seabed sediment in combination with sediment inputs. Continuously elevated suspended sediment
concentrations have a negative effect on the feeding and hence growth of filter feeders and can result in
the death of individuals.
Direct measurements and estimates of sediment dispersion during dredging operations range from tens
of meters to beyond 3 km (Knox 1983; OCEL 2009). For example ,OCEL (2009) and Goring (2009a)
examined turbidity and suspended sediment levels via experiments within and outside the harbour as a
result of dredging and dumping as well as background levels of these properties. The principal two
features produced as a result of spoil dumping were a turbid surface plume of 2 to 3 m thickness, and a
bottom layer of suspended sediment visible approximately 0.25 to 1.5 m above the seabed and for
distances up to 300 m in general, and up to 1 km under certain conditions. The extents of the bottom
layer produced from dumping experiments in the proposed offshore grounds suggest that significant
seabed effects will be relatively localised. These and other similar reports conclude that whilst the
immediate effects of dredging and dumping on turbidity levels are undoubtedly high, such plumes are
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likely to have contributed minimal amounts of sediment to the central south and upper regions of the
harbour since dumping on the south side ceased (Kirk 1993; Barter 2000; OCEL 2009).
Goring (2009b, 2010), OCEL (2009) Fletcher (2010) measured relative or actual suspended sediment
concentrations in the Lyttelton Harbour and Port Levy water columns. Figure 11 illustrates an example
visual comparison between wind speed, daily rainfall, wave heights, tidal current velocities and relative
suspended sediment concentrations (SSC) while dredge spoil dumping was occurring at Godley Head in
October 2009 (Goring 2010). There seems to be some correspondence between peaks in SSC and high
wind speeds but this is not statistically demonstrated. No other clear correlations are apparent from the
figures or statistics provided. It should be noted that the suspended sediment concentration and tidal
currents were measured at Godley Head, with other parameters measured in the vicinity of Lyttelton
port (rainfall) or modelled (waves and wind). As pointed out by Fletcher (2010), given the variable and
complex nature of the topography of Banks Peninsula and its inlets, comparisons between water column
suspended sediment concentrations and atmospheric and hydrodynamic parameters are ideally made
using data measured in close spatial proximity. For future researchers interested in investigating the
links between SSC and potential causative parameters, it is recommended that some statistical methods
of comparison and/or correlation are applied such as Fourier or moving average analyses.
Outside the harbour, Sneddon (2008) describe the naturally turbid nature of the Banks Peninsula coastal
and continental shelf environments, showing the large suspended sediment plumes produced by
Canterbury’s rivers, including the Waimakariri, Rakaia and Ashburton, and the transport of these
suspended plumes northward along the Canterbury continental shelf.
The last set of approaches listed at the start of this section include examining the chemical, isotope or
other characteristics of harbour seabed deposits in order to trace their source and thereby build a
budget of contributions for sub‐catchment areas (e.g. Swales et al. 2011; Sneddon 2013 ). Currently for
Lyttelton Harbour these sorts of studies have been mainly limited to a series of Cawthron Institute
reports (Gillespie et al. 1992; Gillespie and Asher 1995; Barter 2000; Cawthron 2012; Sneddon and Bailey
2010; Sneddon 2008, 2013) examining sediment contamination for LPC. These reports show that
sediment contamination from port, dredging and shipping activities is generally spatially limited to the
areas where activities occur (Figures 38, 39 and 40).
Also in this group of techniques, Swales et al. (2011) have been pioneering the New Zealand application
of a technique that estimates waterbody inputs from different land use types and sub‐catchments via
analysis of the fatty acid isotopes attached to fine sediments. This methodology has not been applied to
Lyttelton to date but could prove useful if further information about the main land use types that are
contributing to modern catchment sediment inputs to the harbour were required (Mr Andrew Swales,
NIWA scientist, pers. comm., 2013) over and above the spatially compartmentalised estimates of key
sediment contributing activities made by Environment Canterbury (2008).
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Circulation patterns & processes

Ocean setting
The southern Pegasus Bay coast and continental shelf environments are strongly influenced by New
Zealand’s position at the crossroads of 5 major oceanic water masses (Figure 16). To the north, the top
200 m the water column consists of warm, saline, nutrient‐poor Subtropical Surface Water (STW) while
to the south it comprises the cold, less saline but more nutrient‐rich Subantarctic Surface Water (SAW)
(Heath 1985). Vertically stacked in the deeper waters offshore are the Antarctic Intermediate Water,
Pacific Deep Water and Bottom Water. The locations and extents of these water masses are not fixed,
instead moving around seasonally and from year to year as part of the global Subtropical Front (STF).
The STF is locally referred to as the Southland Front (SF), which wraps around the eastern South Island
from Stewart Island to just south of Kaikoura, thereafter being diverted out across the continental shelf
(Hart et al. 2008a).
Oceanic circulation close to the coast is shaped by the interaction of surface and deep water masses
with the coastal and offshore bathymetry, shallow wind‐driven circulations, and the tides (Bradford and
Roberts 1978). The tide travels from Foveaux Strait north along the east coast of the South Island for
about 2.5 hours to Banks Peninsula, reaching Kaikoura after a further hour. The tidal regime is
semidiurnal, with around 12 hours 34 minutes between successive high tides, and a spring range of 2.14
m at Lyttelton Port (Table 5). The monthly perigean and apogean tides produce the highest and lowest
tides in this region, while the spring and neap components of the tide are partially absent.
Nested within the wider region’s ocean and tidal circulations, the major coastal current influencing
Canterbury is the Southland Current (Figure 16). It flows northward along the east coast of the South
Island past Banks Peninsula, which acts to shield southern Pegasus Bay and the entrance to Lyttelton
Harbour from the high‐energy swell wave environment that characterises more exposed areas (Figure
4). The resultant wave climate within the bay comprises waves typically less than 2 m high, with
directions of approach from the north to east, as well as waves from the south which have been
refracted around Banks Peninsula into the bay, a process whereby they lose a significant amount of their
open‐ocean energy.
An extension of the Southland Current forms a reverse eddy that circulates water and sediment
southward along the southern Pegasus Bay shoreline (Reynolds‐Fleming and Fleming 2005) (Figure 3).
This southward moving coastal current combines with northeast‐going flood and southwest‐going ebb
tidal currents to sweep fine sediments along the shore, across the continental shelf and across the
entrance of Lyttelton Harbour, during calm conditions in areas up to 30 m deep, and during sea storms
up to mid‐shelf depths of 75 m (Carter and Herzer 1979). On any particular day, the coastal currents
within southern Pegasus Bay may push water and sediment either northward or southward along the
shore. The long‐term dominance of the southward moving current from the reverse eddy is, however,
evidenced by the formation of New Brighton Spit which was built by longshore currents transporting
sediment southward.
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According to the classification of Heath (1976), the waters of Lyttelton Harbour are characterised by a
mixture of tidal, wave and wind induced currents and other motions. As detailed below, circulation and
sedimentation within the harbour are not typical of estuarine and inlet dynamics, with flow and patterns
in sediment texture often occurring parallel to the long‐axis of the harbour along much of its length.
Curtis (1985a) suggested, based on vertical stratification and salinity profiles, that the harbour could be
divided into three discrete compartments with exchanges of water and sediment occurring between
them: the well‐mixed upper and lower harbour areas and a more stratified central area separating the
two. The average residence time of a unit mass of water within the harbour as a whole was estimated by
Millhouse (1977) as about 2.09 days.
Below is a review of the main information that is publically available on harbour waves and tides,
including their role in sediment transport. Up until recently, Curtis (1985a) comprised the main
whole‐harbour study of both waves and currents, albeit using early technologies. Over the last 6 years,
however, LPC has commissioned a considerable amount of wave and tide modelling and field
investigations. The main field measurements that have supported this work are summarised in Table 6.
These studies include some interesting historical versus contemporary and potential future comparisons
of hydrodynamic conditions in the harbour. With few exceptions though, the published reports on this
work focus on results illustrating processes in the central to lower areas of the harbour.

Harbour wave environment
The wave environment of Lyttelton Harbour comprises a mixture of locally‐generated short‐period wind
waves (3.5 s) and long‐period swell (8 to 20 s) that enters the harbour from Pegasus Bay. The cliffs of the
harbour funnel the prevailing NE and SW winds along its length, generating the short‐fetch wind waves.
These short‐period waves are often well developed in the upper harbour, where they suspend fine silt
deposits from the shallow seabed, facilitating their transport on the tidal and other currents present. As
detailed by OCEL (2009) and LPC (2013), it is more difficult for these short‐period waves to suspend
seabed sediments in deeper areas of the harbour, although their role in generating wave‐induced
currents means that they play a significant role in circulating already‐suspended sediments throughout
the harbour during high‐wind conditions (Goring 2010) (Figure 11).
Due to the aspect of the harbour heads, the Lyttelton inlet is somewhat sheltered from the high‐wave
energies of the Southern Ocean experienced in the Canterbury Bight. It is exposed to swell coming from
the east‐north‐east, which is able to travel directly up the harbour, and from swell coming from
north‐east to south‐east approaches after some refraction and diffraction depending on the exact angle
(Figures 16, 17 and 21). Curtis (1985a) found that low‐amplitude (1‐2 m) swell waves with periods
between 12iand 20is reached the harbour 24% and 30% of the time respectively, while higher‐amplitude
(>1.5 m) storm waves with periods of 11is reached the harbour 10% of the time. He found waves with
sufficient depth and energy to entrain fine sand‐sized sediment in water depths greater than 7 m
occurred within the harbour 47% of the time (Curtis 1985a).
Since the 1970s, the dredging programme was reported to place spoil mounds strategically in the outer
harbour northern bays and on the north side of entrance to increase the refraction of waves entering
the inlet. Kirk (1992; 1993) described how these spoil mounds had successfully reduced wave energies
travelling along the harbour to the port. Similarly, Bushell and Teear (1975) and Curtis (1985a)
commented that spoil mound placement induced wave refraction, reducing wave energies reaching the
upper harbour, providing calmer conditions within the port, and slowing the rate of dredge spoil
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re‐circulation. A reduction in wave energy moving up the harbour could influence mudflat
sedimentation. These suggestions of increased refraction and wave energy reduction are logical but
somewhat speculative since no detailed analyses or modelling was conducted to investigate the
existence or strength of spoil mound refraction effects. More recently, McLaren (2012) found no
evidence that spoil mounds in the outer harbour are currently affecting seabed bathymetry and wave
refraction in this area.
MetOcean (2009) and Goring (2013) detail the most recent work examining wave heights in and outside
the harbour. Figure 31 illustrates the general model domain and specific sites within the harbour that
have been used in more detailed wave analyses. These correspond to the wave analysis sites in Figure
13 as well as to several field instrument recording sites as summarised in Table 6, the data from which
were used for improving model results. For Figure 13, the SWAN (Simulating Waves Nearshore) model
was used to estimate contemporary wave heights (shown in centimetres) in the harbour and to estimate
the expected changes in wave height that could occur as a result if the dredge channel was deepened to
14 m to allow larger ships to safely enter and operate within the harbour. For most of these sites a small
reduction in wave height is predicted should the dredged channel be deepened.
Figures 29 and 30, and the corresponding Tables 8 and 9, illustrate various statistical wave heights
modelled using (i) 1849 pre‐port structure and dredging, (ii) present‐day, and (iii) future post‐channel
deepening bathymetric scenarios. Figure 29 shows the modelled mean significant wave height results, in
meters, for these three scenarios. Table 8 summarises these results numerically. Significant wave height
is the average of the highest third of waves over a certain time period (10 years in the case of this
model) and this statistic is commonly used in equations investigating wave energy or the effects of
waves on sediment transport processes.
Figure 30 illustrates the modelled net changes in wave height between the historical and present‐day
scenarios for three other wave statistics, median, 95th percentile, and maximum wave heights, which are
used in a similar manner to significant wave height. In this diagram, the wave height bar represents
differences between today’s modelled wave heights compared to before any port structures were in
place. These results are summarised numerically in Table 9. Of note, Figure 30 indicates that port
structures have likely been responsible for a reduction in wave heights (red areas), particularly median
wave height, on the northern side of the central to upper harbour while there has been a slight increase
in wave height (blue areas), particularly the 95th percentile waves, in the lower harbour south of and
inside the Gollans Bay area. The modelled changes in wave height are of the order of 0.1 to 0.2 m. Wave
energy is proportional to the square of wave height, meaning that the effect on wave energy would be
more than the wave height effect. The implications of these results for net sediment transport or
mudflat accumulation are not analysed in this report but a sediment transport model could be
employed to explore this question.

Tides and tidal currents
Lyttelton Harbour is characterised by a semi‐diurnal, meso‐tidal regime (Table 5) dominated by the M2
or lunar semi‐diurnal constituent (Goring 2009a, 2013). Several investigations have examined tidal
currents within the harbour, although almost all focus on central to lower areas.
In early work, Garner and Ridgway (1955) used dye and float tracing to measure tidal circulations
adjacent to the port and in the lower harbour. They found current velocities up to 0.25 ms‐1 common in
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the harbour, with stronger flows in the south on the flood tide, whilst the more stratified ebb tide was
stronger and of greater duration in the north. The asymmetry of tidal circulation between the northern
and southern sides of the harbour was further confirmed by current‐meter measurements by Bushell
and Teear (1975) and Curtis (1985a). Curtis (1985a) also described the increasing distortion of the tide
with distance up the harbour. He found that mean tidal velocities increased steadily towards the
harbour entrance, varying from 0.15 ms‐1 west of the port, to 0.22‐0.23 ms‐1 in the central harbour, to
0.26‐0.27 ms‐1 near the harbour entrance. Mean current velocities on the ebb and flood tides were 0.23
ms‐1 and 0.22 ms‐1 respectively.
Curtis (1985a) suggested that the differences in tidal current velocities and durations between the two
sides of the harbour gave rise to transverse, cross‐harbour currents. He postulated that the interaction
of these currents with harbour topography often led to the development of a large clockwise gyre in the
central to lower harbour on the flood tide and a comparable anti‐clockwise gyre on the ebb tide (Figure
6). This suggested that sediment could be re‐circulated from the dredge spoil deposition areas in the
northern bays of the lower harbour back into the access channel. Evidence of gyre development was not
observed on every tidal cycle and, when present, the gyre operated for ≤ 50% of any given tidal cycle.
Curtis (1985a) believed that gyre development was a function of tidal characteristics, including
amplitude and duration, and external influences, including wave and wind‐induced current conditions.
Hunt (1991) used a two‐dimensional finite element hydrodynamic model to study circulation within the
whole of Lyttelton Harbour and Port Levy. Unfortunately, this model failed to produce accurate
predictions due to boundary condition problems, in particular, underestimating circulation across the
extensive shallow mudflat environments.
Kirk (1992) observed that the sediment plumes of gyres were frequently visible in harbour waters from
the air, whilst Spigel (1993a, 1993b), using dye tracing experiments, confirmed the existence of
transverse flows within the central and lower harbour. Dye released from the vicinity of the port
breakwater dispersed across the harbour within two tidal cycles and, later, along the length of the
harbour into to the entrance of Charteris Bay in the south, and Cass and Rāpaki Bays in the north.
More recently, Goring (2009a, 2009b, 2010, 2011, 2013), OCEL (2000, 2009) and MetOcean (2009, 2011)
provide modern measurements and modelling evidence on patterns of tidal circulation in the harbour,
and McLaren (2012) uses his SedTrend analysis to infer net long‐term circulation and sediment transport
pathways for the outer harbour.
OCEL (2009) describes drogue and current profiler (ADCP) experiments to characterise currents within
Lyttelton Harbour, in the entrance to Port Levy, off Godley Head, and at a proposed spoil site outside
the harbour entrance. Results confirm the tidal current asymmetry within Lyttelton Harbour, detailing
the slightly longer flood tide durations on the south side of the harbour versus stronger and longer ebb
currents on the north side. This finding is consistent with basic hydrodynamic principles whereby tide
wave velocities are typically distorted within shallow inlets and embayments such that current speeds
are faster on the incoming flood tide relative to on the outgoing ebb, the latter having a compensatory
longer duration in order to drain an equivalent volume of water as entered on the flood.
OCEL (2009) and Goring (2009a) describe the depth‐averaged hydrodynamic currents and tidal residuals
found within the central to lower harbour during ADP (Acoustic Doppler Profiler) and ADCP (Acoustic
Doppler Current Profiler) experiments (e.g. Table 4). These circulation patterns show that flows within
the harbour can be complex and variable, with strong east‐west components along the harbour axis. The
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tidal residuals reveal that multiple gyres periodically move water, and any sediment suspended by that
water, north and south across the dredged channel. These patterns are more complex than the single
large gyre postulated by Curtis (1985a) (Figure 6) and more in line with the bathymetry‐related sediment
patterns found by Hart et al. (2008b) (Figure 19), and the sediment transport pathways detailed by
McLaren (2012) (Figures 24 and 25). It should be noted that Curtis (1985a) suggested that a single large
gyre occurred only under certain conditions, while latter authors give more weight to the dominance of
this feature in describing his work. Overall, OCEL (2009) indicates that any sediment that is suspended in
the water column can be transported both into and out of the upper harbour from central areas over a
tidal cycle. They also indicate that the residual transport of any suspended sediments at the upper limit
of the southern side of the lower harbour will be eastward (down harbour) or across the access channel
towards the northern side of the harbour. This is similar to the results of McLaren (2012), which suggest
that suspended sediment in the outer harbour is circulated towards the central axis of the harbour and,
from there, towards the harbour entrance.
OCEL (2009) and Goring (2013) also describe residual currents outside Lyttelton Harbour, off Godley and
Adderley Heads and at a proposed offshore spoil site. Observations off Godley Head show that water is
periodically flushed out of the harbour via a gyre and weak jet system operating seaward of this feature.
The existence of this system encourages flushing of spoil dumped in the Godley Head area since 2009
(Figure 40) out of the harbour, effectively reducing sediment recirculation within the lower harbour. The
sediment flushing produced by this gyre is also able to entrain some of the sediments suspended in the
outer northern harbour bays, according to model experiments reported in Goring (2013) (Figure 14).
MetOcean (2009, 2011) provide the only whole harbour tidal circulation studies since Curtis (1985a).
Figures 26 and 27 illustrate peak spring ebb and flood flows in the harbour modelled using the Princeton
Ocean Model (MSL‐POM) for the same (a) 1849 pre‐port structure and dredging, (b) present day and (c)
proposed deeper‐dredged channel scenarios shown in the wave modelling outputs. More detailed
figures showing the current velocity changes in the vicinity of the port are available in this report. The
model simulations show that the tide flows parallel to the main harbour axis along most of the harbour
length, with a narrowing of the flow field and strengthening of currents between the Magazine Bay
breakwater and Diamond Harbour area, spreading out and slowing again into Governors and Charteris
Bays. According to Figure 28, there has been a slight increase in tidal current strengths off the Magazine
breakwater area and a decrease adjacent to and east of the port between the 1849 and present‐day
scenarios. The potential effects that these changes in tidal currents could have had on the harbour
sediment system are not investigated.
Figure 33 illustrates results of the SELFE tidal modelling exercise conducted by MetOcean (2011). This
model relies on an unstructured bathymetric domain and is therefore able to improve on accuracy of
models that use fixed grids such as the model employed in MetOcean (2009). The model results
illustrate in detail the current flow velocities inside and outside the harbour. This method has produced
some detailed results which have the potential to be used in modelling sediment transport within the
harbour.
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Research gaps & possibilities

As reviewed here, numerous studies have examined patterns of sedimentation and/or circulation within
parts of Lyttelton Harbour, predominantly for the purposes of assessing mudflat growth in the upper
harbour or the effects of port operations in the central and outer harbour.
There are two main components to understanding and influencing rates of harbour seabed accretion:
these are (i) sediment inputs and (ii) hydrodynamic conditions that facilitate sediment accumulation.
Coastal inlets like Lyttelton Harbour are naturally prone to infilling over geological time: that is, mudflat
growth and harbour infilling are natural processes, particularly in the upper reaches, in such sheltered
coastal systems when they are under relatively stable sea level conditions.
The rates of infill of this harbour have, however, undoubtedly been accelerated by anthropogenic
processes, including catchment land use changes and development and port activities. Most sources
agree that the main external sources of material for sedimentation in Lyttelton Harbour are in the
surrounding catchment.
Patterns of sedimentation in the upper harbour over the past century have been dominated by
accretion while sedimentation in the central to lower harbour has been variable and responsive to port
dredging and spoil dumping activities.
It is commonly believed that the present dredging regime contributes minimal amounts of sediment to
the upper bays and south side of the harbour. There is less evidence regarding how changes in harbour
bathymetry and structures resulting from port activities has affected the harbour sediment system in
general and, in particular, upper harbour mudflat growth and seabed textures. Over the last 5 or so
years there has been a very significant advance in understanding of the effects of present‐day port
activities on the harbour sedimentation and circulation as well as a narrowing of gaps in understanding
historical effects.
One of the main characteristics of existing Lyttelton Harbour research is the general paucity of publically
documented work that recognises the harbour operates as a whole, integrated system. Specifically, the
physical coastal system of Lyttelton Harbour comprises a series of spatially and temporally interrelated
zones through which a range of processes (including circulation and sedimentation) drive transfers of
energy (e.g. wave, tidal, wind) and matter (e.g. water, sediment, contaminants).
The processes operating in one area of the harbour have flow‐on effects on other areas of the harbour.
As such the effects of activities such as catchment stream, overland road cutting or subdivision sediment
inputs; infrastructure development in or above the water; or dredging and dumping cannot be fully
assessed in terms of their contribution to the harbour sediment budget by examining areas directly
involved in, and immediately surrounding, such operations alone.
Curtis (1985a) comprises the only publically documented whole‐harbour study that attempts to
understand the harbour from a systems perspective. Although sound, this piece of research is
significantly dated in terms of the scientific and measurement possibilities of today. Most other studies
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have focussed their sampling either in the upper harbour or in the central to lower harbour, meaning
that the techniques used in one area are not equivalent to those used in another and making
comparisons of sedimentation patterns and trends difficult.
Several options exist for further investigating the sediment and circulation systems of Lyttelton Harbour.
Following is a brief outline of these options in relation to specific research gaps.
1. In relation to the whole harbour system gap, this review noted that, despite detailed surveys in
discrete areas, the bathymetry of the harbour as a whole has rarely been updated in one source.
In order to address this gap, a GIS desktop exercise could be conducted that converts historical
and contemporary depth data into one format to build a comprehensive picture of changes to
harbour bathymetry over time across the whole harbour.
This GIS database could then be analysed in relation to other information such as Environment
Canterbury’s (2008) key catchment input analyses, Goff’s (2005) and de Vries’ (2007)
sedimentation studies, and a review of the dates and nature of port structure and bathymetry
changes, in order to better understand how the harbour sediment system operates. This would
not provide an exact ‘sediment budget’ or quantification of all the transfers of sediment into,
out of and around the harbour system, as this is very difficult model to construct for such a
complex catchment‐inlet system. Rather the GIS exercise could provide a sound basis for
understanding the role of the key contributors to Lyttelton Harbour sedimentation, including
changes in harbour hydrodynamics, over time.
2. As mentioned earlier, given the limited and mostly different spatial coverage of the surface
sediment data for the harbour, there exists a research gap in terms of an up‐to‐date sediment
texture map of the complete harbour seabed system. This gap could also be narrowed through
the compilation of a GIS database of whole harbour sediment texture information from previous
studies.
3. Advances in the technologies used to measure and model hydrodynamic processes and mudflat
dynamics over the last two decades have been unprecedented (Byun and Wang 2005; Liu et al.
2009; Wang and Andutta 2013). Mudflat modelling investigations could help to improve
understanding of the physical systems of Lyttelton Harbour and, thus, to appreciate the effects
of different human activities on mudflat growth. It should be noted that this exercise is
potentially an expensive one and should be conducted by individuals with a proven track record
in such complex modelling. Costs could be significantly reduced by using some of the existing
hydrodynamic measurement records (see summary in LPC 2013 and Table 6 in this report) and
tidal modelling (e.g. MetOcean 2011) as inputs.
4. Advances in our understanding of the sediment sources could be expected from the application
of new techniques such as those of Swales et al. (2011) and McLaren (2012).
5. A robust desktop comparison of the detailed data from existing studies that have examined
different harbour compartments would also be of use in understanding key sediment sources
and accumulation patterns over time.
6. Techniques that have been used to effectively investigate sedimentation in discrete areas of the
harbour, such as coring, could be applied to remaining areas to improve whole‐harbour
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comparisons of the causes and rates of sediment accumulation, as could ongoing scientific
monitoring and research effort throughout the harbour as a whole.
7. A better understanding of suspended sediment patterns and processes could be achieved via a
field investigation measuring SSC and potential causative parameters in close spatial proximity
for several sites around the harbour, followed by robust statistical comparisons.
Most of these suggested future research projects would require a whole‐harbour perspective and,
perhaps, a greater level of community–industry collaboration. Importantly, there are also a number of
actions highlighted in existing research such as Environment Canterbury (2008) and Bolton‐Ritchie
(2011) that could be taken to reduce the external inputs of sediment into Lyttelton Harbour. Following
the main recommendations of these reports would have positive outcomes for the Lyttelton Harbour
environment.
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Figure 1. Post‐European settlement reductions in the extent of forest cover on Banks Peninsula (Boffa Miskell
2007, p27).
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Figure 2. Changes in harbour bed levels with depth between 1849 and 1976 (Curtis 1985a, p48). Vertical axis
represents harbour area (millions of m2) below depths shown on the horizontal axis.

Table 1. Sediment volume change in Lyttelton Harbour 1849‐1976 (Curtis 1985a, after the table on p50). Note M
indicates million (106) and K indicates thousand (103).
Net sediment
Average sediment
Duration
Time period
volume change
volume change
(y)
(Mt)
(Kt y‐1)
1849‐1903
54
‐11.2
209
1903‐1951
48
+16.9
351
1951‐1976
26
1.9
73
Total
128
6.3
49
1849‐1976
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Figure 3 Spatial distribution of harbour sediment sample and tracer release sites (Curtis 1985a). Note the limited spatial coverage of sediment sample sites in
Governors and Charteris Bays and in the Head of the Bay.
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Figure 4. Spatial distribution of harbour sediment textures after Curtis (1985a, after the diagram on p58).

Figure 5. Diagrammatic summary of Curtis’ (1985a) Lyttelton Harbour sediment budget, including inputs from
catchment erosion and Pegasus Bay, and the re‐circulation of dredge spoil.
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Figure 6. Harbour circulation patterns during A) the flood tide, and B) the ebb tide as described by Curtis (1985a,
after the diagram on p161).
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Figure 7. Seabed transect profiles measured from the centre of the bay shoreline seaward out across the Head of the Bay mudflats (A) and at 90 degrees to
profile A across the middle of the Head of the Bay mudflats (B) between 11 June and 1 September 2007 (de Vries 2007, p22). C illustrates the transect
positions.
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Figure 8. Envelope of morphological change (i.e. maximum and minimum vertical extent of seabed erosion and accretion) observed along a Head of the Bay
transect by de Vries (2007, p24) between 11 June and 1 September 2007 (A); and percentage fine sediments (less than 4 phi) in samples taken at 200 m
intervals along this transect (B).
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Figure 9. Goff (2005, pp3 and 8) core stratigraphy, chronology and summary of sediment accumulation rates (SARs)
for Head of the Bay (top) and Charteris Bay (below). The chronologies comprise a combination of 14C, 210Pb,
137Cs, pollen and spores, and stratigraphic interpretation aided by diatom data. GC = gradational contact, SC =
sharp contact, DC = deformed contact; the contact being the transition from one sediment unit to another).
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Table 2. Goff (2005, p11) Head of the Bay core sediment accumulation rates (SARs in cm y‐1). Note that SARs have
an error margin of +/‐ ~10% due to measurement depth.
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Figure 10. Whakaraupō Lyttelton Harbour satellite mosaic (Google Earth, 15 Feb 2011 image).
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Figure 11. Example comparison of A. wind speed, rainfall (recorded daily at 08:00); B. wave heights; C. tidal current
velocities: and D. relative suspended sediment concentrations (SSC) while dredge spoil dumping was occurring at
Godley Head in October 2009 (times of dumps marked by yellow lines) (Goring 2010, 15). Note that the suspended
sediment concentration and tidal currents were measured at Godley Head, with other parameters measured in
Lyttelton (rainfall) or modelled (waves and wind).
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Figure 12. Location of Acoustic Doppler Profiler (ADP) and Acoustic Doppler Current Profiler (ADCP) deployments
(Goring 2013, p4).

Table 3 from Goring (2009a, p10) showing results of short‐term Acoustic Doppler Profiler (ADP) record analysis
regarding the contribution of residuals, tides and seiches to the current energies measured outside of the harbour
and at the mouth of Port Levy. Dumping 1 and 2 in this table correspond to ADP1 and ADP2 in Goring (2009a,
Figure 1) above while Pt Levy 1 and 2 correspond to ADP3 and ADP4. The residuals can result in net sediment
transport.
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Table. 4 from Goring (2009a, p16) showing the speed and directions of the mean residual currents. See Figure 1
from Goring (2009a, p4) for measurement sites.

Figure 13. Goring (2013, p16) results of Princeton Ocean Model (POM) simulations of mean wave height (cm) for
selected harbour locations. The map shows estimates of wave height at the time of the report and the expected
change in wave height after capital dredging works: for example, at the outer‐harbour, eastern‐most site the
annotation is 0/75, meaning that the present modelled mean wave height is 75 cm and this is not predicted to not
change as a result of dredging; at the first site west of this the annotation is ‐4/69, indicating that there will be a 4
cm reduction in mean wave height from the present modelled height of 69 cm.
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Figure 14. TOP Goring (2013, p18) trajectories over 5 tide cycles of neutrally buoyant particles released at high
tide, and BELOW the same for low tide release: “High tide is the start of the ebb, so the initial motion is out of the
harbour (Figure 2.11a), but after 6.21 hours, the direction reverses and motion is directed into the harbour; and this
ebb and flood pattern continues, changing direction every 6.21 hours. Particles released into Livingstons Bay tend
to hug the shoreline, but particles released into Breeze and Mechanics Bays migrate towards the centre of the
harbour. Particles released at Godley Head initially follow the coastline, but then sweep into the centre and across
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the harbour. The typical excursion of a particle over a tidal cycle is 2 to 3 km, though it can be much larger such as
in the first ebb of the particle dropped at Godley Head which travelled 4.5 km. The trajectories of particles released
at low tide (start of the flood) are quite different (Figure 2.11b). Particles dropped at Godley Head and Mechanics
Bay tend to hug the shoreline, whereas particles released at Livingstons and Breeze Bays migrate towards the
centre....The model used to calculate the currents that produce these trajectories contains tides only, whereas in
reality while the tide has a major contribution to the currents, there are residual currents caused by non‐tidal
effects that can push particles off the trajectories shown here, causing net motion in one direction or another. This
is a drawback with this type of sediment modelling” (Goring 2013, p17).

Figure 15. Goring (2013, p19) illustration of trajectories of particles released at the offshore dump site: “Figure
2.12 shows the trajectory of particles released at the offshore dump site. Here, 7.6 km from the harbour entrance,
the streamlines are much less curved than in the outer harbour, so the pattern is more elliptical and more
stationary than the trajectories shown in Figures 2.11. Indeed, at the dump site, the particles will have an excursion
of 1.3 km each tidal cycle (c.f., 2 to 3 km in the outer harbour) and the direction will be constant along a line WNW
to ESE, which is essentially parallel to the coastline” (Goring 2013, p17). Note same caveat regarding modelling
inputs as for Figure 2.11. Here, outside the harbour, residual currents from waves are likely to be more even
significant (as indicated in Goring 2009a, p10), potentially affecting the accuracy of this prediction.
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Figure 16. Major ocean currents off eastern central New Zealand. Note the southland current turns into an
anti‐clockwise gyre in southern Pegasus Bay due to Banks Peninsula sheltering the area from northward‐moving
Southern Ocean swell. The resultant wave environment of southern Pegasus Bay is dominated by west‐south‐west
moving currents and locally‐generated wind waves (Hart et al. 2008a, p657)
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Figure 17. Whakaraupō Lyttelton Harbour place name map (Hart et al. 2008b, p2).
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Figure 18. Spatial distribution of mid to upper harbour sediment textures (Hart et al. 2008b, Map 3 p48).
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Figure 19. Upper Lyttelton Harbour sediment classes versus bathymetric contours (Hart et al. 2008b, Map 5 p50)
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Figure 20. Changes in New Zealand forest cover between approximately AD 950 and 1990 (Holland 2001, 393).
Note the major change in Banks Peninsula forest cover after 1840.
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Table 5. Lyttelton Port tide levels relative to Chart Datum and mean sea level (MSL) (LINZ 2013).
Level
Elevation
Elevation
(m above Chart Datum)
(m above MSL)
Mean High Water Spring (MHWS)
2.44
1.07
Mean High Water Neap (MHWN)

2.04

0.67

Mean Low Water Neap (MLWN)

0.66

‐0.71

Mean Low Water Spring (MLWS)

0.3

‐1.07

Mean Sea Level (MSL)

1.37

0

Highest Astronomical Tide (HAT)

2.68

1.31

Lowest Astronomical Tide (LAT)

0.1

‐1.27

Range (m)

Range (m)

Spring tide

2.14

2.14

Neap tide

1.38

1.38
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Figure 21. New Zealand Hydrographic Chart NZ6321 1976 Lyttelton (LINZ 2013).
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Figure 22. Lyttelton Port Company (2013a, 1p) map of existing dredged channel, ship turning basin, berth pockets and spoil dumping grounds.
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Table 6. Locations, durations, instrument and mount details of the main hydrodynamic deployments analysed in
recent studies commissioned by the Port (Lyttelton Port Company 2013b, p18). The Godley Head deployments are
considered in the Goring (2013) report while the other sites are analysed in Goring (2009a).

49

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Table 7. LEFT: Grain size characteristics between a Banks Peninsula loess deposit and the average distribution of
mud samples collected for McLaren’s (2012, p8) SedTrend analysis of the outer harbour seabed. RIGHT: Average
grain‐size characteristics of firm versus fluid mud deposit samples measured by from McLaren (2012, p9). Note
that the exact locations of the sample sites are unclear from the publically available report on the web, which
excludes the appendices. Comparing the loess sediments of the peninsula with those of the harbour seabed,
McLaren (2012, p8) commented that his sediment trend analysis (STA) “...provides supporting evidence for this
source‐deposit relationship [between the peninsula loess and the mud deposits in Lyttelton Harbour]. The mud is
finer, better sorted and more negatively skewed compared to the loess which, according to STA theory, is the
relationship to be expected if the mud has been derived from the loess”.

Figure 23. McLaren (2012, p5) map of sediment types in outer Lyttelton Harbour .
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Figure 24. McLaren (2012, p6) showing pathways of net sediment transport in outer Lyttelton Harbour derived
from bed sample SedTrend Analysis according to the methodology of in McLaren and Beveridge (2006).
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Figure 25. McLaren (2012, p7) showing the transport lines grouped into 2 main Transport Environments (TEs) or
areas containing a number of transport lines that are commonly related to each other, one smaller area at the
mouth of Port Levy where transport directions could not be characterised (McLaren 2012, p10), and boundaries
between TEs where transport lines begin or end. Table 2, which summaries the line numbers and dynamic
behaviour within each of the TEs is not included here as the percentages given are easily misinterpreted since they
are line percentages, not areal coverage or sediment transport volume related.
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Figure 26. Peak spring ebb‐tide flows for the 1849 (A), present‐day (B) and proposed (C) Cases (MetOcean
Solutions 2009, p13 ).
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Figure 27. Peak spring flood‐tide flows for the 1849 (A), present‐day (B) and proposed (C) Cases (MetOcean
Solutions 2009, p14 ).
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Figure 28. Absolute difference in current speed at peak ebb (A) and flood (B) between the historical and
present‐day bathymetry. Positive values represent an increase in the velocities from 1849 to present‐day
(MetOcean Solutions 2009, p15 ).
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Figure 29. Mean significant wave heights from a 10‐year hindcast (1998‐2007) for the historical (A), existing (B) and
proposed (C) harbour configuration (MetOcean Solutions 2009, p22).
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Figure 30. Absolute differences between the median (A), 95th percentile (B) and maximum (C) wave heights
between the historical and existing bathymetries (i.e. red areas have a decrease in wave height over time)
(MetOcean Solutions 2009, p26).
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Figure 31. Sites within the harbour domain for detailed wave analysis (MetOcean Solutions 2009, p28).
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Table 8. Significant wave height statistics for the historical, present‐day and proposed harbour configuration (MetOcean Solutions 2009, p29).
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Table 9. Summary of changes to the significant wave height statistics. Negative values indicate an increase in wave
height over time (MetOcean Solutions, 2009 p30).
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Figure 32. Finite element SELFE hydrodynamic model results for typical ebb tide flow conditions (19‐10‐2009 09:00
UTC) (MetOcean Solutions 2011, p5).

Figure 33. Finite element SELFE hydrodynamic model results for typical flood tide flow conditions (10‐11‐2009
20:30 UTC). (MetOcean Solutions 2011, p5).
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Figure 34. Type and distribution of soil groups around Lyttelton Harbour indicating the spatial variability of soil
types and the predominance of greywacke loess (PXM) (Shearer 2011, p6).
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Table 10. Soil types found within Lyttelton Harbour, their characteristics. Silt loam contains 65% Silt, 15% Clay and
20% Sand, and Sandy loam contains 25% Silt, 10% Clay and 65% Sand (Shearer 2011, p23).
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Figure 35. Erosion type and severity where D= G= Sh= Ss= T= and 1=Minor, 2=Moderate, 3=Severe (Shearer 2011,
p12).
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Figure 36 Average annual rates of soil loss predicted by NIWA’s Water Resources Explorer New Zealand (WRENZ)
online model, http://wrenz.niwa.co.nz/webmodel/. Areas in red indicate a large amount of erosion where as green
areas indicate a low level of erosion (Shearer 2011, p23).
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Table 11. Lyttelton Harbour sub‐catchment sediment yield rates and totals predicted by NIWA’s Water Resources
Explorer New Zealand (WRENZ) online model, http://wrenz.niwa.co.nz/webmodel/. Stream names are based on
their physical location, not necessarily their actual name as many streams are too small to be named (Shearer
2011, p26).

66

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Figure 37. Distribution of land uses and vegetation types around Lyttelton Harbour (Shearer 2011, p7).
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Figure 38. Map of the Lyttelton Harbour benthic and intertidal sample stations relative to dredging and existing and proposed spoil disposal areas (Sneddon
2013, p2).
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Figure 39. Record of contaminant sediment sampling history for the inner Lyttelton Harbour (Sneddon 2013, p23). Areas outside of maintained depths are
shaded. This report comments that “Figure 10 shows intensive sampling and analysis of sediments offshore from the dry dock over the past 16 years but, apart
from the monitoring of hopper sediments required by the maintenance dredging consent and a single sample (“135”) collected from No.2 berth in 2000, the only
monitoring within the area of maintained depths has been a synoptic survey of copper and zinc concentrations carried out in 2001 (Keeley & Barter 2001).”
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Figure 40. Graphical representation of the spoil deposition record for different sites from 2000 to 2011, including
the significantly increased use of the Godley Head spoil ground area since 2009 (Sneddon 2013, p3).
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360 ENVIRONMENTAL PTY LTD. 2013. James Point Port Bulk and General Facility Coastal Monitoring and
Management Program. Report prepared for James Point Pty Ltd. 57p.
Keywords: port infrastructure, reclamation, sediment transport effects, environmental assessment and
monitoring.
Executive summary: James Point Pty Ltd (JPPL) has approval to construct and operate a Bulk and General
Facility (BGF) Port in Cockburn Sound, Western Australia. This Coastal Monitoring and Management
Program (CMMP) outlines the management and monitoring requirements associated with construction
and reclamation activities to be undertaken as part of the development of the BGF. A breakwater is
envisaged as part of the James Point Port BGF project that may alter the existing sediment transport
regime during and after construction. The objectives of the CMMP are to monitor and manage the local
coastal processes as required by the Minister for the Environment on advice of the Environmental
Protection Authority. Further to the Public Environmental Review (PER), Bulletin 1141 (EPA 2004)
outlines the Proponent’s Environmental Management Strategies that included Proponent commitments
to protect the recreational amenity of local beaches and to minimise and manage the impact of the port
on local coastal processes. The environmental impact assessment identified the possible modification of
the north south sediment transport as a factor requiring consideration and management to ensure:
 the stability of beaches and the integrity, function and environmental values of
 the foreshore area are maintained and
 to minimise the impact of foreshore erosion and accretion near the port facilities.
An investigation into sediment transport over annual and decadal time scales suggested that the net
sediment transport along the coast near James Point Port is relatively small with transport volumes
estimated to be in the order of 10’s of thousands of m3 per annum in each direction (DAL 2001). This
report presents the management and monitoring program to ensure the recreational amenity of local
beaches continues to be protected over the life of the project and that the dredging activity does not
give rise to sediment clouds that could damage the existing seagrasses.
ALLAN, J., KIRK, R., HEMMINGSEN, M. & HART, D. 1999. Coastal processes in southern Pegasus Bay: a
review. Report prepared for Woodward‐Clyde New Zealand Limited and the Christchurch City
Council. Land and Water Studies (International) Limited Christchurch, New Zealand. 107 p.
Keywords: Canterbury, ocean outfall, coastal processes, beach processes.
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BAL, A. A. 1997. Sea caves, relict shore and rock platforms: evidence for the tectonic stability of Banks
Peninsula, New Zealand. New Zealand Journal of Geology and Geophysics, 40, 299‐305.
Keywords: shore platform; rock platform; sea caves; glacio‐eustacy; sea stack; plunging cliffs; coastal
erosion; strato‐shield volcano; Quaternary; Banks Peninsula; Canterbury.
Abstract: Well developed but partially exposed shore platforms at 6‐8 m above mean sea level (m.s.l.)
on the southwestern flanks of Banks Peninsula have been considered previously as evidence for either
general tectonic stability or differential subsidence of the peninsula. These platforms probably formed
during an interglacial high sealevel stand, c. 120 000 yr ago or earlier. Banks Peninsula has been
assumed to be differentially subsiding, since comparable platforms have not been identified on the
northern flanks, and adjacent late Quaternary marine and fluvial sediments of the Canterbury Plains are
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unequivocally subsiding. However, an alignment of coastal erosional features at Cave Rock and Sumner
Head, Christchurch (northwestern flank of Banks Peninsula), may represent a relict shore platform 5‐6 m
above m.s.l. These erosional features are interpreted to be correlatives of the platforms described on
the southwestern flank, and therefore suggest Banks Peninsula is not differentially subsiding. By
implication, wide (kilometre‐scale) subsurface (c. ‐50 to —100 m below m.s.l.) rock platforms, recently
mapped by others, are interpreted to be the product of early Pleistocene multiple glacio‐eustatic
sea‐level falls and/or rises. The presence of this subsurface platform, and possible submarine
correlative, suggests Banks Peninsula may have been tectonically stable for much of the mid‐late
Quaternary.
BARTER, P. 2000. Environmental monitoring of impacts of dredging and dumping in Lyttelton Harbour
‐1999. Cawthron Institute Report No. 574, 30p plus appendices. Available from the Lyttelton
Port Company archives.
BOFFA MISKELL. 2007. Banks Peninsula Landscape Study – Biological History and its Influence on the
Landscape of Banks Peninsula.
Keywords: geology, biological history, archaeology, cultural heritage, agriculture, landscape sescriptions,
landscape values.
Background: In August 2006 Boffa Miskell Limited (BML) were commissioned by the Christchurch City
Council (CCC) to prepare a landscape assessment of the rural parts of the previous Banks Peninsula
District (BPD). Banks Peninsula District Council (BPDC) was abolished and merged with Christchurch City
in March 2006. The objective of this landscape assessment was set out in the Landscape Project Terms
of Reference as:
“To promote the sustainable management of Banks Peninsula landscapes, by managing the use,
development and protection of landscapes in a way which enables people and communities to provide
for their social, economic and cultural well‐being, and for their health and safety, while sustaining the
potential of landscapes to meet the reasonable and foreseeable needs of future generations whilst
avoiding, remedying or mitigating any adverse effects of activities on landscapes.”
Landscape has been a controversial issue within Banks Peninsula since the Proposed District
Plan (PDP) was publicly notified in 1997. A significant number of submissions opposed or sought
modification to land identified as ‘Landscape Protection Areas’ and ‘Coastal Protection Areas’ in the
Plan. Questions were raised over a perceived lack of rigour in establishing these areas. Consequently, a
rural task force (RTF) was formed to address these and other issues. Between 1997 and 1999 the RTF
focused on considerations of the location, nature and extent of areas requiring environmental
protection and management methods. This information was utilised by the BPD in plan reviews. In 2002
the BPD publicly notified ‘Variation 2’. The Areas of Protection identified in this Variation were less in
extent or within the areas previously identified in the PDP. Following submissions a decision on Variation
2 was released in June 2005. Two key aspects of the decision were that:
1. uncertainties about proper identification of protected areas were recognised; and
2. there was common ground between the majority of submitters that many parts of the Peninsula
exhibit Outstanding Natural Features.
This decision was appealed to the Environment Court, and in January 2006 the Court issued a
Heads of Agreement establishing the brief for further study. A copy of the Terms of Reference are
attached to this report as Appendix A. The terms state that the landscape assessment methodology
should incorporate the following components: the contextual description; landscape description;
landscape characterisation; landscape evaluation; and description of assessment criteria informed by
relevant Environment Court decisions.
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The three phases of the Banks Peninsula Landscape Study include; Phase 1 contextual
description; landscape description and landscape characterisation, Phase 2 Banks Peninsula landscape
values and Phase 3 potential landscape futures and management mechanisms. A comprehensive
consultation strategy linked to the assessment has given all interested parties opportunity for input to
the study. The approach developed for this investigation is an evolution of previous landscape
assessments and reflects current ‘best practice’. It recognises that landscape is a wide ranging concept
which, by necessity, incorporates a range of integrated issues. The concept of landscape is discussed
further in the next section of this report. To address this understanding of landscape, the Boffa Miskell
team is made up of specialists in a range of disciplines. The team have used a Geographical Information
System (GIS) to manage the vast volume of data available to, and generated by, the study team.
Investigations have been aided by the use of a 3D computer model using K2Vi software. This model
enables the assessor to travel anywhere within a ‘virtual’ Banks Peninsula. The combination of 3D model
and GIS data‐sets have been invaluable in supporting the fi eldwork and other study team investigations.
BOLTON‐RITCHIE, L. 2004. Lyttelton Harbour/Whakaraupō Nutrient Status, April 1988‐June 2003.
Environment Canterbury technical report R04/14. 59p.
Keywords: Lyttelton Harbour, water quality, nitrate, phosphate, nutrients.
Executive Summary: Water quality monitoring was carried out at 7 sites in greater Lyttelton Harbour and
at 10 sites in the port area. Sampling at the greater Lyttelton Harbour sites was carried out
approximately monthly over four year long periods between April 1988 and June 2003 and at the port
sites was carried out approximately monthly between September 1999 and June 2000.
In greater Lyttelton Harbour, significant differences occurred in the concentration of the
nutrients between at least two of the seven sites in each year‐long sampling period. For ammonia
nitrogen, total organic nitrogen and total nitrogen there was no obvious pattern to the difference in
concentration between sites while for nitrate‐nitrite nitrogen, dissolved reactive phosphorus and total
phosphorus there was a pattern to the difference in concentration between sites over all sampling
periods. These patterns consisted of:
• Generally higher concentrations of nitrate‐nitrite nitrogen at the port entrance than at other
sites
• Generally higher concentrations of dissolved reactive phosphorus and total phosphorus at inner
harbour sites (Charteris Bay, Governors Bay and Corsair Bay) and the port entrance than at
outer harbour sites (Harbour entrance, Purau and Ripapa).
Within the port area there were generally higher concentrations of nitrate‐nitrite nitrogen, total
nitrogen, dissolved reactive phosphorus and total phosphorus at the Fox II mooring, between wharves 5
and 6 and between the fishing boats and the yachts than at the other sites.
The results indicate:
• Site‐specific sources of nutrients within the Port of Lyttelton
• Irregular nutrient inputs at various locations, within the Port of Lyttelton
• Nutrient input into or near to the port entrance
• DRP and TP input/s into the inner harbour
Over time the concentrations of dissolved reactive phosphorus and total phosphorus were
significantly lower in 2002 and early 2003 than in one or more of the other sampling periods at all
greater Lyttelton Harbour sites except the port entrance. Over time the concentrations of nitrate‐nitrite
nitrogen, total organic nitrogen and total nitrogen were only significantly different at the port entrance.
For all nutrients there was no apparent overall trend (of a decrease or increase) in concentration
between 1988 and 2003. The concentrations of dissolved inorganic nitrogen (=ammonia nitrogen +
nitrate‐nitrite nitrogen), total nitrogen, dissolved reactive phosphorus and total phosphorus at sites in
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greater Lyttelton Harbour and the Port of Lyttelton frequently exceeded the ANZECC (2000) trigger
levels for ‘slightly disturbed marine water’. At concentrations above the trigger level there is potential
for excessive growth of aquatic plants. However the relative availability of inorganic nitrogen (DIN) to
inorganic phosphorus (DRP) i.e. the N:P ratio, also influences aquatic plant growth and in particular
phytoplankton growth. At all sites in greater Lyttelton Harbour in 1988, 1992‐1993, 1993‐1994 and
2002‐2003, and at sites in the port on most sampling occasions in 1999‐2000 aquatic plant growth was,
as indicated by an N:P ratio of <16:1, nitrogen limited. Phosphorus‐limited aquatic plant growth i.e. an
N:P ratio of >16:1, occurred at some sites on some occasions in the port in 1999‐2000. Optimal nutrient
conditions i.e. an N:P ratio of 16:1 for phytoplankton growth did not occur in any of the samples
collected at the sites in greater Lyttelton Harbour or the port.
BOLTON‐RITCHIE, L. 2008. Coastal water quality in selected bays of Banks Peninsula 2001‐2007.
Environment Canterbury Technical Report R08/52. 60p.
Keywords: Canterbury, water quality, nutrients, salinity, circulation, suspended sediment.
Executive Summary: This report presents and interprets water quality data collected by Environment
Canterbury in selected bays of Banks Peninsula over two time periods: November 2001‐June 2002 and
July 2006‐June 2007. Over 2001‐2002 the concentrations of nitrogen and phosphorus based
determinands (nutrients) were measured while over 2006‐2007 the concentrations of nutrients,
chlorophyll‐a, total suspended solids, enterococci, and salinity were measured. The bays sampled were
primarily selected to represent a range of geographic locations around the peninsula. These bays varied
in regard to aspect of the entrance, length, width and land use. The bays sampled over both time
periods were Pigeon Bay, Little Akaloa, Okains Bay, Le Bons Bay, Otanerito and Flea Bay. Hickory Bay and
Te Oka Bay were also sampled over 2001‐2002 but not over 2006‐2007 while Port Levy and
Tumbledown Bay were sampled over 2006‐2007 but not over 2001‐2002.
Median concentrations of the nutrients ammonia nitrogen (NH3N), nitrate‐nitrite nitrogen
(NNN), total nitrogen (TN), dissolved reactive phosphorus (DRP) and total phosphorus (TP) were typically
comparable to those reported from sites north and south of Banks Peninsula but some differed from
those in Akaroa and Lyttelton harbours. There was considerable variability in NH3N, NNN, TN, DRP, TP,
chlorophyll‐a, total suspended sediment and salinity concentrations between sampling occasions. This
variability suggests that concentrations are influenced by a range of factors. All NH3N concentrations
were below the ANZECC (2000) trigger value. No other determinand concentrations were compared to
ANZECC (2000) values as there are no New Zealand specific trigger values. Enterococci concentrations
were low which indicates little or no faecal contamination of the sea water within the bays. There were
significant differences in NH3N, NNN, TN, DRP, TP, chlorophyll‐a and total suspended solid
concentrations and salinity between two or more of the bays. These differences indicate bay specific
sources of nutrients, sediment and fresh water and may be due to:
• Differences in the volumes of fresh water flowing into the bays via the streams,
• Differences in land use within a catchment for example grazing compared to forest covered,
• Differences in the area of active erosion scars between bays.
There was a similarity between the grouping of some of the bays based on bay length and/or
aspect of the entrance and their groupings based on the concentrations of N and/or P based
determinands. Water circulation within the bays is predominantly driven by tidal flows and wind. The
aspect of the bay entrance likely results in differences between bays in water circulation because of
differences in exposure to the prevailing wind. Bay length likely influences the retention time of water
within a bay and affects wind strength (funnelling) and hence water circulation. The results suggest that
water circulation and water retention time within a bay influence nearshore nutrient concentrations.
Rainfall has a significant impact on the nearshore water quality. Using correlations it was determined
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that rainfall affects nearshore NNN concentrations and can also influence nearshore total suspend
sediment concentrations. Notable high concentrations of NH3N, NNN, TN and TP occurred in one or
more bays after heavy rainfall. Seabed re‐suspension by wave action is a significant contributor of
sediment to the water column in some of the bays. High volume flows from the Rakaia River, some 66
km south of the peninsula, can affect the salinity of southern bays, and hence also likely influences other
water quality parameters in these bays.
The information in this report provides:
• A baseline against which any large changes in water quality can be assessed.
• Information that will be useful to resource managers in assessing the suitability of water quality
for the uses and values associated with this part of the coast.
• Information that will be useful to future resource consent applicants for, for example,
aquaculture or discharges to the coast.
BOLTON‐RITCHIE, L. 2011. Factors influencing the water quality of Lyttelton Harbour/Whakaraupō.
Environment Canterbury Technical Report R11/49. 118p.
Keywords: Lyttelton Harbour, water quality, nutrients, suspended sediment.
Summary: The report is based on data collected by Environment Canterbury between 1992 and 2008
from sites in Lyttelton Harbour/Whakaraupō. The data are used to evaluate differences in water quality
between sites and over time. They are also used to investigate the impact of wastewater discharges,
stream inputs and sediment inputs on harbour water quality.
The concentration of total phosphorus (TP), dissolved reactive phosphorus (DRP) and total
suspended solids (TSS) and turbidity decreased with distance down the harbour. There were significant
differences in water quality between sites in the harbour. The nutrient concentrations at the inner port
entrance were variable and typically higher than at other sites in the harbour. There are numerous
sources of nutrients to the inner port entrance including stormwater and stream flows, activities within
the port and wastewater from the Lyttelton outfall. Total phosphorus and dissolved reactive phosphorus
concentrations in harbour water have decreased over time. The total nitrogen concentration at the
inner port entrance has increased over time. This increase results from an increase in the concentration
of total organic nitrogen including particulate (living plankton and dead particulate matter) and
dissolved organic nitrogen. In 2002‐2003 nutrient concentrations were more similar between sites than
they were in the other years. There was less rainfall in 2002‐2003 than the other years. Around the
harbour there are continually flowing streams as well as streams that dry up in summer. There were
differences in nutrient and total suspended solids concentrations between streams and in each stream
over time. Fresh water flowing from the streams influences the quality of the water in the harbour.
Elevated nitrite‐nitrate concentrations occur in harbour water after very heavy rainfall. Treated
wastewater is discharged into the harbour via three outfalls. There was no indication that the
wastewater results in elevated concentrations of indicator bacteria in sea water 10‐20 m away from the
Governors Bay outfall and 50 m away from the Diamond Harbour outfall. The wastewater may account
for the occasional higher ammonia nitrogen concentration at sites 382‐1530 m from an outfall. Soil
erosion with rainfall and/or stirred up seabed sediments cause elevated harbour water TSS
concentrations. The quantity of soil entering the harbour each year is not known. Soil input to the
harbour could have an impact on marine life and is likely a significant ecological issue for the harbour.
Around a third of the collected samples had a dissolved oxygen % saturation just below the guideline
trigger value. It is uncertain whether the ecological health of the harbour will be affected by dissolved
oxygen saturations less than the trigger value. Harbour water ammonia nitrogen concentrations were
well below concentrations that could be toxic to marine life. The water in the areas classified as
managed for contact recreation, meets the criteria for this classification. The water in the areas
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classified as managed for shellfish gathering applies to Rapaki Bay and the outer or eastern area of the
harbour. The 2009 results from flesh testing of shellfish indicate this classification is being met.
However, results from the routine monitoring of overlying water faecal coliform concentrations in
Rapaki Bay indicate the classification is not typically met. The following recommendations have been
made.
1. Undertake monthly water quality sampling at sites throughout the harbour, for a year every five
years.
2. Undertake investigations to determine the sources of nutrients to Living Springs Creek and
Rapaki Stream and the sources of faecal contamination to Living Springs Creek, Teddington
Stream, Te Wharau Stream and Purau Stream.
3. Stricter on‐land erosion control measures are required to reduce the quantities of soil entering
harbour water.
BRADFORD, J.M., ROBERTS, P.E. 1978. Distribution of reactive phosphorus and plankton in relation to
upwelling and surface circulation around New Zealand. New Zealand Journal of Marine and
Freshwater Research 12, 1–15. Print copy available in UC Library.
BRODIE, R.G. 1955. Sedimentation in Lyttelton Harbour, South Island New Zealand. New Zealand Journal
of Science and Technology 36(b): 306‐321. File not found.
BROWN, L. & WEEBER, J. 1994. Hydrogeological implications of geology at the boundary of Banks
Peninsula volcanic rock aquifers and Canterbury Plains fluvial gravel aquifers. New Zealand
Journal of Geology and Geophysics, 37, 181‐193.
Keywords: Banks Peninsula, Canterbury Plains, Lyttelton Harbour, Christchurch, Heathcote Valley,
groundwater, groundwater chemistry, saltwater intrusion, mineral water, thermal water, hydrogeology,
Quaternary, Holocene, Lyttelton Group Volcanics, Riccarton Gravel
Abstract: Two aquifer systems abut at the coastal northern Canterbury Plains adjacent to Banks
Peninsula. These are: (1) the northern Canterbury Plains coastal, confined, upper Quaternary, fluvial
gravel aquifers, with groundwater recharge derived from influent seepage from the bed of the
Waimakariri River to the northwest of Christchurch; and (2) the Banks Peninsula aquifers, with
groundwater in fractures, joints, and fissures in the Miocene volcanic rock. Data including well logs,
water level and temperature measurements, and chemical and isotope (tritium and oxygen 18) analyses
show that groundwater from volcanic rock aquifers is derived predominantly from Banks Peninsula
precipitation—but there is also mixing with Canterbury Plains groundwater derived from the
Waimakariri River. Flow paths are complex, and basement faulting may facilitate mixing and warming of
groundwater.
BUSHELL, J. & TEEAR, G. 1975. Lyttelton Harbour‐Dredging and Regime Improvement. Second Australian
Conference on Coastal and Ocean Engineering,: The Engineer, the Coast and the Ocean.
Institution of Engineers, Australia, 54p.
CARTER, L., HERZER, R. H. 1979. The hydraulic regime and its potential to transport sediment on the
Canterbury continental shelf. New Zealand Oceanographic Institute Memoir 83, DSIR,
Wellington. Print copy available in UC Library.
CARTER, L., HERZER, R.H. 1986. Pegasus sediments (2nd edition). N.Z. Oceanographic Institute Chart,
Coastal Series 1:200,000. Print copy available in UC Library.
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CAWTHRON 2012. Effects on water clarity in Te Awaparahi Bay from reclamation activities. Addendum
to report number 2015. Prepared for Lyttelton Port Company. File not found.
COAKLEY, A. 1970. Surface temperatures in Canterbury coastal waters (Note). New Zealand Journal of
Marine and Freshwater Research, 4:1, 87‐90. Paper copy available in UC Library.
Summary: Between September 1966 and August 1968 Canterbury coastal waters showed an annual
range in surface temperature of 7–9°c. Temperatures were highest from January to March and lowest in
July and August.
COPE, J. 2012. Memorandum regarding CRC111659 ‐ Lyttelton Reclamation – Sedimentation Issues, 25
October 2012. Environment Canterbury file reference File Reference: CO6C /10299.
Keywords: reclamation, suspended sediment, upper harbour, port.
COTTON, C. A. 1949. Plunging cliffs, Lyttelton Harbour. New Zealand Geographer, 5, 130‐136.
Keywords: harbour geology, port history, mid 19th century seabed depths.
CURTIS, R. J. 1985a. Sedimentation in a rock‐walled inlet, Lyttelton Harbour, New Zealand. Thesis
submitted in fulfilment of the degree of Doctor of Philosophy in Geography. University of
Canterbury, Christchurch, New Zealand. 336p.
Keywords: Lyttelton Harbour, sedimentation, circulation patterns, sediment size, hydraulic processes.
Abstract: The principal concern of this study is the examination of sedimentation and sedimentary
processes in a rock‐walled tidal inlet, Lyttelton Harbour. The harbour is distinctive from other forms of
inlets commonly discussed in the literature due primarily to a negligible freshwater input, lateral grain
size contours which are parallel to current flow paths, and a maintenance, channel dredging programme
which greatly exceeds the natural harbour sedimentation rates. A further unusual characteristic of the
harbour is the lateral limitation imposed on processes within the harbour by the surrounding rigid, rock
boundaries. These boundaries influence and control circulation patterns within the harbour through the
interaction between processes and geometry. Thus Lyttelton Harbour is a structurally controlled tidal
inlet. The only harbour boundary which is free to respond to changes in the system is the bed. For these
reasons traditional inlet concepts, applicable to estuaries and inlets with unconsolidated boundaries,
were found to be unsatisfactory for explaining how Lyttelton Harbour operates. The study approach
involves fieldwork and analysis of both sedimentary and hydraulic processes within the harbour. A bed
sediment survey showed that the harbour can be divided along its longitudinal axis with very fine mud
sediments on the northern side, and coarser, sandier sediments on the southern side. All bed sediments
are predominantly fine, and a survey of near‐bed suspended sediment concentrations revealed fluid
mud layers on the northern side of the harbour, at the harbour entrance, and within the channel.
CURTIS, R. 1985b. Tidal Recirculation of dredge spoil: Major sedimentary process in Lyttelton Harbour,
South Island, New Zealand. Australasian Conference on Coastal and Ocean Engineering,
Institution of Engineers, Australia, 319p.
Keywords: Lyttelton Harbour, sedimentation, circulation patterns, sediment size, hydraulic processes.

79

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Abstract: Circulation and bed sediment patterns In Lyttelton Harbour were examined to determine the
primary cause of channel siltation. Estimates of sediment Input from erosion of the catchment and the
harbour bed were made, and long‐term spatial sedimentation patterns were established. Rates of spoil
loss from dredge dumping sites were determined and the transport and deposition of spoil was
predicted from circulation and near‐bed sediment patterns. It was established that spoil recirculation by
rotatory tidal currents is the single main cause of channel siltation. Dredging operations represent the
major sedimentary process in the harbour, resulting in the redistribution of up to 1,000,000 tonnes of
sediment annually.
CYRUS, J. R. 1930. The Development of Lyttelton Harbour, New Zealand. File not available.
DAVIDSON, R. J. 1989. The bottom fauna from three subtidal locations around Banks Peninsula,
Canterbury, New Zealand. New Zealand Natural Sciences 16:87‐95.
Keywords: benthic fauna, epibenthic fauna, subtidal, community composition.
Abstract: Epibenthic and benthic faunas were collected from various locations around Banks Peninsula,
Canterbury during 1985‐86. Epibenthic organisms were collected from three areas, while benthic faunas
were sampled from two sites in one of these areas. Each area represented either a wave exposed,
moderately wave exposed or sheltered shore type. Sediment types were dominated by either fine sand
or silt and clay. A total of 58 species of invertebrate were collected from benthic samples, while 49
invertebrate and 5 vertebrate species were recorded from epibenthic samples. Forty‐five epibenthic
invertebrate species were found at the sheltered site; 30 at the exposed site; and 24 at the moderately
exposed site. Amphipods numerically dominated epibenthic samples, while Polychaetes dominated the
benthos. Community composition varied between areas and seasons. Variation in community
composition and species abundances is most likely explained by environmental factors, although the
influence of predation pressure on community composition is also discussed.
DE VRIES, W. J. 2007. Mudflat Morphodynamics and Sedimentation Rates. A Case Study of the Intertidal
Mudflats at the Head of the Bay, Lyttelton Harbour. Honours Thesis (Geography), University of
Canterbury, Christchurch, New Zealand, 40p.
Keywords: Lyttelton Harbour, intertidal mudflats, sedimentation, sediment size, depositional history.
Abstract: Intertidal mudflats are a unique feature of low energy coastal environments. The mudflats at
the Head of the Bay in Lyttelton Harbour cover an extensive intertidal area of over 4 km2 and are a
prominent feature of the region. There has been a vacuum in the knowledge regarding the
sedimentation processes operating on the harbour mudflats compared to knowledge of the adjacent
open‐cast sandy beaches of Pegasus Bay. In this study, the current morphology of the mudflats at the
Head of the Bay is examined using a number of survey transects. These transects also provide insight
into the extent to which accretion and erosion processes operate on short times scales (weeks to
months), and the spatial distribution of these process across the mudflat. The role of tidal flows on
sediment disturbance is assessed along with sediment size distributions across the intertidal area of the
mudflat. Knowledge of historical changes in environmental and catchment conditions is used to date
stratigraphic layers from a number of auger samples taken from the mudflats. An increased knowledge
of local systems acquired from field work and existing literature is used to increase the understanding of
the processes occurring on the mudflats, and the nature of sediment accretion across the mudflat.
The mudflats at the Head of the Bay show a highly variable distribution of short term sediment
disturbance. A relatively stable zone in the upper intertidal area is associated with finer silt and clay
sized particles, and a much more dynamic zone in the lower intertidal area dominated by sandier

80

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

sediments and shell hash. A concave up seaward profile suggests that the mudflats were dominated by
erosional processes over the study period. Analyses of auger samples show a substantial increase in the
intertidal area from 700 m in 1860‐1900, to 2000 m in 2007. Mean yearly sedimentation rates have been
substantially lower in the upper intertidal area than in the mid to lower intertidal area, with the average
gradient of the mudflats decreasing over time as they extended seaward. It is likely that the intertidal
are of the mudflats will continue to increase in the future under current landuse conditions and harbour
systems.
DINGWALL, P. R. 1974. Bay‐head sand beaches of Banks Peninsula. New Zealand Oceanographic
Institute Memoir 15, DSIR, Wellington. Print copy available in UC Library.
Keywords: pocket beaches, sediment characteristics, beach classification.
DUNCAN, C.J., GIFFORD, S. R., HARRISON, M. C., MINNEAR, M. P. & MOORE, C. S. 2010. Stormwater
Management in rural Lyttelton Harbour. Student report (Geography), University of Canterbury.
Christchurch, New Zealand. 31p.
Keywords: Lyttelton Harbour, sediment supply, stormwater management, coastal erosion
Executive Summary:
Research Question:
• What roadside stormwater management strategies are employed in Lyttelton Harbour and
how do different parameters control the delivery of sediments to the aquatic environment?
Research Context:
• Lyttelton Harbour is an economic gateway to the world for a large portion of the South Island
and it provides a large number of jobs for the local community.
• It has a large area of tidal wetlands which play a significant role in the harbour ecosystem.
• The infilling of the harbour is occurring primarily due to land derived sediments being eroded
and deposited during high rainfall events.
Summary of methods:
• Various sites were selected which embody a range of management strategies used around the
harbour. A number of discharge samples were taken at points along each system under three
different flow regimes.
• A time‐lapse camera and erosion pins were set up at one site showing advanced levels of
erosion.
Key Findings:
• There are many factors that impact on the levels of erosion occurring in roadside stormwater
systems. These factors include: type of system in place, drainage length serviced, discharge
slope angle, precipitation, drop height from culvert, and type and amount of vegetation.
Lyttelton Harbour incurs large variations in the amount of sediment entering the harbour
environment due to these contributing factors.
Possible limitation in this research:
• During this research, a magnitude 7.1 earthquake occurred, and this may have affected parts
of the data.
Suggestions for future research:
• The use of the methods implemented in this study applied in a much broader extent across
the entire harbour.
• Further study to provide a better look at the effects of sedimentation on the benthic
environment.
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• Research into the limitations of applying swale to a series of differing environments.
ENVIRONMENT CANTERBURY. 2008. Lyttelton Harbour Potential Contaminant Sources Study, 2007.
Report U08/17, Canterbury Regional Council, Christchurch.
Keywords: geology, erosion, sediment sources, sediment contamination, landuse zoning, management
recommendations.
Executive Summary: The waters and seabed of Lyttelton Harbour receive sediment and other
contaminants from the harbour catchments. However, information on the sources of these
contaminants has, to date, not been investigated in detail nor collated into a stand‐alone document.
Thus the aim of this investigation was to research and present detailed information on the potential
sources of sediment and other contaminants to the waters and seabed of Lyttelton Harbour.
Information within this report has come from field investigations, discussions with Lyttelton Harbour
residents, Environment Canterbury and the Christchurch City Council. There are a large number of
potential sources of sediment and other contaminants to the water and seabed of Lyttelton Harbour.
These sources relate to:
• historic and/or current land use, e.g. deforestation, farming, subdivision development, housing
and quarrying
• infrastructure, e.g. wastewater treatment and discharge, stormwater, landfills and roading
• activities within the Port of Lyttelton, e.g. shipping and the dry dock
• on‐water boating activities (not covered in this report).
The sources of sediment and other contaminants throughout the harbour area have been mapped. In
addition, a detailed evaluation of the major potential sources of sediment and other contaminants in
nine sub‐catchment management areas is presented. Subdivision developments, wastewater treatment
and discharge, port activities and landfills and quarrying are in specific areas of Lyttelton Harbour, while
historic and active erosion, roading, waterways and stormwater are widespread. Three wastewater
discharges and numerous stormwater discharges add contaminants directly into the sea. Sediment and
considerable volumes of stormwater enter the sea indirectly via the waterways and to a lesser extent
roading. The quantities and flow of sediment and stormwater into the sea is influenced by rainfall.
Recommendations for future work are provided. These include investigations, potential monitoring
programmes and options for management based on current guidelines. For example the
recommendations for historic and active erosion include:
1. Assess the risk of active and historic erosion signatures within 20 m of waterways and roading
2. Develop an information pack on how to identify and manage potential active as well as historic
erosion signatures
Of relevance to the issue of sediment runoff is land use. The way that land can be used is defined in
zoning plans. Given that the Christchurch City Council (CCC) has proposed new land use zoning (2007
CCC Banks Peninsula Landscape Study) of the Lyttelton Harbour area, the details of this zoning are
presented. The proposed new zones are compared to the existing rural zoning. The proposed zone
changes may exacerbate existing potential sediment sources, as well as create new ones.
FLETCHER, M. 2010. Coastal hydrodynamics and atmospherics: a case study of current velocity and
transport of suspended sediment in Port Levy, Banks Peninsula. Geograohy Honours Thesis,
University of Cantberbury, 61p.
Keywords: atmospherics; hydrodynamics; suspended sediment concentrations.
Abstract: Studying coastal transport processes and sediment concentrations in coastal environments is
of significant importance for engineers, environmental scientists, the general public and planners. This
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study was undertaken as a preliminary investigation of the basic current flows taking place within Port
Levy and their influence on suspended sediment (SS) in this coastal embayment. The horizontal and
vertical patterns of current flow and SS were measured along a transect using a 1200 kHz acoustic
Doppler current profiler (ADCP). A grab water sampler (GWS) was used to obtain an estimate of SS at a
range of depths along three sections of the transect. A Richard Brancker (RBR) submersible tide and
wave logger was also deployed, taking wave measurements at bursts of 6 Hz during the day of sampling.
The atmospheric processes taking place within Port Levy over the 2010 winter period (March to July)
was also measured to provide a wider context for this study, and to allow comparison of local weather
conditions between Port Levy and Lyttelton, and inference of the role of weather processes on sediment
transport in the bay. Wind speed and direction was statistically significant between Lyttelton and Port
Levy with speed averaging around 3.9 m s‐1 and 2.2 m s‐1 respectively. No differences in rainfall were
seen between the two sites. Wind speeds in Port Levy on the day of ADCP deployment were higher than
average, reaching around 8 m s‐1 coming from the north‐north‐east. No significant change in velocity
with depth was observed with average flows of around 19 cm s‐1 heading south into the bay. Waves
were small localised wind waves with an average height of 0.05 metres and a period of 4.22 seconds. SS
concentrations were higher at the surface, decreasing with depth. Results concluded that atmospheric
monitoring needs to take place within Port Levy itself and not at Lyttelton to better understand the
interacting coastal processes. Port Levy is a sheltered embayment with little sedimentation.
Re‐suspension of the seafloor is expected to be low as swells do not dominate into the bay. The loess
surrounding the slopes is thought to be the main source of sediment entering the bay, deposited during
high wind and rainfall events. Time constraints and equipment availability limited this study. Further
investigation including testing the ADCP over a wider range of spatial and temporal conditions, having a
better understanding of instrument errors, and more thorough testing of the sensitivity of the ADCP
echo intensity to SS size and type under a variety of field conditions is warranted.
FORD, R. 1980. Shoreline Erosion at South Bay, Quail Island, Lyttelton Harbour. A thesis submitted in
partial fulfilment for the degree of Master of Science at Lincoln University, New Zealand.
Keywords: Lyttelton Harbour, South Bay, wave processes, erosion, sediment budget, shoreline
management.
Abstract: South Bay is situated in a small embayment on the south side of Quail Island. They bay is a
popular area for recreation and it contains two buildings of historic interest, located on the backshore.
The beach is about 270 metres long. The backshore is a flat grass area backed by a steep slope on the
landward side and protected on the seaward side a dry stone wall. The upper foreshore consists of a
gently sloping deposit of coarse calcareous sand, derived predominantly from biologic activity in the
surrounding harbour. This adjoins a flat, low tide terrace composed of fine silt. The local wave climate is
dominated by short steep waves (0.60 m high) generated by southerly winds blowing across a restricted
fetch. The beach has a relatively large tidal range and at high tide wave runup is able to reach the base
of the wall. Under storm conditions, the water level may rise an additional 0.8 metres. If this coincides
with a high tide the waves will overlap and damage the wall. This occurs frequently. Between 1911 and
1979 it has been responsible for the loss of 3 metres of backshore at the eastern end of the beach, at an
average rate of 0.04 metres/yr‐1. The erosion problem has its origins in the development and
reclamation of the backshore last century for building sites. Beach sand mining in nearby bay has
interfered with the supply of shell to the beach and may have increased the erosion rate. The long‐term
effects are uncertain. As a result of this study two management options are presented: 1) tolerate the
present rate of shoreline erosion, 2) prevent any further retreat. The first option requires that the
existing buildings be relocated or demo shed. The second option necessitates an engineering solution:
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either a continuous programme of beach renourishment or the construction of a wellfounded seawall.
The consequences of each of these potential courses of action are discussed.
GABITES, B. 2006. A summary of monitoring and investigations on the Pegasus Bay coastline,
1998‐2005. Christchurch: Environment Canterbury Report U06/43, 95p.
Keywords: beach profile analysis, wave buoy analysis, storm records.
Executive Summary: One of Environment Canterbury’s requirements under Section 35 of the Resource
Management Act (1991) and obligations within the New Zealand Coastal Policy Statement is to monitor
processes and changes that occur along the coastline. To carry out these requirements, Environment
Canterbury undertakes regular surveying of numerous cross‐sections, collects information on wave
conditions and sea‐level changes, monitor any coastal hazard events, and maintains a register of beach
sediment samples. The ‘Coastal Environment Monitoring Programme’ is thus quite comprehensive, with
detailed investigations on specific issues being carried out as required.
The purpose of this report is to present the summarised results of Environment Canterbury’s
survey monitoring programme for 58 cross‐sections along the Canterbury Bight coast. These sections
cover the area from Birdlings Flat on the southern side of Banks Peninsula, to the mouth of the Opihi
River. As this is the first report that has been carried out by Environment Canterbury, data from surveys
dating back to 1962 through to 2004 will be used to compare the rates of change of such physical beach
features as the beach toe, beach crest and 1m contour. Volumes of material in the beach and cliff will
also be presented along with changes in height of the beach toe and beach crest. It is anticipated that
subsequent reports will be prepared at five yearly intervals.
This report also includes a summary of sea conditions off the Canterbury Coast measured by
three different methods. Firstly, a summary of daily MetService reports from 1983 through to 1998 will
be given, followed by the actual wave measurements between 1999 to 2004 from a directional
wave‐rider buoy located off Le Bons Bay. Finally, hindcasted wave conditions off the mouth of the Opihi
River will be presented for the period 1979‐1998 to provide a prediction of what the wave conditions
were prior to the installation of the wave buoy.
The results of the three different methods of comparing wave conditions off the Canterbury
Bight coast all show that the predominant wave direction is from between south‐east and south‐west.
Virtually no waves arrive from between south‐west and north due to the sheltering effects of the South
Island. Large storm waves tend to originate from an approximately southerly direction.
The results of the survey information show that the cross‐sections at the mouths of the Rakaia
and Rangitata Rivers as well as at the artificial opening of Lake Ellesmere are highly variable, with large
changes in the position of the beach toe, beach crest and the 1m contour occurring frequently due to
the strong fluvial and coastal processes at these sites. At the remainder of sites along the Canterbury
Bight coast, the beaches and cliffs are generally retreating landward at an average rate of approximately
0.5m/yr, with eroded material being transported northwards toward the southern side of Banks
Peninsula.
It is important to continue to monitor shoreline movements to determine the magnitude of
short‐tem storm effects, the long‐term trends in shoreline movements, and to assess the likelihood of
further erosion. The installation of another wave‐rider buoy located within the Canterbury Bight would
provide a much clearer indication of the wave conditions of this area, and would greatly assist in the
collection of storm information and help identify the impacts of storms on the beaches of the
Canterbury Bight coast.
GENET, R. & BURROWS, C. J. 1999. The ecological restoration of Otamauhua/Quail Island 1: The island’s
physical setting and history, and planning for ecological restoration. New Zealand Natural
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Sciences, 24, 113‐125.
Keywords: flora, fauna, human disturbance, introduced organisms, ecological restoration, planted native
woodland, native birds, lizards, invertebrates.
Abstract: The land vegetation and faunal composition on Otamahua developed during at least 500 years
of human influence. Fire cleared the original woodland prior to 1800 A.D. and will have profoundly
modified the original fauna. During the European era selective grazing by domestic stock and rabbits and
replacement of indigenous species by introduced grasses, shrubs, trees, birds, mammals and
invertebrates created the modern, predominantly non‐indigenous biotic complex. Similar sites in
Canterbury carry mixed indigenous coastal woodland. The environment of Otamahua is still favourable
for native organisms and an earlier attempt at native woodland planting (early 1980s) was partially
successful, in spite of inroads by rabbits and sheep. These facts have encouraged a new ecological
restoration initiative. The Otamahua/Quail Island Ecological Restoration Trust (and advisory committee)
was set up in 1998, with support and material help from the administering body, the Department of
Conservation and approval from the Rapaki runanga. The aim of the Trust is to carry out extensive
native woodland plantings on the island and ultimately to reintroduce birds, lizards and invertebrates
that are locally extinct, or rare. Progress with the project so far includes successful fund‐raising and
publicity; removal of rabbits and cats (and possibly rats and mice); an initial small planting in 1998 and a
larger one in 1999; preparation of an interim working plan and pest plant and animal control plans for
operations in the immediate future. A preliminary archaeological survey has been done, a flora and brief
vegetation description have been compiled, studies of birds, lizards and land invertebrates have begun,
and longer‐term planning for planting and ecosystem management is proceeding. Its freedom from feral
predatory and browsing mammals makes Otamahua a unique and very important locus for nature
conservation in Canterbury.
GIBB, J. G. & ADAMS, J. 1982. A sediment budget for the east coast between Oamaru and Banks
Peninsula, South Island, New Zealand. New Zealand Journal of Geology and Geophysics, 25,
335‐352.
Keywords: sediment budget, coast, rivers, rates, erosion, transport, abrasion, deposition, Canterbury,
Canterbury Bight, Waitaki, South Island
Abstract: Two beach systems, the Waitaki (84 km) and Canterbury (136 km), separated by Timaru
Harbour breakwater, are considered. Established input (all units in Mt/year; 1 Mt = 106 t) to the Waitaki
is 0.82 bedload and 2.0 suspended load; to the Canterbury,. 1.9 and 15.0. Additional unmeasured
abnormal load from intense storms and earthquakes may double the suspended load estimates. Inputs
from rivers and eroding seacliffs account almost equally for bedload, but most suspended load is from
the rivers. Sediment supplied to both beach systems is moved predominantly northeastward in the
Nearshore Transport Zone (NTZ). The inner part includes the steep, coarse‐grained, reflective beach and
surf zone, the latter being generally narrow or nonexistent. Here, almost all the coarse beach sediment
is transported in the swash‐backwash zone where about 95% is abraded to mud, the remainder
accumulating along Kaitorete Barrier. The outer part of the NTZ extends seaward from the surf zone, for
3‐15 km across the inner continental shelf, to depths of 3D‐60 m. Here, the very fine sand is moved as
bedload, and mud as suspended load, in a net northeasterly direction, by waves and currents. Banks
Peninsula traps 0.26 Mt/year of the suspended load and bedload in the inlets and 5.5 Mt/year on the
shelf around the peninsula. The remaining 11.0 Mt/year is lost to the middle and outer Canterbury Shelf
or carried northward into both the Conway and Hikurangi Troughs.
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GIEJSZTOWT, J., SHEARER, M. GAINSFORD, D., DALE, R. & PARSONS, J. 2010. The role of land use in the
sedimentation of the Lyttelton Harbour basin. GEOG309 student report, University of
Canterbury. 33p.
Keywords: sedimentation, land use, harbour catchment and basin.
Executive Summary: • Since European settlement, drastic changes in land uses have occurred resulting
in accelerated rates of sediment accumulation within the harbour. This is affecting shipping access to
the port and degrades the harbour as a habitat for aquatic life. Therefore an assessment of the sources
of sediment from different land uses is required to enable targeted mitigation of the rate of
sedimentation. • Research questions posed for this project were: which combinations of land uses
within the Lyttelton Harbour catchment produce and deliver the greatest amount of suspended
sediment into the harbour? What practical management changes can the Lyttelton Harbour Issues
Group implement to decelerate and mitigate sedimentation?
• Research on sediment flow into Lyttelton Harbour from catchments incorporating a variety of land
uses was undertaken, in order to investigate the relationship of these land uses to sediment outputs
from streams. Quantitative measurements of sediment outputs were obtained using water sample and
turbidity analysis. Stream and catchment characteristics including land uses were obtained qualitatively
through personal observations and digital analysis. Land uses within catchments were classified as
urban, agriculturat quarrying and forest.
• We have determined there are noticeable differences in the sediment outputs from different
catchments within Lyttelton Harbour. Te Wharau stream which drains a predominantly agricultural
catchment is providing the highest amount of sediment to the harbour followed by Foleys Stream which
is adjacent to an active quarry site. Forested and urban catchments are contributing the least amount of
sediment into the harbour. Weather within the harbour has a major control over characteristics of
streams.
• Our research indicates a future remedial measure for high sediment flows into streams could be the
utilisation of riparian buffer zones, as these result in a function similar to the natural forested condition
of the harbour.
• A major limitation for this research were the difficulties in sampling stream flow rates during storm
events, which would gauge the level of sediment outputs during high flow conditions which are most
significant for erosion rates. In addition, sampling of ephemeral streams, which flow during storm
events, would strengthen our findings. As this work was only completed over a small time frame, the
small sample sizes obtained pose difficulties in making reliable inferences about the harbour as a whole.
• Future research should therefore focus on sediment outputs during high rainfall events in both
permanent and ephemeral stream networks. A wider range of streams should also be sampled over a
longer time period to gain a better understanding of the system as a whole.
GIBSON, F. 1868. On the wave phenomena observed in Lyttelton Harbour, August 15, 1868.
Transactions and Proceedings of the New Zealand Institute, 195‐196. Print copy available from
UC library.
GILLESPIE, P. A.; ASHER, R. A. 1995. Environmental monitoring of impacts of dredging and dumping in
Lyttelton Harbour (4‐6 October, 1994). Cawthron Institute Report No. 286. File held by Port.
GILLESPIE, P. A.; ASHER, R. A.; HANDLEY, S. 1992. Environmental monitoring of impacts of dredging and
dumping in Lyttelton Harbour. Cawthron Institute Report No. 200. File held by Port.
GOFF, J. 2005. Preliminary core study—upper Lyttelton Harbour. NIWA Client Report CHC2005‐151. 15p.
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Keywords: Lyttelton Harbour, sedimentation, sediment sources, land‐use change, environmental change,
long‐term.
Executive summary: Environment Canterbury contracted NIWA to determine summary changes in
sediment accumulation rates and possible sources of sediment for Upper Lyttelton Harbour over the
past 400 years or so. Results from this “proof of concept” include:
 A decadal to sub‐decadal chronology for some periods since European colonisation.
 Data collated from a suite of chronological techniques that when used together produce a
rigorous, and cross‐correlated, chronology.
 A multidisciplinary interpretation of environmental changes (anthropogenic and natural) based
upon sediment characteristics, chemistry, micropalaeontology, and geochronology.
 Evidence of the influence of at least three natural events – tsunamis – on sedimentation in the
Upper Harbour. A finer resolution would undoubtedly identify additional events including
storms.
 Evidence for at least one large pulse of “clean” sediment from the upper catchments.
 Evidence for a catchment wide increase in the concentrations of potential contaminants (but
not to a level of contamination). This reflects a general increase that would be represented in
some locations as point sources of contamination.
 Indications of the linkages between the Upper, Central, and Lower harbour sediment systems.
 Evidence for a complex change in Sediment Accumulation Rates related primarily to European
land clearance, and the rapid infilling of available accommodation space in the Upper
Catchment.
 Indications that Maori (Polynesian) colonisation had little or no immediate effect upon sediment
input into the catchment.
 Observations that Upper Harbour sub‐catchments appear to show a range of responses to
Upper, Central, and Lower Harbour sediment sources. Where local sediment input is high this
appears to dominate the sedimentary environment. This has implications for recent and future
developments of small, Upper Harbour catchments.
It is recommended that a more comprehensive, multi‐year, high resolution study of the sedimentary
environment of the Upper Harbour should be undertaken. This should only take place once specific
objectives have been discussed with Environment Canterbury and community representatives.
GORING, D. G. 2002. Response of New Zealand waters to the Peru tsunami of 23 June 2001. New
Zealand Journal of Marine and Freshwater Research, 36:1, 225‐232.
Keywords: tsunami, tides, seiche, wavelets, scaling.
Abstract: The Peru tsunami of 23 June 2001 arrived at New Zealand's east coast 16.5 h after generation,
having travelled c. 8000 km across the Pacific Ocean. All the sea level recorders on the east coast
recorded waves, but the response was highly variable, with the greatest response in Lyttelton Harbour,
where the water fell by 26 cm, then rose over the next hour to peak at 30 cm. None of the recorders on
the west coast felt the tsunami. The time scale of the waves was between 2 and 20 min and they
persisted for more than 20 h after the first waves arrived, before starting to slowly decay. In some
places, like Pegasus Bay, the tsunami excited local seiche, but these waves quickly dissipated. Analysis of
data collected at 1‐min intervals, instead of the standard 5‐min intervals, indicated that information is
lost when sampling tsunami at 5‐min intervals.
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GORING, D. G. 2009a. Currents outside Lyttelton Harbour: analysis of ADP data. Mulgor Report No
2008/5 revised Dec‐2009.
Keywords: Lyttelton Harbour, dredging, port, harbour circulation, sediment transport, currents,
suspended sediment.
Executive summary: This study was commissioned by Lyttelton Port of Christchurch as part of the
investigations for capital dredging to allow passage of 14.5 m draught, 8,100 TEU (twenty‐foot
equivalent units) container ships into the harbour. The objective was to determine the patterns of
oceanic currents outside the harbour so that sediment transport from the proposed dumping ground
could be assessed. To address concerns by stakeholders, the study was expanded to investigate flows
into Port Levy. The main findings of the study are listed below.
Proposed Dumping Ground
 Tidal currents represent 60 to 70% of the current energy. The mean tidal current has a major
axis speed of 0.100 m/s directed in the ESE‐WNW direction (parallel to the coastline) and a
minor axis speed of 0.048 m/s in the NNE‐SSW direction (normal to the coastline).
 Residual (nontidal) currents are small on average (~ 0.02 m/s), but every week or two there is an
event when residual currents of up 0.11 m/s directed to the ESE occur for a day or two.
 Seiche currents continually flow back and forth normal to the coastline with a period of 3.4 h
and amplitudes of ~ 0.025 m/s.
 The suspended sediment was fairly constant during the measurements, with the surface layer in
general having a higher concentration than the middle or bed layers. There appears to be no
correlation with waves or rainfall; however, neither were significantly large during the
deployments. There was some suggestion that floods in Waimakariri River may increase the
concentration several days afterwards.
 At a site 1 km towards Godley Head from the dumping ground, there was no measured increase
in suspended sediment concentration when trial dumps were discharged at the dumping
ground.
Mouth of Port Levy
 Tidal currents represent 80% of the current energy. The mean tidal current has a major axis
speed of 0.08 m/s directed in the ENE‐WSW direction across the entrance. The minor axis speed
is negligible.
 Residual (nontidal) currents measured at the centre of the mouth and 188 m to the east were
reasonably constant, with speeds ~ 0.04 m/s directed SSE (into the harbour). These currents
must be counteracted with currents in the opposite direction in other parts of the mouth.
 Seiche currents continually flow back and forth across the mouth, with amplitudes of ~ 0.04
m/s.
 The suspended sediment concentration varies widely in response to rainfall and waves. During
the measurements, almost every time there was significant rain, there was a spike in the
suspended sediment, especially in the surface layer. This is likely to be the result of the run off
of loess from the surrounding hills.
 There was no apparent response in the suspended sediment as a result of dredging in Lyttelton
Harbour.
 Measurements of currents from the ADP used in this study compared well with measurements
by a ship‐bound ADCP.
GORING, D. G. 2009b. Godley Head ADP deployment. Mulgor Report 2009/5.
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Keywords: suspended sediment concentrations, water column, Godley Head dredge spoil dumping.
An ADP was deployed at Godley Head for the month of May‐2009. It measured currents as well as
suspended sediment concentration. An analysis has been carried out on these data in relation other
environmental variables (waves, wind, rainfall, tide, storm surge and seiche) and to dredge dumping
carried out at Mechanics Bay nearby. From this analysis, the following conclusions are made about the
suspended sediment concentration (SSC) at Godley Head:
• The surface layer has 10 times more suspended sediment than lower layers.
• The suspended sediment concentration can vary 100‐fold in response to various environmental
variables, including rainfall, waves, and wind.
• There is a general tendency for the SSC to be higher on the ebb tide, corresponding to sediment‐laden
water from the harbour passing Godley Head.
• There is no directly identifiable effect of dumping at Mechanics Bay.
GORING, D. G. 2010. Godley Head ADP deployment October 2009. Mulgor Report 2010/1.
Keywords: water column sediment, Godley Head dredge spoil dumping, October, natural variations in
suspended sediment.
Executive summary: As a result of analysis of two month‐long deployments of an ADP at Godley Head,
one when there was regular dumping of dredged sediment and the other when there was none, the
following conclusions are drawn about the natural variation of suspended sediment concentration and
the effect of dumping Godley Head:
• The natural variation in suspended sediment concentration in response to tidal currents, rainfall, wind,
and waves can be as large as 100‐fold.
• The surface layer generally behaves differently to the lower layers, and under natural conditions, its
suspended sediment concentration is usually up to 10 times higher.
• In the lower layers, under natural conditions, the concentration is larger in the ebb tide, corresponding
to harbour water being flushed out. On the flood tide, the concentration is 10 to 30 times less than the
ebb, corresponding to the inflow of clean ocean water.
• Dumped sediment has no discernible effect on the concentration in the surface layer, which continues
to respond strongly to changes in the natural environment (mainly wind and waves).
• When sediment is dumped, the concentration in the lower layers increases during the ebb tide as the
sediment‐laden water propagates along the sea floor.
However, on the succeeding flood tide, the concentrations are as small as they are when there is no
dumping, indicating that the dumped sediment does not return into the harbour.
The following recommendation is made: Doubt has been raised about the validity of the
conclusion that the surface layer generally has higher suspended sediment concentration than the lower
layers. To address this, we recommend that the next ADP deployment should involve direct
measurements of the suspended sediment concentration in the water column above the instrument
using a Van Dorn Sampler, during both deployment and recovery.
GORING, D. G. 2011. Validation of Lyttelton tide models. Mulgor Report 2011/1.
Keywords: tidal modelling, tidal measurements, tidal heights, tidal currents.
Executive summary: A study has been carried out into the validity of two models for estimating tidal
heights and tidal currents in the vicinity of Lyttelton Harbour. The tide models were:
• POM – Princeton Oceanographic Model – on a rectangular grid; and
• SELFE – semi‐implicit Eulerian/Lagrangrian finite element model – on an unstructured grid.
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Measurements of tidal currents have been made at 5 locations outside the harbour and two locations
inside the harbour. These data were used to validate the models by comparing tidal constituents and by
comparing time series. The data from the measurements were processed to extract the amplitudes and
phases of the semidiurnal lunar M2 tidal constituents and these were compared with the constituents
from the two models. In regions where the currents are spatially uniform, the fit is good, but in areas
where the streamlines are curved or the phases are variable, the fit is not so good. Comparison of the
time series of measured and modelled currents showed a generally excellent fit, within a few mm/s for
current strength on average. For current direction, the fit is within a degree or two for regions where
the streamlines are reasonably straight, but can be several degrees out in regions where the streamlines
are curved. A comparison between constituents for tidal heights for the models and the constituents at
two tide gauges (Sumner Head and Lyttelton) has shown that the fit is excellent, with amplitudes within
a few mm and phases within a few degrees. The conclusions are that both the POM and SELFE tide
models:
• give accurate strengths and directions of tidal currents in regions where the streamlines are
reasonably straight;
• give accurate strengths but may give somewhat inaccurate directions of tidal currents in regions
where the streamlines are curved;
• give accurate tidal heights.
Thus, the data from either of these models can be used with confidence that they will produce results
that are close to the actual tidal currents or heights.
GORING, D. G. 2013. Lyttelton Harbour: Hydrodynamics Update 2013. Report prepared for Lyttelton
Port Company. Mulgor Consulting Ltd. 30 pp.
Keywords: Lyttelton Harbour, suspended sediment, harbour circulation, hydrodynamics, modelling,
waves, dredge spoil.
Executive summary: This report has covered the extra hydrodynamics work that has been carried out
since the Mulgor report of 2009. The work has included field observations, hydrodynamic modelling,
and sediment transport modelling. The conclusions from this work are:
Suspended Sediment Concentration (SSC) at Godley Head
o The SSC in the surface layer: increases in response to wind, waves, and rainfall; fluctuates with ebb
and flood tides, as sediment‐laden water is flushed out of the harbour during ebb tides and is
replaced with clean water in flood tides; has no apparent response to dumping.
o The SSC in the lower layers: has a minor response to wind, waves, and rainfall; has a tidal effect that
is less pronounced than the surface layer; increases during dumping and quickly recovers when the
dumping ceases.
Residual Currents
 Mean residual currents are directed towards the south‐east and have magnitudes between one third
and half the tidal currents.
 The residual currents fluctuate about the mean with occasional large departures that have
magnitudes of the same order as the tidal currents and generally are directed towards the
south‐east.
 The residual currents are assumed to be driven by a back eddy from the Southland Current as it
propagates northwards past Banks Peninsula.
Hydrodynamic Modelling
 A tide model has been developed that covers the Lyttelton Harbour region.
 The model provides tidal constituents for tide height and currents (east and north) on a grid at 83 m
E/W and 60 m N/S.
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 Three bathymetries have been considered: 1849, present, and post‐dredging.
 A comparison between present and post‐dredging shows that
 the tide heights will be essentially unaffected;
 tidal currents will be affected slightly in the vicinity of the dredged channel.
Wave Modelling
As a result of increasing the depth of the shipping channel:
 Waves on the shorelines at the entrance to the harbour will be increased as waves are refracted
away from the shipping channel;
 Waves inside the harbour will be reduced by up to 15%, but locally‐generated waves will be
unaffected.
Sediment Transport Modelling
o The hydrodynamic model has been used to determine the fate of neutrally buoyant particles
released at dredge dump sites in response to tidal currents: The trajectories of particles released
within the harbour depend on the time of release; The distance travelled over a tidal cycle is usually
between 2 and 3 km, but can be as large as 4.5 km; Particles released at the offshore dump site travel
a distance of 1.3 km in a WNW/ESE direction over a tidal cycle.
o Sediment trend analysis has shown: On the southern side, the sediment pathways along the coastline
are westward and getting coarser (erosion); away from the coastline, the pathways turn north and
eastward. On the northern side, the sediment pathways are eastward and getting coarser; along the
coastline the sediment gets coarser (erosion), but away from the coastline the sediment gets finer
(accretion) or remains the same. There is no evidence of the dumping that up until 47 years ago took
place on the south side. Similarly, there is no evidence of recent dumping on the north side, implying
that the area has the capacity to accept more dredged material.
GORMAN, R.M., BRYAN, K.R., LAING, A.K. 2003. Wave hindcast for the New Zealand region: nearshore
validation and coastal wave climate. New Zealand Journal of Marine and Freshwater Research
37, 567‐588.
Keywords: wave modelling; wave buoy data; New Zealand regional wave hindcast; coastal wave climate;
refraction modelling.
Abstract: Historically, wave data coverage of New Zealand’s coast has been poor, particularly for
directional records. With very few data sets available of more than 1 year’s duration, it has been difficult
to establish accurate wave climatologies. To help fill in the gaps in our wave records, the wave
generation model WAM (WAve Model) has been implemented over a domain covering the south‐west
Pacific and Southern Oceans. The model has been used to hindcast the generation and propagation of
deep‐water waves incident on the New Zealand coast over a 20‐year period (1979–98), using winds from
the European Centre for Medium‐Range Weather Forecasts (ECMWF). The resulting synthetic
climatology is expected to provide a valuable tool for researchers and coastal planners. The hindcasts
were compared with data from wave buoy deployments at eight representative sites around the New
Zealand coast. With appropriate interpolation and correction for the effects of limited fetch and
sheltering by land, the hindcast was found to provide a satisfactory simulation of wave conditions at
sites on exposed coasts. Regression between measured and hindcast significant heights at the four
deep‐water sites (100–120 m) achieved scatter indices (ratio of root mean square error to mean)
averaging 0.28. At the four shallower sites (30–45 m), the corresponding scatter index averaged 0.49,
indicating that for regions of complex coastal topography, deep‐water spectra do not represent inshore
conditions well. Wave spectra can be considerably modified by the processes of refraction and shoaling.
To address these effects, nearshore wave transformations in the outer Hauraki Gulf were investigated
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using the shallow water model SWAN (Simulating WAves Nearshore), which was used to derive wave
statistics at nearshore locations from deep‐water wave spectra obtained from the hindcast. The
simulations were validated using data from an inshore site in 30 m water depth at Mangawhai on the
north‐east coast of the North Island. Use of the nested model improved the agreement between model
and measured significant wave height, decreasing the scatter index from 0.50 to 0.26. The suite of tools
provided by the hindcast and localised, shallow water models can provide accurate new wave
information for most of New Zealand’s coastline.
GRIFFITHS, E. 1973. Loess of Banks Peninsula. New Zealand journal of Geology and Geophysics, 16,
657‐675.
Keywords: Loess, Canterbury, sediment source.
Abstract: The loess of Banks Peninsula is divided into two distinct types which are named after the type
sections, the Birdlings Flat loess and the Barrys Bay loess. The Birdlings Flat loess is calcareous and is
coarser than the Barrys Bay loess, with textures of loamy fine sand and fine sandy loam. Two major
layers are found separated by a paleosol and a slightly stony colluvial layer. This loess is found on the
lower flanks of the Lyttelton caldera and on the western side of the Akaroa caldera. The Barrys Bay loess
is fine with a silt loam texture and has 3 major 1ayers and a minor one separated by 3 paleosols,
overlying basalt or basalt soil. Charcoal and humic acid are found associated with these paleosols and a
date (NZ 1163) from the uppermost paleosol gives an age of 17 450 ± 2070 years B.P. This type of loess
is found on the upper parts of the Lyttelton caldera and on the eastern side of the Akaroa caldera. The
loess was derived from the floodplain and fan of the Waimakariri River.
GRIFFITHS, E. 1974. Soils of Part of the Port Hills and Adjacent Plains, Canterbury, New Zealand Soil
Bureau Bulletin, no. 35, New Zealand Department of Scientific and Industrial Research. Print
copy available from UC Library.
HAMPTON, S., COLE, J. & BELL, D. 2012. Syn‐eruptive alluvial and fluvial volcanogenic systems within an
eroding Miocene volcanic complex, Lyttelton Volcano, Bank Peninsula, New Zealand. New
Zealand Journal of Geology and Geophysics, 55, 53‐66.
Keywords: volcanogenic, aggradation, degradation, alluvial fans, debris flows, fluvial, Lyttelton Volcano,
New Zealand.
Abstract: The Diamond Harbour Volcanic Group (DHVG; 8.1_5.8 Ma) was deposited during the last stage
of volcanism on Banks Peninsula, New Zealand. Interbedded with eruptives of the DHVG are
volcanogenic sequences that constrain erosional extent, processes, timing, and degradation of Lyttelton
Volcano. Such phases of erosion and deposition are commonly recorded in volcanic ring plains, but
exposures within the highly eroded Lyttelton Volcano provide an excellent example of degradation
processes and deposition in the interior of an eroding volcano. At Black Point, eastern Lyttelton Harbour,
the Hays Bay Volcanogenic Sequence of the DHVG comprises interceded conglomerate and sandstone,
formed by debris flows to stream flows in an E‐W valley‐controlled alluvial fan system. Volcanogenic
sequences elsewhere around Lyttelton Harbour are formed from multiple alluvial fan systems depositing
into a braided alluvial/fluvial, single outlet depositional basin, indicating the inception of a NNE draining
proto‐Lyttelton Harbour by 8.1 Ma.
HAMPTON, S. J. 2010. Growth, Structure and Evolution the Lyttelton Volcanic Complex, Banks Peninsula,
New Zealand. A thesis submitted in fulfilment for the degree of Doctor of Philosophy in Geology,
University of Canterbury. Christchurch, New Zealand.
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Keywords: Lyttelton volcano, eruptive history, harbour evolution, drainage pattern evolution.
Abstract: The Lyttelton Volcanic Complex, north‐western Banks Peninsula, New Zealand, is comprised of
five overlapping volcanic cones. Two magma systems are postulated to have fed Banks Peninsula’s
basaltic intraplate volcanism, with simultaneous volcanism occurring in both the north‐western and
south‐eastern regions of Banks Peninsula, to form Lyttelton and Akaroa Volcanic Complexes
respectively. The elongate form of Banks Peninsula is postulated to relate to the upward constraining of
magmatism in a north‐west / south‐east fault bounded zone. The Lyttelton Volcanic Complex resulted
from the development of a pull‐apart basin, with a number of releasing bend faults, controlling the
location of eruptive sites. Cone structure further influenced the pathway magma propagated, with new
eruptive sites developing on the un‐buttressed flanks, resulting in the eruption and formation of a new
cone, or as further cone growth recorded as an eruptive package.
Each cone formed through constructional or eruptive phases, termed an eruptive package.
Eruptive packages commonly terminate with a rubbly a’a to blocky lava flow, identified through
stratigraphic relationships, lava flow trends and flow types, a related dyking regime, and radial erosional
features (i.e. ridges and valleys). Within the overall evolving geochemical trend of the Lyttelton Volcanic
Complex, are cyclic eruptive phases, intrinsically linked to eruptive packages. Within an eruptive
package, crystal content fluctuates, but there is a common trend of increasing feldspar content, with
peak levels corresponding to a blocky lava flow horizon, indicating the role of increased crystalinity and
lava flow rheology. Cyclic eruptive phases relate to discreet magma batches within the higher levels of
the edifice, with crystal content increasing as each magma batch evolves, limiting the ability of the
volcanic system, over time, to erupt. Evolving magmas resulted in explosive eruptions following effusive
eruptives, and / or result in the intrusion of hypabyssal features such as dykes and domes, of more
evolved compositions (i.e. trachyte). Each eruptive package hosts a radial dyke swarm, reflecting the
stress state of a shallow level magma chamber or a newly developed stress field due to gravitational
relaxation in the newly constructed edifice, at the time of emplacement.
Two distinct erosional structures are modelled; radial valleys and cone‐controlled valleys. Radial
valleys reflect radial erosion about a cone’s summit, while cone‐controlled valleys are regions where
eruptive packages and cones from different centres meet, allowing stream development. Interbedded
epiclastic deposits within the Lyttelton lava flow sequences indicate volcanic degradation during
volcanic activity. As degradation of the volcanic complex progressed, summit regions coalesced, later
becoming unidirectional breached, increasing the area of the drainage basin and thus the potential to
erode and transport extensive amounts of material away, ultimately forming Lyttelton Harbour, Gebbies
Pass, and the infilled Mt Herbert region. Epiclastic deposits on the south‐eastern side of Lyttelton
Harbour indicate a paleo‐valley system (paleo‐Lyttelton Harbour) existed prior to 8.1 Ma, while the
morphology of the Lyttelton Volcanic Complex directed the eruptive sites, style and resultant
morphology of the proceeding volcanic groups.
HANCOX, G. & PERRIN, N. 2011. Report on Landslide Reconnaissance Flight on 24 February 2011
following the Mw 6.3 Christchurch Earthquake of 22 February 2011. GNS Science immediate
report. Accessed on 20th June 2013 from:
http://info.geonet.org.nz/download/attachments/2196288/Christchurch_response.pdf
Keywords: Christchurch earthquake, Lyttelton impacts, landslides, rockfall.
Abstract: The Mw 6.3 Christchurch earthquake at 12:51 (NZST) on 22 February 2011 caused widespread
damage and multiple fatalities in the Christchurch central business and Lyttelton. The GeoNet website
(www.geonet.org.nz) gives the earthquake location as 43.60° S, 172.71° E (within 5 km of Lyttelton), at a
depth of 5 km. Large rock falls and landslides were reported at Lyttelton and in the eastern suburbs of
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Sumner and Redcliffs, and along the Summit road east of Dyers Pass, some of which extensively
damaged or destroyed houses, and resulted in at least four or possibly five fatalities.
An initial helicopter reconnaissance flight over the landslide damaged area was undertaken in the
afternoon of 23 February 2011 by Richard Jongens, Jane Forsyth, and Delia Strong from GNS Science
Dunedin, accompanied by University of Canterbury staff Mark Quigley and Marlene Villeneure.
Following that flight the key findings on earthquake‐induced landslide damage in the
earthquake‐affected area were (from Jongens et al. 2011):
(1.) Large tension cracks extending beyond the cliff edge (up to 60 m) between Monks Bay‐Sumner and
to a lesser extent on the east side of Scarborough pose a significant hazard to residents.
(2.) Many precariously placed rocks and unstable slabs above the Lyttelton township, Evans Pass Road
(Lyttelton side), above Rapaki Bay and above Living Springs, have the potential to fall in a
significant aftershock or heavy rain.
Prior to that flight, Stuart Read (Acting Section Manager Active Landscapes, and Manager of the
Landslide Response to the Christchurch earthquake) arranged for a GeoNet Response reconnaissance
flight over the Lyttelton–Sumner area to be undertaken from Paraparaumu. That flight was carried out
on 24 February by GNS Science Lower Hutt staff Graham Hancox and Nick Perrin to map and photograph
landslides, and Russ Van Dissen, whose main interest was to look for possible surface fault rupture in
the Port Hills epicentral area.
This report provides initial information from the landslide reconnaissance flight on Thursday 24
February 2011. It includes an aerial assessment of the distribution, nature, effects, and relevance of
landslides triggered by the 22 February earthquake. A number of photos are included to illustrate the
landslides that occurred and the damage they caused.
HARRIS, C. 2009. Lyttelton Harbour community sewage. Lincoln University Planning Review, 1, 11‐13.
Keywords: Lyttelton Harbour, wastewater discharge, community consultation, sewage management.
Introduction: At present, wastewater from residential properties in Diamond Harbour, Governors Bay
and Lyttelton is pumped to treatment plants also located at these areas (Christchurch City Council,
2008). Treated wastewater is then released into the harbour. Approximately 95% of the Diamond
Harbour, Governors Bay and Lyttelton population use the current sewage facility (Christchurch City
Council, 2008). The present methods of treating and discharging sewage will not meet the terms of
consent requirements of the Christchurch City Council’s resource consent CRC031546 obtained from the
Canterbury Regional Council (ECan) “to discharge treated wastewater from the Diamond Harbour
sewage treatment plant into coastal waters” (ECan, 2008). The options discussed in this article will be
paid for by all Christchurch ratepayers which makes the future of Lyttelton Harbour Sewage a topical
issue for all Christchurch homes.
HART, D. E. 2004. Sedimentation in the Upper Lyttelton Harbour. Report to Environment Canterbury.
18p.
Keywords: Lyttelton Harbour, sedimentation, circulation, harbour structure, land use, sediment budget.
Abstract: This report concerns the coastal processes operating in the Upper Lyttelton Harbour (43º41’
South, 172º41’ East) with particular reference to the patterns and processes of sedimentation in
Governor’s Bay, Head of the Bay and Charteris Bay (Figure 1). The purpose of the report is to review
current information and data on sedimentation in the Upper Lyttelton Harbour and to explore
possibilities for further investigation and monitoring. Published and unpublished reports and theses
have been used along with maps, aerial photographs, hydrographic charts and structural blueprints and
plans. In addition, a brief field investigation was conducted on 15/12/03.
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Numerous reports have examined patterns of circulation, sedimentation and ecology within the
wider area of Lyttelton Harbour, predominantly for the purposes of assessing the impact of port
dredging operations (Brodie 1955, Bushell and Teear 1975, Millhouse 1977, Curtis 1985, 1986, Knox
1983, 1988, Kirk 1992, 1993, Barter 2000). Where it pertains to the processes operating within or
affecting the upper harbour environment, information from these and other studies is used throughout
this report.
In the first part of this report, the physiographic settling of Lyttelton Harbour is outlined,
including aspects of the geology, soils and catchment landuse relevant to the sediment budget of the
inlet. Attention is also drawn to the natural process of inlet infilling. Next, the major hydrodynamic
influences operating within the harbour, the waves and tides, are examined. In the subsequent two
sections, sources of sediment for the upper harbour and patterns and processes of sediment transport
throughout the harbour and towards the head are discussed. The final section of this report comprises
an outline of possible options for further investigation of the rates of sedimentation in the Upper
Lyttelton Harbour, past and present.
HART, D.E., MARSDEN, I.D., FRANCIS, M. 2008a. Chapter 20: Coastal Systems. In: Winterbourne, M.,
Knox, G.A., Marsden, I.D., Burrows C. (eds) Natural History of Canterbury (3rd edn), Canterbury
University Press, Christchurch, p 653‐684.
Keywords: ocean setting, marine flora and fauna, beach types.
Introduction: From Kaikoura to the mouth of the braided Waitaki River, the 600 km long Canterbury
coast is a geomorphologically and ecologically diverse natural boundary between the province’s
terrestrial and marine environments. It encompasses gravel and sand beaches perched atop rock‐shore
platforms at the margin of Kaikoura’s narrow coastal plain and continental shelf; the wide, sandy
beaches and dune fields of central and southern Pegasus Bay; the small pocket beaches at the heads of
Banks Peninsula’s embayments; and the chronically eroding mixed sand and gravel beaches and wide
continental shelf of the Canterbury Bight and South Canterbury. Together these features help support a
rich marine fauna and flora and, in places, important marine fisheries. Like most coasts worldwide, the
margin of Canterbury’s terrestrial and marine environments is subject to a concentration of physical and
biological processes and human activities, making an understanding of its natural history and
functioning crucial in shaping the future of these dynamic environments.
HART, D.E., MARSDEN, I.D., TODD, D.J., DE VRIES, W.J. 2008b. Mapping the bathymetry, soft
sediments, and biota of the seabed of Upper Lyttelton Harbour. Estuarine Research Report 36,
ECan Report 08/35, 36p plus maps, appendices, and data CD.
Keywords: Lyttelton Harbour, sediment distribution, ecology, bathymetry.
Executive Summary: This study examines the soft‐sediment seabed of Lyttelton Harbour, from east of
Purau Bay to the upper harbour shoreline and was commissioned by Environment Canterbury in
response to community concerns regarding the potential effects of ongoing sedimentation on marine
ecosystems, and in particular, shellfish beds.
Detailed information was gathered on the bathymetry, surface sediment characteristics and
extent of biological communities in the upper harbour in order to form a baseline against which future
changes could be assessed.
The measured bathymetry closely reflected the 1951 Upper Lyttelton Harbour surveys shown on
the current Hydrographic Chart except that there appears to have been shallowing of up to 0.2 m at the
mouth of the three major upper harbour bays, and possibly more along the northwest side of the
harbour from Rapaki Bay to Governors Bay.
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Silts and clays were found to dominate 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 distribution of sand and finer sediments in the upper harbour is likely the combined product of tidal
and wave sediment‐transport processes; fine‐sediment catchment inputs; and lower‐harbour
continental‐shelf sand inputs. In contrast, almost all of the upper harbour gravels were biogenic, the
result of shell production.
The sediment‐distribution patterns found in the upper harbour are more‐complex than revealed
previously, possibly due to the more‐detailed sampling regime employed in the present study and/or
due to changes in sedimentation. Recent suburban development around the upper harbour catchment,
for example, may have played a role in the shoreward increase in silts observed. Findings indicate that
the northward flux of fine sediments suggested previously may not be as strong as originally thought.
A continuum of overlapping benthic communities was found across the expansive intertidal
sand and mudflats of the inner harbour in association with different environmental (water‐level and
sediment) conditions and including mud crabs, cockles, bivalves and gastropods. The only significant
shellfish beds found were dominated by the cockle Austovenus stutchburyi, extending from mid
intertidal levels down to 2 m below mean sea level. Other estuarine shellfish species occurred in
samples infrequently, mostly as juveniles in low densities.
The benthic biota comprised 48 species, including some represented as taxonomic groupings.
Polychaetes were the largest group (17 species/families) followed by bivalves (11 species). The most
widely distributed macrofaunal species was the stalkeyed mud crab Macrophthalmus hirtipes, which
was found at 11 of the 12 sites. The faunal diversity was highest at Charteris Bay (Site 43) and lowest off
Rapaki (Site 19) and close to Quail Island (Site 14).
The community analysis and intertidal sampling identified two main communities within
Lyttelton harbour, these are the Macrophthalmus/ Virgularia (mud crab/sea pen) community and the
Austrovenus (cockle) community found predominantly in intertidal areas but extending also into some
sandy subtidal habitats.
HEATH, R. 1975. Stability of some New Zealand coastal inlets. New Zealand journal of marine and
freshwater research, 9, 449‐457.
Keywords: Lyttelton Harbour, sediment transport, tidal influence.
Abstract: The relation of tidal compartments to entrance cross‐sectional areas is examined for 20 coastal
inlets. Sixteen inlets conform to a linear relationship, which is consistent with stable entrances the sizes
of which are determined by the ability of the tidal flow to transport sediment. Based on this criterion
deposition should be taking place at the entrances of the other four inlets: Wellington, Lyttelton, and
Akaroa harbours, and Paterson Inlet. Available data confirm this for Wellington and Lyttelton Harbours.
HEATH, R. 1976. Factors controlling the entrance cross‐sectional areas of four inlets (note). New Zealand
Journal of Marine and Freshwater Research, 10:4, 725‐735
Keywords: Lyttelton Harbour, tidal influence, structure, sediment transport.
Abstract: The frequent occurrence of swell in the entrance to Wellington, Lyttelton, and Akaroa
Harbours, coupled with the small littoral drift of sediment on adjacent rocky coastlines, appears to
promote development of larger entrances than those associated with tidal control in unconsolidated
sediment. In contrast to these three harbours, tidally controlled entrances have either bars or banks
that protect them from severe swell and act as bypasses to the littoral drift of sediment. The entrance to
Paterson Inlet lies on a coast with little sediment transport and further protection from sediment influx
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is provided by islands located at its entrance.
HEATH, R A. 1979. Significance of storm surges on the New Zealand coast, New Zealand Journal of
Geology and Geophysics, 22:2, 259‐266
Keywords: New Zealand, storm surge, sea level changes, longshore transport.
Abstract: Examination of mean sea levels during three of the most damaging storms on the New Zealand
coast in the past decade reveals the storm surges produced had maximum elevations of only 0∙6 m.
Departures from isostatic equilibrium in mean sea level are common, however; a consequence of New
Zealand's windy climate. The associated alongshore flows, on the west coast at least, are large
compared to the steady state flow on the continental shelf under calm conditions. These flows may have
a strong influence on the dispersion of material that is set in motion by the wind generated waves.
HEATH, R.A. 1982. Generation of 2–3‐hour oscillations on the east coast of New Zealand. New Zealand
Journal of Marine and Freshwater Research, 16, 111‐117.
Keywords: Water waves, standing waves, physical oceanography, wave period, tsunamis, wavelength,
Lyttelton Harbour
Abstract: Observed sea‐surface oscillations with periods of about 2.5 hours in New Zealand east coast
harbours have previously been regarded as a response to edge waves on the continental shelf and slope,
generated by atmospheric forcing and occasionally by tsunamis (Heath 1976, 1979). Calculations of the
longshore wavelengths of the edge waves associated with the bathymetry of the east coast continental
shelf and slope, and the Chatham Rise (a rise extending 1000 km perpendicular to the east coast of
South Island), suggests that the Chatham Rise also takes part in the generation mechanism by acting as a
three‐quarter wavelength aerial to double‐sided edge waves.
HEATH, R. A. 1981. Tidal asymmetry on the New Zealand coast and its implications for the net transport
of sediment. New Zealand Journal of Geology and Geophysics, 24, 361‐372.
Keywords: Tidal asymmetry, sediment movement, North Cape, Foveaux Strait, Cook Strait, Marlborough
Sounds
Abstract: Available tidal observations indicate a significant asymmetry in the tide around northernmost
New Zealand and in Cook and Foveaux Straits. However only around northernmost New Zealand does
the tidal asymmetry dominate the time‐averaged mean flow and determine the direction of peak flow;
there the tidal asymmetry may have a strong influence on the present development of Pandora Bank.
The relatively large MiM2 tidal elevations in Cook Strait lead to significant tidal asymmetry in the
Marlborough Sounds, with the ebb speeds exceeding the flood, and they play an important role in
determining the direction of net bedload sediment transport.
HEATH, R. A. 1985. A review of the physical oceanography of the seas around New Zealand. New
Zealand Journal of Marine and Freshwater Research 19, 79–124.
Keywords: physical oceanography, tides, currents, temperature, salinity, coastal waves, tsunami, flow.
Abstract: The paper reviews the physical oceanography of the seas around New Zealand as known up to
1982 and includes: deep ocean water characteristics and mean flow, fronts, tides, and coastal
and continental shelf oceanography, and waves and tsunamis.
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HERZER, R.H. 1981. Late Quaternary stratigraphy and sedimentation of the Canterbury continental
shelf, New Zealand. New Zealand Oceanographic Institute Memoir 89, DSIR, Wellington. Paper
copy available from the UC Library.
HOLLAND, P. 2001. The biosphere and the role of vegetation. In: Sturman, A.S. and Sprocken‐Smith, R.
(eds) The Physcial Environment: A New Zealand Perspective. Melborune: Oxford University
Press, 376‐397.
Keywords: deforestation, Eurpoean settlement, New Zealand.
Summary: This reference shows the historical deforestation of New Zeland, including Banks Peninsula. A
paper copy of the book is available in the UC Library.
HUGHES, T. J. 2002. A detailed study of banks peninsula loess shear strength. MSc Thesis, Geological
Sciences, University of Canterbury, Christchurch. Paper copy available in UC library.
Keywords: loess, shear strength of soils, Banks Peninsula District, soil moisture.
HUNT, A.E. 1991. A two‐dimensional finite element hydrodynamic model for Lyttelton Harbour. Masters
Thesis (Engineering), University of Canterbury, 84 p plus maps and appendices.
Keywords: tidal currents, mathematical model.
Summary: This thesis reports the results of a relatively old modelling exercise, simulating the
hydrodynamics of Lyttelton Harbour. It has been superseded by the MetOcean Solutions 2009 and 2011
reports.
INGLIS, G., GUST, N., FITRIDGE, I., FLOERL, O., WOODS, C., HAYDEN, B. & FENWICK, G. 2008. Port of
Lyttelton. Baseline survey for non‐indigenous marine species. MAF Biosecurity New Zealand
Technical Paper. Report number 2008/2. 156p.
Keywords: Lyttelton Harbour, ecology, species diversity, marine flora and fauna.
Summary: This report describes the results of a repeat port baseline survey of the Port of Lyttelton
undertaken in November 2004. The survey provides a second inventory of native, non indigenous and
cryptogenic marine species within the port and compares the biota with that recorded during an earlier
port baseline survey of the Port of Lyttelton undertaken in March 2002.
The survey is part of a nationwide investigation of native and non‐native marine biodiversity in 13
international shipping ports and three marinas of first entry for yachts entering New Zealand from
overseas.
To allow a direct comparison between the initial baseline survey and the resurvey of the Port of
Lyttelton, the survey used the same methodologies and sampled the same sites used in the initial
baseline survey. To improve the description of the biota of the port, some additional survey sites were
added during the repeat survey.
Sampling methods used in both surveys were based on protocols developed by the Australian
Centre for Research on Introduced Marine Pests (CRIMP) for baseline surveys of non‐indigenous species
(NIS) in ports. Modifications were made to the CRIMP protocols for use in New Zealand port conditions.
These are described in more detail in the body of the report.
A wide range of sampling techniques was used to collect marine organisms from habitats within the Port
of Lyttelton. Fouling assemblages were scraped from hard substrata by divers, benthic assemblages
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were sampled using a sled and benthic grabs, and a gravity corer was used to sample for dinoflagellate
cysts. Mobile predators and scavengers were sampled using baited fish, crab, starfish and shrimp traps.
Sampling effort was distributed in the Port of Lyttelton according to priorities identified in the CRIMP
protocols, which are designed to maximise the chances of detecting non‐indigenous species. Most effort
was concentrated on high‐risk locations and habitats where non‐indigenous species were most likely to
be found. Organisms collected during the survey were sent to local and international taxonomic experts
for identification.
A total of 245 species or higher taxa were identified in the first survey of the Port of Lyttelton in
March 2002. They consisted of 147 native species, 18 non‐indigenous species, 38 cryptogenic species
(those whose geographic origins are uncertain) and 42 species indeterminata (taxa for which there is
insufficient taxonomic or systematic information available to allow identification to species level).
During the repeat survey, 269 species or higher taxa were recorded, including 151 native species, 23
non‐indigenous species, 55 cryptogenic species and 40 species indeterminata. Many species were
common to both surveys. Around 57% of the native species, 61% of non‐indigenous species, and 44% of
cryptogenic species recorded during the repeat survey were also found in the earlier survey.
JOHNSTONE, S., SWATTON, L., SMITH, M. & MILLER, R. 2011. Assessing the wider physical impacts of
port reclamation activities performed in Lyttelton Harbour by the Lyttelton Port Company.
Student report (Geography), University of Canterbury.
Keywords: Lyttelton Harbour, port reclamation, modelling, suspended sediment, water quality.
Executive Summary: This report synthesises the findings of our investigation of the physical impacts on
the immediate and wider harbour due to the 10ha Lyttelton Port extension in Te Awaparahi Bay.
Material used for reclamation is rubble originating from Christchurch City Centre after the 2011
earthquakes in February and June and is being carried out by Lyttelton Port Company (LPC). Lyttelton
Port is a large shipping environment and a major international cargo hub. The proposed 10ha port
extension was pushed through the resource consent process under Christchurch Earthquake Recovery
Authority (CERA) legislation to clear the city of rubble and divert it from landfill. Its extension is likely to
facilitate economic and social growth for the local and wider community resulting in positive
externalities for the region.
The main considerations for the effects on the physical environment in the short and long term
are;

Water quality, properties and suspended sediment

Sediment composition and grain size

Focussing briefly on components relating to actions undertaken by Lyttelton Port Company
including;

The role and adequacy of the boom

The mathematical model produced by LPC
Field work was conducted on two different occasions measuring water quality – pH,
temperature, conductivity, turbidity and dissolved oxygen saturation. Suspended sediment samples
were collected using a water sampler and analysed by weighing dried samples. Sediment samples were
collected using a benthic grab and tested for heavy metals and sediment size.
Apart from the physical change to the environment due to the reclamation in the immediate
port area, the effects on the wider harbour in terms of physical water quality and suspended sediment
appear at this point to be negligible. Heavy metals are in higher concentration at the Reclamation site
vs. Charteris Bay, but this could be influenced by a number of factors including seasonal changes and the
coal storage facility adjacent to the port.
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JONES, E. & LEE, M. 2010. Resource consent applications for proposed Lyttelton Harbour/Whakaraupo
reclamation activities. Review of Assessment of Effects on the Coastal Marine Area. Golder
Associates report prepared for the Canterbury Regional Council, report number 0978107325.
21p.
Keywords: Lyttelton Harbour, reclamation, port, stormwater discharge, ecology, coastal impacts
Scope of Report: This report provides a review of LPC’s assessment of the effects of the reclamation
activities on the coastal marine area. This report is supplementary to the overview report prepared for
all regional council resource consent applications (hereafter referred to as the Officer’s Report)
associated with the proposed reclamation. Full details of the applications are provided in the Officer’s
Report. This report focuses on the assessment of effects on the coastal environment and includes a
review of the proposed mitigation and monitoring in relation to coastal effects. LPC also proposes to
discharge stormwater into the coastal marine area during the construction of the reclamation, and from
the on‐going operation of the coal stockyard facility. The review of the assessment of the effects of the
stormwater discharges is covered in a separate report, which is included as Appendix 4 to the Officer’s
Report.
To carry out this review we have considered the following documents:

The Assessment of Environmental Effects (AEE) provided by LPC in November 2009 referenced
in this report as LPC (2009).

Ocel (2009) (Appendix 13 to LPC 2009).

Cawthron (2009) (Appendix 14 to LPC 2009).

The response to requests for further information submitted by LPC on 30 July 2010.

The Regional Coastal Environment Plan for the Canterbury Region (2005).
We have also taken into account issues raised by submitters in relation to coastal ecology. As
summarised in the Officer’s Report submitters raised concerns about effects on marine mammals, loss
of seabed and marine life, and effects of dredging on coastal ecology.
KERR, G. N., SHARP, B. M. & WHITE, P. 2001. Non‐marketed impacts of ground water extraction.
Proceedings of the Australian Agricultural and Resource Economics Society Conference, Adelaide,
January, 2001.
Keywords: Contingent valuation, water management
Abstract: Competition for the ground water resource is often intense, but little attention is sometimes
paid to the values derived from extra‐market uses of the resource. This paper presents the results of
two valuation studies undertaken in New Zealand. One study assesses the values obtained by the
community from management of ground water abstractions to preserve spring, river and wetland flows.
The other study measures willingness to pay for domestic water quality. Results show that the
community can place high values on these items, which need to be considered in developing water
supply and management options.
KIRK, R. 1979. Comment on Heath, R.A. 1979. Significance of storm surges on the New Zealand coast.
New Zealand journal of Geology and Geophysics, 22, 765‐766.
Keywords: New Zealand coast, storm surge, sea levels, erosion.
Abstract: There is little doubt that large storm systems combine wave attack and super‐elevated water
levels to cause coastal erosion and flooding, and to create powerful alongshore currents important in
the dispersal of coastal sediments. While the role of storm wave attack has been intensively studied
over the last decade, water level effects are less well‐known. Thus Heath's analysis of the surge effects
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associated with three of the most damaging storms in the last decade is an important contribution to
understanding coastal erosion. However, in view of the widespread and frequent incidence of storm
surge damage at such diverse locations as Omaha Beach, Northland; Raumati; southern Pegasus Bay;
and on the North Otago coast, the conclusions are somewhat puzzling. In the last named area coastal
erosion is intense and there is frequent saltwater flooding of crop and pasture land which is 5‐8 m above
mean sea level. Specifically, the conclusions that "the magnitude of the surges analysed are each less
than 0 ‐6 m and by themselves would not cause significant flooding . . . (though) they would however
affect the inland extent of shoreline erosion ... " (p. 265), require clarification. It is implied that the
erosive effect will be minimal since on a sandy shore, "a 0∙6 m surge would give rise to an additional
6‐18 m of beach being covered by water" (p. 265). A major effect would be that surges of this magnitude
have a pronounced influence on alongshore current flow and hence on sediment dispersal initiated by
tides and waves seaward of the surf zone. It is suggested here that the analysis is incomplete insofar as
at least three additional factors would have acted to varying degrees to ∙increase water levels, beach
inundation, and inshore current flows beyond the levels determined by Heath.
KIRK, R.M. 1992. Sedimentation in Port Levy, (Potiriwi) Banks Peninsula and its relationships with
dredging in Lyttelton Harbour. Report to Lyttelton Port Company. Christchurch, 31p.
KIRK, R.M. 1993. Dredging and dumping in Lyttelton Harbour: submission by Minister of Conservation.
Report to Lyttelton Port Company. Christchurch, 10p.
KNIGHT, G. S. 1974. Benthic community structure in Lyttelton Harbour. New Zealand Journal of Marine
and Freshwater Research, 8, 291‐306.
Keywords: Lyttelton Harbour, sediment distribution, benthic ecology.
Abstract: Benthic communities in the upper regions of Lyttelton Harbour, Christchurch, New Zealand
(43° 38' S, 172° 41' E), are defined by correlating the species present with the sediment types and their
organic carbon content. Lyttelton Harbour has been a major port since the 1860s, and is extensively
dredged. It is in the crater of an ancient volcano, the walls of which are covered with loess, which is the
principal source of bottom, sediments.
The sampling characteristics of an orange peel grab, a box. dredge, and an epibenthic sledge,
determined in comparable working conditions, proved sufficiently different to justify the use of all three
in taking the 71 benthic fauna samples for this study.
Sediment grades were determined from dredge samples by sieving and pipetting, and 40 of them were
classified into coarse sand (‐2.0 to +0.250), fine sand (0.25 to 3.0 ø), muddy sand (3.0 to 4.75 ø), and
mud (>4.75 ø). Determination of sediment organic carbon was by a modified wet combustion method.
Data were analysed by Fager's recurrent species analysis and by a discriminant function computer
program derived from the IBM set of scientific subroutines and run on. the University of Canterbury's
IBM 360/44 computer.
Three benthic communities were identified. The first, associated with muddy substrates, was
called the Hemiplax hirtipes—Virgularia gracillima community. The second, the Zeacolpus
vittatus‐Pectinaria australis community existed on sandy substrates. Between these two communities a
continuum of about 12 species was postulated. A Chione stutchburyi community was also present in
restricted sandy areas. Also, an association of opportunist species was found to occur sporadically with
little regard to the substrate.
In comparison with other New Zealand inshore benthic faunas, the Hemiplax hirtipes‐Virgularia
gracillima community of Lyttelton Harbour closely parallels the Maoricolpus roseus roseus community in
both. Otago and Auckland Harbours; the Chione community parallels a Chione association in Otago
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Harbour, but characterised communities in the Marlborough Sounds were very different from those
found in Lyttelton Harbour.
KNOX, G. 1983. The ecological impact of proposed reclamation in the inner Lyttelton Harbour, Estuarine
Research Group, Department of Zoology, University of Canterbury. Print copy available from UC
library.
LYTTELTON PORT COMPANY. 2009. Proposed coal stockyard expansion, Te Awaparhi Bay. Application
for Resource Consent and Assessment of Environmental Effects. 91p.
Keywords: Lyttelton Harbour, reclamation, resource consent, environmental impact.
LYTTELTON PORT COMPANY. 2013a. Map of existing dredged channel, ship turning basin, berth pockets
and spoil dumping grounds. 1p.
LYTTELTON PORT COMPANY. 2013b. Continuing maintenance dredging operations at Lyttelton Port of
Christchurch. Application for resource consent and assessment of environmental effects.
Volume 2. 84 pp.
Keywords: Lyttelton Harbour, port, dredging, resource consent, environmental impact, sediment
transport, consultation, spoil disposal.
Purpose of this document: The project requires resource consents to deposit and discharge spoil from
the Canterbury Regional Council (Environment Canterbury) as discussed in Chapter 7 of this Assessment
of Environmental Effects (AEE). The purpose of this document is to provide an assessment of the
potential environmental effects associated with the project.
An assessment of environmental effects is required to accompany any application for resource consent
under Section 88 of the Resource Management Act, 1991 (RMA). This document has been prepared in
accordance with the Fourth Schedule of the RMA.
LINZ, LAND INFORMATION NEW ZEALAND. 2013. Hydrographic chart and tide levels for Lyttelton Port.
Accessed on 21/5/2013 from: http://www.linz.govt.nz/
LYTTELTON HARBOUR BOARD. 1926. Lyttelton Harbour, the Port of Christchurch and North Canterbury,
New Zealand. File not found.
LUXFORD, N. & BELL, D. H. 1986. Some geotechnical aspects of the Lyttelton‐Woolston LPG pipeline,
Christchurch. Transactions of the Institution of Professional Engineers New Zealand: Civil
Engineering Section, 13, 99.
Keywords: Lyttelton Harbour, soil structure, sediments, LPG pipeline
Abstract: The 7.5 km long LPG pipeline from the port of Lyttelton to the Woolston storage depot
necessitated a range of design and construction procedures because of the varied alignment geology
and the constraints imposed by the 1982 Commission of Enquiry. This paper backgrounds the
engineering geology of the selected route, and reviews the geotechnical design investigations that were
carried out for:
1. The seabed section of about 1 km in length, where the pipe has been laid in very soft silty marine
sediments on the floor of Lyttelton Harbour;
2. Two tunnels, totalling approximately 325m in length, which were driven through variably weathered
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and jointed basaltic lavas and trachytic dykes, and
3. The Rapaki Point landfall, where the pipeline has been anchored to bedrock by excavation through
potentially unstable loess deposits.
Particular emphasis is given to the sampling, testing and dynamic analysis requirements for the
submarine crossing, from which it was concluded that soil‐structure interaction would limit stresses to
levels well within the yield limits of the pipeline for both flexure and axial movement. A comparison is
also made of the pre‐construction support predictions for the tunnels and the as‐built geology, from
which it is concluded that the engineering geological approach adopted was satisfactory given the
known variability in rock mass properties. Completion of the construction project on time and within
budget has confirmed the adequacy of the design investigation programme, and the full disclosure of
geotechnical data and interpretations at the tendering stage has important implications for
geomechanics practice on similar projects.
MAIN, M. & TAYLOR, M. 2011. Notes on discharges and contaminant loadings into Lyttelton Harbour.
Report prepared for Christchurch City Council. Aquatic Ecology Report no. 92. 16 pp.
Keywords: Lyttelton Harbour, stream input, nutrient loads, sewage.
Executive summary:
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McDOWELL, B. J. 1989. Site investigations for residential development on teh Port Hills, Christchurch.
MSc. (Engineering Geology), University of Canterbury.
Keywords: loess, volcanic sediments, soil erosion, soil strength, Lyttelton.
McLAREN, P. 2012. A sediment trend analysis (STA) of outer Lyttelton Harbour. Report prepared for
Lyttelton Port Company. Christchurch, New Zealand. 19 pp.
Keywords: Lyttelton Harbour, sediment source, sediment transport, dredge spoil disposal.
Summary: The STA undertaken for the outer area of Lyttelton Harbour shows that the processes of mass
wasting on the steep hillsides surrounding the bay supply much of the sediment that enters the
shoreline waters. Highly dynamic processes transport these sediments westwards on the south side and
eastwards on the north side. At the same time finer material is driven from each side towards the
middle where seaward transport continues into Pegasus Bay. In addition to the mass wasting input of
sediment, material is also derived from the erosion of hard ground areas (on the south side) and from
dredged material disposed of on the north side (although the south side received dredged material prior
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to 43 years ago). The derived patterns of transport and the dynamic behaviour of the trends
demonstrate that there is no longer any evidence for the dredged material disposed of on the south
side. There is a possibility that some of this material has been driven farther westwards into the harbour
(the area sampled is insufficient to assess this) but certainly it is likely that much of it has been lost to
seaward. On the north side the dredged material is in evidence although it is mixed and transported
with the naturally occurring sediments. Dredgate on the north side is unlikely to be transported
westwards up the harbour and it too follows pathways taking it seaward into Pegasus Bay. It is
suggested that the environment on the north side can accept more sediment from dredging operations
than it is presently receiving. While disposal operations do locally affect erosion and deposition, most of
the trends are in Dynamic Equilibrium and deposition as a result of nearby disposal operations appears
to be temporary. It would, however, minimize depositional effects if disposal sites are dispersed and
each one used as infrequently as possible. The conceptual understanding provided by the STA of how
the sediments and dynamics of this area of Lyttelton Harbour are behaving does not appear to conflict
in any substantive way with the existing knowledge of sediment and water movement.
METOCEAN SOLUTIONS LIMITED. 2009. Waves and currents in Lyttelton Harbour. MetOcean Solutions
Report.
Keywords: wave hindcast, tidal currents, pre‐port, present‐day, extended shipping channel.
Summary: The wave and tidal current regime for three different configurations for Lyttelton Harbour has
been examined by numerical hindcast modelling. The modelled cases are the historical (pre‐port)
conditions, the present‐day setup, and a scenario with a dredged/extended shipping channel. For each
of these three configurations, statistics of the wave conditions and tidal current flows have been
compared to allow the primary effects on the physical oceanographic environment to be quantified.
The historical changes to the tidal currents are predominantly seen in a reduction of peak
velocities, particularly for regions near the Port as well as in, and adjacent to, the shipping channel. This
reduction is caused by the increased depth in the shipping channel. Additionally, there are regions of
increased velocity to the west of the Port facilities, which is also caused by the increased depths in the
shipping channel and berth areas. The protrusion of the Port breakwater directly into the flow stream
induces localised acceleration of the tidal flows.
The proposed channel deepening project will have significantly less effect on the flows
compared with the historical changes. Primarily, the peak flows on the ebb and flood will reduce by
approximately 0.1 ms‐1 in isolated areas, but mostly the impacts will be of the order 1‐2 cms‐1.
The historical changes to the wave climate are a slight reduction in the wave energy reaching
the upper harbour regions. The breakwater creates a zone of shelter in the lee, and the shipping channel
acts to refract away from the central axis of the harbour. This refraction process also means that along
some shoreline regions adjacent to the channel, there is a very slight increase in the mean wave heights
(i.e. 1‐2 cm).
The proposed modifications to the harbour are expected to cause relatively minor (but
measurable) changes to the harbour wave climate, with regions of increased and decreased wave
heights due to the increased depth in the shipping channel. Wave refraction along the margins of the
channel will act to divert the incoming wave energy away from the channel and the central axis of the
harbour. These effects will be greater than the historical changes, with the mean wave heights varying
by 5‐10 cm (positive and negative).
The full set of hindcast data presented in this report has been archived. Timeseries information
on the wave heights and the tidal currents can be extracted for any location in each of the three harbour
configurations, allowing a detailed assessment of the effects to be made at specific sites of interest.
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METOCEAN SOLUTIONS LIMITED. 2011. Finite element hydrodynamic model of Lyttelton Harbour.
MetOcean Solutions Report P0051‐02.
Keywords: hydrodynamic model, tidal currents.
Introduction and scope: Lyttelton Port of Christchurch has commissioned MetOcean Solutions Ltd (MSL)
to undertake hydrodynamic modelling of the tidal flows in Lyttelton Harbour. The purpose of the model
studies is to provide a technique that allows the potential changes to the flow regime due to harbour
modifications to be examined. While previous model studies have examined the historical and potential
future changes to the tidal flows, the present work makes use of the finite element SELFE hydrodynamic
model, which uses an unstructured domain and triangular mesh units to define the bathymetry. This
unstructured method allows better resolution of the complex morphology of the harbour and specific
port environment. This report provides technical details of the modelling methods for the existing
harbour domain.
OCEL. 2000. Tidal current study, Port of Lyttelton. Report to Lyttelton Port Company. Christchurch: OCEL
Consultants Ltd New Zealand. LPC holds this file.
OCEL. 2003. Lyttelton Harbour siltation study. Report to Lyttelton Port Company. Christchurch: OCEL
Consultants Ltd New Zealand. LPC holds this file.
OCEL. 2008. LPC coal yard expansion project reclamation. Assessment of the effect of the reclamation
on the harbour tidal current, wave and sediment regime.
Keywords: reclamation, sediment transport, harbour circulation, waves, currents.
Introduction and conclusion: A reclamation for port activities of approximately 10 hectares is proposed
to the existing Te Awaparahi Bay coal stockpile area. Its immediate use is to accommodate the future
significantly increased coal export tonnages consequent on Solid Energy New Zealand (SENZ) securing an
18 year contract to transport coal from the new Pike River mine on the West Coast to Lyttelton for
export, coupled with an anticipated increase in coal exports both from Solid Energy’s own mines and
from those of other west coast suppliers. Currently SENZ export coal from the Stockton mine via
Lyttelton and this will continue. The proposed reclamation of approximately 10 hectares of Te
Awaparahi Bay involves an extension to the existing coal stockpile yard out into Lyttelton Harbour east
of the Cashin Quay breakwater. The proposed reclamation is within the port operational area and is
immediately adjacent to the western edge of the area consented for the dumping of material dredged
as part of the maintenance dredging operation. This is shown in the LPC drawing C‐A3‐5806 B attached
as Figure No 1a. The extension of the reclamation could potentially have an effect on the existing
Lyttelton Harbour tidal circulation, sediment movement and wave energy regime in the region of the
reclamation and therefore requires an evaluation of effects under the Resource Management Act
(RMA). Such evaluations need to be based on a wide range of issues including the potential effects on
the physical, biological, social and cultural environment. The purpose of this report is to describe the
existing environment of the Lyttelton Harbour with regard to its tidal current, wave and sediment
regime and evaluate the potential effects of the reclamation proposal on those matters.
The proposed reclamation of approximately 10 hectares is contained within the straight line
joining the tip of the Cashin Quay breakwater and Battery Point, and as a consequence will have
negligible effect on the harbour regime. The effects of the proposed reclamation on the Lyttelton
Harbour tidal current, wave and sediment regimes will be less than minor. The seaward face of the
proposed reclamation will be similar to the existing shoreline but with more energy absorption
capability. Essentially the reclamation will occupy a backwater corner of Te Awaparahi Bay.

106

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

OCEL. 2009. Deepening and extension of the navigation channel: Capital and maintenance dredging
impact on the physical environment. Report prepared for Lyttelton Port Company. 118 pp.
Keywords: Lyttelton Harbour, dredging, circulation, tidal currents, sediment transport, ADCP.
Summary: The Lyttelton Port Company (LPC) is seeking a resource consent to cover the extension and
deepening of the Lyttelton Harbour navigation channel, principally to accommodate a new generation of
container vessels – a representative photograph of which is shown in the attached Photograph No 1.
The channel will be deepened by up to 4 m and extended by up to 5 km requiring the dredging – capital
dredging ‐ of up to 10.7 million cubic metres of seabed material. It is intended that this material will be
disposed of at a proposed new dredged material dump location outside the confines of the harbour,
approximately 4 nautical miles beyond the Heads.
2. The tidal currents and the nature of the seabed at the proposed dump site location have been
investigated as part of a study to determine where material dumped at the site, and not retained in the
designated dump area, will be dispersed to. A trial dump of dredged material from the ‘Pelican’, the
dredge used for contract maintenance dredging of the existing navigation channel was also carried out
and the resulting turbidity plume tracked using an Acoustic Doppler Current Profiler (ADCP) instrument.
3. The tidal current survey work was not confined to a consideration of disposing of the capital dredging
material alone but was also expanded to cover the case of the maintenance dredging for the extended
channel and to build on and complement the results of an earlier tidal current study inside the confines
of the harbour.
4. The dredged material will be fine grained, predominantly (60%) silt size material. This material can be
readily mobilised by wave action, the principal determinant of sediment mobility both within and
outside the confines of Lyttelton Harbour. The water particle velocities produced at the seabed by long
period swell can mobilise the fine material into suspension and once suspended the material can be
transported by tidal and turbidity currents, hence the interest in determining the speed and direction of
those currents.
5. Tidal currents provide the principal transport mechanism for suspended sediment. Turbidity currents
are significant for the initial dispersion of dredge hopper loads dumped onto the dump location but are
a secondary transport mechanism thereafter because of the gentle subsea slopes.
6. From experience and previous measurements it is known that there is a relatively high background
level of turbidity both within Lyttelton Harbour and in Pegasus Bay outside the harbour.
7. It is the silt entrained in the water that gives the sea the characteristic aquamarine colour in harbour.
While the seabed in Pegasus Bay is primarily sand there is a fluid silt layer on top of the sand. This layer
is highly mobile and accumulates in seabed depressions – such as the trenches dredged for the
Christchurch and Waimakariri ocean outfalls – as a dense fluid. In calm or short period seastate
conditions this material is close to the seabed but becomes dispersed through the water column by
swell action.
8. This report builds on the large body of research work covered in earlier reports and studies by the LPC
and its predecessor, the Lyttelton Harbour Board, and by the geography department of the University of
Canterbury under the supervision of Professor Kirk. It is less a ground breaking study than an extension
to an existing knowledge base taking full advantage of the remarkable capabilities of the ADCP
instrument to track and record tidal and turbidity currents enabling earlier conjecture to be replaced
with fact.
PAGE, M. 1983. Fouling in Lyttelton Harbour. Thesis submitted in partial fulfilment of the degree of
Master of Science. University of Canterbury, New Zealand. Print copy available from UC library.
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PARKER, S. 1989. The hydrogeology of the Diamond Harbour region, Banks Peninsula. A thesis submitted
in partial fulfilment of the requirements for the degree of Master of Science in Engineering
Geology, University of Canterbury, Christchurch New Zealand. 293 pp.
Keywords: Lyttelton Harbour, sediments, geomorphology, hydrology.
Abstract: The study area comprises an area of about 40 km2 and includes the township of Diamond
Harbour located on the Sourthern side of Lyttelton Harbour. The area is broken up into two valley
systems (Orton Bradley and Purau Valleys) separated by a gently northward dipping slope known as the
Diamond Harbour 'Dip‐slope’. Pressure on a water reticulation pipeline due for repair or replacement,
combined with an increasing population) formed the basis for this investigation. It was hoped that local
groundwater resources could at least supplement the domestic supply coming from Lyttelton.
Drill hole and geophysical information confirmed that the sediments that fill the lower Purau
and Orton Bradley Valleys consist of river clays and silts. Marine/estuarine muds and a number of gravel
units. In the case of the Purau Valley two aquifers were located, a first probably representing an infilled
river channel or channels immediately overlying volcanic bedrock (Lower Purau Aquifer), and a second
river gravel unit which is saturated only within 200 m of the coast (Upper Purau Aquifer). While no
borehole data was available to confirm geophysical data interpretations for the Orton Bradley Valley,
the indications are that a single river gravel unit exists, and that it is saturated near the coast.
Pump test results for the Lower Purau Aquifer show that this aquifer has a transmissivity of
11.92 m2/day and a storage coefficient of 3.87 x 10‐4. Computer modelling indicated the Lower Purau
Aquifer possesses two hydraulic boundaries 14 and 50 m from the pumped bore and this is consistent
with the interpretation of the aquifer being an infilled river channel of approximately 64m width.
Evidence suggests that the alluvial aquifers of both valleys are recharged from deep circulating
groundwaters present in fractured bedrock aquifers located within the volcanic formations found in the
area. Isotope and chemical evidence suggests that the alluvial and deep circulating groundwaters are
similar in their relative concentrations of most ions and have similar residence times of about 50 years.
The deep alluvial qroundwaters are fir for domestic supply provided treatment is carried out for
excessive concentrations of iron and manganese, and aeration to bring low pH values to within
acceptable limits.
An experiment on a known perennial High Altitude Spring indicates that the increased discharge
seen following a rain event is composed almost entirely of 'old' stored water and the increased f low is
due to increased pressure head following recharge of the aquifer system by meteoric waters.
Superimposed on this event variability is a seasonal discharge variability related to seasonal rainfall
patterns. An infiltration‐ 'head’‐ storage model is proposed to explain the behaviour of the High Altitude
Springs of Diamond Harbour. Isotopic evidence suggests an exponential‐piston flow model is consistent
with observed results and this indicates the spring groundwaters have residence times of 10 to 25 years.
An estimate of the safe yield from all available water resources in the Diamond Harbour area
ranges from 660 to1300 m3/day allowing for sufficient water to maintain acceptable river baseflows.
REYNOLDS‐FLEMING JV, FLEMING JG. 2005. Coastal circulation within the Banks Peninsula region, New
Zealand. New Zealand Journal of Marine and Freshwater Research 39, 217‐225.
Keywords: Banks Peninsula; Pegasus Bay; coastal circulation; tidal currents; wind‐driven currents; ADCP.
Abstract: The transport of nutrients, larvae, and sediment around coastal headlands critically depends
on the balance of forces that direct the currents very near to the shore. The Banks Peninsula region,
New Zealand, was selected to study nearshore circulation around coastal headlands. The relative
influences of tides and wind on the current were determined using an acoustic Doppler current profiler
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(ADCP) deployed 2 km offshore in Pegasus Bay. Results indicated that the M2 tide is the dominant tide
and explains 30% of the variance. Low frequency variability was strongly correlated with wind in the
offshore direction and explained a further 20–40% of the variability. Finally, mean residual flows were 2
cm/s southward along shore, which supports the hypothesis that an eddy is episodically present in
Pegasus Bay. This study is the first to quantitatively document the nearshore circulation in the Banks
Peninsula region.
RUSSELL, R. 1956. Experiments with hydraulic models of Port Lyttelton. Proceedings: The Institute of
Civil Engineers, 1956. 25p.
Keywords: Lyttelton Harbour, modelling, waves, circulation, dredging.
Synopsis: The Hydraulics Research Station has conducted model experiments on behalf of the Lyttelton
Harbour Board into the behaviour of alternative designs for a new harbour. The proposed harbour is to
be built alongside the existing inner harbour and will consist essentially of a single straight breakwater,
perpendicular to the coastline, behind which ships shelter at their berths. This arrangement was always
expected to provide less protection from storm waves than the existing inner harbour which, except for
an opening 500 ft across, is totally enclosed. However, it was thought that, in view of the increase in the
size of ships that has taken place since the existing harbour was designed, the protection might prove to
be adequate.
Two models were built. One was suitable for studying the penetration of storm waves into the
harbour, whilst the other was suitable for studying the penetration of the very long waves that are likely
to cause ships to range at their berths. In the absence of reliable information on the characteristics of
real waves in that area, the suitability of the proposed harbours was judged by comparing their
behaviour with that of the existing harbour. The paper contains examples of the two different methods
adopted for presenting data on the protection afforded by harbours. One consists of a diagram, known
as a response curve, that shows how the wave height at one fixed point varies as the wave period varies.
The other, known as an iso‐wave‐height plan, is a plan of the harbour showing the height of waves in
every part of it under one set of wave conditions. Examination of many diagrams of both types led to
the conclusion that the best of the open‐type harbours would be satisfactory. Mention is made of the
difficulty of making enough measurements in any wave disturbance model to ensure that the worst
condition has been examined. Resonance as a factor affecting the surges in this and other harbours is
put in its correct perspective.
An investigation into the dredging that would be needed to keep the harbours open is described
in the Paper. Forecasts are based on experiments with the smaller of the two models, in which a mobile
bed of china clay was caused to move under the influence of waves and tidal currents. Proving
experiments, made with the harbour in its present form, gave silting rates in good enough agreement
with the known rates of silting in Port Lyttelton to justify basing forecasts on the results of the model
experiments. It is shown that the building of the new harbour would almost double the rate at which
dredging now needs to be done.
SEWELL, R.J. 1988. Late Miocene volcanic stratigraphy of central Banks Peninsula, Canterbury, New
Zealand. New Zealand Journal of Geology and Geophysics 30, 41–64. Print copy available in UC
Library.
SHEARER, M. 2011. Soil erosion and intertidal sedimentation in Lyttelton Harbour/ Whakaraupō: The
ongoing legacy of land use change assessed using the Revised Universal Soil Loss Equation
(RUSLE). Honours thesis (Geography), University of Canterbury, 48p.
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Keywords: soil loss, catchment erosion.
Summary conclusion: To conclude, this study has assessed the level of soil erosion occurring in stream
catchments of Lyttelton Harbour in Banks Peninsula using the RUSLE. The fine sediments which are
sourced from the terrestrial environment of the harbour have been recognised as the cause of the
growing extent GEOG 420 Soil erosion and intertidal sedimentation in Lyttelton Harbour 2011 30 of the
intertidal mudflats within Governors Bay, Head of the Bay and Charteris Bay induced by acceleration in
the rate of erosion post European settlement. Identifying the present day sources of these fine
sediments is vital for efficient and cost effective management. The study has found that there are
several areas contributing large amounts of sediment into the harbour including catchments in the
Breezes, Mechanics and Livingstone Bay area, in Cass, Corsair and Rapaki Bay area, in upper parts of
Governors Bay, Diamond Harbour and Purau Bay and finally in the lower area of Camp Bay and Little
Port Cooper. More specifically, the Gollans Bay catchment was recognised as contributing the largest of
sediment to the harbour. Land cover could be attributed to providing for the largest rates of soil loss on
a large scale, while at smaller scales topography was a substantial controlling factor on soil outputs. A
comparison between the results obtained from the RUSLE model used here and the model developed by
NIWA indicated that the use of the RUSLE in New Zealand may not be appropriate in New Zealand as
indicated by the disparity in the results obtained by these different approaches. There are various
policies in place nationally and regionally such as the Water and Soil Conservation Act 1967, the
Canterbury Natural Resources Regional Plan and the Canterbury Regional Policy Statement which serve
to avoid, remedy or mitigate accelerated erosion induced by anthropogenic land use change. These
policies promote measures such as soil conservation, riparian buffer zones and reforestation to combat
induced erosion. These measures are suggested for implementation in the catchments identified as
having a high suspended sediment outputs and can be effective at reducing erosion, sediment exports
and further sedimentation of Lyttelton Harbour.
SHULMEISTER, J., SOONS, J.M., BERGER, G.W., HARPER, M., HOLT, S., MOAR, N., CARTER, J. 1999.
Environmental and sea‐level changes on Banks Peninsula (Canterbury, New Zealand) through
three glaciation–interglaciation cycles. Palaeogeography, Palaeoclimatology, Palaeoecology
152, 101–27.
SOONS, J., MOAR, N., SHULMEISTER, J., WILSON, H. & CARTER, J. 2002. Quaternary vegetation and
climate changes on Banks Peninsula, South Island, New Zealand. Global and Planetary Change,
33, 301‐314.
Keywords: Banks Peninsula, Climate change, Vegetation, Late Quaternary, Sea‐level change, Lake
Ellesmere.
Abstract: Late Quaternary terrestrial and marine pollen records from the Canterbury Plains and Banks
Peninsula suggest that climates during the peak of Marine Isotope Stage 7 (MIS 7) were similar to those
prevailing during stage 5e and the Holocene. Podocarp forest (notably Prumnopitys taxifolia—matai)
characterises each interglaciation. In contrast, marine records from DSDP 594 cores, off the east coast of
Canterbury, indicate that stage 7 was dominated by montane forest (Libocedrus sp. and Phyllocladus).
This suggests temperatures as much as 3 C colder than indicated by the Banks Peninsula assemblage.
Age control from both sites appears to be robust. Some of the differences may be related to the
taphonomy of the pollen at both sites. DSDP 594 may reflect a more southerly catchment of fluvially and
aeolian‐derived pollen than does the Banks Peninsula site. Banks Peninsula was alternately separated
from, and joined to, the mainland as Quaternary sea levels fell and rose. Assuming modern ocean
current patterns, during interglacials the south–north Southland Current would have swept through the
seaway separating the island from the mainland, diverting the flow of rivers embouching on the
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Canterbury coast, and moving sediments and fluvially transported pollen northwards. Little of this
material would have reached DSDP 594, nor, if wind patterns were similar to those of today, would
wind‐borne pollen from Banks Peninsula have reached the site. It is probable that vegetation on the
Peninsula was consistently distinct from that recorded at DSDP 594, which has a more southerly
derivation. In contrast to the high mountain areas of the South Island, the low levels of grass pollen in
the available record suggest that the Peninsula retained a woody vegetation over much of its area
during glacial periods. This was favoured by the physiography of the area, with a variety of
micro‐climates, and by the extensive areas available for colonisation at times of low sea level. The
podocarp forest of MIS 7 was replaced by an open shrubby vegetation in which Leptospermum and
Kunzea (Leptospermum‐type pollen) was locally dominant, and in which Plagianthus, Phyllocladus,
Coprosma and Myrsine were prominent. Charcoal is associated with this change. Most of the recorded
taxa, with the exception of Phyllocladus, are present on the Peninsula today. A gap in the pollen record
coincides with the Last Interglacial and Last Glaciation, but a return of forest vegetation is documented
in the later Holocene. The reconstructions do not exclude the possibility of a cooler stage 7. They do
highlight the importance of excluding local/regional non‐climatic effects before interpreting climate
change from data sets, and reinforce the necessity of testing marine records against compatible
terrestrial ones.
SNEDDON, R. 2008. Assessment of impacts to benthic ecology and marine ecological resources from
proposed capital dredging and spoil disposal offshore from Lyttelton Harbour. Cawthron
Institute Report No. 1421, 85p. Available in Port Company archives.
SNEDDON, R. 2013. Assessment of effects from maintenance dredging spoil disposal in Lyttelton
Harbour: Supplementary surveys and review. Prepared for Lyttelton Port of Christchurch.
Cawthron Report No. 2260. 50 pp. plus appendices.
Keywords: Lyttelton Harbour, dredging, port, suspended sediment, water quality, heavy metals, species
diversity, ecology.
Executive summary: Lyttelton Port of Christchurch Limited (LPC) holds resource consent (coastal permit
CRC930648), granted in 1993, to allow maintenance dredging operations with deposition of the spoil on
the northern side of outer Lyttelton Harbour. The 20 year permit expires in 2013 and LPC is seeking to
renew its consent and include provision to maintain navigable depths for a deepened and extended
approach channel. The last benthic monitoring survey required by the consent was carried out in 2010
and included a supplementary ecological survey of an intertidal site on Godley Head in recognition of a
greater proportion of dredged spoil being deposited at this location. In order to update the monitoring
record in support of a new consent application, Cawthron Institute (Cawthron) were contracted to
re‐survey the spoil ground area adjacent to Godley Head, where much of the material dredged over the
last three years has been deposited. This entailed a second intertidal survey of the Godley Head site and
analysis of benthic samples collected from three offshore seabed monitoring stations.
The assessment of effects attributable to spoil deposition operations on the Godley Head
intertidal community was compromised by rock‐fall material associated with the 2011 Christchurch
earthquake. Despite this, the survey identified no physical evidence of existing or recent sedimentation
of fine material. The inventory of conspicuous taxa compiled during this survey was essentially the same
community assemblage as that recorded for the 2010 survey, with all of the predominant species
present. Some differences in relative abundance were recorded and the implications assessed against
the history of the site. A number of concerns were identified regarding the suitability of the Godley
Head site for the ongoing monitoring of spoil deposition operations. It was concluded that the existing
and relatively less exposed monitoring site at White Patch Point represents a location more sensitive to
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the likely effects from spoil disposal, despite its greater distance from the Godley Head area favoured to
accept greater volumes of spoil.
Sampling of sediments from the three established benthic stations near Godley Head indicated
that the increased volume of maintenance dredging spoil deposited in the area over the last three years
has not resulted in ecologically significant concentrations of sediment contaminants. Sediment texture
at the White Patch Point station (DD‐03) was found to be significantly coarser than in 2010, resulting
from a thin layer of sand overlying the more typical semi‐consolidated mud. Texture at this station has
previously been variable.
Information pertaining to the contaminant status of benthic sediments within maintenance
dredging zones of the Inner Harbour were compiled and reviewed in the context of potential
contaminant loading to spoil ground sediments. The analysis record from dredge hopper samples
suggests that most contaminants in the bulk spoil from the Inner Harbour would be below the
corresponding ANZECC (2000) ISQG‐Low criterion in the bulk spoil, the possible exceptions being
mercury and tributyltin. However, in years where dredging of the Inner Harbour has occurred, quantities
of spoil have been relatively low compared to overall volumes generated by the dredging programme
and contaminant accumulation has not been identified by monitoring of spoil ground sediments.
Monitoring issues surrounding the current and future dredging of the Inner Harbour were
discussed. While the analysis of samples taken directly from the dredge hopper is considered an
appropriate and effective monitoring approach, certain limitations were acknowledged and
improvements to such monitoring suggested for a renewed consent. A tiered approach to such
monitoring is recommended, with increasing levels of replication and analysis as trigger levels are
exceeded.
The design of the historical benthic (spoil ground) monitoring survey required by the current consent
was reviewed and the following recommendations made regarding the suitability of its principal
methodologies.
 Addition of new benthic stations for monitoring of a proposed offshore spoil ground.
 Change to wet‐sieve analysis for sediment grain size distribution and total organic carbon
 (TOC) for organic enrichment.
 Increase the spatial coverage of sediment contaminant monitoring.
 Establish the blue mussel (Mytilus edulis galloprovincialis) as the principal species analysed in
bioaccumulation monitoring.
 Continuation of macroinvertebrate community monitoring at all stations
 Continuation of intertidal monitoring at White Patch Point and Rapaki Bay.
 Discontinuation of water column profiling.
A set of recommendations were made for future consent monitoring of spoil disposal
activities. These were based on maintaining comparability to, and continuity with, the
historical monitoring record. However, a number of changes have been suggested to focus
on providing information of greater relevance and sensitivity, and to accommodate proposed
changes to the Lyttelton Harbour maintenance dredging programme.
SNEDDON, R. & BAILEY, M. 2010. Environmental Monitoring of Impacts of Maintenance Dredging Spoil
Disposal in Lyttelton Harbour. Report prepared for Lyttelton Port of Christchurch by Cawthron
Institute. 71 pp.
Keywords: Lyttelton Harbour, port, dredging, suspended sediment, water quality, heavy metals, species
diversity, ecology.
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Executive summary: Lyttelton Port of Christchurch Limited (LPC) holds a coastal permit, granted in 1993,
to allow maintenance dredging operations with deposition of the spoil on the northern side of outer
Lyttelton Harbour. The 20 year permit specifies that benthic monitoring of a number of sites within the
Harbour be carried out every five years within the month following cessation of the dredging
programme. In 2009, Cawthron Institute was contracted by LPC to undertake the third five‐yearly
environmental assessment required under Conditions 4 and 5 of the Consent. The field survey was
carried out over 6‐8 January 2010 since the 2009 dredging programme was not completed until late
December. Since it relates to the 2009 dredging programme, the survey is nominally referred to as “the
2009 survey”.
The monitoring locations include a series of 12 permanent benthic sample stations which are
divided into three general categories relative to spoil disposal activities; Disposal zones (direct impact),
Outer Harbour "Control" (non‐ or indirect impact) zones, Upper Harbour region. Surficial core samples of
sediment were collected by divers for analysis of physico‐chemical properties and macroinvertebrate
communities. Samples from two of the stations within the spoil ground were further analysed for a
range of contaminants. At each station, the water column was also profiled for a number of parameters
including turbidity, conductivity, dissolved oxygen and temperature. In addition, there are two shoreline
intertidal sites for which semi‐quantitative surveys are required. For the 2009 survey, a third intertidal
site was added at Godley Head, due to the significant quantity of spoil deposited in this area in
December 2009. Pursuant to requirements for monitoring of bioaccumulation in resident biota, two
samples of the blue mussel (Mytilis edulis galloprovincialis) were collected for analysis, one from the
intertidal site at White Patch Point, the other from the upper Harbour site at Rapaki Bay.
No adverse effects to sediment or shellfish contaminant status, intertidal communities or water
column conditions were identified by the current survey. However, macroinvertebrate community
effects related to the physical disturbance of the seabed by spoil deposition were clearly indicated by
analysis of data from this and previous surveys.
Sediments collected from most stations were fine consisting of varying proportions of very fine
sands and silt with up to 22% clay content. The exception was Station DD06 in Camp Bay on the south
side of the outer Harbour, which comprised 42% gravel material (>2 mm). The stations subjected to spoil
disposal over the 2009 programme were generally characterised by a high fine sediment fraction and
slightly greater organic content but shared these characteristics with the channel station (DD04)
(consistent with the channel being the source of spoil sediments) and Rapaki Bay (DD12) in the upper
Harbour. In general, organic content was relatively low and strongly anoxic conditions were not
observed in any sediments. Relatively high variability was observed in the dominant silt and sand size
classes across all stations. This is possibly partly explained by there being a modal peak in the grainsize
distribution near the division between the two ranges (63 μm).
Sediments from the two stations analysed for contaminants (DD05 and DD08; both spoil ground
stations) were below trace level method detection limits (MDL) for the entire suite of semi‐volatile
organic compounds (SVOCs), petroleum hydrocarbons and organotin compounds. While some of these
compounds had been detected in sediments in previous surveys, it is noted that MDLs for these analyses
have increased since 2004, and to greater than ANZECC (2000) guideline criteria for some SVOCs. Trace
metals were also uniformly low and it is considered that, with the exception of mercury, these were
close to natural background levels. Mercury was detected at levels well below the ISQG‐Low criterion,
but it was noted that the presence of mercury has also been a feature of previous surveys, sometimes at
near the guideline value. In general, sediment contaminant levels for the two stations monitored in
2010 were well below that which would likely result in adverse effects to benthic ecology.
As with the sediment samples, and consistent with previous surveys (allowing for increases in
MDLs), no SVOCs or petroleum hydrocarbons were detected in the mussel samples taken from White
Patch Point and Rapaki Bay. Trace metals were at similar levels in both mussel samples and were well
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below applicable guidelines for safe consumption. Organotin levels in mussel tissues appeared to have
increased significantly since the 2004 survey; however, changes in MDLs for these compounds since the
last survey were again problematic. Detectable levels close to the MDL have very low precision and
should be interpreted cautiously. There was little difference in organotin levels between the two
samples; hence the ‘control’ shellfish sample collected from Rapaki Bay was useful in establishing the
absence of bioaccumulation effects attributable to direct exposure to spoil sediment plumes.
Macrofaunal communities were generally typical of unconsolidated mud substrates, being
dominated by a wide range of polychaete worms (81% of all taxa by abundance and representing 43 of
the 94 taxa identified across all infauna samples). Community analysis showed that both total
abundances and the number of taxa per core varied widely between stations but that the greatest taxa
richness occurred at stations within the harbour which are not subject to the periodic deposition of
dredge spoil (DD06 and DD09 – DD12). Furthermore, the lowest diversity occurred at the stations
subject to spoil disposal in 2009 (DD02, DD07, DD08) together with the channel station (DD04). The
principal defining characteristic of these dredging‐affected communities was high abundance of
disturbance tolerant Capitellid polychaete worms, the deposit feeding species Heteromastus filiformis
and Cossura consimilis. Abundances of these species at Stations DD02 and DD03 were particularly high
relative to previous years, possibly due to these stations being closest to the site of the most recent
spoil disposal activity at Godley Head, which had ceased only three weeks before sampling.
Examination of infauna data from previous surveys showed that diversity has been least variable
across survey years at the upper Harbour stations (DD09‐DD12) and at the Camp Bay station (DD06).
The relatively higher variability at the spoil ground stations likely reflects both the volumes of spoil
deposited in survey years and the timing of deposition relative to the survey event. Cluster analysis of a
combined data set from all surveys showed a clear separation of the samples according to their location
relative to the spoil grounds. All of the non‐impacted stations (upper harbour stations and Camp Bay)
were clustered separately to those within or adjacent to the spoil ground or dredged channel.
Hydrographic profiles of temperature and salinity at the 12 stations indicated near‐complete
mixing of the water column with no evidence of stratification. However, at Stations DD01 and DD02
there was a significant increase in turbidity between approximately 2 m and 4 m from the harbour bed,
consistent with a distinct benthic turbidity layer. Such a layer has been a feature of previous surveys and
to an extent is a natural feature of soft sediment habitats subject to wave resuspension.
The intertidal assemblage of flora and fauna at White Patch Point and Rapaki Bay were observed
to be consistent with earlier surveys. Habitats and communities at all three sites (including Godley Head)
appeared to be in a relatively healthy state, with no evidence of excessive sedimentation and were
assessed as being typical of coastal areas subject to similar physical conditions in the wider region.
Of the monitoring methods required by the conditions of the Consent, the most sensitive to
impacts from the dredging programme appeared to be that of macrofaunal community analysis. While it
is possible that years of deposition of channel sediments may have altered the spoil ground benthic
substrates, the effects observed indicate that physical disturbance of the sea bed is the primary impact,
with surveys identifying, each time, a point in the succession of recolonising species as the seabed
recovers, beginning with opportunistic and disturbance tolerant taxa such as Capitellid polychaetes.
There are indications from the multi‐survey data set that this recovery is relatively rapid and that
communities in such mobile sediment habitats are inherently variable.
SNEDDON, R. & Barter, P. 2009. Assessment of benthic ecological and water quality effects for a
proposed reclamation in Te Awaparahi Bay, Lyttelton. Cawthron Institute Report No. 1509,
77p.
Keywords: reclamation, ecological effects, water quality, environmental assessment.
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Executive summary: Lyttelton Port of Christchurch (LPC) is proposing to reclaim approximately 10 ha
from Te Awaparahi Bay for Port activities, with its initial use being to expand the present coal stockpile
area. The overall Coal Stockyard Expansion Project (CSEP) is likely to proceed through the construction
of an outer bund/embankment which will be subsequently in‐filled behind. The Cawthron Institute
(Cawthron) was contracted by LPC to prepare an Assessment of Environmental Effects (AEE) in respect
of benthic and marine ecological effects of the proposed works.
The approach used was first to characterise the marine environment of Te Awaparahi Bay via a
benthic survey of the site. Data collected in the field was then combined and compared with that of
previous investigations in the area and other available published data. Finally, details of construction
methodology and changes to the coal stockyard operation were evaluated to synthesise an assessment
of the potential marine ecological effects from the project. The field survey of the site included a
subtidal survey carried out by divers involving sample collection from seven benthic stations in the Bay.
Analyses of the collected samples included sediment texture, organic content, indicative metal
contaminants, coal particulates and sedimentdwelling infauna. A semi‐quantitative survey of the
intertidal shoreline at two locations (at Battery Point and mid‐Bay) was conducted over low tide. In
order to evaluate the distribution of benthic habitats and substrates over the wider area of the Bay, a
side‐scan sonar survey was also undertaken. Finally, water column conditions were investigated via a
series of CTD instrument casts to generate hydrographic profiles for a number of parameters including
turbidity, salinity and temperature.
The subtidal benthic area of Te Awaparahi Bay within and adjacent to the proposed reclamation
construction footprint comprises a substrate of relatively uniform soft mud at points further than 50‐ 80
m from the shoreline with an inshore region of sandy mud and gravel. Organic content of sediments was
consistently low and there was little evidence of the existence of sub‐oxic conditions. Contaminant
levels in benthic sediments were uniformly low except for elevated lead and mercury for the single
sample from the station closest to the coal stockyard stormwater outfall in the east of the Bay. Despite
its proximity, the stormwater outfall is not readily explainable as the source of this contamination since
levels were not consistent with reported concentrations in coal and it is possibly attributable to
historical activities (e.g. operation of an incinerator at the site or particulate material associated with
spoil disposal), as are the presence also of coke, slag and char particulates within inshore sediments.
Low levels of particulate coal were found to occur in a general gradient decreasing away from the
stormwater outfall.
Benthic communities were dominated by polychaete and nematode worms and amphipods,
comprising a somewhat limited assemblage of taxa in the finer sediments offshore and greater diversity
in the coarser near‐shore substrates. All taxa identified were species tolerant of high turbidity conditions
and capable of relatively rapid recovery following benthic disturbance. The intertidal shoreline of Te
Awaparahi Bay comprises 850 m of artificial hard substrate in the form of introduced seawall boulders.
However, the only natural shoreline is the rock platform reef at Battery Point. Intertidal communities
were found to be typical of rocky shorelines of the Lyttelton Harbour area and other South Island inlets
and harbours and comprised species tolerant of elevated turbidity and moderate‐ to high‐energy
conditions. Differences between the two intertidal sites were largely attributable to differences in the
physical nature of the habitat and substrate. The Battery Point platform reef supported numerous small
shallow rock pools within which a number of more sensitive species (gastropod molluscs, anemones,
macroalgae) could exist at the mid‐low tide level without risk of drying out. The more 3‐dimensional
structure of the seawall habitat provides a generally higher energy environment with greater shelter
from predation and incident sunlight within holes, crevices and overhangs. No organisms or
communities of special scientific or conservation interest were identified during the survey of the Bay.
Water column characteristics showed no evidence of either thermal or salinity stratification; however, a
benthic layer of elevated turbidity was a consistent feature. Preliminary dredging of soft sediments from
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the toe of the existing coal stockyard reclamation will not disturb areas outside the proposed
reclamation footprint and is not expected to result in turbidity plumes which will significantly impact
communities adapted to regularly high natural turbidity. Spoil disposal to the consented maintenance
dredge spoil grounds on the northern side of the harbour east of the reclamation is likely to be
accommodated under the allowable limits for that programme. The construction of a barge loading
wharf on the western side of the Cashin Quay stub breakwater will disturb only a small area of harbour
bed in a significantly modified area of the Port subject to ongoing disturbances. As such, ecological
effects are expected to be negligible. In the area to be occupied by the proposed reclamation, the
development will result in the net loss of approximately 13 ha (10 ha reclamation plus the area to the
outer toe of the rock platform) of soft substrate benthic habitat with comparatively low productivity and
diversity but minimal loss of natural reef substrate. There will also be minimal net change in the quantity
of intertidal and shallow subtidal hard substrate habitat as a result of the reclamation. Direct
disturbance of benthic habitats outside the construction footprint is expected to be limited to a narrow
margin adjacent to the seaward edge of the rock platform which is to be placed as a foundation for the
reclamation embankment/bund. The construction process has the potential to produce visible turbidity
plumes in the immediate Bay and Port operational areas from resuspension of benthic sediments,
especially during placement of rock material for the platform foundation. The escape of fine sediments
to harbour waters is also possible via displacement of sediment‐laden water and with tidal rise and fall
during infilling of the reclamation ‘paddock’ with loess material following construction of the
embankment/bund. It is difficult to predict the strength, scale and propagation of turbidity plumes
which may be produced by elements of the reclamation construction, however, the following points are
relevant:
• The construction process components are of limited spatial extent and duration.
• Turbidity plumes will be intermittent dependent upon construction activities.
• Plume propagation will be subject to tidally reversing currents, meaning exposure of any single benthic
area to elevated levels of suspended sediments and deposition will also be intermittent over daily
time‐scales.
• Strength and scale of turbidity plumes generated by construction activities is unlikely to exceed those
of regular maintenance dredging and spoil disposal activities in adjacent areas of the harbour and is
expected to be significantly less than periodic natural turbidity events generated by storm and
high‐wave events.
• The generally low contaminant status and organic enrichment of Te Awaparahi Bay benthic sediments
indicates that toxic or oxygen‐depletion effects will not occur with their resuspension in the water
column.
Due to the nature of the physical environment, Lyttelton Harbour benthic and shoreline communities
are inherently tolerant of turbid conditions, with periods of very high suspended sediments represented
by storm and high‐wave conditions. Benthic communities in the central harbour region are also
acclimated to the increased sediment supply represented by the ongoing maintenance dredging
programme. Suspended sediment associated with turbidity plumes generated by construction of the
reclamation is assessed as having the potential to affect the wider area of the central harbour; however
the proposed construction methodology engenders the means for effective control of sediments and
minimisation of turbidity plumes. Moreover, the similarity between the loess fill material and harbour
bed sediments, and the naturally turbid nature and high sediment fluxes of harbour waters mean that
plumes which propagate from the reclamation area will be indistinguishable from background levels
within a few hundred metres of the construction activity. In view of the current receiving environment
and marine communities in the area and with careful control of sediment sources, effects from the
reclamation project on harbour benthic communities are expected to be minimal, localised and
temporary in nature. The expansion of the coal stockpile area will result in increased stormwater flows
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with potentially greater coal particulate loading to harbour waters. An upgraded coal stockpile
stormwater treatment system is being designed to meet the relevant conditions for such discharges in
the Regional Coastal Environment Plan for the Canterbury Region (RCEP). In order to establish
appropriate recommended consent limits for the treated stormwater discharge, a bench‐top dilution
series was conducted using grab composite samples from the treated coal stormwater discharged from
the existing system. From stock suspensions at different initial turbidity levels, clarity change (as change
in transmissivity) was measured at each increment in the dilution series and the point at which the RCEP
50% change criterion was breached established for each dilution curve. While the results indicated that,
even at an effluent turbidity of 130 NTU, the criterion would be met within a zone of reasonable mixing
of radius 100 m from the outfall, it was recommended that a more conservative limit of 80 NTU be
adopted to ensure that the RCEP’s colour change criterion is also met. Analysis of pH data from previous
work with acidic coal runoff indicates that a relevant receiving water criterion of no more than a 0.2 unit
change will be met at the edge of a 100 m mixing zone if consent limits for effluent pH are set at
between 4.5‐9.0 units. While no specific limits are recommended for total suspended solids and effluent
metals, it is suggested that these parameters are analysed and recorded as part of a discharge consent
monitoring programme. Previous studies in the area and five‐yearly benthic monitoring associated with
the current stormwater discharge consent indicate that the existing outfall does not appear to have
resulted in discernible effects on benthic communities in Te Awaparahi Bay. With the outfall necessarily
re‐sited closer to main tidal flows, significant increases in the accumulation coal particulates in Bay
sediments are unlikely. Neither are significant effects on benthic communities expected, mostly due to
the relatively non‐toxic nature of coal in the marine environment.
SPIGEL, R. 1993. Flushing capability of Lyttelton Harbour: Review of existing knowledge and
reccomendations for future work. Lyttelton sewage treatment and disposal Information to
support resource consent applications by Banks Penninsula District Council, 2p. File not available.
THOMPSON S., BARTER P. 2005. Environmental monitoring of impacts of dredging and dumping in
Lyttelton Harbour: 2004. Cawthron Institute Report No. 983, 39p plus appendices. File held by
LPC.
TRANGMAR, B. B. 1976. Soil resource survey of the Sumner region, Port Hills, Canterbury. MSc Thesis,
University of Canterbury. Christchurch, New Zealand. 100p.
Keywords: Sumner, soil type, land use, resource management.
Abstract: The growing concentration of population in metropolitan centres commonly results in the read
of urban areas onto land with a high value for food production. This aspect of urban growth represents
poor location of resources and in many countries is creating agricultural and urban land use problems of
large scale and complexity. The formulation of sound solutions to these problems requires
comprehensive regional planning which recognizes the existence of a limited resource base to which
both rural and urban development must be correctly adjusted in order to ensure a pleasant and
habitable, but efficient, environment for people to live in. The soil resources of a region are one of the
most important elements of the natural resource base influencing both rural and urban development.
Therefore, a need exists in any comprehensive planning programme to examine not only how land and
soils are presently used but how the soils can best be used. This requires an area‐ de soil survey which
maps the geographic location of the various kinds of soils; measures their physical, chemical,
engineering and hydrological properties; and interprets these properties for land use and planning
purposes. Knowledge of the characteristics and suitability of soils are one of the most important tools
which can be used to integrate rural and urban development within the limits of the natural resource
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base. This paper describes in detail the distribution and characteristics of soils in the Sumner region,
Port Hills, Canterbury in relation to their significance to land use planning. The significance of erosion to
land use in the Sumner region is discussed and a general suitability assessment of the soils for land use is
attempted.
TROTTER, M. M. & MCCULLOCH, B. 1999. Impact of a planting programme on historic and
archaeological sites of Quail Island, Lyttelton Harbour, Conservation Advisory Science Notes No.
264, Department of Conservation, Wellington. 17 pp.
Keywords: Environmental impact, tree planting programme, historic sites, archaeological sites, Quail
Island, Otamahua, Lyttelton Harbour.
Abstract: A programme of planting native trees on Quail Island in Lyttelton Harbour has been proposed
by the Otamahua/Quail Island Ecological Restoration Trust. The impact that this would have on the
Maori and European historic and archaeological sites on the island is assessed. It is concluded that in
several areas the planting and growth of trees would adversely affect these sites (some of which are
protected under the Historic Places Act 1993).
WILLIAMS, P. 1983. Secondary vegetation succession on the Port Hills Banks Peninsula, Canterbury, New
Zealand. New Zealand Journal of Botany, 21, 237‐247.
Keywords: Cytisus scoparius, Ulex europaeus, Sambucus nigra, shrub populations, scrub, secondary
succession, invasion, Port Hills, Canterbury, New Zealand flora.
Abstract: The structure and canopy composition of successional scrub dominated by broom (Cytisus
scoparius), elder (Sambucus nigra), gorse (Ulex europaeus), and mahoe (Melicytus ramiflorus) was
measured using a variation of the point‐height intercept method. Stem diameters and age classes of
broom and elder populations were recorded. Eight stands in Hoon Hay valley were arranged in order of
increasing age which corresponded to a toposequence from dry sites on upper north facing slopes to
moist sites on lower south facing slopes. The latest expansion of elder began about 12 years ago when it
colonised young broom stands. Broom dies by about 15 years leaving elder, which in tum is invaded by
mahoe. Broom and elder are considered desirable species where the aim of vegetation management is
to re‐establish native forest in this region.
WYERING, L., SLADE, P., BRAKENRIG, T., TREDINNICK, C. & HART, R. 2010. Roadside Cuttings in
Lyttelton Harbour. Student report (Geography 309), University of Canterbury. 45p.
Keywords: Lyttelton Harbour, sediment supply, roadside cuttings, soil remobilisation, harbour
sedimentation, coastal management.
Executive Summary
Research Questions:
• Is it possible to prioritise road cuttings in Lyttelton Harbour for remediation?
 What variables affect road cutting erosion?
 How can sites be prioritised for remediation?
Research Rationale:
• Sediment infilling of the Lyttelton Harbour is a major issue facing the region with environmental,
ecological and economic repercussions if left unchecked.
• Surface sediment runoff from roadside cuttings has been identified by Environment Canterbury
in the 'Lyttelton Harbour potential contamination source study 2007' as a source of sediment for
harbour infilling.
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Methods Summary:
• Identified variables from the literature that affect sediment runoff.
• Field measurements and observations taken based on the key variables.
• Devised a complementary flowchart and weighting system.
• Test the validity of the flowchart and weighting system.
Key Findings:
• Location of and descriptive data about road cuttings in Lyttelton Harbour.
• Factors related to road cutting erosion: lithology, surface area, rainfall, slope angle, onslope
vegetation, upslope land use, aspect and soil moisture.
• Must recognise that each factor affects the erosion of cuttings to varying degrees.
• Prioritisation for recognition of potentially bad sites needing remediation using:
 A discontinuous hierarchy categorisation model (flowchart) used to rank sites in the field based
solely on observational data using a series of closed questions.
 A weighting system used to rank sites within each category from the flowchart based on data
collected on each variable.
Limitations:
• Main limitations were:
 Time: this research would have benefited from a more in depth study carried out over a longer
period.
 Weather: weather hindered the ability to collect data. Clear conditions were necessary for
collection of observational data. Schedules therefore revolved around the weather. Rain was
needed in order to measure sediment runoff, however once the sediment traps were set up it
did not rain for weeks thus limiting the time available to adjust methods and analyse data.
Future Research:
• Further testing and modification of the flowchart and weighting system.
• Sediment derived from deeper seated failures such as slips and slumps and left in gutters.
• Sediment derived from tunnel erosion in loess deposits.
• A more quantitative study into the amount of surface sediment runoff from roadside cuttings.
• Further analysis of the relationships between variables and the degrees of their effects.
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Other harbours & investigation
techniques

ADAMS, J. B. 2013: A review of methods and frameworks used to determine the environmental water
requirements of estuaries. Hydrological Sciences Journal, DOI:10.1080/02626667.2013.816426
Keywords: estuary health; freshwater inflow; freshwater requirements; ecological reserve
Abstract: Environmental flow requirements of estuaries have been ignored in the past, mostly because
of the lack of long‐term monitoring data or understanding of the responses to changes in freshwater
inflow. In some cases it was incorrectly assumed that the minimum flows determined for rivers would
protect downstream processes and in others the omission of environmental water requirement studies
for estuaries was as a result of the sectoral management of water resources or lack of applicable
legislation. Three main countries have developed methods for estuaries i.e. Australia, South Africa and
the USA, from practical applications and a learning‐by‐doing approach. Recent methods take a holistic
and adaptive standpoint, are presented as frameworks that include a number of steps and have
elements of risk assessment and adaptive management. Most approaches are data rich and emphasize
long term monitoring. This review showed that although methods are available implementation is slow
and will require strong governance structures, stakeholder participation, monitoring and feedback in an
adaptive management cycle.
ANFUSO, G., MARTINEZ DEL POZO, J. A. 2005. Towards management of coastal erosion problems and
human structure impacts using GIS tools: case study in Ragusa Province, Southern Sicily, Italy.
Environmental Geology, 48: 4/5, pp. 646‐659.
Keywords: erosion; port; management; Sicily; GIS.
Abstract: A geomorphologic approach, combined with GIS spatial analysis, was used to investigate a
90‐km long coastal sector in Southern Sicily, Italy, affected by important erosive processes. Applied
methodology allowed the creation of a database involving a range of coastal characteristics thereby
providing helpful information on coastal processes and general sediment circulation patterns. Coastal
erosion, mainly linked to the construction of ports and harbours, has been locally mitigated by the
construction of solid structures which themselves generate significant environmental stress in
downdrift areas. In recent times, several nourishment projects have been planned to solve existing
erosive problems, yet there is still a lack of a general erosion management plan based on the
installation of port and harbour by‐passing systems and including the phasing out of current beach
cleaning and port maintenance procedures that produce a great quantity of sediments.
BELL, R., GREEN, M., HUME, T., & GORMAN, R. 2000. What regulates sedimentation in
estuaries. Water & Atmosphere, 8:4, 13‐16.
Keywords: Estuary; sedimentation; management; stream input; siltation.
Precis: Why don’t estuaries fill up with all the sediment that is carried in from both the land and the
sea? We are developing a picture of what goes on in estuaries to keep them from silting up, and of how
we can slow down infilling by managing land use.
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BROKER, I., ZYSERMAN, J., OSTERGAARD MADSEN, E., MANGOR, K., & JENSEN, J. 2007. Morphological
modelling: a tool for optimisation of coastal structures. Journal of Coastal Research, 1148‐1158.
Keywords: Thorsminde; Denmark; fishery harbour; harbour sedimentation; layout optimisation; coastal
area morphological modelling.
Abstract: This paper discusses the problems of sedimentation in a fishery port and its impact on the
morphology of a sandy, very exposed coastline. An improved layout of the main breakwaters has been
developed. The results obtained from testing the new layout in a morphological modelling complex are
discussed. The new layout is expected to lead to improved bypass, decreased sedimentation and
coastal impact, to a greater natural depth at the entrance, and to provide safer navigation conditions.
BYUN, D.‐S., & WANG, X. H. 2005. The effect of sediment stratification on tidal dynamics and sediment
transport patterns, Journal of Geophysical Research, 110, C03011, doi:10.1029/2004JC002459.
Keywords: Korea; hydrodynamics; sediment transport; modelling; suspended sediment; harbour
stratification.
Abstract: The western tip of southwest Korea is characterized by a tidally dominated, turbid, coastal
environment. There are well‐developed tidal flats along the coast and around islands, together with
offshore sand ridges several tens of kilometers long in the west. The effects of bottom boundary layer
(BBL) sediment stratification on sediment‐transport and tidal dynamics in this environment were
examined using a sediment transport model coupled with a three‐dimensional tidal hydrodynamic
model. Model experiments using two scenarios, with and without the effect of sediment‐induced
stratification, showed that BBL sediment‐stratification influenced the spatial distribution and reduced
the magnitude of net sedimentation. The presence of a sediment‐stratified BBL also led to a reduction
in suspended sediment fluxes and an increase in the vertical gradient of sediment concentrations in the
water column. These variations occurred because sediment‐induced BBL stratification leads to not only
a reduction in bottom shear stress but also a decrease in buoyancy production of turbulent kinetic
energy and an associated dampening of turbulence. The significant reductions in turbulence and
bottom shear stress result in changes to the vertical‐current structure of theM2 tide, including
alteration of the tidal ellipse configuration and an increase in vertical shears of the tidal current
amplitude and phase. These reductions also lead to a slight increase in tidal amplitudes due to the
decreased tidal‐energy dissipation. The model results indicate that feedback between the
sediment‐transport dynamics and hydrodynamics is an important factor in modeling sediment
transport dynamics in tidally dominated, turbid, coastal environments. Such environments include the
west coast of Korea and the Yellow Sea. Asuitable approach to simulating the effects of this feedback
may be the use of a modified bottom‐drag coefficient as a stability function, together with the inclusion
of the effect of sediment stratification on the hydrodynamics.
CARTER, L. 1977. Sand transport, Wellington Harbour entrance, New Zealand. New Zealand Journal of
Geology and Geophysics, 20:2, 335‐351.
Keywords: Wellington Harbour; sediment transport; tidal currents; monitoring.
Abstract: Continuous instrumental monitoring of boundary conditions at the seafloor indicate that
transport of sand in the entrance to Wellington Harbour occurs mainly during storms. Storm waves
suspend sand which is then transported by tides and linear currents of storm origin. Tidal currents, the
prevailing force in calm weather, are too weak to instigate transport. Interpretation of sediment
distribution patterns determined in 1903, 1964‐‐65 and 1974‐75 indicate that sand is transported
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northward, presumably under the influence of southerly storms and associated water motions.
Bathymetric changes, based on observations over the past century, reveal that most of the transported
sand eventually accumulates at the northern limit of the entrance where up to 5' 5 m of sediment,
including mud derived from the harbour, has deposited.
CUMMINGS, V. J., THRUSH, S. & HEWITT, J. E. 2009. Mahurangi Harbour soft‐sediment communities:
predicting and assessing the effects of harbour and catchment development, Auckland Regional
Council Report TR 2009/040. 50 pp.
Keywords: Auckland region; Mahurangi Harbour; ecology; land use; development.
Executive summary: As part of the Mahurangi Harbour Management Plan, NIWA Ecosystems was
contracted to assess both the present ecological status of Mahurangi Harbour and the potential effects
of future catchment and harbour development on resident infauna.
1. The present intertidal and subtidal benthic communities of Mahurangi Harbour are
documented to provide baseline data against which future shifts in infaunal communities can
be compared.
2. Possible future developments/uses of Mahurangi Harbour and its catchment are considered in
order to identify associated environmental effects which could potentially alter the ecology of
the harbour.
3. Potential environmental effects as a result of increased sedimentation are considered the
major concern in the development of Mahurangi Harbour and its catchment. Detailed
investigations into the effects of sedimentation on the harbour's ecology are needed.
4. Suspension‐feeding organisms are considered the most sensitive to potential environmental
effects resulting from future harbour development/use.
5. Because of a lack of extensive information on the sensitivity of communities to potential
environmental effects, resource management should proceed with caution until more
information is obtained on the influences of specific environmental effects on infauna.
6. To underpin the above, a biological monitoring programme incorporating both intertidal and
subtidal sites within Mahurangi Harbour is recommended to provide information on harbour
condition, and to document ecological changes which may occur as a direct/indirect
consequence of catchment or harbour development.
DAVIES‐COLLEY, R., & HEALY, T. 1978. Sediment and hydrodynamics of the Tauranga Entrance to
Tauranga Harbour. New Zealand Journal of Marine and Freshwater Research, 12:3, 225‐236.
Keywords: Tauranga Harbour; hydrodynamics; sediment transport; tidal dynamics; circulation.
Abstract: To relate the textural characteristics of the bottom sediments of a tidal inlet to
hydrodynamics, 45 sediment samples from the Tauranga Entrance to Tauranga Harbour were analysed
for textural parameters, and tidal currents and waves were monitored. Tidal currents dominate
sediment transport processes near the Tauranga Entrance although swell waves are significant on the
ebb tidal delta, and wind waves may influence intertidal sediments within the harbour. The bulk of the
sediment is probably derived from marine sand from the Bay of Plenty continental shelf, but tidal
currents and waves have changed its textural character. In areas of swift tidal currents, particularly in
the inlet channel itself, sediment is coarser, more poorly sorted, and more coarsely skewed than that in
areas of slower currents.
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DOLPHIN, T. J., HUME, T. M., & PARNELL, K. E. 1995. Oceanographic processes and sediment mixing on
a sand flat in an enclosed sea, Manukau Harbour, New Zealand. Marine Geology, 128:3,
169‐181.
Keywords: Auckland region; Manukau Harbour; sediment transport; sand flat; monitoring.
Abstract: Studies of oceanographic and sedimentary processes on intertidal sand flats in an enclosed
sea were undertaken to gain a better understanding of the factors controlling the mixing and dispersal
of sediment bound contaminants. Field investigations included a 90 day process experiment during
which wind, waves, tidal currents, tides, depth of disturbance and sand flat morphology were
measured, and 27 months of sand flat profile monitoring. Sediment entrainment by strong spring tidal
currents is restricted to the middle and lower regions of the sand flat which are inundated during the
peak tidal flows. The upper 2‐3 cm of sediment is re‐worked across the middle and upper sand flat by
mild storm wave events (H,=70 cm), which occurred four times during the 90 day experiment.
Numerous ridges and runnels in the upper sand flats are wave‐formed features and are maintained by
the lack of currents of sufficient magnitude to re‐work the features. The ridge and runnel morphology is
testimony to large infrequent storm events which re‐work the sediment to depths of 20 cm. Such
storms are an important mechanism for the release of contaminants and were recorded on 3 occasions
in the 27 month profile record.
DUCK, R.W., ROWAN, J. S., JENKINS, A & YOUNGS, I. 2001. A Multi‐Method Study of Bedload
Provenance and Transport Pathways in an Estuarine Channel. Physics and Chemistry of the
Earth (B), 26: 9, pp. 747‐X2.
Keywords: Scotland; harbour circulation; sediment transport; modelling.
Abstract: Bedload transport pathways and provenance in the upper reaches of the Tay Estuary,
Scotland have been investigated using a combination of three methods, analysis of bedform geometry
and asymmetry using echo‐sounding and side‐scan sonar, the ‘McLaren Model’ of deducing sediment
transport from grain size distributions and magnetic susceptibility measurements. The 13.5 km long
study reach has been shown to be a complex mixing zone in which bedform asymmetry varies both
temporally and spatially. Both grain size transport trends and magnetic susceptibility data suggest that
the area is dominated by marine derived bedload but, to the south of the main channel axis, the
contribution from fluvial input increases. A simple mixing model based on optimised linear programming
has shown the relative contribution made to estuary bed sediments from marine and fluvial sources.
With increased distance upstream the role of fluvial sources becomes more pronounced peaking at 24%.
Together the results clearly illustrate the dominance of marine‐derived bedload in the study area.
EVERTS, C. H. 1980. Design of enclosed harbors to reduce sedimentation. Coastal Engineering
Proceedings, 1:17. 16 pp.
Keywords: Sedimentation; tidal dynamics; harbour maintenance; port construction.
Abstract: Sedimentation may be an important problem when quantities of suspended material are
carried into an enclosed harbor on a flooding tide. In order to forecast future maintenance costs, two
methods for predicting the sedimentation rate prior to harbor construction are proposed: 1) a
sedimentation tank to be placed at the proposed harbor site, and 2) a mathematical model which uses
sediment and hydraulic data collected at the harbour site.
FERREIRA, Ó., FACHIN, S. COLI, A. B., TABORDA, R., DIAS, J. A., & LONTRA, G. 2002. Study of Harbour
Infilling using Sand Tracer Experiments. Journal of Coastal Research. SI 36, 283‐289.

123

Whakaraupō Lyttelton Harbour Sedimentation & Circulation
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Abstract: The harbour of Fortaleza (Ceará ‐ Brazil) is facing infilling processes by sand and fine‐grained
sediments. The influx of sand into the harbour resulted in the generation and growth of an internal
beach (Praia Mansa), located on the sheltered side of the main jetty (Titan). Two tracer studies were
performed in the harbour vicinity in order to understand sand transport patterns around the jetty and
inside the harbour. For this purpose 1,410 kg (experiment FORT I), and 420 kg (experiment FORT II) of
dyed sand were released from a boat at depths between 3.5‐5 and 6‐11 m below mean sea level,
respectively. For FORTI a series of 23 surveys were carried out over a period of two months, including
the collection of about 1,000 samples. Detailed maps of sand transport and dispersion were obtained for
each survey. During the FORT II experiment only 45 samples were collected at different surveying days,
giving an idea of the broad sediment dispersion patterns. The general tracer dispersion and transport
pattern observed at FORT II proved that the sediment arriving to the main jetty arrives by littoral drift
from the Futuro beach, after bypassing the Titanzinho groin. The analysis of FORT I maps showed that
the sand moved along the external part of the Titan jetty at rates about 30 m/day. Subsequently, due to
wave refraction and diffraction around the jetty tip, the tracer started to be transported towards the
internal part of the harbour. The computed average displacement rate of the tracer head was about 5
m/day. The last survey, 58 days after the tracer release, shows the existence of dyed sand inside the
harbour, at the nearshore portion of Praia Mansa beach. This confirms that Praia Mansa is still slowly
but continuously accreting, by addition of sediment transported around the jetty. The results also
demonstrate the durability and the effectiveness of dyed sands for the study of sediment transport and
harbour infilling.
GHAFFARI, P., AZIZIPOUR, J., NORANIAN, M., CHEGINI, V., TAVAKOLI, V., & SHAH‐HOSSEINI, M.:
Estimating suspended sediment concentrations using a broadband ADCP in Mahshahr tidal
channel, Ocean Science. Discusions, 8, 1601‐1630, doi:10.5194/osd‐8‐1601‐2011.
Keywords: Suspended sediment; sediment transport; ADCP.
Abstract: Data sets of Acoustic Doppler Current Profiler (ADCP) backscatter intensities (ABS) were used
to evaluate suspended sediment concentrations (SSC) in the Mahshahr Channel (MC) of the Persian
Gulf. Since the echo intensity is closely related to turbidity in water, the ADCP may be a promising tool
to monitor the sediment transport. The low susceptibility of the acoustic backscatter to bio‐fouling and
the ADCP provision of current profiles as well as sediment time series makes this monitoring method
more advantageous compared with the traditional methods. Time series of ADCP backscatter intensity
profiles were used for improving temporal resolution of SSC estimates. Backscatter and traditional
observational data were separated into two segments. The first part was utilized for calibrating the
backscatter data and attributing the intensity to suspended particle concentrations and using the second
part acoustic intensities were validated. Acoustic based SSC estimates are slightly underestimated in
comparison with traditional water sample based SSC values, but still there is good agreement between
acoustic SSC and traditional observations. Results illustrate a rather high correlation between lab based
and acoustic based particles in suspension (R2 = 88 %). Additionally measurements reveal the
domination of a semidiurnal ebb asymmetric system in the MC. Tidal currents provide the main energy
source for particle resuspension and transport. Maximum suspended load concentrations are evident in
ebb tides, while the currents strengths are enough to refloat loads from the bed. In general spring tides
show higher SSC values compared with neap tides in the study area.
GIBB, J. & COX, G. J. 2009. Patterns and rates of sedimentation within Porirua Harbour. Report prepared
for Porirua City Council. CR 2009/1. 65 pp.
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Keywords: Wellington region; Porirua Harbour; sedimentation; coastal management.
Executive summary: In May 2009, CMCL and DML were commissioned by PCC (acronyms attached) to
determine the pattern and rate of sedimentation on the Porirua Harbour area seafloor over the last 160
years. The study was exclusively based on a comparison of hydrographic surveys made in 1849, 1950,
1965‐67, 1974, 1991 and 2009. Previous work on sedimentation rates, tectonics of the area, sea level
trends since the first survey by HMS ‘Acheron’ in 1849, set the context. Compared to the 2009 survey by
SMB ‘Discovery’, past hydrographic surveys were limited to a greater or lesser degree by their coverage
and accuracy, an important factor that we took into account.
Over approximately the last 9,500 years, both the Onepoto Arm and Pauatahanui Inlet of
Porirua Harbour have progressively shoaled from the deposition of sand and mud at a net average rate
of 1.0‐1.5mm/year, with relatively short‐term rates ranging from 0.5‐11.7mm/year over this period. The
steady infilling of the arms of Porirua Harbour has occurred in the context of rising global sea‐levels at
10‐15mm/year up to about 7,300 years ago with relative stability over the last 7,300 years. Since 1849,
GMSL has risen some 210mm of which about 152mm has occurred since 1931 at 1.95mm/year.
The tectonically active Ohariu Fault bisects the Harbour and on the upthrown side W of the
Fault the land has risen at about 0.5m/1,000 years tapering to about 0.2m/1,000 years at Karehana Bay.
In contrast, the land on the downthrown side E of Ohariu Fault has remained relatively stable. During
both the 1848 Marlborough Earthquake (Magnitude 7.4‐7.5) and the 1855 Wairarapa Earthquake
(Magnitude 8.0‐8.2), there was no detectable coseismic uplift or down drop of the Porirua Harbour area
and the faults that bound and dissect the area did not rupture. There has been no detectable
interseismic deformation after these events so that the area has remained tectonically stable over the
last 160 years.
During the period of human occupation involving the clearing of native forest and development
of the surrounding land, all previous studies reveal that rates of sedimentation have progressively
accelerated with time. Our measurements show that from 1974‐2009, net average deposition rates have
increased to 5.7mm/year (13,500‐14,000m3/year) in the Onepoto Arm and 9.1mm/year
(42,000‐43,000m3/year) in Pauatahanui Inlet. Since 1974, the tidal prism has reduced by 1.7% in the
Onepoto Arm and by 8.7% in the Pauatahanui Inlet.
Allowing for uncertainties, at current deposition rates Pauatahanui Inlet will have ceased to exist
over the next 145‐195 years (A.D. 2155‐2205) and the Onepoto Arm over the next 290‐390 years (A.D.
2300‐2400). Although both marine and terrestrial sources supply the sand and mud to Porirua Harbour,
the stream catchments draining into both arms appear to be the dominant source. It is recommended
that PCC, after due consideration of the findings of this study:
1. Adopt Action Plans that effectively reduce the current net average rates of deposition of sand
and mud of 5‐10mm/year within both the Pauatahanui Inlet and Onepoto Arm of Porirua
Harbour, to the geologic rate of 1.0‐2.0mm/year, to preserve both arms of the Harbour as
estuaries.
2. Consolidate and enhance the re‐vegetation and silt‐trap programmes within the catchments
draining into Porirua Harbour to permanently reduce the volume of terrestrial‐derived sediment
entering the Harbour.
3. Where marine‐derived sand may be extracted from time to time from both the ebb and flood
tide deltas, and throat area around Mana Marina, the first priority use for this sand should be
for replenishment of depleted updrift recreational beaches such as Plimmerton Beach, coupled
with the construction of appropriate retention structures to both retain and prevent the sand
from being washed back into the Harbour.
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GOFF, J. 1997. A chronology of natural and anthropogenic influences on coastal sedimentation, New
Zealand. Marine geology, 138:1, 105‐117.
Keywords: 13’Cs; 14C; earthquake uplift; anthropogenic influence; Holocene.
Abstract: 14C and 13’Cs chronologies of sediment accumulation were obtained from five sediment
cores taken from Wellington Harbour, New Zealand. A 10 000‐year chronology records the Holocene
transgression, European colonisation, and variations in the general sediment accumulation rate caused
by earthquake uplift and anthropogenic activity. Rates vary from a high of ‐60 to a low of 0.1 mm a‐‘. In
general, rates increased at the beginning of the Holocene marine transgression, but by ‐ 5000 yr BP
they reached a stable level. Harbour‐wide, these rates remained stable until the second half of the 19th
Century when deforestation by European settlers caused order of magnitude increases in sediment
accumulation. In the past 40‐80 years rates have increased again as a result of urban growth and river
channel management, although the effects are less pervasive. Harbour‐wide influences can be placed in
two categories, natural and anthropogenic, the latter being recent contributions to a sedimentary
regime dominated by the Holocene marine transgression. Sediment accumulation rates indicate that
two major earthquake uplift events had only a local effect on harbour sediments. Anthropogenic
influences are considered to be more significant sedimentologically than earthquake activity.
GRANT, J., TURNER, S. J., LEGENDRE, P., HUME, T. M., & BELL, R. G. 1997. Patterns of sediment
reworking and transport over small spatial scales on an intertidal sandflat, Manukau Harbour,
New Zealand. Journal of experimental marine biology and ecology, 216:1‐2, 33‐50.
Keywords: Sediment reworking and transport; sandflat; spatial pattern; faunal colonization; trend
surface analysis; bed shear stress.
Abstract: Measurements of physical sediment reworking and transport were conducted at 22
experimental sites within a 2503500 m study site on a sandflat at Wiroa Island (Manukau Harbour, New
Zealand), in order to examine spatial patterns of sediment transport, and its relationship to passive
advection of benthic fauna (Turner et al., 1997). Sediment reworking and transport were measured four
times during February 1994 as replacement of dyed sand in pans of sediment buried in the intertidal
zone, change in total height of the sediment column in the pans, and as deposition in tube traps with
openings flush with the bed (bedload traps) and at 15 cm above the bed (water‐column traps).
Sediment reworking replaced about 2–3 mm of sand per day, with increasing cumulative transport to a
depth of 20 mm during the study period. In addition, there were site‐specific differences among
sampling dates. Spatial structure in sediment reworking was analyzed by trend surface analysis.
Depending on date, variance in reworking was influenced by location within the study site, tidal shear
stress (model generated), and elevation on the sandflat. Analysis of residuals demonstrated that
sediment reworking at times contained inherent spatial structure after accounting for the effects of
other explanatory variables. Bedload trap rates in the final sampling period accounted for most of the
variance in deposition indicated by sediment 1 2 height. Sediment reworking and transport are variable
over scales of 10 –10 m, as well as over a period of days, such that measurements determined in single
point studies cannot necessarily be extrapolated over larger spatial scales. Patterns of sediment
reworking and transport patterns provide a template against which to compare patterns of faunal
transport. However, the linkage will be most apparent when 1) sediment reworking and transport are
substantial in magnitude, 2) there is significant XY spatial structure to the pattern of sediment transport
at the scale of the study, and 3) the fauna of interest are at least potentially transported as bedload
(e.g. shelled forms).
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GREEN, M. O. 2013. Catchment sediment load limits to achieve estuary sedimentation targets, New
Zealand Journal of Marine and Freshwater Research, 47:2, 153‐180
Keywords: estuary; sediment; sedimentation; limits; management; New Zealand.
Abstract: Limits are needed to manage the cumulative effects of sediments in estuaries. A method of
calculating catchment sediment load limits to achieve estuary sedimentation targets is presented. The
method is based on manipulating the sediment budget and takes advantage of the inherent complexity
of the estuary and its connections to different sediment source regions in the catchment. In all but the
simplest of cases, there is never just one way to achieve estuary sedimentation targets. This is where
opportunity lies, for some ways of achieving targets will be better than others. Management can focus
on finding sediment load limits that do not fail any sedimentation targets and that are achievable,
affordable and efficient. The latter is expressed in terms of sacrificing capacity of the estuary to
accommodate sediment in order that no sedimentation targets are failed. The method and underlying
principles are demonstrated by application to Pauatahanui Inlet, New Zealand.
GREEN, M. O., BELL, R. G., DOLPHIN, T. J., & SWALES, A. 2000. Silt and sand transport in a deep tidal
channel of a large estuary (Manukau Harbour, New Zealand). Marine Geology, 163:1, 217‐240.
Keywords: Auckland region; Manukau Harbour; estuary; sediment transport; waves; currents.
Abstract: Time series of suspended silt concentration measured by an optical backscatter sensor. and
suspended sand concentration measured by an acoustic backscatter sensor in a deep channel (14 m
MSL) of a large New Zealand estuary (Manukau Harbour) are analysed. Suspended‐sand concentration
varied in phase with the current speed and bed shear stress on a ~ 6.2‐h cycle, but suspended‐silt
concentration varied on a semidiurnal ~ 12.4‐h cycle, such that the channel was clear of silt at high tide
and maximum silt concentration occurred at low tide. Threshold for initiation of sand motion was found
to be related to local skin friction, sand concentration profiles were consistent with settling flux
balanced by gradient diffusion with a two‐layer sediment diffusivity dependent on local friction velocity,
suspended‐sand reference concentration was explainable in terms of local skin friction, and changes in
the channel‐bed sediment were correlated with the suspended‐sand load. Therefore, sand suspension in
the channel is a ‘‘local’’ process and the channel bed is the source of the suspended‐sand load.
Suspended‐sand flux was found to be a highly nonlinear function of the tidal current speed in the
channel. In that case, tidal‐current velocity asymmetry is the principal determinant of direction of net
sand transport and the ebb/flood‐dominance concept is valid. The relative phase of the M2 and M4
constituents of the tidal‐current velocity, which quantifies tidal‐current asymmetry, was calculated from
a tide model of the estuary and results were mapped. The harbour was found to be broadly ebb
dominant and therefore self‐flushing of sand. Silt suspension in the channel was not related to the local
boundary‐layer dynamics, but was explainable in terms of the movement up and down the channel of a
horizontal gradient in silt concentration, which implies the existence of a turbid water mass that is
perched on the surrounding intertidal flats at high tide and that drains into the channel during ebb tide.
Silt concentration in the channel increased during a short storm, which corresponded to the passage
through the measurement site of a ‘‘turbid fringe’’ that was formed on the surrounding intertidal flats
during the previous high tide under the action of breaking waves. Wave activity on the surrounding
intertidal flats is therefore the principal determinant of suspended‐silt load in the channel and an
approach that treats waves and sediment pathways between intertidal flats and channels is needed for
modelling silt transport.
GWARI, B., & UGOALA, C. 2009. Approaches to studying sedimentation in some water bodies: An
overview. Continental Journal of Fisheries and Aquatic Science 3: 25 ‐ 36
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Abstract: The rate of sedimentation and the consequent loss of valuable water storage is becoming
increasingly important in most developing nations. There are evidences of steady rise in soil erosion
endangering reservoir projects which cause doubts about the viability of existing and future schemes.
The impoundment of water for potable and irrigation supplies, hydropower, and flood control is a
necessary step towards socio‐economic development. Untimely sedimentation process of most water
bodies may reduce the benefits and, if it is ignored, remedial measures may become either
prohibitively expensive or technically unfeasible. Therefore the objective of this research was to
highlight the various methods for studying sedimentation. It is therefore hoped that this paper will help
in addressing persistent problems of sedimentation in many developing nations.
HUME, T. M. & MCGLONE, M. S. 1986: Sedimentation patterns and catchment use change recorded in
the sediments of a shallow tidal creek, Lucas Creek, Upper Waitemata Harbour, New Zealand,
New Zealand Journal of Marine and Freshwater Research, 20:4, 677‐687
Keywords: Lucas Creek; Upper Waitemata Harbour; surface and subsurface sediments; Holocene
sedimentation rates; catchment use change.
Abstract: Radiocarbon dating and pollen analysis have been used to date and identify changes in Lucas
Creek catchment use, recorded in Holocene subsurface sediments. Holocene marine sedimentation
began about 6500 years before present. Where the sediment column is thickest, maximum net
sedimentation rates for the estuary are recorded as less than 1.5 mm/y for pre‐Polynesian times (6500‐
700 years B. P.) when the catchment was forestclad. Above this level the pollen record shows that the 1
mm/y net sedimentation rate accompanying forest clearance during Polynesian settlement (700‐110
years B. P.) subsequently tripled to 3 mm/y with logging, gum digging and land clearance accompanying
farming during European times (A. D. 1841 to present). Since 1854 the main channel areas of Lucas
Creek have experienced no detectable sedimentation or erosion. Present‐day deposition is estimated as
averaging less than 2 mm/y on the tidal flat areas. Future catchment urbanisation is expected to double
sediment input to Lucas Creek estuary and result in increased sediment accumulation in the lower,
wider estuarine reaches and embayed areas. Larger and more frequent flood events are likely to
minimise sediment accretion or cause scour in the narrow upper reaches. Urban debris will be a
problem unless controlled at source.
KUIJPER, C., CHRISTIANSEN, H., CORNELISSE, J., & WINTERWERP, J. 2005. Reducing harbor siltation. II:
Case study of Parkhafen in Hamburg. Journal of waterway, port, coastal, and ocean
engineering, 131:6, 267‐276.
Keywords: harbors; entrainment; sedimentation; hydraulic models; silts; Germany; salt water intrusion.
Abstract: Sedimentation in harbor basins necessitates continuous maintenance dredging to keep the
bed level of the harbor at the desired depth. Costs involved in the dredging and disposal of the material
are often significant, and Port Authorities therefore search for adequate methods to mitigate the influx
of sediment into harbors. In the 1990s, a current deflecting wall (CDW) was constructed in the entrance
of the Köhlfleet harbor in Hamburg. Field observations on dredging volumes showed that siltation in
the Köhlfleet could be reduced by about 40%. To investigate the feasibility of a CDW for other harbor
basins in Hamburg, experiments for the Parkhafen were carried out in a nondistorted physical scale
model. Water exchange between the Parkhafen and the river Elbe is governed by tidal effects and
horizontal entrainment and possibly sediment‐induced density currents. The first two effects were
addressed in the hydrodynamic scale model. Various design parameters, such as curvature, length, and
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location of the CDW, were investigated under steady state as well as tidal conditions by means of visual
observations of float tracks and dye injection to arrive at an optimum configuration. The spreading of
dye was assessed with digitized video images, which were analyzed in terms of dye concentrations. This
technique appeared to be very adequate, as high‐resolution spatial information was obtained. From the
dye experiments under steady state conditions, it was concluded that with the selected CDW design it
is possible to reduce the gross inflow of river water into the harbor by 25–45%. The application of a sill,
connected to the upstream side of the CDW, may contribute another 10% as near‐bed water with high
suspended sediment concentration is deflected into the river. The tidal filling of the harbor is then
accomplished with water carrying a reduced sediment load.
LE ROUX, J.P. 1994. An alternative approach to the identification of net sediment transport based on
grain‐size. Sedimentary Geology (1994), 97‐107.
Keywords: Sediment transport; harbour circulation; grain‐size trends; cost‐effective method.
Abstract: Progressive changes in grain‐size parameters have long been linked to net sediment transport
paths. However, the methods employed to date suffer from limitations potentially leading to serious
interpretational errors, which necessitate the formulation of an integrated, quantitative technique. The
approach advocated here is a step in this direction, as it eliminates some of the problems inherent in the
older methods. Previously, trend vectors were obtained by comparing the grain‐size parameters of only
two sampling stations at a time, which gives a low probability of identifying the actual transport
direction. In the proposed method, groups of five stations (comprising a central station and four satellite
stations) are used for each trend vector. Grain‐size parameters are first combined in such a way that
bias towards any one of them is eliminated. The resultant dimensionless numbers are then substituted
for the proportional frequencies of recorded directions in conventional vector analysis. The satellite
stations must be located equally far from the central station on radials 90 ° from each other, which is
seldom the ease. An iterative trigonometric technique is therefore employed to determine the
combined grain‐size parameters at these localities. Conventional vector analysis, adapted to the
situation of using ibur radials instead of 10 ° sectors, allows the calculation of a vector mean azimuth
and vector magnitude.
LEE, H. W., PARK, S. S. 2013. A hydrodynamic modeling study to estimate the flushing rate in a large
coastal embayment. Journal of Environmental Management, 115, pp. 278–286.
http://dx.doi.org/10.1016/j.jenvman.2012.10.055
Keywords: impoundment; Saemangeum; flushing rate; hydrodynamic modelling; coastal embayment.
Abstract: A three‐dimensional hydrodynamics model was applied to a coastal embayment on the west
coast of the Korean Peninsula to examine the potential effects of a large reclamation project (the
Saemangeum Project). To understand and analyze the impacts of the coastal structures associated with
the Project on the hydrodynamics, as well as the composition ratio of the saltwater to freshwater, the
seasonal distribution of the residence time and flushing rate were examined using the salinity and tracer
simulation as dilution indicators. The calibrated and verified model was used to examine changes in the
tidal elevation, salinity, residence time and flushing rate. The results indicate that the completion of the
fourth sea dike will limit circulation, and that the salinity inside the dike would be dominated by rainfall
and runoff. The flushing rate was estimated to decrease after the construction of the dike, such that
biogeochemical changes could occur in the sea water and sediment. From this study, it was concluded
that the three‐dimensional hydrodynamic model can successfully simulate the changes in elevation,
residence time and flushing rate in the Saemangeum Embayment and become a useful tool for
determining a management plan to maintain the water quality of coastal embayments.
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LEYS, V. & MULLIGAN, R. P. 2011. Modelling Coastal Sediment Transport for Harbour Planning: Selected
Case Studies, Sediment Transport, Dr. Silvia Susana Ginsberg (Ed.), ISBN:978‐953‐307‐189‐3,
InTech, Available from:
http://www.intechopen.com/books/sediment‐transport/modelling‐coastal‐sedimenttransport‐f
or‐harbour‐planning‐selected‐case‐studies
Keywords: Harbour structures; sedimentation; dredging; coastal management; coastal processes;
methods; modelling.
Overview: During the planning phase of coastal development projects, it is often necessary to determine
potential sedimentation and erosion rates. This is particularly relevant at harbours where dredged
channels are proposed, and accurate dredging projections are crucial for economic feasibility analyses.
In addition, new structures that interfere with the natural processes may have major impacts on the
adjacent shoreline. In this chapter we consider a range of approaches for evaluating sediment transport
for harbour planning studies (section 2), and present two detailed cases from Atlantic Canada. The sites
described are representative of very different coastal environments. They include Saint John Harbour
(section 3), a uniquely dynamic estuary on the Bay of Fundy with huge tides, a very large river outflow
and significant sedimentation of silt and clay presenting various navigation and dredging challenges. The
other site described is located on the sandy North coast of Prince Edward Island at Darnley Inlet, an
exposed area where tides, storms and sea level rise are continuously reshaping the shoreline and
navigation channels (section 4).
To put the case studies in perspective, a brief summary of approaches for evaluating coastal
sediment transport processes is provided. The approaches include preliminary site investigations and
data collection, basic sediment transport theory, and a range of numerical modelling techniques that
can be applied to determine sediment erosion, transport and deposition.
LIU, W.‐C.; LEE, C.‐H.; WU, C.H. & KIMURA, N. 2009. Modeling diagnosis of suspended sediment
transport in tidal estuarine system. Environmental Geology 57, 1661–1673. DOI
10.1007/s00254‐008‐1448‐0
Keywords: three‐dimensional model, suspended sediment transport, turbidity maximum, verification,
Danshuei River estuary, Taiwan.
Abstract: A three‐dimensional, time‐dependent hydrodynamic and suspended sediment transport
model was performed and applied to the Danshuei River estuarine system and adjacent coastal sea in
northern Taiwan. The model was validated with observed time‐series salinity in 2001, and with salinity
and suspended sediment distributions in 2002. The predicted results quantitatively agreed with the
measured data. A local turbidity maximum was found in the bottom water of the Kuan‐Du station. The
validated model then was conducted with no salinity gradient, no sediment supply from the sediment
bed, wind stress, and different freshwater discharges from upstream boundaries to comprehend the
influences on suspended sediment dynamics in the Danshuei River estuarine system.
The results reveal that concentrations of the turbidity maximum simulated without salinity
gradient are higher than those of the turbidity maximum simulated with salinity gradient at the Kuan‐Du
station. Without bottom resuspension process, the estuarine turbidity maximum zone at the Kuan‐Du
station vanishes. This suggests that bottom sediment resuspension is a very important sediment source
to the formation of estuarine turbidity maximum. The wind stress with northeast and southwest
directions may contribute to decrease the suspended sediment concentration. When the freshwater
discharges increase at the upstream boundaries, the limits of salt intrusion pushes downriver toward
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river mouth. Suspended sediment concentrations increase at the upriver reaches in the Danshuei River
to Tahan Stream, while decrease at Kuan‐Du station.
MCLOUGHLIN, L. C. 2000. Shaping Sydney Harbour: sedimentation, dredging and reclamation
1788‐1990s. Australian Geographer, 31:2, 183‐208.
Keywords: Sydney Harbour; dredging costs; foreshores; inter‐tidal zone; mudflats; Parramatta River;
Port Jackson; siltation; shoreline reclamation; stormwater; shipping; wetlands; Homebush Bay.
Abstract: Described by Governor Phillip as ‘the best harbour in the world’, Sydney Harbour was affected
by accelerated sedimentation very soon after settlement in 1788. Dredging began in 1842 to deal with
the problems caused by sedimentation and to enhance foreshore amenity. By the end of the
nineteenth century, dredging was also excavating the bottom of the Harbour and its bays to
accommodate larger ships with deeper draughts, and dredged sediment was increasingly used to
reclaim mudflats or marshes deemed unhealthy or unsightly, thereby creating additional useful
waterfront land. There was virtually continuous dredging in some part or other of the Harbour and its
tributaries for almost 140 years. With increasing costs and mounting environmental concerns, dredging
is now intermittent, and carried out largely to facilitate navigation for specific projects, despite
continued sedimentation. While there was an early lack of understanding of the Australian
environment and the impact of clearing on soils, the causes of increased sedimentation had been
documented by the 1860s. However, measures to seriously address causes were not introduced until
late in the twentieth century. This paper brie y outlines the development of the Sydney estuary to
1788, considers the impact of settlement in accelerating sedimentation, traces the development of
dredging and reclamation, and discusses their significance for a number of areas of current research
and environmental management, as well as to social and economic history. Within the limitations of
the data available, annual sediment dredged, annual expenditure, cost per tonne, and areas reclaimed
by dredging and filling are included.
MOL, J.‐W. 2003. Sedimentation estimation from ADCP measurements. Hydro International, 7:6. 5 pp.
Keywords: Harbour sedimentation; siltation; suspended sediment; ADCP; Netherlands.
Abstract: Many harbours in tide dominated areas silt up as a consequence of asymmetric tides. To
understand the process of harbour sedimentation at tidal rivers, it is important to know the amount of
transport of suspended sediment. In a small and shallow harbour along a tidal river, simultaneous ADC,
OBS , CTD and water sample measurements are done for observations of suspended sediment transport.
ADCP backscatter is converted to suspended sediment concentration by means of calibration with OBS,
CTD and water sample data. Sediment fluxes are calculated by multiplication of SSC by ADCP discharge
data for a total of more than three hundred validated moving boat measurements. The residual value of
adding up these fluxes over a tidal period corresponds with the net tidal sedimentation mass.
NICHOLLS, R., BRADBURY, A., BURNINGHAM, H., DIX, J., ELLIS, M., FRENCH, J., HALL, J.,
KARUNARATHNA, H., LAWN, J., PAN, S., REEVE, D., ROGERS, B., SOUZA, A., STANSBY, P.,
SUTHERLAND, J., TARRANT, O., WALKDEN, M., & WHITEHOUSE, R. 2012. icoasst – Integrating
coastal sediment systems. Coastal Engineering Proceedings, 1:33, sediment.100.
doi:10.9753/icce.v33.sediment.100
Keywords: coastal management; sediment transport; erosion; reduced complexity models; climate
change impacts
Abstract: UK coasts are subject to widespread erosion in part due to the cumulative effect of human
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intervention on soft coastlines, and further threatened due to more rapid change due to climate
change, especially sea‐level rise. At the same time, Shoreline Management now requires predictions of
coastal evolution up to 100 years in the future. This leads to the challenge of predicting coastal
geomorphic behaviour at the mesoscale (10 to 100 km and 10 to 100 years). Currently, this is often
based on expert judgement. However, relevant components for mesoscale coastal simulation are
emerging, including: (1) new methods for system‐level analysis of coast, estuary and offshore landform
behaviour, which include engineering and management interventions in a consistent manner to natural
drivers; (2) well validated ‘bottom‐up’ hydrodynamic and sediment transport models such as POLCOMS
and TELEMAC; (3) operational ‘reduced complexity models’ of selected coastal landforms (e.g., cliffs
(SCAPE), estuaries (ASMITA), saltmarsh (SLAMM)); and (4) growing observational datasets that allow
data‐driven approaches to coastal analysis and prediction. The iCOASST Project will use these
components to develop and apply an integrated systems modelling framework for mesoscale coastal
simulation as explained in this paper.
NOLTE, S., KOPPENAAL, E. C., ESSELINK, P., DIJKEMA, K. S., DE GROOT, A. V. , BAKKER, J. P. &
TEMMERMAN, S. 2013. Measuring sedimentation in tidal marshes: a review on methods and
their applicability in biogeomorphological studies. Journal of Coastal Conservation. DOI
10.1007/s11852‐013‐0238‐3
Keywords: Accretion; elevation change; estuary; salt marsh; sediment deposition; suspended sediment.
Abstract: It is increasingly recognised that interactions between geomorphological and biotic processes
control the functioning of many ecosystem types as described e.g. by the ecological theory of ecosystem
engineering. Consequently, the need for specific bio‐geomorphological research methods is growing
recently. Much research on biogeomorphological processes is done in coastal marshes. These areas
provide clear examples of ecosystem engineering as well as other bio‐geomorphological processes:
Marsh vegetation slows down tidal currents and hence stimulates the process of sedimentation, while
vice versa, the sedimentation controls ecological processes like vegetation succession. This review is
meant to give insights in the various available methods to measure sedimentation, with special
attention to their suitability to quantify bio‐geomorphological interactions. The choice of method used
to measure sedimentation is important to obtain the correct parameters to understand the
biogeomorphology of tidal salt marshes. This review, therefore, aims to be a tool for decision making
regarding the processes to be measured and the methods to be used. We, subdivide the methods into
those measuring suspended sedimen concentration (A), sediment deposition (B), accretion (C) and
surface‐elevation change (D). With this review, we would like to further encourage interdisciplinary
studies in the fields of ecology and geomorphology.
OLDMAN, J.W.; STROUD, M.J.; CUMMINGS, V.J. & COOPER, A.B. 1998. Mahurangi LandUse Scenario
Modelling. Prepared by the National Institute of Water and Atmospheric Research for
Auckland Regional Council. Auckland Regional Council TR 2009/042.
Keywords: landuse; sediment source; catchment use; models; management implications.
Executive summary: ARC Environment have recognised the Mahurangi Catchment as an important
resource. To manage this resource in a sustainable manner will require careful consideration of the
needs of the environment and the social and economic needs of those people with an interest in it.
To this end, ARC commissioned NIWA to develop catchment and estuary models which can be
used as predictive tools to determine the fate of catchment‐derived sediments within the estuary.
Together with an ongoing ecological monitoring programme this enables the effects of proposed
land‐use changes on the Mahurangi to be determined.
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Proposed land‐use changes examined include an increase in the area of urbanisation, harvesting
of existing Redwood forest and conversion to production forest. This report describes the use of the BNZ
catchment model to predict sediment erosion rates within the catchment and sediment delivery rates to
the estuary for each of these land‐use scenarios. Sedimentation rates within the estuary are then
predicted using the estuary model.
Production forestry gives the lowest sediment loading under a mature forest but there is a risk
that relatively high sediment loads will be delivered to the estuary during harvesting. The level of site
disturbance during development plays a vital role in determining the amount of sediment actually
delivered to the estuary. Developing of relatively small blocks for urbanisation produces similar
sedimentation within the estuary as harvesting of the Redwood forest.
The effect on the ecology of Mahurangi Estuary will depend on a number of factors (e.g. depth,
type, area and rate of sediment deposition). These factors, and potential effects of different land‐use
scenarios on the estuarine ecology, are discussed.
OLIVEIRA, F.S.B.F. and FREIRE, P.M.S., 2011. Coupling monitoring and mathematical modelling of
beaches to analyse a problem of harbour sedimentation: case study. Journal of Coastal
Research, 27:6A, 104–115.
Keywords: Morphodynamics; coastal seasonality; Portuguese coast.
Abstract: This article addresses the problem of sedimentation at the entrance of a harbour by evaluating
and understanding the sediment dynamics in the adjacent beaches. The results of the methodology
applied to acknowledge the beaches' sediment dynamics were used to diagnose the problem's cause
and to interpret its evolution. The methodology includes analysis of data from a monitoring programme
and process‐based mathematical modelling of the alongshore and cross‐shore beach dynamics. The
integration of both allowed the authors to investigate the hydromorphological behaviour of the
harbour‐adjacent beaches and to conclude that (i) the harbour and adjacent beaches are a single
morphological system, and thus require integrated management; (ii) the study area is exposed to a
seasonal wave regime, which induces a local sediment transport pattern and consequently the main
seasonal morphological characteristics of the study area; and (iii) the process of sand accumulation at
the harbour entrance is irreversible without human intervention. Because harbours should be designed
and constructed based on two criteria—capacity of depth self‐maintenance and integration, with
minimum impact on the local morphodynamics—this study highlights the need for monitoring and
identifying the total extension of the active beach, particularly in coastal environments with seasonal
hydromorphological variations, before deciding on harbour layout relative to the sedimentary littoral
transit.
PARCHURE, T. M. & TEETER, A.M. 2002. Lessons Learned from Existing Projects on Shoaling in Harbors
and Navigation Channels. US Army Corps of Engineers Technical Report. 17 pp.
Keywords: Harbour circulation; sedimentation; navigation; siltation.
Purpose: Over the past few decades, several attempts have been made to reduce sedimentation in
harbors and navigation channels. The National Research Council (1987) appointed a committee that
produced a report on regional sedimentation control to reduce maintenance dredging of navigational
facilities in estuaries. Wicker (1965) described fundamentals of tidal hydraulics related to estuarine
shoaling. McCartney et al. (1991) published lessons learned on estuary waterways projects studied by
the US Army Corps of Engineers, and by the Committee on Tidal Hydraulics. This Coastal and Hydraulics
Engineering Technical Note (CHETN), which is more comprehensive than McCartney et al. (1991), draws
general conclusions and offers updated lessons learned that cover an additional 10 years of experience.

133

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Many of the mistakes made in the past have been very expensive and sometimes irreversible.
The objective of this CHETN is to provide information on lessons learned from past projects so as to
avoid similar mistakes in future projects.
PICKRILL, R. 1985. Sedimentation in an ebb‐tidal delta, Rangaunu Harbour, Northland, New
Zealand. New Zealand Journal of Geology and Geophysics, 28:3, 531‐542.
Keywords: estuaries bedforms; sonar methods; side‐scanning methods; deltas; sedimentation; transport;
ocean circulation; Rangaunu Harbour.
Abstract: Rangaunu Harbour is a shallow estuary drained northward by a dendritic channel system onto
an extensive ebb‐tidal delta. The inlet trough is lined with lag sediments, over which sand
is occasionally transported in ribbons. Most sediment transport is confined to channel‐margin
megaripple fields moving sand seaward onto the terminal lobe of the delta. Interacting wave and tidal
forces direct sediment landward from the lobe in anticlockwise gyres, generating recurved bars and
furrows on the delta platform and feeding sediment to Te Puke te Huri Spit around the outer face of the
delta. Flood tides and shoaling waves return this sediment to the shoreface and back to the harbour
mouth. Flood flow is concentrated in a marginal channel on the eastern side of the delta;
wave‐reinforced flood flows transport sediment landward in sand ribbons from the floor of Rangaunu
Bay into the harbour. The bay floor probably supplies 80% of the sediment for delta growth. Between
1958 and 1979, 7.8 x 106 m3 of sediment was added to the delta, with the most significant changes
occurring in areas of well‐developed bedforms and high sediment transport. Volumetric gains to the
delta have been very large but may include cyclic changes in the sediment budget.
PRITCHARD, D.; HOGG, A.J. & ROBERTS, W. 2002. Morphological modelling of intertidal mudflats:
the role of cross‐shore tidal currents. Continental Shelf Research 22, 1887–1895.
Keywords: Estuaries; Intertidal mudflats; Intertidal sedimentation; Mathematical models;
Morphodynamics.
Abstract: We describe a mathematical model of the sediment transport resulting from cross‐shore tidal
currents on an intertidal mudflat. The model is integrated numerically to determine the long‐term
(‘‘equilibrium’’) behaviour of the morphodynamic system, and to investigate how the morphology of the
flats depends on tidal range and sediment supply.
Under a sinusoidal tide, the equilibrium flat is approximately linear below mean sea level (MSL)
and convex above MSL, and advances seawards over long timescales. The cross‐shore width of the flat is
independent of tidal range, and increases with increasing sediment supply. Tidal asymmetry (flood‐ or
ebb‐dominance) leads to a steeper flat, and ebbdominance can cause the flat to retreat landwards in
the long term. Under a spring–neap tidal cycle, the shape of the equilibrium profile is very similar to that
for a fixed tidal range, but the rate of accretion is significantly reduced.
PRITCHARD, M., GORMAN, R. & HUME, T. 2009. Tauranga Harbour sediment study: Hydrodynamic and
sediment transport modelling. NIWA report prepared for Environment Bay of Plenty Regional
Council. HAM 2009‐032. 59 pp.
Keywords: sediment supply & transport; modelling; hydrodynamics; Tauranga; circulation, salinity.
Executive summary:
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SHERRIF, J. 2005. Coastal investigations technical report. Greater Wellington Regional Council. 39 pp.
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Keywords: Wellington region; coastal management; water quality; land cover change; ecology;
monitoring.
Introduction: The coastal environment of the Wellington region varies greatly in character and provides
for a diverse range of human needs. It is also a location where particular types of natural processes and
unique ecological values can be found. Balancing the use and the protection of the coastal environment
requires careful management.
Our experience has shown us that:
• A variety of human activities, in the coastal environment and further inland, are causing
degradation of coastal water quality contamination of sediment and biota, and disruption to
natural processes; and
• There is quite limited knowledge of the nature and functioning of coastal ecosystems and
coastal processes, particularly in the coastal marine area. The lack of knowledge makes for
difficulties when local authorities need to make decisions about the potential effects of
sub‐division, use and development in the coastal environment whilst providing for the
preservation of the natural character of that environment.
At the current time, apart from the recreational water quality monitoring programme, Greater
Wellington does not have in place any on‐going monitoring programmes specifically targeting the
coastal areas of the region. What has occurred is a series of discrete investigations which, in time, may
provide the basis for permanent monitoring programmes.
This report provides a summary of the investigations undertaken in the coastal area by Greater
Wellington in the period since the last State of the Environment Report in 1999. These investigations
have focussed on:
• measuring the quantity of contaminants being discharged in urban stormwater;
• establishing baseline information on the state of contamination in shellfish and marine
sediments at selected areas around the Region’s coastline;
• identifying the effects of historical catchment land cover changes on estuary sedimentation in
Pauatahanui Inlet; and
• developing an understanding of broad scale habitat at a number of sandy beaches and river
estuaries around Wellington Harbour and on the South Coast.
These investigations provide an indication of the present state of the coastal environment and, in the
case of the estuary sedimentation, an indication of historical changes in sedimentation rates in
Pauatahanui Inlet.
They provide information which can be used to assess the effectiveness of the Regional Policy
Statement (Wellington Regional Council 1995) in particular the following objectives relating to the
coastal environment.
Objective 1: The natural character of the coastal environment is preserved through:
1. The protection of nationally and regionally significant areas and values;
2. The protection of the integrity, functioning and resilience of physical and ecological processes
in the coastal environment;
3. The restoration and rehabilitation of degraded areas; and
4. The management of subdivisions, use and development, and the allocation of resources in the
coastal environment so that adverse effects are avoided, remedied or mitigated.
Objective 3: Coastal water quality is of a high standard.
RIOS, F., CISTERNAS, M., LE ROUX, J & CORREA, I. 2002. Seasonal sediment transport pathways in
Lirquen Harbor, Chile, as inferred from grain‐size trends. Investigaciones Marinas, 30:1, 3‐23,
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Keywords: Sediment transport pathways; grain‐size trends; Lirquén Harbor; southern Chile.
Abstract: Bottom sediment samples were collected in June and December 1997 at 166 stations on a
rectangular grid in a small port (Lirquén Harbor, BíoBío Region, Central Southern Chile) facing siltation
problems with a view to determining local seasonal sediment transport pathways through the
application of three different methodologies based on grain‐size trends. Measured winds and
near‐bottom currents together with hindcast wave allowed to establishing the influence of the
prevailing meteorological and hydrodynamic conditions on local sediment circulation. The results
suggest that transport of deep and shallow water sediments occur rarely under high‐energy conditions.
The current data suggest that tidal asymmetry would be an important agent of sediment transport in
Lirquen Harbor. The sediment transport pathways inferred from grain‐size trends are compared with
the measured water circulation of the study area and sediment dispersal patterns on aerial
photographs. The results yielded by the grain‐size trend methodologies of Gao‐Collins (1992) and Le
Roux (1994b) indicate a possible seasonal variation in transport pathways agreeing with the prevailing
meteo‐hydrodynamic conditions, whereas the McLaren‐Bowles (1985) approach does not show a
significant difference. It is suggested that the latter methodology may represent transport on a spatial
macroscale as opposed to the mesoscale patterns yielded by the other two techniques. Based on the
results of the three grain‐size trend methodologies, the observed current and wind data, the hindcast
wave data and aerial photographs a conceptual model of net annual sediment transport is proposed for
Lirquén Harbour.
SEMMES, R. M., AHERN, C. P., CRAVEN, H. J., CALLAHAN, B. M. & GOODRICH, M. 2003. Monitoring
suspended sediment plumes to evaluation the effects of agitation dredging in Savannah
Harbour. Proceedings of the 13th Biennial Coastal Zone Conference Baltimore, MD, July 13–17,
2003
Keywords: Dredging; suspended sediment; water quality; management implications; modelling.
Abstract: Resource agency concerns over the dredging practices in the Savannah Harbor prompted the
USACE Savannah District (CESAS) to commission a comprehensive study to evaluate environmental
effects. CESAS is currently citing findings and recommendations in the final report in their permitting
effort for existing and future maintenance dredging activities that involve agitation dredging and open
water disposal. The comprehensive Scope of Work (SOW) developed was a collaborative effort between
CESAS, reviewing agencies, and Applied Technology and Management (ATM) technical staff. The data
collection study design required three distinct simultaneous efforts: water chemistry sampling, in situ
water quality profiling, and monitoring the dredged material discharge plume. This last effort utilized
acoustic Doppler technology. SEDIVIEW, an acoustic doppler post‐processing software package, was
employed to quantify total suspended solids (TSS) concentrations from the acoustic backscatter signal.
Total recoverable chemistry (TRC) samples were collected both upgradient and downgradient of the
dredged material discharge to quantify the concentrations of selected constituents released to the
water column as a result of the dredging activity. In situ profiles were also performed upgradient and
downgradient to measure changes to water quality (especially, dissolved oxygen) resulting from the
dredging activity. All data were analysed and presented in the final report. Effects to aquatic resources
resulting from changes to suspended sediment concentrations, water chemistry, and water quality were
also evaluated. The fate of the suspended material was also modeled using SSFATE, a program
developed for the USACE by Applied Science Associates, Inc.
STOSCHEK, O. and ZIMMERMAN, C. 2006. Water exchange and sedimentation in an estuarine tidal
harbor using three‐dimensional simulation. Journal of Waterway, Port, Coastal, and Ocean
Engineering, 132:5, 410–414.

137

Whakaraupō Lyttelton Harbour Sedimentation & Circulation

Keywords: Sedimentation; estuaries; tides; harbors; three‐dimensional models; simulation; boundaries.
Abstract: Siltation is a permanent problem in harbors at tidal rivers and in estuaries requiring
continuous maintenance dredging to guarantee safe navigation. Influencing currents and the sediment
transport by alignment and specific structures can lead to a reduction of sedimentation. A
three‐dimensional numerical model was set up for the Weser River to simulate currents and the
sediment transport in a brackish and tidal environment. The complex currents in a harbor in
Bremerhaven were visualized, and the water exchange and the sedimentation were determined.
Complex multidimensional boundary conditions were extracted from this regional model to run several
detailed models with a different geometry, tidal condition, and salinity in a parametric study. The
influence of these parameters on sedimentation in harbors was determined. Results of this parametric
study were used to develop solutions to reduce sedimentation in harbors in a brackish tidal
environment. The numerical model was capable of simulating the dominating hydrodynamic effects
and sediment transport. The developed methodology can be used to minimize sedimentation in
harbors.
SURMAN, M., CLARKE, R. & CARTER, M. 1999. Tauranga Harbour Sediment Source Survey.
Environment Bay of Plenty Report 98/13. 141 pp.
Keywords: Bay of Plenty; Tauranga Harbour; sediment; stream input; catchment.
Executive summary: Environment B∙O∙P has undertaken a field survey of 23 of the major streams flowing
into Tauranga Harbour. The work was undertaken as a component of general investigations of the
natural environment of Tauranga Harbour. The work was done predominantly during the university
vacations of 1995/6, 1996/7 and 1997/8.
The report provides an order of magnitude estimate of sediment transported from stream bank
erosion into Tauranga Harbour from the harbour catchments. The report describes and costs possible
stream improvement works and estimates the reduction of sediment yields such works may achieve.
SWALES, A., GIBBS, M., OVENDEN, R., COSTLEY, K., HERMANSPAHN, N., BUDD R., RENDLE, D., HART,
C., WADHWA, S. 2011. Patterns and rates of recent sedimentation and intertidal vegetation
changes in the Kaipara Harbour. NIWA report prepared for Auckland Council & Northland
Regional Council. 34 pp.
Keywords: Auckland region; Kaipara Harbour; sedimentation; intertidal flats; sediment coring.
Executive summary: The Auckland Council and Northland Regional Council commissioned NIWA to
undertake a study to collect baseline information on historical sediment accumulation rates in the
Kaipara Harbour. This follows a review of sediment data for the harbour (Reeve et al. 2009) that
identified a lack of quantitative information on historical sediment accumulation rates (i.e., last 50–100
years) and bed‐sediment composition (particularly in the northern Kaipara).
This study describes sedimentation in the harbour over the last 50–100 years based on detailed
analysis of sediment cores collected from intertidal flats. This analysis is based on radioisotope profiles,
x‐ray images, and sediment particle size and bulk density data. Additional cores were collected from
several sites and stored for possible future studies of historical changes in sediment sources and metal
concentrations. The core sites were selected in consultation with the Auckland Council and Northland
Regional Council and focused on un‐vegetated depositional intertidal‐flat environments that were most
likely to preserve historical sedimentation records.
The specific objectives of the study are to:
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Determine sediment accumulation rates and mixing depths in harbour sediments based on
analysis of lead‐210 (210Pb), casesium‐137 (137Cs) and berrylium‐7 (7Be) profiles and
x‐radiographs.
Identify areas within the Kaipara Harbour that function as long‐term sinks for fine sediments.
Map and interpret changes in vegetated intertidal habitats that have occurred in the Kaipara
Harbour over the last several decades based on analysis of aerial photography. The vegetated
habitats of interest include mangrove forests and salt marsh, mixed mangrove/salt‐marsh and
sea grass beds.

SZMYTKIEWICS, M., BIEGOWSKI, J., KACZMAREK, L. M., OKROJ, T. OSTROWSKI, R., PRUSZAK, Z.
ROZYNSKY, G & SKAJA, M. 2000. Coastline changes nearby harbour structures: comparative
analysis of one‐line models versus field data. Coastal Engineering, 40:2, pp. 119–139
Keywords: Shorelines; coastal sedimentation; erosion; harbours.
Abstract: The coastline changes at Władysławowo harbour in Poland, characterised by distinct longshore
sediment transport, were analysed using available field data. The computations of shoreline evolution
were made using four models: GENESIS, LITPACK, UNIBEST and IBW PAN software called SAND94. The
model results for shoreline changes were compared with respective field data. The comparison of the
models’ results versus measurements and inter‐comparisons of the models were the main objectives of
the study. An attempt was also made to assess the models with respect to user‐friendliness, sensitivity
and efficiency.
TAY, H., BRYAN, K. R., DE LANGE, W. P., & PILDITCH, C. A. 2013. The hydrodynamics of the southern
basin of Tauranga Harbour. New Zealand Journal of Marine and Freshwater Research, 47:2,
249‐274.
Keywords: hydrodynamic model; salinity; temperature; residence times; circulation.
Abstract: The circulation of the southern basin of Tauranga Harbour was simulated using a 3‐D
hydrodynamic model ELCOM. A 9‐day field campaign in 1999 provided data on current velocity,
temperature and salinity profiles at three stations within the main basin. The tidal wave changed most
in amplitude and speed in the constricted entrances to channels, for example the M2 tide attenuated
by 10% over 500 m at the main entrance, and only an additional 17% over the 15 km to the top of the
southern basin. The modelled temperature was sensitive to wind mixing, particularly in tidal flat
regions. Residence times ranged from 3 to 8 days, with higher residence times occurring in
sub‐estuaries with constricted mouths. The typical annual storm events were predicted to reduce the
residence times by 24%39% depending on season. Model scenarios of storm discharge events in the
Wairoa River varying from 41.69 m3/s to 175.9 m3/s show that these events can cause salinity gradients
across the harbour of up to 4 PSU.
VAN MAREN, D. S., WINTERWERP, J. C., SAS, M., & VANLEDE, J. 2009. The effect of dock length on
harbour siltation.Continental Shelf Research, 29:11, 1410‐1425.
Keywords: harbour dock; numerical model; siltation; sediment transport; density‐driven flow; Scheldt
Estuary.
Abstract: Density‐driven exchange flows between estuaries and harbour docks are influenced by the
length of the dock. As a result, increasing dock size through its lengthening, not necessarily results in an
increase in sedimentation rates. The propagation of a low‐salinity surface patch in to the dock is
blocked at the head of a relatively short dock, resulting in a reversal of density‐driven flows, and a
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reduction of the hydrostatic pressure gradients in the entrance of the dock. A reduced hydrostatic
pressure in the dock, in turn, promotes near‐bed inflow. When this increased near‐bed inflow coincides
with a high sediment supply on the adjacent river, the sediment transport into the dock increases. This
has been tested with an extensively validated high‐resolution numerical model developed for the
Deurganckdok in the Port of Antwerp. In the Deurganckdok, siltation rates are expected to decrease
when the dock is fully excavated compared to the present half‐opened dock. Whether exchange flows
between estuaries and harbour docks are influenced by the length of the dock, depends on the tidal
variation in salinity. For small tidal density variations (around0.5kg/m3), the dock length is expected to
influence exchange flows in a short dock (approximately 1 km), whereas the dock should be much
longer (4km) when the tidal density variation is higher (around 5kg/m3). Whether these changing
exchange flow result in a lowering or increase of sediment import, depends on the phase difference
between sediment concentration peaks on the adjacent river/estuary and the salinity variation, and on
the vertical distribution of sediment.
VAN RIJN, L. C. 2005. Estuarine and coastal sedimentation problems. Proceedings of the Ninth
International Symposium on River Sedimentation. October 18 – 21, 2004, Yichang, China
Keywords: sedimentation; sediment transport; morphological modelling.
Summary: This Keynote Lecture addresses engineering sedimentation problems in estuarine and
coastal environments and practical solutions of these problems based on the results of field
measurements, laboratory scale models and numerical models. The three most basic design rules are:
(1) try to understand the physical system based on available field data; perform new field
measurements if the existing field data set is not sufficient (do not reduce on the budget for field
measurements); (2) try to estimate the morphological effects of engineering works based on simple
methods (rules of thumb, simplified models, analogy models, i.e. comparison with similar cases
elsewhere); and (3) use detailed models for finetuning and determination of uncertainties (sensitivity
study trying to find the most influencial parameters). Engineering works should be designed in a such
way that side effects (sand trapping, sand starvation, downdrift erosion) are minimum. Furthermore,
engineering works should be designed and constructed or built in harmony rather than in conflict with
nature. This ‘building with nature’ approach requires a profound understanding of the sediment
transport processes in morphological systems.

WANG, X.H. & ANDUTTA, F. 2013. Sediment transport dynamics in ports, estuaries and other coastal
environments. In: A. Manning (ed.), Sediment Transport Processes and their Modelling
Applications, edn. 1st, INTECH, Janeza Trdine 9, 51000 Rijeka, Croatia, pp. 3 ‐ 35,
http://dx.doi.org/10.5772/51022
Keywords: sediment traponsport, modelling, sediment observations.
Introduction: Given ever expanding global trade, the international economy is linked to the well‐being of
major coastal infrastructures such as waterways and ports. Coastal areas comprise about 69% of the
major cities of the world; therefore the understanding of how coastal aquatic environments are evolving
due to sediment transport is important. This manuscript discusses topics from both modelling and
observation of sediment transport, erosion and siltation in estuarine environments, coastal zones, ports,
and harbour areas. It emphasises particular cases of water and sediment dynamics in the high energy
system of the Po River Estuary (Italy), the Adriatic Sea, the Mokpo Coastal Zone (South Korea), the
Yangtze Estuary and the Shanghai Port, the Yellow Sea (near China), and Darwin Harbour (Northern
Australia). These systems are under the influence of strong sediment resuspension/deposition and
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transport that are driven by different mechanisms such as surface waves, tides, winds, and density
driven currents.
WINTERWERP, J. 2005. Reducing harbor siltation. I: Methodology. Journal of waterway, port, coastal,
and ocean engineering, 131:6, 258‐266.
Keywords: harbors; silts; basins; salt water intrusion; Germany.
Abstract: This paper describes a decade of research on siltation‐reducing measures for harbor basins
and the methodology and measuring techniques developed. A classification of harbor systems is made
on the basis of siltation mechanisms, i.e. horizontal entrainment by mixing layers, tidal filling, and
density currents. This classification distinguishes between harbors in various environments, i.e.
stagnant water systems such as shallow lakes, where wind‐induced currents prevail, riverine systems,
tidal systems, either homogeneously fresh or saline, and estuarine systems with fresh/salt water
induced density gradients. Case studies and detailed design studies yielded large reductions in siltation
rates of many tens of percents for all harbor basins located in flowing water systems, using a variety of
siltation reducing techniques. These reductions were attained by reducing the exchange flow rates
between the harbor and ambient water, and by reducing the sediment concentration of the water
entering the basin. In the case of stagnant water systems with very fine, mainly organic matter, a
reduction in exchange flow rate cannot be successful, and a reduction in siltation rates can only be
achieved through the prevention of dead water zones in the harbor basins. The methodology
developed is cost efficient and therefore applicable for large commercial ports as well as small marinas.
WHITE, T. E. 1998. Status of measurement techniques for coastal sediment transport. Coastal
Engineering 35, 17–45
Keywords: instruments; sediment; tracer; trap; optics; acoustics
Abstract: The known methods for measuring coastal sediment transport in the field may be described
and categorized as total traps, suspension traps, tracers, optics, acoustics, impact, conductivity, and
radiation. There are different applicable situations and reasons for using each of the methods, relative
to each other and to models. Each technique has a unique history of development, theory of use,
means of translating the data into sediment transport, advantages and limitations, practical tricks for
successful use, problems encountered in their use, and solutions to these problems. Different methods
are applicable to problems of different temporal and spatial scales, ranging from fractions of a second
to years and from millimeters to kilometers. Some methods measure bedload, others suspension, and
some total transport. Some devices measure only sediment concentration or velocity and must be used
in combination with other methods to determine transport. Some measure only longshore transport,
some cross‐shore, and others will measure either. The accuracy and cost of the methods may be
compared. Despite the plethora of available methods, it is still not possible to make detailed or
accurate field measurements of suspensions of mixed sizes, suspension very close to the seabed, or
bedload. For these situations, older and cruder methods of traps and tracers are still used. There does
not appear to be a systematic plan and program for correcting these measurement deficiencies.
WOODS, J. L., & KENNEDY, D. M. 2011. The measurement of modern sedimentation in estuarine
environments in New Zealand. New Zealand Geographer, 67:1, 39‐50.
Keywords: estuary; methods; monitoring; sedimentation.
Abstract: Concern about coastal sedimentation in New Zealand is widespread. As a result, many
regional councils now undertake monitoring programmes to understand the rate of change that is
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occurring within estuarine environments. A variety of techniques are used to understand estuarine infill
from short‐term (fixed rods, marker layers, laser surveying) to long‐term studies (coring). Short‐term
studies provide detailed but temporally restricted data sets, while coring studies provide long‐term
generalised data. This paper reviews the common methods used within New Zealand and suggests that
a combination of both methods is the ideal for understanding sediment infill.
YIN, J., FALCONER, R., CHEN, Y., & PROBERT, S. 2000. Water and sediment movements in
harbours. Applied energy, 67:3, 341‐352.
Keywords: Harbour circulation; sediment transport; harbour flushing; ADV.
Abstract: Water movements in five harbour‐models were assessed using (i) a Sontek‐ADV to measure
the velocity distributions and (ii) fluorometers to determine the local solute‐concentrations under both
tidal and steady flows. The width of the harbour entrance and the water‐depth's amplitude influence
significantly the flushing process for the narrow‐entrance harbours. To achieve a high rate of flushing,
as required in harbours in order to reduce the pollution concentration therein and the need for
dredging, it is recommended that as wide as is feasible entry into the harbour is used: if a separate
entry and exit are to be introduced, they should be well separated. Less expenditures of
commercially‐purchased energy will then be required for achieving these aims.
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